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Objective: To assess the safety and efficacy of abla-
tive fractional resurfacing (AFR) for nonacne atrophic
scarring.

Design: In this before-and-after trial, each scar re-
ceived 3 AFR treatments and 6 months of follow-up.

Setting: Private academic practice.

Patients: Fifteen women with Fitzpatrick skin types I
to IV, aged 21 to 66 years, presented with 22 nonacne
atrophic scars between June 1 and November 30, 2007.
Three patients (3 scars) were excluded from the study
after receiving 1 AFR treatment and not returning for fol-
low-up visits. The remaining 12 patients (19 scars) com-
pleted all 3 treatments and 6 months of follow-up.

Interventions: Each scar received 3 AFR treatments at
1- to 4-month intervals.

Main Outcome Measures: Erythema, edema, pete-
chiae, scarring, crusting, and dyschromia were graded af-
ter treatment and through 6 months of follow-up. Skin
texture, pigmentation, atrophy, and overall appearance
were evaluated after treatment and through 6 months of
follow-up by the patient and a nonblinded investigator.

A 3-dimensional optical profiling system generated high-
resolution topographic representations of atrophic scars

for objective measurement of changes in scar volume and
depth.

Results: Adverse effects of treatment were mild to mod-
erate, and no scarring or delayed-onset hypopigmenta-
tion was observed. At the 6-month follow-up visit, pa-
tient and investigator scores demonstrated improvements
in skin texture for all scars (patient range, 1-4 [mean,
2.79]; investigator range, 2-4 [mean, 2.95]), pigmenta-
tion for all scars (patient range, 1-4 [mean, 2.32]; inves-
tigator range, 1-4 [mean, 2.21]), atrophy for all scars (pa-
tient range, 1-4 [mean, 2.26]; investigator range, 2-4
[mean, 2.95]), and overall scar appearance for all scars
(patient range, 2-4 [mean, 2.89]; investigator range, 2-4
[mean, 3.05]). Image analysis revealed a 38.0% mean re-
duction of volume and 35.6% mean reduction of maxi-
mum scar depth.

Conclusion: The AFR treatments represent a safe, ef-
fective treatment modality for improving atrophic scar-
ring due to surgery or trauma.
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TROPHIC SCARRING OCCUR-
ring after surgical proce-
dures or trauma is a com-
mon cosmetic problem for

late neocollagenesis and dermal remodel-
ing in an attempt to improve the appear-
ance of atrophic scars.

Carbon dioxide (CO,) lasers have been
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patients. Atrophic scars,
which present as topographical depres-
sions, result when dermal collagen and
connective tissue production during the
physiologic wound-healing process inad-
equately compensate for the tissue loss pres-
entafter injury. Wound tension, tissue ap-
position, individual variations in wound
healing, and scar contraction are all fac-
tors that contribute to the creation of a de-
pressed, atrophic scar. With varying suc-
cess, numerous ablative, nonablative, and
fractional devices have been used to stimu-

successfully used for many years to treat sur-
gical, atrophic, and acne scars.* High-energy
short pulses from the 10 600-nm CO, laser
rapidly vaporize water, intracellularly and ex-
tracellularly, which creates precise levels of
tissue ablation and minimizes extraneous der-
mal injury and scarring.** Resurfacing with
the CO, laser ablates and smoothes the skin
surface to precise tissue depths, and the
deeper thermal coagulation of the dermis
drives robust remodeling and neocollagen-
esis, which correspond to clinical improve-
ment in atrophic scars.’
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Although effective in improving scar appearance, CO,
laser resurfacing generates significant tissue damage and
therefore carries higher risks of adverse effects. After fa-
cial resurfacing, the average time to reepithelialization
is at least 5 to 7 days, and the postprocedure erythema
generally lasts 4 to 8 weeks, depending on the depth of
ablation and extent of thermal injury.®’ This prolonged
recovery often prevents patients from resuming normal
activities in a timely manner. Other potential transient
adverse effects include edema, oozing, milia, crusting,
pain, acne flares, and pruritus. More serious adverse ef-
fects include bacterial infection, viral reactivation, scar-
ring, and immediate or delayed permanent pigmentary
alteration. Delayed-onset hypopigmentation is a well-
documented adverse effect of CO, laser resurfacing, and
this effect detracts from the overall cosmetic outcome and
significantly lowers patient satisfaction.® The risky ad-
verse effect profile and prolonged recovery period deter
many physicians from using CO, laser resurfacing for scar
revision.

