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Actinic keratoses (AKs) are the most common
epithelial premalignant lesions seen by derma-
tologists today. The vast therapeutic armamen-
tarium for treating AKs can be roughly divided
into 2 categories: topical and surgical/physical
modalit ies. It is important for clinicians to be
familiarized with the various therapeutic options
for treating AKs and to deliver individualized
treatments. This article will review the surgical
and physical modalit ies available for the treat-
ment of AKs.

Actinic keratoses (AKs) are the most common
epithelial premalignant lesions seen by der-
matologists today. It is estimated that more

than 60% of predisposed persons older than 40 years
have at least one AK1 and that 1 in 6 Americans
will develop a skin cancer during his or her lifetime.2

In addition, more than 26% of cutaneous squamous
cell carcinomas (SCCs) were reported to begin as
an AK, and more than 82% of the cutaneous SCCs
were found to have concomitant AK giving rise to,
and/or in close proximity to, the SCC.3 Therefore,
it is important to prevent AK, if possible, as well as
to be proactive in treating these premalignant
lesions when diagnosed.

There are many modalities that are highly effec-
tive treatments for AK. Although the options of
therapy are numerous, not all treatments are appro-
priate for all patients or lesions. For these reasons,
treatments must be individualized and appropri-
ately selected by the physician. Thus, it is essential
for the clinician to be familiar with both the topi-
cal, systemic, and surgical treatments available. For

the purpose of this article, the surgical and physical
modalities available for the treatment of AK will
be discussed. These include cryosurgery, curettage
with or without electrosurgery, dermabrasion, abla-
tive lasers, chemexfoliation, and photodynamic
therapy (PDT).

Cryosurgery
In 1907, Pusey4 treated skin lesions with carbon
dioxide (CO2) snow that was collected in a leather
bag and compressed into sticks. These cryogenic
agents were used until the 1940s, when liquid 
nitrogen became readily available. Liquid nitrogen
(�195.8°C) is the most common cryogen used
today.5 By lowering the skin temperature to �50°C
with the application of the cryogen, the atypical
cells of the AK are destroyed.5 Cryosurgery is the
most frequently utilized treatment method for AK
in the United States. Liquid nitrogen is applied
with a cotton-tip applicator or through a spray
apparatus. In 1990, the American Society for 
Dermatologic Surgery reported that more than 
87% of its members performed cryosurgery for the
treatment of AK.6

Cryosurgery represents a well-tolerated, safe,
effective, and time-efficient treatment method 
that yields good cosmetic results. Lubritz and
Smolewski7 reported cure rates of 98.8% in the
treatment of 70 patients with 1018 AKs. Compli-
cations are rare when experienced practitioners
perform cryosurgery. Hypopigmentation, resulting
from melanocyte sensitivity, can be a problem.
Patients report some discomfort while the cryogen
is being applied; therefore, its application is
restricted to small areas with limited lesions.
Chiarello8 reported successful removal of many
AKs during full-face cryosurgery, or so-called cryo-
peel. However, there has been a report of scarring
after such treatment in a patient with cryofibrino-
genemia.9 A patient’s history should be taken to
exclude this condition, and, if indicated, laboratory
studies should be performed before treating a large
area of the face with cryosurgery.
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Cryosurgery is often the treatment of choice for
a limited number of well-delineated AKs. How-
ever, when the actinic damage is diffuse or the
lesions are obscured by other dermatoses, a multi-
stage cryosurgery treatment plan or alternative
methods should be considered.

Curettage With or Without Electrosurgery
The use of a curette to mechanically remove atypical
cells is a very useful and effective treatment for
AK.10 The major advantage of curettage is the 
ability to obtain a specimen for histologic analysis.1

Electrosurgery may be used to stop bleeding or to
apply more damage to the area of the atypical cells
of AK. Currently, no study is available comparing
the cure rates of AK with curettage alone verses
with electrosurgery. Therefore, the physician must
determine whether electrosurgery should be
applied to burn the skin after the curettage proce-
dure. The combination of cryosurgery and curet-
tage make up about 80% of the treatments for AK
in the United States.11 A disadvantage to the
curettage method is the need to apply a local anes-
thetic prior to the procedure. In addition, overly
vigorous curettage and/or electrosurgery can result
in a scar. Curettage is effective for almost all clini-
cal types of AK but is particularly useful for lesions
thought to be closer to invasive SCC or for lesions
resistant to other treatments.12

