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Abstract Background: The increased use of sevoflurane has been associated with an increased

incidence of emergence agitation (EA), melatonin and ketamine were used for the management

of sevoflurane agitation. But their combination was not evaluated up-to-date. So we designed

this randomized double blinded controlled study to evaluate the effect of melatonin, ketamine

and their combination in half doses in management of EA in children undergoing adenotonsil-

lectomy.

Methods: One hundred twenty children (3–6 years) of both sex were randomly allocated into four

equal groups (30 patients each); control group (C) received oral parecetamol 15 mg/kg 1 h before

induction and 3 ml intravenous normal saline with induction, melatonin group (M) received oral mel-

atonin 0.1 mg/kg with oral parecetamol 15 mg/kg 1 h before induction and 3 ml intravenous normal

saline with induction, ketamine group received oral parecetamol 15 mg/kg 1 h before induction and

intravenous ketamine 0.5 mg/kg in a total volume 3 ml with normal saline with induction and mela-

tonin ketamine (MK) group received oral melatonin 0.05 mg/kg with oral parecetamol 15 mg/kg

1 h before induction and intravenous ketamine 0.25 mg/kg with induction in a total volume 3 ml with

normal saline. General anesthesia was standardized for all children with inhaled sevoflurane. EA was

assessed by 5 point scale at 5, 15 and 30 min.

Results: As regard the EA, there was significant difference betweenM,K andMKgroups when com-

pared to C group at 5 and 15 min. But there was no significant difference between M and K groups

when compared with the MK group all over the time of the study.
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Conclusion: Melatonin and ketamine were effective in the management of EA. The combination of

half doses of them was equally effective as the use of each of them alone.

ª 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists.
Table 1 Five-point emergence agitation scale.

1 Obtunded with no response to stimuli

2 Asleep, but responsive to movement and stimuli

3 Awake and appropriately responsive

4 Crying and difficult to console

5 Wild thrashing behavior that requires restraint

Open access under CC BY-NC-ND license.
1. Introduction

Emergence agitation was defined as a disturbance in a child’s

awareness of environment with disorientation and perceptual
alteration including hypersensitivity to stimuli and hyperactive
motor behavior in the immediate postanesthesia period [1].

Multiple factors cause EA, including pain, preoperative
anxiety, type of surgical procedures, type of anesthetics, too
rapid awakening, and personal character of the patient. No

sole factor can explain the etiology of EA [2,3]. It is widely be-
lieved that reducing or eliminating pain decreases the incidence
of EA after sevoflurane anesthesia. However, EA often occurs

even after adequate pain treatment or after procedures that are
not associated with pain. Weldon et al. demonstrated that
sevoflurane is associated with an early, short-lived increase in
the incidence of EA compared with halothane when reliable

postoperative pain control is provided with a caudal block
[4]. Also in Özcengiz et al., study esophageal dilatation is not
a painful procedure; however, the patients in the placebo

group had more agitation than the other patients [5].
Melatonin is synthesized from tryptophan and it is noctur-

nal neurohormone secreted by the pineal gland, retina, and

gastrointestinal tract. It has several diverse functions, includ-
ing antioxidant, antiinflammatory, and anticonvulsant activi-
ties, as well as regulation of circadian rhythms and the

reproductive axis. Melatonin has numerous uses: treatment
of sleep disorders [6], reduction of oxidative stress in neonates
in the perioperative period [7] and treatment of psychosis in
the intensive care unit [8]. Many studies had reported that mel-

atonin was as effective in reducing preoperative anxiety as
midazolam [9,10].

Ketamine has been reported to prevent EA associated with

inhalation anesthetic agents. Khattab and El-Seify found that
adding low dose oral ketamine to oral midazolam in children
underwent dental surgery reduced sevoflurane agitation with-

out delaying discharge [11].
Kawaraguchi et al. found that intravenous ketamine after

induction of sevoflurane anesthesia in children undergoing
strabismus surgery reduced the incidence of agitation [12].

In animal studies, ketamine was shown to potentiate the re-
lease of melatonin [13].

2. Materials and methods

After obtaining approval by the local ethics committee of El-
Minia university hospital and informed consent from parents,

one hundred twenty children (3–6 years) of both sex were ran-
domly allocated into four equal groups (30 patients each) (ran-
domization was done according to computer generated

number); C group received oral parecetamol 15 mg/kg and
3 ml normal saline intravenous with induction, M group re-
ceived oral melatonin 0.1 mg/kg with oral parecetamol

15 mg/kg 1 h before induction and 3 ml normal saline intrave-
nous with induction, k group received oral parecetamol 15 mg/
kg 1 h before induction and intravenous ketamine 0.5 mg/kg in
a total volume 3 ml normal saline with induction and MK
group received oral melatonin 0.05 mg/kg with oral pareceta-

mol 15 mg/kg 1 h before induction and intravenous ketamine
0.25 mg/kg in a total volume 3 ml normal saline with induc-
tion. It was a double blinded study neither the observer nor

the patients knew the group allocation or the drugs used.
Children with developmental, psychological, behavioral, or

any medical problems were excluded.
Preparation of the oral medications was done as following;

one tablet of melatonin 5 mg was dissolved in 10 ml glucose
5% and the calculated dose according to children body weight
was added with parecetamol 15 mg/kg to be palatable for chil-

dren and parecetamol also used as analgesic. Oral medications
were given to children 1 h before induction.

