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Background: Sevoflurane anesthesia commonly causes emergence agitation (EA) in children. One previous study has
reported that the use of nitrous oxide (N2O) during the washout of sevoflurane may reduce EA by decreasing the residual
sevoflurane concentration, while many animal studies suggest that N2O poses a potential risk to children. The present
study was designed to compare EA in children assigned to receive sevoflurane with N2O (group N) or sevoflurane alone
(group S).
Methods: We enrolled 80 children aged 3-10 years. Anesthesia was induced with 5 mg/kg thiopental sodium, 0.6 mg/kg
rocuronium and 0.5 mg/kg ketorolac, and was maintained with 50% N2O and sevoflurane in group N or with sevoflurane
alone in group S. The sevoflurane concentration was adjusted with a bispectral index (BIS) of 40-60. After completion of
the surgery, N2O and sevoflurane were simultaneously discontinued and replaced with oxygen (O2) at 6 L/min. End-tidal
sevoflurane concentration (Et Sevo) (%), BIS at the end of surgery, Et Sevo at recovery of self-respiration and emergence
profiles were recorded. EA occurrence, pain score and rescue fentanyl consumption were assessed in the postanesthesia
care unit.
Results: Et Sevo was significantly lower in group N (1.9%) than in group S (2.3%) at the end of surgery. However, there
were no differences in Et Sevo at recovery of self-respiration, emergence times, the incidence of EA, pain score or dose of
rescue fentanyl between the groups.
Conclusions: In children undergoing adenotonsillectomy with preemptive ketorolac, anesthetic maintenance using
sevoflurane alone does not affect the incidence of EA or emergence profiles compared to anesthetic maintenance using
sevoflurane with N2O. (Korean J Anesthesiol 2014; 66: 34-38)
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Introduction
Sevoflurane is an inhalation anesthetic widely used in pediatric anesthesia with minimal airway irritation. This agent has
rapid induction and recovery properties due to its low blood-gas
and low tissue-gas partition coefficients. However, it has been
reported that emergence agitation (EA), occurring after general
anesthesia in children, is more frequent after using sevoflurane
[1-3]. Possible etiological factors of pediatric EA after using
sevoflurane include rapid emergence, psychological and neurological immaturity of children [4,5], concentration of residual
sevoflurane [6] and sevoflurane-induced increase in noradrenaline release from the central nervous system [7].
Nitrous oxide (N2O), an inexpensive inhalation anesthetic
with low potency, has long been used because it not only decreases the minimum alveolar concentration (MAC) of high potency inhalation anesthetics as an adjuvant, but also contributes
to hemodynamic stability. Moreover, N2O has been reported
to reduce EA by lowering the concentration of residual sevoflurane during emergence [6]. However, several animal studies
have showed that the administration of N-methyl-D-aspartate
(NMDA) receptor antagonists, including N2O, into a developing
brain caused neurotoxicity [8,9]. As it is suggested that a combination of N2O and other inhalation anesthetics may reinforce
neurotoxicity [10,11], questions have been raised regarding the
safety of N2O in pediatric anesthesia.
Therefore, we sought to investigate the incidence of EA when
excluding N2O, resulting in an increased dose of sevoflurane and
higher residual sevoflurane concentration during emergence
compared to that with concomitant use of N2O. The purpose of
this study was to compare the incidence of EA, emergence time
and fentanyl dosage in the postanesthesia care unit (PACU) in
patients undergoing tonsillectomy and adenoidectomy using
sevoflurane with or without N2O for general anesthesia.

