
Page | 387

Saudi Journal of Anaesthesia   Vol. 5, Issue 4, October-December 2011 

Ashraf M. Ghali, 
Abdul Kader Mahfouz1, 
Maher Al‑Bahrani2

Department of Anesthesia, 
Magrabi Eye & Ear Hospital, 
Muscat, Sultanate of Oman 
Department of Anesthesia, 
1Al Nahda Hospital, 2Royal 
Hospital, Ministry of Health, 
Sultanate of Oman

A B S T R A C T

Background: Relieving preoperative anxiety is an important concern for the pediatric 
anesthesiologist. Midazolam has become the most frequently used premedication in 
children. However, new drugs such as the α2-agonists have emerged as alternatives for 
premedication in pediatric anesthesia. Methods: One hundred and twenty children scheduled 
for adenotonsillectomy were enrolled in this prospective, double-blind, randomized study. 
The children were divided into two equal groups to receive either intranasal dexmedetomidine 
1 μg/kg (group D), or oral midazolam 0.5 mg/kg (group M) at approximately 60 and 30 
mins, respectively, before induction of anesthesia. Preoperative sedative effects, anxiety 
level changes, and the ease of child-parent separation were assessed. Also, the recovery 
profile and postoperative analgesic properties were assessed. Results: Children premedicated 
with intranasal dexmedetomidine achieved significantly lower sedation levels (P=0.042), 
lower anxiety levels (P=0.036), and easier child-parent separation (P=0.029) than children 
who received oral midazolam at the time of transferring the patients to the operating 
room. Postoperatively, the time to achieve an Aldrete score of 10 was similar in both the 
groups (P=0.067). Also, the number of children who required fentanyl as rescue analgesia 
medication was significantly less (P=0.027) in the dexmedetomidine group. Conclusion: 
Intranasal dexmedetomidine appears to be a better choice for preanesthetic medication than 
oral midazolam in our study. Dexmedetomidine was associated with lower sedation levels, 
lower anxiety levels, and easier child-parent separation at the time of transferring patients 
to the operating room than children who received oral midazolam. Moreover, intranasal 
dexmedetomidine has better analgesic property than oral midazolam with discharge time 
from postanesthetic care unit similar to oral midazolam.
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beneficial	effects	when	used	as	premedication	in	children:	
sedation, fast onset, and limited duration of  action.[4] 
Despite	having	a	number	of 	beneficial	effects,	it	is	far	from	
an ideal premedicant having untoward side effects such as 
restlessness, paradoxical reaction, cognitive impairment, 
amnesia, and respiratory depression.[5,6]

However,	new	drugs	such	as	the	α2-agonists have emerged 
as alternatives for premedication in pediatric anesthesia. 
Dexmedetomidine	 is	 a	 highly	 selective	 α2-agonist with 
both sedative and analgesic properties and is devoid of  
respiratory depressant effect. These properties render it 
potentially useful for anesthesia premedication.[7]

Therefore, the purpose of  this study was to evaluate the 
preoperative sedative effects, anxiety level changes and the 
ease of  child-parent separation (as a primary end-point), 
and	 the	 recovery	 profile	 and	 postoperative	 analgesic	

INTRODUCTION

Relieving pre- and post-operative anxiety is an important 
concern for the pediatric anesthesiologist.[1] Anxiety 
can produce aggressive reactions, increase distress, and 
may	make	the	control	of 	postoperative	pain	difficult.[2,3] 
The benzodiazepine, midazolam, has become the most 
frequently used preanesthesia medication given to children 
scheduled for surgery.[1,2] Midazolam has a number of  
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properties (as a secondary end-point) of  preoperative 
intranasal dexmedetomidine sedation compared with 
those of  oral midazolam in children scheduled for 
adenotonsillectomy.

METHODS

After obtaining the approval from the Institutional 
Ethics Committee and written informed consent from 
the patients’ parents or legal guardian, 120 children of  
American Society of  Anesthesiology (ASA) physical status 
I of  both sexes, aged 4 to 12 years, scheduled for elective 
outpatient adenotonsillectomy surgery, were enrolled in this 
prospective, double-blind, randomized study. Exclusion 
criteria included ASA physical status higher than I, known 
allergy or hypersensitivity reaction to dexmedetomidine or 
midazolam, a history of  central nervous system disorder, 
psychotropic medication use, and mental retardation. 
Also, the children who spit, vomited, sniffed or refused 
intranasal administration of  medication were excluded 
from the study. This study was carried out in Magrabi Eye 
and Ear Hospital, Sultanate of  Oman from January 2010 
to March 2011.

