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Evaluation of a Smoke Evacuator Used
for Laser Surgery
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A preliminary study was conducted to determine the effective-
ness of a smoke evacuation system used in laser surgery. A 30 W
medical CO; continuous wave (CW) laser was used to make cuts
in a pork chop to simulate smoke production during laser sur-

gery. A commercially available smoke evacuation systermn was
used to control the smoke from the simulated surgery. The smoke
concentration was measured at 6 in and at 3 and 4 ft from site of
laser interaction. The nozzle of the smoke evacuator was located
at distances of 2, 6, and 12 in from the surgical site to measure the
relative effectiveness of the control. Complete control of smoke
was achieved when the nozzle was located at 2 in, but significant
amounts of smoke escaped when the nozzle was located at 6 and
12 in. Suggestions for the use of the smoke evacuahon system and

areas for further study are given.
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INTRODUCTION

Laser surgical procedures allow more precise
control of surgical parameters and can reduce pa-
tient recovery times. Unfortunately, one of the
disadvantages in using lasers for surgical proce-
dures is the production of smoke and fume. Proper
control of smoke/fume emissions from laser sur-
gery procedures is needed because of occupational
health issues of hospital personnel, comfort of pa-
tient, restrictions of the surgeon’s field of view,

-and the smell of the emissions {1]. One more re-
cent health issue concerns the possible presence of
HIV and hepatitis B virus in the smoke from sur-
gery. Intact DNA from human papiloma virus
(HPV) has, in fact, been observed in the smoke
from laser surgery [2]. There are several smoke
evacuation systems commercially available that
attempt to capture emissions from these proce-
dures. The systems are self-contained suction
sources that draw fumes produced from the sur-
gical process into an air cleaning unit. Typically,
a hose fitted with a nozzle is attached to the suc-
tion source and the nozzle is located as close as
poasible to the site where the surgery is per-
formed on the patient. One of many questions to

© 1988 Alan R. Liss, Inc.

be answered in controlling the emissions from
these procedures, is, in fact, how close the nozzle
should be located to this site. In this article, the

results of a preliminary study to answer this
question are reported.

MATERIALS AND METHODS

Experiments were performed to estimate the
relative degree of emission control with a suction
nozzle located at various distances from the laser
interaction site. The experiments were performed
in a closed room about 10 ft wide and 20 ft long.
The room had general ventilation from the heat-
ing and cooling system, but no specizl ventilation
other than the smoke evacuator. A 30 W contin-
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Fig. 1. Smoke concentrations in laser room without amoke evacuation system in operation.
Laser in operation for entire period of measurement.

uous wave {CW) CQO; medical laser system was
used that had an articulated arm beam delivery
system with a 125 mm focal length lens. The laser
spot size ranged from 0.5 to 1.0 mm. The work-
piece used to simulate a patient was a pork chop
about 6 in long, 4 in wide, and 0.5 in thick. The
pork chop was cut by the laser in a manner sim-
ilar to a surgical event. Since laser surgical pro-
cedures can vary widely in the laser-patient con-
figuration and the quantity of smoke produced,
the simulation used does not represent any par-
ticular operating procedure. The smoke evacua-
tion system used to contain the fumes was a Lase
System II (Lase Inc., Cincinnati, OH) smoke evac-
uation system. This unit has a nominal flow rate
of 50 cfm and has HEPA and odor elimination

ture for 0.3 pum particies. The fumes were drawn
into the Lase System II through a 1.25 in OD hose
with a manufacturer provided oblong shaped noz-
zle on one end. The nozzle at the end of the hose
was mounted at distances of 2, 6, and 12 in from

the laser interaction site in order to estimate the
effect of distance on control of the fumes.

Three direct reading dust monitors were
used to estimate the fume concentrations at var-
ious distances from the laser interaction site. A
Hand-held Aerosol Monitor (ppm, Inc., Knoxville,
'I‘N)(HAM)wumountedGmabovethehmm-
teraction site to monitor the area where the sur-
geon and other personnel directly performing the
surgery would be located. Air was drawn into the
HAM at 1 liter per minute (LPM) with a portable
sampling pump.

