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Introduction

Sevoflurane has a low blood/gas solubility coefficient
and is a nonpungent agent, which permits rapid induc-
tion using a face mask for adult patients. The vital
capacity or multiple-deep-breath technique with 8%
sevoflurane can produce loss of consciousness in 40–60 s
and is associated with minimal complications compared
with those associated with propofol induction [1–4].
In Japan the sevoflurane vaporizer that allows the use
of concentrations over 5% is not in common use, and
therefore we undertook the present investigation induc-
ing anesthesia with 5% sevoflurane. It has been demon-
strated that nitrous oxide added to sevoflurane makes
the induction time faster [1,5–7]. We applied induction
with sevoflurane carried in nitrous oxide and oxygen
for the study group, whereas in the control group the
patients were administered nitrous oxide and oxygen
via the face mask during induction with intravenous
propofol.

Materials and methods

After approval by the Clinical Human Research Com-
mittee and informed consent, from the patients had
been obtained, 40 patients, aged 18–65 years, ASA
physical status 1 or 2, scheduled for ophthalmic surgery
were studied. The patients were randomly allocated to
receive anesthesia by sevoflurane and nitrous oxide in-
halation (group S: n � 20) or by intravenous propofol
infusion with nitrous oxide inhalation (group P: n � 20).
Patients who had neurologic disease, were taking any
sedative drugs, had adverse reactions to inhalation
anesthetics or propofol, or had other serious cardiovas-
cular, respiratory, renal, or metabolic diseases were ex-
cluded from the study. Detailed methods of inhalational
induction were explained to the patients of group S on
the day before surgery. A 20-gauge i.v. cannula was
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placed in the patient’s forearm vein, and infusion of
2ml·kg�1·h�1 acetate Ringer’s solution was started in the
early morning before surgery. The patient was brought
to the operating room and connected to the electrocar-
diograph, noninvasive arterial pressure monitor, and
pulse oximeter. End-tidal CO2 and the concentrations
of nitrous oxide and sevoflurane were continuously
monitored. The patient received intravenous atropine
sulfate 0.25mg a few minutes prior to induction. Anes-
thesia was given by either of the two anesthesiologists
(KSS or MO) who had had clinical experience of more
than 6 years.

In group S, at the start of induction, the gas flow was
altered to nitrous oxide 6 l·min�1 and oxygen 3 l·min�1,
and the vaporizer was opened to 5% for priming of the
anesthetic circuit. After two or three deep breaths of
room air, the patient was instructed to breathe out to a
residual volume. Immediately the face mask was gently
placed over the nose and mouth, and the patient subse-
quently took deep breaths repeatedly until loss of con-
sciousness. Cessation of response to verbal commands
was taken to signify loss of consciousness. After loss of
the eyelash reflex had been confirmed, ventilation was
gently assisted by an anesthesiologist. A laryngeal mask
airway (LMA) was inserted without using a laryngo-
scope when the patient’s jaw relaxation was adequate.
A size 4 LMA was used in male patients and a size 3
LMA in female patients. After insertion of the LMA,
fresh gas flow was reduced to nitrous oxide 4 l·min�1 and
oxygen 2 l·min�1, and the concentration of sevoflurane
was reduced to 2%–3%.

In group P, the patients were administered 6 l·min�1

of nitrous oxide and 3 l·min�1 of oxygen by spontaneous
inhalation for 5min. Then intravenous injection of
1% propofol was started at a rate of 1200ml·h�1 using
an infusion pump (Terufusion STC-525X Terumo,
Tokyo, Japan) until the patient lost consciousness or
received propofol up to 2mg·kg�1. Subsequently the pa-
tients were given propofol infusion at a rate of
10 mg·kg�1·h�1 and nitrous oxide/oxygen inhalation at
the same ratio. After LMA insertion at the same time as
in group S, anesthesia was maintained by inhalation of
4 l·min�1 nitrous oxide and 2 l·min�1 oxygen with 6–
8mg·kg�1·h�1 propofol infusion.

An anesthesiologist repeated verbal commands in a
gentle tone of voice without tapping and eyelash stimu-
lation at 5-s intervals during induction, and the observer
noted the time to loss of response. The observer also
recorded the time to successful insertion of the LMA. If
LMA insertion failed, the patient was ventilated with
5% sevoflurane in nitrous oxide/oxygen (group S) or
30–50 mg of intravenous propofol was added (group P)
until adequate depth of anesthesia was attained. The
mean arterial pressure and heart rate were recorded at
preinduction and every minute from induction to 5min

after insertion of the LMA. All complications associ-
ated with induction were noted, e.g., coughing, laryn-
gospasm, apnea lasting more than 20s, hypoxia defined
as oxygen saturation (SpO2) less than 96%, increase of
secretion, movement, and unacceptable hemodynamic
changes.

The concentration of sevoflurane and the infusion
rate of propofol were adjusted within ranges of 1.5%–
3.0% and 6–10mg·kg�1·h�1, respectively, to maintain
adequate anesthesia, and 7.5–30mg of intravenouse
pentazocine was administered as necessary according to
clinical signs (e.g., movement, tachypnea, tachycardia,
and hypertension) during surgery.