Dermabrasion
In 1905, Kromayer13 introduced a technique to treat
a variety of skin diseases using rotational instru-
ments. This procedure is now known as dermabra-
sion. Dermabrasion is an excellent treatment for
severe widespread actinic damage and has well-
documented long-term protective effects.14 Coleman
et al15 evaluated recurrence rates after treatment,
with the average dermabrasion results persisting 
4 years before a single AK reoccurred in the treat-
ment area. Benedetto et al14 demonstrated micro-
scopic normalization of actinically damaged epidermis
and dermis with normal posttreatment epidermal
thickness, rete pattern, and polarity, as well as the
absence of dyskeratosis.

Although dermabrasion has been shown for
many years to be an effective treatment for AK, it is
not a widely used modality. The technique requires
more training than do the alternative therapeutic
approaches, and it carries the risk of blood splatter
for the physician and assistants. In addition, prophy-
laxis against bacterial and viral infections is usually
undertaken with the use of systemic antimicrobials.
On the other hand, dermabrasion is usually well tol-
erated by most patients, and recovery times are sim-

ilar to other treatments for AK.16 For extensively
thickened AK, especially on the scalp, dermabrasion
has achieved dramatic improvement.15,17 Although
dermabrasion is a more complicated procedure, it is
one of the few modalities that affords long-term pro-
phylaxis, as well as treatment of AK.

Microdermabrasion, utilizing aluminum oxide
crystal, was initially developed in Italy in 1985 and
has recently become popular for facial rejuvena-
tion.18 A recent study investigated the use of micro-
dermabrasion for actinic damage.19 These patients
were noted to have both mild clinical and histo-
logic improvement. Microdermabrasion is a simple,
rapid procedure that is painless and noninvasive.
This procedure may have a place in the treatment
of mild and/or localized actinic damage, although
additional studies are required for its role in the
treatment of AK.

Carbon Dioxide/Erbium Laser
The advent of lasers (light amplification by stimu-
lated emission of radiation) in 1960 revolutionized
the treatment of many dermatologic conditions.
Precise skin depth control and targeting of specific
chromophores conferred treatment advantages not
achieved previously with other modalities.

Treatment of AK with lasers, similar to other
modalities, has been primarily ablative/destructive.
Most reports have been with CO2 and Erbium:
Yttrium-Aluminum-Garnet (Er:YAG) lasers.

The Er:YAG laser emits infrared light with a
wavelength of 2940 nm, which is strongly absorbed
by water. The high absorption coefficient, as com-
pared with the CO2 laser, allows for a depth of 0.01
to 0.05 mm for thermal damage.20

Drnovsek-Olup et al20 reported 6 patients with
AK treated with the Er:YAG laser at 300 mJ with a
4-mm spot size and 2.4 J/cm2 with 2 to 4 passes.
They achieved 100% clearance rate with a follow-
up of 12 to 15 months. Mean reepithelization time
was 7 to 10 days. There were no reports of scarring
or infection.20

Wollina et al21 reported 29 patients with AK who
were treated with the Er:YAG laser. Of these
patients, 89.7% (26) achieved complete response
and 10.3% (3) achieved partial response. Healing
time was reported to be 7 to 10 days. Patients
received local anesthesia for the procedures.21

Er:YAG laser is a valuable tool in the treatment of a
few localized, as well as multiple, AKs.

The CO2 laser emits infrared light at 10,600 nm
with a skin penetration depth of 0.2 mm. Success
in the treatment of AK using the CO2 laser has
been variable. Fulton et al22 reported 35 patients
with extreme sun damaged skin who underwent



VOLUME 71, MAY 2003 383

Surgical and Physical Therapeutic Modalities

laser resurfacing. Of these patients, 14.3% (5)
developed AK or basal cell cancers following resur-
facing. The authors concluded that short-pulse
CO2 laser resurfacing was inferior to dermabrasion,
chemabrasion (a single procedure in which a deep,
full-face chemical peel is followed immediately by
dermabrasion), or deep chemical peel for prophy-
laxis of AK.22 Side-effects such as pigmentary alter-
ation, pain, and longer healing time also make the
CO2 laser an inferior choice to the Er:YAG laser in
the treatment of AK. In addition, studies have
shown a 95% to 99% success rate in the treatment
of actinic cheilitis with the CO2 laser by destruc-
tion of the entire epidermis.23,24

