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Volatile induction and maintenance of anesthesia using laryngeal
mask airway in pediatric patients
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formed parental consent, 60 children, aged 2 to 8 years,
American Society of Anesthesiologists (ASA) class I–
II, who were scheduled for minor urogenital surgery
were enrolled in this prospective, randomized study.
Automated noninvasive blood pressure, ECG, and
SpO2 were monitored using a Criticare System 1100
monitor (Criticare System, Waukesha, WI, USA). Res-
piratory gases were monitored by infrared spectroscope
S/5 (Datex-Ohmeda, Helsinki, Finland). Anesthesia
was induced by mask with a mixture of O2/N2O by a
pediatric Bain system at a fresh gas flow of 6 l·min�1. In
both the halothane and the sevoflurane groups (group
H and group S, respectively), inspired gas concen-
trations were increased in stepwise fashion; halothane
in 0.5% increments, up to a maximum of 5%; and
sevoflurane in 1% increments, up to a maximum of 7%.
As soon as consciousness was lost, an intravenous cath-
eter was inserted, after eyelash and protective airway
reflexes were lost, and the percent concentration of in-
haled anesthetic was decreased to keep hemodynamic
stability; then the child was ventilated at that concentra-
tion of inhaled anesthetic for another 1min. The LMA
was chosen depending on the child’s weight, and placed
in the hypopharynx. Simultanously, end-tidal concen-
trations of the inhaled anesthetics and the percentage
concentration of the vaporizer dial were recorded. Neu-
romuscular blocking drugs were not given. Ventilation
was controlled to maintain normocapnia, and fresh gas
flow was kept high enough to prevent rebreathing.
Anesthesia maintenance was done with a total of 1
minimum alveolar concentration (MAC) of the volatile
agent and 50% N2O in oxygen in order to provide
hemodynamic stability and LMA tolerance until
the end of the surgery. Analgesia was provided by
2µg·kg�1 i.v. fentanyl before skin incision. At the end
of the surgery, all anesthetic agents were discontinued,
100% O2 was administered, and the LMA was re-
moved in the operating room when the patient was fully
awake.
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Introduction

Inhalation of volatile anesthetics is the most common
technique for the induction of general anesthesia in
pediatric patients [1,2]. Volatile induction and main-
tenance of anesthesia (VIMA) has gained wide impor-
tance in anesthesia performance with the beginning of
the use of sevoflurane in practice.

The laryngeal mask airway (LMA) provides an alter-
native to ventilation through a face mask or endotra-
cheal tube. It has been used extensively in children since
about 1990 [3,4].

Halothane was the most widely used volatile agent
worldwide up to sevoflurane’s clinical appearance [1].
Sevoflurane is well tolerated in terms of airway compli-
cations, causing minimal breatholding, coughing, excite-
ment, or laryngospasm, with minimal changes in
hemodynamics; its nonpungency and rapid increases in
alveolar anesthetic concentration make sevoflurane an
excellent choice for smooth and rapid inhalational
induction in pediatric patients [5].

In this study we compared sevoflurane and halothane
in terms of hemodynamic changes and anesthetic com-
plications when these anesthetics were used in VIMA
combined with LMA in pediatric patients.

Subjects and methods

After obtaining approval from the Celal Bayar Univer-
sity Hospital Ethics Committee, and after obtaining in-
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Received: January 27, 2003 / Accepted: October 31, 2003
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The end-tidal concentrations of the volatile agents
and the hemodynamic parameters were documented at
four points:

T1, Just before starting induction of volatile anesthetic
T2, Just after LMA insertion
T3, 15 Min after LMA insertion (during maintenance

anesthesia)
T4, At the end of the surgery during LMA removal.

Heart rate (HR), systolic arterial pressure (SAP),
diastolic arterial pressure (DAP), and mean arterial
pressure (MAP) were recorded at given times. Airway-
related complications (a single cough, breathholding
�20s, laryngospasm, excessive salivation) and other
complications (bradycardia, extrasystole) related to the
insertion and removal of the LMA were recorded.
Bradycardia was defined as a more than 20% decrease
from the baseline HR. Values for results were reported
as means � SD. Statistical significance was accepted for
a level of P less than 0.05. Hemodynamic variables were
compared by repeated measures analysis of variance
(ANOVA) and a post-hoc Tukey’s test was used. The
Mann-Whitney U-test was used for between-group dif-
ferences, and complications were analyzed using the �2

test.

