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ABSTRACT 

Concerns remain about the acute and chronic effects on personnel of waste anesthetic gases 
in the operating room environment. This study demonstrates a simple and effective means of 
scavenging waste anesthetic gases when halogenated anesthetics are administered through the 
pump oxygenator during cardiopulmonary bypass. This technique safeguards workers' health 
by reducing ambient anesthetic levels below the National Institute for Occupational Safety and 
Health (NIOSH) recommended exposure limits. 
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INTRODUCTION 

The administration of isoflurane during cardiopulmonary 
bypass via a vaporizer in the gas inflow line of the pump oxy­
genator is a commonly accepted means to provide anesthesia 
and/or vasodilation. During administration of the agent, the ex­
haust gas from the oxygenator contains trace amounts of the 
anesthetic and should be scavenged both to prevent contamina­
tion of the operating room environment and to protect the health 
and safety of its personnel. While studies on the effects of ex­
posure to trace amounts of anesthetic agents such as isoflurane 
remain inconclusive (1), the literature suggests that exposure 
will compromise performance by decreasing vigilance and slow­
ing reaction time (2). The National Institute for Occupational 
Safety and Health (NIOSH) recommends that occupational ex­
posure to halogenated anesthetics be controlled so that no worker 
is exposed at a concentration greater than 2 parts per million (3) 
and that effective scavenging techniques be employed to com­
ply with these recommendations. The purpose of this investi­
gation was to evaluate the effectiveness of a technique for scav­
enging waste anesthetic gas from the Bentley Univox®• mem­
brane oxygenator. 

MATERIALS AND METHODS 

The extracorporeal circuit consisted of a Bentley Univox® 
IC membrane oxygenator with integrated cardiotomy and venous 

a Bentley Division, Baxter Healthcare Corp., Irvine CA 92714 
b Medtronic Biomedicus, Inc., Eden Prairie, MN 55344 
c Ohio Medical Products, Atlanta, GA 30336 
d Foxboro Company, Foxboro, MA 02035 

Figure 1: Scavenging device 
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reservoir, a Medtronic BioPump TM BP-80b blood pump, a 
Bentley Duraflowll® arterial filter, and Bentley Bypass TM 70 
tubing•. The isoflurane was administered using an Ohio Fortecc 
vaporizer in the gas in-flow line of the oxygenator. The scav­
enging technique consisted of a 3/8 x 3/8 x 1/4 inch "Y" con­
nected to the gas vent port of the membrane oxygenator with a 
four inch piece of 3/8 inch tubing. The 1/4 inch leg of the "Y" 
was connected to wall suction regulated to -1 OOmmHg while the 
remaining 3/8 inch leg of the "Y" remained open to the atmo­
sphere (Figure 1). This was done to prevent oxygenator pres­
surization and gas embolization in the event of wall suction fail­
ure or obstruction of the connecting tubing. Testing by the 
Baxter Bentley Division revealed no change in oxygenator per­
formance as measured by Pa0

2 
and PaC0

2 
when -lOOmmHg suc­

tion is applied to the gas vent port of the Univox® membrane 
oxygenator using the 3/8 x 3/8 x 1/4 inch "Y" apparatus de­
scribed above (Personal Communication). 

Cardiopulmonary bypass was conducted in the routine fash­
ion with gas flow through the oxygenator at 3.5 L/min. 
Isoflurane was not used in the prebypass period and ambient 
room air sampling for isoflurane using the Miran 203 Specific 
Vapor Analyzer<~ showed a level of 0 ppm. Suction to the scav­
enging device was turned on and regulated at -100mmHg. The 
isoflurane administration was initiated at 1%, which is less than 
one MAC (minimum Alveolar concentration) (4) and well be­
low concentrations administered in a like investigation (5). Af­
ter five minutes, gas analysis was performed at distances of 12 
feet, 6 feet, and 1 foot from the gas vent port at heights ranging 
from 6-24 inches from the floor (Gas analysis courtesy of North 
American Drager, Telford, PA). To document the effectiveness 
of the scavenging technique and the proper functioning of the 
vapor analyzer, the wall suction was then turned off and the air 
sampled at one foot from the gas vent port after 30 seconds. The 

suction was then restarted and 
remained on for the duration of 
the isoflurane administration. 

RESULTS 

The level of isoflurane 
measured at 12 feet, 6 feet, and 
1 foot from the gas vent port 
was zero (0) ppm while scav­
enging was employed. Thirty 
seconds after the wall suction 
was turned off, the isoflurane 
level at 1 foot from the gas vent 
port and 6 inches above the 
floor exceeded 8 ppm, the 
highest level the Miran 203 is 
capable of measuring (Figure 
2). 
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DISCUSSION 
Figure 2: Level of isoflurane 

Failure to scavenge the gas vent port of 
a membrane oxygenator during the adminis­
tration of halogenated anesthetics will con­
taminate the operating room environment. 
This contamination not only poses potential 
long-term health hazards to operating room 
personnel but it can also acutely compromise 
vigilance and reaction time (2,5). In view of 
these results we recommend routine scaveng­
ing of the gas vent port during the adminis­
tration of volatile anesthetic agents during 
cardiopulmonary bypass. The study by 
McNulty et al (6) would suggest that scaveng­
ing be utilized when halogenated anesthetic 
agents are used immediately prior to cardiop-
ulmonary bypass as well. This investigation 
documents an effective technique, like that 
devised by Springer et al (7), to scavenge 
waste anesthetic gas from a membrane oxy-
genator and keep anesthetic waste gas con-
tamination in the operating room below 
NIOSH recommendations. 
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