
Introduction

Pediatric emergence agitation (EA) is characterized by beha-
viors during the recovery period following general anesthesia 
that include inconsolable crying, thrashing, kicking, disorienta-
tion, hallucinations, and cognitive and memory impairment [1]. 
These behaviors can result in numerous potential complications 
such as falling from the bed, increased postsurgical bleeding, in-
advertent removal of drains and catheters, and contamination of 
the surgical wound [2,3]. Although the pathophysiology of EA 
has not yet been clarified, many previous studies have confirmed 
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that the incidence of EA in pediatric patients is increased after 
sevoflurane anesthesia [4-6].   

Although inhalation induction by mask with sevoflurane is 
commonly used in pediatric anesthesia, intravenous induction 
with intravenous anesthetic is utilized when an intravenous 
catheter is present or when rapid sequence induction is neces-
sary. Hypnotics used for intravenous anesthesia induction, such 
as propofol and ketamine, have been reported to reduce the inci-
dence of EA in children [7-11]. There have also been some stud-
ies that have compared the incidence of EA between intravenous 
induction anesthetics [7,8]. Although thiopental is a commonly 
used intravenous induction anesthetic in pediatric anesthesia, 
there had been no previous controlled trial performed to inves-
tigate the effects of thiopental on EA compared to inhalation in-
duction in children. The authors hypothesized that the incidence 
of EA is lower with the use of thiopental as an induction agent 
compared to inhalation induction with sevoflurane. The current 
study was performed to compare the incidence of EA between 
thiopental and sevoflurane as anesthesia induction agents in 
children aged 3 to 7 years following sevoflurane anesthesia. 

Materials and Methods

This prospective, double-blind study was approved by the 
Institutional Review Board of the authors’ institute and written 
informed consent was obtained from the parents of all par-
ticipants. One hundred children aged 3 to 7 years, American 
Society of Anesthesiologists physical status I or II, undergoing 
elective minor superficial surgical procedures were enrolled. 
Children undergoing emergency or ophthalmic surgery and 
those with previous anesthetic experience, developmental de-
lays, mental retardation, anxiety disorders, or chronic illnesses 
were excluded from the study. Subjects were randomly assigned 
to either the sevoflurane induction group (Group S) or the 
thiopental induction group (Group T) by a computer-generated 
random number.

Patients were admitted to the hospital the evening before 
surgery and were visited by the research anesthesiologist to con-
duct preoperative interviews. All surgeries were performed in 
morning sessions. A 24G catheter was inserted into a peripheral 
vein the night before surgery or the morning of surgery follow-
ing application of EMLA (eutectic mixture of local anesthetics) 
cream in Group T. A balanced salt solution was administered 
according to standard fluid administration guidelines. No chil-
dren received premedication in either group. All children were 
accompanied by their parent in the operating room and the par-
ent was permitted to be present during induction of anesthesia. 
Children’s preoperative anxiety was assessed with the modified 
Yale Preoperative Anxiety Scale (mYPAS) [12]. After monitor 
placement with electrocardiography (ECG) and pulse oximetry, 

the anxiety score using the mYPAS was determined just before 
anesthesia induction. The mYPAS scores were measured by a 
single anesthesiologist to exclude inter-rater bias. 

In Group S, inhalation anesthesia induction was performed 
using 8% sevoflurane and 60% nitrous oxide (N2O) in oxygen 
with a fresh gas flow of 8 L/min. After loss of consciousness, a 
noninvasive blood pressure cuff was applied and an intravenous 
line was established. In Group T, the patients were administered 
4–6 mg/kg thiopental to induce anesthesia. All patients received 
0.6 mg/kg rocuronium for facilitation of tracheal intubation. 
Anesthesia was maintained with 50% N2O in oxygen and 
sevoflurane and the sevoflurane concentration was controlled 
at 1.5–3.0% to maintain the appropriate blood pressure and 
heart rate. End tidal carbon dioxide (CO2) partial pressure was 
maintained at 30–35 mmHg. Additional muscle relaxant was 
not administered. At skin closure, all patients received 0.25% 
ropivacaine infiltration into the incision site and 1 mg/kg ke-
torolac intravenously for postoperative pain management. The 
patients also received 0.2 mg/kg pyridostigmine and 0.01 mg/
kg glycopyrrolate for reversal of the neuromuscular blockade 
after discontinuation of sevoflurane and N2O. When the patients 
were breathing spontaneously with tidal volume > 8 ml/kg, the 
tracheal tube was removed and the children were transferred to 
the postanesthesia care unit (PACU). The time from sevoflurane 
discontinuation to tracheal extubation was recorded.

