CLINICAL REVIEW

Laser Safety: The Need for Protocols
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PRACTICE POINTS

. Laser therapy has evolved and expanded since its first
cutaneous use in 1963.

. The 4 regulatory agencies for laser safety in the
United States establish standards and guidelines, but
implementation is voluntary.

. Ocular hazards, laser-generated airborne contami-
nants, fires, and unintended laser beam injuries con-
stitute the main safety concerns.

. Safety protocols with a laser checklist can reduce
adverse outcomes.

Lasers are being used in ever-expanding roles in dermatology. As
our understanding of laser energy grew, the need for safety guide-
lines became apparent. The US Food and Drug Administration (FDA)
published the first safety guidelines in 1984, which are updated on
a regular basis. However, these are just guidelines, and their imple-
mentation is voluntary by the laser practitioner. In this article, we
discuss the 4 regulatory entities for laser safety in the United States,
laser principles in general, ocular hazards, laser-generated airborne
contaminants (LGACs), fires, and unintended laser beam injuries.
We also review the use of checklists in reducing adverse outcomes
and the need for safety protocols for laser practitioners. We provide
a modifiable checklist, which pertains specifically to lasers and can
be customized to meet the needs of the individual laser practitioner.
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he use of lasers in dermatology has evolved and
expanded since their first cutaneous use in 1963.!
As the fundamental understanding of the interac-
tion of laser energy with biological tissues increased, the
need for laser safety became apparent. Since then, lasers
of varying wavelengths have been developed, each with
its specific chromophore target and specific safety need.
Protocols, such as a checklist, that have been shown to

reduce adverse events in surgery and in the intensive care
unit can be borrowed to decrease risk from laser injury
and optimize laser safety in dermatology.” The safety of
the patient, the laser operator, and the other health care
providers involved in the delivery of laser therapy led to
the first US Food and Drug Administration (FDA) guide-
lines for laser use in 1984.

There are 4 regulatory organizations for laser safety
in the United States: the American National Standards
Institute (ANSI), the Occupational Health and Safety
Administration (OSHA), the FDA’s Center for Devices
and Radiological Health, and The Joint Commission. The
American National Standards Institute is a nonprofit group
composed of laser manufacturers, government agencies,
professional societies, educational institutions, and con-
sumer and labor groups. It publishes voluntary safety
standards and periodic updates (the series is labelled
ANSI Z136) for the use of lasers in general (ANSI Z136.1)
and for health care use in particular (ANSI Z136.3), includ-
ing their use in dermatology. Laser hazard classifications
also originate from ANSI. The standards of care established
by ANSI guidelines are those by which health care provid-
ers are judged in health care litigation and are used by the
other 3 organizations listed above. The Center for Devices
and Radiological Health oversees laser manufacturers and
their adherence to safety standards, determines laser haz-
ard classifications such as ANSI, and requires manufactur-
ers to affix a hazard class to the laser when manufactured.
The Joint Commission is the accreditation body for health
care programs and inspects hospitals and clinics for com-
pliance with ANSI standards. Additionally, the American
Society for Laser Medicine and Surgery, the American
Academy of Dermatology, and the American Society
for Dermatologic Surgery are professional organizations
involved in laser operational safety training.’

Laser Principles
The basic principles of lasers include transmission, absorp-
tion, scatter, and reflection, all occurring when laser light
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is applied to biological tissues. The effects of the laser are
a function of the target tissue (the chromophore) and the
wavelength of light being used.* In the skin, there are 3
main endogenous chromophores: water, hemoglobin, and
melanin. Some experts consider collagen to be a fourth
and separate entity as a chromophore. Tattoos are con-
sidered exogenous chromophores.®* The basic principles
of lasers are important to understand and keep in mind
when discussing laser safety, as they are the mechanisms
through which unintended consequences can occur.