The advent of fractional photothermolysis (FP) revo-
lutionized the field of laser surgery by delivering light en-
ergy in a unique beam pattern.’ Nonablative FP uses erbium-
doped 1550-nm laser light to create columns of tissue
coagulation in a pixilated pattern (also known as micro-
thermal zones [MTZs]) just below the skin surface. These
MTZs are separated by healthy, untreated tissue and pro-
tected by an intact overlying epidermis. Density and depths
of MTZs can be modified according to the desired clinical
result. The presence of an intact overlying epidermis and
healthy tissue surrounding each MTZ results in rapid heal-
ing and significantly shortened recovery time.'® The most
commonly observed posttreatment adverse effects of FP are
transient and mild and include erythema, edema, dry-
ness, pruritus, and bronzing.'"!?

With nonablative FP, despite the lack of tissue abla-
tion, scarring can be moderately improved with a series
of treatment sessions.'*> An ablative 30-W CO, laser (Fraxel
Re:pair laser; Solta Medical, Hayward, California) com-
bines CO, laser ablation with an FP system in a treat-
ment known as ablative fractional resurfacing (AFR). A
pixilated pattern of microscopic ablative wounds sur-
rounded by healthy tissue is delivered to the skin,'* and
this combines the enhanced efficacy of tissue ablation with
the shorter healing times and improved safety of FP tech-
nology. The AFR treatment avoids widespread epider-
mal coagulation while generating zones of tissue abla-
tion and thermal coagulation much deeper than those seen
with traditional ablative resurfacing. Deep zones of ab-
lation and coagulation produce robust dermal remodel-
ing, tissue tightening, neocollagenesis, and, ultimately,
clinical improvement in atrophic scarring.

Treatment with AFR was previously demonstrated to
safely improve the appearance of atrophic acneiform scar-
ring" by reducing the depth of individual scars. In this
prospective study, we evaluated the efficacy of AFR in
the treatment of atrophic surgical and traumatic scars.
An optical profiling system (Primos Imaging; GFM; Tet-
low, Germany) allows high-resolution topographical
imaging of cutaneous scars and calculation of quantita-
tive volumetric and depth changes in atrophic scar vol-
umes before and after treatment.'®

- EEETEES

Our patient population consisted of 15 enrolled women with
Fitzpatrick skin types I through 1V, aged 21 to 66 years, who
presented with 22 nonacne, atrophic scars between June 1 and
November 30, 2007. Potential patients were excluded on the
basis of active infections or cancer, a history of keloid forma-
tion, allergies to lidocaine, isotretinoin use within the past 12
months, smoking, connective tissue disease, pregnancy, or cos-
metic procedures in the treatment area within 12 months of
enrollment. In this single-center study, all treatments were per-
formed by the physician investigators according to the study
protocol. Informed consent was obtained from each patient be-
fore treatment during this institutional review board—
approved study. Three enrolled patients (3 scars) did not re-
turn for follow-up visits after the first AFR treatment, and they
were excluded from the study. The remaining 12 patients with
19 atrophic scars received 3 AFR treatments for each scar at 1-
to 4-month intervals and participated in follow-up through 6
months after the final treatment. Patients returned for evalu-
ation 1 month after treatment, and subsequent treatments were
delayed if moderate to severe erythema was noted at the treat-
ment area. The presence of mild erythema is not a contraindi-
cation for subsequent treatment, and additional treatments were
performed if mild erythema was noted at 1 month. Table 1
displays the location, etiology, duration, prior treatments, and
treatment settings for each scar. Eight patients underwent treat-
ment on 1 scar, and 2 patients each had 2 scars treated. One
patient had 3 scars and another had 4 scars treated in the study.
Most of the enrolled scars (16 of 19) were the result of surgi-
cal procedures, but 3 scars from 2 patients were due to trau-
matic injury. Most of the enrolled scars (14 of 19) were lo-
cated on the face, with the remaining located on the neck (1),
upper extremity (1), and upper trunk (3).

