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Abstract Background: Emergence agitation is a frequent postoperative problem in pediatric

patients undergoing adenotonsillectomy. The incidence of EA is wide ranging in the literature from

10% to 80%.

Objective: The aim of this study was to assess the effect of dexmedetomidine in decreasing emer-

gence agitation associated with sevoflurane in children after adenotonsillectomy.

Design: A prospective randomized study.

Setting: King Fahad military hospital, Saudi Arabia.

Methods: The study included 150 patients, classified randomly into two groups and received either

sevoflurane or sevoflurane with dexmedetomidine. The Pediatric Anesthesia Emergence Delirium

Scale (PAED) was used to assess the emergence agitation. If the PAED scale was P16, the patient

was considered agitated.

Results: The incidence of emergence agitation was 29 patients in group A (38.66%) and 6 patients

(8%) in group B (P< 0.001). Also the comparison of incidence time of agitation, nausea and vomiting

and time of discharge frompost-anesthesia care unit between the two groupswas significant (P< 0.05).

Conclusion: Dexmedetomidine decreased significantly the incidence of agitation with sevoflurane in

pediatric patients undergoing adenotonsillectomy and it was associated with a shorter time to extuba-

tion, lower incidence of postoperative nausea and vomiting and shorter post-anesthesia care unit

length of stay.
ª 2015 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists.
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1. Introduction

Emergence agitation (EA) is one of postoperative complica-
tions after adenotonsillectomy [1], the incidence of EA is wide

ranging in the literature from 10% to 80% [2,3] and the patient
exhibits non-purposeful restlessness and agitation, thrashing,
crying or moaning, disorientation, and incoherence [4,5].

Although it occurs for short duration, it may require
pharmacological intervention, resulting in a prolonged
post-anesthesia care unit stay. Its etiology is unclear and fac-
tors such as pain, rapid recovery, premedication, gender, age,

preoperative anxiety and type of surgery have been suggested
[6,7].

Sevoflurane is the most popular inhaled anesthetic agent in

pediatric anesthesia. It is a smooth induction drug, which
allows a safe and pleasant mask induction, provides fast recov-
ery and impairs less cardiovascular function. Emergence from

sevoflurane anesthesia is often associated with agitation in
small children [8].

Multiple medications including ketamine, propofol, cloni-

dine, and opioids have been used effectively to prevent EA.
However, these medications may increase sedation after anes-
thesia, cause slow awakening, and in some cases are associated
with undesirable side effects, such as nausea and vomiting [9].

Dexmedetomidine is a potent, selective a 2-adrenergic ago-
nist. It can affect the brain and spinal cord a 2-adrenergic
receptor, inhibition of neural discharge to produce sedative,

analgesic, and anxiolytic effects. The Locus Coeruleus is a ver-
ified key part of the brain responsible for the regulation of
arousal and sleep. Dexmedetomidine affects the brainstem

locus coeruleus a 2-adrenergic receptors and produces
sedative, hypnotic, and anxiolytic effects and it has also
anesthetic-sparing effects without significant respiratory

depression [10–12].
The aim of the study was to assess the role of

dexmedetomidine on incidence of emergence agitation in
children anesthetized with sevoflurane and undergoing

adenotonsillectomy.

2. Methods

After approval from the local ethics committee and obtaining
written informed parental consent in King Fahad military hos-
pital, Khamis Mushait, Saudi Arabia, a study included 150

children, (age 4–14 year, ASA physical status I–II) who under-
went elective outpatient adenotonsillectomy (June 2012–July
2014). Exclusion criteria were known allergy to the study med-

ications, developmental delay, mental retardation, attention
deficit/hyperactivity disorders, use of psychiatric medications,
liver, renal, cardiac or respiratory diseases. In the preoperative
waiting area, local anesthetic EMLA cream was used and after

30 min, intravenous line was inserted. The patients did not
receive any premedications and were transferred to operative
room; after attaching the monitors to patients, intravenous

anesthetic induction was done by propofol (1–2 mg/kg), fen-
tanyl (2 lg/kg), and rocuronium (0.6 mg/kg); after tracheal
intubation, the patients were ventilated mechanically; and then

the patients were randomly allocated (using simple randomiza-
tion) into 2 equal groups (n= 75 each) and anesthesia was
maintained with oxygen/air mixture (50:50) in addition to

the following:
Group A (control group): the patients received sevoflurane
1–3% during the surgery.