In the PACU, ECG, respiratory rate, and peripheral oxygen 
saturation (SpO2) were recorded every 5 min, but blood pressure 
was not measured to avoid physical stimulation. Patients were 
joined by their parents in the PACU. A data-collecting anesthe-
siologist who did not perform the anesthesia in the operating 
room, and was therefore blinded to the anesthesia induction 
techniques, evaluated children’s recovery behaviors in the PACU. 
The primary endpoint of the study was the incidence of EA in 
the PACU. The children were evaluated at 5 min by a four-point 
agitation scale (FPAS) [13,14] and at 20 min by the Pediatric 
Anesthesia Emergence Delirium scale (PAEDS) [1]. The FPAS is 
based on the following scale: 1 = quiet and calm child; 2 = crying 
but consolable child; 3 = moderately agitated child: screaming 
and crying; 4 = aggressive child: must be physically restrained 
to avoid harm. The children were also evaluated for EA if they 
showed behavioral changes at any other time in the PACU. EA 
was defined as an FPAS score ≥ 3 or a PAED score ≥ 10. The 
PAEDS was utilized only after more than 5 min after arrival in 
the PACU because use of the PAEDS in children who are asleep 
is inappropriate. The overall incidence of EA was evaluated 
with the FPAS during the first 5 min in the PACU and with the 
PAEDS for the next 5–60 min following PACU arrival. If agita-
tion persisted for more than 5 min, children were treated with 1 
mg/kg propofol at the discretion of the attending anesthesiolo-
gist. The number of rescue agent administrations was recorded.
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Sample size determination and statistical analysis

The incidence of EA in children undergoing anesthesia in-
duction with sevoflurane was assumed to be 65% to determine 
the appropriate sample size. According to a sample size calcula-
tion determined by proportions sample size, 42 children per 
group were required (α = 0.05, β = 0.2) to detect a 50% reduc-
tion in Group T. To allow for attrition, the sample size was en-
larged to 100.

Data were analyzed using SigmaPlot 12.0 (Systat Software 
Inc., San Jose, CA, USA), and are presented as a number (n), 
percentage (%), mean ± standard deviation (SD), or median ± 
interquartile range (IQR) as appropriate.   The Student’s t-test 
was used to compare the mean value of quantitative data be-
tween the two groups. Nonparametric data such as the PAEDS 
and FPAS scores were compared between the groups with the 
Mann–Whitney U test. Categorical data such as the incidence 
of EA and the number of patients requiring rescue drugs were 
compared by the chi-squared test and expressed as a number or 
percentage. A P value of < 0.05 was considered statistically sig-
nificant in all tests.

Results 

Ninty-six children completed the study and the subject flow 
diagram is show in Fig. 1. The characteristics of the patients are 

comparable in both groups (Table 1). The median preoperative 
anxiety scores using the mYPAS in the operating room were not 
different between the two groups (Group S: 31.7 [23.3–40.0] vs. 
Group T: 31.7 [25.0–46.7], P = 0.211). The time from the end of 
sevoflurane administration to extubation was also similar in the 
two groups (Group S: 6.8 ± 2.8 min vs. Group T: 7.5 ± 3.2 min, 
P = 0.258).

The incidence of EA (Group T: 3/49 patients, 6% vs. Group S: 
12/47 patients, 26%, P = 0.019) and the FPAS scores (Group T: 1.0 
[1.0–2.0] vs. Group S: 2.0 [1.0–3.0], P = 0.024) were significantly 

Excluded (n = 2)
Declined to participate (n = 1)
Cancelled operation (n = 1)

Lost to follow-up (n = 1)
Extended operation (n = 1)

Analyzed (n = 47)
Excluded from analysis (n = 0)

Lost to follow-up (n = 0)

Analyzed (n = 49)
Excluded from analysis (n = 0)

Assessed for eligibility (n = 100)

Randomized (n = 98)

Allocated to group S (n = 48)
Received allocation intervention (n = 48)
Did not receive allocated intervention (n = 0)

Allocated to group T (n = 50)
Received allocation intervention (n = 49)
Did not receive allocated intervention (n = 1)

Fig. 1. Subject flow diagram. Group S: 
sevoflurane inhalation anesthesia induction 
group, Group T: intravenous thiopental 
anesthesia induction group.