Prophylactic valacyclovir hydrochloride (Valtrex; Glaxo-
SmithKline, Research Triangle Park, North Carolina) was admin-
istered to 4 patients before treatment during the study because of
the proximity of the treated scar to the perioral region. Fifteen min-
utes before the treatment, each scar was wiped with a pad contain-
ing alcohol, 70%, and anesthetized with a combination of subcu-
taneous lidocaine hydrochloride, 1%, and 1:100 000 epinephrine.
One patient with extensive traumatic scars to her cheeks received
oxycodone hydrochloride plus acetaminophen orally and ketoro-
lac tromethamine intramuscularly before the treatment.

All treatments were performed with a prototype laser sys-
tem (Fraxel Re:pair) using a fixed spot size of 120 pm. Each
treatment area included the entire scar and the skin immedi-
ately surrounding the scar. Pulse energies ranged from 20 to
100 mJ per pulse. Densities ranged from 100 to 300 MTZ/cm*
per pass, with 1 to 3 passes per treatment area for a final den-
sity of 100 to 900 MTZ/cm?. The treatment settings listed in
Table 1 have been converted to the percentage of coverage to
correspond to the production model of the treatment laser. The
energy delivered to each 0.5 cm? of scar ranged from 0.01 to
0.03 kJ depending on treatment settings. The rolling hand piece
used to deliver the laser energy adjusts to the speed at which
the operator moves, so each pass delivers the same energy and
spot density per area covered.

Posttreatment erythema, edema, petechiae, scarring, pin-
point bleeding/crusting, and dyschromia were graded (on a scale
of 0-3) by investigators at 3, 7, and 30 days after each treat-
ment and at 1, 3, and 6 months after the final treatment. In-
vestigators also recorded any other adverse event noted dur-
ing each patient visit.

Improvements in the quality of skin texture and pigmen-
tation, degree of skin atrophy, and overall appearance were
graded on a quartile scale (0 indicates no improvement; 1, 1%-
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Table 1. Summary of Treated Scars?

Patient Tx Settings, mJ per
No. Scar Location Cause Scar Duration Prior Treatment Pulse/% Coverage”
1 Chest Surgical 11y None 40/30, 40/30, 40/21
Breast Surgical 3y None 40/30, 40/30, 30/29

2 Breast Surgical 7y None 40/21, 20/11, 30/9
3 Cheek Surgical 25y None 70/20, 70/20, 70/27
Arm Surgical 1y None 70/20, 70/20, 70/27
Chin Surgical 3y None 40/30, 40/30, 40/30
Chin Surgical 1y None 70/20, 70/20, 70/27
4 Cheek Surgical >6 mo None 70/38, 70/38, 70/38
Cheek Surgical >6 mo None 70/38, 70/38, 70/38
Chin Surgical >6 mo None 70/38, 70/38, 70/38
5 Nose Surgical >6 mo None 100/26, 70/38, 70/38
6 Cheek Traumatic >2y Single Tx with Fraxel Re:pair 70/39, 70/39, 70/39
Cheek Traumatic >2y laser 2 y earlier 70/39, 70/39, 70/39
7 Nose Surgical >3y Single Tx with CO, laser 2 y 40/30, 40/30, 50/33

earlier
8 Cheek Traumatic 19y None 70/38, 70/38, 70/38
9 Forehead Surgical >6 mo None 70/27, 70/27, 70/27
10 Cheek Surgical >1y 2 Tx with Fraxel Re:pair laser 40/30, 70/38, 70/38
1y earlier