Group B (dexmedetomidine group): the patients received

sevoflurane and dexmedetomidine as an initial loading dose
of 0.5 lg/kg (started after induction of anesthesia) over
10 min followed by intravenous infusion 0.1–0.3 lg/kg/h by a

computer controlled infusion pump during the surgery. The
loading and maintenance doses of dexmedetomidine were used
to minimize its side effects on the heart rate and arterial blood

pressure [13,14]. The dose of study medications (sevoflurane
and dexmedetomidine) was adjusted to maintain the patient’s
hemodynamics (heart rate and mean arterial blood pressure)
within 20% of pre-induction values. End-tidal concentrations

of sevoflurane were recorded every 5 min during the procedure
(Dräger, Fabius GS, Premium Germany). For all patients, fen-
tanyl 1 lg/kg was given a bolus dose as needed (if there was an

increase in heart rate and mean arterial blood pressure >20%
of pre-induction values) in addition to dexamethasone
0.5 mg/kg as anti-emetic and to decrease upper airway edema

and after surgery, paracetamol suppository was given as
30 mg/kg and the anesthetics were discontinued; the orophar-
ynx was suctioned and the patients were extubated when spon-

taneous breathing was adequate and reversal of muscle
relaxants with neostigmine and atropine were performed and
then the patients were transferred to the post-anesthesia care
unit (PACU), where the observer was blinded about the study

medication. In the PACU, fentanyl 1 lg/kg if the patients are
complaining pain, requested pain medications, patients with
pain score 4 or crying.

3. Monitoring of patients

Heart rate, noninvasive arterial blood pressure, arterial oxygen

saturation (SPO2), end-tidal carbon dioxide (ETCO2), and
body temperature were recorded before anesthesia induction
and every 5 min during surgery. In the post-anesthesia care

unit, the same parameters were monitored every 5 min in addi-
tion to Pediatric Anesthesia Emergence Delirium (PAED)
Scale to assess the emergence agitation (minimal score is 0

and maximal score is 20 [15]. The degree of emergence agita-
tion is directly increases with the total score) (Table 1). In
PAED of 16 or more, the child was considered agitated. The
pain was assessed using objective pain score (Table 2). The

observer scored pain every 5 min (none/insignificant pain (1–
3), moderate pain (4–6), severe pain (7–10) [16]). Patients with
pain score 4 were treated with additional dose of fentanyl. The

patients were transferred to the ward according to modified
Aldrete score criteria [17].

3.1. Sample size calculation

Power analysis was performed using Chi square test for inde-
pendent samples on frequency of patients complaining of

post-operative agitation because it was the main outcome vari-
able in the present study. A pilot study was done before start-
ing this study because there are no available data in the
literature for the incidence of postoperative agitation with

dexmedetomidine administration. The results of the pilot study
showed incidence of postoperative agitation of 10% in
dexmedetomidine group, and 30% in control group. Taking

power 0.8 and alpha error 0.05, a minimum sample size of



Table 1 Pediatric anesthesia emergence delirium scale [13].

Clinical Status Not

at all

Just a

little

Quite

a bit

Very

much

Extremely

1. The child makes eye

contact with the caregiver

4 3 2 1 0

2. The child’s actions are

purposeful

4 3 2 1 0

3. The child is aware of his/

her surroundings

4 3 2 1 0

4. The child is restless 0 1 2 3 4

5. The child is inconsolable 0 1 2 3 4

Table 2 Objective pain scale for postoperative pain [14].