Laser Safety
Ocular Hazards—Ocular hazards are a notable concern
in laser surgery. The eye is uniquely susceptible to laser
light, and eye injuries represent a majority of reported
injuries, which can occur through direct beam, mirror
reflection by surgical instruments, and beam reflection
off the skin (4%-7% of light that hits the skin is reflected
because of the refractive index between air and the stra-
tum corneum).’ The different wavelengths of lasers affect
different parts of the eye. The 3 parts of the eye affected
most are the retina, cornea, and lens. Not only is the lens
primarily at risk for acute (lenticular burns) and chronic
(cataracts) injury from the laser, but secondarily the lens
also can concentrate a laser beam onto the retina by a
factor of 100,000 (Table 1).2

The use of ocular protective equipment, sometimes
referred to as personal protective eyewear (PPE), is essen-
tial and is mandated by ANSI and OSHA for all class 3
and class 4 lasers. The eyewear must be labeled with the
wavelength and the degree of optical protection—termed
the optical density (OD) or filter factor—of each lens and
should match the laser being used. Laser manufacturers,
as required by ANSI, must provide the wavelength and
OD of their lasers, and both can be found on each laser
as well as in ANSI Z136.1.°

Vendors supplying PPE generally provide the material,
usually glass or polycarbonate; color; visible light trans-
mission, which is the actual amount of light that reaches
one’s eye through the lens; filter specifications, which
contain the OD at certain wavelengths; and the types of
lasers for which each specific PPE is used. It is important
to match the laser to the correct PPE. The use of multiple
types of lasers in the same office or laser treatment area
can present challenges regarding eye safety. Matching the
PPE to the laser in use is critical, and therefore all steps
to prevent error for patients and personnel should be
employed. One recommendation is to place each laser in
a separate room with the appropriate PPE hung outside
on the door of that room.

When the treatment area is in the periocular region,
protection of the patient’s cornea is essential. Leaded eye
shields with nonreflective surfaces have been shown to
offer the best protection.’ Prior to placement, anesthetic
eye drops and lubrication are important for patient com-
fort and protection from corneal injury.

Laser-Generated  Airborne Contaminants—Other haz-
ards associated with laser use not directly related to
the beam are laser-generated airborne contaminants
(LGACs), including chemicals, viruses, bacteria, aerosol-
ized blood products, and nanoparticles (<1 pm) known
as ultrafine particles (UFPs). According to ANSI, elec-
trosurgical devices and lasers generate the same smoke.
The plume (surgical smoke) is known to contain as many
as 60 chemicals, including but not limited to carbon
monoxide, acrylonitrite, hydrocyanide, benzene, toluene,
naphthalene, and formaldehyde. Several are known car-
cinogens, and others are environmental toxins.®”

Smoke management is an important consideration for
dermatologists and their patients and generally includes
respiratory protection via masks and ventilation tech-
niques. However, the practice is not universal, and

TABLE 1. Parts of the Eye Most Susceptible to Laser Injury®

Eye Anatomy Wavelengths

Dermatologic Laser

Potential Damage

Retina Visible (400-780 nm) Argon, KTP, PDL, ruby, alexandrite Painless injury, vision loss,
retinal burn, loss of acuity,
Near infrared (780-1400 nm) Diode, Nd:YAG blind spot
Cornea UVC (200-280 nm)/UVB (280-315 nm) Excimer Painful injury, photokeratitis,
superficial and/or deep corneal
Mid-infrared (1400-3000 nm) Erbium:YAG burn, opacification/scarring
Far infrared (3000-1,000,000 nm) CO,
Lens UVA (315-400 nm) Acute exposure: lenticular burn;
chronic exposure: cataracts
Near infrared (780-1400 nm) Diode, Nd:YAG
Mid-infrared (1400-3000 nm) Erbium:YAG

