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Current Status of Fractional Laser Resurfacing

Paul J. Carniol, MD; Mark M. Hamilton, MD; Eric T. Carniol, MD

Fractional lasers were first developed based on observations of lasers designed for hair
transplantation. In 2007, ablative fractional laser resurfacing was introduced. The
fractionation allowed deeper tissue penetration, leading to greater tissue contraction,
collagen production and tissue remodeling. Since then, fractional erbium:YAG resurfacing
lasers have also been introduced. These lasers have yielded excellent results in treating
photoaging, acne scarring, and dyschromia. With the adjustment of microspot density, pulse
duration, number of passes, and fluence, the surgeon can adjust the treatment effects. These
lasers have allowed surgeons to treat patients with higher Fitzpatrick skin types (types IV to
VI) and greater individualize treatments to various facial subunits. Immunohistochemical
analysis has demonstrated remodeling effects of the tissues for several months, producing
longer lasting results. Adjuvant treatments are also under investigation, including
concomitant face-lift, product deposition, and platelet-rich plasma. Finally, there is a short
recovery time from treatment with these lasers, allowing patients to resume regular activities
more quickly. Although there is a relatively high safety profile for ablative fractionated lasers,
surgeons should be aware of the limitations of specific treatments and the associated risks
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and complications.

JAMA Facial Plast Surg. 2015;17(5):360-366. doi:10.1001/jamafacial.2015.0693

Published online July 2, 2015.

t has been a decade since the development of fractional lasers.!

The concept of fractional laser resurfacing was first devel-

oped from lasers for hair transplantation. These lasers were used
to make tiny 1-mm scalp wounds for placement of grafts.? Al-
though there may be controversy over use of lasers for hair resto-
ration, it was readily apparent that the small laser wounds healed
quickly with minimal scarring.

This led to fractional laser studies by Manstein et al' at the Well-
man Center for Photomedicine. Initially, they evaluated the use of
groups nonablative laser “microspots” as an alternative to resurfac-
ing or using nonablative devices to treat a broader area.

From this concept, the first nonablative fractional laser, the Fraxel
(Reliant Technologies Inc [now Solta, a subsidiary of Valeant Phar-
maceuticals]), was developed.

This laser emits a 1550-nm wavelength, which is highly ab-
sorbed by water. As a nonablative laser it creates hundreds of
microscopic columns of thermal injury. These have been called mi-
crothermal zones. Circumferentially surrounding each of these zones
is unlasered tissue, which contributes to the rapid healing. After treat-
ment, reepithelialization typically occurs within 24 hours.

With nonablative fractional laser treatments, patients often ex-
perience mild erythema, which resolves within a week. Makeup can
be applied shortly after treatment. The mild swelling that does de-
velop resolves in a few days, and there is minimal downtime.

Studies™* demonstrated rhytid reduction as well as improved
skin texture and skin tightening. In addition, the adverse effect pro-
file was much improved compared with traditional laser resurfac-
ing. Nonablative fractional technology expanded the potential suit-
able candidates for laser treatment. Owing to the longer wavelength
of this laser, there is less melanin absorption. This allows treatment
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of higher Fitzpatrick skin types (types IV-VI)* with less risk of dys-
chromia (Figure 1). Some of these lasers proved surprisingly effi-
cient in treating scars (Figure 2). Similar devices at wavelengths of
1320, 1440, and 1540 nm by other manufacturers followed.

In2007, Hantash et al® introduced the clinical and histologic re-
sults of a new ablative fractional carbon dioxide laser. This began the
era of ablative fractional resurfacing. Unlike nonablative fractional
treatments, in which the stratum corneum remained intact, these
ablative fractional devices vaporize acomplete column of tissue. Frac-
tional resurfacing skin tissue contraction has been shown to persist
for at least 1year after the procedure.®”