11 Upper lip Surgical 4y None 70/38, 70/38, 70/38
12 Neck Surgical 10y None 40/30, 40/30, 40/37

Abbreviations: CO,, carbon dioxide; Tx, treatment.

aTwelve patients with 19 scars completed 3 ablative fractional resurfacing treatments and 6 months of follow-up after the final treatment.

bData are given for Tx 1, 2, and 3, respectively.

25% improvement [mild]; 2, 26%-50% improvement [moder-
ate]; 3, 51%-75% improvement [marked]; and 4, 76%-100% im-
provement [very significant]) by patients and investigators after
each treatment and at 1, 3, and 6 months after the final treat-
ment. Objective measurements of scar volume and maximum
depth were achieved with the 3-dimensional optical profiling
system (Primos Imaging), which generated a 30 X 40-mm high-
resolution topographic representation of each atrophic scar. The
3-dimensional images of each treated scar were obtained be-
fore treatment and 6 months after the final treatment. For 5
scars, pretreatment and 6-month follow-up 3-dimensional im-
ages were precisely matched and aligned so that identical shapes
could be drawn to mark the exact scar location in both im-
ages. With the use of the imaging software, the volume of the
topographical depression within each marked scar area was cal-
culated for pretreatment and follow-up images. The percent-
age of improvement in scar volume was calculated for each of
the 5 scars. In addition, for these 5 scars, the maximum scar
depth was calculated at baseline and at 6 months after treat-
ment. The 3-dimensional images for the remaining 14 scars were
of insufficient quality to allow precise alignment and accurate
comparison; therefore, quantitative posttreatment depth and
volume changes could not be calculated for those scars.

B RESULTS

SAFETY

Twelve patients with 19 scars completed the 6-month fol-
low-up visit after the final AFR treatment. Three pa-
tients (with 3 scars) did not return for follow-up visits
after their first AFR treatment. For the remaining 12 pa-
tients who completed the study, the incidence and mean
severity (mean score for involved patients) for ery-
thema, edema, dyschromia, petechiae, and scarring are
summarized for each patient visit in Table 2.

After treatment, immediate postprocedure erythema was
noted. Erythema peaked at 72 hours after each treatment
with mean scores ranging from 2.23 to 2.206, representing
moderate to severe erythema. By 1 week after each treat-
ment, erythema decreased to mild to moderate (1.27-
1.40) severity. Four to 6 weeks after the second and third
treatments, erythema severity was trace to mild (0.84-
0.85). Three months after the final treatment, erythema had
resolved completely in 10 of 12 patients (17 of 19 scars)
and remained trace in 2 patients who received treatment
to individual facial scars. By 6 months, the trace erythema
resolved completely in these 2 patients. Trace erythema was
noted in 1 patient (with 2 scars) at 6 months; however, no
erythema was observed during this patient’s 3-month fol-
low-up examination. Overall, erythema tended to resolve
more rapidly after the second and third treatments.

Mild to moderate (1.06-1.69) edema was routinely ob-
served and peaked immediately after treatment. By 1 week
after the first, second, and third treatments, edema had
resolved in all but 2 patients (with 3 scars), 1 patient (with
4 scars), and 2 patients (with 3 scars), respectively. Mild
edema was noted in only 1 scar at 4 to 6 weeks after treat-
ment 1. By 4 to 6 weeks after treatments 2 and 3, the edema
had resolved completely.

