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BACKGROUND: The eye is a vulnerable and commonly
injured organ in cosmetic laser procedures of the face.
Treatment of the eyelids and periorbital areas increases this
risk, especially when ocular protection devices are not used
or are removed during the procedure. A study has shown
that injury from laser epilation of the periocular areas is
one of the most common causes of litigation in cutaneous
laser surgery. OBJECTIVE: The goal of this review is to
determine the causes of ocular injury in cosmetic laser
procedures and derive lessons on critical safety elements to
prevent future injury. METHODS: We conducted a review
of the current literature through a PubMed search on case
reports of ocular injury in cosmetic laser treatments of the
face. Twenty-one cases are examined. RESULTS: In more
than 62 percent of cases, ocular protection was not used

or protection was used but removed during the procedure
to treat areas close to the eye. However, despite the

proper use of intraocular corneal shields and wavelength-
specific goggles, accidents occurred in 33 percent of cases.
CONCLUSION: Ocular protection devices are essential

to prevent most cases of laser-induced eye injury. Use of
high fluence and long wavelength lasers increases the risk
of ocular injury due to deeper penetration of the organ

by radiation. Inadequate cooling between pulses also
predisposes to injury by cosmetic lasers.
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Lasers have been used in dermatology for
over 50 years. Specific to cutaneous lasers,
the technique of selective photothermolysis
damages a specific target, such as a blood
vessel, while sparing surrounding tissue. Three
essential requirements must be met in cases of
selective photothermolysis: 1) a wavelength that
penetrates deeply enough and is preferentially
absorbed by the chromophore or target, 2)
an exposure duration (pulse width and pulse
duration) less than or equal to the thermal
relaxation time (TRT) of the target, and 3)
sufficient energy (fluence) to cause irreversible
damage to the target.” In the treatment of
vascular lesions, target vessel damage by heated
oxyhemoglobin yields vascular injury, which
includes coagulation, perivascular collagen
damage, and vessel wall necrosis with minimal
damage to surrounding epidermis, capillaries,
and dermal tissue.? Selective photothermolysis
allows dlinicians and trained aestheticians to treat
pigmented and vascular lesions, perform facial
resurfacing, and remove hair in select areas.

Although one report was clearly against
periocular use of lasers, in practice, laser
treatments are frequently performed in the
eyelid and periocular regions, especially in laser
epilation. The eyes are susceptible to injury due
to the thinner eyelid skin. In addition, there are
several pigment-rich chromophores, such as
retinal pigment epithelium and the iris, that can
also absorh laser energy.* Previous research shows
that melanin in the retinal pigment epithelium
absorbs more energy at shorter wavelengths than
at longer wavelengths.’ Due to this anatomical
limitation, precautions must be taken when
treating periorbital areas to decrease the risk
of thermal injury and blindness. Patients who
are not given ocular protection devices, such as
wavelength-specific goggles or spectacles, are

often instructed to close their eyes during laser
treatment of periorbital areas. However, the
eyelids are too thin to sufficiently protect the eye
from injury.’ In addition, Bell's phenomenon,
when the eyes naturally roll upwards upon eyelid
closure, can cause the pigmented iris to enter the
laser’s penetration range and absorb the incident
radiation, leading to injury of the iris and posterior
structures.® Patients with light-colored eyes are
especially prone to injury in the posterior eye
structures, as the pigmented retinal epithelium,
and not the iris, tends to absorb the incident
radiation.®

LASER INJURIES OF THE EYE

Mechanisms of injury. Short wavelength
lasers, such as potassium titanyl phosphate
(KTP) and pulsed dye (PDL) lasers, produce
photocoagulation (photothermal) damage, while
long wavelength, infrared, and near-infrared
lasers (e.g., diode, Nd:YAG lasers) produce
either photodisruption (photomechanical) or
photocoagulation damage.” In photocoagulation,
the tissue generates enough heat to denature
proteins, and increases in retinal temperature of
40°Cto 60°C can be observed.? In photodisruption,
an explosive acoustic shock is generated that
shears, fragments, and perforates tissue.