Frequently, patients treated with ablative fractional lasers have
alonger recovery than those treated with nonablative fractional la-
sers. Depending on multiple treatment and patient variables this of-
tenrequires 3to 5 days for reepithelialization and initial healing. Be-
cause tissues around each of these lasered columns are not directly
treated, healing can occur from the tissues around the ablated
column as well as from the base of the column. This rapid reepithe-
lialization from the untreated surrounding skin decreases the
challenges that can be associated with recovery as well as risk of in-
fection, acneiform eruptions, erythema, and scarring.®

Several studies have shown significant skin changes from frac-
tional resurfacing. One study® that used high-resolution ultrasonog-
raphy to measure dermal thickness revealed a 25% mean increase
in dermal thickness. At the histochemical level, fractional resurfac-
ing stimulates collagen contraction and neocollagenesis.'®'2

Immunohistochemical stains show cellular markers for neocol-
lagenesis, proinflammatory cytokine production, metaloprotein-
ases, and type | and type Il collagen.”" This process continues with
ongoing tissue remodeling for up to 6 months. In a related process,
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Figure 1. A 38-Year-Old Woman With Fitzpatrick Type IV Skin Who Underwent 5 Treatments
With the Fraxel Laser

After treatment

Before treatment

Figure 2. A Patient Who Underwent 5 Treatments With the Fraxel Laser

Before treatment

After treatment

skin contraction from fractional resurfacing has been shown to per-
sist for 1year after the procedure.®”

Fractional resurfacing brought other advantages as well.
Unlike fully ablative treatments, there is minimal risk of hypopig-
mentation. Hunzeker et al® reported a series of 2000 treatments
without a single case of case of hypopigmentation. In addition,
this same large study reported not a single incidence of scarring.
While results comparable with those of full-field traditional laser
resurfacing remained to be seen, a new viable alternative had
arisen.

|
Ablative Fractional Resurfacing

A variety of devices have followed for ablative fractional resurfac-
ing (AFR) since 2007. These vary in several ways including wave-
length (carbon dioxide, erbium, YSGG), delivery system (rolling vs
stamp), microspot diameter, pulse duration, density, and depth of
penetration.
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Several studies'®'” have shown consistent improvement for
rhytids, photodamage, and scars. In addition, histological analysis'®
has demonstrated collagen remodeling up to 3 months after the
procedure. Despite marketing claims to the contrary, studies com-
paring these devices have shown no significant differences in pain,
downtime, and, most important, results.™

In addition, several parameters can be adjusted to alter treat-
ment effects. The firstis laser fluence, which is the laser energy per
unit area of tissue. Aesthetic outcome, as well as rate of complica-
tions, can vary with the fluence. The second is microspot density,
which is used to adjust the resurfaced area percentage. Microspot
density is important. One of the mechanisms of healing is epithelial
migration from adjacent untreated skin. Furthermore, tissue cool-
ing occurs by heat transfer to the untreated area around each mi-
crospot. Dermal bulk heating varies directly with microspot den-
sity. Therefore, microspot density also affects healing and the risk
of complications.

For most devices, the diameter of the laser microspot is not ad-
justable. Another parameter is microspot pulse duration. Adjacent
tissue and dermal bulk heating also vary directly with the pulse du-
ration.

Microspots vary in diameter between devices and can ablate to
avariable depthinto the dermis. With microspot technology, depths
of up to 2000 pm have been achieved.® The percentage of the skin
surface area that is ablated can also be varied. The higher the den-
sity, the higher the percentage of skin treated. Depending on the de-
sign parameters of the fractional laser, increasing resurfacing den-
sity beyond a certain level will more closely approximate carbon
dioxide laser resurfacing. As such, there can be anincreasein recov-
ery time and risk profile.