Abbreviations: KTP, potassium-titanyl-phosphate; PDL, pulsed dye laser.
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oversight agencies such as OSHA and the National
Institute for Occupational Safety and Health (NIOSH)
provide guidelines only; they do not enforce. As such,
smoke management is voluntary and not widely prac-
ticed. In a 2014 survey of 997 dermatologic surgeons
who were asked if smoke management is used in their
practice, 77% of respondents indicated no smoke man-
agement was used.®

The Surgical Plume: Composition—A 2014 study from
the University of California, San Diego Department of
Dermatology analyzed surgical smoke.® The researchers
placed the smoke collection probe 16 to 18 inches above
the electrocautery site, which approximates the location
of the surgeon’s head during the procedure. Assessing
smoke composition, they found high levels of carcinogens
and irritants. Two compounds found in their assay—
1,3-butadiene and benzene—also are found in second-
hand cigarette smoke. However, the concentrations in the
plume were 17-fold higher for 1,3-butadiene and 10-fold
higher for benzene than those found in secondhand ciga-
rette smoke. The risk from chronic, long-term exposure
to these airborne contaminants is notable, as benzene (a
known carcinogen as determined by the US Department
of Health and Human Services) is known to cause leu-
kemia. For example, a busy Mohs surgeon can reach the
equivalent of as many as 50 hours of continuous smoke
exposure over the course of a year.®

The Surgical Plume: Particle Concentration—Ultrafine
particles can bypass conventional filtering systems (surgi-
cal masks and N95 respirators) because of their extremely
small size, which allows them to pass further into the
lungs and all the way to the alveolar spaces. Geographic
regions with high UFPs have been shown to have higher
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overall mortality rates, as well as higher rates of reactive
airway disease, cardiovascular disease, and lung can-
cer. A 2016 study by Chuang et al” published in JAMA
Dermatology looked at the UFPs in the surgical plume
from laser hair removal (LHR) procedures. The plume of
LHR has a distinct odor and easily discernible particu-
lates. The investigators measured the UFPs at the level
of the laser practitioner and the patient’s face during
LHR with a smoke evacuator turned on and again with
it turned off for 30 seconds, and then compared them
to UFPs measured in the treatment room, the waiting
room, and outside the building. There were substantial
increases in UFPs from the LHR procedure, especially
for the laser practitioner, when the smoke evacuator was
off. The ambient baseline particle count, as measured in
the clinic waiting area, began at 15,300 particles per cubic
centimeter (PPC), and once the LHR procedure began
(smoke evacuator on), there was a greater than 8-fold
PPC increase above baseline (15,300 PPC to 129,376 PPC)
in UFPs measured for the laser practitioner. Importantly,
during LHR when the smoke evacuator was turned off
for 30 seconds, there was a more than 28-fold increase
(15,300 PPC to 435,888 PPC) over baseline to the practi-
tioner (Figure).”

The Surgical Plume: Viruses, Bacteria, and Aerosolized
Blood Products—Viruses and bacteria are thought to be
transmissible via the plume, and proviral human immu-
nodeficiency virus DNA has been found in the plume
as well as evacuator equipment used to reduce plume
exposure.® A study from 1988 found that CO, laser users
treating verrucae had human papillomavirus in the laser
plume.” A comparison study of CO, laser users treating
verrucae had an increased incidence of nasopharyngeal
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human papillomavirus infection when compared to a
control group, and the plume also contained aerosol-
ized blood.!" The American National Standards Institute,
OSHA, and NIOSH all agree that LGAC control from
lasers is necessary through respiratory protection and
ventilation, but none of these organizations provides spe-
cific equipment recommendations. The American Society
for Laser Medicine and Surgery has published a position
statement on laser plume."

