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Abstract

Purpose Several studies have reported that sevoflurane
was associated with a relatively high incidence of emer-
gence agitation in children even in the absence of any
surgical intervention. The aim of this study was to com-
pare early agitation characteristics of oral melatonin,
dexmedetomidine, and midazolam premedication in chil-
dren who were given sevoflurane anesthesia for esophageal
dilatation.

Methods Following Internal Review Board approval and
parental informed consent, 100 ASA physical status I-II
children (3-9 years old) who were scheduled to undergo
general anesthesia for esophageal dilatation procedures
were enrolled. The patients were randomly assigned to four
groups (n = 25 in each). The premedications in the groups
were saline (group P), dexmedetomidine 2.5 pg/kg (group
D), 0.5 mg/kg midazolam (group MD), and melatonin
0.1 mg/kg (group ML), given orally. All premedication
drugs were given with paracetamol 2-2.5 mg/kg to be
easily drinkable 40-45 min before anesthesia induction.
Anesthesia was maintained with sevoflurane 2-4%, N,O
50% in oxygen. No supplemental analgesic agent was
given, and an emergence agitation scale (EAS) was mea-
sured on admission to the PACU, then every 5 min, and
recorded during the postoperative period: 1, awake and
calm, cooperative; 2, crying, requires consoling; 3, irrita-
ble/restless, screaming, inconsolable; 4, combative, dis-
oriented, thrashing. Children with an agitation score of 3 or
4 were classified as agitated.
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Results There were no significant differences among the
four groups demographically. The emergence agitation
scale was higher in the placebo group than in the others at
5, 10, and 15 min postoperatively (P < 0.001). EA was
similar among group D, group MD, and group ML.
Conclusion We found that oral melatonin, dexmedetom-
idine, and midazolam reduced the incidence of emergence
agitation in children after sevoflurane anesthesia.

Keywords Melatonin - Dexmedetomidine -
Midazolam - Postoperative agitation

Introduction

Emergence agitation (EA) or delirium is a frequent phe-
nomenon in children recovering from general anesthesia that
can create a challenging situation to their health care pro-
viders [1, 2]. Separation from the family, anticipation of
postoperative pain, fear of surgery, incapacity, and loss of
independence, and fear of death are factors that trigger
EA [3].

Sevoflurane is a popular anesthetic for children because
it is less pungent, and has a more rapid onset and recovery
because of lower solubility in blood, a relative lack of
airway irritation, and greater hemodynamic stability than
other potent inhaled agents [4, 5]. However, a number of
studies reported that sevoflurane was associated with a
relatively high incidence of EA in children [6, 7], even in
the absence of any surgical intervention [1]. EA is a term
used to describe nonpurposeful restlessness and agitation,
thrashing, crying or moaning, disorientation, and incoher-
ence [8]. It was concluded that EA was seen 33% of the
time when a high threshold for agitation was defined, and
80% of the time when using a lower threshold, in children
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after sevoflurane anesthesia without surgery [1]. It was
reported that midazolam, melatonin, and dexmedetomidine
given preoperatively can prevent emergence agitation [3];
however, the influence of the agents on EA seems to be
somewhat controversial.

In this study, we aimed to compare early agitation
characteristics of oral melatonin, dexmedetomidine, and
midazolam premedication in children who were given
sevoflurane anesthesia for esophageal dilatation. We
hypothesized that there would not be any significant dif-
ference among the treatment groups.

Methods

Following Internal Review Board approval and parental
informed consent, 100 ASA physical status I-II children
(3-9 years old) who were scheduled to undergo general
anesthesia for esophageal dilatation procedures were inclu-
ded. This study was conducted prospectively; it was placebo
controlled and double blinded. Exclusion criteria included
lack of consent, known adverse reactions to dexmedetomi-
dine, midazolam, or melatonin, mental retardation, devel-
opmental delay, or neurological or psychiatric illness that
may be associated with agitation (cerebral palsy, seizure,
etc.). One hour before sedation, children were transported to
an isolated premedication room near the operating suite.
Parental presence was allowed throughout the sedation and
postsedation period. The patients were randomly assigned to
four groups (n = 25 in each). The randomization was per-
formed with using a table random method.