Clinically, the 1064nm Nd:YAG laser, which is
implicated in the majority of laser-induced ocular
injuries, is capable of causing retinal hemorrhage,
vitreous hemorrhage, scarting, preretinal
membrane formation, and retinopathy when the
radiation is absorbed by the melanin-rich retinal
pigment epithelium.® The Nd:YAG laser can cause
significant injury to the eye and surrounding skin,
compared to shorter wavelength lasers, because
it can penetrate deeper layers of the skin. Longer
wavelength lasers (e.g., 755—795nm alexandrite
to 1064nm Nd:YAG lasers) also tend to be weakly
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visible, compared to the highly visible, shorter-
wavelength lasers (e.g., KTP laser), and can pose
a hazard when the beam goes unnoticed. Various
mathematical prediction models have been
created to predict the temperature distribution in
laser radiation of the human eye to evaluate the
risk of ocular damage by lasers.>"

Components of the eye injured by lasers.
Various parts of the eye can be injured by lasers,
and the damage can be minor to severe. Minor
thermal injury to the cornea results in severe
pain, as the cornea has a high density of pain
receptors.™ However, corneal injury seldom
produces significant vision impairment when
confined to the corneal epithelium.™*When
injured, the lens and retina are two components
that can significantly impact organ function.
Injury to the lens can lead to decreased vision
in the affected eye through cataract formation.
The retina, which is responsible for converting
light stimuli into a visual image in the brain, is
particularly vulnerable to lasers in the visible
to near-infrared spectrum (400nm—1400nm),
known as the retinal hazard region.” Light in this
spectrum is focused by the lens onto the retina,
leading to 105 times greater retinal irradiance
than corneal irradiance.” As many of the lasers
used in dermatology fall within this spectrum,
caution should be undertaken when operating
cosmetic lasers, especially on the upper face.

Reports in the literature. As cosmetic laser
procedures of the face have become more popular
in the past decade, there has been an increase in
the number of reported injuries to the eye. The
most highly reported injury stems from laser hair
removal of the periorbital areas.> 5622 Commonly
used lasers for this procedure include the 755nm
alexandrite and various diode (800—983nm)
lasers. All are long wavelength lasers that are
capable of causing severe injury to the eye. In fact,
from 1985 to 2012, one study found that laser
hair removal was the most common litigated
procedure in cutaneous laser surgery, with four
reported claims of eye injury. For other cosmetic
treatments of the face, laser injury to the eye
was reported during the treatment of periorbital
vascular lesions,? laser skin resurfacing, and
other unspecified cosmetic procedures.”*? Eye
injury from facial treatment by intense pulse light
(IPL) has also been reported.?

Inthe 21 case reports analyzed from the
literature (PubMed), the patients experienced
a variety of ocular injury, including iris atrophy,
cataracts, anterior uveitis, glaucoma, visual
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field defects, posterior synechiae, and pupillary
defects (Table 1). In all cases, ocular injuries were
immediately apparent after treatment with the
laser. Common immediate signs and symptoms
included severe eye pain, temporary loss of vision,
and conjunctival erythema. In 13 of the 21 (62%)
case reports examined in this review, proper eye
protection was either not provided to the patient
or the patient was asked to remove the protection
device during the procedure to treat areas near
the eye that could not be reached over the shield.
This highlights the critical need for clinicians and
aestheticians to provide proper eye protection to
patients when treating the face, and for them to
ensure that such devices stay on the eyes for the
duration of treatment.

However, ocular protection devices are not fail-
safe. In 33 percent of cases in which eye protection
was provided, ' such as metal corneal shields
and wavelength-specific glasses, severe injury to
the eye also occurred, including bilateral bullous
keratopathy in a patient who underwent carbon
dioxide laser facial resurfacing.> Mechanism of
injury was likely due to overheating of the metal
corneal shields during the long procedure and
inadequate cooling between laser pulses.®

OCULAR PROTECTION AND LASER
SAFETY MECHANISMS

Laser goggles and eyewear. Different
safety measures ensure that the eye and other
vulnerable parts of the body are protected
from injury by lasers. One of the most basic eye
protections is the use of wavelength-specific
goggles or spectacles during procedures. In one
study of 40 patients with ocular injury, only six
(15%) patients were wearing protective eyewear
during the use of lasers; five of the six were not
wearing proper wavelength-specific eyewear.™
Eyewear should be snugly fitting and comfortable,
and should not be removed during treatment,
especially during laser alignment. For treatments
involving Nd:YAG lasers, it is possible for laser
radiation to be reflected back from shiny mucosal
surfaces into the observer’s eye, potentially
causing injury to the user.? Thus, eye protection
is also essential for observers and operating
personnel.

