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Abstract
Background: The management of preoperative anxiety in 
pediatric patients, as well as its implications, has remained 
challenging for anesthesiologists. In this study, we compared the 
safety and efficacy of intranasal dexmedetomidine, midazolam, 
and ketamine as surgical premedication in children.
Methods: This double-blinded randomized clinical trial was 
conducted at two tertiary hospitals in January 2014, on 90 children 
aged between 2-7 years old. The participants’ American Society of 
Anesthesiologists (ASA) physical status was I or II, and they were 
scheduled for elective unilateral inguinal herniorrhaphy. Using the 
block randomization method, the patients were randomly assigned 
to three groups, each receiving intranasal dexmedetomidine  
(2 µg/Kg), midazolam (0.2 mg/Kg), and ketamine (8 mg/Kg) 
60 min before induction of anesthesia. Anxiety and sedation 
state were evaluated before drug administration, and then every 
10 min for the next 50 min. Parental separation anxiety, mask 
acceptance, postoperative agitation, pain, nausea, and vomiting 
were also recorded and compared between these groups. All the 
statistical analyses were performed using SPSS software (version 
21.0). P<0.05 was considered statistically significant.
Results: Ketamine indicated the strongest sedative effect 10, 
20, and 30 min after administration of premedication (P<0.001, 
P=0.03, P=0.01, respectively). However, dexmedetomidine was 
more effective than other drugs after 40 and 50 min (P<0.001). 
Other variables indicated no statistically significant difference.
Conclusion: In case of emergencies, intranasal ketamine, with 
the shortest time of action, could be administered. Intranasal 
dexmedetomidine, which was revealed to be the most potent 
drug in this study, could be administrated 40-50 min before 
elective pediatric surgeries.
Trial registration number: IRCT2013081614372N1.
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What’s Known

• The pharmacological approach is 
one of the most effective methods for the 
management of pre-operative anxiety in 
pediatric patients. 
• Midazolam, dexmedetomidine, 
and ketamine are the most popular 
premedications that have different 
potencies and side effects.

What’s New

• The preferred premedication for 
pediatric patients has not yet been 
determined.
• Based on the result of the dynamic 
evaluation in this study, it was observed 
that intranasal ketamine had the fastest 
and intranasal dexmedetomidine had the 
most potent sedative effect.
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Introduction

Preoperative anxiety is a major concern in pediatric surgery and 
anesthesiology. Some studies reported that up to 75% of children 
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experienced preoperative anxiety.1 In pediatric 
patients, preoperative anxiety might result 
in aggressive reactions, increased agitation, 
behavioral changes, and postoperative pain. 
Anesthetists attempt to alleviate this discomfort 
and ensure a smooth induction of anesthesia.2

Multiple medications, including midazolam, 
dexmedetomidine, and ketamine were 
identified as suitable for usage in reducing 
preoperative anxiety and ensuring smooth 
parental separation.3 Midazolam, a Gamma-
aminobutyric acid (GABA) receptor inhibitor, is 
the most commonly used sedative and anxiolytic 
medicine in children.4 Dexmedetomidine is a 
highly selective alpha-2 adrenergic receptor 
agonist with sedative, anxiolytic, and analgesic 
effects.5 Ketamine is a phencyclidine derivative 
that induces a condition between deep sedation 
and general anesthesia.6 

Although several randomized clinical trials 
(RCTs) were conducted to compare the efficacy 
and safety of anxiolytic premedication drugs in 
children, the results remained heterogeneous.7-9 
Therefore, a definite answer to the question of 
the best sedative premedication has not been 
achieved yet.

This study aimed to investigate the 
effectiveness and safety of intranasal 
midazolam, dexmedetomidine, and ketamine in 
pediatric patients. Consequently, a continuous 
assessment of sedation and anxiety/agitation in 
both preoperative and postoperative conditions 
was performed to have a thorough dynamic 
evaluation, as well as to determine the most 
effective premedication for the management of 
preoperative anxiety in pediatric patients.

