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KEY POINTS

� It is imperative to identify the goals of the patient and his or her definition of an optimal outcome.

� A careful patient examination and a solid foundational understanding of basic laser physics are
important to determine if the proposed intervention can meet those goals.

� Facial skin resurfacing is focused on reestablishing the smooth, elastic, and firm appearance char-
acteristic of youthful skin.

� Advances in both technology, techniques, and pre and postoperative skincare allow for significant
skin tightening, reduction in rhytid burden, high patient satisfaction, and a manageable side effect/
complication profile.
INTRODUCTION offers the advantage of improved control and
Aesthetic rejuvenation of the facial skin focuses on
restoring the quality and contour of the skin with
special attention to a regional harmony of the final
outcome. As individuals age, the skin of the face
and neck thins, loses elasticity, and develops dys-
pigmentations, textural irregularities, and rhytids
as photoaging accumulates. Under the combined
influences of gravity, the mimetic musculature of
the face, soft tissue volume alterations, and phys-
ical habits (such as unfavorable sleep positioning
or tobacco use) both fine and coarse creases
develop. These changes characterize the individ-
uals’ dissatisfaction with the appearance of their
facial skin and their desire to seek correction.

Various surgical and nonsurgical techniques are
used alone or in combination to restore a youthful
appearance to the facial skin and deliver the
desired result of restoration. Laser resurfacing
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reproducibility in comparison to traditional
methods of chemical peeling and dermabrasion,
though these are still used in aesthetic facial reju-
venation.1,2 Although other types of therapy exist
to target the components of photoaging (eg, erbiu-
m:yag, Nd:YAG, IPL, PDL, and so forth), one of the
most commonly used treatments for resurfacing is
the CO2 laser. CO2 lasers induce a thermal wound
which provides the characteristic ability to both
coagulate and induce intense collagen remodeling
within the dermis.3–5

In this article, we focus on the fractionated CO2

laser, long considered the gold standard for facial
skin rejuvenation. Although many different devices
exist, what follows is a description of how the se-
nior author uses an Ultrapulse CO2 laser (Ultra-
Pulse Encore; Lumenis Ltd, Yokneam, Israel),
customizing the procedure to each patient with
the principles and rationale behind each protocol.
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BASIC LASER PHYSICS

Lasers emit light energy that travels in a waveform,
as does ordinary light. The wavelength is the dis-
tance between 2 successive peaks of a wave
(Fig. 1). The amplitude is the height of the peak
and is related to the intensity of the light. Fre-
quency (or period) is the amount of time required
for one full wave cycle.6,7

To understand laser function it is important for the
operator to understand basic laser mechanics. If a
photon—the unit of light energy—strikes an atom it
boosts one of its electrons to a higher energy level.
The “excited” atom is unstable and will reemit a
photon as the electron drops to its original lower en-
ergy level, a process known as spontaneous emis-
sion. If that “excited” atom is struck by yet another
photon, it will emit 2 photons that have the same
wavelength, direction, and phasewhen the electrons
revert to lowerenergy levels.Onecanseehowachain
reaction may proceed from successive collisions,
generating large volumes of coherent light. This pro-
cess is known as the stimulated emission of radiation
and is the underlying principle of laser physics.8–10
Power density 5
PowerðW Þ
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This laser energy is then “collimated”—made
dense and parallel—by a system of opposing mir-
rors within the resonating chamber and then trans-
mitted to the intended target by a delivery system
(Fig. 2). Thus, laser light is organized, intense, and
diverges very little as it travels, giving laser energy
its characteristic constant intensity even over long
distances.10,11
LASER-TISSUE INTERACTION

A laser can exert a spectrum of effects on biologic
tissue, from the modulation of biologic function to
vaporization, with the majority of clinically relevant
systems using laser’s thermal effects to coagulate
and/or vaporize tissue.8,12

