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Summary

During maxillofacial and oral surgery the effect of three
anaesthetic scavenging devices used with cuffed and
non-cuffed endotracheal tubes was investigated. All
the devices produced reductions in nitrous oxide con-
centrations in the breathing zone and peripheral air,
ranging from 36% to 76%. Of the three devices evalu-
ated, the Stellenbosch valve produced the greatest re-
duction in pollution compared with the control.

S. Air, mad. J., 59, 180 (1981).
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4 separate days. Included in the investigation were control
days when no scavenger was employed.

Results

A total of 832 nitrous oxide pollution measurements was
made, 6 of which had to be discarded owmg to technical
malfunctions, In order to demonstrate the efficacy of the
scavenging devices, only the 503 pollution levels recorded
while nitrous oxide was actually being administered to
Pa_tlents were used in the subsequent analysis. Details of
his nitrous oxide pollution are listed in Table I in parts
per million (v/v). _ _ _ _
Nitrous oxidé pollution was hlﬁhel’ in the breathlnq
zone than in the peripheral air in afl cases. On the contrg
days, when no scavenger was used, the mean nitrous oxide
pollution was higher when cuffed endotracheal tubes were
employed. These differences were statistically significant in
both Dreathing zone (r = 4,62; P < 0,001) and” peripheral
air (t = 221 P < 0,05). The same pattefn was observed
for each of the scavenging devices and was statistically
5|%n|f|cant in the breathing zone for the Stellenbosch ér =
167, P < 0001) and Ventex scavengers (t = 506;
P <’ 0,001). When' the Gardner scavenger was used, mean

nitrous oxide pollution levels in the peripheral air were al-

gwrosgoitdentical, whether the endotracheal tubes were cuffed
Comparison of mean nitrous oxide Pollution levels . of
each of the_ scaven |n(t; devices revealed that pollution

levels were_ similar. Stafistical analysis employed the one-
way analysis of variance and the Scheffe test for all pos-

sible comparisons. Statistically significant differences in
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nitrous oxide concentration in the breathing zone oc-
curred, showmﬂ the Stellenbosch non-cuffed tube less than
the Ventex with cuffed tube (F = 2,61; P <0,05), and the
V%nte cuff%d tube more_than thﬁ Ventex with non-cuffed
tube (F = 2,77; P < 0,05). In the peripheral air the pat-
tern wag, Stellenbosch with chfed ube less than Ventex
with cuffed tube (F = 223; P < 0,05), Stellenbosch with
non-cuffed tube less than Ventex with cuffed tube (F =
447: P < 0,01), and Ventex with cuffed tube greater than
Ventex with non-cuffed tube (F = 2,62; P < 0,05).

The coefficients of variation were high, ranging from
41% to 213% (Table ). Calibration measuréments of
standard concentrations "of nitrous oxide, carried out
before, durm%_a_nd at the end of each day’s analysis
showed a coetficient of variation of less than 5%, indi-
cating that the majority of the variation seen was due to
wide “fluctuations in, nitrous oxide concentrations In the
operating theatre air. o _

To estimate the degree of reduction in nitrous oxide pol-
lution produced bx{ gach s_caven%mg device, the mean nit-
rous oxide concentration in each case was exR_ressed as a
percentage of the relevant control (Table 1). This was then
subtractéd from 100% (Table 11)." In the breathing zone
the Stellenbosch device ‘with both types of endotracheal
tube and Ventex scavenger used with a non-cuffed tube
showed. similar redyctions in nitrous oxide pollution,
aEprommateI two-thirds. In the IEenpheral air, the highest
estimated reductions in”pollution, some 75%, was " pro-
duced by the Stellenbosch valve. o

The scattergrams in Figs, 1 and 2 indicate the actual
pollution recordings in the breathing zone and peripheral

TABLE |. DETAILS OF NITROUS OXIDE CONCENTRATIONS IN PARTS PER MILLION (v/v) IN THE BREATHING ZONE
AND PERIPHERAL AIR

Control Gardner Stellenbosch Ventex
Non- Non- Non- Non-
Cuffed cuffed Cuffed cuffed Cuffed cuffed Cuffed cuffed
Breathing zone
Number 26 36 34 26 23 36 31 38
Range 25-2337 30-719 26-4930 0-2 214 0-1 973 10-686 25-1 681 0-681
Mean 925 431 385 314 346 157 588 149
Standard
deviation 596 177 823 425 516 139 503 142
Coefficient of
variation (%) 64 41 213 135 149 89 86 95
% of control - - 42 73 37 36 64 35
Peripheral air
Number 29 36 34 26 23 36 31 38
Range 35-1 026 7-564 0-384 0-510 0-426  0-230 32-403 0-333
Mean 445 331 139 143 106 84 191 110
Standard
deviation 263 138 102 98 113 55 97 82
Coefficient of
variation (%) 59 42 73 69 107 65 51 75
% of control - - 31 43 24 25 43 33
TABLE Il. ESTIMATED PERCENTAGE REDUCTION IN POLLUTION
Gardner Stellenbosch Ventex
Cuffed Non-cuffed Cuffed Non-cuffed Cuffed Non-cuffed
Breathing zone 58 27 63 64 36 65
Peripheral air 69 57 76 75 57 67
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air, respectively. Both show the wide range of nitrous
oxide concentrations recorded, but also indicate the down-
ward trend when scavengrng devrces were used. Few con-
centrations were below “thé 3 8 pm level recommended
the National Institutes of ccupational Safety and
ealth (NIOSH).9

Discussion

There are._ many factors determining the level of gaseous
pollutron in_an” operating theatre, but we have attempted
0 standardize this investigation as far as possible. The
er of surgery, spontaneols breathing,™ size_of operating

theatre,“ presence of throat pack.2 degrees of room ventj-
Jation, B suctron and fresh gas flowB were similar in all
instances. The time of exposure was also comparable in all

e devices all produced satisfactory reductions in po
MR devices all produced satsfactory reducti !
|ytion levels, both in the breathing, zone and in peripheral
arr. The higher pollution seen with cuffed endotracheal
tubes than with non-cuflFed tubes plus pharyngeal pack is
probably due to different expiratory characteristics. Cuffed
ubes probably allow less leakage into the oral cavity and
thereby %reater concentrations “of nitrous oxide may be
vented t rou%h the expiratory valve. The three scaven-
ers may all be recommended, the Stellenbosch valve pro-
ucrnﬁ a slrdhtly better_ all-round performance.
Although the scavenqrng devices produced a universal
reduction”in pollution “levels, this was_only occasionally
helow the NIOSH Jevel of 30 ppm. Theré is a risk of
first-trimester _abortion in operating. theatre personnel B
but the pollution level at which this is likely to occur has
not yet been firmly established, The results of experi-
mental studies that ‘we have undertaken, in which gravid
rats were exposed to concentrations of nitrous oxide of
1000 and 250 ppm, 1L suggest that the threshold lies
etween 500 and 1000 ppm nitrous oxide. All the sca-
ven%mg devices produced nitrous oxide concentrations
mostly below 500 ppm (Figs 1 and 2), and we therefore
recommend the use of scavenging devices during general
anaesthesia.

Because of the wide_ fluctuation in concentrations of
nitrous oxide observed in this study, we believe that the
designs of scavengers need to be evaluated in the labora-
tory situation to reduce the large number of uncontrolled
variables exrstrng in operating theatres.
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