
 

© 2000 by the American Society for Dermatologic Surgery, Inc. • Published by Blackwell Science, Inc.
ISSN: 1076-0512/00/$15.00/0 • Dermatol Surg 2000;26:235–239

 

Principles of CO

 

2

 

/Erbium Laser Safety

 

Darrell J. Fader, MD,* and Désirée Ratner, MD

 

†

 

*

 

Departments of Dermatology and Otolaryngology, University of Michigan Medical Center, Ann Arbor, Michigan, and 

 

†

 

Department of Dermatology, College of Physicians and Surgeons of Columbia University, New York, New York

 

background.

 

There are a variety of potential hazards with la-
ser technology.

 

methods.

 

A review of the literature.

 

objective.

 

To summarize the potential hazards of CO

 

2

 

 and
erbium laser technologies and the safety guidelines and equip-
ment developed to minimize them.

 

results.

 

Laser hazards can be divided into the following cate-

gories: mechanical, environmental, macrobiologic, microbio-
logic, and iatrogenic.

 

conclusion.

 

At the conclusion of this learning activity, the
reader should be able to discuss the mechanical, environmental,
macrobiologic, microbiologic, and iatrogenic hazards of resurfac-
ing laser technology, the literature cited to support current safety
guidelines, and the equipment developed to promote laser safety.

 

THE FIRST PRINCIPLE of laser therapy is laser
safety. Prior to performing laser resurfacing with the
various CO

 

2

 

 and erbium technologies available, the
practitioner should be familiar with the assorted po-
tential hazards of such technologies, literature cited to
support current safety guidelines, and the equipment
developed to promote safety. Laser hazards can be di-
vided into the following categories to facilitate discus-
sion: mechanical, environmental, macrobiologic, mi-
crobiologic, and iatrogenic.

 

Mechanical Hazards

 

A tightly concentrated beam of laser light requires a
high-voltage system to supply the requisite power.
Electrical shock risks are commensurate with other
electronic equipment of similar output levels. Issues of
appropriate laser installation, grounding, automatic
shutoff features, and other safeguards should be ad-
dressed by a competent biomedical engineer or hospi-
tal laser technician.

 

1,2

 

 Before treating the patient, the
laser surgeon should test the selected laser settings on
a tongue depressor to confirm spot size, fluence, and
pattern aimed at the intended location.

 

3

 

Environmental Hazards

 

The main laser environmental hazard is fire. The most
recent review of laser hazards reported an overall
7.3% incidence of fire-related events.

 

4

 

 Of particular

importance is the risk of CO

 

2

 

 laser-induced fire in the
presence of oxygen. Even O

 

2

 

 concentrations slightly
greater than room air (25%) can heighten the chance
of igniting laser-touched objects. Supplemental oxy-
gen should be avoided if possible during laser resur-
facing.

 

3

 

 Laser ignition of endotracheal tubes has been
reported both in the experimental laboratory and clin-
ical operating room, and laryngotracheal burns have
occurred.

 

3,5,6

 

 Plastic polyvinyl chloride endotracheal
tubes, including any associated rubber elements and
oil-based lubricants, are combustible and potentially
ignitable by the CO

 

2

 

 laser.

 

7

 

 It should be noted, how-
ever, that reports of CO

 

2

 

 laser-induced fires have pre-
dominantly occurred during oropharyngeal surgery.
There is some evidence that cutaneous laser resurfac-
ing in the presence of oxygen is safe, provided that the
target area is free of combustible fuels and materials.

 

8

 

Nevertheless, current recommendations include wrap-
ping the endotracheal tube with wet gauze or alumi-
num foil during facial resurfacing.

 

3,5

 

 Alternatively, the
use of metal tubes is safer, although such tubes usually
have some component of plastic or rubber.

 

9–11

 

 Moist-
ened towels and gauze absorb CO

 

2

 

 laser light and sig-
nificantly decrease the chance of a fire if placed
around the patient’s head and neck for the duration of
the procedure.

 

3

 

A misdirected laser beam may ignite drapes, cloth-
ing (of the patient, physician, or surgical assistant), or
endotracheal tubes, as mentioned above. Unintended
laser activation can be minimized by assigning an as-
sistant the responsibility of maintaining the laser in
standby mode when it is not in use. Laser foot pedals
should be clearly labeled, easily accessible, and oper-
ated exclusively by the laser surgeon. An enclosed la-
ser treatment room with explicit warning signs placed
prominently at the entrance will limit bystander inju-
ries.