Preanesthesia management
All	patients	were	fasted	overnight	with	clear	fluids	allowed	
until 4 hours preoperatively. In the preoperative holding 
area and in the presence of  one parent, children were 
randomly (the block randomization method was used with 
the block size determined to be six) allocated to one of  
two equal groups to receive intranasal dexmedetomidine 
(group D, n=60), or oral midazolam (group M, n=60). The 
patients and their guardians were masked to the treatment 
arms. All the study drugs were prepared and given by an 
independent investigator not involved in the observation 
or administration of  anesthesia for the children. Group D 
received	1	μg/kg	intranasal	dexmedetomidine	(Precedex,	
200	 μg	 per	 2mL;	Abbott,	USA)	 in	 a	 total	 volume	 of 	
0.5 mL normal saline and 10 mL apple juice orally as a 
placebo at 60 and 30 min before induction of  anesthesia, 
respectively. Intranasal dexmedetomidine was dripped 
into both the nostrils using a 1ml syringe with the child 
in the recumbent position. Group M received 0.5 ml 
normal saline intranasally as a placebo and 0.5 mg/kg oral 
midazolam (Dormicum®, 5 mg/mL; F. Hoffman La Roche 
Ltd, Basel, Switzerland) with a maximum dose of  15 mg 
in 10 ml apple juice at 60 and 30 min before induction of  
anesthesia, respectively. 

Observers and attending anesthesiologists were blinded 
to the study drug given. The heart rate (HR), systolic 
blood pressure (SBP), and oxygen saturation (SpaO2) were 
measured before administration of  the study drug (baseline 

values) and every 10 min after that until the children were 
transferred to the operating room (OR). Sedation and 
anxiety levels were assessed before administration of  the 
study drug (baseline values) and at the time of  transferring 
to the OR. Also, the ease of  child-parent separation at 
the time of  transferring to the OR was assessed. Sedation 
level was assessed using a 6-point sedation scale, which 
was	modified	from	the	observer	assessment	of 	alertness	
and sedation scale (MOAA/S) [Table 1].[8] Anxiety level 
was	assessed	using	the	modified	Yale	preoperative	anxiety	
scale	(mYPAS).[9]	The	mYPAS	is	an	instrument	developed	
from	the	yale	preoperative	anxiety	scale	(YPAS)	and	enables	
the evaluation of  anxiety in children preoperatively and at 
induction	of 	anesthesia.	It	contains	22	specific	behaviors	
within five domains (activity, emotional expressivity, 
state of  arousal, vocalization, and use of  adults) that are 
reflective	of 	an	anxious	state	and	can	be	performed	by	an	
observer in less than 1 min. The range is 23–100 with an 
increased score being indicative of  greater anxiety. Also, 
the ease of  separation of  the child from the parents was 
evaluated	 using	 a	 3	 point	 scale,	 first	 described	 by	Feld 
et al. [Table 1].[10]

Anesthesia and postoperative management
Anesthesia	was	 induced	by	 inhaled	sevoflurane	2-5%	 in	
oxygen	using	a	modified	Jackson	Rees	anesthesia	system.	
After the induction, each child received an intravenous 
cannula	and	was	given	1	μg/kg	of 	intravenous	fentanyl.	
Endotracheal intubation was performed in all cases without 
the aid of  muscle relaxation and anesthesia, thereafter 
maintained	with	sevoflurane	(2-4%)	in	nitrous	oxide	(60%)	
and oxygen (40%) at normocapnia as judged by continuous 
end-tidal CO2 monitoring. During the surgery, each child 
received paracetamol 15 mg/kg as an intravenous infusion. 
A standardized intraoperative intravenous infusion was 
started using Ringer’s lactate solution at a rate of  4 ml/
kg/h. The children were extubated at the end of  surgery 
when awake and were thereafter immediately placed in the 
recovery position and allowed to wake up naturally in the 

Table 1: The scoring system for assessments 
of premedication in children
Modified observer’s assessment of alertness/sedation scale

Agitated 6
Responds readily to name spoken in normal tone (alert) 5
Lethargic response to name spoken in normal tone 4
Responds only after name is called loudly and/or repeatedly 3
Responds only after mild prodding or shaking 2
Does not respond to mild prodding or shaking 1
Does not respond to deep stimulus 0

Child‑parent separation score
Patient fearful and crying; not quieted with reassurance 3
Patient slightly fearful and/or crying; quieted with reassurance 2
Patient unafraid, cooperative, or asleep 1
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postanesthesia care unit (PACU). The time to achieve an 
Aldrete score of  10 (readiness to be discharged from the 
PACU) was recorded. Postoperative pain was assessed every 
1	hour	for	the	first	6	hours	using	the	objective	pain	scale	
(OPS),	first	described	by	Hannallah	and	colleagues.[11] This 
method has been validated for the assessment of  pain in 
children. [12] The OPS score is based on the assessment of  
the	following	five	parameters:	blood	pressure	compared	
to preinduction baseline; crying; movement; agitation; and 
complaints of  pain. Each parameter is given a score of  
0-2, resulting in a minimum OPS score of  0 (= no pain) 
and a maximum OPS score of  10 (= severe pain). Patients 
with	OPS	score	≥5	were	given	0.5	μg/kg	of 	intravenous	
fentanyl as rescue therapy.