Chemexfoliation (Chemical Peels)
There are a variety of chemicals that have been
used for the treatment of actinic damage. Superficial
peels, such as 10% to 35% trichloroacetic acid
(TCA), have been used for widespread AK, with
inconsistent efficacy. Conversely, deeper peels with
TCA or phenol are efficacious but are character-
ized by an increased frequency of scarring and
hypopigmentation.25,26 Phenol, though utilized in
the past, has very limited use today because of its
numerous toxicities. Therefore, intermediate-
depth peels were developed to improve the results
of superficial peels while reducing the risk of mor-
bidity associated with deeper peels.

Intermediate-depth peels can be achieved in
many different methods. A CO2 freeze followed by
application of 35% TCA was introduced by Brody
and Hailey27 in 1986. The combined use of Jessner’s
solution (resorcinol, lactic acid, and salicylic acid
dissolved in ethanol) and 35% TCA was described
by Monheit28 in 1989. In a study comparing the
combination of Jessner’s solution with 35% TCA
verses 5% fluorouracil, the efficacies and safety pro-
files were similar.29 Other preoperative and postop-
erative combinations that have been reported
include 70% glycolic acid followed by 30% TCA
and 35% TCA with tretinoin.30

Chemexfoliation produces a stinging sensation
at the onset of application that may progressively
intensify, though most patients tolerate the proce-
dure well. Hyperpigmentation and hypopigmenta-
tion are the most common side effects.31 Again,
prophylaxis against bacterial and viral infections
may be undertaken with the use of systemic 
antimicrobials. Physicians should seriously consider
this bloodless procedure in lieu of dermabrasion 
in patients with communicable infections. The
intermediate-depth peels have the advantage of 
single-application convenience and usefulness, 
particularly among poorly compliant patients.

Photodynamic Therapy
In 1978, Dougherty et al32 presented extensive data
on the successful use of PDT for the treatment of
cutaneous cancer, thereby expanding clinical appli-
cation of this novel technique. In the basic sense,
PDT is a treatment modality involving the adminis-
tration of photosensitizing compounds and the accu-
mulation of the sensitizer molecules in the target
cells, followed by selective irradiation of the lesion
with visible light. In recent years, PDT has under-
gone remarkable expansion of its dermatologic
applications and is emerging as a promising treat-
ment modality for AK.11

The advances of PDT in the treatment of AK
were pioneered by the development that permitted
the topical application of 5-aminolevulinic acid
(ALA). ALA, not technically a photosensitizer, acts
as a prodrug that is then converted endogenously to
the efficient photosensitizer protoporphyrin IX
within the cells.33 Initially, photosensitizer protopor-
phyrin IX is taken up by most normal and malignant
cells but is retained longer in tumors and rapidly
proliferating cells,34 though the mechanism of this
selective prolonged retention is not well understood.
Three to 6 hours after ALA application, the lesions
are exposed to visible light at 630 to 635 nm,35

thereby resulting in selective destruction of the
atypical squamous cells in AK. PDT is similar to
other treatment modalities with a 2-week healing
phase.36 Recently, a new topical photosensitizer,
methyl aminolevulinate,37 was developed and may
offer advantages over ALA of improved skin pene-
tration as a result of enhanced lipophilicity and
greater selectivity for neoplastic cells.

PDT has the advantage of being more selective
in directing the maximal injury to AK and relatively
sparing the surrounding tissue. It is well tolerated
and has high patient and physician satisfaction, as
well as excellent cosmetic results. The long-term
efficacy appears favorable, with sustained eradica-
tion of AK observed in several patients 4 years post-
treatment.38 PDT is a promising area of research
with a bright future.

Conclusion
Surgical treatment of AK should be tailored to the
individual patient. Particular attention should be
paid to the number of lesions to be treated, potential
side effects, pain control, and healing time. Cure
rates for most surgical procedures make them opti-
mal first line treatment options for certain patients.
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