The premedications in the groups were saline (group P),
dexmedetomidine 2.5 ng/kg (group D), midazolam 0.5 mg/
kg (group MD), and melatonin 0.1 mg/kg (group ML), all
given orally. All premedication drugs were given with par-
acetamol 2-2.5 mg/kg to be easily drinkable 40—45 min
before induction of anesthesia. Study drugs were given by a
trained nurse. For the purpose of creating double-blind
conditions, neither the researcher who attended clinical
applications and observations nor the parents were informed
as to which drug was administered to which child. After the
patients were taken to the operating room, routine anesthesia
monitoring was obtained. Hemodynamic variables [HR
(heart rate), electrocardiogram (ECG), SAP (systolic arterial
pressure), DAP (diastolic arterial pressure), and peripheral
oxygen saturation (SpO,)] were recorded at preoperative
(control) and intraoperative periods.

Anesthesia induction was obtained with sevoflurane 8%,
N,0 50% in oxygen with face mask. During the induction,
response to the face mask was evaluated; then, the sevo-
flurane concentration was decreased. Anesthesia was
maintained with sevoflurane 2-4%, N,O 50% in oxygen.
An intravenous access was obtained, and vecuronium was

given for endotracheal intubation. No supplemental anal-
gesic agent was given. Esophageal dilatation was applied,
and anesthesia was ended. Neuromuscular block was
antagonized with atropine sulfate 0.02 mg kg~' and neo-
stigmine 0.05 mg/kg. The trachea was extubated on
resumption of spontaneus respiration and control of airway.

After the procedure, all the patients were transferred,
still asleep, to the postoperative anesthesia care unit
(PACU) and observed during 1 h. HR, SAP, DAP, and
SpO, were recorded at entrance and at 5, 10, 15, 40, and
60 min, postoperatively. An emergence agitation scale
(EAS) was measured on admission to the PACU, every
5 min, and recorded 5, 10, 15, 30, and 60 min thereafter
and on arrival of the parent in the PACU (1, awake and
calm, cooperative; 2, crying, requires consoling; 3, irrita-
ble/restless, screaming, inconsolable; 4, combative, dis-
oriented, thrashing) [8]. All the patients were evaluated by
the same researcher, who was unaware which drug was
administered to which child. Children with an agitation
score of 3 or 4 were classified as agitated. Although scoring
agitation at 5-min intervals may not be ideal, in the busy
milieu of our pediatric PACU it was the most expedient
and practical approach. The parents were admitted 3—5 min
after the children arrived to PACU. Children were con-
sidered severely agitated if they had an agitation score that
remained at 3 for 5 min after the arrival of their parent.

Statistical evaluation was performed with SPSS 11.5
pocket program using the tests mentioned below; P < 0.05
was considered significant. The results are expressed as
(mean *+ SD).

The sample size was determined assuming that the
probability of sevoflurane agitation was 30% or more. We
wanted to find a significant difference (P < 0.05)
(o = 0.05, one-tailed) with a power of 90% (error = 0.1)
to detect a difference of 25%. Twenty-one patients per
group would have been sufficient, but we expected some
exclusions from the protocol (which did not happen) and
increased this number to 25 (which allowed finding the
same significant difference with a power of 90%). A one-
way analysis of variance (ANOVA) test was used in the
intergroup comparisons of age, weight, duration of anes-
thesia, and emergence agitation score. Repeated measures
variance analysis evaluated SAP, DAP, HR, and SpO,.
Bonferroni adjustment was used in the comparisons of
intragroup values of SAP, DAP, HR, and SpO, in which
the time factor was identified as important through repeated
measures variance analysis.

Results

There were no significant demographic differences among
the four groups. Demographic values of the patients are
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Table 1 Demographic parameters in groups (mean + SD)

Parameter Group P (n = 25) Group D (n = 25) Group MD (n = 25) Group ML
Gender (M/F) 13/12 10/15 14/11 13/12

Age (years) 6.2 +22 55+24 49+23 6.1 £2.4
(median) “ (%) “ %)
Preschool age (3—6 years) 14 15 16 14

School age (7-9 years) 11 10 9 11

Weight (kg) 209 + 79 204 + 11.0 18.8 £ 94 22.0 + 104
Duration of anesthesia (min) 24.4 4+ 10.5 20.5 + 8.3 204 + 6.9 239 + 8.6