The effect of a particular laser on a specific tis-
sue depends on the following 3 factors: tissue ab-
sorption, laser wavelength, and laser energy
density.6,12 The first 2factors are constant and
inherent to the tissue and laser, respectively.
Importantly the third factor, energy density, can
be manipulated by the surgeon. It is critical that
the operator has at least a basic understanding
of laser-tissue interaction to provide maximal
benefit to the patient and minimize risks.
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As a laser beam impacts tissue its energymay be
absorbed, reflected, transmitted, or scattered, and
in laser skin rejuvenation absorption is most impor-
tant. The extent of absorption dependson the chro-
mophore content of the tissue. Chromophores are
substances that absorb the energy of a particular
light wavelength efficiently. For example, CO2 laser
energy is absorbed by soft tissues of the body
because the target chromophore is water, which
makes up 80% of soft tissue content. In contrast,
the CO2 laser has relatively minimal effect on
bone (which has a low water content). Initially, as
a tissue absorbs the laser energy, its molecules
begin to vibrate. Absorption of additional energy
causes protein denaturation, coagulation, and,
finally, vaporization/ablation.13,14

As noted above, the modifiable factor affecting
laser-tissue interaction is energy density. Energy
density is equal to the power density of the inci-
dent beam multiplied by the exposure time. Power
density is the power expressed in watts divided by
the cross-sectional area of the laser beam (spot
size), as in the following equation:
Power density may be seen as the amount of
power (in watts) delivered to the area by the laser.
Energy density, also known as fluence, simply
adds the dimension of time and is expressed in
joules/cm2:

Energy density 5 power density � time

Therefore, varying the spot size or the exposure
time can alter the laser-tissue interaction effects (if
all other factors are constant). As the spot size of a
laser beam decreases (thereby increasing the po-
wer density) the amount of power reaching that
particular volume of tissue increases. Conversely,
as the spot size increases, the energy density of a
laser beam decreases.15–18

Pulsing the laser energy is another method by
which the surgeon can modify tissue effects via
alternating periods of "power on" with periods of
"power off." Because energy is not reaching tissue
during the off periods, heat is allowed to dissipate
during those intervals. If the off periods are longer
than the thermal relaxation time of the targeted tis-
sue, there is less risk of damaging the surrounding
tissue by the conduction of heat. Energy can be
pulsed by setting the time that the laser is on (for
ealth and Social Security de ClinicalKey.es por Elsevier en agosto 19, 
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Fig. 1. Laser sine wave pattern. The wavelength (l) is
the distance between two successive peaks of a wave.
(From Franck P, Henderson PW, Rothaus KO. Basics of
Lasers: History, Physics, and Clinical Applications.
Clinics in plastic surgery. 2016;43(3):505-513.)
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example, 0.1 seconds). The energy can be shut-
tered, where the continuous wave is blocked dur-
ing specified intervals by amechanical shutter. In a
superpulse mode, the energy is not simply
blocked but is stored within the power supply of
the laser during the off interval and then released
during the on interval. Thus, the peak energy of
the superpulse mode greatly exceeds that of the
continuous or shuttered modes.11,19–22

TREATMENT CONCEPTS

Patients who may benefit from laser skin resurfac-
ing include those with facial rhytids, textural irreg-
ularities, photoaging (including seborrheic and
actinic keratosis, actinic cheilitis, and dyschromia),
and scarring resulting from trauma, iatrogenic
causes, or acne.18,23,24 Patients who are predis-
posed to cancerous lesions of the face may benefit
from prophylactic ablation of subclinical precan-
cerous lesions (personal observation). Facial sub-
units or the entire face can be treated in one
setting, and treatment can be performed concur-
rently with various other rejuvenation procedures
including blepharoplasty and facelift.
Fig. 2. Schematic diagram of laser component. Laser beam
medium and subsequent release of protons. The Protons a
beam is released from partially transmitting mirror. (From
History, Physics, and Clinical Applications. Clinics in plastic
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Baker has developed a classification system
that stratifies the aging process in the soft tissues
of the neck and lower face (Table 1).25 The Glogau
scale26 is a useful grading system for the classifi-
cation of photoaging (Table 2) and the Fitzpatrick
scale27 is used to classify skin type and the pa-
tient’s ethnicity that can determine the safety and
effectiveness of resurfacing procedures (Table 3).

These classification systems are useful in treat-
ment planning for facial rejuvenation and help
develop the safest CO2 laser protocol allowing
for optimal skin resurfacing for each patient. For
example, patients with a higher Fitzpatrick level
have may be contraindicated for CO2 resurfacing
or have a higher risk of posttreatment dyspigmen-
tation and scarring, and those with an advanced
Glogau level may require more aggressive laser
resurfacing or serial treatments in combination
with other interventions to optimize rejuvenation.
As aging is multifaceted, a multimodal treatment
plan is often recommended and may include che-
modenervation, skin resurfacing, liposuction/lipol-
ysis, volumizing procedures, tightening, and so
forth. It is important to identify the particular
anatomic target(s) for correction as well as the pa-
tient’s goals of treatment to determine the best
course of rejuvenation and set realistic
expectations.