Increasing the percentage of treated area can be achieved by
increasing the density or using more than 1 pass to achieve a
greater percentage of lasered area. Using more than 1 pass to
increase the surface area treated allows for dermal cooling
between passes. The thermal effects of using more than 1 pass to
increase the percentage of treated surface area differ from that of
increasing the density.
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Pulse duration also can have a significant effect on clinical re-
sults. Tierney et al>® performed a study to analyze the effect of mi-
crospot pulse duration on depth of resurfacing. Ten patients were
treated with an ablative fractional carbon dioxide laser. The pulse
duration was randomized from 500 to 1800 microseconds. Flu-
ence and density were constant. Postauricular skin biopsies were
taken 1hour, Tweek, and 8 weeks after treatment. Histologic analy-
sis revealed that greater pulse duration yielded an increase in abla-
tion depth. Although not evaluated in this study,?° it should be noted
that increased pulse duration increases adjacent tissue thermal ef-
fects and dermal bulk heating.

Fluence can also affect depth of ablation as well as diameter.
Hantash et al° performed an ex vivo histologic study evaluating the
effect of changes in fluence. In this study, they found that with the
fractional carbon dioxide laser studied, a150% increase in pulse en-
ergy from 9.2 to 23.3 resulted in a 66% increase in ablation diam-
eter. This also resulted in a 99% increase in ablative depth.

.|
Laser Treatment Parameters

It is not possible to give one set of parameters that can be used in
most patients to achieve a predicted outcome. Skin varies among
anatomical locations and patients.

|
Ablative Fractional Resurfacing Indications

Photoaging

Ablative fractional resurfacing has demonstrated excellentimprove-
ment in the treatment of photoaging?"?2 (Figure 3). A study by Clem-
entoni et al"” showed not only excellent improvement in photoag-
ingin alarge series, but also persistence of the results 2 years after
treatment. We have found that after fractional carbon dioxide re-
surfacing, patients continue to improve for at least 6 months. This
is consistent with the reported histochemical effects of fractional
resurfacing.”>™*

A broad study looking at 4 different manufactured brands of
fractional resurfacing devices (Fraxel Repair [Solta Medical Inc], Ac-
tive and Deep FX [Lumenis], Quadralase [Candelal, and Pearl Frac-
tional [Cutera]) demonstrated consistent improvement in photoa-
ging treated with ablative fractional devices.' Consistent
improvement was noted in skin texture, lentigines, pore size, and
rhytids. In addition, it was noted that all 4 of the commonly used frac-
tional devices resulted in statistically the same downtime and
results.

Acne Scarring

A wide variety of devices were used to treat acne scars in the
past, both ablative and nonablative.?* Ablative fractional resur-
facing offers the unique advantage over other systems of safe
penetration into the low reticular dermis allowing for deep skin
remodeling.

Studies have demonstrated consistent improvement of acne
scars with fractional lasers. A study?* evaluating the effect of treat-
ment intervals found significantimprovement in acne scars with frac-
tional carbon dioxide laser. Thirteen patients received 2 treat-
ments at either 1- or 3-month intervals for acne scarring. In addition
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to noting clinically significant improvement in all patients, no dif-
ferencein clinical results or adverse effects was noted between the
2 groups. In another study?® of 15 patients treated for moderate to
severe acne scarring, 66.8% had an improvement after 2 to 3 full-
face fractional carbon dioxide laser treatments. In patients with
ice-pick scars from acne, Trimas2® recommended surgical excision,
followed by carbon dioxide laser resurfacing.

Other scars, including surgical scars, have been treated with frac-
tionated lasers. A prospective blinded study?’ of 15 patients treated
with fractional carbon dioxide for postsurgical scars noted clini-
cally significant improvement in the treated half of the scar. An-
other study?® using a nonablative 1550-nm laser demonstrated clini-
cally significantimprovements in both the patient and independent
observer appreciation of scar pigmentation and/or color, thick-
ness, irregularity, and relief.

Product Deposition

The channels created by fractional resurfacing can be used for the
introduction of products into the skin, which was not possible in the
past. In1study of the treatment for acne scarring. Waibel et al* used
these channels to allow deeper penetration of topical corticoste-
roids. They reported that this enhanced the outcome of treating with
afractional laser. A more recent study by Rkein et al*° used this same
concept to deliver topically applied poly-L-lactic acid (PLLA) through
the skin. They reported a seemingly synergistic benefit of ablative
fractional laser resurfacing and PLLA in the treatment of atrophic
scarring. Even after these studies, there is still controversy about this
type of product deposition.