Statistical analysis
We chose the mean sedation score at the time of  transfer 
to the OR to calculate the required sample size for 
this study. The required sample size was calculated to 
be	60	patients	per	group	with	α=0.05	and	a	power	of 	
90% to detect a difference of  at least 20% in the mean 
sedation score. The statistical analysis of  our results 
was conducted using the computer program Statistical 
Package for the Social Sciences (SPSS) version 15.0 for 
Windows (SPSS, Chicago, IL). Data were expressed 
as mean±SD or number (percentages). The two way 
repeated measures analysis of  variance was used to 
compare the interval data, and Tukey test was used as 
the post hoc test to determine the differences between 
and within the groups. Fisher’s exact test was used 
to compare nominal data or percentages. Bonferroni 
correction for repeated comparisons was applied if  
necessary. P<0.05	was	considered	significant.

RESULTS

The two groups were comparable with respect to the 
following variables; age, gender, weight, and duration 
of  surgery [Table 2]. The baseline HR and SBP values 
were similar in both groups. At the time of  transferring 
patients	 to	 the	OR,	 the	HR	was	significantly	 less	 in	 the	
dexmedetomidine group compared to the midazolam 
group (P=0.036)	 and	 the	 SBP	was	 significantly	 less	 in	
the dexmedetomidine group compared to the midazolam 
group (P=0.032). However, there were no episodes of  
bradycardia, hypotension, or hypertension in both groups. 
On the subject of  SpaO2 values, there were similar baseline 
values in both groups. At the time of  transferring patients 
to	the	OR,	there	was	no	statistically	significant	difference	
(P=0.087) between the two groups. No SpaO2 reduction 
below 95% could be detected in both groups. There 
were no child had a reduction of  SpaO2 to below 95%  
[Table 2].

The baseline sedation and anxiety levels were comparable in 
both groups. At the time of  transferring patients to the OR, 
children premedicated with intranasal dexmedetomidine 
achieved	 significantly	 lower	 sedation	 levels	 (P=0.042), 
and lower anxiety levels (P=0.036). Furthermore, the 
number and percentages of  children achieved child-
parents	separation	score	grade	1	were	significantly	higher	
(P=0.029) in the dexmedetomidine group compared with 
the midazolam group [Table 2]. In the recovery room and 
postoperatively, the time to achieve an Aldrete score of  10 
was similar (P=0.067) in both groups [Table 2]. Children in 
the	dexmedetomidine	group	had	significantly	lower	levels	
of 	pain	in	the	first	two	hours	postoperatively	compared	
with the same values in the midazolam group [Figure 1] and 
the number of  children who required fentanyl as rescue 
analgesia	medication	was	significantly	less	(P=0.027) in the 

Table 2: Patients’ characteristics and 
peri‑operative assessments

Group D 
(n=60)

Group M 
(n=60)

P 
Value

Age (yr) 8.2±1.4 8.1±2.3 0.337
Weight (kg) 18.40±4.74 17.9±5.89 0.062
Gender (M/F) 34/26 28/32 0.792
Duration of surgery (min) 38.23±4.22 36.65±3.19 0.208
Heart rate (beat/min)
Baseline 99.41±5.62 97.35±6.27 0.075
At the time of transferring to 
the OR

84.69±3.23 96.35±6.27* 0.036

Systolic blood pressure (mmHg)
Baseline 108.66±9.75 109.24±8.31 0.085
At the time of transferring 
to the OR

92.33±4.61 105.56±5.97* 0.032

Oxygen saturation (%)
Baseline 98.78±1.22 98.34±1.64 0.091

At the time of transferring 
to the OR

97.45±2.32 96.97±3.10 0.087

Sedation level (MOAA/S) 
Baseline 5.86±0.14 5.92±0.08 0.853
At the time of transferring 
to the OR

2.94±1.37 3.99±1.58* 0.042

Anxiety level (mYPAS)
Baseline 24.64±2.37 25.12±2.63 0.647
At the time of transferring 
to the OR

31.59±3.88 44.35±4.51* 0.036

The number (%) of children 
achieved child‑parents 
separation score grade 1

47 (78) 38 (63)* 0.029

The time (min) to achieve an 
Aldrete score of 10 (readiness 
to be discharged from the 
PACU)

38.27±4.31 36.77±4.62 0.067

The number (%) of children 
requiring fentanyl as rescue 
analgesia medication

8 (13) 15 (25)* 0.027

Data are displayed as means±standard deviations or number (%). *Statistically 
significant compared to group D; OR: Operating room; MOAA/S: Modified from 
the observer assessment of alertness and sedation scale; mYPAS: modified Yale 
preoperative anxiety scale; PACU: Postanesthesia care unit
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dexmedetomidine group compared with the children in the 
midazolam group [Table 2].