Patients and Methods

This randomized double-blind clinical trial 
study was registered in the Iranian Registry of 
Clinical Trials (IRCT2013081614372N1) and was 
approved by the Ethics Committee of Shiraz 
University of Medical Sciences (IR.SUMS.
MED.REC.1392.3671). The study protocol 
complies with the ethical guidelines of the 1975 
Declaration of Helsinki. Written informed consent 
was obtained from the children’s parents or their 
legal guardians before their enrollment.

Enrollment and Eligibility
In this trial, 90 children of American Society 

of Anesthesiologists (ASA) Classification 
physical status I or II,10 aged between 2-7 years, 
who were scheduled for elective unilateral 
inguinal herniorrhaphy in January 2014 at 
Nemazee Hospital and Ghadir Mother and Child 
Hospital, both affiliated with Shiraz University 

of Medical Sciences (Shiraz, Iran) were 
enrolled. The exclusion criteria were renal or 
hepatic failure, upper respiratory tract infection, 
cardiac arrhythmia, congenital heart disease, 
neurological disease, mental retardation, or 
having known allergy or hypersensitivity reactions 
to dexmedetomidine, midazolam, or ketamine.

Sample Size
A previous study by Akin and others11 

reported that 66.6% of the group midazolam (P1) 
and 26.6% of the group dexmedetomidine (P2) 
were calm and cooperative at the time of mask 
induction. Based on the below formula, as well 
as taking into account the test power of 80% 
(β=0.2), the confidence interval of 95% (α=0.05), 
and considering the dropout rate, a sample of 
30 patients in each group with a total of 90 were 
enrolled in the study.
n=(Z1-α/2+Z1-β)2*[P1(1-P1) + P2(1-P2)]/(P1-P2)2

Study Intervention
All patients had overnight fasting and were 

allowed to drink clear liquid up to 2 hours 
before the operation. The recruited children 
were assigned to each group using block 
randomization in 10 blocks of size 9. The blocks 
list was extracted from www.sealedenvelope.
com. Patients in group D (N=30) received 2 µg/
Kg of intranasal dexmedetomidine (Precedex, 
Pfizer Inc., USA). The dose of dexmedetomidine 
was modified based on a study by Yuen and 
others.12 Group M (N=30) received 0.2 mg/
Kg of intranasal midazolam (Caspian Tamin 
Pharmaceutical Co., Iran), and group K (N=30) 
was given 8 mg/Kg of intranasal ketamine 
(PANPHARMA GmbH., Germany) 60 min before 
induction of anesthesia.

The drugs were diluted with normal saline to a 
final dose of 2 mL, and dripped into both nostrils 
equally, using a 2.5 mL sequentially numbered 
syringe without a needle, while the child was in 
the recumbent position. To keep the trial double-
blind, an anesthesiologist, who was not involved 
in the other parts of the study (data collection 
and assessment), prepared and administered 
the drugs based on a randomization list. Parents, 
observers, and attending anesthesiologists, were 
all blinded to the allocated drugs. Anesthesia 
was maintained using O2-N2O-Isofurane using 
a face mask and spontaneous breathing. After 
losing consciousness and establishing an IV 
access, 1.5 μg/Kg of fentanyl was administered. 
Intraoperative fluid infusion consisted of 5-6 
mL/Kg/h lactated ringer’s solution, which was 
continued postoperatively with dextrose 50 mg/mL  
in NaCl 4.5 mg/mL at a rate of 3 mL/Kg/h until 
oral intake could be established. At the end 
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of the surgery, once the children had stable 
respiration, they were transferred to the post-
anesthesia care unit (PACU). The length of the 
surgery and anesthesia were recorded in PACU.

Study Assessments
Since drug administration, baseline heart rate 

(HR), systolic blood pressure (SBP), diastolic 
blood pressure (DBP), and oxygen saturation 
(SaO2) were continuously monitored and were 
recorded every 10 min. 

Preoperative sedation and anxiety were 
the primary outcomes of this study. The mask 
acceptance, parental separation anxiety 
postoperative sedation, agitation, pain, nausea, 
and vomiting were secondary outcomes of this 
study.