Materials and Methods
This study was approved by the Institutional Review Board
and registered at the UMIN clinical trials registry (R000012583).
A total of 80 patients aged 3-10 years with American Society
of Anesthesiologists physical status I or II undergoing tonsillectomy and adenoidectomy were enrolled in this study. Investigators explained the purpose and methods of this trial to each
caregiver the day before the surgery and obtained written informed consent. Patients who were obese with body mass index
(BMI) > 30 kg/m2, had a history of hypersensitivity to fentanyl,
had communication disorders due to developmental disabilities,
articulation disorders, or other disorders, or who had a history
of epilepsy were excluded. We randomly assigned the patients
to the sevoflurane with N2O group (Group N, n = 40) or the
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sevoflurane alone group (Group S, n = 40) using a computergenerated random number table.
All patients received premedication with 0.01 mg/kg of intramuscular (IM) atropine 30 minutes before the surgery. The
anesthesiologist assessed the level of anxiety using a 5-point
scale (calm, anxious, crying, crying inconsolably, restlessness)
just before entering the operation room, and excluded the children who expressed severe anxiety corresponding to the levels
of crying inconsolably or restlessness. Once patients entered the
operating room, vital signs including blood pressure, pulse rate,
electrocardiogram and oxygen saturation were measured, and
the sensor strip of bispectral index (BIS) (Aspect Medical Systems, Norwood, USA) was attached to the forehead.
Anesthesia was induced with intra-venous administration
of thiopental 5 mg/kg, rocuronium 0.6 mg/kg and ketorolac 0.5
mg/kg, and following mask ventilation with 3 vol% sevoflurane
in O2 at 6 L/min for 3 minutes. After intubation, anesthesia was
maintained with 1-3 vol% sevoflurane in 3 L/min of a mixture
of 50% N2O and O2 (FiO2 0.5) in Group N, and with 2-4 vol%
sevoflurane in 3 L/min of a mixture of 50% O2 and medical air
(FiO2 0.5) in Group S. The BIS monitoring (BIS VISTA a bispectral index monitor, Aspect Medical Systems, Norwood, USA)
was applied to all patients and the concentration of sevoflurane
was adjusted to achieve the BIS value of 40-60 in both groups.
At the end of the surgery, the end-tidal sevoflurane concentration (Et Sevo) (%) and the BIS value were recorded. All
inhalation anesthetics were discontinued simultaneously and 6
L/min of O2 was supplied in both groups. Emergence times were
measured from the time of the discontinuation of inhalation
anesthetics to recovery of self-respiration, to eye-opening, and
to extubation. When patients recovered self-respiration, Et Sevo
was recorded and patients received pyridostigmine 0.25 mg/kg
and glycopyrrolate 0.01 mg/kg for reversal of muscle relaxation.
The patients were extubated when they had sufficiently recovered self-respiration and muscular strength.
EA and pain scores in the PACU were evaluated by an anesthesiologist who was not involved in the anesthesia using the
Pediatric Anesthesia Emergence Delirium (PAED) scale [12].
The PAED scale assesses 5 items (1, makes eye contact with the
caregiver; 2, actions are purposeful; 3, aware of surroundings; 4,
restless; 5, inconsolable) on a 5-point scale that ranges from 0 to
4 (for Items 1, 2 and 3, 4 = not at all, 3 = just a little, 2 = quite a
bit, 1 = very much, 0 = extremely; for Items 4 and 5, 0 = not at
all, 1 = just a little, 2 = quite a bit, 3 = very much, 4 = extremely).
The score for each item was added to obtain the total PAED
scale score, with a higher total score indicating more severe EA
(0 = no emergence agitation; 20 = extreme emergence agitation). Those whose score was 10 or more were defined as having
EA. The pain score was evaluated using the modified Children's
Hospital of Eastern Ontario Pain Scale (CHEOPS) (Table 1),
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which assigns 0-2 points to each of 5 items (Cry, Facial, Verbal, Torso, Legs) and is expressed as the sum of all items (0-10
points). Patients with a PAED scale score of 10 or more or with a
modified CHEOPS score of 7 or more were given IV fentanyl 1
μg/kg. Those who had less than 10 on the PAED scale score and
less than 7 on the modified CHEOPS but complained of pain
received fentanyl 0.5 μg/kg.
The number of subjects was determined as follows: in a pre
vious study, the incidence of EA in children after general anesthesia using sevoflurane and N2O (Group N) was 50% [13].
Assuming that the difference in EA incidence was 30% compared to Group S, the required number of subjects was 36 for
each group (α = 0.05, power = 0.8). Considering a 10% chance
of withdrawal, we determined to include 40 subjects per group,
resulting in a total of 80 subjects.
Table 1. Modified CHEOPS*
Observed behavior
Cry
No cry
Crying, moaning
Scream
Facial
Smiling
Composed
Grimace
Verbal
Positive
None or other complaints
Pain complaint
Torso
Neutral
Shifting, tense, upright
Restrained
Legs
Neutral
Kick, squirm, drawn up
Restrained

Score
0
1
2
0
1
2
0
1
2

The statistical analysis was performed using SPSS software
(SPSS 12.0KO for Windows, SPSS Inc., USA). The results were
expressed as mean ± SD (standard deviation), number (n), or
percentage (%). For comparison of the data, we used the χ2-test
for gender and Student’s t-test for age, height, weight, body mass
index (BMI), Et Sevo, BIS value and emergence time. The incidences of EA in the PACU were compared using the χ2-test; the
pain scores were compared using the Mann Whitney U-test, and
Student’s t-test was used for the comparison of fentanyl dosage.
For all tests, a P value < 0.05 was considered statistically significant.

