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Background: Inhalational induction with sevoflurane and ni-
trous oxide is frequently used for Laryngeal Mask Airway™
(LMA™; Laryngeal Mask Company, Henley-on-Thames, United
Kingdom) insertion in children. The authors determined the
influence of nitrous oxide on the minimum alveolar concentra-
tion (MAC) of sevoflurane for LMA™ insertion.

Methods: One hundred twenty unpremedicated children (age,
1–9 yr; American Society of Anesthesiologists physical status I)
were randomly assigned to receive 1 of 15 end-tidal concentra-
tions of nitrous oxide and sevoflurane for inhalational induc-
tion via a facemask: 0% nitrous oxide with 1.2, 1.4, 1.6, 1.8, or
2.0% sevoflurane; 33% nitrous oxide with 0.8, 1.0, 1.2, 1.4, or 1.6%
sevoflurane; or 67% nitrous oxide with 0.4, 0.6, 0.8, 1.0, or 1.2%
sevoflurane. The LMA™ was inserted after steady state end-tidal
anesthetic concentrations had been maintained for 15 min. The
response to insertion was recorded by three independent blinded
observers. The interaction between nitrous oxide and sevoflurane
was determined using logistic regression analysis.

Results: The MAC of sevoflurane for LMA™ insertion (95%
confidence limit) was 1.57% (1.42–1.72%), and the concentra-
tion of sevoflurane required to prevent movement in 95% of
children was 1.99% (1.81–2.57%). The addition of 33% and 67%
nitrous oxide linearly decreased the MAC of sevoflurane for
LMA™ insertion by 22% and 49%, respectively (P < 0.001). The
interaction coefficient between nitrous oxide and sevoflurane
did not differ from zero (P � 0.7843), indicating that the rela-
tion was additive.

Conclusions: Nitrous oxide and sevoflurane suppress the re-
sponses to LMA™ insertion in a linear and additive fashion in
children.

THE Laryngeal Mask Airway™ (LMA™; Laryngeal Mask
Company, Henley-on-Thames, United Kingdom) is
widely used in pediatric anesthesia practice. LMA™ in-
sertion is commonly achieved after inhalational anesthe-
sia using sevoflurane and nitrous oxide because both
have low blood-gas partition coefficients and are rela-
tively nonirritant to the airway. The minimum alveolar
concentration for LMA™ insertion (MACLMI) using
sevoflurane in children has been reported as
1.57–2.00%,1,2 but there are no studies determining the

influence of nitrous oxide on sevoflurane MACLMI. In the
following single-blind, randomized study, we investigate
the influence of nitrous oxide on sevoflurane MACLMI in
children using logistic regression analysis.

Methods

With approval from the Mito Saiseikai General Hospital
ethics committee and written informed parental con-
sent, we studied 120 unpremedicated children (age, 1–9
yr; American Society of Anesthesiologist’s physical status
I) scheduled for elective surgery under general anesthe-
sia with the LMA™. Exclusion criteria were a predicted
or known difficult airway, acute upper respiratory tract
infection, asthma or gastroesophageal reflux, or a paren-
tal/patient request for premedication. Children were ran-
domly assigned, by opening a opaque sealed envelope,
to receive 1 of 15 combinations of end-tidal concentra-
tions of nitrous oxide and sevoflurane for inhalational
induction via a facemask: 0% nitrous oxide with 1.2, 1.4,
1.6, 1.8, or 2.0% sevoflurane; 33% nitrous oxide with 0.8,
1.0, 1.2, 1.4, or 1.6% sevoflurane; or 67% nitrous oxide
with 0.4, 0.6, 0.8, 1.0, or 1.2% sevoflurane (eight patients
per anesthetic combination).

