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A number of reports have demon-
strated that nitrous oxide diffuses into
endotracheal tube cuffs in a time-
related fashion, causing a significant
increase in the cuff gas volume and
pressure! =3, In air-inflated endotra-
cheal tubes the cuff pressure varies
with several factors; such as nitrous
oxide concentration, exposure time to
nitrous oxide, cuff thickness and cuff
material. During general anesthesia® it
has been demonstrated that the speed
of nitrous oxide diffusion into silicon
rubber cuffs is very fast compared with
latex rubber and polyvinyl chloride
cuffs of the endotracheal tube. It has
been reported that the pressure of
a laryngeal mask airway (LMA) cuff,
which is made of silicon-based rubber,
changes after exposure to nitrous oxide
in vivo and in vitro studies®. However,
there is little information about the
effect of anesthetic agents on changes
in the intra-cuff pressure of each size of
LMA for a long period during general
anesthesia.
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This study was conducted to in-
vestigate the effect of nitrous oxide
on LMA cuff pressure under general
anesthesia. Changes in the minimum
airway pressure required to cause gas
leakage around the LMA in the larynx
were also evaluated in adult patients.

Patients and Methods

Fifty-five ASA classification 1 or
2 patients, aged 3 months to 77
years, scheduled for elective gyneco-
logical, abdominal, plastic, or orthope-
dic surgical procedures were enlisted
(table 1). The study was approved
by our Ethics Committee. Premed-
ication was according to the pref-
erence of each anesthesiologists, and
comprised no premedication, midazo-
lam and atropine given intramusculary
or benzodiazepine administered orally,
approximately 60 minutes before in-
duction of anesthesia. Before insertion
of LMA, the LMA cuff was completely
deflated with a syringe. In adult pa-
tients, anesthesia was induced with 34
mg-kg~! thiamylal and 1 mgkg~! suc-
cinylcholine or 0.1 mg-kg~! vecuronium
bromide. In small infants, anesthesia
was induced with halothane and oxy-
gen. The size of LMA was selected
according to the body weight of each
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Table 1. Demographic details of the 55 patients

Cuff inflation
volume (ml)

Laryngeal mask
airway size

Subject groups Anesthesia
with NoO without NoO

n="7 n==s

1 5
(3m-1 yr, 5-8 kg) (3m 1 yr, 4-7 kg}
2 10 n=7 n=7
(2-5 yr, 14-24 kg) (1-3 yr, 11-16 kg)
3 20 n==§ n=7
(28-77 yr, 48-68 kg) (18 41 yr, 49-72 kg)
4 35 n==_ n=6

(30-77 yr, 51-82 kg)

(21-73 yr, 58 65 kg)

Table 2. The initial intra-cuff pressure in each laryngeal mask airway before
exposure to 66% of nitrous oxide in oxygen and either halothane or enflurane
(with N2O), and either halothane or enflurane in oxygen (without N3Q)

laryngeal mask

initial intra-cuff pressure (mmHg)

airway size with NoO without NoOQ
1 185.0 = 46 {n=7) 188.2 + 5.1 (n=F)
2 149.4 £ 15.0 {n=7) 143.4 + 16.2 (n=T)
3 108.4 + 19.2 (n=8) 98.5 + 14.3 (n=7)
4 171.0 £ 11.1 (n=8) 175.3 + 9.2 (n=6)

patient. Insertion of LMA was per-
formed either under deep neuromus-
cular blockade or when the gag and
cough reflexes had been abaolished by
the anesthesia.

Immediately after insertion of LMA,
the cuffs of LMA sizes 1, 2, 3 and
4 were filled with 5, 10, 20 and 35
ml of air. The cuff pressures were
measured before exposure to anes-
thetic gases (baseline measurements)
and then were measured every 10
min with a calibrated standard pres-
sure transducer attached to the tip of
the cuff inflation tube via a three-way
stopcock. The patients were assigned
to either a group receiving or a group
not receiving nitrous oxide, as listed in
the table. In the first group, anesthesia
was maintained with 66% of nitrous
oxide in oxygen and either 0.7-1.2%
of halothane or 0.8-1.8% of enflurane

mean + S.D.

anesthesia, while in the other group,
anesthesia was maintained with either
0.7-1.5% of halothane or 0.9-1.9% of
enflurane and oxygen and fentanyl sup-
plements when needed.

The minimum airway pressure re-
quired to cause gas leakage around the
LMA cuff in the larynx was measured
at 10-minute intervals by manual com-
pression of the reservoir bag with a
closed relief valve while listening for
the escape sounds of gas leaks around
the larynx-to-LMA cuff in 12 adult
patients who were inserted the LMA
sizes 3 (n=6) and 4 (n=6). The air-
way pressure was measured with an
aneroid gauge which had been cali-
brated against a water manometer.