Table 1. Patient Characteristics

Group S  
(n = 47)

Group T  
(n = 49) P values

Age (yr)
Height (cm)
Weight (kg)
Gender (F/M)
Fasting time (h)
Anesthesia time (min)
Surgery
    Herniorrhaphy
    Hand surgery
    Other

4.3 ± 0.8
104.9 ± 9.2

18.9 ± 4.7
19/28

11.4 ± 1.9
54.0 ± 14.9

32
  9
  6

4.4 ± 1.4
108.1 ± 11.7

18.8 ± 4.5
18/31

11.7 ± 1.9
57.6 ± 14.8

33
  8
  8

0.520
0.139
0.920
0.872
0.469
0.241
0.988

Data are expressed as mean ± SD except number of patients and types 
of surgery. Group S: sevoflurane inhalation anesthesia induction group. 
Group T: intravenous thiopental anesthesia induction group.
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lower in Group T compared to Group S at 5 min after PACU ar-
rival. However, there were no differences in the incidence of EA 
(Group S: 23/47 patients vs. Group T: 19/49 patients, P = 0.425) 
or PAEDS (Group S: 8.0 [0.0–12.0] vs. Group T: 7.0 [4.0–10.5], P 
= 0.580) between the two groups at 20 min (Fig. 2). The overall 
incidence of EA was 60% (28/47 patients) in Group S and 41% 
(20/49 patients) in Group T (P = 0.102) (Fig. 2). The distribution 
of EA scores was significantly different between the groups at 5 
min after PACU arrival (P = 0.045), but did not differ at 20 min 
after PACU arrival (P = 0.848) (Table 2). The number of chil-
dren who received propofol as a rescue drug for treatment of EA 
was significantly lower in Group T (Group S: 14/47 patients vs. 
Group T: 5/49 patients, P = 0.031). No patient showed EA after 
30 min in the PACU. No adverse events including respiratory 
complications such as desaturation associated with EA or the 
rescue drug were recorded.

Discussion

The objective of the current study was to compare the incidence 
of EA between inhalation and intravenous anesthesia induction. 
The results of this study demonstrate that intravenous anesthesia 
induction with thiopental decreased the incidence of EA and the 
use of rescue medication compared to inhalation induction in 
the early PACU period in 3- to 7-year-old children undergoing 
sevoflurane anesthesia.

The terms emergence delirium and emergence excitement 
are often used as alternatives to EA. Although EA is a complex 
phenomenon and its pathophysiology is as yet unclarified, the 
age of the patient and the anesthetic agents used might be major 
contributing factors. In younger children, the higher incidence 
of EA may be related to psychological immaturity and lower 
ability to cope in a strange environment upon awakening from 
general anesthesia [14,15]. A number of studies have demon-
strated that higher incidence of EA is associated with a volatile 
anesthetic which has lower blood solubility, such as sevoflurane 
and desflurane [5,6,13,16,17]. Rapid awakening from anesthesia 
combined with psychological immaturity has been postulated 
as one explanation for the pathophysiology of EA [14]. The inci-
dence of EA varies widely between 25 and 80% following sevo-
flurane or desflurane anesthesia in preschool children [2,18,19]. 
In the current study, the overall incidence was 60 and 41% in 
Groups S and T, respectively. These rates were comparable with 
the findings of previous studies, although more than 90% of the 
children in the present study were ≤ 5 years of age. 

The differences in the incidence of EA in the previous studies 
may be due to differences in measurement timing and scoring 
systems for EA in the PACU [19]. In the current study, children 
were evaluated at 5 and 20 min after arrival in the PACU and no 
child displayed EA after 30 min, a finding which supports pre-
vious studies suggesting that EA occurs during the first 30 min 
of recovery from anesthesia [19-21]. The present study used the 
PAEDS and the FPAS to measure agitation scores. Although the 
PAEDS is the best discriminator of EA [22,23], it is inappropriate 
in sleeping children [24]. The FPAS is a more appropriate scoring 
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Fig. 2. There was a significant difference in the incidence of emergence 
agitation (EA) between the two groups at 5 min after arrival in the 
postanesthesia care unit (PACU) (3 vs. 12 patients, *P = 0.019). However, 
there were no differences at 20 min (23 vs. 19 patients, P = 0.425) or in 
the overall incidence (P = 0.102). The black stack presents the number 
of patients who showed EA. Group S: sevoflurane inhalation anesthesia 
induction group, Group T: intravenous thiopental anesthesia induction 
group.