In 1 patient with type IV skin, mild to moderate hy-
perpigmentation of the treated area was noted after the
first, second, and third treatments, but this resolved spon-
taneously and completely by 3 months after the third treat-
ment. Three other patients with type II skin experi-
enced episodes of transient hyperpigmentation that
resolved spontaneously within 2 months. Two patients,
one with type II and the other with type III skin, expe-
rienced mild to moderate hypopigmentation of the treated
areas, but this resolved completely in both patients within
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Table 2. Incidence and Mean Severity Scores for Postireatment Adverse Effects?
Time After Tx 1 Time After Tx 2 Time After Tx 3
10 10

Adverse Effects <1th 72h 1wk 4-6wk <1h 72h 1wk 46wk <1h 72h 1wk 46wk 3mo 6mo
Erythema

Incidence 18/19 1516 14/15 1719 19419 1717 15/16 1619 1819 1313 1515 1318 2/15  2/19P

Mean severity 1.89 2.26 1.36 1.53 2.10 2.24 1.40 0.84 2.11 2.23 1.27 0.85 050  050°
Edema

Incidence 16/19  9/16  3/15 119 1619 1147 416 019 1449 1013 315 018  0/15  0/19

Mean severity 1.69 1.00 1.00 1.00 1.06 1.00 1.00 0 1.14 1.20 0.83 0 0 0
Dyschromia

Incidence ND ND ND 3/19 019 ND ND 119  0/19 ND ND 2118 015 019

Mean severity ND ND ND 1.33 0 ND ND 2.00 0 ND ND 1.00 0 0
Petechiae

Incidence 319 516 2115 ND ND 117 2/16 ND ND 3/13  2/15 ND ND ND

Mean severity 1.00 2.00 1.00 ND ND 3.00 1.00 ND ND 1.00 1.00 ND ND ND
Crusting/pinpoint 719 716 515 019 919  7A17 116 019 1119 943 315 018 015  0/19

bleeding, incidence®

Abbreviations: ND, not done; Tx, treatment.

2Measured as mean severity among involved patients. For severity scores, 0 indicates absent; 0.5, trace; 1, mild; 2, moderate; and 3, severe. No scarring or

permanent pigmentary changes were observed during follow-up.

bOne patient with 2 scars exhibited no erythema at 3 months, but trace erythema was reported at 6 months.

¢Only the presence or absence of crusting/pinpoint bleeding was recorded.

Table 3. Mean Improvement Scores for Patient and Investigator Evaluations?

1mo
I After Tx 1 After Tx 2 After Tx 3 I 3 mo After Tx 3 6 mo After Tx 3

Skin texture

Patient 1.50 2.47 2.66 2.31 2.79

Investigator 2.05 2.58 2.83 3.13 2.95
Pigmentation

Patient 0.58 1.42 1.94 2.23 2.32

Investigator 0.68 2.16 2.11 2.80 2.21
Atrophy

Patient 1.84 2.00 2.78 2.38 2.26

Investigator 2.16 2.75 3.06 3.27 2.95
Overall appearance

Patient 1.82 2.76 2.83 3.15 2.89

Investigator 2.16 2.75 3.05 3.13 3.05

Abbreviation: Tx, treatment.

2For improvement evaluations, 0 indicates none; 1, mild (1%-25%); 2, moderate (26%-50%); 3, marked (51%-75%); and 4, very significant (76%-100%).
Improvement was noted by patients and investigators for all scars in all variables measured. Each successive treatment led to incremental improvements in each

variable.

2 months. No pigmentary changes were observed in any
scars at the 3-month or 6-month follow-up visits.
Postprocedure petechiae resolved in all but 2 pa-
tients by 1 week after each of the 3 treatments, and no
petechiae were present at the 4- to 6-week follow-up ex-
aminations. Crusting/pinpoint bleeding resolved by 1
week in most of the patients, and only focal crusting re-
mained in less than half of the patients. By 4 to 6 weeks
after treatment, no crusting/pinpoint bleeding was ob-
served. No treatment-induced scarring was observed
throughout the study period. No bacterial infections or
episodes of viral reactivation occurred during the study.

