UNFAVORABLE OUTCOME

Treatment of Complications
of Laser Skin Resurfacing

Tina S. Alster, MD; Jason R. Lupton, MD

uring the past decade, cutaneous laser resurfacing has evolved into a primary treat-

ment modality for photoinduced facial rhytides, lentigines, facial dyschromias, and

atrophic scars.'!! Major advances in laser technology during the past 15 years have

made possible the ability to perform safe and reliable laser resurfacing of facial skin.
In fact, cutaneous laser resurfacing has become so popular in North America that more than 150000
procedures were performed in 1999 alone. Fortunately, most adverse reactions associated with la-
ser resurfacing are mild and, when recognized early, are easily treated. Serious complications may
result after laser resurfacing, however, and may be due to various factors, including surgeon in-
experience, inappropriate or inadequate postoperative wound management, and individual pa-
tient characteristics (skin phototype, UV light exposure, and postoperative compliance). For these
reasons, laser surgeons must be aware of all potential adverse effects associated with cutaneous
laser resurfacing, so that when one does occur, appropriate interventions can be promptly initi-
ated to prevent further cutaneous damage.

The incidence and severity of complica-
tions associated with cutaneous laser
resurfacing depend on the type of laser
system used. Several different high-en-
ergy, pulsed and scanned carbon dioxide
(CO,) and erbium (Er):YAG laser sys-
tems are most commonly used for cuta-
neous resurfacing, with the CO, laser
considered the gold standard because of
its ability to produce the most dramatic
long-term clinical improvement. Early
laser systems involved continuous-wave
CO, laser technology for resurfacing,
which effected gross lesional destruc-
tion, but were unable to reliably produce
fine tissue ablation due to the excessive
delivery of laser energy, resulting in large
zones of thermal necrosis being pro-
duced with high incidences of scar-
ring.'*!? It was not until the high-energy,
short-pulsed lasers became available in
the mid-1990s that controlled ablation of
facial skin became possible. These latter
lasers operate based on the theory of se-
lective photothermolysis,'* with the CO,
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and the Er:YAG laser systems targeting epi-
dermal and dermal water. The ability to
deliver high fluences of energy to the skin
in extremely short pulses leads to effec-
tive cutaneous ablation with minimal sur-
rounding collateral tissue damage. As such,
the earlier continuous-wave laser sys-
tems have been totally abandoned as re-
surfacing tools—the high-energy, pulsed
and scanned systems exclusively being
used for skin resurfacing, with consis-
tently low complication rates reported.
The risk of developing complica-
tions after a cutaneous laser resurfacing
procedure is influenced by the number
of laser passes performed, the energy
densities used, the degree of pulse or
scan overlap, the preoperative skin con-
dition, and the anatomic areas to be re-
surfaced. The physician and the patient
must be cognizant of the normal healing
process and that some degree of postop-
erative morbidity is normal and unavoid-
able. Virtually all patients who undergo
laser resurfacing will initially experience
intense erythema, edema, serous dis-
charge, and crusting. These cutaneous
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effects are more intense and prolonged after CO, laser
resurfacing because of the slower rate of reepithelializa-
tion (8.5 vs 5.5 days, CO, vs Er:YAG laser) associated
with the slightly increased residual thermal necrosis
produced on CO, laser irradiation of skin. Postopera-
tive erythema seen after CO, laser treatment averages
3 to 6 months in duration, compared with 2 to 4 weeks
for Er:YAG laser—treated patients. Because the amount
of residual thermal damage correlates directly with the
degree of erythema produced, multiple passes of the
Er:YAG laser may also result in prolonged erythema
comparable to that of the CO, laser.