Deep skin resurfacing is indicated for moderate
to severe skin laxity characteristic of loss of elas-
ticity, fine rhytidosis, and photoaging. Ideal candi-
dates demonstrate appropriate skin type and skin
condition, absence of contraindications, and
(importantly) patient acceptance of procedure-
specific risks and expected recovery.28–31 The se-
nior author prefers to treat Fitzpatrick skin types I–
II but will treat type III (albeit less aggressively).
is generated by energy source, activating electrons of
re then reflected by nontransmitting mirror and laser
Franck P, Henderson PW, Rothaus KO. Basics of Lasers:
surgery. 2016;43(3):505–-513.)
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Table 1
Baker’s classification of the aging process in
the soft tissues of the neck and face

Baker’s Classification

Type 1 Slight cervical skin laxity with
submental fat and early
jowls

Type 2 Moderate cervical skin laxity,
moderate jowls, and
submental fat

Type 3 Moderate cervical skin laxity,
but with significant jowling
and active platysmal
banding

Type 4 Loose redundant cervical skin
and folds below the cricoid,
significant jowls, and active
platysmal bands
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Importantly, patients must be willing to accept up
to 2 weeks of downtime during the period of reepi-
thelialization and accept the risks inherent to deep
skin resurfacing. These include delayed healing,
scarring, prolonged erythema, milia formation,
and persistent dyschromia (hyper- and hypo-
pigmentation).
Absolute contraindications include active skin

infection or other inflammatory or neoplastic cuta-
neous disease, isotretinoin use within the past
year, immunosuppression, melasma, pregnancy,
lactation, history of keloids or severe herpes infec-
tions, the likelihood of poor compliance, patient
nonacceptance regarding postop recovery and
downtime, and unrealistic expectations regarding
treatment benefits and outcomes.32,33
Table 2
Glogau photoaging scale

Group Classification

Group 1 (no wrinkles) Mild

Group 2 (wrinkles in motion) Moderate

Group 3 (wrinkles at rest) Advanced

Group 4 (all wrinkles) Severe
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Relative contraindications include prior radiation
therapy or deep burn in the treatment area,
abnormal scarring, collagen vascular disease,
diffuse hyperpigmentation, Koebnerizing skin con-
ditions, inflammatory condition of the skin, severe
skin sensitivity, severe lower eyelid skin laxity, and
prior lower eyelid surgery.30
PRETREATMENT CONSIDERATIONS

Although there is no consensus for an exact proto-
col, in our practice we prefer to treat patients
beginning the night before the resurfacing proced-
ure with oral cephalexin (500 mg BID for 5 days),
valacyclovir, and fluconazole to decrease the po-
tential risk of postprocedural bacterial, herpetic,
and fungal infections.34–36 Although prophylactic
antibiotic and antifungal therapy remain controver-
sial.37,38 Patients who are Fitzpatrick skin type III
or are prone to postinflammatory hyperpigmenta-
tion are treated for 5 weeks prior to the procedure
with a topical cream containing 0.1% tretinoin, 5%
hydroquinone, and 0.5% hydrocortisone.39–41

Patients should arrange for a driver to and from
the procedure if anxiolytics, monitored or general
anesthesia, or periocular resurfacing are being
used.
TREATMENT: SKIN PREPARATION

Treatment should be performed in a well-
ventilated room with adequate lighting. In the
operating room, CO2 laser skin resurfacing may
be performed concurrently with various other sur-
gical procedures. In either case, the skin should be
prepared gently with an appropriate antimicrobial
solution per manufacturer protocol. Inflammable
alcohol-containing antiseptic solutions should be
Age Characteristics

28–35 Mild pigmentary changes, No
keratosis, Minimal or no
makeup

35–50 Early senile lentigo, early
keratoses, early wrinkles,
and parallel smile lines,
wears some makeup

50–65 Noticeable dyschromia,
telangiectasia, deep
wrinkles, visible keratosis
always wear makeup

>60 Yellow-grey discoloration,
extensive wrinkles, actinic
keratosis � history of skin
malignancy, makeup cakes
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Table 3
Fitzpatrick sun-reactive skin types

