
Introduction 

In young children, anesthesia with sevoflurane has been 
shown to be accompanied by behavioral changes during recov-
ery known as emergence agitation (EA) or emergence delirium 
(ED) [1,2]. EA is characterized by a period of restlessness, agita-
tion, inconsolable crying, disorientation, delusions, and halluci-
nations with impaired cognition and memory [3].

ED is sometimes defined as a type of EA occurring in a few 
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Background: Emergence agitation (EA) is a common problem after sevoflurane anesthesia among children. There have 
been mixed results with control of EA using propofol 1 mg/kg bolus following sevoflurane anesthesia. An infusion of 3 
mg/kg of propofol over 3 min following sevoflurane anesthesia has been found to be promising in children undergoing 
magnetic resonance imaging scans. However, no studies have been conducted during surgical procedures. We aimed to 
examine the efficacy of transition to propofol for 3 min after cessation of sevoflurane anesthesia in children undergoing 
inguinal hernia repair.
Methods: In this prospective randomized controlled trial, 64 children aged 1–12 years, scheduled for inguinal hernia 
repair, were randomized to receive either propofol 3 mg/kg over 3 min (propofol group) or no propofol (control group), 
after the cessation of sevoflurane anesthesia. EA was assessed using the Paediatric Emergence Anesthesia Delirium (PAED) 
scale and the Watcha scale. Emergence time and the duration of post-anesthesia care unit (PACU) stay were also record-
ed.
Results: The incidence of ED was lower in the propofol group on both the PAED (81.3% vs. 15.6%, P < 0.001) and the 
Watcha (78.1% vs. 15.6%, P < 0.001) scales. The mean emergence time was 6.37 minutes longer in the propofol group 
with no significant difference in PACU times. 
Conclusions: Transition to propofol 3 mg/kg over 3 min following sevoflurane anesthesia reduces the incidence of EA 
and improves the quality of emergence. Although emergence times were longer, the duration of stay in the PACU was 
similar with propofol use.
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patients who experience delirium with psychomotor agitation 
[1,2]. The incidence of EA after sevoflurane anesthesia in chil-
dren is reported to vary between 10%–80%. This depends on 
the definition of EA used and the duration of monitoring after 
emergence from anesthesia [4]. Sevoflurane and desflurane an-
esthesia have been shown to be risk factors for EA in children. 
However, the precise etiology is still unclear [4,5]. 

Many pharmacological interventions including propofol 
can minimize the incidence of EA following sevoflurane anes-
thesia [6–8]. A continuous infusion of propofol has been used 
throughout the procedure to reduce the incidence of EA in some 
studies [6,7]. A single bolus dose of 1 mg/kg of propofol has also 
been used with contrasting results [8–11]. Transition to propofol 
after sevoflurane anesthesia by repeated bolus administration 
has also been used to reduce EA [12]. An infusion of 3 mg/kg of 
propofol over 3 min following sevoflurane anesthesia has been 
found to be promising in children undergoing magnetic reso-
nance imaging scans [13].

In this randomized trial, we aimed to determine whether 
transition to propofol over 3 min after cessation of sevoflurane 
anesthesia would reduce the incidence of EA in children under-
going inguinal hernia repair.

Materials and Methods

This prospective, single-blinded, randomized controlled trial 
was registered at www.clinicaltrials.gov (NCT03179293). The 
study was carried out at the Assiut University Paediatric Hospi-
tal, Egypt, between July 2017 to June 2018. The study protocol 
was approved by the Assiut Medical School Ethical Review 
Board (Ethical Committee N: IRB 17100561). Written informed 
consent was obtained from parents of all patients before inclu-
sion in the study.

Children aged 1–12 years, American Society of Anesthesiol-
ogy class I or II, assigned for elective inguinal hernia repair were 
included in the study. Exclusion criteria were patient or parent 
refusal, known allergy to propofol or egg products, a family his-
tory of malignant hyperthermia, operating time longer than 60 
minutes, performance of any other procedure under the same 
anesthetic, other co-morbidities or congenital anomalies, neu-
rological or psychiatric illness, use of sedatives, or the need for 
rapid sequence induction.