The Surgical Plume: Smoke Management—Many virus
particles and UFPs are less than 0.1 pum in size. It is
important to note that neither surgical masks nor high-
filtration masks, such as the N95 respirator, filter par-
ticles smaller than 0.1 wm. The first line of defense in
smoke management is the local exhaust ventilation (LEV)
system, which includes wall suction and/or a smoke
evacuator. The smoke evacuator is considered the more
important of the two. General filtration, such as wall suc-
tion, is a low-flow system and is really used for liquids. It
can be used as a supplement to the smoke evacuator to
control small amounts of plume if fitted with an in-line
filter. There are 2 types of LEV filters: ultralow particulate
air filters filter particles larger than 0.1 pm, whereas high-
efficiency particulate air filters filter particles larger than
0.3 um. The ultralow particulate filters are used in most
of the newer LEVs in use today and filter 0.1-um particles
at 99.99% efficiency.?

Of utmost importance when using a smoke evacua-
tor system is suction tip placement. Placing the suction
tip 1 cm from the tissue damage site has been shown to
be 98.6% effective at removing laser plume. If moved to
2 cm, effectiveness decreases to less than 50%."* Proper
management recommendations based on current evi-
dence suggest that use of a smoke evacuator and an
approved fit-tested N95 respirator might provide maxi-
mum protection.® In addition to plume exposure, tissue
splatter can occur, especially during ablative (CO,) and
tattoo laser therapy, which should prompt consideration
of a face shield.'* There are several vendors and models

available online, and a simple Internet search for surgical
tissue splatter face shields will provide multiple options.

The standard surgical mask is not NIOSH approved
and only effectively (99%) filters particles larger than
5 um (vs 25% efficacy for 0.3-um particles). Its main pur-
pose is to protect the patient from the wearer."

High-filtration masks, which capture particles as
small as 0.1 um, should be used instead. The surgical
NO95 respirator is a NIOSH-certified respirator and is
recommended for use in cases when smoke manage-
ment is necessary. The FDA does not test or certify these
masks; it only clears them after reviewing manufacturer
test data. Technically, to be called a surgical mask, it must
be cleared by the FDA.™ The 95 of N95 indicates filter
efficiency ratings of 95% when testing the filter efficiency
using particles of approximately 0.3 um in diameter
(Table 2)." Because 77% of surgical smoke particles are
smaller than 1.1 um, surgical masks and N95 respirators
are never sufficient as stand-alone protection.** An LEV
system is much more important for safe surgical smoke
management. However, recommendations call for the use
of a smoke evacuator and a high-filtration mask together
to obtain the most protection available.™

Fire Hazards—Fire hazards constitute another area
of concern for the laser user and are seen with class 4
lasers. There usually are 2 types of fire hazards: elec-
trical fires inside the laser (often faulty wiring) and
flash fires (laser beam contacts flammable material).
Flammable materials (eg, hair, hair products, makeup,
fabrics, plastic, alcohol, chlorhexidine, aluminum chlo-
ride, elastic strap on safety goggles, gauze, drapes)
should be identified and removed prior to laser use. CO,
and erbium:YAG lasers tend to pose the worst risk for
flash fires.”

Precautions for fire control in the laser room should
include fire extinguishers and/or fire extinguisher blan-
kets, a water basin, and fire-resistant drapes available
as needed. Flammable material such as gauze should be
kept wet, or a nonflammable version should be used.’

TABLE 2. Comparison of Surgical Masks and N95 Respirators' '3

Surgical Masks

Surgical N95 Respirators

May include labels such as laser, isolation, dental, or
medical procedure masks

Also called masks

Protect patient from the wearer’s saliva and respiratory
secretions

Protect wearer from patient, surgical plume, or other outside particulate
matter as specified below

Protect wearer from large particles, microorganisms,
and splatter

Reduce wearer’s exposure to airborne contaminants but do not eliminate
it; filter 95% of particles (median diameter, 0.3 um)

Not made for individual fit

Require fit-testing, form tight seal over the nose and mouth

Not NIOSH approved

NIOSH certified

Abbreviation: NIOSH, National Institute for Occupational Safety and Health.
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Additional Safety Considerations—Whenever lasers
are being used, it is important to cover any windows in
the laser treatment area (LTA) to prevent the laser beam
from passing through the glass window. Laser-blocking
window covers are a requirement and are available from
several vendors. Covers that block every laser class are
available and come as a shade or a flat cover that is
attached with Velcro or magnets. They also come with
“Laser in Use”warning signs for additional safety. Access
to the LTA when the laser is in use should be controlled
and appropriate warning signs placed on the door to
prevent inadvertent entry without proper PPE. Locking
the door to the LTA while using the laser is an additional
safety measure and can be included on a checklist.