Results
Out of 80 pediatric patients, 6 patients who preoperatively
expressed anxiety corresponding to the level of crying inconsolably or behaved uncooperatively were excluded. Finally, 74
patients were included. There were no significant differences between the two groups with respect to age, gender, height, weight
and BMI (Table 2).
Et Sevo at the end of surgery was significantly higher in
Group S compared to Group N (2.3 ± 0.6% vs. 1.9 ± 0.3%; P <
0.001), but the BIS value at the end of surgery did not significantly differ between the two groups (P = 0.18). There were no
significant differences in the emergence time, including times to
recovery of self-respiration, to eye-opening, and to extubation,
as well as Et Sevo at recovery of self-respiration between the two

Table 2. Demographic Data

0
1
2

Group N
(n = 36)

0
1
2

*Modified Children’s Hospital of Eastern Ontario Pain Scale. Pain score
was assessed using the Modified CHEOPS. There are 5 items (Cry,
Facial, Verbal, Torso, Legs) and each item scores from 0 to 2. Pain score
is sum of the score of the 5 items, and therefore ranges from 0 to 10.

Sex (M/F)
23/13
Age (yr)
6.5 ± 1.3
Weight (kg)
24.7 ± 5.6
Height (cm)
120.5 ± 10.7
Body mass index (kg/m2) 16.8 ± 2.1

Group S
(n= 38)

P value

26/12
7.1 ± 1.6
27.2 ± 7.9
123.8 ± 10.8
17.4 ± 2.9

0.81
0.80
0.12
0.20
0.34

Values are mean ± SD or number of patients. Group N: sevoflurane with
N2O group, Group S: sevoflurane alone group.

Table 3. Emergence Profiles

Et Sevo (%) at the end of surgery
Bispectral index (BIS) at the end of surgery
Et Sevo (%) at recovery of self-respiration
Recovery of self-respiration (min)
Eye opening (min)
Extubation (min)

Group N (n=36)

Group S (n=38)

P value

1.9 ± 0.3
50.2 ± 5.1
0.2 ± 0.1
10.9 ± 3.4
15.5 ± 3.7
14.4 ± 3.1

2.3 ± 0.6*
48.4 ± 6.1
0.2 ± 0.1
11.2 ± 2.0
18.7 ± 10.1
14.8 ± 2.8

< 0.001
0.18
0.21
0.73
0.09
0.58

Values are mean ± SD. Group N: sevoflurane with N2O group, Group S: sevoflurane alone group. Et Sevo: mean end-tidal sevoflurane concentration.
Recovery of self-respiration: mean time to recovery of self-respiration from the discontinuation of anesthetics. Eye opening: mean time to eye opening
from the discontinuation of anesthetics. Extubation: mean time to extubation from the discontinuation of anesthetics. *P < 0.05 compared to group N.

36

www.ekja.org

Korean J Anesthesiol

Park et al.

Table 4. PAED Scale, Pain Score and Rescue Fentanyl Consumption in
PACU
Group N
(n = 36)

Group S
(n = 38)

P value

PAED scale ≥ 10, n (%)
10 (27.8)
Pain score
5 (1-9)
Rescue fentanyl consumption (μg/kg) 0.4 ± 0.5

15 (39.5)
5 (0-9)
0.5 ± 0.5

0.33
0.44
0.37

Group N: sevoflurane with N2O group, Group S: sevoflurane alone group.
PAED scale: Pediatric Anesthesia Emergence Delirium scale (from 0 to
20). PAED scale ≥ 10 was defined as occurrence of emergence agitation
and is expressed as number of patients (%). Pain score was assessed using
Modified CHEOPS (Children’s Hospital of Eastern Ontario Pain Scale),
from 0 to 10 (Table 1) and is expressed as median value (range). Rescue
fentanyl consumption values are mean ± SD.

groups (for both groups, 0.2 ± 0.1%) (Table 3).
The percentage of patients who showed EA in the PACU with
a PEAD scale ≥ 10 was 27.8% (n = 10) in Group N and 39.5%
(n = 15) in Group S, which were not statistically significantly
different (P = 0.33). The pain scores measured by the modified
CHEOPS as well as the fentanyl dosages used in the PACU were
not significantly different between the two groups (Table 4).