An electrocardiograph, pulse oximeter, gas analyzer,
and noninvasive blood pressure monitor were applied
before induction. The sidestream-type infrared multigas
analyzer, which measured nitrous oxide to an accuracy
of � 1.5% and sevoflurane to an accuracy of � 0.1%, was
calibrated before each use, and the inspired and end-tidal
concentrations of sevoflurane, nitrous oxide, carbon di-
oxide, and oxygen were continually measured and re-
corded. Before LMA™ insertion, the end-tidal concentra-
tions were sampled from the nose via a cannula using an
infant circuit with an intracircuit volume of 800 ml and
fresh gas flows of 6 l/min. After LMA™ insertion, they
were sampled from the distal end of the LMA™ shaft
using a cannula inserted through a self-sealing connector
such that its tip was within 1 cm from the mask aperture
bars. Anesthesia was induced with up to 6% sevoflurane
and the designated concentration of nitrous oxide in
oxygen. When the eyelash reflex disappeared, ventila-
tion was assisted manually to maintain the end-tidal car-
bon dioxide partial pressure at 32–36 mmHg. The pe-
ripheral line was inserted after induction of anesthesia.

Before LMA™ insertion was attempted, the end-tidal
concentrations of sevoflurane and nitrous oxide were
kept constant at the predetermined value for 15 min to
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allow equilibration between the alveolar and central
nervous system concentrations. A single experienced
LMA™ user (S. K., � 1,000 LMA™ uses) inserted and
fixed the LMA™ (size 1.5, 5–10 kg; size 2, � 10–20 kg;
size 2.5, � 20–30 kg; size 3, � 30–50 kg) using the
standard technique.3 The cuff of the LMA™ was inflated
with air to obtain 60 cm H2O of intracuff pressure.

The response of the patient was observed for 1 min
after the LMA™ insertion and classified as “no move-
ment” or “movement.” No movement was defined as the
absence of purposeful movement of the extremities,
coughing, bucking, and breath holding/laryngospasm.
Movement was defined as difficulties of mouth opening
before the insertion. All responses were assessed by
three independent observers (an anesthesiologist, a sur-
geon, and a nurse) who were unaware of the end-tidal
anesthetic concentrations being used. When at least two
of the observers documented any responses, the case
was described as “movement.” The patients who moved
were treated by deepening anesthesia with sevoflurane
and/or intravenous propofol. The insertion time (from
removal of the facemask to capnographic confirmation)
was also recorded. Any adverse events were recorded.

Statistical Analysis
MACLMI was determined using a logistic regression

model where P, the probability of no response, is:

P �
1

1 � e�0��1X1��2X2��12X1X2

where P is the probability of no movement, X1 is the
end-tidal nitrous oxide concentration, X2 is the end-tidal
sevoflurane concentration, �0 is the regression intercept
constant, �1 is the coefficient for nitrous oxide, �2 is the
coefficient for sevoflurane, and �12 is the coefficient for
the product of the end-tidal nitrous oxide and sevoflu-
rane concentrations (the interaction coefficient).

The main effects components, �1 and �2, determined
whether nitrous oxide and sevoflurane independently
affected the response to LMA™ insertion. The interac-
tion coefficient, �12, determined whether nitrous oxide
and sevoflurane interacted to affect the response to
LMA™ insertion. The likelihood ratio test was used to
determine which of the independent variables signifi-
cantly affected the model. Age was not included in our
logistic model because sevoflurane MAC remains con-
stant in children aged 6 months to 12 yr.4

To determine MACLMI, the probability of no response
in 50% of patients was evaluated at P � 0.5, and the
above equation was solved for X2. Likewise, to deter-
mine the concentration of sevoflurane required to pre-
vent movement in 95% of children (E95), the probability
of no movement was evaluated at P � 0.95, and the
equation was solved for X2. The chi-square test and
one-way analysis of variance after Bonferroni-Dunn test
were used to compare the sex, age, weight, and height
of the patients. P � 0.05 was considered statistically
significant.

Results

There were no demographic differences among
groups (table 1). There were no differences among the

Fig. 1. Logistic regression curves of the probability of no move-
ment in response to the Laryngeal Mask Airway™ insertion in
the presence of sevoflurane and 0%, 33%, and 67% nitrous
oxide (N2O).