In the operating room monitoring of heart rate, blood pres-

sure and oxygen saturation was done. Induction of anesthesia
was done with sevoflurane (3–8 MAC), started with 3 Mac and
gradually increased to 8. Meanwhile intravenous line was in-

serted, and then atropine 0.01 mg/kg, cisatracurium 0.15 mg/
kg and 3 ml of saline (with or without ketamine) were given.
Maintenance of anesthesia was done by 1.5–2 MAC sevoflu-
rane. At the end of operation discontinuation of inhalational

anesthesia was done and muscle relaxant was reversed by neo-
stigmine 0.05 mg/kg and atropine 0.02 mg/kg. Then children
were transferred to PACU till complete recovery then dis-

charged to ward.
Parameters assessed were induction time (IT) time from the

start of sevoflurane inhalation to the start of endtracheal tube

insertion, duration of anesthesia (DA) time from the start of
sevoflurane inhalation to discontinuation of sevoflurane inha-
lation, time up to spontaneous eye opening (time from removal

of endotracheal tube till spontaneous eye opening), duration of
stay in PACU and any side effects.

Agitation was also assessed by five-point scale (Table 1) at
5, 15 and 30 min after arrival to PACU; children with score 4

and 5 was considered agitated. Agitated children were consid-
ered uncontrolled if not respond to calming measures and the
presence of parents and managed by 1 lg/kg intravenous

fentanyl.

3. Statistical analysis

Data entry and analysis were done with IBM compatible com-
puter using software (SPSS version 15, Chicago, Illinois,
USA). Quantitative data were presented by mean and standard

deviation and compared by analysis of variance (ANOVA) test

http://creativecommons.org/licenses/by-nc-nd/4.0/
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followed by post hoc test if there was significance. Qualitative
data were presented by number and percentage and compared
by Chi-square test. A P value 60.05 was considered statisti-

cally significant.
The sample size was calculated according to the previous

study that was done by Özcengiz et al. [5] as they assume that

the probability of sevoflurane agitation was 30% or more. To
find a significant difference with a power of 90% to detect a
difference of 25%. Twenty-one patients per group would have

been sufficient. And also we expected some exclusion from the
protocol (which did not happen) so we increased the number
to 30.

4. Results

There was no significant difference between the four groups as

regard age, weight and sex distribution (Table 2).
There were no significant differences between the four

groups as regard the IT and DA. But there was significant dif-
ference as regard the time to spontaneous eye opening as it was

significantly longer in the M, K and MK when compared to C
group. As regard the duration of stay in the PACU there were
significant difference between the M, K and MK group when

compared to the C group as it was significantly longer in the
C group also significant difference was found when comparing
M group with MK group being longer in the M group

(Table 3).
As regard the EA, there was significant difference between

M, K and MK groups when compared to C group at 5 and
15 min. But there was no significant difference between M

and K groups when compared with the MK group all over
the time of the study (Table 4).

5. Discussion

In our study as regard the M group we found that there was no
significant difference between the M group when compared

with control group in the ID and DA. But there was significant
difference when compared with the C group in time for spon-
taneous eye opening as it was longer in the melatonin group.

There was significant difference when compared with the C
group in duration of stay in the PACU as it was shorter in mel-
atonin group and this mostly explained by the more use of fen-

tanyl in the C group to manage uncontrolled agitated children.
Melatonin reduced the incidence of EA in children received
oral melatonin when compared to children in the C group at
5 and 15 min.

In agreement with our result Kain et al. who study four
groups of children assigned to receive preoperatively oral
midazolam 0.5 mg/kg or oral melatonin 0.05 mg/kg, 0.2 mg/

kg, or 0.4 mg/kg. The melatonin groups showed a dose–re-
sponse effect on emergence behavior. Children who received
melatonin developed less emergence delirium compared with
Table 2 Demographic data.