Parameter Finding Point

Systolic blood

pressure

Increase <20% of preoperative blood

pressure

0

Increase 20–30% of preoperative blood

pressure

1

Increase > 30% of preoperative blood

pressure

2

Crying Not crying 0

Responds to age-appropriate nurturing

(tender loving care)

1

Does not respond to nurturing 2

Movements No movements relaxed 0

Restless (moving about in bed constantly) 1

Thrashing (moving wildly) 2

Rigid (stiff) 2

Agitation Asleep or calm 0

Can be comforted to lessen the agitation

(mild)

1

Cannot be comforted (hysterical) 2

Complains of

pain

Asleep 0

States no pain 0

Cannot localize 1

Localizes pain 2
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72 patients was calculated for each group. A total of patients in
each group (75) were included to compensate for possible
dropouts.

4. The statistical paragraph in material and methods

Data were statistically described in terms of mean ± standard

deviation (±SD), median and range, or frequencies (number
of cases) and percentages when appropriate. Comparison of
numerical variables between the study groups was done using

Student’s t test for independent samples. For comparing cate-
gorical data, Chi square (X2) test was performed. Exact test
was used instead when the expected frequency is less than 5.

p Values less than 0.05 were considered statistically significant.
All statistical calculations were done using computer program
Statistical Package for the Social Science (SPSS; SPSS Inc.,

Chicago, IL, USA) version 15 for Microsoft Windows.

5. Results

Fig. 1 shows number of patients evaluated and enrolled. All
patients have completed the study.

There were no significant differences regarding the demo-
graphic data, end-tidal carbon dioxide, arterial oxygen satura-

tion, temperature, total dose of fentanyl, duration of surgery
and anesthesia, and modified Aldrete score of patients
(P > 0.05) (Tables 3 and 4). The heart rate decreased in both

groups after induction but the comparison between the two
groups was insignificant (Table 4). The decrease in heart rate
below 80 bpm was in 5 patients of group A and 7 patients of

group B, the comparison was insignificant (P = 0.172)
(Table 5), and patients were managed with small dose of atro-
pine 0.02 mg/kg. The mean arterial blood pressure decreased

after induction in both groups but the comparison between
the two groups was insignificant (Table 4). The decrease in
mean arterial blood pressure below 50 mmHg was in 4 patients
of group A and 5 patients of group B and patients were man-

aged with small dose of ephedrine and bolus of fluids and the
comparison was insignificant (P= 0.211) (Table 5). The end-
tidal concentration of sevoflurane was significantly higher in

group A than in group B and the mean was 2.23 ± 0.31 in
group A patients and 0.82 ± 0.26 in group B patients
(P < 0.001) (Table 4).

The time to extubation (duration from end of anesthesia
until the patients become fully awake and removal of
endotracheal tube) between the two groups was significant
and the mean was 17.06 ± 3.13 min in group A and

11.28 ± 2.09 min in group B patients (P < 0.001) Table 4].
The incidence of emergence agitation was 29 patients

(38.66%) in group A and 6 patients (8%) in group B, the com-

parison was significant between the two groups (P < 0.001)
(Table 5, Fig. 2), and patients were managed properly with
midazolam 0.1 mg/kg intravenously. The onset of emergence

agitation (time of agitation occurrence) was earlier in group
A patients than in group B patients and the mean was
9.53 ± 3.82 min in group A and 5.13 ± 2.75 min in group B

(P < 0.001) (Table 5, Fig. 3). The objective pain score was
higher in group A than in group B and the mean was
7.25 ± 1.19 in group A and 3.61 ± 0.82 in group B patients
(P < 0.001) (Table 5, Fig. 4). There was a statistical difference

in the fentanyl dose during surgery and in the post-anesthesia
care unit between the two groups and the total dose (lg/kg)
was lower in group B than in group A patients (P < 0.001)

(Table 4).
The incidence of nausea and vomiting was 11 patients in

group A and 5 patients in group B (P = 0.031) (Table 5),

and the patients were managed with single intravenous ondan-
setron dose 0.1 mg/kg.

The comparison of post-anesthesia care unit length

of stay was significant and the mean was 43.90 ± 6.72 min in
group A and 34.8 ± 4.84 min in group B (P < 0.001)
(Table 4).