Platelet-Rich Plasma

Another recent study®' evaluated the effects of platelet-rich plasma
(PRP) administration on posttreatment healing time and adverse
events in patients undergoing fractional carbon dioxide laser using
the forearm as the test site. Postoperatively, patients treated with
PRP were noted to have decreased edema and improved ery-
thema, in comparison with those treated with saline. Reepitheliali-
zation rates were noted to be similar between the PRP-treated areas
and controls. Further research is necessary to assess such effects
when the procedure is performed on the face.

Dyschromia

After fractional resurfacing, within 24 to 48 hours, keratinocytes and
stem cells migrate from adjacent nonlasered tissue into ablated
zones. Healing also occurs from the deeper skin appendages. These
healing mechanisms have an “averaging” effect on dyschromia,
thereby giving the skin a more even pigmentation.

This theory of “melanin shuttle” has been most beneficial
with the nonablative fractional devices. Several studies®**3 have
demonstrated a reduction in melasma with these devices. It
should be noted that this does not affect the tendency to form
melasma. Thus, even after treatment, it is possible for melasma to
recur in the future.

Reduction does require multiple treatments. A study®*has dem-
onstrated effective treatment of melasma in Chinese patients with
limited results. Despite this study, we are still cautious about treat-
ing these patients with a fractional carbon dioxide laser, consider-
ing the possible risk of inducing dyschromia. Benefits have been re-
ported for other types of pigmentation as well.3>36

jamafacialplasticsurgery.com

Copyright 2015 American Medical Association. All rights
Copyright 2015 American Medical Association. All rights reserved.



Current Status of Fractional Laser Resurfacing

Review Clinical Review & Education

Figure 3. A Patient Who Underwent Full-Face Fractional Treatment With the Carbon Dioxide Laser at a Setting

of 100 mJ, Density 3; 80 mJ, Density 3; Periorbital

After treatment

Before treatment

Before treatment After treatment

Combined Surgical Procedures

For years, the idea of resurfacing the skin at the same time as sur-
gical lifting remained controversial. Gradually, some surgeons be-
gan to combine the 2 with successful and safe results. In 2002, Koch
and Perkins®” reviewed the literature and provided their own suc-
cessful series to demonstrate the safety of performing a face-lift and
simultaneous full-face carbon dioxide laser resurfacing.

jamafacialplasticsurgery.com

It seemed only logical to combine the less invasive fractional re-
surfacing with lifting procedures. In 2012, Truswell*® presented his
experience of combining full-face AFR with simultaneous face-lift.
In a series of 42 patients, there were no incidence of hypopigmen-
tation, infection, or skin necrosis. Four patients had hyperpigmen-
tation, all of which resolved without consequence. In addition, other
procedures performed at the same time included endoscopic fore-
head-lift, upper and lower blepharoplasty, and chin augmentation
(Figure 4). Truswell*® emphasized the importance of technique to

JAMA Facial Plastic Surgery September/October 2015 Volume 17, Number 5

Copyright 2015 American Medical Association. All rights
Copyright 2015 American Medical Association. All rights reserved.

363



364

Clinical Review & Education Review

Current Status of Fractional Laser Resurfacing

Figure 4. Full-Face Fractional Carbon Dioxide Laser Treatment
at a Setting of 100 mJ, Density 3, Face; 80 mJ, Density 3, Periorbital;
and Transconjunctival Lower Blepharoplasty

Before treatment After treatment

Before treatment

preserve flap vascularity. This involved insuring a thick flap, decreas-
ing laser energy, and feathering over elevated tissue.

Others have reported safely combined AFR and face-lifting.
Duplechain®® went further, combining resurfacing with surgery and
volume restoration. This combination of lifting with resurfacing (frac-
tional or full field) could be combined with fat grafting for maximal
rejuvenation. Duplechain® recommended against using the smaller
spot size with the Lumenis Encore laser. This is a deeper penetrat-
ing fractional laser on a skin flap.