Group P, placebo (saline); group D, dexmedetomidine 2.5 pg/kg; group MD, 0.5 mg/kg midazolam; group ML, melatonin 0.1 mg/kg

Table 2 Postoperative emergence agitation scales in groups
(mean *+ SD)

Table 3 Number of patients with emergence agitation (EA) of three
or greater (>3) (n, %)

Time Group Group Group Group P
P D MD ML

20+ 07" 1.3+£06 1.6+ 06 1.8+ 0.8 0.001
Postop. 10 min 1.9 £0.8 13 +06 14 +£0.6 1.3+£0.6 0.002
Postop. 15 min 1.5 +£0.8* 1.3 £0.6 1.1 £0.5 1.1 £0.3 0.028
Postop. 30 min 1.4 £ 09" 12 +05 1.1 +04 1.0+ 0.2 0.170
Postop. 60 min 1.4 £ 09" 1.1 £0.5 1.1 +£04 1.0+ 0.0 0.142

Postop. 5 min

4 Group P compared to group D, group MD, group ML

shown in Table 1. The emergence agitation scale was
higher in the placebo group than others at 5 min
(P < 0.001), 10 min (P < 0.002), and 15 min (P < 0.028)
postoperatively. EA was similar among groups D, MD, and
ML (Table 2). More patients in group P had an EA of 3 or
more (>3) than those in the study groups (Table 3). There
were no differences in HR, SAP, DAP, and SpO, among
the groups (P > 0.05). No other clinically relevant adverse
effect was observed in any group.

Discussion

This study was performed to evaluate the influence of
preanesthesia administration of midazolam, dexmedetom-
idine, or melatonin on postoperative agitation. We found
that all the drugs decreased postoperative agitation, with no
statistically significant differences among the groups.
Several previous studies reported that sevoflurane
anesthesia caused children to have a higher incidence of
emergence agitation as compared with halothane, but some
prospective studies performed to evaluate this point found
no significant difference between the two anesthetics
[9-12]. Kuratani and Oi [9] revealed that sevoflurane
anesthesia more often resulted in emergence agitation than
did halothane in pediatric patients. The results of their
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Group P Group D Group MD Group ML

8 (32%) 2 (8%)* 1 (4%)** 2 (8%)*

** P = 0.01, group P compared to group MD
* P = 0.034, group P compared to group D and group ML

analysis are consistent with the current consensus among
pediatric anesthesiologists.

The etiology of emergence agitation derives from mul-
tiple factors, including pain, preoperative anxiety, type of
surgical procedures, personal character of the patient, too-
rapid awakening, and type of anesthetics. No sole factor
can explain the etiology of emergence agitation [3, 13].
Although pain is definitely a major reason for emergence
agitation, screaming as a result of pain should be distin-
guished from emergence agitation. However, especially in
younger children, it is sometimes not possible to distin-
guish between them. It is widely believed that reducing or
eliminating pain decreases the incidence of emergence
agitation after sevoflurane anesthesia. Several studies
demonstrated that regional block, opioids, and nonsteroidal
antiinflamatory drugs decrease the incidence of emergence
agitation [10, 11, 13—-15]. However, emergence agitation
often occurs even after adequate pain treatment or after
procedures that are not associated with pain. Weldon et al.
[10] demonstrated that sevoflurane is associated with an
early, short-lived increase in the incidence of emergence
agitation compared with halothane when reliable postop-
erative pain control is provided with a caudal block. In
addition, if we consider the fact that anesthesia for essen-
tially pain-free procedural sedation can cause emergence
agitation, complete pain treatment does not guarantee a
calm awakening after sevoflurane [1]. In our study,
ecophageal dilatation is not a painful procedure; however,
the patients in the placebo group had more agitation than
the other patients.
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The reasons for a higher incidence of emergence agi-
tation after sevoflurane are not fully understood. Sevoflu-
rane in particular situations may exert an irritating side
effect on the central nervous system, because epileptiform
seizure activity in previously nonepileptic patients has been
observed with electroencephalography during sevoflurane
anesthesia [16, 17]. The mechanism of cortical epileptog-
enicity by sevoflurane is largely unknown [18]. Because
volatile anesthetics with low blood solubility generally
tend to cause a higher incidence of emergence agitation,
rapid awakening has been posited as a cause for this phe-
nomenon. However, rapid awakening after propofol has not
been associated with emergence agitation [7]. Therefore,
rapid awakening per se does not seem to be a factor in the
causation of emergence agitation.