For the dermatologist, the skin is a primary focus,
and similar to the eye, can be at risk for injury. The most
common type of injury resembles a sunburn, such as
those seen in the UVB range, that appears as redness
and sometimes blistering,”® which is an important con-
sideration, and attention should be given to all those in
the laser room.

Checklists

Checklists are ubiquitous throughout many occupa-
tions and many medical specialties. Their usefulness
in preventing adverse events is well established. Any
patient-provider encounter in which a series of sequential
actions is required is a perfect situation for a checklist.

LASER SAFETY

In dermatologic laser surgery where the eye is uniquely
susceptible to injury, a laser safety checklist is essential.
Additionally, there are issues with LGACs and fire that
are important to consider. Having protocols (ie, a check-
list) in place that address these safety issues has been
shown to reduce adverse outcomes.” There are a number
of templates available from various sources that can be
customized to the laser treatment area. We provide a
modifiable example (Table 3).

Conclusion

Laser usage in dermatologic surgery has increased.
According to surveys from the American Society for
Dermatologic Surgery, in 2012 there were approximately
2 million laser/light/energy-based procedures performed.
By 2017, there were 3.27 million, up from 2.79 million
in 2016, representing an approximate 1-year increase
of 17%.® Lasers have allowed interventions for skin,
vascular, and aesthetic conditions that were once untreat-
able. As their use increases in number and broadens in
scope, there also has been an increase in litigation alleg-
ing malpractice for misuse of the laser.'” Adverse events,
which include photochemical or thermal injuries to the
skin, pigmentation issues, scarring, plume-related issues,
and fires, do occur. One solution to reduce the chance of
an adverse outcome is to implement a checklist. Research
using checklists has shown that adverse events are
reduced when checklists are created and implemented

TABLE 3. Example of General Laser Safety Checklist

Before Patient Enters Room

After Patient Enters Room

After Procedure Conclusion

Are the proper laser-blocking
window covers in place?

Are all mirrors or other reflective surfaces
properly covered?

Do all personnel have proper eye equipment medication?
specific for the laser being used (with full

side-protective coverage)?

Do all personnel have N95 masks in place?
Is the smoke evacuator in place within 1 cm

lace?
from the tissue damage site? P

Confirm patient date of birth and name
Confirm site of procedure to be performed

Does the patient have a photosensitive
condition or are they on a photosensitive

Does the patient have leaded eye shields
with nonreflected surfaces in place?

Is the laser turned off and equipment
properly put away?

Has the key been removed from
the laser?

Has postlaser care been discussed
with the patient?

Does the patient have an N95 mask in

Is the patient’s hair covered and makeup

Is there a sign posted on the door indicating

. ) removed?
laser is in use (or is the door locked)?

Are a fire extinguisher and fire blanket
readily available?

Is all gauze wet or nonflammable?

For specific uses:
Are there wet drapes to be used?
(eg, ablative lasers)

Do all personnel have face shields in
place? (eg, tattoo removal, ablative lasers)
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properly. Improving checklist compliance also improves
patient outcomes.'”” The American National Standards
Institute, in their ANSI Z136 series, and the World Health
Organization provide checklist templates. We include our
checklist for use in laser surgery (Table 3). Understanding
that each laser treatment area is unique, the templates
can serve as a starting point and can then be customized
to suit the needs of each dermatologist.
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