Skin Types Skin Color Tanning Response

I Pale white Always burns, never tans

II White Usually burns, tans with difficulty

III Light brown Sometimes burns, usually tans

IV Moderate brown Rarely burns, tans very easily

V Dark brown Very rarely burns, tans very easily

VI Deeply dark brown/black No burn, tans very easily

Skin types I and II are ideal candidates for CO2 laser skin resurfacing. Type III can be treated with CO2 laser but less
aggressively.
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avoided. The skin surface should be dry at the time
of treatment.
TREATMENT: ANESTHESIA

One of the major challenges associated with laser
resurfacing procedures is pain. CO2 laser skin
resurfacing can cause considerable discomfort/
pain in comparison to other resurfacing proced-
ures related to the deeper penetration and signifi-
cant stimulation of dermal nerve fibers. This can be
alleviated by using local or general anesthesia.
Monitored anesthesia care (MAC) and general
anesthesia are reserved for patients that appro-
priate anesthesia cannot be achieved by local an-
esthetics or in case of concurrent treatment with
surgical procedures such as rhytidectomy.

There are multiple types of topical anesthetic
agents available. One of the most commonly
used topical anesthetic preparations is a Lido-
caine 2.5% and Prilocaine 2.5% mixture, also
known as EMLA (Astra Pharmaceuticals, Westbor-
ough, MA). Occlusion and a prolonged application
will increase the penetration of EMLA cream. In
most cases, the application of EMLA cream 1 to
2 hours before facial resurfacing can provide
appropriate analgesia for most patients.42,43

Topical anesthesia preparations can impact skin
tissue impedance and can unpredictably affect
laser-tissue interaction. This concern is related to
the hydrophilic nature of topical anesthesia such
as EMLA and water is the main chromophore for
the CO2 laser. However, in a study by Naouri and
colleagues44 authors did not find variability in the
skin’s response to CO2 fractional resurfacing
with the use of local anesthetic using high-
resolution ultrasound imaging. This topic remains
controversial. LMX4, LMX5, Topicaine�,
Lidoderm�, and a mixture of Lidocaine 7% and
Tetracaine 7% are among other commonly used
topical preparations used for anesthesia.
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Librar
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It is not uncommon that patients will require
additional anesthesia with nerve blocks (supraor-
bital, infraorbital, mental) or tumescent anesthesia
that can be infiltrated in the lateral aspects of the
face particularly in full-face CO2 laser resurfacing.
Preprocedural anxiolytics (given 30minutes before
the procedure) can be helpful in patient comfort
and reduce the total amount of local anesthetics
necessary to maintain comfort. In a study on 200
patients undergoing CO2 laser facial resurfacing,
a combination of EMLA cream, oral diazepam (5–
10 mg), and intramuscular ketorolac (30–60 mg)
was demonstrated to provide adequate anes-
thesia in 95% of cases.42

Cold air cooling (cryoanesthesia) is another
method to increase patients’ comfort while per-
forming laser resurfacing as well as the added
benefit of thermal protection.45,46 Cold air cooling
can be used in combination with other local anes-
thesia methods to provide longer lasting
anesthesia.

TREATMENT: SAFETY CONCERNS

The main safety concern in any laser procedure is
thermal injury and the potential risk of fire. This is
an environmental safety concern with a high risk
in CO2 laser procedures that can happen with frac-
tionated oxygen levels above room air (>21%).47,48

It is recommended to avoid supplemental oxygen
(if possible) during the laser procedure. If the pro-
cedure is performed under general anesthesia and
intubation is required, a laser-safe endotracheal
tube should be used. Although most reported
CO2 laser-induced fires are related to oropharyn-
geal surgery. Cutaneous laser resurfacing seems
to be safe. That being said, current recommenda-
tions suggest using a laser-safe endotracheal tube
or wrapping the endotracheal tube with wet gauze.
Additionally, a misfired laser beam can result in
igniting patients’, physicians’, or assistants’
clothing.49 This risk can be mitigated by placing
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 19, 
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moist towels around the patient’s head and neck
during the procedure. Labeling the laser foot
pedal, availability of fire extinguishers in the pro-
cedure room, having an assistant responsible for
placing the laser in standby mode when not in
use, and having warning signs at the entrance of
the procedure room are other factors that can
decrease the risk of thermal injury and fire.
Eye protection is required for both patient and

physician/personnel. Metal eye/corneal shields
should be used for all patients during the proced-
ure to prevent injury to the cornea and retina.
Topical ophthalmic drops are used to anesthetize
the eyes then lubricating ophthalmic ointment is
placed on the shields before insertion. Plastic
eye shields are susceptible to thermal damage
and should be avoided.47,50 All procedure/oper-
ating room personnel should wear protective gog-
gles with side shields to prevent direct or indirect
(reflected from metallic surfaces) damage from
the laser beam.
TREATMENT: DEVICE SETTINGS AND ENERGY
DELIVERY