COMPLICATIONS OF
CUTANEOUS LASER RESURFACING

Proper wound management during the immediate post-
operative period is vital to the success of a cutaneous la-
ser resurfacing procedure. Appropriate wound care
leads to rapid healing and resolution of minor symp-
toms. The short-term recovery process may be hastened
by using either an open or a closed wound dressing.
The open technique involves the frequent application
of thick, healing ointments (Aquaphor, Catrix-10, Re-
covery Hydra balm, or plain petrolatum) to the resur-
faced skin with cold, wet compresses and ice packs sev-
eral times daily for the first 72 hours. This open system
allows for direct visualization of the healing skin for
early signs of infection or scar formation, but may be as-
sociated with increased postoperative discomfort and
requires greater effort and cooperation by the patient.
The closed technique typically involves the application
of a biosynthetic semiocclusive dressing (Flexzan, Sec-
ond Skin, Silon TSR, or Vigilon) that is left intact on the
wound for 1 or more days in an effort to aid reepitheli-
alization and decrease patient discomfort. These dress-
ings offer improved patient compliance because of their
“hands off” nature, but are often difficult to keep intact.
Their use also contributes to poor wound visualization,
with potential delays in diagnosing infection or scar de-
velopment, and may actually be responsible for the de-
velopment of infections due to wound maceration.'
Thus, a combined approach using a closed technique
for the first couple of postoperative days followed by an
open technique is advocated by some practitioners in
an effort to improve initial patient discomfort without
significantly increasing the risk of infection. Regardless
of whether an open or a closed technique is used, thor-
ough preoperative patient education and close postop-
erative follow-up are necessary to ensure the most suc-
cessful surgical outcome—one with minimal morbidity
and fast epithelial recovery.

Adverse effects and complications of cutaneous la-
ser resurfacing range in severity from mild to severe.'°
Mild reactions include prolonged erythema, acne or
milia formation, contact dermatitis, and pruritus. Mod-
erate complications include viral, bacterial, or fungal
infections; postinflammatory hyperpigmentation; and
delayed-onset hypopigmentation. The most serious
complications and, fortunately, the most rare include
hypertrophic scarring, ectropion formation, and dis-
seminated infection.

Erythema and Edema

Erythema and edema are the most common adverse ef-
fects experienced by patients who undergo resurfacing
with either CO, or Er:YAG lasers.!*! These reactions are
normal consequences of laser-induced tissue injury and
are only considered abnormal if they persist for an ex-
tended period. Persistent erythema, lasting up to 6 months
or more, is most commonly seen after resurfacing with
the CO, laser because of the more extensive residual ther-
mal necrosis it produces in the dermis. Multiple laser
passes, inadvertent pulse stacking, or aggressive intra-
operative rubbing of the skin to remove partially desic-
cated tissue after each pass can also worsen persistent,
intense erythema. Patients who regularly use tretinoin
or glycolic acid compounds or who have a history of ro-
sacea are also predisposed to persistent postoperative
erythema.*'*

Focal areas of intense erythema that develop after
laser resurfacing may signify impending scar formation
and should be treated aggressively with strong class 1 topi-
cal corticosteroids. Persistent erythema may also be due
to contact sensitization to a topical compound applied
during the recovery process. If contact allergy is sus-
pected, all topical medicaments should be discontinued
and topical corticosteroids applied in an effort to hasten
recovery and prevent scarring. Because topical cortico-
steroids have not been shown to reduce normal postla-
ser erythema, they should not routinely be added to the
recovery regimen unless dermatitis or early scarring is
suspected.

On the other hand, the addition of topical ascorbic
acid during the postoperative period decreases ery-
thema, presumably because of its anti-inflammatory tis-
sue effect. Topical vitamin C should only be used once
complete reepithelialization has occurred since it can serve
as an irritant to the newly resurfaced skin and further con-
tribute to erythema.*

Acne and Milia Formation

Acne flares are relatively common after cutaneous laser
resurfacing because of the application of highly occlu-
sive healing ointments and dressings during the short-
term recovery process, particularly in patients who are
acne prone.'® In addition, aberrant follicular epitheli-
alization following laser-induced injury of the piloseba-
ceous apparatus may lead to exacerbation of acne, milia,
or both, regardless of acne history. In most cases, no treat-
ment is necessary, as the eruptions are usually mild and
resolve once the thicker healing ointments and occlu-
sive dressings are discontinued and/or replaced by cream-
based compounds. If needed, a course of oral tetracy-
cline or minocycline can be prescribed.