Table 2. The Distribution of Patients according to Emergence Agitation Scales

Group S (n = 47) Group T (n = 49) P values

FPAS (5 min after PACU arrival) 1
2
3
4

21
14
  8
  4

33
13
  2
  1

0.045

PAEDS (20 min after PACU arrival) 0–5
6–9
10–15
>15

15
14
15
  3

19
15
13
  2

0.848

FPAS: four-point agitation scale, PAEDS: Pediatric Anesthesia Emergence Delirium scale, PACU: postanesthesia care unit, Group S: sevoflurane 
inhalation anesthesia induction group, Group T: intravenous thiopental anesthesia induction group.
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system than the PAEDS before the child has awakened. There-
fore, the authors used the FPAS within 5 min and the PAEDS 
after 5 min in the PACU to evaluate the incidence and severity of 
EA. 

Although propofol is the most commonly employed agent 
for intravenous induction of anesthesia, it causes burning pain 
at the site of injection. On the other hand, because thiopental 
does not cause pain with injection, it is used commonly as an 
intravenous induction agent in pediatric patients. However, the 
prolonged elimination half-life of thiopental can result in pro-
longed lethargy and after effects that last for hours after emer-
gence from anesthesia [18]. The long-lasting subhypnotic effect 
of thiopental may have contributed to the lower incidence of 
EA in Group T in the early PACU period although there was no 
significant difference in the time from the end of sevoflurane ad-
ministration to extubation between the two groups. The authors 
expected that the lower incidence of EA would be maintained 
throughout the patients’ stay in the PACU, but the effect was ob-
served only in the early PACU period. 

EA has been shown to be associated with postoperative pain. 
The efficacy of analgesics such as fentanyl in the prevention or 
treatment of EA could be explained by their effects on postop-
erative pain. Although postoperative pain seems to be related to 
EA, it can also occur in pain-free children [16]. A meta-analysis 
demonstrated that analgesic effects had no influence on the ef-
ficacy of drugs administered for EA [25]. In addition, Cole et 
al. [26] reported that the type of operation or method of pain 
management did not alter the risk for EA. However, categories 
of EA scoring systems overlap with pain scales for children such 
as the Face, Legs, Activity, Cry, Consolability scale and the Chil-
dren’s and Infants’ Postoperative Pain Scale. Therefore, it can be 
difficult to distinguish EA from postoperative pain in preschool 
children. 

High preoperative anxiety has been associated with the 
development of negative behaviors [27,28]. Kain et al. [29] pro-
posed that preoperative anxiety is one of the contributing factors 
to EA. A number of preoperative preparation programs are used 
for pediatric surgical patients to alleviate preoperative anxiety 
and could prevent postoperative negative behavioral changes. 
Because most children have fear of needles, the authors thought 
that the intravenous catheterization in Group T could be a 
source of increased preoperative anxiety. However, there were 
no differences in the mYPAS scores between the two groups in 
the current study. Although the parent was present during the 
anesthesia induction, most patients cried or refused the mask, 
which may be a source of increased preoperative anxiety coin-
stantaneously. However, the anxiety associated with the mask 
was not evaluated in this study. 

There are two limitations in the current study. First, the seda-
tion score was not measured in the PACU. Although the plasma 
concentration of thiopental is redistributed and the hypnotic 
effect is completed rapidly, it may be affect the sedation and EA 
scores in the early PACU period. If the authors evaluated the 
sedation score thoroughly, the scores might be found to differ 
between the two groups. Second, the patient’s pain state was not 
evaluated. Many categories of EA scoring systems are overlapped 
with pain scales for children. Although the patients received 
ropivacaine infiltration and ketorolac to maintain a painless state 
in the PACU, the authors could not eliminate the effect of pain 
on EA. The authors, however, thought that the effect of pain on 
EA may not be different between the two groups.

In conclusion, intravenous anesthesia induction with thio-
pental reduced the incidence of EA in the early PACU period 
compared to inhalation induction with sevoflurane in 3- to 
7-year-old children undergoing sevoflurane anesthesia. 
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