EFFICACY

Table 3 provides the mean patient and investigator scores
of improvement in skin texture, pigmentation, atrophy, and
overall appearance. Improvement was observed in all scar

variables after the first treatment, and subsequent treat-
ments resulted in incremental improvement in all vari-
ables. For treated scars, maximal benefit was appreciated
3 to 6 months after the final treatment.

Mean patient (1.50) and investigator (2.05) scores for
skin texture improvement at 1 month after treatment 1 cor-
related with 1% to 25% and 26% to 50% improvement, re-
spectively. The patient and investigator scores rose after each
subsequent treatment, and the 6-month mean patient (2.79)
and investigator (2.95) scores both correlated with a 26%
to 50% improvement in skin texture. After treatment 1, pig-
mentation scores for patients (0.58) and investigators (0.68)
correlated with a 1% to 25% improvement. Scores im-
proved with further treatments, and the 6-month mean pa-
tient (2.32) and investigator (2.21) scores correlated with
a26% to 50% improvement in scar pigmentation (improve-
ment in hypopigmentation). One month after the first treat-
ment, the mean patient (1.84) and investigator (2.16) scores
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Figure 1. Baseline and 6-month posttreatment images of a surgical scar. A, Baseline photograph (dotted and dashed black outline). B, Baseline topographical
image. Green areas within the solid red outline represent areas of depressions; the blue areas represent the areas of greatest depression (depth). C, Posttreatment
photograph of the surgical scar (dotted and dashed black outline). D, Posttreatment topographical image. The decreased green and blue areas within the red line
represent a 57.5% reduction in scar volume and a 36.3% reduction in maximum depth.

for skin atrophy correlated with 1% to 25% and 26% to 50%
improvement, respectively. For all subsequent follow-up
visits, the mean patient scores remained in the 26% to 50%
improvement range. At 1 and 3 months after the final treat-
ment, the mean investigator scores (3.06 and 3.27, respec-
tively) for skin atrophy correlated with a 51% to 75% im-
provement, but the mean score (2.95) decreased slightly
at the 6-month follow-up visit and correlated with a 26%
to 50% improvement. At the final 6-month visit, patients
rated 12 of their 19 scars (63%) as achieving a 51% or greater
improvement, with 8 of 19 (42%) receiving ratings of 76%
to 100% improvement in overall appearance. At this visit,
investigators rated 17 of the 19 scars (89%) as achieving
a 51% or greater improvement, with 3 of 19 scars (16%)
receiving ratings of 76% to 100% improvement in overall
appearance.

Subjective investigator and patient ratings of improve-
ment correlated with objective measures of improve-
ment generated from the topographical skin imaging.
Three-dimensional topographical images were taken of
scars before treatment and after completion of the treat-
ment series. Figure 1 and Figure 2 each show a base-
line and 6-month follow-up photograph of a treated scar;
adjacent to each photograph is the baseline and 6-month
follow-up topographic image corresponding to the ad-
jacent photograph. For the topographic image in

Figure 1D, the improvement in the treated scar is de-
picted by the decreased green and blue areas within the
outlined scar. For the topographical image in Figure 2D,
volume improvement is represented by the decrease in
blue areas within the outlined posttreatment scar. With
the use of the image analysis software, identical lines were
drawn around the baseline and posttreatment scars, and
the volume of each scar was calculated. From these mea-
sured scar volumes we calculated the percentage of change
in scar volume from baseline to the 6-month follow-up
visit. The percentage of improvement in scar volume was
determined for 5 scars using this method. Table 4 shows
that the percentage of volume improvement in these 5
scars ranged from 26.8% to 57.5%, with a mean improve-
ment in scar volume of 38.0%. The maximum depths of
these 5 scars were also calculated at baseline and at the
6-month follow-up visit, and the percentage reduction
in maximum scar depth ranged from 26.3% to 40.9%, with
a mean reduction of 35.6% (Table 4).