Two Real-time Aerosol Monitors (MIE, Inc.,

. Bedford, MA) (RAM-1) were used to estimate

fume concentrations at 8 and 4 & from the laser

_interaction site and were located about 5 ft from
filters. The HEPA filters are rated at 99.97% cap-

‘the floor of the room. These were used to monitor
areas where other personnel might be present in
the operating room and were used to estimate
background concentrations in various parts of the
room. Data from the dust monitors were recorded
using a strip chart recorder. The values for the
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Fig. 2. Smoke concentrations in laser room with nozzle of sinoke evacuation system posi-
tioned 2 in from laser worksite. Laser on for entire period of measurement but smoke

evacuation system was turned off and on.

background concentration in Figures 1-3 are the
average of the values given by the two RAM-1's.

It should be pointed out that both the HAM
and RAM-1 respond preferentially to particles in
the respirable size range (particles less than 3
pm) {3). Their response also changes with the par- -
ticle aize of the aerosol being monitored. However,
the particle size of the smoke should be constant
so that relative changes in concentration can be
monitored. Since the monitors were not calibrated
for the smoke produced in the experiment, the
plots produced are on a relative scale to show the
level of control rather than absolute gravimetric
concentrations.

RESULTS

Figures 1-3 show the effect of placing the
smoke evacuation system nozzie at various dis-
tances from the laser interaction site.

Figure 1 shows the fume concentrations
measured at 6 in from the laser interaction site as
determined by the HAM and the room back-
ground concentration as determined by the two
RAM’s when the smoke evacuation system was
not in operation. Concentrations near the inter-

_action site could easily exceed 20 (the full-scale
‘range for the monitors) for extended periods of
‘time when the laser was operating. The back-
ground concentration in the room also increased
from 0 to 1.4 during laser operation. The wide
variation in concentration levels observed at 8 in
-during laser operation was due to two factors.
First, as the laser beam came into contact with
- different parts of the target different amounts of
smoke were produced since different parts of the
target produce different smoke levels and beam
interaction was not constant. Second, transport of
the smoke to the HAM is not constant sinee it is
dependent on the air currents in the room, which
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Fig. 3. Smoke concentrations in laser room with norzle of smoke evacusation system posi-
tioned 6 in from laser worksite. Laser and smoke evacuation system left on for entire period

of measurement.

are not constant, and this would result in concen-
tration fluctuations. Figure 1 clearly indicates
that there is a need to use a smoke evacuation
system since high levels of smoke relative to
background levels are produced.

The fume concentrations measured with the
smoke evacuation system nozzle located 2 in from
the laser interaction site is shown in Figure 2.
The smoke evacuation system completely col-
lected the fumes from the laser operation when
the evacuator was operating. The concentration

observed remained at the room background level

both at the interaction site and in other areas of
the room. When the smoke evacuation system
was turned off for a brief period, the concentration
at the interaction site increased rapidly to values
above 10. However, as soon as the smoke evacu-
ation system was turned on, the levels again de-
creased to those of the room background. Back-

ground levels in the room were not affected by
briefly turning off the smoke evacuation system.

Figure 3 shows the fume concentrations ob-
served with the nozzle located about 6 in from the
laser interaction site. Collection of fumes was not
complete and concentrations as high as 8 were
observed 6 in from the laser interaction site. Con-
centrations of smoke as measured by the HAM

Tluctuated and decreased after 50 seconds due to

variable transport of the smoke to the HAM by air
currents in the room. It should be pointed out that
both the laser and the smoke evacustion device
measurements were made and still smoke collac-
tion was not complete. Background concentrs-
tions in the room did not increase
during operation of the laser.