Results

The average ages of the children in groups H and S were
5.6 � 2.3 and 5.5 � 2.2 years, respectively, and their
weights were 20.6 � 7.0 and 19.7 � 8.4kg, respectively.
LMA of sizes 1 to 2.5 were used. Types of surgery were
not different between the groups. The induction of
anesthesia and insertion of the LMA were smooth, and
the laryngeal masks were succesfully inserted on the
first attempt in most of the patients. A second attempt
was needed in only three patients.

The concentrations of the vaporizer dial were 1.4 �
1.7% and 3.4 � 0.5% during LMA insertion (T2), and

0.4 � 0.4% and 1.5 � 0.5% during maintenance of
anesthesia (T3) in groups H and S, respectively (Table 1).

SAP, DAP, and MAP were significantly lower in
group H at T2 compared to group S (P � 0.05). SAP
increased at T2, and HR decreased at T4, and DAP
increased at T4 compared to baseline in group S (P �
0.05; Table 2).

During the LMA insertion, there were six (19.8%)
cases of extrasystole in group H (P � 0.05). There were
3 (9.9%) cases of bradycardia together with extrasystole
in the same group. During the removal of the LMA,
there were 4 (13.3%) cases of breathholding in group H
(P � 0.05; Table 3).

Discussion

In this study, the LMA was inserted after the induction
of anesthesia with incremental concentrations of the
inhalational agents (halothane and sevoflurane), with-
out the use of neuromuscular blocking drugs. Only
minor differences could be found between the two
agents. An adequate depth of anesthesia was attained
with both agents to suppress airway reflexes and to
allow smooth insertion of the LMA, with the inhalation
concentration of halothane at 1.4 � 1.7% and that of
sevoflurane at 3.2 � 0.5%. The maintenance of anesthe-
sia with the LMA was well tolerated, with the inhalation
concentration of halothane at 0.4 � 0.4% and that of
sevoflurane at 1.5 � 0.3%.

As patients tolerated the face mask during the induc-
tion of anesthesia, we could perform VIMA with a
unique anesthetic agent. We think that monopharmacy
and less drug usage are the advantages of VIMA. We
emphasize that VIMA has superiority for day-case
surgery in children. In previous studies, there were
many reports [2,6] which compared halothane and
sevoflurane. But we could find only one report [7] con-
cerning VIMA and LMA in children in which these two
anesthetic agents were used.

Table 1. Vaporizer-dial and end-tidal concentrations of volatile agents at each point in
both groups

T1 T2 T3 T4

Vaporizer dial setting (%)
Group H 0 1.4 � 1.7 0.4 � 0.4 0
Group S 0 3.4 � 0.5 1.5 � 0.5 0

End-tidal concentration (%)
Group H 0 1.3 0.3 0.1
Group S 0 2.4 1.1 0

Values are means � SD
Group H, halothane group; group S, sevoflurane group; T1, just before starting induction of
volatile anesthetic; T2, just after laryngeal mask airway (LMA) insertion; T3, 15min after LMA
insertion (during maintenance anesthesia); T4, at the end of the surgery during removal of LMA
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All of the inhalation anesthetics have consistently
exhibited dose-dependent myocardial depression [6]. In
the present study, SAP, DAP, and MAP were signifi-
cantly decreased in group H during the induction
period. Sarner et al. [2] have shown that hemodynamic
variables decreased significantly during induction with
halothane, whereas there was no change with
sevoflurane. Their results are similar to our results
(Table 2).