Data were analyzed using unpaired
Student’s t-tests. Statistical signifi-
cance was defined as a P value of less
than 0.05. All values were expressed as
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under general ancsthesia with and without £
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Fig. 2. Intra-cuff pressure changes ©
in laryngeal mask airway sizes 3 and 4 o 1001
cuff under general ancsthesia with and E

without. 66% of nitrous oxide.
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All data points represent mean + S.D. 50-
*P < 0.01 compared with “without
nitrous oxide” group.

mean £ standard deviation.
Results

Although the baseline values of the
intra-cuff pressure after inflation of
each volume of air were significantly
different in the four sizes of LMA, no
significant differences were observed in
the intra-cufl pressures in each LMA
size before exposure to anesthetic
gases (table 2). After exposure to 66%
of nitrous oxide in oxygen and either
halothane or enflurane, the intra-cuff
pressures of mask sizes 1 and 2 rapidly
increased and then they gradually de-
creased. However, the intra-cuff pres-
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sures of mask sizes 3 and 4 increased
slowly with time for 2 hours after the
exposure to nitrous oxide. In contrast
to the results obtained in LMA after
exposure to nitrous oxide, the intra-
cuff pressures in patients anesthetized
with either halothane or enflurane and
oxygen anesthesia decreased continu-
ously with time for all mask sizes (fig.
1, 2).

Although changes in the LMA cuff
pressure were observed in patients
anesthetized with and without nitrous
oxide anesthesia, the minimum airway
pressures required to cause gas leak-
age around the LMA cuff in the larynx
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Table 3. The minimum pressure required to cause gas leak around the
laryngeal mask airway cuff during positive pressure ventilation 3, 30,
120 minutes after exposure to 66% of nitrous oxide in oxygen and
either halothane or enflurane anesthesia in 12 adults patients

laryngeal mask

minimum leak pressure (cmH;O)

asirway size 3 min 30 min 120 min
3 {n=6) 242 £ 5.1 224 + 4.2 23.1 £ 3.7
4 {n=6) 21.2 £ 6.3 23.3 £ 6.1 21.5 £ 5.6
mean = S.D.

showed no significant change in any
of the patients who had LMA sizes
3 and 4 throughout the study, even
if the intra-cuff pressures decreased
below the baseline values (table 3).

Discussion

Nitrous oxide and other anesthetic
gases diffuse into air-filled endotracheal
tube cuffs and increase volume and
pressure in the cuffs unless the end of
the cuff-inflating tube is open to the
atmosphere. Our results demonstrated
that during nitrous oxide-oxygen and
either halothane or enflurane anesthe-
sia air-filled LMA cuff pressures in
the larynx of patients changes with
time in all LMA sizes, and the pat-
tern of pressure changes in the LMA
cuffs differed in the LMA sizes. On the
other hand, in all patients anesthetized
with either halothane or enflurane and
oxygen, pressures in the LMA cuff de-
creased continuously with time.

A cuff material of air-filled endo-
tracheal tube cuffs is one of the im-
portant factors to determine changes
in the intra-cuff pressure and volume
after exposure to nitrous oxide®. Sili-
con rubber, which is the material of
the LMA cuff, has a high permeabil-
ity to all anesthetic gases. It has been
shown that air-filled endotracheal tube
cuffs made of silicon rubber, showed a
biphasic pressure change in nitrous ox-
ide; an initial increase to a maximum,
followed by a decrease in pressure’. In
the present study, pressure changes in

the LMA sizes 1 and 2 showed the sim-
ilar form observed in the endotracheal
tube cuff in nitrous oxide; an increase
in the cuff pressure within a short pe-
riod followed by a gradual decline after
exposure to nitrous oxide.

The diffusion rate of nitrous oxide
into cuffs inflated with air is inversely
proportional to the cuff thickness —
thinner cuffs show a faster pressure in-
crease and also deflate too easy. The
large deviation observed in the LMA
sizes 1 and 2 after exposure to nitrous
oxide may be explained by thinner
walls and smaller volumes of cuffs in
the LMA sizes 1 and 2 than those of
sizes 3 and 4. It has been reported that
the LMA forms a low-pressure seal
around the larynx, and the mean leak
pressure is approximately 20 cm water
during positive-pressure ventilation”. It
is interesting that after insertion of
LMA a large leak is observed initially,
but soon disappear without an addi-
tional injection of air into the LMA
cuff in clinical practice. We have spec-
ulated that the disappearance of this
initial leaks might be due to expan-
sion of the LMA cuff secondary to ni-
trous oxide diffusion. However, present
study demonstrated that a change in
LMA cuff pressure around + 30% after
exposure to anesthetic gases did not
compromise the function of the cuff or
increase the leak. These findings sug-
gest that cuff expansion secondary to
nitrous oxide diffusion is not a main
factor in the disappearance of initial
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leakage around the LMA in the larynx
of patients.

In conclusion, our results demon-
strate that the pressure of LMA cuffs
inflated with air is influenced by the
commonly used clinical anesthetic con-
centration of nitrous oxide and the
pattern of the cuff pressure change dif-
fers according to the LMA size. How-
ever, the leak pressure around the
LMA cuff during positive-pressure ven-
tilation did not change in course of
time.
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