At the end of surgery, sevoflurane, propofol, and ni-
trous oxide were discontinued, and the patient breathed
6 l·min�1 of oxygen. The times at which the patient
responded to verbal commands and was able to lift his
or her head and the time to removal of the LMA were
recorded. Nausea, vomiting, excitement, or other com-
plications and the requirement for antiemetic or other
medications during the recovery period were noted.

The patients were asked to assess the satisfaction of
their anesthetic method on a three-point scale: good,
bad, or neither, 24h after surgery or a few days later.
They were also asked what was unsatisfactory (e.g., the
smell of the anesthetics, pain on injection, postoperative
nausea and vomiting [PONV]), and whether they would
be willing to undergo anesthetic by a similar technique
again in the future.

Data are expressed as mean values � SD. We used an
unpaired t-test and chi-square test for comparison of
patients’ characteristics between two groups. Changes
from baseline values were analyzed by repeated-
measures analysis of variance followed by Bonferroni/
Dunn as a post hoc test. The chi-square test was used for
discrete variables. Statistical significance was taken as
P � 0.05.

Results

There were no significant differences in demographic
characteristics between the two groups (Table 1). The
range of inspired sevoflurane concentration was 4.2%–
4.6%, whereas that of end-tidal sevoflurane concentra-
tion at the insertion of LMA was 3.8%–4.5%.

The time to insertion of the LMA was significantly
shorter in group P than in group S (P � 0.05). However,
there were no statistically significant differences in time
to loss of verbal response and eyelash reflex between
the groups (Table 2). The success rates of insertion of
the LMA for the first trial were not different in the two
groups (80% in group S and 75% in group P).

There were no severe complications during and after
anesthesia in either group. Complications during induc-
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Table 1. Background dataa

Group S Group P
Characteristic (n � 20) (n � 20)

Age (yr) 54 � 13 52 � 17
Sex (M/F) 13/7 12/8
Height (cm) 163 � 10 160 � 9
Weight (kg) 60 � 10 61 � 16
Duration of surgery (min) 125 � 40 121 � 39
Duration of anesthesia (min) 158 � 50 149 � 39
a Plus-minus values are means � SD

Table 2. Induction timesa

Group S Group P
Time (n � 20) (n � 20)

Time to loss of response to 65 � 25 55 � 29
verbal command (s)

Time to loss of eyelash 80 � 26 70 � 28
reflex (s)

Time to insertion of laryngeal 302 � 102 209 � 118*
mask airway (s)

a Plus-minus values are means � SD
* P � 0.05 vs group S

Table 3. Occurrence of complications during inductiona

Group S Group P
Complication (n � 20) (n � 20)

Breath holding 5 (25) 5 (25)
Airway obstruction 1 (5) 0
Coughing 3 (15) 5 (25)
Hiccup 0 2 (10)
Excessive salivation 2 (10) 0
Hypoxia 5 (25) 4 (20)
Movement 4 (20) 14 (70)*
Hypertension 2 (10) 1 (5)
Hypotension 1 (5) 1 (5)
Tachycardia 3 (15) 0
Bradycardia 0 1 (5)
a Values are numbers (%) of patients
* P � 0.05 vs group S

Fig. 1. Changes in heart rate and arte-
rial blood pressure during induction.
Closed squares, Group S; open circles,
group P. Preinduction, baseline; time
1,2,3,4,5, times (min) after placement
of the mask and successful insertion of
the laryngeal mask airway (LMA);
pre LMA, time at beginning of at-
tempt to insert LMA; post LMA, time
at successful insertion of LMA.
Values are expressed as means � SD.
★  P � 0.05 vs preinduction value.

tion are shown in Table 3. There were no significant
differences in the incidence of adverse airway or circu-
latory events, but patient movement occurred more fre-
quently in group P than in group S.

Heart rate did not significantly change in either group
during induction (Fig. 1). Mean arterial pressure did not
differ significantly between the two groups. In group S
mean arterial pressure decreased in comparison with

the preinduction value 5 min after induction and 5min
after insertion of the LMA, whereas it decreased 2min
after insertion of the LMA and persisted for 5min after
insertion in group P (P � 0.05) (Fig. 1). The mean
inhaled concentration of sevoflurane was 2.1 � 0.3%,
and the mean infusion rate of propofol was 6.6 �
0.7 mg·kg�1·h�1 during surgery. The percentage of
patients who required intraoperative pentazocine was
higher in group P (95%) than in group S (10%) (P �
0.05) because patient movement occured more fre-
quently in group P. The groups did not differ in then
requirements of other drugs during surgery.

Table 4 shows the recovery times and complications
after anesthesia. The times to command response, LMA
removal, and head lifting were not significantly different
between the two groups, and there were no differences
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in the number of patients with adverse events during the
recovery period.

Patient satisfaction was higher in group P than in
group S (P � 0.05) (Table 5). The unsatisfactory factors
are shown in Table 6. Significantly more patients in
group S found the smell unpleasant (P � 0.05). Fifty
percent of patients in group S and 90% of patients in
group P were willing to have anesthesia by the same
method again (P � 0.05).