We believe that the safety of simultaneous fractional resurfac-
ing over an elevated face-lift flap is technique- and technology-
dependent. Therefore, if performed, this procedure should be done
judiciously (Figure 5).

|
Fractional Laser Technigue

One of the main mechanisms for skin rejuvenation by fractional re-
surfacing is to achieve sufficient thermal stimulation of the dermis
while minimizing the risk of complications. In terms of specific pro-
cedural technique, there are multiple variables that should be con-
sidered. These will affect both the details of the procedure as well
as the laser parameters.

Thereis considerable skin variation among patients. This can re-
late to several factors, including but not limited to the patient's age,
social habits, skin care, prior sun exposure, Fitzpatrick skin type, and
medical conditions. For example, an older patient with thinner skin
cannot tolerate the same treatment as someone in his or her 40s
who has thicker, more robust skin.

Even on the same patient, skin varies depending on specific lo-
cation. For example, compare lower eyelid skin withimmediately ad-
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Figure 5. Cheek Skin Following Face-lift and Full-Face Fractional Carbon
Dioxide Laser Resurfacing at a Setting of 100 mJ, Density 3

After treatment

Before treatment

jacent cheek skin. They are very different. These variations should
be considered whenever performing a laser procedure to optimize
the outcome and minimize the chance of complications.

. |
Laser Skin Care

Pre-Laser Treatment Skin Care

Every attempt is made to start patients on a preoperative regi-
men a full month in advance. Patients may be started on a bleach-
ing cream (hydroquinone, 4%) daily in advance of their proce-
dure, especially if the patient has a darker skin type. Patients can
also be scheduled for a glycolic acid peel 2 to 4 weeks prior to
their laser treatment.

Post-Laser Treatment Care

Following the laser procedure, patients are instructed in a specific
regimen of skin care. For those patients undergoing nonablative frac-
tional resurfacing, care is minimal. We recommend using a mild, fra-
grance-free cleanser and moisturizer for the first week after treat-
ment. Strict sun avoidance is emphasized. Following week 1, patients
may resume their regular skin care regimen.

For those patients undergoing ablative fractional resurfacing,
patients begin a process of frequent cleaning. Some surgeons will
recommend using just tap water and gentle gauze followed by ap-
plication of abland lubricating ointment, such as Aquaphor (Beiers-
dorf Inc) or petrolatum. Others will use antifungal and/or antibiotic
solutions, such as dilute acetic acid (1 tsp white vinegar in 2 cups of
water). Patients are encouraged to shower at least once a day. This
is continued until resurfacing is complete, typically between days 4
to 6 after the procedure.

Onceresurfacingis complete, patients are encouraged to wear
mineral-based makeup. Gentle, fragrance-free cleansers and mois-
turizers are recommended until all redness has faded. Patients can
be started on a topical steroid (hydrocortisone, 2%) to help with ir-
ritation and well as expedite fading of erythema. During this period
patients are strongly urged to avoid prolonged sun exposure and to
wear sunscreen daily.
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Once erythema has faded, patients are encouraged to continue
with a regular skin care regimen that includes sunscreen and at least
1 prescription-strength product. Tretinoin or retinol products are an
excellent choice for most patients. Patients are also encouraged to fol-
low good skin care practices, including sun avoidance.

Regular Use of Sunscreen and Avoidance of Tanning

Previous studies have documented the importance of prophylactic
therapy, eveninthose without a history of herpetic infections. All pa-
tients are placed on antiviral prophylaxis. This begins the day before
their procedure in those without a history of herpetic infections and
3 days before in those with a history of herpetic infections. Valacy-
cloviris typically used because of the ease of the twice-a-day dosing.
Therapy is continued for a total of 10 days.