Discussion
In this study of children undergoing tonsillectomy and
adenoidectomy, anesthesia using sevoflurane with or without
N2O did not show a significant difference in emergence time.
Although the incidence of EA was 12% higher in children using sevoflurane alone, this was not statistically significant. There
were no differences in the postoperative pain scores and fentanyl
dosage.
Recent studies suggested sevoflurane itself as a possible
causal factor of EA [7,14]. Sevoflurane is known to act on
γ-aminobutyrateA (GABAA) receptors, similar to benzodiazepine, but the mechanism and treatment of EA are still unclear
[5,7,14]. Shibata et al. [6] suggested that residual sevoflurane
might be the contributing factor of EA and that decreasing the
concentration of residual sevoflurane at the recovery of self-respiration by supplying N2O after the discontinuation of sevoflurane during emergence could reduce the incidence of emergency
agitation. In this study, we concurrently discontinued all of the
inhalation anesthetics at the end of the surgery and Et Sevo at
the end of the surgery was lower in the sevoflurane with N2O
group compared to sevoflurane alone group, but time to recovery of self-respiration and Et Sevo at recovery of self-respiration
did not differ in the two groups. Our finding that there was no
difference in the incidence of EA between the two groups may
be explained by the lack of difference in Et Sevo at recovery of
self-respiration (Table 3). As a result, a decreased concentration
of sevoflurane dosage due to concomitant use of N2O could not
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induce a statistically significant reduction of EA compared to
the use of sevoflurane alone.
N2O is a NMDA receptor antagonist, similar to ketamine.
According to recent animal studies, N2O is likely to damage developing brain cells [8,9], and concomitant use of an inhalation
anesthetic and N2O can cause extensive nerve injuries in the
brain [10]. These nerve damages have been reported to lead to
hippocampal synaptic dysfunction, resulting in persistent memory and learning disorders [11]. Moreover, it has been found
that these damages occurred in a dose-dependent manner and
worsened with combination of the agents [10,15]. Additionally,
earlier and repeated exposure to anesthesia is likely to increase
the risk of neurodevelopmental disability [15,16]. Although the
clinical application of these results remains controversial, the use
of N2O should be carefully considered in pediatric anesthesia,
and furthermore, efforts should be made to develop alternative
anesthetic techniques. In particular, the use of N2O alone in the
absence of surgical stimuli [6] is considered not advisable because it prolongs exposure to N2O.
Based on a previous study [13], we expected that the incidence of EA would be about 50% in sevoflurane with N2O
group, but in the present study the actual incidence was much
lower in both groups (Group N, 28%; Group S, 40%). This discrepancy may be due to the effect of ketorolac 0.5 mg/kg, which
was given with the anesthetic agents for induction. Assuming
that the use of sevoflurane alone could not control surgical pain
and subsequent hemodynamic instability, we administered
ketorolac to all patients in both groups. Several studies have reported that the use of NSAIDs (non-steroidal anti-inflammatory
drugs) including ketorolac reduced EA with its analgesic effect
[17-19]. Admitting that it is not easy to distinguish EA from
pain response in children, it is well known that inappropriate
postoperative pain control increases the incidence of EA [4].
The analgesic effect of ketorolac may also explain the lack of a
significant difference in the incidence of EA between the two
groups in this study. Given that the PAED scale used in this
study includes a pain scale, it could be speculated that the effect
of ketorolac led to the lower overall incidence of EA and narrowed differences between the groups.
Since the incidence of EA varies widely from 2 to 80% with
anesthetic techniques and evaluation criteria [20], remarkable
differences can be observed even in the same study depending
on the criteria selected (e.g. 33 and 80%) [21]. Shrout and Fleiss
[22] indicated that errors in measurement substantially affected
statistical analysis and interpretation. In 2004, the PAED sale
[12], which was developed by Sikich and Lerman in order to
minimize errors, was introduced in Anesthesiology. The evaluation methods of EA vary across studies. We used the PAED
scale, but Shibata et al. [6] selected the 3-point scale. Choi et al.
[23], who examined the effect of remifentanil on EA, used the
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4-point scale, and Na et al. [13] employed both the 4-point scale
and PAED scale. In the present study, the lack of a significant
difference in the incidence of EA between the two groups may
actually imply no difference, but we cannot exclude the possibility of the impact of different evaluation methods on the recorded incidences.
In conclusion, this study of children undergoing tonsillec
tomy and adenoidectomy, with administration of ketorolac for
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hemodynamic stability, demonstrated that anesthesia using
sevoflurane alone resulted in significantly higher Et Sevo at the
end of the surgery compared to sevoflurane anesthesia with concomitant use of N2O. However, no significant differences were
observed in emergence time and Et Sevo during emergence as
well as the incidence of EA, pain score and fentanyl dosage in
the PACU.
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