Preoperative Sedation and Anxiety 
We used a modified observer’s assessment 

of the sedation tool, whose validity and reliability 
were confirmed previously,13 and it ranged from 
0 (unconscious) to 6 (alert). The anxiety scale 
was obtained from a previous study on pediatric 
premedication,11 which ranged from 1 (calm) to 4 
(most anxious). Anxiety and sedation state were 
evaluated before drug administration, then every 
10 min for the next 50 min.

Parental Separation Anxiety 
Anxiety scale11 was used to assess the 

parental separation anxiety 45-60 min after 
drug administration when the patients were 
transferred to the operating theater.

Mask Acceptance Scale
A three-point scale, adopted from previous 

studies,11, 14 was used to assess the degree of 

mask acceptance. The evaluation process was 
performed by an anesthetist who was blinded to 
group randomization. In the mask acceptance 
scale (MAS), the scores of 1 and 2 were 
considered satisfactory, and 3 was considered 
unsatisfactory mask acceptance.

The Postoperative Agitation 
The postoperative agitation was assessed 

every 15 min by a three-point scale, adapted 
from the study of Akin and others,11 ranging 
from 1 (calm children) to 3 (children who were 
thrashing and did not calm down by verbal 
instructions). 

Table 1 presents detailed information on the 
scales that are used in this study to assess the 
patient’s status.

The postoperative pain was assessed using 
the modified objective pain scale (OPS) every 
15 min. This scale was validated for children by 
previous studies.15, 16 Following surgery, those 
patients with an OPS of 5 or above received 
intravenous paracetamol at a dose of 15 mg/Kg.

The number of cases of preoperative and 
postoperative nausea and vomiting were 
documented. In case of nausea and vomiting, 
intravenous ondansetron at a dose of 0.15 mg/
Kg was administered.

Statistical Analysis
All the statistical analyses were performed 

using SPSS software, version 21.0 (Armonk, 
NY: IBM Corp., Chicago, IL). Non-parametric 
variables were analyzed by the Kruskal-Wallis 
test. Then, the Dunn test was applied for post 
hoc pairwise comparison when a significant 
result was obtained.

Hemodynamic variables (SBP, DBP, and HR) 

Table 1: Scales for evaluation of preoperative and postoperative conditions
Scale Patient’s status Score
Sedation Appears alert and awake, and responds readily to names spoken in a normal tone 6

Appears asleep but responds readily to names spoken in a normal tone 5
Lethargic response to name spoken in normal tone 4
Responds only after a name is called loudly or repeatedly 3
Response only after mild prodding or shaking 2
Does not respond to mild prodding or shaking 1
Does not respond to noxious stimulus 0

Anxiety Crying or resisting 4
Anxious and could not be reassured 3
Anxious but could be reassured 2
Calm and cooperative 1

MAS Combative, crying 3
Moderate fear of the mask, cooperative with reassurance 2
Calm, cooperative, or asleep 1

Agitation Combative, disoriented, thrashing 3
Restless or crying but calms to verbal instructions 2
Calm, easily arousals, follows commands 1
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were analyzed by ANOVA test, and when it was 
significant, the Tukey post hoc test was applied 
to make the pairwise comparisons between the 
three groups. Categorical data were analyzed by 
the Chi square test or Fisher’s exact test. P≤0.05 
was considered statistically significant. 

Results

This study included 90 patients who were randomly 
assigned to one of the three groups: M, D, and K. 
A flow diagram illustrating patient recruitment is 
shown in figure 1. Table 2 shows the characteristics 
of the recruited cases in each group.

The Preoperative Condition
Preoperative Sedation: During the dynamic 

assessment of the sedation state among the 
three groups, it was revealed that in the first 30 
min after administration of premedication, the 
most effective drug was ketamine (P<0.001, 
P=0.03, P<0.001, respectively) in 10, 20, and  

30 min after drug administration.
However, dexmedetomidine was more 

effective than other drugs 40 and 50 min after 
drug administration (P<0.001 for both; table 3).

Preoperative Anxiety: There was no 
significant difference in preoperative anxiety 
among groups (table 3). 

Parental Separation Anxiety: 45-60 min 
after drug administration, 22 children (73.3%) in 
group D, 24 (80%) in group K, and 26 (86.7%) in 
group M were calm or apprehensive but could 
be reassured and had satisfactory parental 
separation (P=0.53). 

