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Evaluation of a Smoke Evacuator Used 
for Laser Surgery 
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A p .... UmjDary study w .. conducted to determine the effective­
ness of a smoke evacuation system ueed in 1uer IAIJ'1(ery. AllOW 
medical CO. continuo ... wave (CWl1uer was u.secI to make cuts 
in a pork chop to simulate smoke production during 1uer sur· 
gery. A commercially available smoke evacuation system was 
ueed to control the smoke from the simulated surgery. The smoke 
concentnation was measured at 6 in and at 3 and " ft from aite of 
1uer interaction. The nozzle of the smoke evacuator was located 
at distances of 2. 6, and 12 in from the surgical aite to meuure the 
relative effectiven .... 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 evacuation system and 
areas for further study are given. . 

INTRODucnON 

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, 
iIDd the smell of the emissions [1). One more re­
cent health issue concerns the possible presence of 
mv 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 
possible to the site where the surgery is per­
formed on the patient. One of many questions to 

be answered in controlling the emissions from 
these procedures, is, in fad, 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 special ventilation 
other than the smoke evacuator. A 30 W contin-
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Fig. 1. Smoke concentrations in Iuer room without IIDDke evacuation oywtem in operation. 
Laser in operation (or entire period of mea .. llEiWDL 

uous wave (CW) CO2 medical laser system was the laser interaction site in order to estimate the 
used that had an articulated arm beam delivery effect of distance on control of the fumes. 
system with a 125 mm focal length lena. The laser Three direct reading dust monitonl __ 
spot size ranged from 0.5 to 1.0 mm. The work- used to estimate the fume concentrations at vw­
piece used to simulate a patient was a pork chop ious diatanc:ea from the luer interaction Bite. A 
about 6 in long, 4 in wide, and 0.5 in thick. The Hand-held Aerosol Monitor (ppm, Inc., Knomlle, 
pork chop was cut by the laser in a manner sim- TN> CHAM) was mounted 6 in above the IaMr in­
ilar to a IlUrgical event. Since laser surgical pro- teraction Bite to monitor the area where the mr­
cedures can vary widely in the laser-patient COD- pon and other peraonnel direc:t.ly perfonniDc the 
figuration and the quantity of amoke produced, .1IIUgery would be located. Air was drawn into the 
the simulation used does not represent any par- HAM at 1 liter per minute (LPM) with a portable 
tic:ular operating procedure. The smoke evac:ua- sampq pump. 
tion system. used to contain the fumes was a Lue ho Real-time Aerosol Monitolll <MIE, IDe., 
System IT <Lue Inc., Cincinnati, om amob evac- Bedlord,MA) <RAM-I) were uaedlo eefunm 
uation system. Tbia unit has a nominal flow rate fuJDe concentrations at 3 and " ft from the lMer 
of 50 cfm and has HEPA and odor elimination interaction Bite and were located about II ft rr­
filtelll. The HEP A filters are rated at 99.97'" c:ap-"lbe floor of the room. Tbeae were uaed to !!!!!I!itw 
ture for 0.3 pm particles. The fuJDes were drawn areas where other personnel might be ~ in 
into the Lase System IT through a 1.25 in OD hose the operating room and were uaed to eetimm 
with a manufacturer provi!ied oblong shaped naz.. background concentrations in various parta of the 
zle on one end. The nozzle at the end of the hoee room. Data from the dust monitors were recoulecl 
was mounted at distanc:ea of 2, 6, and 12 in from using a strip chart recorder. The vaiWIII for the 
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Fig. 2. Smoke concentrations in Luer """" with DOZZIe of smoke encuation Jy8tem posi· 
tioned 2 in from laser worbite. Luer em for encire period of meuureDlent but amoke 
eYacuatiOD system was turned off' and OIl. 

background concentration in Figures 1-3 are the Figure 1 shows the fume concentrations 
average of the values given by the two RAM·!'8. measured at 6 in from the laser interaction site as 

It should be pointed out that both the HAM determined by the HAM and the room back· 
and RAM·I respond preferentially to particles in ground concentration as determined by the two 
the respirable size range (particles less tIw:i 3 RAM'. when the smoke evacuation system was 
,.m) [31. Their response a1so changes with the par. DOt in operation.. Concentrations near the iJlter. 
ticle aize of the aerl*ll being monitored. Howe, ... , . aetioJl site c:ould easily exceed 20 (the fIlD.-le 
the particle size of'the smoke abould be COIJjItant " -ranee lOr the monitors) for extended perioda « 
80 that relative c:hanges in concentration can be "'t:ime when the Iaaer was operating. Tbe back· 
monitored. Since the monitors were not calibrated grouDd concentration in the room a1so ir.a! wd 
for the smoke produced in the experiment, the from·O to 1.4 during laser operation. '!'lIe 'tride 
plots produced are on a relative ac:ale to show tbe variation "in concentration levels obaerved at 8 in 
level of' control rather than absolute gravimetric .~ laSer operation was due to two Cad:un. 
concentrationa. - Firat, as the "laser beam came into contact with 

RESULTS 
Figures 1-3 abow the effect of placing the 

smoke evacuation system nozzle at various dis­
tances from tbs Iaaer interaction site. 