Table 1. Demographic Data

0% N2O 33% N2O 67% N2O

Age, yr 4.1 � 3.0 4.0 � 2.5 3.8 � 2.4
Sex, M/F 20/20 21/19 23/17
Height, cm 102 � 21 101 � 19 99 � 18
Weight, kg 18 � 9 17 � 8 16 � 6

Data are presented as mean � SD. All nonsignificant.

N2O � nitrous oxide.

Table 2. Coefficient Estimates for the Logistic Regression
Model

Variable Coefficient SEM P

Constant (�0) �11.6752 2.4913 � 0.0001
Nitrous oxide (�1) 0.0779 0.0406 0.0550
Sevoflurane (�2) 7.3424 1.5963 � 0.0001
Interaction (�12) 0.00854 0.0312 0.7843
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three independent observers. Coefficient estimates for
the logistic regression model are given in table 2. Based
on the likelihood ratio test, the interaction coefficient for
nitrous oxide and sevoflurane, �12, did not differ signif-
icantly from zero (P � 0.7843) and was removed from
the model. The logistic regression curves of the proba-
bility of no movement in response to intubation in the
presence of sevoflurane and 0, 33, and 67% nitrous oxide
are shown in figure 1. The number of move and no-move
patients in each pair of nitrous oxide and sevoflurane
concentrations are given in table 3. The MACLMI of
sevoflurane without nitrous oxide was 1.57% (95% con-
fidence limit: 1.42–1.72%). The addition of 33% and 67%
nitrous oxide decreased the MACLMI from 1.57% (1.42–
1.72) to 1.23% (1.07–1.39) and 0.80% (0.68–0.92), re-
spectively (P � 0.001). The addition of 33% and 67%
nitrous oxide decreased the E95 from 1.99 (1.81–2.57) to
1.70% (1.07–1.39) and 1.07% (0.94–1.50), respectively
(P � 0.001). Insertion was easy in all patients. Insertion
time did not differ among groups (8 � 3 s). Immediately
after the LMA™ insertion, breath holding/laryngospasm
that was unrelated to the nitrous oxide concentration or
the sevoflurane concentration within the nitrous oxide
groups occurred in 10 children. These patients were
easily treated with intravenous propofol administration.
There were no other adverse events.

Discussion

We found that nitrous oxide at end-tidal concentra-
tions of 33 and 67% were associated with a linear, dose-
related reduction in sevoflurane MACLMI from 1.57% to
1.23% and 0.80%, corresponding to reductions of 22%
and 49%, respectively, and that the interaction between
nitrous oxide and sevoflurane was additive. Our results
for sevoflurane MACLMI were lower than those of Tagu-
chi et al.1 (2.00%) but similar to those of Aantaa et al.2

(1.57%). This may be because of differences in insertion
skill among the LMA™ users participating in these trials.

Several aspects of study design can influence the va-
lidity of estimates of anesthetic potency. First, the stim-
ulus applied by the LMA™ should be similar and clini-
cally reproducible. In our study, all insertions were easy
and performed by a single experienced user. Higher

anesthetic concentrations may be required for difficult
insertions or for inexperienced users. Second, the tech-
nique used to sample respiratory gases should provide a
reliable estimate of the end-tidal anesthetic concentra-
tion as the latter, at equilibrium, is taken to represent the
concentration of anesthetic in the blood and brain. We
took great care to minimize dead space for sampling the
gases and, in all patients, a square capnograph was ob-
tained. The equilibration time used in the current study
have been validated in many previous studies.1,2,4–9

Third, appropriate mathematical methods should be ap-
plied to the dose–response data. We used logistic regres-
sion analysis, which has been shown in previous studies
to yield MAC values2,7,10,11 that are similar to those
determined by the method described by Dixon.12 In
contrast to Dixon’s approach, our study design permit-
ted prospective randomization of all patients and yielded
information about the interaction between independent
variables.

The effects of nitrous oxide on volatile agent potency
has been reported for skin incision (MACSI)

5,6 and for
tracheal intubation (MACTI).