The Lumenis Ultrapulse Encore CO2 laser offers 2
different delivery handpieces/scanners (Active FX
and Deep FX) that are used individually or com-
bined, based on the goals and the type of treat-
ment necessary. The Active FX (or CPG)
handpiece has a 1.3 mm spot size and delivers
the laser beam energy in a nonsequential pattern
that minimizes the risk of thermal damage. The
Active FX handpiece is used for superficial abla-
tion (fine rhytids, dyschromia, acne scarring) and
usually penetrates up to the level of the superficial
papillary dermis. It provides 7 different patterns
(settings) with different size and density options
and delivers energy from 2 mJ (150 mJ/cm2) to
225 mJ (169 J/cm2) and power ranging from
4.4 Hz to 600 Hz. Density settings can range
from 1 to 9. Density 1 corresponds to 55% surface
ablation while density 4 or greater corresponds to
100% surface ablation (density 2 and 3 corre-
spond to 68% and 82%, respectively). The usual
setting for facial resurfacing is 100 to 125 mJ and
a density of 2 to 4. These settings should be
adjusted for areas with thinner skin such as the
periorbital and neck region (energy: 60–90 mJ,
density: 1–3).51,52

The Deep FX handpiece is used for deep rhytids
and scars to enhance collagen regeneration. The
spot size for Deep FX (0.12 mm) is significantly
narrower than Active FX and penetrates to deep
dermis layers. It has four different patterns and
six different size options. The settings for the en-
ergy range from 2.5 mJ to 50 mJ with the option
argado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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for one pulse or two-stacked pulses. The usual en-
ergy setting for the face is 15 to 22.5 mJ with a
density of 5% to 25%. Like Active FX, the settings
should be adjusted for the periorbital and neck re-
gion (energy: 8–10 mJ, density 5%–15%). If com-
bined with Active FX, then resurfacing with Deep
FX should be performed first, followed by superfi-
cial resurfacing.
Facial skin resurfacing is focused on reestab-

lishing the smooth, elastic, and firm appearance
characteristic of youthful skin. The operator’s
technique and experience play an important role
in achieving optimal results. During the procedure,
the foot pedal should be placed in a comfortable
position for the operator and the scanner should
be held perpendicular to the target area. Immedi-
ate edema and pinpoint oozing can occur during
CO2 laser resurfacing that can be cleaned with
sterile gauze soaked in saline.
TREATMENT ENDPOINT

The immediate endpoint in superficial CO2 laser
resurfacing (with or without deep resurfacing) is
the removal of the epidermal layer of the skin
and exposure of the papillary dermis that clinically
is distinguishable with yellowing of the wound bed
and pinpoint bleeding. If the depth of ablation does
not extend beyond the epidermis into the papillary
dermis then the likelihood of dramatic results is
low, while deeper penetration of high energy laser
beam beyond the papillary dermis carries the risk
of scaring.
POSTTREATMENT WOUND CARE

During the initial healing period the treated skin
must be kept moist with an occlusive dressing or
ointment. The desiccated outer skin layers slough
in approximately 4 to 10 days as the newly regen-
erated epithelium appears. Focal areas of slower
healing apparent beyond postop day 10 may be
spot treated with the same occlusive ointment. An-
tivirals, topical antifungals, and antibiotics may be
continued. Postprocedural skin regimens vary
greatly and there is no consensus as to a standard
regimen. Following reepithelialization, the oint-
ment is discontinued and both a light moisturizer
and extracellular matrix modulators are started.
Sun exposure and harsh wind conditions should
be avoided for 6 weeks or more following epitheli-
alization. Mineral-based camouflage makeup may
be started within a week after reepithelialization,
and nonirritating sunscreen may be applied as
soon as 3 to 4 weeks.
ealth and Social Security de ClinicalKey.es por Elsevier en agosto 19, 
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CO2 LASER SKIN RESURFACING AS A
CONCURRENT TREATMENT