Discussion

In our study the times to loss of consciousness, loss of
eyelash reflex, and insertion of the LMA in the

sevoflurane group were greater than those in other
trials of 7.5%–8% sevoflurane [1–3,5,7]. The time to
insertion of the LMA was faster with propofol, although
there were no significant differences in the time to loss
of consciousness and eyelash reflex between the two
groups in our study. If the patients in group P were
not administered nitrous oxide prior to intravenous
propofol injection, the induction times of the two
groups might be anticipated to be similar [8]. We must
administer nitrous oxide also to the patients in group
S for 5min before induction to standardize the
condition of the two groups, but it two anesthetic ma-
chines are needed for the gaseous induction group. We
did not record the time between the beginning of LMA
insertion and the finish of successful insertion in this
study. If a long time was taken to judge the degree of
jaw relaxation or LMA insertion failed, a longer time
might be required to attain an adequate depth of anes-
thesia for the second time in group S, because the level
of anesthesia would decrease during the removal of the
mask.

There were no serious complications, and there was
no significant difference in the incidence of complica-
tions between groups during induction in the present
study, but there were slightly fewer airway complica-
tions in the propofol group. If the patient inspires a
large amount of the room air during the trial of insertion
of the LMA, oxygen saturation must decrease abruptly
resulting from diffusion hypoxia, because he was admin-
istered nitrous oxide just before the insertion. Excita-
tion was not observed in any of the patients, but
movement was more common in the propofol group,
although it did not interfere with the induction proce-
dure. This result of patient movement differed from
that in other previous studies [1,3,9]. It may be consid-
ered that the induction dose of propofol in our study
was less than that in the other studies. The decrease of
mean arterial pressure was milder in the sevoflurane
group than in the propofol group, a result similar to that
in other reports [2,3,10].

Maintenance of intraoperative anesthesia was
thought to be easier with the gaseous method, because
fewer patients in the sevoflurane group required addi-
tional pentazocine.

Awakening from anesthesia was slightly faster in the
sevoflurane group, although there were no differences
in time to command response, removal of LMA, and
head lifting between the groups. Smith [2] demon-
strated in day-case anesthesia that patients in the
propofol group were eligible for discharge earlier
than those in the sevoflurane group because of a
reduced incidence of PONV. In the present study, one
woman patient in the sevoflurane group complained
of nausea that continued for about 24h after surgery.
The incidence of PONV was slightly lower in the

Table 4. Recovery times and adverse events after anesthesiaa

Group S Group P
Measurement (n � 20) (n � 20)

Time to command response 8.9 � 5.1 11.7 � 11.6
(min)

Time to removal of laryngeal 10.5 � 5.9 13.1 � 11.5
mask airway (min)

Time to possibility of head 17.0 � 11.1 23.1 � 14.6
lift (min)

Delay for emergence (%) 1 (5) 1 (5)
Excitement (%) 3 (15) 2 (10)
Nausea (%) 5 (25) 2 (10)
Vomiting (%) 1 (5) 0
Headache (%) 3 (15) 0
Hypertension (%) 4 (20) 1 (5)
a Values are means � SD or number (%) of patients

Table 5. Patient satisfaction with anesthetic methodsa

Group S Group P
Satisfaction (n � 20) (n � 20)

Good 1 (5) 13 (65)
Bad 9 (45) 2 (10)
Neither 10 (50) 5 (25)
a Values are number (%) of patients. Chi-square test, P � 0.0003

Table 6. Unsatisfactory factors with anesthetic methods

Group S Group P
Factor (n � 20) (n � 20)

Mask unpleasant 5 (25) 3 (15)
Smell unpleasant 10 (50) 0*
Pain on intravenous injection 0 1 (5)
Postoperative nausea and 5 (25) 3 (15)

vomiting
Postanesthetivc sore throat 1 (5) 2 (10)
Postanesthetic headache 3 (15) 0
a Values are number (%) of patients
*P � 0.05 vs group S
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propofol group, but the difference was not statistically
siginficant.

Patient satisfaction with the anesthetic technique was
at variance with that of previous investigations [1–
3,6,7,11–14], although no report showed that more
patients preferred gaseous induction to intravenous in-
duction. In our study fewer patients in the sevoflurane
group were satisfied with the anesthetic method they
had undergone, because of the smell of inhaled gas,
nausea after anesthesia, etc. One reason for patient dis-
satisfaction may be that the mutiple-deep-breath tech-
nique with 5% sevoflurane requires a longer time for
induction the time of exposure to the smell is thus
prolonged.

In conclusion, multiple-deep-breath inhalation induc-
tion with 5% sevoflurane and 67% nitrous oxide and
subsequent insertion of an LMA for adult patients can
be performed without serious adverse events. The oc-
currence of side effects during the induction and recov-
ery period did not differ between the two groups, but
the time to insertion of the LMA was significantly
shorter and patient satisfaction with the anesthetic
method was higher in the propofol group than in the
sevoflurane group.
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