Acne flares tend to develop within the first few weeks
following cutaneous laser resurfacing in patients with a
strong history of acne, and after 6 or more weeks in those
without a strong history of acne.? If acne lesions persist
despite the cessation of occlusive ointments or dress-
ings, then topical antibiotics can also be used. Topical
erythromycin, clindamycin, tretinoin, glycolic acid, or
azelaic acid compounds are beneficial once the short-
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Figure 1. Increased redness with development of pruritic and erythematous
papules on the resurfaced facial and adjacent (untreated) neck skin appeared
5 days after laser treatment because of the application of neomycin
sulfate-containing topical antibiotics. Cessation of the offending agent,
followed by the use of topical corticosteroids and cool compresses, usually
provides rapid resolution of the problem.

term healing process is complete (typically 1 month). Milia
are usually superficial and resolve without specific
treatment. If treatment is necessary, tretinoin or gly-
colic acid preparations may be used or lesions can be
manually extracted after the first postoperative month.

Allergic and Irritant Contact Dermatitis

Postoperative contact dermatitis is usually irritant in na-
ture and has been reported to occur in as many as 65%
of all patients treated."*'®2° Although rare, type IV aller-
gic reactions have also been reported. Newly resurfaced
skin is particularly vulnerable to irritation from topi-
cally applied substances because of the lack of a protec-
tive epidermal barrier. Patients may react to various po-
tential irritants and allergens contained within topically
prescribed ointments, including preservatives, chemi-
cal sunscreens, and fragrances. Because topical antibiot-
ics (bacitracin zinc, neomycin sulfate, and polymyxin B
sulfate combination [Neosporin]; bacitracin zinc and poly-
myxin B sulfate combination [Polysporin]; or bacitra-
cin) are common causes of contact dermatitis after re-
surfacing, their use in the immediate postoperative period
should be avoided. Many patients are tempted to self-
prescribe various topical herbal and vitamin remedies,
including vitamin E or aloe-containing compounds, in
an attempt to speed their recovery; these self-prescribed
remedies may actually contribute to the problem.
Irritant or allergic contact dermatitis should be sus-
pected whenever a patient exhibits worsening erythema
or pruritus after resurfacing (Figure 1). In an effort to
decrease this risk, only bland emollients (eg, Aquaphor
ointment, plain petrolatum, or Recovery Hydra balm)
should be used and patients should be warned against
applying any “home remedies” or herbal preparations to
newly resurfaced skin. When contact dermatitis devel-
ops, all topical agents should be discontinued and mild
topical corticosteroids and cool, wet compresses regu-
larly applied to alleviate pruritus and discomfort. In se-
vere cases, oral antihistamines or short courses of oral
corticosteroids may be necessary to control cutaneous in-
flammation and decrease the risk of fibrosis.

Figure 2. Grouped vesicles on an erythematous base are the distinguishing
hallmarks of a herpes simplex virus (HSV) infection. If an HSV outbreak
occurs before reepithelialization has been completed, erosions (rather than
intact vesicles) may be evident. Appropriate oral antiviral treatment should be
initiated, with aggressive wound care.

Infection

Viral, bacterial, and fungal infections can develop after
cutaneous laser resurfacing, usually during the first post-
operative week during the reepithelialization process. The
most frequent infectious complication associated with re-
surfacing is a reactivation of the herpes simplex virus
(HSV) (Figure 2).% It is suspected that direct laser trauma
to the skin leads to latent viral activation and shedding.
Herpetic outbreaks are experienced by roughly 2% to 7%
of all laser-treated patients despite antiviral prophy-
laxis.?®*>% In addition, due to the high incidence of la-
tent HSV infection, any patient (regardless of prior HSV
history) planning to undergo full-face or perioral resur-
facing should be given oral antiviral prophylaxis in an
effort to reduce viral reactivation, which could subse-
quently lead to scarring.

Early postlaser detection of HSV is often difficult be-
cause there is no intact epithelium and, rather than the
characteristic grouped vesicles or pustules, infection is
manifested by small, superficial erosions. Symptoms of
HSV reactivation include tingling, burning, or dis-
charge from isolated foci within the treated areas. Ex-
tensive eruptions can result in disseminated infection and
atrophic scarring and, therefore, must be recognized early
and treated aggressively. Oral antiviral agents, such as
acyclovir, famciclovir, or valacyclovir, are routinely ad-
ministered 1 to 2 days before the laser resurfacing pro-
cedure and continued for another 7 to 10 days until reepi-
thelialization is complete. Famciclovir and valacyclovir
are commonly used because of their favorable twice-
daily dosing schedules, which lead to enhanced patient
compliance. A recent study” demonstrated the efficacy
of famciclovir, 250 mg, given twice daily for patients with-
out a history of HSV and of famciclovir, 500 mg, given
twice daily for patients with a history of HSV for 10 days
as adequate prophylaxis in most cases. If a herpetic out-
break occurs despite prophylaxis, patients should ei-
ther be switched to a different antiviral agent or have their
dosage increased to maximal herpes zoster doses (acy-
clovir, 800 mg, given 5 times daily; or famciclovir or vala-
cyclovir, 500 mg, given 3 times daily). If dissemination
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Figure 3. Increased pain, discharge, and crusting are indicative of bacterial
infection. Bacterial cultures should be obtained from a wound swab, and the
patient given appropriate oral antibiotics.