 

1,3
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Macrobiologic Hazards

 

Eyes

 

The primary human hazard is ocular injury, account-
ing for almost 75% of laser accidents in one study.

 

4

 

The eye is particularly vulnerable since laser beam col-
limation and the optical properties of the eye can cul-
minate in an intense concentration of light on vital oc-
ular structures. While lasers in the visible or near-
infrared spectrum (wavelengths 400–1400 nm) can
damage the retina, lasers in the far-infrared regions,
particularly the CO

 

2

 

 and erbium resurfacing devices,
can injure the water-abundant cornea.

 

1,3,12

 

 Superficial
corneal epithelium damage is quickly repaired, but
corneal scarring can occur from deeper laser exposure
with visual loss.

 

1

 

 Eye protection is consequently an es-
sential part of periorbital laser resurfacing and con-
sists of two components: patient safety and physician/
personnel safety.

Sundry corneal eye protectors are available to the
patient, including plastic or metal eye shields. Ries et
al.

 

13

 

 studied the effects of a continuous wave CO

 

2

 

 la-
ser on six commercially available eye protectors. They
demonstrated significant thermal damage in all of the
plastic eye shields, in which the laser either burned
through the shield or ignited it. The metallic shields
were undamaged. Significant heat was generated when
ultrapulsed CO

 

2

 

 light was directed at plastic corneal
protectors. The Silktouch laser caused melting after a
third pass, and the Coherent system generated a tex-
tured surface. Neither laser resulted in shield perfora-
tion after nine passes.

 

13

 

 Current recommendations for
patient eye protection during CO

 

2

 

 periorbital laser re-
surfacing include a metal corneal shield (eg, Ste-
fanovsky protector) placed in the patient’s eyes over a
layer of ophthalmic lubricating ointment with or with-
out a topical anesthetic.

 

3,13

 

All operating room personnel should wear protec-
tive eyewear. Ordinary optical glass blocks CO

 

2

 

 laser
light, so virtually any eyewear is acceptable as long as
side shields are present. Such eyewear is necessary to
prevent injury from direct and reflected laser beams
from the flat metallic surfaces of surgical instruments.
A black coating over a roughened instrument surface
appears to be most effective in reducing reflected laser
light.

 

2,14

 

Skin

 

Skin injury and accidental exposure occurred in
13.9% of incidents reported in the Rockwell study.

 

4

 

Thermal injury from infrared laser energy can result in
various degrees of erythema, blistering, or ulceration.
Skin hazards rarely occur with exposures out of the
immediate surgical field (ie, beyond the laser’s focal

zone) unless a flammable object is ignited by reflected
light.

 

1

 

Teeth

 

High-energy, long-exposure CO

 

2

 

 lasers have been
shown to cause dental craters from melting and reso-
lidification of enamel. At lower exposure levels, dental
charring, cracking, and flaking were reported.

 

15

 

 Intra-
operative moist gauze or cottonoid protection of the
patient’s teeth is a reasonable precaution.

 

3

 

Microbiologic Hazards

 

Another significant untoward consequence of CO

 

2

 

laser–tissue interaction is the development of a smoke
plume containing vaporized tissue fragments. Investi-
gations of this debris have prompted practical and the-
oretical concerns regarding pulmonary and infectious
risks.

 

Pulmonary

 

The effects of short-term exposure to large quantities
of CO

 

2

 

 laser smoke were investigated in rat lungs.
With increasing exposure, rats developed gross and
microscopic pulmonary pathology consistent with con-
gestive interstitial pneumonia and emphysema.

 

16

 

 No
pathologic changes were observed in rats protected by
a double-filtered smoke evacuation system consisting
of a cartridge filter and an ultra-low-penetration air
filter which trapped 0.1 

 

m

 

m particles. A commercially
available single filtration system (cartridge filter only),
which filters particles to a size of 0.5 

 

m

 

m, was insuffi-
cient to fully protect rat lungs from laser exhaust, al-
though emphysema was diminished and bronchial hy-
perplasia and inflammation were markedly reduced.

 

17

 

A study

 

18

 

 of 32 plume samples during CO

 

2

 

 laser treat-
ment for endometriosis found plume particles with a
median aerodynamic diameter of 0.31 

 

m

 

m (range 0.10–
0.80 

 

m

 

m), overlapping the size range of “lung-damag-
ing dust.”