“The fume concentrations were also messured
with the nozzle located 12 in from the laser inter-
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action site. The results were qualitatively similar
to those shown in Figure 3 except that concentra-
tions higher than 20 were measured at 6 in from
the laser interaction site. Background levels in
the room also increased from about 0.4 to about 1
during the time the laser was in operation.

The results observed can be compared with
those predicted by standard ventilation calcula-
tions. The formula for predicting flow rates
around circular exhaust openings is Q = V (10x2
+A) (4) where Q is the volumetric flowrate, V is
the air velocity at the center-line of the exhaust
opening at a distance x from the opening, and A is
the area of the opening. Although the nozzle is not
completely circular in shape. this formula can
give an approximate air velocity at various dis-
tances from the opening since shape will not af.
fect it greatly. If we use Q = 50 ft*min (the nom-
inal flow rate of the evacuator), V = 150 ft per
minute {fpm) (a control velocity for conditions
similar to those in an operating room), and A as
the area for a 1.5 in round opening, we obtainx =
2.1 in. It should be noted than this formuia is only
an approximation and will not give a precise
value of the velocity at any point. However, it is
useful for giving an approximate idea of where
adequate control can be maintained. These calcu-
lations show that the nozzle must be cioser than
about 2 in from the laser interaction site to obtain
a control velocity of 150 fpm or greater. One hun-
dred fifty feet per minute is a value used for con-
trol velocity under conditions similar to those in
an operating room.

DISCUSSION

The smoke evacuation system studied is ca-
pable of providing what appears to be complete
collection of fumes only if the nozzle is within a
short distance of the laser interaction site. Posi-
tioning of the nozzle of the smoke evacuator at a
distance of 2 in from the laser interaction site was
found to be adequate. Other studies have also in-

close to the site of laser interaction {5,6] to obtain
efficient collection. However, the emoke evacua-
‘ tion device should be turned on at the same time
or before the laser and run during the entire time
the laser is in operation. If the smoke evacuation
system were turned off for even a short period,
high concentrations could result. These could be
controlled rapidly if the device were turned on but
exposure could result in the meantime. Perhape,
permitting the smoke evacuation system to oper-
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ate for 20-30 seconds after the laser was turned
off is another possible control measure for situa-
tions where continuous operation of lasers is the
rule.

Distances of greater than 2 in are likely to
result in exposure to high concentrations for per-
sonnel working near the laser interaction site and
in addition are likely to result in the
concentration in the room being increased. This
was certainly found to be the case when the nozzle
was at 12 in from the laser interaction site. If the
simulated surgery had been carried on for periods
of time greater than those used in this study, the
background likely would have been increased
with the nozzle held closer than 12 in. This would
expose personnel located at greater distances
from the laser interaction site. Surgical proce-
dures that require the nozzle to be locatad at dis-
tances greater than 2 in may require other means
of smoke control. It should be noted that using the
smoke evacuation nozzle at distances of 2 in or
leas from the interaction site may also require
adoption of resterilization techniques for the noz-
zle of the smoke evacuator since it will be close to
the surgical site. Although the nozzle is sterile
when it is received from the manufacturer, it may
become contaminated as surgery proceeds.

Studies are needed to characterize further
the controls for laser surgery. The chemical and
biological content of the smoke should be deter-
mined to aassess the hazards presented to person-
nel. From these results the efficiencies of air
cleaners used in the evacuation systems can be
determined. It has been determined that filters in
smoke evacuatora must be able to collect particles
efficiently down to 0.1 pum (5]). Complete flow pat-
terns around the nozzle of the smoke evacuation
system need to be plotted, and further studies of
various operating parameters such as laser power
levels, different nozzle designs, and placement of
the nozzle are needed. Presence of the surgeon
may increase smoke concentration in hisher

‘breathing zone, so this is another area that neads
dicated that the nozzle of the evacuator must be ~ further

study. Finally, the present systems are
very noisy, another drawback to their use; there-
fore; other methods of emission control should be -
investigated
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