Corneal eye shields. Corneal eye shields,
made of various colors and materials, are
designed to fit directly on the patient’s eyes,
just like contact lenses. When treating the areas
around the eyes, laser-impenetrable metal
ocular shields must be worn for the duration of

treatment. The recommended corneal shields
fit behind the eyelids, as they are less likely to
shift during treatment.® There are many types of
metal corneal shields available, including the Cox
I shield (Oculo-Plastik; Montreal, Canada), the
Stefanovsky shield (Bernsco; Seattle, Washington),
and the Khan shield (Storz; St. Louis, Missouri).
The Cox shield is thinner than the Stefanovsky
shield, leading to higher temperature changes
on laser pulses that can cause thermal injury
of the cornea at higher fluences and longer
wavelengths due to heat conduction on the
underlying tissues.*' This might be the mechanism
of injury in reports of patients who suffered
corneal thermal injury after laser treatment,
despite intact and properly placed metal corneal
shields. We recommend applying one pulse at a
time and moving on to a different area, which
will allow the treated area to cool sufficiently and
prevent heat retention on the thin corneal shields.
Cooling gel and ice packs should also be applied to
treated areas in between pulses. Metal eye shields
can also be irritating to the eye and might leave
certain parts of the eye vulnerable, such as the
superior conjunctival fornix.* To prevent injury
to this part of the eye, a large metal blade can be
placed between the upper eyelid and the globe,
then fixed to a toothed clamp, such as the David
Baker (Oculo-Plastik) and Khan-Baker (Storz)
eyelid clamps, on the upper eyelid.** Use of these
clamps might be uncomfortable to the patient
and can cause mild crush injury to the upper
eyelid. *

Two studies have examined the safety of
corneal eye shields in facial laser treatments.
One study found that, when irradiated by a
585nm PDL, the temperature rise at the surface
of the shields, whether metal or plastic, was no
more than 0.2°C.* The authors noted that while
the metal corneal shield (Stefanovsky) did not
allow light transmission or have an appreciable
temperature rise, the reflective potential of the
metal shield posed a risk to operating personnel.
In addition, the rough, sharp edges of the metal
shield could potentially cause corneal abrasions
in the patient. There has only been one published
case of bilateral corneal abrasions from the use
of metal eye shields after laser skin resurfacing.*
In a different study, however, all plastic shields
melted or caught fire when exposed to radiation
by Nd:YAG and carbon dioxide lasers.*"* Thus,
long wavelength lasers could potentially cause
severe thermal injury to patients, when using
plastic shields.



TABLE 1. Reports in the literature on laser-induced ocular injury during cosmetic treatments of the face

REPORT

Widder et al®

Brilakis and
Holland?

Herbold et al®

Carrim et al®
Sheikh et al'

Hammes et al**

Park and Kim?

Lee etal®

Lin et al®

Parver et al'®

Yalgindag & Uzun
Chen et al®

Karabela & Eliagik?
Gunes et al”'
Shum et al’

Huang etal.
(unpublished)

Pulsed carbon dioxide

800nm diode
755nm alexandrite
755nm alexandrite

800nm alexandrite

755nm alexandrite

800nm diode

755nm alexandrite
800nm diode

755nm alexandrite

1,064nm Nd: YAG

Intense pulsed light

Intense pulsed light

755nm alexandrite

800nm diode

755nm alexandrite
1,064nm Nd: YAG

755nm alexandrite
755nm alexandrite
1,064nm Nd: YAG

532/1,064nm Nd: YAG

Laser skin resurfacing of face, including
upper and lower eyelids

Laser epilation of eyebrows

Laser epilation of eyebrows

Laser epilation of eyebrows

Laser epilation of eyebrows

Laser epilation of eyebrows

Laser epilation of upper eyelids

Laser epilation of eyebrows

Laser epilation of upper eyelids

Laser treatment of periorbital port-wine
stain

Unspecified cosmetic procedure of face

Laser treatment of pigmented lesions to
right and periocular region

Laser treatment of eyelid freckle
Unspecified cosmetic procedure to the left
upper eyelid area

Laser epilation of eyebrows

Laser epilation of eyebrows
Unspecified cosmetic procedure of the face

Laser epilation of eyebrows
Laser epilation of eyebrows
Unspecified cosmetic procedure of the face

Vein ablation of the eyelids and periorbital
area

m PROCEDURE INJURY

Corneal ulcer, bullous keratopathy, and
intrastromal hemorrhage

Iris atrophy, nuclear sclerosis in left eye
Pupillary distortion, anterior uveitis,
posterior synechiae, iris atrophy
Pupillary distortion, photophobia
Posterior subcapsular cataract, posterior
synechiae

Pupillary distortion, conjunctival
hyperemia, cell, flare, and large iris
transillumination defect

Anterior subcapsular cataract and iris
atrophy

Anterior uveitis

Anterior uveitis and visual field defect
Decreased pupillary motility, photophobia

Mascular laser burn and vitreous
hemorrhage

Pain, severe photophobia, permanent iris
atrophy, pupillary distortion, corneal scars