Historically, the combination of skin resurfacing
(specifically chemical peels) and rhytidectomy
has been a point of controversy and concern.
The likelihood of damage to the already compro-
mised blood supply of the raised skin flaps and
subsequent skin flap necrosis resulted in recom-
mendations against concurrent treatment. The
increased time of recovery after rhytidectomy
with full ablative resurfacing procedures was
another contributable factor to advise against the
combination of these procedures.53–55

Recent advances in laser technology including
fractionated laser resurfacing and multiple studies
demonstrating a low risk of complications with
simultaneous therapy have shifted modern medi-
cine to attest to the safety of concurrent CO2 laser
resurfacing with other aging face procedures (rhy-
tidectomy, browlift, blepharoplasty).56–58 In a
meta-analysis of nine studies including 453 pa-
tients who underwent concurrent rhytidectomy
and laser resurfacing, the reported rate of anterior
skin flap necrosis was found to be less than 0.2%
(only in one patient).59

In concurrent treatment, the usual laser settings
for both Deep FX and Active FX are used except
over the skin flaps. For Deep FX, the energy of
17.5 to 20 mJ with a power of 350 Hz and density
of 15 is recommended. This is followed by Active
FX resurfacing (energy: 80–135 mJ, power:
350 Hz, density: 3). However, when performing
Active FX resurfacing over the skin flaps and
neck the energy and density should be brought
down to 60 to 70 mJ and a density of 2.57
AVOIDANCE AND MANAGEMENT OF
COMPLICATIONS

All facial resurfacing procedures are associated
with a risk of postoperative complications that
are the result of damage to the skin surface and
subsequent launch of the regeneration process.
The fractional lasers induce less damage to the
skin surface compared with ablative lasers and
as a result, the complication rates are lower and
less severe when the fractional laser is used for
resurfacing procedures.60

Postinflammatory hyperpigmentation (PIH) is a
common complication of laser resurfacing that
usually occurs within the first 3 to 4-weeks post-
treatment. It is more common in patients with Fitz-
patrick III and higher. In a study of 961 laser
resurfacing treatments, the rate of PIH was 33%
among patients with Fitzpatrick V skin complexity
in comparison to 2.5% in patients with Fitzpatrick
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III skin prototype.60 The incidence of PIH can be
minimized by pretreatment (3–8 weeks) of high-
risk patients (Fitzpatrick 3 or higher) with retinoic
acid, hydroquinone 4%, and hydrocortisone.61

Treatment is by continuing the same regimen (if
tolerated) for 2 to 3-weeks postprocedure.

Infections are another potential complication af-
ter skin laser resurfacing. Herpes simplex (HSV)
eruptions (1.77%) are more common than fungal
and bacterial infections after laser resurfacing. As
mentioned before, all patients are started on vala-
cyclovir, fluconazole, and cephalexin 1 day before
their treatment in the senior author’s practice but
these treatments are controversial. If eruptions of
herpes vesicles occur, 500 mg to 1 g of valacyclo-
vir should be given daily until reepithelialization is
completed (day 10).62 Posttreatment bacterial in-
fections are most commonly caused by staphylo-
coccus aureus and treatment with 5 to 7 days of
cephalexin is recommended. The most common
cause of posttreatment fungal infection is candida
which is treated with fluconazole (200 mg the first
day, and then 100 mg daily for 1–2 weeks). Other
regimens may include topical antifungals or anti-
biotic creams.

Contact dermatitis is another complication that
can occur and is typically caused by the use of
moisturizer, antibiotic ointment, or makeup. If
mild to moderate, then a strong steroid cream is
recommended, and if severe, systematic oral ste-
roids should be used.63,64 Synechia, hypopigmen-
tation, hypertrophic scarring, scleral show (mostly
in patients with a history of blepharoplasty), ectro-
pion, and laser injury to the globe are among other
potential complications.
CASE STUDIES

The following are the case descriptions performed
by a senior author.
PERIORAL CO2

