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The effect of propofol on emergence agitation in children
receiving sevoflurane for adenotonsillectomy
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Background: The administration of a single dose of propofol is reported to be effective in decreasing the incidence
and severity of emergence agitation (EA) in children following sevoflurane anesthesia. The aim of this study was to
investigate the clinical usefulness of a single dose of propofol 1 mg/kg at the end of adenotonsillectomy for reducing
the incidence of EA after sevoflurane anesthesia.

Methods: Ninety children, aged 3—8 years, undergoing adenotonsillectomy were randomized into two groups:
the propofol group (n = 45) and the saline group (n = 45), of which 88 children completed the study. Anesthesia
was maintained with sevoflurane 2—2.5 vol% and nitrous oxide/oxygen (50%/50%). At the completion of
adenotonsillectomy, the propofol group patients were given 1 mg/kg of propofol and the saline group patients were
given saline 0.1 ml/kg in the same volume. The incidence of EA was assessed with Aono’s four point scale and the
severity of EA was assessed with pediatric anesthesia emergence delirium (PAED) scale at 5 min (T5), 15 min (T15)
and 30 min (T30) after emergence.

Results: Of the 88 patients, the incidence of EA at T5, T15 and T30 was 61.4%, 27.3%, and 4.5% in the propofol group
while in the saline group was 68.2%, 29.5%, and 9.1%, respectively. The incidence and severity of EA were not found
to be significantly different between the two groups, but the scales in each group decreased significantly over time.
Conclusions: The administration of propofol 1 mg/kg at the end of surgery did not have any significant effect in
reducing the incidence and severity of EA in children undergoing adenotonsillectomy under sevoflurane anesthesia.
(Korean J Anesthesiol 2010; 59: 75-81)
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Effect of propofol on the emergence agitation

Introduction

Sevoflurane is widely used as an anesthetic agent for children
because of its less pungent nature and also as it has a lower
solubility and greater hemodynamic stability than the other
potent inhaled anesthetics [1]. However, sevoflurane may have
a greater incidence of emergence agitation (EA) in preschool
aged children [2].

EA is characterized by non-purposeful restlessness and agi-
tation, thrashing, crying or moaning, disorientation, and inco-
herence. Although generally self-limiting, EA can be dangerous
and may occasionally result in physical harm to children.
Sometimes sedative or analgesic drugs are used in post-
anesthesia care units to treat EA. Therefore, recovery time can
be prolonged and adverse events may result in these children [3].

Propofolis a short-acting sedative and hypnotic agent. Generally,
propofol is used in children for its sedative action as well as for
induction and maintenance of general anesthesia [4]. A recent
study showed that continuous intravenous infusion of propofol
decreased the incidence of EA in the children undergoing
tonsillectomy [5] and the administration of 1 mg/kg propofol at
the end of procedure decreased the incidence of EA in children
undergoing magnetic resonance imaging (MRI) [6].

The administration of a single dose of propofol (1 mg/kg) at the
end of surgery was also effective in decreasing the incidence of EA
in children undergoing strabismus surgery under sevoflurane
[7]. However, adenotonsillectomy is more distressing to children
than strabismus surgery. The effect of administration of 1 mg/
kg propofol in children following adenotonsillectomy may work
differently from those undergoing MRI as reported by previous
studies [6,7]. Therefore, the aim of this study was to investigate
the clinical usefulness of a single dose of propofol at the end of
adenotonsillectomy in reducing the incidence and severity of
EA after sevoflurane anesthesia.

Materials and Methods

Children, between the ages of 3 and 8 years, with American
Society of Anesthesiologists physical status I, who were scheduled
to undergo adenotonsillectomy without myringotomy at the
department of otolaryngology, were prospectively enrolled in
this study. Prior to their enrollment, institutional review board
approval and informed written parental consent were obtained.
Children with mental, neurologic disease, or those using
sedative medication were excluded.

Ninety children joined the study at our hospital between June
2007 and April 2009. A computer generated randomization was
placed in sealed envelopes, which were opened on the day of
the scheduled operation. Forty five children were randomly
assigned to the propofol group and another forty five to the
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saline group. One child from the propofol group was excluded
from the study because of intra-operative ST depression
on EKG and one other child from the saline group was also
excluded due to bleeding at the surgical region after extubation.
Thus, the data for this study were collected from eighty-eight
patients. Demographic profile, duration of surgery, duration
of sevoflurane administration, and recovery characteristics
are shown in Table 1, which shows no significant difference
between the two groups.