DR COMMENT

This is, to our knowledge, the first prospective study dem-
onstrating the effectiveness of AFR treatments for atro-
phic postsurgical and traumatic scars. Our data suggest
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o

Baseline scar volume =2.69 mm3

Scar volume 6 mo after 3 AFR=1.51 mm?

Volume improvement = 44.1%
Maximum depth improvement = 38.7%

Figure 2. Baseline and 6-month posttreatment images of a surgical scar. A, Baseline photograph (black outline). B, Baseline topographical image with the scar
outlined in red. Blue areas represent areas of depression. C, Posttreatment photograph (black outline). D, Posttreatment topographical image. The decreased blue
area within the red line represents a 44.1% reduction in scar volume and a 38.7% reduction in maximum depth.

Table 4. Primos Imaging Scar Analysis?

Surgical Scar

Traumatic Scar,

I 1
Left Cheek Upper Lip

Reduction Left Upper Arm Right Cheek Right Cheek
Volume, %P 57.5 34.3 441 26.8 27.2
Depth, %° 36.3 26.3 38.7 40.9 36.0

2 Analyses were performed using a commercially available optical profiling system (Primos Imaging; GFM; Tetlow, Germany).
b Ablative fractional resurfacing treatments reduced the scar volumes in surgical and traumatic scars, with a mean volume reduction of 38.0%.
CAblative fractional resurfacing treatments reduced the maximum depths of surgical and traumatic scars, with a mean depth reduction of 35.6%.

that AFR is a safe and efficacious treatment for atrophic
scars on and off the face, although a small number of off-
face scars were treated in this study. All included scars
received 3 AFR treatments at 1- to 4-month intervals and
were followed up for 6 months after the final treatment.
For the energy fluences used in this study (20-100 mJ),
dermal penetration ranged from approximately 600 to
1700 pm in depth. For facial scars, our most commonly
used treatment settings were generally 70 m] per pulse,
200 MTZ/cm? per pass, and 2 to 3 passes per treatment
(27%-38% coverage). For off-face scars, the laser set-
tings were generally 40 mJ per pulse, 200 MTZ/cm? per
pass, and 2 to 3 passes (20%-30% coverage). However,
our subsequent extensive clinical experience with AFR
for off-face scarring suggests that higher fluences result
in prolonged erythema of treated areas. This prolonged

treatment site erythema becomes a cosmetic concern for
many patients, and we frequently choose lower fluences
to shorten posttreatment erythema. For off-face scar-
ring, higher fluences create deeper ablation and there-
fore may produce more tissue remodeling and clinical
improvement. Although possibly less efficacious, we ob-
tain favorable results using lower fluences for off-face sites,
and patients prefer this trade-off to shorten the duration
of posttreatment erythema.

Our experience suggests that proper technique al-
lows densities of 30% to 50% coverage and 20% to 30%
coverage to be safely used routinely on and off the face,
respectively. We believe that higher levels of coverage yield
optimal clinical results for scarring. For off-face scars,
however, increasing densities lead to prolonged ery-
thema that is much greater than for facial scars. For this
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reason, we often choose lower densities and lower en-
ergy fluencies for off-face scars to minimize the dura-
tion of erythema. Patients often prefer this trade-off to
minimize posttreatment erythema.

Both the patients and the investigators noted improve-
ments in all scar variables evaluated. At the 6-month fol-
low-up, the mean patient and investigator scores corre-
lated with a 26% to 50% improvement in scar atrophy,
pigmentation, and texture. For the category of overall im-
provement, the mean 6-month patient scores correlated
with a 26% to 50% overall improvement, and the mean
investigator scores correlated with a 51% to 75% overall
improvement. At 6 months, the patients and investiga-
tors rated 63% and 89% of scars, respectively, as achiev-
ing a 51% or greater overall improvement. Further-
more, 42% and 16% of the treated scars achieved a 76%
or greater overall improvement according to 6-month pa-
tient and investigator scores, respectively. This impres-
sive, uniform improvement across all scar variables is
likely related to the ability of AFR to generate deep der-
mal ablation and coagulation to depths beyond those
reached by traditional CO, laser resurfacing. Although
not statistically significant, facial scars that were rou-
tinely treated at higher energy fluences (70 mJ per pulse)
generally responded to a greater degree and had a more
uniform response compared with off-face scars. This ob-
servation is likely related to the deeper levels of ablation
and coagulation obtained with higher energy fluences.
At higher fluences, tissue ablation and coagulation ex-
tend beyond 1 mm into the skin; this deep thermal effect
may produce more robust dermal remodeling and col-
lagen production.”’