Case 1 (Fig. 3): A case of perioral CO2 laser skin
resurfacing in a 68-year-old female. Pre and post-
procedure photos were taken 1 year apart. The
Luxar Novapulse CO2 laser was used to resurface
the perioral region in a painting pattern with 25%
overlap. The first pass was performed in the E8
mode at 6 W. A second pass was made under
the same settings and the papillary dermis was
identified. A third pass was made in the E8 mode
at 4 W. The final pass was taken over the vermilion
border to allow for resurfacing of the vermilion mu-
cosa. Eschar was removed between passes with
saline-soaked gauze.
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 19, 
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Fig. 3. Preprocedure photos of a 68-year-old female (A–C). One-year postperioral Skin resurfacing with Lumenis
Ultrapulse CO2 (D–F).
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Case 2 (Fig. 4): Another case of perioral CO2

laser skin resurfacing in a 63-year-old female that
shows significant improvement of perioral fine rhy-
tids. The Luxar Novapulse CO2 laser was used to
resurface the perioral region in a painting pattern
with 25% overlap. The first pass was performed
in the E8 mode at 6 W. A second pass was
made under the same settings and a papillary
dermis was identified. A third pass over the lips
whereby the perioral rhytids were most concen-
trated was made in the E8 mode at 4 W. That final
pass was taken over the vermilion border to allow
for resurfacing of the vermilion mucosa. Eschar
was removed between passes with saline-
soaked gauze. Postprocedural photos were taken
1 year after the laser resurfacing.
FULL-FACE CO2

Case 4 (Fig. 5): This case represents concurrent
treatment with full-face CO2 laser resurfacing and
facelift in a 62-year-old female. The Lumenis
argado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
22. Para uso personal exclusivamente. No se permiten otros usos sin autorizac
Ultrapulse CO2 laser was used. The Deep FX
handpiece was used to treat the perioral face at
the following settings: 25 mJ, density 5%. The
remainder of the face (except those areas within
the bony orbit) was treated at the following set-
tings: 10 mJ, density 5%. Then, the Active FX
handpiece was affixed to the device and the first
pass was performed on the lower eyelids and
skin contained within the orbital rims (excluding
the hair-bearing brow) at the following settings:
80 mJ, 45W, density 4, pattern 5, size 6. A second
pass was made. The remaining facial skin
(excluding the skin flaps) was treated at the
following settings: 100 mJ, 60W, density 1, pattern
1, size 9. The second pass was made in a direction
orthogonal to the first, in a similar painting pattern.
The facelift skin flaps were then treated with a sin-
gle pass at 80 mJ, 45W, density 4, pattern 5, size
6. Blending/feathering of the treatment area was
performed along the jawline with the handpiece
held tangentially to the skin: 80 mJ, 45W, density
3, pattern 1, size 9. The postoperative photo was
ealth and Social Security de ClinicalKey.es por Elsevier en agosto 19, 
ión. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Fig. 5. Concurrent treatment with full-face CO2 laser resurfacing and facelift in a 62-year-old female. Preopera-
tive photo (A). Six-weeks postoperative photo (B).

Fig. 4. Photos of a 63-year-old female with perioral fine rhytids (A, C). One-year postperioral Skin resurfacing
with Lumenis Ultrapulse CO2 (B, D).
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Fig. 6. Concurrent full-face CO2 laser resurfacing and facelift in a 59-year-old female. Preoperative photos (A–C).
One-year postoperative photos (D–F).
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taken 6 weeks after the procedures showing com-
plete resolution of erythema by 6 weeks.
Case 5 (Fig. 6): Another case of concurrent

treatment with full-face CO2 laser resurfacing
and facelift in a 59-year-old female. The Lumenis
Ultrapulse CO2 laser with the Deep FX handpiece
attached was used to treat the perioral region
with the following settings: 25 mJ, density 5%,
50% overlap. A single pass was made. The
remainder of the face (except for that skin con-
tained within the orbital rims) was treated at the
following settings: 20 mJ, density 5%, 50% over-
lap. A single pass was made. Eschar was
removed with saline-soaked gauze. The Active
FX handpiece was then affixed to the laser and
used to resurface the facial skin (except for the
skin within the confines of the orbital rims) at the
following settings: 100 mJ, 60W, pattern 1, size
9, density 6. Two passes were made in vertical
argado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
22. Para uso personal exclusivamente. No se permiten otros usos sin autorizac
and horizontal painting patterns. Eschar was
removed with saline-soaked gauze. For the skin
within the confines of the orbital rims, a single
pass was made at the following settings: 80 mJ,
40W, pattern 5, size 6, density 4. The postopera-
tive photos were taken 1 year after the
procedures.
Case 6 (Fig. 7): 70-year-old female status post