C M

Age (year) 5.58 ± 1.18 5.40 ± 1.22

Weight (kg) 18.33 ± 4.43 18.10 ± 1.60

Sex (male/female) 16/14 15/15
those who received midazolam, and the effect was dose related;
the incidence after 0.05 mg/kg melatonin was 25.0%, incidence
after 0.2 mg/kg melatonin was 8.3%, and incidence after

0.4 mg/kg melatonin was 5.4%. They concluded that midazo-
lam was more effective than melatonin in reducing children’s
anxiety at induction of anesthesia. Melatonin showed a direct

dose-dependent effect on emergence delirium [14].
Also in agreement with our results Özcengiz et al., who

studied 100 children (3–9 years old) who were scheduled to un-

dergo general anesthesia for esophageal dilatation procedures.
The patients were randomly assigned to four groups. The pre-
meditations in the groups were saline, dexmedetomidine
2.5 lg/kg, 0.5 mg/kg midazolam, and melatonin 0.1 mg/kg, gi-

ven orally. They found that oral melatonin, dexmedetomidine,
and midazolam reduced the incidence of EA in children after
sevoflurane anesthesia [5].

Samarkandi et al. reported that 0.25 and 0.5 mg/kg melato-
nin was not only as effective as midazolam in alleviating pre-
operative anxiety in children but also associated with a

tendency toward faster recovery and lower incidence of excite-
ment postoperatively [9].

Caumo et al. 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 [15].

In our study as regard the K group we found that there
were no significant difference between the K group when com-

pared with C group in the ID and DA. But there were signif-
icant difference when compared with the control group in time
for spontaneous eye opening as it was longer in K group and

duration of stay in the PACU as it was shorter in the K group
this mostly explained by the more use of fentanyl in the C
group to manage uncontrolled agitated children. Ketamine re-

duced the incidence of EA in children received intravenous ket-
amine when compared to children in the C group at 5 min and
15 min.

In agreement with our results, Khattab and El-Seify who
studied 92 children classified into two groups; oral midazolam
0.5 mg/kg mixed with 10 mg/kg ibuprofen or oral midazolam
0.5 mg/kg with 2 mg/kg ketamine mixed with 10 mg/kg ibu-

profen. They found that adding low dose oral ketamine to oral
midazolam in children underwent dental surgery reduced sevo-
flurane agitation from 37% to 11% without delaying discharge

[11].
Also in agreement with our results Kawaraguchi et al. who

used ketamine 1 mg/kg intravenously after induction of sevo-

flurane anesthesia in 55 children undergoing strabismus sur-
gery. Children were classified into three groups; ketamine,
pentazocine, and flurbiprofen. Ketamine group received keta-
mine 1 mg/kg intravenously, followed by infusion of ketamine

1 mg/kg/h during surgery, pentazocine group received pentaz-
ocine 0.2 mg/kg intravenously after induction of anesthesia,
and flurbiprofen Group received intravenous flurbiprofen

1 mg/kg 15 min before the end of surgery. They found that
K MK P value

5.92 ± 1.63 5.80 ± 1.09 0.41718

19.18 ± 4.76 19.37 ± 3.94 0.511

16/14 17/13 0.966
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the incidence of agitation in ketamine group was less than that
of flurbiprofen group and pentazocine group [12].

Also Kararmaz et al. found that 6 mg/kg oral ketamine gi-

ven to children 30 min before adenotonsillectomy under desflu-
rane anesthesia reduced EA incidence from 56% to 18% [16].

In agreement with our results, Dalens et al. showed a re-

duced incidence of EA in children given 0.25 mg/kg of keta-
mine administered intravenously at the end of MRI
procedures under sevoflurane anesthesia (12% vs. 36% in the

control group) [17].
Also administration of ketamine 0.25 mg/kg reduced EA in

85 children undergoing dental repair under sevoflurane from
34.2% in the control group to 16.6% in ketamine group [18].

In our study as regard the MK group we found that there
were no significant difference between the MK group when
compared with C group in the IT and DA. But there was signif-

icant difference when compared with the C group in time for
spontaneous eye opening as it was longer at MK group and
duration of stay in the PACU as it was shorter in theMK group

this mostly explained by the more use of fentanyl in the C group
to manage uncontrolled agitated children. Combination of mel-
atonin and ketamine reduced the incidence of EA in children

when compared to children in the C group at 5 min and 15 min.
As regard the melatonin and ketamine groups when com-

pared to combination of melatonin and ketamine in half doses
there was no significant difference as regard IT, DA, Time up

to spontaneous eye opening and EA. Only time of stay in
PACU was significantly longer in the M group when compared
with MK group.

6. Conclusion

Melatonin and ketamine were effective in the management of

EA. The combination of half doses of them was equally effec-
tive in reducing EA as the use of each of them alone without
any additional improvement in IT, DA, time up to spontane-

ous eye opening but shorter PACU stay was noticed in chil-
dren received the combination than those received melatonin
only which may attributed to the need of more use of fentanyl

in uncontrolled agitated children in melatonin group which
need longer follow up.
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[5] Özcengiz D, Gunes Y, Ozmete O. Oral melatonin,

dexmedetomidine, and midazolam for prevention of

postoperative agitation in children. J Anesth 2011;25(2):

184–8.