Particularly in older children, sevoflurane has been
reported to have a tendency to produce some tachycar-
dia, and to preserve systolic arterial pressure [8]. Kern
et al. [9] reported hemodynamic changes, characterized
by increases in HR and SAP of up to 20% with
sevoflurane. Our result was in the way that SAP in-
creased significantly at T2 compared to T1. But HR did
not accompany that increase. We have observed a
similar effect in the fashion of increase in SAP in

Table 2. Cardiovascular changes in both groups

T1 T2 T3 T4

HR (beat·min�1)
Group H 119.68 � 18.0 113.92 � 21.8 120.28 � 35.0 108.88 � 25.0
Group S 121.36 � 22.3 118.12 � 19.7 114.88 � 21.5 94.16 � 20.6**

SAP (mmHg)
Group H 103.24 � 16.5 99.56 � 12.2* 100.20 � 13.9 101.60 � 14.3
Group S 104.88 � 15.5 116.52 � 23.0** 104.72 � 12.2 104.60 � 13.4

DAP (mmHg)
Group H 59.96 � 13.2 59.16 � 8.4* 60.96 � 8.4 61.32 � 10.2
Group S 59.84 � 11.8 66.40 � 12.1 58.40 � 10.4 68.64 � 15.7**

MAP (mmHg)
Group H 78.40 � 17.9 73.12 � 11.7* 80.68 � 7.6 81.20 � 14.3
Group S 81.00 � 14.0 86.76 � 18.9 79.96 � 13.1 83.36 � 14.8

*P � 0.05 between groups (Mann-Whitney U-test); **P � 0.05 within group (Tukey’s test)
Values are means � SD
Group H, halothane group; group S, sevoflurane group; T1, just before starting induction of
volatile anesthetic; T2, just after LMA insertion; T3, 15min after LMA insertion (during mainte-
nance anesthesia); T4, at the end of the surgery during removal of LMA; HR, heart rate; SAP,
systolic arterial pressure; DAP, diastolic arterial pressure; MAP, mean arterial pressure

Table 3. Adverse experience rate (%) in the two groups

LMA insertion LMA removal

Group H Group S Group H Group S
(n � 30) (n � 30) (n � 30) (n � 30)

Coughing 2 (6.6%) 1 (3.3%) 0 0
Breathholding 1 (3.3%) 0 4 (13.2%)* 0
Bronchospasm 1 (3.3%) 2 (6.6%) 1 (3.3%) 2 (6.6%)
Retching 2 (6.6%) 0 0 0
Vomiting 1 (3.3%) 0 1 (3.3%) 0
Bradycardia 3 (9.9%) 0 0 1 (3.3%)
Extrasystole 6 (19.8%)* 0 0 0

*P � 0.05 between groups (�2 test)
Group H, halothane group; group S, sevoflurane group

sevoflurane group as Kern. The reason for the elevated
cardiovascular activity may be the inhibition of para-
sympathetic control, as suggested in a previous study
carried out during inhalation induction with sevoflurane
under assisted ventilation [10]. Calderon et al. [11]
observed that supraventricular extrasystole appeared
in 22.5% of patients with halothane and in 5% with
sevoflurane during the insertion of LMA. We observed
extrasystole in halothane group as Calderon. None of
patient had extrasystole in group S.

We used both of these volatile agents without any
adverse hemodynamic event for which medication was
needed. However, we prefer VIMA with sevoflurane
because sevoflurane has a less depressive effect on car-
diovascular function. For LMA insertion in children, it
has been reported that 7%–11% of cases were difficult
and 2%–3% of cases failed [12]. In our study, LMA was
inserted at the second attempt, without desaturation
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(SpO2
 � 90%), in only two children in group H and one

child in group S.
A lower incidence of vomiting with sevoflurane

(13%) than with halothane (30%) was reported by
Vhtanen et al. [13] and in previous studies [5,14]. Our
result was similar to this incidence, but the difference
did not reach statistical significance.

We observed a higher incidence of breathholding in
group H during LMA removal, but it was not serious,
whereas some authors [13,15,16] have reported that the
incidence of airway reflex responses such as cough,
laryngospasm, and breathholding were similar in hal-
othane and sevoflurane groups.

In conclusion, both sevoflurane and halothane are
acceptable alternatives for VIMA with LMA in short-
period pediatric anesthesia, though halothane has a
somewhat higher incidence of cardiovascular and
airway-related complications.
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