Children were in fasting state for 8 hours and received 1 mg/kg
of intravenous thiopental sodium before entering the operating
room. An electrocardiogram, pulse oximeter and noninvasive
arterial blood pressure monitor were attached. Anesthesia was
induced with 5 mg/kg of intravenous thiopental sodium and 0.5
mg/kg of intravenous atracurium. Orotracheal intubation was
performed. Anesthesia was maintained with O, 2 L/min, N,O
2 L/min and sevoflurane 2—2.5 vol%. Mechanical ventilation
was performed to maintain an end-tidal CO, between 30 and 35
mmHg. About 20 minutes prior to the end of surgery, ketorolac
1 mg/kg was administered intravenously to each patient for
postoperative pain control.

At the completion of the operation, following the discon-
tinuation of sevoflurane and nitrous oxide, children in the
propofol group were given 1 mg/kg of propofol and children in
the saline group were given the same volume of normal saline,
0.1 ml/kg. The orotracheal tube was removed when patients
demonstrated spontaneous regular respiratory pattern and
the rate of train of four (TOF) was higher than 0.8 by a nerve
stimulator (TOF-Watch® , Organon, Ireland). Anticholinesterase
agents that reverse the effect of neuromuscular blockade
were not administered. Children were transferred to the
post-anesthesia care unit (PACU) and one of their parents
accompanied them at the PACU until discharge.

An anesthesiologist, who was blinded to the treatment

Table 1. Demographic and Recovery Characteristics

Propofol group Saline group |,

(n=44) (n=44)
Sex (M/F) 26/18 25/19 0.831
Age (yr) 5.8+1.9 6316  0.204
Weight (kg) 224+72 24.2+6.4 0.192
Duration of surgery (min) 37.7+12.4 34.5+9.0 0.167
Duration of sevoflurane 43.6+13.2 42.5+10.8 0.585
administration (min)
Duration of extubation (min)  13.7+3.8 12.2+4.1 0.188
Duration of PACU stay (min)  24.2+5.0 25.0+6.1 0.516
PONV (%) 4(9.1%) 6(13.6%) 0.737

Values are presented as mean + SD or number. Children in the
propofol group were given 1 mg/kg of propofol and children in the
saline group were given the same volume of normal saline, 0.1 ml/
kg. PACU: post-anesthesia care unit, PONV: postoperative nausea
and vomiting.
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allocation, evaluated the incidence of EA using Aono’s four
point scale (Appendix 1) and severity of EA using pediatric
anesthesia emergence delirium (PAED, Appendix 2) scale, at
5 (T5), 15 (T15) and 30 (T30) minutes (min) after emergence.
Emergence time was defined as the time of first response to
command or eye opening on command after extubation. Aono’s
four point scale of 1 and 2 were considered as the absence of EA,
and scales of 3 and 4 were considered as the presence of EA. PAED
scale was used to assess the severity of EA. Pain was evaluated
using children and infants postoperative pain (CHIPP, Appendix
3) scale and consciousness was evaluated using Ramsay sedation
scale (Appendix 4) in the PACU by the same anesthesiologist
at 5, 15 and 30 minutes after emergence. The incidence of
postoperative nausea and vomiting (PONV) was also noted.

The following time intervals were recorded: the duration of
surgery (from the time of opening mouth to the completion of
the procedure), duration of sevoflurane administration (from the
start of induction until discontinuation of sevoflurane), duration
of extubation (from the time of discontinuation of sevoflurane
to the removal of endotracheal tube) and duration of PACU

Table 2. Incidence of Emergence Agitation

Propofol group Saline group
(n = 44) (n = 44) P value
T5 27 (61.4%) 30 (68.2%) 0.655
T15 12 (27.3%) 13 (29.5%) 0.815
T30 2(4.5%) 4(9.1%) 0.672