6. Discussion

The aim of the present study was to assess the effect of
dexmedetomidine in decreasing the incidence of emergence agi-

tation in children after adenotonsillectomy under sevoflurane.
The present study showed that the incidence of emergence

agitation was 38.66% of group A and only 8% of group B

patients and the dexmedetomidine reduced significantly the
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Figure 1 CONSORT flow diagram of children undergoing adenotonsillectomy and participating in the study.

Table 3 Demographic data of patients (Mean ± SD,

number).

Item Group A

(n= 75)

Group B

(n = 75)

P-value

Age (year) 8.38 ± 3.00 8.56 ± 3.08 0.713

Weight (kg) 21.12 ± 5.53 21.48 ± 3.99 0.861

Sex (male/female) 36/39 40/35 0.152
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emergence agitation in children after adenotonsillectomy. In a
double-blinded trial, 60 children (age 3–7 years) were ran-

domly assigned to receive dexmedetomidine (0.5 lg/kg) IV or
placebo. Sevoflurane was used for induction and maintenance
of anesthesia. The incidence and severity of agitation in the

dexmedetomidine group were lower than in the placebo group
(P < 0.05) [18]. Jia et al. [19], compared sevoflurane and
sevoflurane with dexmedetomidine (loading dose of 1 lg/kg
followed by 1 lg/kg/Hr) in patients undergoing adenotonsil-
lectomy and found the incidence of agitation decreased signif-
icantly with dexmedetomidine (P < 0.05) without any side
effect related to dexmedetomidine; another study showed the

incidence of emergence agitation was lower in dexmedeto-
midine group (loading dose of 1 lg/kg followed by
0.1 lg/kg/Hr) than in sevoflurane group (5% vs. 55%,

P< 0.001) [20] and the same result was reported by other
studies [21,22].

Jin-hui et al. [23], did a meta-analysis study included 27 tri-

als and found the incidence of emergence agitation was as high
as 40.3% in placebo group compared to 13.0% in dexmedeto-
midine group.
In the present study, the onset of agitation was earlier in
group A than in group B and the comparison between the

two groups was significant. Contrary to the result of the pre-
sent study, Meng et al. [24] compared sevoflurane and sevoflu-
rane with different doses of dexmedetomidine (loading dose of

0.5 lg/kg or 1 lg/kg followed by 0.2 lg/kg/Hr or
0.4 lg/kg/Hr) and found the onset of agitation was insignifi-
cant (P > 0.05). The present study showed the pain score

was higher in group A than in group B and dexmedetomidine



Table 4 Intraoperative and postoperative data of patients (Mean ± SD, %, Number, Range, Median).

