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Sprague-Dawley rats were exposed to Nd:YAG laser exhaust
(contact and noncontact) as well as to electrocautery exhaust
passed through smoke evacuation filters. Exposure periods for
each group were equal and increasing in time. Histologic analy-
sis revealed alveolar congestion and emphysematous changes in
all modes. Controls exhibited similar change but to a milder de-
gree. It appears that any plume produced by lasers or electrosur-
gical devices produces pathologic change in rat lungs and that
effective smoke evacuation will help control these effects.
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INTRODUCTION

Lasers have assumed an incréasingly impor-
tant role in otolarvngology-head and neck sur-
gerv in the past 10 years, with numerous studies
in the literature supporting the use of this modal-
ity of treatment for various head and neck dis-
eases. Relatively little data, however, exist re-
garding the effects of the smoke or plume
bvproducts resulting from this surgery.

Most experienced laser surgeons employ a
smoke evacuator during laser surgery to clear the
surgical field and remove irritating odors. Pio-
neers in the field used operating room wall suc-
tion to eliminate the plume. However, this
method was eventually found to be ineffective due
to the clogging of the suction mechanism with
particulate matter.

Baggish and his coworkers {1] were the first
to study the effects of carbon dioxide laser plume
on the lungs of rats. They found congestive inter-
stitial pneumonia, bronchiolitis, and emphysema
in rat lungs exposed to CO2 laser plume for var-
jous periods of time. The purpose of this project is
to create a similar rat model system in order to
study the effects of electrocautery and the
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Nd:YAG laser plume in both contact and noncon-
tact modes on the respiratory system of rats to
determine whether deleterious effects may result
from prolonged exposure to noxious plume.

MATERIALS AND METHODS

Twelve Sprague-Dawley male rats, weighing
300-450 grams, were utilized for each mode of
the project. A “smoke chamber” was constructed
according to previously described dimensions[1}
This chamber measured 19 x 34 x 16 cm and
was rectangular in shape with a sliding roof and
14 air hole perforations. In place of the wooden
box originally described, the chamber constructed
for this study was made entirely of lucite. The
transparent walls offered an unobstructed view of
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- animal’s behavior. A 2 cm lucite pipe was fit-
te¢ at each end of the chamber. One side was at-
rached via plastic hose to a CLASS Model B-1
Smoke Evacuator (CLASS, Plano, TX), whereas
the other end was placed 1-2 cm from the plume
source via the plastic hose.

A 10 x 10 cm square of planed pigskin was
vaporized utilizing the Nd:YAG laser (Surgical
Laser Technologies, Oaks, PA) using both the con-
tact and noncontact modes and electrocautery
Valley Lab, Boulder, CO). The smoke evacuator
was set to draw smoke through the chamber at a
rate of 10-25 cu.ft/min. The Nd:YAG laser was
set on 15-20 Watts of power, continuous lasing
mode and air cooling function using a touch con-
trol TCRHS handpiece (Surgical Lasers Technol-
ogies) for noncontact and the same handpiece
with a frosted sapphire scalpel ERP6 for contact.

This study was designed in three phases for
each lasing mode (contact, noncontact) and elec-
trocautery. Any behavioral changes of the rats
were monitored and recorded during and after
plume exposure.

Phase 1

Three rats were subjected to plume exposure
wr 2 minutes followed by 2 minutes of rest. This

was repeated for a total of four treatments daily
for 4 days.

Phase |

In this phase, three rats were exposed to
Plume for 4 minutes followed by 2 minutes of rest.
our sessions daily were conducted for 7 days.

Phase 1if

_ A similar format as Phase II was employed
*th the exception that the animals were exposed
Yo daily plume sessions for a total of 14'days.

One rat was used as a control for each phase.
‘i_u Tats were housed in the test room for both
“4:YAG laser modes. In the cautery mode, the
ontrol rats were housed separately and one ad-

‘onal rat was housed in the test room as an
“ironmental control.
cuth Aﬁer completion of feach Rhase, the rats were
. anized and the cart'ilorespxratory system was
fnmfvﬁd en bloc. Specimens were fixed in 10%
'y aln, sectioned, and stained with hematoxy-

2nd eosin. Blinded comparisons were made be-
"0 control specimens and those exposed to
e.

-t

B

Fig. 1. Lung parenchyma showing severe alveolar conges-
tion. vascular hypertrophy and emphysematous changes. (he-
matoxviin and eosin, x 30

RESULTS
Behavioral Changes

All rats exhibited similar behavior during
smoke inhalation. Between 1-1 % minutes of
smoke inhalation, the animals became sluggish
and stopped active movements. Activity resumed
within 2 minutes of the rest periods, but then
again stopped completely during subsequent
smoke exposure. No animal became cyanotic or
died as a result of smoke exposure.

Histologic Analysis

I. Noncontact Nd:YAG laser mode. All
lung parenchyma revealed alveolar congestion,
emphysematous changes and blood vessel hyper-
trophy in varying degrees. These changes were
not dependent on the length of plume exposure
(Fig. 1.

II. Contact Nd:YAG laser mode. All lung
parenchyma showed muscular hypertrophy of
blood vessels, alveolar congestion, and focal em-
physematous changes. Control rats showed
milder degrees of the above changes (Fig. 2). The
changes were not exacerbated as the length of
plume exposure increased.