 

19,20

 

 While no cell-size particles (eg, the 7.5 

 

m

 

m
red blood cell) were found in the plume, minimizing
the concern that viable tumor cells may be spread
this way, the authors could not rule out the possibility
of viral transmission. Standard surgical masks, which
block particles down to 0.5 

 

m

 

m, thus are not good la-
ser plume or dermabrasion protection.

 

18

 

 Furthermore,
settling velocities of less than 0.3 cm/sec are required
for particles to deposit in the lungs.

 

21

 

 A 0.8 

 

m

 

m parti-
cle settles at 0.0025 cm/sec. Particles smaller than that
are not cleared from the air by settling, potentially ex-
tending the period of plume risk well beyond the dura-
tion of the procedure.

 

21,22
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An additional pulmonary hazard is the inhalation
of vaporization-induced pyrolysis products containing
carcinogens, such as nitrosamines and other toxic by-
products (benzene, formaldehyde, acrolein), all found
in the CO

 

2

 

 laser plume in animal studies.

 

1,23

 

 Methods
and equipment to address these risks will be discussed
after infection hazards are considered below.

 

Infections

 

Based on earlier studies, CO

 

2

 

 laser vaporization of
skin was originally thought to induce a sterile surgical
field free of viable material.

 

24–26

 

 A subsequent report
revealed intact keratinocytes and erythrocytes in the
plume and splatter of CO

 

2

 

 laser treated tattoos and
epitheliomas.

 

27

 

 Other work demonstrated viable bac-
terial spores in the plume and splatter in 5 of 13 laser-
vaporized skin specimens treated at a relatively low ir-
radiance (

 

,

 

500 W/cm

 

2

 

).

 

28

 

 Viable bacteria were found
in the CO

 

2

 

 laser plume in one study

 

29

 

 but not in an-
other.

 

30

 

 Laser cutting with the CO

 

2

 

 and erbium sys-
tems was found to transport yeasts and bacteria from
the skin surface to the depths of laser-formed craters,
although some organism damage was noted.

 

31

 

 It re-
mains to be shown whether the new ultrapulsed CO

 

2

 

and erbium models used for skin resurfacing, with
very high irradiances and short pulse durations, pose a
clinical risk of bacterial or fungal transmission from
patient to physician.

Initial reports a decade ago raised the possibility of
viral disease transmission via laser debris. Garden et
al.

 

32

 

 recovered bovine papillomavirus (BPV) DNA from
bovine warts (4 of 4) and human papillomavirus (HPV)
DNA from human plantar warts (2 of 7) in the CO

 

2

 

laser plume. This was confirmed in the laser plume of
5 of 8 patients with plantar warts

 

33

 

 and in the prefilter
canisters of 13 of 65 patients with genital warts.

 

34

 

 Sev-
enteen of 27 plume specimens from patients with re-
current respiratory papillomatosis proved to be HPV
DNA-positive by polymerase chain reaction.

 

35

 

 HPV
was not identified in the plume of laser-treated laryn-
geal papilloma by the less sensitive Southern hybrid-
ization method.

 

36

 

 Continuous mode CO

 

2

 

 laser ablation
with a high irradiance (1667 W/cm

 

2

 

) could not dem-
onstrate HPV viability or infectivity in plume-derived
specimens from treated laryngeal papillomas.

 

37

 

 The
ejecta from laser treated vulvar condylomas did not
show intact viral organisms, and BPV ejecta and plume
inoculated into animals did not confer viral infection.

 

38

 

A survey of laser physicians revealed a similar overall
incidence of warts in laser surgeons compared to the
general population. When specific anatomic sites were
considered, however, CO

 

2

 

 laser surgeons appeared to
have a higher risk of acquiring nasopharyngeal ver-
rucae, suggesting that inhalation of laser plume may

 

have caused disease in the treatment of genital HPV.

 

39

 

HPV DNA was not detected in the plume of Er:YAG
treated nongenital warts by polymerase chain reac-
tion.

 

40

 

Baggish et al.

 

44

 

 demonstrated HIV proviral DNA in
the plume of a continuous wave CO

 

2

 

 laser (irradiance
500 W/cm

 

2

 

) in an in vitro design. Sterile tubing to col-
lect vaporized laser debris was subsequently cut into
segments and placed in culture for 28 days. While
HIV p24 protein was detected in culture studies of 4
of 12 tube segments at 1–2 weeks, no sustained infec-
tion of HIV cultured cells was observed at day 28. In
another investigation, simian immunodeficiency virus
(SIV) was not found to be viable in the CO

 

2

 

 laser
plume.