The objective topographical analysis of 5 individual
scars substantiates the clinical observations reported by
the patients and investigators. Our analysis demon-
strated volumetric improvement in all of the 5 scars evalu-
ated, with a range of 26.8% to 57.5% and a mean im-
provement of 38.0%. The maximum scar depth was
reduced in all of the 5 scars evaluated, with a range of
26.4% to 40.9% improvement and a mean reduction of
35.6%. Clinical improvement after AFR is likely multi-
factorial, improvements in pigmentation, altered opti-
cal properties, enhanced collagen density, and de-
creased scar volume all likely contribute to overall
appearance. This topographical analysis suggests that vol-
ume improvement, at least, is a significant contributing
factor to clinical improvement.

During the 6-month follow-up, no incidents of delayed-
onset hypopigmentation, permanent pigmentary alter-
ation, or scarring were observed. Treatments were well
tolerated by patients, and adverse effects were generally
mild to moderate. Compared with conventional CO; la-
ser resurfacing, AFR treatments provided a safer ad-
verse effect profile, a more rapid healing period, and
shorter downtimes for patients. Despite its much im-
proved safety profile, AFR treatments resulting in scar-
ring and ectropion have been reported in the litera-
ture.'s

After traditional CO, laser resurfacing, delayed-
onset hypopigmentation can be seen in more than 19.2%
of patients®; however, no incidents of delayed pigmen-
tary alterations were observed during our 6-month fol-

low-up after the third treatment. From the date of the
first treatment to the final 6-month follow-up, patients
were followed up for an average of approximately 10.5
(range, 8.5-13.0) months with no evidence of delayed pig-
mentary alteration. The preservation of healthy un-
treated skin between zones of thermal ablation likely ex-
plains the lack of delayed, permanent pigmentary
problems after AFR treatment. Transient mild to mod-
erate postinflammatory hypopigmentation/hyper-
pigmentation developed in less than half of the AFR-
treated scars, but these pigmentary changes all resolved
spontaneously by 3 months after the final treatment.

The treatment protocol was based on our prior expe-
rience with nonablative resurfacing and AFR treat-
ments for acne scars. As we have observed previously,
improvement follows the first treatment, and subsequent
treatments lead to incremental improvements in scar ap-
pearance. Although treatment intervals varied from 1 to
4 months, patients generally reported that the oozing, crust-
ing, and edema after the second and third treatments
tended to be shorter and better tolerated. This phenom-
enon could be the result of a priming of the wound-
healing response by the first treatment, but further re-
search is needed to clarify this observation. Similar to
results from our previous studies'” and our personal ex-
perience, maximal benefit was seen 3 to 6 months after
AFR treatment. Optimal intervals between treatments re-
main to be determined.

B CONCLUSIONS _ py

Ablative fractional resurfacing with the use of a CO, la-
ser enables the creation of deep dermal ablation and co-
agulation and minimizes patient downtime and the risk
of serious adverse effects. A favorable adverse effect pro-
file makes AFR an excellent choice for treating atrophic
surgical and traumatic scars on the face and body. Ob-
jective topographical measures of scar volume and depth
improvement substantiate and support the qualitative im-
provements reported by patients and investigators in this
study. Further research into the most beneficial treat-
ment intervals for scars on and off the face is needed. In
addition, treatment settings for scars in darker skin types
remain to be optimized.
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