IIIl. Monopolar electrosurgical (bovie)
mode. Similar changes were observed in this
mode as with the previous modes with notable
exceptions. Two of the three control rats, which
were housed separately from the test room, re-
vealed completely normal lung parenchyma. The
other control rat showed diffuse severe alveolar



Fig 2. Lung parenchyma showing milder. focal pathologic
changes. thematoxylin and eosin. x 301

congestion. However, the parenchyma of this
specimen did not have muscular hypertrophy of
the vasculature. Finally. the lung tissue of the
environmental control rat revealed mild degrees
of vascular hvpertrophy. alveolar congestion, and
emphysematous changes.

DISCUSSION

A smoke evacuator is basically a vacuum
pump with one or more filters to remove particles
from the plume. The best filter is of no help if the
smoke plume generated by the laser or electrosur-
gical device is not captured. The most important
factor in plume capture is creation of a vortex.
which requires a high flow and intake velocity to
draw the air into the nozzle, through the hose,
and the through the evacuator where it passes
through the filter. The filtered airsiream is recir-
culated back to the operating room through a vent
at the rear or bottom of the evacuator housing.
High efficiency. particulate air filters are essen-
tial in smoke evacuation since they have a 99.97%
efficiency in capturing particles of 0.3 pm and
larger. Ultra low pressure filters capture submi-
cron particles greater than 0.12 pum.

From its inception as a surgical tool, the ac-
rid smoke plume produced by laser interaction
with tissue has been recognized as potentially
hazardous. The hazards of the plume fall into two
categories: biological and chemical. Lobraico et
al. (2] produced the first clinical study attempting
to identify the possible risks of laser plume with

.

Wenig et al.

respect to human papilloma virus (HPV, [, .
sponse to results of a questionnaire, these aumoe-
concluded that an association existed betweep t}l:s
use of the CO2 laser for treatment of Ven’ucoui
lesions and the development of such lesions by
physicians administering the treatment. Shop,
thereafter, Garden et al. [3] demonstrated th,,
intact viral DNA can be recovered over a wig,
range of CO2 laser parameters in both the in vity,
and in vivo settings. These authors were unap|,
however, to resolve the question of the potentiy)
infectivity of the recovered material. In a contr,.
dictory study, Abramson et al. (4] showed thy,
HPV DN A cannot be detected in the smoke plume
from vaporization of laryngeal papillomas unjesg
direct suction contact is made with the tissue dyr.
ing surgery. Recent studies documented the abj.
ity of lasers to disperse viable bacteriophage (3] as
well as to isolate viral DN A in laser smoke (6] 4
is probable that the latter is related to the con.
centration of the viruses in the lesion.

Little attention has been directed towarg
electrocautery smoke, and most phvsicians em.
plov this surgical modalcity quite freely. Re.
cently, concern has been raised regarding the mu-
tagenicity of the smoke. Gatti et al. {9] tested
airborne smoke particles produced during routine
breast surgery and found the smoke to be muta-
genic to the TAS8 Salmonella Typhimunium
strain. They questioned whether the smoke actu-
ally served as a serious health rizk to operating
room personnel.

Potentially hazardous chemicals apparently
are also present in smoke plume. Both CO2 and
Nd:YAG lasers, even at low power densities. have
produced benzene. formaldehyde. and acrolein. {7}
These chemicals. although small in quantity, can
be severely toxic and may account for the pulmo-
nary changes noted in this and previous studies
(1.8).

Baggish et al. [1] showed that the severity of
pulmonary pathology increased proportionately
with the duration of CO2 laser plume. These au-
thors concluded that the fine particulate matter
contained in the laser vapor appeared to play a
key role in the development of congestive inter-
stitial pneumonia. In a follow-up study. the senior
author routed plume through a smoke evacuator
before connection to a rat chamber [8]. One phase
routed the plume through a single filter while 2
second phase utilized a cartridge filter plus an
ultra low penetration air (ULPA) filter. Phase 1
showed pathology similar to, but less severe than.
unfiltered plume. No pulmonary pathology was
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.rved 1n this latter group. Recommendations
- .sed on these data included the use of a two fil-
-ation svstem in addition to placement of an
~vacuation tube within inches of the laser site.
The data in the present study reveal that
Nd:YAG laser and electrocautery plume produce
~armful effects on the lungs of rats, including
—uscular hvpertrophy of vessel walls, alveolar
sngestion, and emphysematous changes. These
-athologic changes were not observed to be more
-2vere as the length of plume exposure increased.
The results of the first two modes were re-
.ewed before the third cautery mode was initi-
.~ed. The control rats in this mode. housed out-
-de of the test room, revealed normal lung
carenchyma. One control rat showed severe alve-
siar congestion without vascular hypertrophy,
-ossibly due to concurrent illness. Moreover, the
avironmental control rat manifested the same
~ild degrees of pathologic changes seen in the
antrol rats of the previous Nd:YAG laser modes.
~nen comparing the three modes of plume pro-
-uction. there was no difference in the pathologic
-nanges seen in the lung tissue.
The exhaust from a single filter smoke evac-
T when connected directly to the rat chamber
been shown to produce pathologic lung
-..anges in rats, although less severe than unfil-
“2red plume {1]. Due to the confines of the small.
Ibeit ventilated test room in this study. it seems
-at the undirected exhaust from the smoke evac-
-ator produced the milder lung pathology seen in
ntrol rats of modes I and II.
In conclusion. the present study reveals that
vt laser and electrocautery plume produce
“athologic changes in the lungs of rats. It appears
nat exhaust from a single filter smoke evacuator
-roduces milder degrees of pathologic changes
:nd that a double filtration system may be more

245

reliable in limiting these changes. The present
data, previous research, and prudence strongly
support the use of an efficient smoke evacuator to
protect patients and operating room personnel
from the harmful effects of any tvpe of plume that
may be generated in an operating room setting.
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