 

42

 

 Er:YAG laser vapors were shown in a more
recent study, however, to contain infectious viral genes,
infectious virus, and viable cells.

 

43

 

 While fragmenta-
tion of some viruses may occur at the time of direct la-
ser impact, rendering some of them nonviable, it has
been shown that even partial viral or oncogene se-
quences may have transforming potential, and may
therefore potentially pose a significant health hazard
to exposed personnel.

 

44

 

 While concerns have been
raised regarding hepatitis B (HBV) infection from la-
ser plumes, no studies have yet investigated this possi-
bility.

 

34

 

What does all of this mean? Even studies that re-
vealed HPV DNA in the laser plume acknowledge that
the risk of HPV transmission to the physician is prob-
ably very low.

 

33–35,39

 

 Infection transmission of HPV
and HIV remains undocumented despite a decade of
scrutiny. There are several potential explanations:

 

The inherent risk of plume infection is low. 

 

The amount of
HPV DNA in the laser plume is very low and thus is
unlikely to contain large quantities of infectious viral
material. Contact with traumatized epithelium is prob-
ably necessary to disseminate HPV disease.

 

35

 

 Similarly,
HIV requires lymphocyte or macrophage vectors to
propagate, both of which are destroyed on laser im-
pact.24–26,38 The concentration of HIV cells used in the
Baggish et al.41 study was several times the number
seen in patients with clinical acquired immunodefi-
ciency syndrome and, as noted above, the isolated HIV
DNA from the plume had limited biologic activity.

Preventative safety measures are working. The most im-
portant precautionary measure is the use of a smoke
evacuation and filtering system, which is 98.6% effi-
cient when the suction tip is placed 1 cm from the
treatment site, yet rapidly falls to 50% when the tip is
2 cm from the treated area.45–47 For added conve-
nience and compliance, newer generations of CO2 la-
sers are incorporating the smoke evacuator into the la-
ser handpiece.3 A system with a volume capacity of 40
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cfm that filters particles larger than 0.1 mm is desir-
able.48

The use of goggles to prevent splatter of material
into the eyes, as well as to protect against laser beam
injury, should be routine. Even a so-called high-effi-
ciency laser mask can filter particles down to only 0.3
mm, whereas HIV is 0.18 mm in diameter and papillo-
mavirus virions are 55 nm. When a standard surgical
mask was placed directly in the vapor path in front of
the laser filter, HPV was successfully blocked, imply-
ing that virus-containing laser debris may exceed the
mesh size of surgical masks. Alternatively, the mask’s
three webs may act as both mechanical and electro-
static filters, trapping particles several-fold smaller
than the mask’s pore size.33 Others argue that a sub-
stantial amount of inspired air occurs from the mask
edges and subverts effective filtering.38 Surgical masks,
however marketed, should be assumed to be inade-
quate filters of viral particles. Standardized tests of ef-
ficiency do not exist. Earlier mask evaluations were
based on expelled bacterial counts, since the tradi-
tional purpose is to protect the patient from the mask
wearer.47,49

It is too early to tell. The era of CO2 and erbium laser
resurfacing is too new to ascertain infection risks, par-
ticularly with infections of prolonged latency such as
HIV.50 The stigmata associated with HIV or HBV in-
fection may retard efforts to report a laser-induced se-
roconversion. Which physician or hospital wants to
publish the first case? How is it proven that the laser
plume was the unequivocal risk factor? Thus, while
the literature suggests a low risk of bacterial or viral
transmission, conservative guidelines are routinely rec-
ommended and are reasonable, relatively easy to adopt,
and do not adversely affect the surgeon’s ability to
perform the procedure and maximize results. An effec-
tive plume evacuator system is the cornerstone of mi-
crobiologic safety for the laser resurfacer. The use of
gloves, gowns, masks, and the regular replacement of
vacuum filters is advised.1–3,12–14,17,23–35,39,41,42,47,50

Iatrogenic Hazards

Perhaps the most important laser safety feature is the
competence of the physician.51–53 As a variety of med-
ical and surgical disciplines expand their roles in per-
forming laser resurfacing, a more standard credential-
ing system may emerge. Until then, it is recommended
that a few basic resurfacing courses, including bio-
physics, safety, and tissue interactions, should be fol-
lowed by a preceptorship, where an experienced laser
surgeon is observed directly. Subsequently hands-on
training under the direct supervision of a preceptor
would be ideal.54 Periodic continuing medical educa-

tion courses are necessary to keep pace with a field as
rapidly evolving as this.51–53
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