Values are presented as number (%). T5, T15, and T30 represent the
time after emergence (min). Children in the propofol group were
given 1 mg/kg of propofol and children in the saline group were
given the same volume of normal saline, 0.1 ml/kg.
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Fig. 1. Aono’s four point scale at 5 (T5), 15 (T15) and 30 (T30) minutes
after emergence. Aono’s four point scales significantly decreased
over time (P < 0.001) and there was a statistically significant time
effect in each group (*P < 0.001 in the propofol group and TP <0.001
in the saline group). Group effect averaged across time did not show
significant difference (P = 0.465) and the interaction effect of group
and time was also not statistically significant (P = 0.196). Values are
presented as mean + SEM.
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stay (from arrival to the PACU until discharge). Children were
discharged from the PACU to a ward when the modified Aldrete
score was more than 9 without agitation and vomiting.
Statistical analysis was performed using MedCalc for Windows
version 11.0 (MedCalc Software, Mariakerke, Belgium). A
sample size of 40 in each group was calculated to achieve 80%
power to detect a decrease in the incidence of agitation from
60% to 30% with a significance P value 0.05. Ninety patients
were included. Continuous variables such as age, weight,
duration of surgery, duration of sevoflurane administration,
duration of extubation and duration of PACU stay were reported
as mean + SD and analyzed using independent samples t-test.
Categorical variables were compared using chi-square test for
gender and the incidence of EA and using Fisher’s exact test for
the incidence of PONV. Serial measurements such as Aono’s
four point scale, PAED scale, CHIPP scale, and Ramsay sedation
scale were analyzed by repeated measures analysis of variance.
A P value less than 0.05 was considered statistically significant.

Results

The mean scores of the Aono’s four point scale at T5, T15
and T30 were 2.6 + 1.1, 2.0 £ 0.8, and 1.5 + 0.6 respectively in
the propofol group while 2.9 + 1.0, 2.0 + 0.8, and 1.5 + 0.7 in the
saline group. The mean scores of the PAED scale at T5, T15 and
T30 were 12.6 + 4.6, 8.2 + 3.8, and 5.0 + 3.1 respectively in the
propofol group while 13.8 + 4.7, 8.0 £+ 3.9, and 4.5 + 3.1 in the
saline group. The incidence and severity of EA at T5, T15, and
T30 shows no significant difference between the two groups
(Table 2, Fig. 1 and 2). CHIPP scale and Ramsay sedation scale
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Fig. 2. Pediatric anesthesia emergence delirium (PAED) scale at
5 (T5), 15 (T15), and 30 (T30) minutes after emergence. PAED
scales significantly decreased over time (P < 0.001) and there was
a statistically significant time effect in each group (*P < 0.001 in
the propofol group, TP < 0.001 in the saline group). Group effect
averaged across time did not show significant difference (P = 0.709)
and the interaction effect of group and time was not statistically
significant (P = 0.093). Values are presented as mean + SEM.

7 Kja



Effect of propofol on the emergence agitation

e—e Propofol
o--0 Saline

CHIPP scale
(6]
1

T5 T15 T30

Fig. 3. Children and infants postoperative pain (CHIPP) scale at
5 (T5), 15 (T15), and 30 (T30) minutes after emergence. CHIPP
scales significantly decreased by time (P < 0.001) and there was
a statistically significant time effect in each group (*P < 0.001 in
propofol group, TP < 0.001 in saline group). Group effect averaged
across time did not show significant difference (P = 0.428) and the
interaction effect of group and time was not statistically significant (P
=0.312). Values are presented as mean + SEM.

were similar in the two groups at T5, T15, and T30 (Fig. 3 and 4).
Therefore, there were no difference of the intensity of pain and
the level of consciousness between the two groups at 5, 15, and
30 min after emergence. Aono’s four point scale, PAED scale
and CHIPP scale in each group decreased significantly over
time. All agitation episodes were self-limited.

9.1% of the propofol group and 13.6% of the saline group
had episodes of PONV, but there was no significant statistical
difference between the two groups. No adverse events such as
laryngospasm and oxygen desaturation episodes were recorded
in any of the children. Time to discharge from the PACU was not
significantly different between the two groups.

Discussion

Several previous studies have reported that sevoflurane
anesthesia caused children to have a higher incidence of EA.
Children anaesthetized with sevoflurane had a 67% incidence
of postoperative agitation while halothane group had a 29.2%
incidence [8]. Although the possible etiological factors of EA
are post-anesthesia, surgery, rapid emergence, postoperative
pain, age, preoperative anxiety, child temperament, and
adjuvant medication, the causes for higher incidence of EA
after sevoflurane are not fully understood. Because inhalational
anesthetics with low blood solubility such as sevoflurane
generally tend to cause a higher incidence of EA, rapid
awakening in an unfamiliar environment has also been posited
as a cause for this phenomenon.