[6] Pandi-Perumal SR, Srinivasan V, Maestroni GJ, Cardinali DP,

Poeggeler B, Hardeland R. Melatonin: Nature’s most versatile

biological signal? FEBS J 2006;273:2813–38.

[7] Gitto E, Romeo C, Reiter RJ, Impellizzeri P, Pesce S, Basile M,

Antonuccio P, Trimarchi G, Gentile C, Barberi I, Zuccarello B.

Melatonin reduces oxidative stress in surgical neonates. J

Pediatr Surg 2004;39:184–9.

[8] Miyazaki T, Kuwano H, Kato H, Ando H, Kimura H, Inose T,

Ohno T, Suzuki M, Nakajima M, Manda R, Fukuchi M,

Tsukada K. Correlation between serum melatonin circadian

rhythm and intensive care unit psychosis after thoracic

esophagectomy. Surgery 2003;133:662–8.

[9] Samarkandi A, Naguib M, Riad W, Thalaj A, Alotibi W,

Aldammas F, Albassam A. Melatonin versus midazolam

premedication in children: a double blind, placebo-controlled

study. Eur J Anaesthesiol 2005;22:189–96.

[10] Johnson K, Page A, Williams H, Wassemer E, Whitehouse W.

The use of melatonin as an alternative to sedation in

uncooperative children undergoing an MRI examination. Clin

Radiol 2002;57:502–6.

[11] Khattab AM, El-Seify ZA. Sevoflurane-emergence agitation:

effect of supplementary low-dose oral ketamine premedication

in preschool children undergoing dental surgery. Saudi J

Anaesth 2009;3:61–6.

[12] Kawaraguchi Y, Miyamoto Y, Fukumitsu K, Taniguchi A,

Hirao O, Kitamura S, Kinouchi K. The effect of ketamine on

reducing postoperative agitation of sevoflurane in pediatric

strabismus surgery. Masui 2002;51:1343–8.

[13] Pang CS, Mulnier C, Pang S, Yang JCS. Effects of halothane,

pentobarbital, and ketamine on serum melatonin levels in the

early scotophase in NewZeland white rabbits. Biol Signal Recept

2001;10:310–6.

[14] Kain ZN, MacLaren JE, Herrmann L, Mayes L, Rosenbaum A,

Hata J, Lerman J. Preoperative melatonin and its effects on

induction and emergence in children undergoing anesthesia and

surgery. Anesthesiology 2009;111:44–9.

[15] Caumo W, Torres F, Moreira Jr NL, Auzani JA, Monteiro CA,

Londero G, Ribeiro DF, Hidalgo MP. The clinical impact of

preoperative melatonin on postoperative outcomes in patients

undergoing abdominal hysterectomy. Anesth Analg

2007;105:1263–71.

[16] Kararmaz A, Kaya S, Turhanoglu S, Ozyilmaz MA. Oral

ketamine premedication can prevent emergence agitation in

children after desflurane anaesthesia. Paediatr Anaesth

2004;14(6):477–82.

[17] Dalens BJ, Pinard AM, Létourneau DR, Albert NT, Truchon

RJ. Prevention of emergence agitation after sevoflurane

anesthesia for pediatric cerebral magnetic resonance imaging

by small doses of ketamine or nalbuphine administered just

before discontinuing anesthesia. Anesth Analg

2006;102(4):1056–61.

[18] Abu-Shahwan I, Chowdary K. Ketamine is effective in

decreasing the incidence of emergence agitation in children

undergoing dental repair under sevoflurane general anesthesia.

Paediatr Anaesth 2007;17:846–50.

http://refhub.elsevier.com/S1110-1849(13)00059-7/h0005
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0005
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0005
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0010
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0010
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0015
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0015
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0020
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0020
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0020
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0025
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0025
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0025
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0025
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0030
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0030
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0030
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0035
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0035
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0035
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0035
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0040
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0040
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0040
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0040
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0040
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0045
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0045
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0045
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0045
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0050
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0050
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0050
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0050
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0055
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0055
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0055
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0055
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0060
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0060
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0060
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0060
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0065
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0065
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0065
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0065
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0070
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0070
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0070
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0070
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0075
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0075
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0075
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0075
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0075
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0080
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0080
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0080
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0080
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0085
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0085
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0085
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0085
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0085
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0085
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0090
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0090
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0090
http://refhub.elsevier.com/S1110-1849(13)00059-7/h0090

	Melatonin, ketamine and their combination in half doses for management of sevoflurane agitation in children undergoing adenotonsillectomy
	1 Introduction
	2 Materials and methods
	3 Statistical analysis
	4 Results
	5 Discussion
	6 Conclusion
	References