of HSV occurs, hospitalization with administration of in-
travenous antiviral therapy may become necessary.”

Superficial bacterial and fungal wound infections can
also occur after cutaneous laser ablation. The moist envi-
ronment of newly resurfaced skin is an ideal medium for
contamination by or overgrowth of opportunistic patho-
gens. Although bacterial infections are usually due to strep-
tococcal or staphylococcal species, Pseudomonas aerugi-
nosa may also contaminate the wound (Figure 3).'>'%%
Cutaneous candidiasis may be difficult to diagnose since
it can resemble acne or milia in the postoperative pe-
riod. Persons at increased risk of candidal infection in-
clude those with diabetes, angular cheilitis, immuno-
suppression, or vaginal candidiasis.

If cutaneous infection is suspected clinically, wound
cultures should be obtained for appropriate oral antibi-
otic or antifungal agents to be initiated. Prevention of in-
fection is the primary goal, and such measures as fre-
quent dressing changes and dilute acetic acid soaks during
the initial recovery period are of great benefit. Patients
must also be instructed to follow postoperative wound
care instructions, carefully using sanitary measures such
as thorough hand washing before dressing changes, fre-
quent wound cleansing, and strict avoidance of wash-
cloth or dressing reuse during the healing process. The
use of prophylactic antibiotics during the postoperative
recovery process is unclear. Many laser surgeons rou-
tinely prescribe oral antibiotics as part of the perioper-
ative regimen despite convincing proof of their benefit.
A recently published study?*” failed to demonstrate any
advantage for the routine administration of antibiotics
after cutaneous laser resurfacing—with their indiscrimi-
nate use actually favoring drug resistance and promot-
ing superinfection by other opportunistic organisms. Pain,
increased erythema, purulent discharge, crusting, or de-
layed wound healing should alert the physician to the
possibility of a superficial cutaneous infection. Superfi-
cial bacterial and fungal infections that develop as a re-
sult of laser ablation must be aggressively treated be-
cause dissemination could lead to significant morbidity
or result in permanent scarring.

Figure 4. Hyperpigmented square laser scan patterns are evident
approximately 1 month postoperatively in a patient with skin phototype III.
Topical application of various mild peeling and skin bleaching agents and
avoidance of sun exposure can help speed resolution.

Postinflammatory Hyperpigmentation

Transient postinflammatory hyperpigmentation is the
most common adverse effect of cutaneous laser resur-
facing, occurring in approximately 33% of all patients
treated and in virtually 100% of those with darker skin
phototypes (Fitzpatrick stages IV-VI).!*102 Hyperpig-
mentation usually manifests within the first month fol-
lowing treatment, and spontaneously resolves during the
next several months. Since this cutaneous reaction pat-
tern is often so conspicuous, many patients seek medi-
cal intervention to speed its resolution (Figure 4). Topi-
cal agents, including retinoic, azelaic, or glycolic acid
compounds, hydroquinone-containing preparations, or
light glycolic acid peels (30%-40%), may be initiated af-
ter the first postoperative month.**° Hydroquinone and
retinoic acid may be particularly irritating to the skin and,
therefore, should be combined with mild topical corti-
costeroids for maximum benefit. Broad-spectrum sun-
screens with sun protection factors of 20 or higher are
also mandatory during this period to prevent worsening
of the hyperpigmentation. Treatment must not be overly
aggressive, to avoid skin irritation and further postin-
flammatory hyperpigmentation.