Item Group A (n= 75) Group B (n= 75) P value

Heart rate (bpm) T0 100.44 ± 6.83 99.63 ± 8.32 0.515a

T1 99.65 ± 8.43 97.23 ± 7.51 0.065a

T2 96.23 ± 5.25 94.62 ± 8.46 0.171a

T3 93.40 ± 8.58 92.74 ± 6.15 0.627a

T4 96.34 ± 8.14 95.87 ± 7.54 0.714a

T5 102.27 ± 6.71 99.80 ± 9.29 0.064a

MAP (mmHg) T0 82.52 ± 5.87 80.45 ± 8.30 0.079a

T1 77.50 ± 6.87 76.20 ± 5.28 0.196a

T2 76.94 ± 8.65 74.52 ± 7.39 0.068a

T3 78.36 ± 6.55 76.15 ± 7.42 0.055a

T4 79.66 ± 7.54 77.86 ± 8.48 0.172a

T5 81.35 ± 7.24 79.19 ± 9.38 0.117a

ETCO2 (mmHg) 36.44 ± 1.76 36.50 ± 2.50 0.583a

SPO2 (%) 99.06 ± 0.79 98.98 ± 0.91 0.363a

Number of postoperative hypoxic episodes – –

Temperature (̊C) 37.06 ± 0.20 37.05 ± 0.16 0.872a

Duration of anesthesia (minutes) 46.96 ± 6.85 46.82 ± 6.38 0.994a

Duration of surgery (minutes) 39.74 ± 3.90 38.67 ± 3.44 0.733a

End-tidal sevoflurane (%) 2.23 ± 0.31 0.82 ± 0.26 0.001

Total fentanyl dose (lg) [during procedure] 45.76 ± 9.82 36.80 ± 4.05 0.001b

Fentanyl dose (lg/kg) 2.266 ± 1.76 1.42 ± 1.01 0.001b

Extubation time (minutes) 17.06 ± 3.13 11.96 ± 2.26 0.001b

PACU length of stay (minutes) 43.90 ± 6.72 34.8 ± 4.84 0.001b

Total fentanyl dose (lg) in PACU 23.46 ± 4.52 15.88 ± 5.72 0.015b

Modified Aldrete score Mean 9.12 ± 0.718 9.32 ± 0.620 0.291b

Range 10–8 10–8

Median 9 9

MAP: Mean arterial blood pressure, ETCO2: End-tidal carbon dioxide, SPO2: Arterial oxygen saturation, PACU: Post-anesthesia care unit.

T0: Reading before anesthesia induction, T1: Reading after anesthesia induction, T2: Reading 15 min after induction, T3: Reading at the end of

anesthesia, T4: Reading at admission to PACU, T5: Reading before discharge to ward.
a P > 0.05: The comparison is insignificant between the two groups.
b P < 0.05: The comparison is significant between the two groups.

Table 5 Complications related to the study (Mean ± SD, number, Range, Median, Percentage %).

Item Group A (n = 75) Group B (n= 75) P-value

Bradycardia (Number of patients) 5 7 0.172a

Hypotension (Number of patients) 4 5 0.211a

Nausea and vomiting (Number of patients) 1 5 0.031b

Objective pain score Mean 7.25 ± 1.19 3.61 ± 0.82 0.001b

Range 10–3 6–2

Median 6 3

Agitation (Number and percentage of patients) 29 (38.66%) 6 (8%) 0.001b

Onset of emergence agitation 9.53 ± 3.82 5.13 ± 275 0.001b

a P > 0.05: The comparison is insignificant between the two groups.
b P < 0.05: The comparison is significant between the two groups.
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decreased significantly the pain in group B; therefore, the
required fentanyl dose was greatly higher in group A patients

and the same result was reported by other studies [18,23,25]. A
meta-analysis study evaluated the prevention of EA, and con-
cluded that the analgesia did not seem to play a role in prevent-

ing emergence agitation [9], and adding of opioids for
analgesia did not prevent the EA and may increase the occur-
rence of EA [26]. Against to this result, Cohen et al. [27]
reported that the use of opioids considerably reduces the inci-
dence of postoperative agitation, but causes nausea and vom-

iting as the same results of the present study and other studies
[21,28], but another study found that no significant difference
in incidence of nausea and vomiting between sevoflurane and

sevoflurane with dexmedetomidine (P > 0.05) [18]. The heart
rate and mean arterial blood pressure dropped in some
patients of the two groups but the comparison was



Figure 2 Incidence of emergence agitation.

Figure 3 Onset of emergence agitation.

Figure 4 Objective pain score of patients. OPS: Objective pain

score.
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insignificant and Guler et al. [18] reported the same findings,

but Kim et al. [20] found that heart rate and mean arterial
pressure were significantly lower in dexmedetomidine group
than in sevoflurane during surgery (P < 0.05), and the same
result was found by Ibacache et al. [22].

7. Conclusion

Dexmedetomidine decreased significantly the incidence of agi-

tation with sevoflurane in pediatric patients undergoing adeno-
tonsillectomy and associated with a shorter time to extubation,
and decreased total dose of sevoflurane, lower incidence of

postoperative nausea and vomiting, lower pain score and
shorter post-anesthesia care unit length of stay.
8. Limitations

Our study recognizes some limitations such as being single cen-
ter study in addition to the small number of patients.
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