Blinding and randomization

Randomization was performed prior to the commencement 
of surgery using a computerized randomization system to ensure 
adequate allocation concealment. A study coordinator assigned 
patients either to the propofol group (propofol, 3 mg/kg intra-
venously, administered over 3 min after cessation of sevoflurane 

anesthesia) or the control group and were allocated random 
numbers. Outcomes were monitored by a researcher who was 
blinded to group allocation until the study was completed and 
the random code revealed. All procedures were carried out by 
one of two surgeons.

Intervention

Anesthesia was induced using sevoflurane and oxygen. In-
travenous access was secured after induction. Anesthesia was 
maintained using sevoflurane and spontaneous ventilation was 
allowed through a laryngeal mask airway (LMA). A caudal 
epidural block was performed using 0.5 ml/kg of 0.25% bupi-
vacaine after induction of anesthesia and paracetamol 15 mg/
kg intravenously was administered for supplemental analgesia. 
Patients randomized to the propofol group received propofol 3 
mg/kg intravenously over 3 minutes after cessation of sevoflu-
rane anesthesia in the following manner: sevoflurane adminis-
tration was ceased after completion of the procedure. An initial 
bolus of propofol 1 mg/kg was administered intravenously fol-
lowed by 2 mg/kg given over the next 3 min before transferring 
the patient to the post-anesthesia care unit (PACU). The intra-
venous cannula was flushed with normal saline. Children in the 
control group did not receive propofol. The LMA was removed 
in all patients under deep anesthesia in the operating room and 
an oropharyngeal airway was inserted if airway obstruction 
was encountered. All patients received oxygen through a face 
mask until emergence and were monitored with pulse oximetry 
throughout their stay in the PACU.

Study outcomes

The primary outcome was the incidence of EA according 
to the Paediatric Emergence Anaesthesia Delirium (PAED) [3] 
and Watcha scales [13], recorded simultaneously at 5-minute 
intervals until 30 minutes after emergence. EA on the PAED 
scale was defined as a PAED score > 12 throughout the first 30 
minutes after emergence [1]. EA was diagnosed by a score of ≥ 
3 on the Watcha scale at any point during the first 30 minutes 
after emergence. The secondary outcomes included peak PAED 
scores, emergence time, and the time spent in PACU. A blinded 
researcher monitored the patient from the time of arrival in the 
PACU until 30 minutes after emergence. The time to emergence 
was defined as the duration of time from the termination of an-
esthesia until the onset of eye-opening or purposeful movement.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 
for Windows (version 20.0, IBM Corp., USA). Data were pre-
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sented as mean, SD, range, numbers, and percentage. Demo-
graphic data and comparison between continuous variables were 
carried out using the Mann–Whitney U test for non-normally 
distributed data and the Student’s t-test for normally distributed 
data. The incidence of EA and comparison between categorical 
data were presented as frequency and percentage, using the chi-
square test. A P value of < 0.05 was considered as statistically 
significant.

Sample size calculation

We calculated the sample size based on a previous study that 
revealed a 50% incidence of EA in the control group [9]. Assum-
ing a reduction in the incidence of EA by 15%, we calculated the 
required sample size as 32 per group based on a power of 80% 
and a CI of 95%. Allowing for possible dropouts, we recruited a 
total of 70 patients.

Results

We assessed 70 children for eligibility. Five patients were ex-
cluded as the duration of surgery was > 60 min. The remaining 
65 children were allocated into two groups. One patient was 
excluded from the final analysis due to laryngospasm requiring 
treatment (Fig. 1). Baseline characteristics were comparable in 
both groups (Table 1).

The overall incidence of EA according to the PEAD scale was 
15.6% in the propofol group and 81.3% in the control group (P < 

0.001). According to the Watcha scale, the incidence of EA was 
15.6% in the propofol group and 78.13% in the control group (P 
< 0.001) (Table 2). 