Mask Acceptance: 18 patients (60%) in 
group M, 12 (40%) in Group D, and 14 (46.7%) 
in group K demonstrated satisfactory mask 
acceptance (scale of 1 or 2). There was no 
statistically significant difference in mask 
acceptance between groups (P=0.32).

Hemodynamic Variables: There were 
significant group and time effects on SBP (P<0.001) 
and a significant group×time interaction (P<0.001).  

Figure 1: This figure represents the CONSORT flow diagram of the study.
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Therefore, the ANOVA+Tukey post hoc test was 
performed. From 10 to 50 min after premedication 
in group D, SBP was lower than groups M and K 
(P=0.01). SBP was reduced by 18% in group D 
and 3% in groups M and K, respectively.

There were significant group and time 
effects on DBP and HR (P<0.001, P<0.001, 
respectively) and a significant group×time 
interaction (P<0.001). Thus, the ANOVA+Tukey 
post hoc test was performed. HR and DBP of 
group D were significantly lower than groups M 
and K (P=0.01). HR was reduced by 14%, 4%, 
and 2% in groups D, M, and K, respectively. We 
found no hypoxemia (SaO2<95 %) before, and 
during the operation in the operating room or 
after the operation in the PACU.

Preoperative Nausea and Vomiting: 
Group K had higher preoperative nausea and 
vomiting following intranasal drug administration 
(P<0.001). Eight patients (26.6 %) in group K 
and 1 (3.3 %) in group M experienced nausea 
and vomiting. No patient in group D had these 
complications.

The Postoperative Condition
Postoperative Sedation: There was no 

statistically significant difference between 
baseline postoperative sedation and 15, 30, 45, 
and 60 min after awakening (P=0.64, P=0.43, 
P=0.19, P=0.47, and P>0.999, respectively). All 
the patients in the three groups had a sedation 
score of 3 at baseline and then leveled up to 5 or 
6 in 15 min (table 4).

Postoperative Agitation: Based on the 
Bonferroni correlation, there was no significant 
difference in postoperative agitation in PACU 
between groups (table 4).

Postoperative Pain Scale: There was no 
statistically significant difference in postoperative 
pain among patients during the first hour after 
surgery (P=0.27). The patients with OPS of 5 or 
higher who received paracetamol were 10 (33.3 %)  
in the M group, 5 (16.7 %) in the D group, and 5 
(18.5 %) in the K group (P=0.27).

Postoperative Nausea and Vomiting: 
There were 2 (6.7%) patients in group D, 2 
(6.7%) in group M, and 4 (15.4%) in group K with 

Table 2: Patient’s preoperative and operative characteristics data
Demographic data Group M (n=30) Group D (n=30) Group K (n=30) P value*
Age (year); median (IQR) 3.75 (2.5-5) 3.25 (2.4-5.1) 3 (2.4-4.7) 0.80
Sex, n (%) Male 19 (63) 21 (70) 19 (63) 0.92

Female 11 (37) 9 (30) 11 (37)
Weight (Kg, mean±SD) 14.67±2.93 13.97±3.08 13.87±2.76 0.51
Duration of surgery (min, mean±SD) 16.96±10 15.96±8.21 16.92±7.81 0.30
Duration of anesthesia (min, mean±SD) 29.73±19.13 27.9±13.06 29.70±12.18 0.60
M: Midazolam; D: Dexmedetomidine; K: Ketamine; *Based on the result of the Kruskal-Wallis test for Age, Chi square test for 
Sex, ANOVA test for weight, duration of surgery, and duration of anesthesia. P<0.05 was considered statistically significant.