The incidence of postoperative hyperpigmentation
has not been shown to be prevented nor reduced in in-
tensity by the use of any pretreatment topical regimen.
Arecently published study failed to demonstrate a lower
rate of hyperpigmentation despite the preoperative use
of topical tretinoin, hydroquinone, or glycolic acid. It has
been postulated that the effect of these topical agents is
superficial, failing to reach deeply situated dermal me-
lanocytes that are primarily responsible for the poten-
tiation of hyperpigmentation. In addition, while it was
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Figure 5. The development of hypopigmentation is often delayed for several
months after laser resurfacing. Skin typically appears pale relative to the
adjacent untreated skin, rather than truly hypopigmented.

initially proposed that Er:YAG laser resurfacing would
result in a decreased incidence of hyperpigmentation (due
to less residual thermal damage in treated tissue), the rates
of hyperpigmentation after CO, and Er:YAG laser irra-
diation are comparable, given their similar tissue vapor-
ization effects. Early intervention for observed hyper-
pigmentation appears to be the best and most efficient
way to decrease the severity and duration of this most
common surgical sequela.”

Hypopigmentation

Delayed-onset hypopigmentation is a potentially seri-
ous, and permanent, complication of laser resurfacing.
Hypopigmentation does not usually become manifest
until 6 to 12 months after resurfacing, once residual
traces of erythema and hyperpigmentation have com-
pletely faded.!*1%?° Relative hypopigmentation is more
commonly observed in areas adjacent to photodamaged
skin (eg, the mandible), since ablative lasers remove
traces of mottled pigmentation (Figwre 5). True hypo-
pigmentation, however, is rare and occurs most fre-
quently in those who have undergone previous der-
mabrasion or phenol peeling or in aggressively treated
areas. Glycolic acid peels (30%-40%) or light trichloro-
acetic acid peels (15%) may be used to decrease the sur-
rounding skin’s relative hyperpigmentation in an at-
tempt to blend the marked contrasts in pigmentation.
Application of opaque makeup can also be used to cam-
ouflage the hypopigmented areas.

Hypertrophic Scarring

Hypertrophic scarring is another uncommon complica-
tion of cutaneous laser resurfacing (Figure 6).' !> Many
factors influence the risk of scar development, includ-
ing poor intraoperative technique with use of inappro-
priate laser parameters, pulse stacking or scan overlap,
and/or an excessive number of laser passes. Certain ana-
tomic locations, such as the infraorbital region, man-
dible, and anterior neck, are also more susceptible to scar

Figure 6. Hypertrophic scars are preceded by focal areas of intense
erythema and induration that never resolve. Pulsed-dye laser irradiation has
been shown to improve these hypertrophic burn scars.

Figure 7. Ectropion formation may be seen in patients with infraorbital laxity
or in those who have undergone prior lower blepharoplasty, particularly
when aggressive periocular laser resurfacing has been performed. Surgical
correction may be necessary.

formation and should be treated more cautiously.'*** Post-
operative wound infection or contact dermatitis may also
eventuate in scarring. In addition, recent use of isotreti-
noin, previous radiation therapy, and a history of keloid
formation increase a patient’s risk of scarring.*

Focal areas of intense erythema and induration are
the first signs of impending scar formation and must be
recognized early and treated promptly to avoid perma-
nent sequelae. Strong class 1 topical corticosteroids should
be prescribed in an effort to halt the progression of scar
formation. Intralesional corticosteroid injections or sili-
cone gel sheeting are other effective methods of scar re-
duction. The use of a 585-nm pulsed-dye laser has been
proved to be particularly effective in treating erythema-
tous and hypertrophic burn scars.>* Laser irradiation not
only decreases scar tissue bulk but it also improves scar
erythema and alleviates symptoms of pruritus or dyses-
thesia. Pulsed-dye laser treatments are delivered at 6- to
8-week intervals using parameters identical to those sug-
gested for vascular lesions. Typically, 2 or 3 treatments
are necessary to effect significant scar improvement.

Ectropion Formation

Ectropion of the lower eyelid is a serious complication
of cutaneous laser resurfacing and usually requires sur-
gical intervention for correction (Figure 7).1>!9% Pa-
tients who have undergone previous lower blepharo-
plasty are at increased risk and, thus, should be evaluated
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preoperatively with a skin “snap test” to determine the
risk of eyelid eversion. If the lower eyelid skin does not
briskly return to its normal resting position within 3 sec-
onds after its release from a manual downward pull, then
laser resurfacing near the lower eyelid margin should be
avoided. In general, conservative laser settings and fewer
laser passes should be performed in the periorbital re-
gion because of the thin nature of the skin in this cos-
metic area. Although topical corticosteroid application
and massage can be used to improve lower eyelid retrac-
tion, surgical correction is often necessary.