Iris atrophy, pupillary distortion,
photophobia

distortion
Pupillary distortion
Anterior uveitis

Inferior retinal burns and vitreous
hemorrhage

Anterior uveitis
Anterior uveitis

Dense scotoma, preretinal hemorrhage

Corneal epithelial injury

OCULAR PROTECTION

Eye shields

None

Safety glasses, which were removed
during procedure

Eye shields

Unspecified

Safety glasses

Safety glasses, which were removed
during procedure

None

Protective metal goggles

None

None

Safety glasses, which were removed
during procedure

Safety glasses, which were removed
furing procedure

None

Unspecified shield

None
None

None
None

“Sunglasses”

Metal intraocular shields

Nd: YAG: neodymium-doped yttrium aluminium garnet

Cooling devices. Cooling devices integrated
into most laser modalities offer a protective
mechanism against epidermal injury and
pain during laser procedures. Cooling of the
epidermis before, during, and after treatment
can protect against thermal damage in darker
skinned patients, who are more susceptible to
dyspigmentation, blistering, scarring, and pain.*
Two types of cooling methods are employed:

contact cooling and non-contact cooling. Contact
cooling is achieved by either active (copper

or sapphire tips) or passive (ice or cold gels)
methods, of which cooling by aqueous gels is the
least effective and often discouraged method.*
Non-contact cooling is achieved by cold air or
cryogen (liquid nitrogen or R-134a) spray. These
cooling devices are difficult to maneuver around
the eye. Contact cooling is exceedingly difficult to
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use in the periorbital areas, due to the contours

of the eye and difficulty in maintaining constant,
complete contact with the skin. Non-contact
cooling is also challenging, as the intense blasts of
cold air might accidentally injure the eye.

There are currently no studies in the literature
that mention the use of cooling devices in
cosmetic laser procedures in the periorbital
and eyelid areas. However, corneal cooling




is occasionally used in ophthalmologic laser
procedures to prevent corneal injury. In these
procedures, the surgeons irrigate the eye with
chilled balanced salt solution either between
ablation passes and immediately after the end
of ablation or continuously.”*® Corneal cooling
has been found to prevent ocular injury.¥ While
corneal cooling by cool water irrigation might
not necessarily be practical in cosmetic eyelid
procedures, the use of non-contact cooling,
together with ocular shields, might be feasible.

TREATMENT OF OCULAR INJURY
Treatment of the eye after laser injury is largely
determined by the extent of injury and can
include medical and/or surgical management.
Superficial lesions to the corneal epithelium can
be treated with topical antibiotics and contact
lenses or patching." Corneal endothelial injury
leading to bullous changes, corneal thickening,
or vision loss requires surgical intervention with
corneal transplantation. Topical steroids (e.g.,
methylprednisolone) at varying treatment lengths
are also the preferred medical treatment for ocular
injury and reduce the damaging inflammatory
response to injury.” Steroid-treated retinas have
been shown to have rapid reestablishment of
retinal and choroidal vasculature, healing of the
retinal pigment epithelium, less macrophage
activity, and reduced photoreceptor damage.**!
Treatment of laser-induced ocular injury can
involve a combination of topical antibiotics, topical
or systemic steroids, and vitamins, although
there are currently no guidelines on dosing and
preferred medications. Vitamins include topical
and oral ascorbic acid (vitamin C) to promote
fibroblast activity.” All patients with laser-
induced eye injuries need to be referred to an
ophthalmologist for detailed evaluation.

CONCLUSION

Lasers are effective modalities for facial
cosmeti treatments, but can cause injury to the
eye when used periorbitally or on the eyelids.
Several safety measures can prevent laser ocular
injury. First, the treating physician must be
properly trained to operate the laser, and should
have basic knowledge in laser physics and safety.
Second, lesions around the eye or on the eyelids
should not be treated without metal ocular shields
or wavelength-specific glasses, including eye
protection for operating personnel. Care must be
taken to ensure eye protection is not removed or
moved, especially during long procedures. Third,
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frequent and sufficient cooling of the treated
areas must be ensured to prevent thermal injury
and overheating of the metal corneal shields. And
finally, we recommend that only core physicians
administer laser treatment to periorbital or eyelid
regions (e.g., board-certified dermatologists,
plastic surgeons, ophthalmologists, or
otolaryngologists with advanced training in
cosmetic surgery and medicine). Despite these
precautions, laser ocular injury might still occur,
though rarely. Superficial injury to the conea

can be treated with topical antibiotics. topical
steroids, and contact lens or patching. More severe
corneal damage requires corneal transplantation.
All patients described in the 21 case reports

we reviewed were treated with topical steroids
and antibiotics, and some with systemic

steroids. Patients should always seek immediate
consultation from an ophthalmologist.
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