Table 3: Preoperative sedation and anxiety in three groups of study
Sedation Anxiety

Group M Group D Group K P value Group M Group D Group K P value
Baseline 6 (6-6) 6 (6-6) 6 (6-6) 0.35 2 (1-2) 2 (1-2) 2 (1.75-4) 0.17
10 min 6 (6-6) 6 (6-6) 5 (4-6)D, M <0.001* 1 (1-1)D 1 (1-1)M 1 (1-2) 0.01
20 min 6 (5-6)K 5.5 (3.756) 4.5 (4-6)M 0.03 1 (1-1) 1 (1-1) 1 (1-1) 0.06
30 min 6 (5-6)D, K 5 (2-6) 4 (3-6) <0.001* 1 (1-1) 1 (1-1) 1 (1-1) 0.51
40 min 6 (5-6) D, K 3.5 (2-6) 4 (2-6) <0.001* 1 (1-1) 1 (1-1) 1 (1-1) 0.71
50 min 6 (5-6) D, K 3 (2-6) 5 (2.75-6) <0.001* 1 (1-1) 1 (1-1) 1 (1-1) >0.999
M: Midazolam;D: Dexmedetomidine; K: Ketamine; Values are presented as median (IQR). The data were analyzed using 
the Kruskal-Wallis test. The Dunn test was applied for post hoc pairwise comparison when a significant result was obtained. 
*Statistically significant based on Bonferroni Correlation (P<0.01).

Table 4: Postoperative agitation and sedation in the three studied groups
Postoperative agitation Postoperative sedation

Group M Group D Group K P value Group M Group D Group K P value
Baseline 1 (1-2) 1 (1-2) 1 (1-2) 0.97 3 (2-5) 3 (2-5) 3 (2-5) 0.64
15 min 2 (1-2) 1 (1-2) 1 (1-2) 0.38 5 (4.75-6) 6 (3.75-6) 5 (3-6) 0.43
30 min 1 (1-2)D 1 (1-1)M 1 (1-2) 0.04 6 (6-6) 6 (5-6) 6 (4.75-6) 0.19
45 min 1 (1-1) 1 (1-1) 1 (1-1) 0.85 6 (6-6) 6 (6-6) 6 (6-6) 0.47
60 min 1 (1-1) 1 (1-1) 1 (1-1) 0.71 6 (6-6) 6 (6-6) 6 (6-6) >0.999
M: Midazolam; D: Dexmedetomidine; K: Ketamine; Values are presented as median (IQR). Analyzed by the Kruskal-Wallis 
test; *Statistically significant based on Benferroni Correlation (P<0.001).
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postoperative nausea and vomiting. There was 
no statistically significant difference in number of 
patients with postoperative nausea and vomiting 
among the three studied groups (P=0.47).

Discussion

The present study investigated the efficacy 
and safety of intranasal midazolam, ketamine, 
and dexmedetomidine. The findings indicated 
that ketamine had a significantly more sedative 
effect than others in the first 30 min after 
administration. However, patients who received 
dexmedetomidine had the lowest sedative state 
40-50 min after the drug administration. 

Many factors, including age, ASA status, 
preoperative pain, school experience, and 
parental stress, were associated with preoperative 
anxiety. Therefore, we set strict inclusion criteria 
in this study to equalize the cases and eliminate 
biases as much as possible.1

In the present study, the dosage of intranasal 
midazolam, dexmedetomidine, and ketamine 
was based on the safety and efficacy approval 
of previous studies.12, 17, 18

Among all the possible drug administration 
methods, the intranasal route is a noninvasive 
and simple method with high bioavailability. 
Absorption of intranasal drugs occurs directly 
into the systemic circulation. The absorption and 
bioavailability of medicines delivered intranasally 
were comparable to those of IV administration. 
Therefore, the selection of the intranasal route 
for administering premedication to children was 
reasonable.19 Recent studies on different routes 
of midazolam administration indicated that the 
intranasal route was not only more effective but 
also more acceptable to pediatric patients.20

Several randomized clinical trials compared 
the effect of different intranasal sedative drugs 
among pediatric patients. Surendar and others 
conducted an RCT and compared the efficacy 
of intranasal midazolam, dexmedetomidine, 
and ketamine, 30 min after administration of 
the drug. They reported that all three drugs had 
the same sufficient sedative effects.21 Besides, 
Elshafeey and others conducted a continuous 
evaluation of the sedation state every 10 
min among intranasal dexmedetomidine and 
ketamine groups. They claimed that 10 min after 
administration, both groups experienced proper 
sedative effects.22