CONCLUSIONS

Cutaneous laser resurfacing with high-energy, pulsed or
scanned CO, and Er:YAG lasers has revolutionized the field
of aesthetic surgery. Lasers are capable of recontouring pho-
todamaged skin with relative ease and few complica-
tions. Since it has become increasingly common for phy-
sicians across a broad range of specialties to use ablative
lasers for resurfacing, it is critical that all potential ad-
verse effects and their appropriate management are fully
understood. Although facial resurfacing has been made rela-
tively safe with this newer laser technology, complica-
tions are still possible and can be devastating at times. Pre-
vention of complications is best managed by pretreatment
patient education coupled with a proper intraoperative tech-
nique and a closely supervised postoperative recovery.
When complications do arise, physicians must be able to
readily identify their cause and treat expeditiously to pre-
vent permanent sequelae. Knowledge of the typical heal-
ing process is also necessary, as erythema, edema, and crust-
ing are normal consequences of laser resurfacing and do
not require specific treatment above and beyond that typi-
cally prescribed. Mild complications associated with la-
ser resurfacing include acne and milia formation, contact
dermatitis, and pruritus. Reactivation of HSV, superficial
cutaneous superinfections, and pigmentary alterations are
moderately severe complications of resurfacing. The most
serious complications include hypertrophic scarring, ec-
tropion formation, and disseminated infection. The suc-
cess of any laser resurfacing procedure, therefore, relies
on several factors, including an appropriately educated and
well-informed patient, a well-trained and experienced phy-
sician, the use of an excellent intraoperative technique, and
a carefully executed postoperative recovery regimen.

Accepted for publication July 14, 2000.

Reprints: Tina S. Alster, MD, Washington Institute of
Dermatologic Laser Surgery, 2311 M St NW, Suite 200,
Washington, DC 20037 (e-mail: talster@skinlaser.com).

DR  REFERENCES Ry

1. Alster TS. Cutaneous resurfacing with CO, and erbium:YAG lasers: preopera-
tive, intraoperative, and postoperative considerations. Plast Reconstr Surg. 1999;
103:619-632.

2. Ratner D, Tse Y, Marchell N, et al. Cutaneous laser resurfacing. J Am Acad Der-
matol. 1999;41:365-389.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. Alster TS, Nanni CA, Williams CM. Comparison of four carbon dioxide resurfac-

ing lasers: a clinical and histologic evaluation. Dermatol Surg. 1999;25:153-159.

. Alster TS. Clinical and histologic evaluation of six erbium:YAG lasers for resur-

facing. Lasers Surg Med. 1999;24:87-92.

. Manaloto RMP, Alster TS. Erbium:YAG laser resurfacing for refractory me-

lasma. Dermatol Surg. 1999;25:121-123.

. West TB, Alster TS. Improvement of infraorbital hyperpigmentation following CO,

laser resurfacing. Dermatol Surg. 1998;24:615-616.

. Ziering CL. Cutaneous laser resurfacing with the erbium:YAG laser and the char-

free carbon dioxide laser: a clinical comparison of 100 patients. /nt J Aesthetic
Restorative Surg. 1997;5:29-37.

. Fitzpatrick RE, Goldman MP, Satur NM, et al. Pulsed carbon dioxide laser resur-

facing of photoaged facial skin. Arch Dermatol. 1996;132:395-402.

. Lowe NJ, Lask G, Griffin ME, et al. Skin resurfacing with the Ultrapulse carbon di-

oxide laser: observations on 100 patients. Dermatol Surg. 1995;21:1025-1029.

. Alster TS, Garg S. Treatment of facial rhytides with a high-energy pulsed carbon

dioxide laser. Plast Reconstr Surg. 1996;98:791-794.

. Alster TS, West TB. Resurfacing of atrophic facial scars with a high-energy, pulsed

carbon dioxide laser. Dermatol Surg. 1996;22:151-155.