concurrent full-face CO2 laser resurfacing and
facelift. Preop and postop photos were taken
one year apart. At the completion of the facelift,
the Lumenis Ultrapulse CO2 laser was then
brought into the field and the Active FX handpiece
was attached. The first pass was performed on the
lower eyelids (80 mJ, density 3, 45W). A second
pass was made under the same settings. The cen-
tral face including the forehead, nose, medial
cheeks, and perioral region was then treated with
three passes total (identical settings). The skin
ealth and Social Security de ClinicalKey.es por Elsevier en agosto 19, 
ión. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Fig. 7. Concurrent full-face CO2 laser resurfacing and facelift in a 70-year-old female. Preoperative photos (A–C).
One-year postoperative photos (D–F).
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flaps were then treated with two passes in orthog-
onal painting patterns.

Case 7 (Fig. 8): In this case, a concurrent treat-
ment of neck lift and full-face CO2 laser resurfacing
was performed in a 75-year-old female. Following
the neck lift, the Lumenis Ultrapulse CO2 laser was
then brought into the field and the Active FX hand-
piece was attached. The first pass was performed
on the lower eyelids (60 mJ, density 5, 45W). A
second pass was made under the same settings.
The central face including the forehead, nose,
medial cheeks, and perioral region was then
treated with three passes (identical settings). The
skin flaps were then treated with two passes at
50 mJ, density 4, 45W. Postprocedure photos
were taken at 1 year.

Case 8 (Fig. 9): This case shows impressive re-
sults (1-year postprocedure), in a 60-year-old fe-
male who underwent stand-alone full-face CO2
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Librar
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skin resurfacing. The Lumenis Ultrapulse CO2 laser
with the Deep FX handpiece attached was used to
treat the perioral region with the following settings:
25mJ, density 5%, 50%overlap. A single pass was
made. The remainder of the face (except for that
skin contained within the orbital rims) was treated
at the following settings: 20 mJ, density 5%, 50%
overlap. A single pass was made. Eschar was
removed with saline-soaked gauze. The Active FX
handpiece was then affixed to the laser and used
to resurface the facial skin (except for the skin
within the confines of the orbital rims) at the
following settings: 100 mJ, 60W, pattern 1, size 9,
density 6. Two nonoverlapping passes were made
in vertical and horizontal painting patterns. Eschar
was removed with saline-soaked gauze. For the
skin within the confines of the orbital rims, a single
pass was made at the following settings: 80 mJ,
40W, pattern 5, size 6, density 4.
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 19, 
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Fig. 8. Concurrent full-face CO2 laser resurfacing and neck lift in a 75-year-old female. Preoperative photos (A, C).
One-year postoperative photos (B, D).
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Fig. 9. Full-face CO2 skin resurfacing in a 60-year-old female. Preprocedure photos (A, C). One-year postproce-
dure photos (B, D).

� The ideal candidates for laser skin resurfacing
are patients with Fitzpatrick skin types I-II but

CO2 Laser Skin Rejuvenation 343
SUMMARY

Although many different technologies/techniques
exist for facial and neck skin rejuvenation, fraction-
ated CO2 laser allows for significant skin tight-
ening, reduction in rhytid burden, high patient
satisfaction, and amanageable side effect/compli-
cation profile. This has been proven to be safe and
effective in concurrent treatment with other aging
face procedures such as rhytidectomy and endo-
scopic browlift. The optimal results are dependent
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Librar
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on the operator’s technique and experience and
cannot be replaced by the use of laser technology.
CLINICS CARE POINTS
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Fitzpatrick type III can also be considered for
laser resurfacing (albeit less aggressively).

� In the senior author’s practice, all patients are
started on valacyclovir, fluconazole, and
cephalexin one day prior to their treatment
to decrease the potential risk of post-proce-
dural herpetic, fungal, and bacterial infec-
tions but these treatments are controversial.

� Concurrent CO2 laser resurfacing with other
aging face procedures such as rhytidectomy
should be considered as it has proven to be
safe and can yield excellent results.

� The immediate endpoint in superficial CO2

laser resurfacing is the removal of the
epidermal layer of the skin and exposure of
the papillary dermis that clinically is distin-
guishable with yellowing of the wound bed
and pinpoint bleeding.
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