Peak PAED scores were also significantly lower in the propo-
fol group (P < 0.001). The emergence times were significantly 
longer in the propofol group (P < 0.001); however, there was no 
significant difference in the duration of stay in the PACU be-
tween groups. 

Fig. 2 depicts peak PAED scores with lower PAED scores in 
the propofol group (median score = 9) than the control group 
(median score = 16) during stay in the PACU. 

Figs. 3 and 4 represent the percentage of children who expe-
rienced EA (PAED score > 12, Watcha score ≥ 3) during the first 
30 minutes after emergence. In contrast to the control group, no 
patient in the propofol group experienced EA beyond 15 min-
utes of emergence. 

Fig. 1. CONSORT flow diagram.

Table 1. Demographic Characteristics of Study Participants

Control  
group (n = 32)

Propofol 
group (n = 32) P value

Sex (M/F) 27/5 29/3 0.45
Age (yr) 4.5 ± 1.7 4.6 ± 1.4 0.84
Weight (kg) 17.1 ± 4.5 16.8 ± 3.5 0.81
Anesthetic duration (min) 35.0 ± 11.8 36.2 ± 13.3 0.69

Values are presented as number of patient or mean ± SD.
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Discussion

In the present study, the simple transition to an infusion of 
propofol 3 mg/kg for 3 minutes following the cessation of sevo-
flurane anesthesia was associated with a significant decrease in 

the incidence, severity, and duration of EA.
The etiology of EA is not clearly understood. Yasui et al. 

[14] described an increase in noradrenaline release following 
sevoflurane exposure in the preoptic area of the brain in rats, 
especially in the locus coeruleus. It has been suggested that this 
leads to disorientation in the early stages of recovery, resulting 

Table 2. Emergence Agitation and Emergence Time 

Control group Propofol group P value Risk ratio (95% CI)

Emergence agitation (all patients)
   Using the PAED scale 26/32 (81.3%) 5/32 (15.6%) < 0.001 0.19 (0.1–0.4)
   Using the Watcha scale 25/32 (78.1%) 5/32 (15.6%) < 0.001 0.20 (0.1–0.5)
Peak PAED scores 16 (14, 17) 9 (8, 11) < 0.001
Emergence time (min) 7.1 ± 2.0 13.4 ± 2.5 < 0.001
Time in PACU (min) 44.5 ± 5.9 46.6 ± 7.6 0.221

Values are presented as number (%), median (IQR) or mean ± SD. PAED: Pediatric Anesthesia Emergence Delirium, IQR: interquartile range, PACU: 
post-anesthesia care unit.

Fig. 2. Peak PAED scores in the first 30 min after emergence from anesthesia. PAED: Pediatric Anesthesia Emergence Delirium.

Fig. 3. Proportion of children with emergence agitation (PAED score > 
12) against time after emergence. PAED: Pediatric Anesthesia Emergence 
Delirium, EA: emergence agitation.

Fig. 4. Proportion of children with emergence agitation (Watcha score ≥ 
3) against time after emergence.
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in the agitation component of EA. EA may also occur due to 
rapid elimination of inhalational agents including sevoflurane, 
desflurane, and isoflurane [15] or due to postoperative pain [16]; 
transition to propofol may offset this effect and prevent EA.

Many clinical studies have shown that EA following sevo-
flurane anesthesia in children is a widespread problem and is 
significantly higher than with other inhalational anesthetics or 
propofol-based anesthesia [17–23]. Some studies have shown 
that the incidence of EA after total intravenous anesthesia with 
propofol ranges from 0%–9% compared to 23%–46% after sevo-
flurane anesthesia [19,20,24]. However, this technique is more 
complicated with the requirement for infusion pumps and com-
plex dose adjustment.