7,8 The effect appears to
vary with the type of MAC and type of volatile agent. For
halothane MACSI,

5 isoflurane MACSI,
6 and sevoflurane

MACTI,
7 the effect is linear and additive, whereas for

sevoflurane MACSI
4 and desflurane MACSI,

13 the effect is
nonlinear and additive with 60% nitrous oxide reducing
MAC by approximately 25% rather than 55%. Interest-
ingly, our findings and those of Swan et al.7 show that
nitrous oxide reduces the MAC of sevoflurane for instru-
mentation of the airway in a linear and additive fashion,
but the findings of Lerman et al.4 show that sevoflurane
MACSI is reduced in a nonlinear and additive fashion.
Perhaps the influence of nitrous oxide on MAC also
depends on the type of stimulus in addition to the type
of MAC and volatile agent.

We conclude that nitrous oxide and sevoflurane sup-
press the responses to LMA™ insertion in a linear and
additive fashion in children.

References

1. Taguchi M, Watanabe S, Asakura N, Inomata S: End-tidal sevoflurane con-
centrations for laryngeal mask airway insertion and for tracheal intubation in
children. ANESTHESIOLOGY 1994; 81:628–31

Table 3. Number of Move and No-move Patients in Each Pair of Nitrous Oxide and Sevoflurane Concentrations

Sevoflurane Concentration, %

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

0% N2O — — — — 8/0 5/3 4/4 2/6 0/8
33% N2O — — 8/0 6/2 4/4 2/6 1/7 — —
67% N2O 8/0 7/1 4/4 1/7 0/8 — — — —

Data are presented as No. (move/no move).

N2O � nitrous oxide.

1057NITROUS OXIDE FOR SEVOFLURANE MACLMI

Anesthesiology, V 99, No 5, Nov 2003

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/99/5/1055/338444/0000542-200311000-00008.pdf by guest on 10 April 2024



2. Aantaa R, Takala R, Muittari P: Sevoflurane EC50 and EC95 values for
laryngeal mask insertion and tracheal intubation in children. Br J Anaesth 2001;
86:213–6

3. Brimacombe J: Laryngeal Mask Anesthesia: Principles and Practice. London,
Harcourt Brace, 2003

4. Lerman J, Sikich N, Kleinman S, Yentis S: The pharmacology of sevoflurane
in infants and adults. ANESTHESIOLOGY 1994; 80:814–24

5. Murray DJ, Mehta MP, Forbes RB: Additive contribution of nitrous oxide to
halothane MAC in infants and children. Anesth Analg 1990; 71:120–4

6. Murray DJ, Mehta MP, Forbes RB: The additive contribution of nitrous oxide
to isoflurane MAC in infants and children. ANESTHESIOLOGY 1991; 75:186–90

7. Swan HD, Crawford MW, Pua HL, Stephens D, Lerman J: Additive contri-
bution of nitrous oxide to sevoflurane minimum alveolar concentration for
tracheal intubation in children. ANESTHESIOLOGY 1999; 91:667–71

8. Inomata S, Watanabe S, Taguchi M, Okada M: End-tidal sevoflurane concen-
tration for tracheal intubation and minimum alveolar concentration in pediatric
patients. ANESTHESIOLOGY 1994; 80:93–6

9. Kihara S, Inomata S, Yaguchi Y, Toyooka H, Baba Y, Kohda Y: The awak-
ening concentration of sevoflurane in children. Anesth Analg 2000; 91:305–8

10. Katoh T, Ikeda K: The minimum concentration (MAC) of sevoflurane in
humans. ANESTHESIOLOGY 1987; 66:301–3

11. Katoh T, Ikeda K: Minimum alveolar concentration of sevoflurane in
children. Br J Anaesth 1992; 68:139–41

12. Dixon WJ: Quantal-response variable experimentation: The up-and-down
method, Statistics in Endocrinology. Edited by McArthur JW, Colton T. Cam-
bridge, MIT, 1970, pp 251–67

13. Fisher DM, Zwass MS: MAC of desflurane in 60% nitrous oxide in infants
and children. ANESTHESIOLOGY 1992; 76:354–6

1058 KIHARA ET AL.

Anesthesiology, V 99, No 5, Nov 2003

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/99/5/1055/338444/0000542-200311000-00008.pdf by guest on 10 April 2024