. dift'erent parts of the target dift'erent a.uwcmta 01 
smoke were produced since different parts 01 the 
target produce different smoke levels and beam 
interaction was not constant. Second. tranllp""'t 01 
the smoke to the HAM is DOt constant siDca it ja 
depen:lent on the air CUlTBIlts in tbs ~ which 
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Fig. 3. Smoke concentrations in luer room with DDIZle or smote evacuation aywtem poai~ 
IioDed 6 in from laser workSlte. Luer aDd smo ... _tion oystem left Db for entire period 
or measurement. 

are not constant. and this would result in concen- ground levels in the room were not affeeted by 
tration fluctuations. Figure 1 clearly indicates briefly turning off the smoke evacuation syBtem. 
that there is a need to use a smoke evacuation Figure 3 shows the fume concentrations ob­
system since high levels of smoke relative to served with the nozzle located about 6 in from the 
background levels are produced. laser interaction site. Collection offumes ... DOt 

The fume concentrations measured with the complete and CODC:entratioDS .. high .. 8 were 
smoke evacuation system. nozzle located 2 in from observed 6 in from the laser interaction site. CaD­
the laser interaction Bite is shown in ~ 2. ceDtrationa 01 smoke .. measured by the BAM 
The smoke evacuation system. completely col- fiuc:tuated and dec:reaaed 8fter 50 aeconda due W 
lected the fumes from the !uer operation when variabletranaportoftbesmoketotbelLUlbym 
the evacuator ... operating. The concentration current. in ~ room. It should be pointed oat that 
observed remained at the room background level'both the l8Mr and the smoke evacuation derice 
both at the interaction Bite and in other area of were operating"llUring the entire time that tb.. 
the room. When the smoke evacuation system. measurements were made and still smoke c:ollec­
w .. turned offfor a briefperiod, the concentration tion w.. DDt complete.' Background CODC8IItra­
at the interaction site increased rapidly to values tiona in the room did not increase meesunbly 
above 10. However, as soon as the smoke evacu- during operation of the Iuer. 
ation system ... turned on, the levels again de- 'The fume concentrations were also mM ........ 
creased to thoee of the room background. Back· with the nozzle located 12 in from the laaer ~ 
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action site. The results were qualitatively similar 
to those shown in Figure 3 except that con~ntra­
tiona 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 1aser was in operation. 

The results observed can be compared with 
those predicted by stan d8rd ventilation calcula­
tions. The formula for predicting flow rates 
around cin:ular exhaust openings it Q ~ V (lor 
+ Al [~ where Q is the volumetric flowrate. V is 
the air velocity at the center-line of the ezhaust 
openiJig at 8 distance x from the opening, and A is 
the area of the opening. Although the nozzle is not 
completely cin:u1ar in shape. this formuls can 
give an approximate air velocity at various dis­
tances from the opening since shape will not af­
fect it greatly. Ifwe use Q = SO ft3/min (the nom­
inal flow rate of the evacuator). V = 1SO it 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 obtain x = 
2.1 in. It should be noted than this formula 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 closer 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 thoee in 
an operating room. 

ate for 20-30 seconds after the laser was turned 
off is another possible control measure for situa­
tions where continuous operation of llIIIe1"8 is the 
rule. 

Distances of greater than 2 in are likely to 
result in exposure to high concentrations for per­
sonDel working near the laser intenu:tion site and 
in addition are liltely to result in the background 
concenU'ation in the room being increaed. This 
was certainly found to be the case when the IIIIZZie 
was at 12 in from the luer interaction aite. Hthe 
simulated surgery had been' carried on for periods 
of time greater than thoee used in this study, the 
background likely would have been increued 
with the nozzle held cloeer than 12 in. This would 
expoae personnel located at greater diatImceB 
from the laser interaction site. Surgical pr0ce­
dures that require the nozzle to be located at dis­
tances greater than 2 in may require other meen' 
of smoke control. It should be noted that using the 
smoke evacuation nozzle at distances of 2 in or 
18118 from the interaction site may also require 
adoption of resterilization techniques for the _ 
zle of the smoke evacuator since it will be ~ to 
the surgical site. Although the nozzle it Iterile 
when it is received from the manufacturer, it may 
become contaminated as IIW'gI!ry proc:eeda 

Studies are needed to characterize further 
the controls for laser IIW'gI!ry. The chemicwJ and 
biological content of the smoke should be deter­
mined to Il8IIe8II the hazards presented to per_ 
nel. From these results the efficiencies of air 
cleaners used in the evacuation systema can be 
determined. It baa been determined that filters in 
smoke evacuators must be able to collect ~ 

DISCUSSION efficiently down to 0.1 pm [5]. Complete fJQw pat. 
The smoke evacuation system studied is ca- terns around the nozzle of the smoke encaaticm 

pahle of providing what appears to be complete system need to be plotted, and further studi. of 
collection of fumes only if the nozzle is within a various operating parameter811UCh as luer power 
short distance of the 1aser interaction site. PoIi- leve1a, different nozzle designs, and plagement of 
tioning of the nozzle of the smoke evacuator at a the DOZz!e are needed.. Pt I nnc:e of the _.­
distance of2 in from the luer interaction site was may increue smoke concentration in m.'ber 
found to be adequate. Other studies have also in- . breathiDg zone, eo this is another area that Deada 
dicated that the nozzle of the evacuator must be .. further study. FiDally, the pI e ,ot aylltelD8 are 
close to the Bite ofluer interaction [5,6] to obtain very noi8y, another drawback to tbejr uaa; there­
efficient collection. However, the smoke evaeua- fore; other methods ofemiaaion controIIIboald be 

, tion device 'hould be turned on at the same time inveatipted. 
or before the laaer and run during the entire time 
the laser is in operation. H the smoke avaeuation 
system were turned off for ever 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. Perbapa, 
permitting the smoke evacuation system to opel'-
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