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Thus, the difference in calculated allowable
blood loss is small. The actual hematocrit
would be 33.8 instead of the target 34 vol per
cent if the small extra hemodilution were
permitted.

In physiologic ranges the differences be-
tween results of equation 1 and equation 2
are clinically negligible. As an example, the
figure shows the equations for an estimated
blood volume of 5 1 and an initial hematocrit
of 45 vol per cent. In general, the simplified
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tient will tolerate hematocrit dilutions to 30 vol
per cent without significant impairment of oxy-
gen transport to the tissue. When intraopera-
tive hematocrits are not readily available, the
decision to stop replacing with noncellular
volume expander and commence replacement
with bank blood is difficult to make on logical
grounds. Rules of thumb are often inaccurate.
A sound mathematical model for hemodilution
has been verified. The development of equa-
tion 2 provides an easily remembered, con-
venient and useful formula for guiding the

equation modestly ov: imates the | to-
crit early in isovolemic replacement, and
underestimates it later, a conservative error.
The oversimplified calculation increasingly
underestimates the hematocrit.

The decision to risk whole blood transfusion
should be made on a rational basis. In a
surgical procedure entailing considerable
blood loss, the physician may decide his pa-

anesthesiologist. This should save many pa-
tients from the risks and expense of unneces-
sary whole blood transfusion.
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A Scavenging Device for Venting Methylmethacrylate Monomer Vapor

GoRrpOXN TAYLOR, M.B.B.S., F.F.ARCS.*

Methylmethacrylate, a self-curing acrylic
cement, has been used in orthopedic surgery
and to a lesser extent in dentistry and neuro-
surgery for several vears.! This cement is made
by mixing a powder ( a misture of polymethyl
methacrvlate, methylmethaerylate—styrene
copolymer and barium sulfate USP}) with
liquid methylmethacrylate monomer. After
mixing, the texture becomes doughy and in 7—
10 minutes is suitable for insertion into a pa-
tient. During the mixing of the cement,
methylmethacrylate vapor is emitted. Some
operating room personnel have complained of
headaches and vomiting either during or after
exposure to the vapor. Further, the vapor is
flammable, and it is appropriate for devices to
be constructed to vent this vapor. We have
designed a scavenging device that has been
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used successfully in our operating rooms for
the past six months.

METHOD AND MATERIALS

Certain physical and chemical properties of

_methylmethacrylate monomer vapor are of im-

portance when considering methods of vent-
ing. The vapor is about 3.5 times as heavy as
air (vapor density 3.45).2 For comparison, the
vapor density of diethyl ether is 2.6. At room
temperature, the vapor is flammable (flash
point 50 F) and is classified as a moderate
fire hazard by the National Fire Protection
Agency (NFPA) and as a dangerous fire hazard
by the Interstate Cc e Cc ission

Again for comparison, the flash point of ethyl
alcohol is 35 F. The lower explosive limit of
methylmethacrylate vaporis 2.1 per cent when
mixed with air. The lower explosive limits of
diethyl ether and ethyl alcohol when mixed
with air are 1.8 per cent and 3.2 per cent,
respectively. The odor threshold for methyl-
methacrylate vapor is 0.21 ppm, and it has a
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pungent sulphidy smell® In addition, the
threshold limit value based on the prevention
of irritation rather than occurrence of systemic
effects is 100 ppm.}

It would be possible to vent methyl-
methacrylate vapor through the central
vacuum system, but this is in conflict with
NFPA Code 364, which prohibits the disposal
of fammable agents in this manner. However,
venting of the vapor through the nonrecir-
culating air conditioning system in the ortho-
pedic operating rooms was utilized. The out-
flow duct was protected by a grill with an area
of 4 5q feet, and an outflow of air of 200 cu feet/
min. Massive dilution of the vapor occurred in
the main ventilation duct, where the airflow
out of the system was 62,000 cu feet/min.

A box was constructed of plywood and
covered with formica and placed in front of the
grill. The dimensions of the box were 36 x 36
x 20 inches (fig. 1). The front of the box
sloped backwards so that the depth at the base
was 18 inches. In the back of the box, a hole
30 x 18 inches (3.5 sq ft) was cut and lined
with %-inch foam rubber so that a virtually
airtight fit was made with the grill of the out-
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FIG. 1. Drawing of scavenger box.

fow duct. A second hole, 22 x 10 inches, was
cut in the top of the box. A third hole, 26 x 13
inches, was cut into one side, and a closely
fitting door on a piano hinge was attached to
the back edge of the hole. The second and
third holes had an area equal to 3.8 sq ft. The
box was made in the Engineering Department

S 1 L S

FiG. 2. Drawing of plexiglass venting sheet.
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of Stanford University Hospital at a cost of
$200.

A series of holes was cut in a sheet of 3% inch
plexiglass which had dimensions of 18 x 24
inches. For ease of manufacture, holes were
made inan area 7.5 inches square (fig. 2). In the
center of the square a 3.8-inch circle was made
with a hole cutter. The other four holes made
around the circle were irregular pentagons. A
Yo-inch drill hole was made in eachangle anda
sabre saw used to construct the pentagon. The
plexiglass venting sheet was made in the De-
partment of Anesthesia at a cost of §25.

During an operation when methyl-
methacrylate is to be used, the following pro-
tocol is followed: The box is placed in front of
the grill with the door open and none of the
holes obstructed in any way. When prepara-
tions are being made to mix the bone cement,
the plexiglass sheet, which has been gas-
sterilized, is removed from its covering and
placed on the top of the box over the hole by
the scrub nurse. The 5-inch cement-mixing
bowl} is placed in the circular hole. During
the mixing of the cement, the circulating nurse
closes the door to the box, thereby allowing
ventilation through the pentagon holes in the
plexiglass. The cement is molded and kneaded
in the surgeon’s hands over the bowl until it is
of suitable texture for insertion into the pa-
tient. When mixing of the cement is com-
pleted, the door on the box is opened to allow
ventilation through the side of the box and
closed again when the second batch of cement

is made.

DiscussION

The plexiglass sheet reduces the ventila-
tion area from 3.8 to 0.25 sq feet, and the
velocity of the air flowing through the penta-
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gon holes is about 300 feet/min. The recom-
mended air velocity for venting a moderately
toxic vapor such as methylmethacrylate froma
fume cupboard is 100 feet/min.* The venting of
the vapor into the main ventilation duct and
the dilution that occurs are well below the
lower explosion limit. Mixing of the cement
takes about 10 minutes; the air conditioning of
the room is affected only minimally. The
majority of the vapor is vented through the
plexiglass sheet, as has been observed by
operating room personnel. This was confirmed
by preliminary measurements of methyl-
methacrylate vapor concentration in the
operating room (Whitcher, personal communi-
cation). These measurements indicate that the
peak concentrations of the vapor are decreased
by about 75 per cent with the venting device in
use. This scavenging device demonstrates that
irritant, and flammable vapors may be vented
efficiently from the operating room using the
existing nonrecirculating air-conditioning
system.
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