Fractional Carbon Dioxide Laser vs Carbon Dioxide

Laser Resurfacing

Nonfractional carbon dioxide resurfacing lasers require a longer re-
covery and have a higher adverse effect profile than fractional ab-
lative resurfacing or nonablative lasers. However, it should also be
noted that they can produce a more dramatic result.3 Ablative re-
surfacing can be performed with the carbon dioxide or erbium:
yttrium-aluminum-garnet (Er:YAG) lasers. Ablative laser resurfac-
ing is most commonly used for photoaging, rhytids, laxity, and
scarring. While rhytids and dyschromias are highly responsive to ab-
lative resurfacing, scars may be less responsive.>4°

Even with the advent of fractional carbon dioxide resurfacing,
thereis still a role for ablative full-field carbon dioxide laser resurfac-
ing. Patients undergoing this procedure should be highly motivated.
In having this procedure, patients are anticipating a more dramatic re-
sult, and they are also accepting alonger recovery and associated risks.
They should be willing to wear makeup until the postresurfacing pink-
ness resolves. They also should have alifestyle that allows avoidance
or at least extreme caution with sun exposure. These are typically pa-
tientsin their late 50s to 70s who have a lifestyle that allows them to
have the recovery time and have moderate to deep rhytids with sig-
nificant associated actinic changes.

Alternatively, the patient undergoing fractional resurfacing is typi-
cally someone with an active lifestyle who cannot take time from their
busy schedule for alonger and moreinvolved recovery. These patients
would feel constrained if they had to consider daily camouflage
makeup. The patient undergoing fractional laser resurfacing frequently
is not willing to take time from their busy schedule for alonger recov-
ery. Most of the first author's patients prefer fractional resurfacing.

|
Complications

One of the main advantages of fractional resurfacing has been the
lower incidence of complications, especially with the nonablative
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devices.! Studies with ablative fractional devices also show a lower
risk profile than full-field ablative resurfacing.® That said, complica-
tions still remain anissue. In a retrospective study*' of 374 patients
who had deep resurfacing with a fractional carbon dioxide laser there
were adverse events in 16.8% of patients. These included acne-
iform eruptions, herpes simplex eruptions, bacteria and candidain-
fections, hyperpigmentation, persistent erythema, and contact
dermatitis. In the study by Campbell and Goldman*? of 287 pa-
tients, 13.9% experienced complications, including allergic or
contact dermatitis, acneiform eruptions, persistent erythema, and
herpes simplex.

Even though the resulting numbers from these studies are sig-
nificant, they represents alower overall occurrence of adverse events
and better safety profile than the fully ablative laser resurfacing la-
sers with a 36% incidence rate of hyperpigmentation,®the most com-
mon adverse effect.

It should be noted that cervical skin, with fewer pilosebaceous
units and a different blood supply than the face, is at greater risk for
complications. This increases in the lower two-thirds of the neck.
Avram et al*3 reported 5 cases of patients who presented for treat-
ment of hypertrophic scarring of the neck following fractional ab-
lative resurfacing. Duplechain®® highlighted these differences and
recommended caution with resurfacing, especially in the lower neck.
Treatment of the neck with fractional resurfacing should be ap-
proached with caution, lower fluence, lower density, and shorter
pulse duration settings.

Treatment with lasers, as with any other surgical procedure,
can lead to undesirable outcomes and patient dissatisfaction,
possibly resulting litigation. A recent review** of laser-related liti-
gation demonstrated that permanent injury and disfigurement
were the 2 most cited alleged factors. More than half of the cases
were from cutaneous treatments, with age-related changes, acne
scars, and hair removal the most frequent indications leading to
lawsuit.

. |
Conclusions

With the introduction of fractional technology, we have entered a
new era of laser skin rejuvenation. Studies have shown that frac-
tional treatments offer patients many of the same benefits of tra-
ditional carbon dioxide laser resurfacing with less downtime and a
lower risk profile. The ideal patients have mild to moderate sun dam-
age, superficial rhytids, are still active and in the sun, and accepting
of more subtle improvement. This new technology will continue to
evolve with altered treatment parameters and new systems. While
there remains a place for those desiring the maximal results of tra-
ditional full-field ablative carbon dioxide laser resurfacing, the fu-
ture is bright for most patients looking for the alternative options
that current fractional resurfacing devices provide.
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