DISCUSSION

This study demonstrated that children premedicated with 
intranasal	dexmedetomidine	achieved	significantly	 lower	
sedation levels, lower anxiety levels, and easier child-parent 
separation at the time of  transferring to the OR than 
children who received oral midazolam. Benzodiazepines 
produce its effect by facilitating gamma amino butyric acid 
(GABA)–receptor binding in the cerebral cortex which 
enhances the membrane conductance of  chloride ions. This 
leads to a change in membrane polarization that inhibits 
normal neuronal function. Midazolam produces sedation, 
anxiolysis, and some antegrade amnesia.[4] The site of  
action	of 	the	α2 receptors agonists is primarily in the locus 
coeruleus in the central nervous system. Dexmedetomidine 
induces electroencephalogram activity similar to natural 
sleep. It affords sedative, anxiolytic, and analgesic effects 
without causing excessive drowsiness.[13]

Previous studies comparing intranasal dexmedetomidine 
with oral midazolam, reported to some extent similar results. 
Yuen	 et al.[14] reported that intranasal dexmedetomidine 
produces more sedation than oral midazolam. The behavior 
of  the children at parental separation and at induction of  
anesthesia with intranasal dexmedetomidine sedation was 
comparable to children who received oral midazolam.

On the other hand, Schmidt et al.[15] found no difference in 
preanesthesia levels of  sedation and response to separation 
from parents between intranasal dexmedetomidine and 
oral midazolam. The discrepancy in the results could have 
resulted from the different scales used for assessment of  
sedation and anxiety level changes. They used a 4-point 
sedation scale and a 4-point behavior scoring system which 
were less sensitive than the scales used in the current study. 
In the current study, sedation level changes were assessed 
using	a	6-point	sedation	scale,	which	was	modified	from	the	
MOAA/S and proved to be sensitive in the assessment of  

sedation level changes over time in children.[8] Anxiety level 
changes	were	assessed	using	the	mYPAS	which	is	sensitive	
to changes in anxiety over time and has been shown to 
have good inter-observer reliability and high construct and 
concurrent validity.[9]

In addition, this study demonstrated that intranasal 
dexmedetomidine reduced HR and SBP during the 
preoperative sedation period compared with the oral 
midazolam. Children in both groups maintained normal 
SpaO2	 values.	 Similar	 results	 were	 reported	 by	 Yuen 
et al.[14] Dexmedetomidine is known to decrease sympathetic 
outflow	 and	 circulating	 catecholamine	 levels	 and	would	
therefore be expected to cause a decrease in HR and SBP[16]

Another	significant	finding	was	that	the	time	to	achieve	
an Aldrete score of  10 was similar in both groups and 
dexmedetomidine showed better analgesic properties 
than midazolam (lower OPS). The number of  children 
who required fentanyl as rescue analgesia medication was 
significantly	less	in	the	dexmedetomidine	group	compared	
with the children in the midazolam group. It is now well 
described that dexmedetomidine has analgesia sparing 
effects when used for sedation in the intensive care unit 
(ICU).[17] The half-life of  dexmedetomidine has been 
described as two hours and this would likely explain as to why 
the analgesic sparing properties persisted postoperatively.[13] 
This interesting characteristic of  dexmedetomidine 
(persistent analgesic effects with preserving the patient 
arousability) in the postoperative period resulted in 
significantly	more	 analgesia	with	 equivalent	 discharge	
times when compared with midazolam. Similar results were 
reported in a previous study by Schmidt et al.[15]

In fact, there were certain limitations to this study. In 
order not to interfere with the normal OR schedule, we 
did not measure the sedation effect changes overtime of  
the two studied drugs to detect the onset time and peak 
sedation effect or the plasma concentrations of  the drugs. 
We relied on the results of  previous studies which detected 
the mean times of  the peak sedation effect of  the studied 
drugs. Future studies are supposed to consider that the 
child-parent separation should be adjusted to meet the 
peak sedation effect.

CONCLUSION

Intranasal dexmedetomidine appears to be a better choice 
for preanesthetic medication than oral midazolam in 
our study. Dexmedetomidine was associated with lower 
sedation levels, lower anxiety levels, and easier child-parent 
separation at the time of  transferring patients to the OR 
than children who received oral midazolam. Moreover, 

Figure 1: The objective pain scale (OPS) levels during the postoperative 
period. Data are displayed as means±standard deviations. *Statistically 
significant compared to group D
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intranasal dexmedetomidine has better analgesic property 
than oral midazolam with discharge time from PACU 
similar to oral midazolam.
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