Propofol allows for rapid emergence from general anesthesia
and is not associated with a high incidence of EA in young
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Fig. 4. Ramsay sedation scale at 5 (T5), 15 (T15), and 30 (T30)
minutes after emergence. Ramsay sedation scales did not show
significant difference over time (P = 0.436). Group effect and
interaction effect of group and time were not statistically significant
(P=0.116 and 0.679). Values are presented as mean + SEM.

children [9]. Recovery from propofol anesthesia is smooth
and delayed, so propofol anesthesia is associated with a lower
incidence of EA compared to sevoflurane [5]. The decreased
incidence of EA could be accounted for the residual sedative
effect and euphoric effect of propofol in the early recovery
period [10]. Based on previous studies, propofol seems to be
effective in preventing EA and is dependent on the timing
of administration [11]. Despite this fact, sevoflurane is
considered the agent of choice for induction and maintenance
of anesthesia for children and is widely used among pediatric
anesthesiologists. A single dose of propofol at the end of surgery
could delay or modify emergence and decrease the incidence of
EA after sevoflurane anesthesia.

Abu-Shahwan'’s study [6] showed that the administration
of sub-hypnotic doses of propofol at the end of sevoflurane
general anesthesia was effective in decreasing the incidence
and severity of EA in children undergoing MRI. Aouad et
al. [7] reported that the administration of a single dose of
propofol 1 mg/kg after discontinuation of sevoflurane at the
end of surgery in children undergoing strabismus surgery
significantly decreased the incidence of EA and improved
patient satisfaction, and they concluded that the delayed
emergence from anesthesia reduced PAED scales without
delaying discharge from the PACU. However, Abu-Shahwan'’s
case did not include painful procedures and the characteristics
of strabismus surgery in Aouad’s research were different from
those of adenotonsillectomy in our study.

We supposed that the effect of propofol on EA in patients
undergoing adenotonsillectomy may be different from that in
strabismus patients, and then tried to investigate the effect of 1
mg/kg propofol administration on the incidence and severity
of EA at the end of adenotonsillectomy after discontinuation of
sevoflurane. The single dose of propofol administration didn’t
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have significant effect on the decrease of the incidence and
severity of EA in the present study.

The percentage of EA at T5 was 61.4% in the propofol group
and 68.2% in the saline group using Aono’s four point scale in
our study. The definition of EA in the study included children
who were inconsolably crying as well as restless and therefore
the incidence of EA might increase from 10 to 30% compared
to other studies [12]. The PAED scale is a reliable and valid
measurement that may minimize measurement errors in the
clinical evaluation of EA [13]. However, the calculation of the
incidence of EA with this scale is difficult, so, we assess the
presence of EA using Aono’s four point scale and the severity of
EA using the PAED scale.

What causes the propofol to have no effect on preventing
EA in our study? First, sevoflurane-related EA is affected by
a combination of surgical procedures rather than the impact
of propofol alone. The administration of propofol 1 mg/kg
after sevoflurane anesthesia is effective on EA in Aouad’s with
strabismus surgery but this method is not effective in our study
with adenotonsillectomy. Although the surgery type itself
that involves the tonsil, middle ear, and eye are a major factor
for inducing EA, adenotonsillectomy is the more important
independent risk factor for EA than strabismus surgery [14].
Strabismus surgery may be related to visual disturbance. On the
other hand, adenotonsillectomy may be associated with throat
pain and bleeding irritation. Eckenhoff et al. [15] speculated
that “sense of suffocation” during emergence from anesthesia
may contribute to EA in patients undergoing head and neck
surgery. Second, inadequate pain relief may be the stronger
cause of EA than sevoflurane. Cohen et al. [16] reported a 2.5
pg/kg dose of fentanyl minimized the incidence of EA to 18%
after general anesthesia with sevoflurane. Bakhamees et al.
[17] reported that the combination of low dose fentanyl before
surgery and propofol at the end of surgery decreased the
incidence and level of emergence agitation in children after
adenotonsillectomy procedure under sevoflurane anesthesia.
Kim et al. [18] reported that propofol 1 mg/kg at the strabismus
surgery under sevoflurane anesthesia did not reduce EA in
children, and they emphasized the importance of pain control.
Ketorolac 1 mg/kg was administered to all children in both
groups but it was not effective against EA, although it decreased
the incidence EA in children undergoing myringotomy after
sevoflurane anesthesia (38% vs. 14%) [19]. Compared with
other studies, a smaller amount of analgesic agents were
used in our study and additional analgesic drugs were not
administered to children in the PACU. Nevertheless, CHIPP
scales in this study were increasingly reduced than previous
values as patient’s recovery progressed. CHIPP scales were not
influenced by propofol because propofol is not an analgesic
agent. Third, there is a question about a larger dose than 1
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mg/kg propofol can be effective in preventing EA in children
undergoing adenotonsillectomy. The duration of extubation
was 13.7 + 3.8 min in the propofol group while the duration
of extubation was 12.2 + 4.1 min in the saline group. The
administration of propofol 1 mg/kg at end of surgery did not
prolong the duration of extubation significantly compared with
the saline group in our study. Although several studies reported
that rapid awakening is an independent risk factor of EA [14,
20], delayed awakening with a large dose of propofol could
increase adverse effects such as hypotension, bradycardia,
apnea and close observation should be necessary. In addition,
the effect of propofol in children undergoing painful procedures
is still controversial and a study on the amount of propofol
about incidence of EA has not been reported yet. Further
investigations are necessary to assess the relation between the
dose of propofol and the incidence of EA.