In a previous report, propofol 2 mg/kg was administered at 
the beginning of surgery during sevoflurane anesthesia to reduce 
the incidence of EA. However, no decrease in the incidence of 
EA was observed with this technique [25]. A bolus dose of 1 mg/
kg of propofol was administered at the completion of surgery to 
prevent EA, with contrasting results. Five studies showed benefit 
[8,9,26–28] with this technique while three studies showed no 
effect [10,11,29].

A preliminary trial with propofol 3 mg/kg administered over 
3 minutes after cessation of sevoflurane anesthesia revealed a 
decrease in the incidence of EA according to the PAED and 
Watcha scales. However, this study was performed in children 
undergoing magnetic resonance imaging scan [30]. To our 
knowledge, ours is the only study that investigated the simple 
technique of transition to 3 mg/kg propofol administered over 3 
minutes after cessation of sevoflurane anesthesia in an operative 
setting with associated stress factors.

Our study showed a significant decrease in the incidence of 
EA after sevoflurane anesthesia in the propofol group compared 
to control subjects. Overall, a decrease in the agitation scores 
was observed with propofol administration. This implies a de-
crease in the severity of EA with improvement in the quality of 
emergence leading to improved parental and staff satisfaction. 
Despite the significant increase in emergence times, there was 
no significant increase in the duration of PACU stay. Hence, the 
statistically significant decrease in EA also resulted in improved 
clinical outcomes. The delay in emergence in our study would 
suggest that the mechanism of action of transitioning to propo-
fol may be the facilitation of sevoflurane washout prior to the 
point of emergence.

Our study has several limitations. First, we did not assess 
the safety of propofol use including airway complications and 
apnea. Second, the study subjects underwent inguinal hernia re-
pair under caudal epidural analgesia combined with intravenous 
paracetamol; hence our results may not be generalizable to other 
surgical settings. Our results need to be validated in different 
surgical settings.

Another limitation of our study is the use of the PAED scale 
to detect EA. Sikich and Lerman [3] who devised this scale did 
not define a cut-off point that denotes the presence of EA. Cut-
off scores ≥ 10 and ≥ 16 have been studied without strong justifi-
cation for the scale used [1]. Aouad et al. [9] studied 80 children 
aged between 2–6 years who underwent strabismus surgery 
under sevoflurane anesthesia. A PAED score of 10 or less was 
considered acceptable in their study. Patients who were adminis-
tered propofol 1 mg/kg intravenously at the end of surgery had a 
19.5% incidence of EA compared to 47.2% in the placebo group. 
While the intervention group in this study experienced a signifi-
cantly lower incidence of EA, the effect was less than optimal. 
The time to recovery was also longer in the propofol group com-
pared to the control group. When a PAED score of 16 was con-
sidered acceptable, Abu-Shahwan [8] noticed a 4.8% incidence 
of EA with propofol 1 mg/kg compared to 26.8% in the control 
group. We speculate that acceptance of a higher PAED score in 
this study may have resulted in a significantly better outcome 
compared to the study by Aouad et al. The aforementioned 
studies using propofol [8,9] documented a high incidence of EA 
using a cut off of 10 points on the PAED score; the incidence 
was much lower using a cut off of 16 points. Clearly, a different 
approach towards the assessment of EA needs to be evaluated. 
In the present study, using a cut off of 12 on the PEAD scale and 
3 on the Watcha scale for the assessment of EA after transition 
to propofol 3 mg/kg, we observed a lower incidence of EA in 
the propofol group (81.3% vs. 15.6%, P < 0.001 using the PAED 
scale and 78.1% vs. 15.6%, P < 0.001 using the Watcha scale). 
We used the Watcha scale in addition to the PAED scale because 
it is much simpler and easy to measure and may increase overall 
accuracy of assessment.

In conclusion, the transition to propofol 3 mg/kg for 3 min-
utes following sevoflurane anesthesia significantly decreased the 
incidence, severity, and duration of EA. Although there was an 
increase in emergence times, there was no increase in the dura-
tion of PACU stay after surgery.
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