. Lanzafame RJ, Naim JO, Rogers DW, et al. Comparisons of continuous-wave,

chop wave, and superpulsed laser wounds. Lasers Surg Med. 1988;8:119-124.

. Haina D, Landthaler M, Braun-Falco O, et al. Comparison of the maximum co-

agulation depth in human skin for different types of medical lasers. Lasers Surg
Med. 1987;7:355-362.

. Anderson RR, Parrish JA. Selective photothermolysis: precise microsurgery by

selective absorption of pulsed radiation. Science. 1983;22:524-527.

. Sriprachya-Anunt S, Fitzpatrick RE, Goldman MP, et al. Infections complicating

pulsed carbon dioxide laser resurfacing for photoaged facial skin. Dermatol Surg.
1997;23:527-536.

. Alster TS. Side effects and complications of laser surgery. In: Alster TS, ed. Manual

of Cutaneous Laser Techniques. 2nd ed. Philadelphia, Pa: Lippincott Williams &
Wilkins; 2000:175-187.

. Nanni CA. Handling complications of laser treatment. Dermatol Ther. 2000;13:

127-139.

. Nanni CA. Postoperative management and complications of carbon dioxide la-

ser resurfacing. In: Alster TS, Apfelberg DB, eds. Cosmetic Laser Surgery: A Prac-
titioner’s Guide. 2nd ed. New York, NY: Wiley-Liss; 1999:37-55.

. Alster TS, Nanni CA. Complications of cutaneous laser resurfacing. In: Biesman

B, ed. Carbon Dioxide Lasers in Facial Aesthetic and Reconstructive Surgery. Bal-
timore, Md: Williams & Wilkins; 1999:81-90.

Nanni CA, Alster TS. Complications of carbon dioxide laser resurfacing. Derma-
tol Surg. 1998;24:315-320.

Ruiz-Esparza J, Gomez JMB, De La Torre OLG, et al. Erythema after laser skin
resurfacing. Dermatol Surg. 1998;24:31-34.

Alster TS. Combined laser resurfacing and tretinoin treatment of facial rhytides.
Cosmetic Dermatol. 1997;10:39-42.

Alster TS. Retinoic acid and CO, laser resurfacing. Plast Reconstr Surg. 1999;
104:2236-2238.

Alster TS, West TB. Effect of topical vitamin C on postoperative carbon dioxide
resurfacing erythema. Dermatol Surg. 1998;24:331-334.

Alster TS, Nanni CA. Famciclovir prophylaxis of herpes simplex virus reactiva-
tion after laser skin resurfacing. Dermatol Surg. 1999;25:242-246.

Monheit GD. Facial resurfacing may trigger the herpes simplex virus. Cosmetic
Dermatol. 1995;8:9-16.

Walia S, Alster TS. Laser resurfacing infection rate with and without prophylac-
tic antibiotics. Dermatol Surg. 1999;25:857-861.

Lowe NJ, Lask G, Griffin ME. Laser skin resurfacing: pre- and posttreatment guide-
lines. Dermatol Surg. 1995;21:1025-1029.

Horton S, Alster TS. Preoperative and postoperative considerations for cutane-
ous laser resurfacing. Cutis. 1999;64:399-406.

West TB, Alster TS. Effect of pretreatment on the incidence of hyperpigmenta-
tion following cutaneous CO, laser resurfacing. Dermatol Surg. 1999;25:15-17.
Alster TS. Preoperative preparation for CO, laser resurfacing. In: Coleman WP,
Lawrence N, eds. Skin Resurfacing. Baltimore, Md: Williams & Wilkins; 1998:
171-179.

Nanni CA, Alster TS. Complications of cutaneous laser surgery: a review. Der-
matol Surg. 1998;24:209-219.

Katz BE, MacFarlane DF. Atypical facial scarring after isotretinoin therapy in a
patient with a previous dermabrasion. J Am Acad Dermatol. 1994;30:852-853.
Alster TS, Nanni CA. Pulsed dye laser treatment of hypertrophic burn scars. Plast
Reconstr Surg. 1998;102:2190-2195.

(REPRINTED) ARCH FACIAL PLAST SURG/VOL 2, OCT-DEC 2000

284

WWW.ARCHFACIAL.COM

©2000 American Medical Association. All rights reserved.