Many studies have shown that EA is self-limited and is resolved
without pharmacologic intervention over time [12,14,20]. Our
data also demonstrated that the incidence and severity of EA
and pain intensity are improved over time without analgesic or
sedative drugs. Our study allowed children to stay with one of
parents in the PACU and this seemed to help them to acclimate
themselves to a strange and naive environment.

In our study, there was no significant decrease in the incidence
and severity of emergence agitation after the administration of a
single dose of 1 mg/kg propofol at the end of surgery in children
undergoing adenotonsillectomy under sevoflurane anesthesia.
However, the incidence and severity of emergence agitation
significantly decreased over time and there was a statistically
significant time effect. It is not recommended to administer 1
mg/kg of propofol at the end of surgery to children who follow
sevoflurane anesthesia for adenotonsillectomy in order to
reduce emergence agitation. One of the limitations of this study
was the difficulty in differentiating between pain and delirium.
Considering the type of surgery, adequate analgesic modalities
should be chosen to minimize postoperative pain. There is a
need to further investigate the effects or benefits on different
doses, different methods of administration, or additional
analgesic treatments to examine the effects of propofol on
emergence agitation in children receiving sevoflurane for
adenotonsillectomy.
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Appendix 1. Aono's Four Point Scale Appendix 3. Children and Infants Postoperative Pain Scale
Calm 1 Item Structure Points
Not calm but could be easily consoled 2 I
Moderately agitated or restless and not easily calmed 3 Crying None . 0
Combative, excited, or disoriented, thrashing around 4 Moanm.g 1
Screaming 2
Facial expression Relaxed/smiling 0
Wry mouth 1
Appendix 2. Pediatric Anesthesia Emergence Delirium Scale Grimace (mouth and eyes) 2
Posture of the trunk Neutral 0
Score Variable 1
The child makes eye contact with the caregiver 4:notatall Rear up 2
o1 . » . Posture of the legs Neutral, released 0
The child’s actions are purposeful 3:just a little Kicking ab 1
The child is aware of his/her surroundings 2: quite a bit .1(: ng about
1: Tightened 2
: very much
. Motor restlessness None 0
0: extremely
Moderate 1
The child is restless 0: not atall Restless 2
The child is inconsolable ; ]usitta htgl,f The scores of each item were summed to obtain a children and infants
3 \?:ryen?u:h postoperative pain (CHIPP) scale. The highest value of CHIPP scale is 10.
4: extremely

The scores of each item were summed to obtain a Pediatric Anesthesia
Emergence Delirium (PAED) scale. The highest value of PAED scale is
20.

Appendix 4. Ramsay Sedation Scale

Patient is anxious and agitated or restless, or both

Patient is cooperative, oriented and tranquil

Patient responds to commands only

Patient exhibits brisk response to light glabellar tap or
loud auditory stimulus

Patients exhibits a sluggish response to light glabellar tap or 5
loud auditory stimulus

Patient exhibit no response 6

=W N -
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