Giving sedative premedication before anesthesia to
ameliorate preoperative anxiety has been tried, with
hopes that it would decrease the incidence of emergence
agitation. The influence of midazolam on emergence
behavior seems to be somewhat controversial. Lapin
et al. [19] and Ko et al. [20] reported a reduction of
agitation in premedicated children, whereas McGraw and
Kendrick [21] observed no difference at emergence and
even an increased incidence of adverse postoperative
behavior at 1 and 4 weeks after surgery. Breschan et al.
[22] reported that their data could not detect an increase
of effectiveness in reducing emergence agitation after a
higher dose of rectal midazolam, 1 mg/kg compared with
0.5 mg/kg. The high incidence of severe agitation after
both doses, especially in younger children, would rather
suggest a complete lack of effectiveness, which is in
agreement with other reports [23, 24]. In our study,
midazolam was found to be very effective for postop-
erative agitation. Schmidt et al. [25] showed that the
alpha-2 agonists dexmedetomidine and clonidine seem to
be a better choice for premedication in children, as they
were associated with lower levels of postoperative pain
than midazolam. Furthermore, o2-agonists were related
to a safe decrease of sympathetic tone, as no significant
side effects were observed in this setting. Yuen et al.
[26] suggested that intranasal dexmedetomidine produces
more sedation than oral midazolam, but with similar and
acceptable cooperation. Using more selective o2-agonists,
an agitation incidence of 4.8% was observed among
patients given dexmedetomidine, at a dosage of 1 ng/kg
intravenously, compared with 47.6% in a placebo group,
without detecting increases in emergence time or intra-
operative hemodynamic repercussion [27].

Melatonin is a methoxyindole synthesized from trypto-
phan and secreted principally by the pineal gland. It has an
endogenous circadian rhythm of secretion induced by the
suprachiasmatic nuclei of the hypothalamus that is
entrained to the light/dark cycle [28]. In mammals,

melatonin is present in almost all tissues, with or without
the melatonin receptors, because it acts as both a hormone
and an antioxidant. Considering the time-dependent action
of melatonin, it can be better classified as a chronohypnotic
[29]. Oral melatonin at 5 mg/day has been used to alleviate
jet lag and as a preoperative sedative [30-34]. Isik et al.
[34] reported that, in anxious children, oral 3 mg or
0.5 mg/kg melatonin premedication is not a good choice
for dental treatment. They suggested further clinical
research with respect to melatonin with another dose or
time regimen or in combination with other sedatives might
be required. In this study, melatonin provided decreasing
postoperative agitation compared to placebo and was as
effective as dexmedetomidine and midazolam. Naguib and
Samarkandi [32] found that melatonin (0.5 mg/kg) was
associated with preoperative anxiolysis and sedation
without impairment of cognitive and psychomotor skills or
affecting the quality of recovery. Samarkandi et al. [35]
reported that 0.25 and 0.5 mg/kg melatonin was not only as
effective as midazolam in alleviating preoperative anxiety
in children but also associated with a tendency toward
faster recovery and lower incidence of excitement post-
operatively. Caumo et al. [36] reported that patients treated
with melatonin preoperatively had a significant decrease in
pain and anxiety at all time points assessed during the first
36 h after surgery. Furthermore, they required less mor-
phine in the postoperative period and had better recovery of
the rhythmicity percentual in the first postoperative week
after discharge. They also demonstrated that melatonin had
a significant clinical effect on pain and anxiety during the
first 24 h after surgery, which defines the treatment-specific
effects of an intervention. In contrast, Kain et al. [37]
determined whether the anxiolysis associated with 0.05,
0.2, or 0.4 mg/kg (maximum dose, 20 mg) oral melatonin
differed from that of midazolam in children scheduled for
surgery. They suggested that oral midazolam is a more
effective anxiolytic than oral melatonin. In our study,
melatonin and midazolam reduced EA very similarly.

Summarizing our findings, we believe that melatonin,
dexmedetomidine, and midazolam given orally for pre-
medication prevented postoperative early agitation in
children after sevoflurane anesthesia.
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