Despite these findings, the present 
study indicated that intranasal midazolam, 
dexmedetomidine, and ketamine premedication 
had obvious differences in efficacy and time 
of action. Ketamine was the fastest drug to 
sedate children (10 min after administration), 

and it was also the most effective drug in the 
first 30 min. Dexmedetomidine was the most 
effective premedication 40 and 50 min after 
drug administration. The lowest median of the 
preoperative sedation state was recorded in 
group D, 50 min after administration. Moreover, 
Shereef and others reported that 30 min after 
drug administration, nebulized dexmedetomidine 
was more sedative than nebulized midazolam 
and ketamine,23 which was compatible with the 
findings of the present study. In another study on 
different timing of intranasal dexmedetomidine 
administration as pediatric premedication, 
the researchers evaluated the efficacy of 
dexmedetomidine administration 10, 20, and 
30 min before surgery. They indicated that only 
children who received dexmedetomidine 30 min 
prior to surgery had a satisfactory sedation state.24

The present study investigated the anxiety 
state every 10 min to 50 min after drug 
administration. Throughout the whole trial, the 
three medications had an equivalent effect 
on anxiety control, except for the first 10 min 
following drug administration, when patients in the 
ketamine group were more anxious. In another 
study by Akin and others, it was confirmed that 
intranasal midazolam and dexmedetomidine 
had the same effect on children’s anxiety.11 

Anxiety control should lead to better 
parental separation and more satisfactory mask 
acceptance among pediatric patients. In this 
study, as the anxiety of all patients in the three 
groups decreased to a median of 1, satisfactory 
parental separation and mask acceptance 
were observed in all cases, with no statistically 
significant differences.

Contrary to the findings of the present 
study, Shereef and others compared the 
nebulized midazolam, dexmedetomidine, 
and ketamine and claimed that patients in the 
group dexmedetomidine had more statistically 
significant satisfactory separation and mask 
acceptance than patients in the midazolam and 
ketamine groups.23 

During the postoperative care in the present 
research, there was no difference in sedation 
and agitation among groups. Concerning the 
assessment of postoperative pain, although the 
number of patients with OPS>5 in the midazolam 
group was two times more than in the other 
groups, no statistically significant differences 
were observed. 

In this study, the safety of these drugs was 
assessed by measuring HR, SBP, and DBP 
changes, as well as recording preoperative 
and postoperative nausea and vomiting. The 
dexmedetomidine group had a 14% reduction 
in HR, an 18% reduction in SBP, and a 24% 
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reduction in DBP. These findings were statistically 
more than the midazolam and ketamine groups. 
However, these changes in blood pressure 
and HR were not clinically significant, and no 
active management was required. Therefore, 
dexmedetomidine could be considered a safe 
premedication in pediatric patients.

Similar to the findings of the present study, 
a previous study reported statistically significant 
HR and blood pressure reduction after drug 
administration in the dexmedetomidine group. 
In a systematic review conducted on the use of 
dexmedetomidine as premedication in pediatric 
patients, it was reported that children who 
received dexmedetomidine had significantly 
lower heart rates than others.25 

Concerning the evaluation of preoperative 
nausea and vomiting, more patients in the 
ketamine group (26.9%) had this complication 
than the midazolam group (3.3%). No patient 
in the dexmedetomidine group experienced 
preoperative nausea and vomiting. Narendra and 
others found that 16% of children who received 
intranasal midazolam and 10% of children 
who received intranasal ketamine experienced 
preoperative nausea and vomiting.26

In the present research, there was no 
difference in postoperative nausea and vomiting. 
None of the patients in the three studied groups 
experienced hypoxemia.

As the main limitation of the study, the small 
sample size and sampling method, which led to 
the enrollment of children who only underwent 
herniorrhaphy, increased the feasibility of study 
completion and also restricted the generalizability 
of the findings or could lead to bias.

Conclusion 

The effects of midazolam, dexmedetomidine, 
and ketamine on children aged 2-7 years old 
demonstrated that ketamine had the fastest 
and dexmedetomidine had the most effective 
sedative effect. Therefore, ketamine could 
be the preferred premedication in emergent 
procedures. Moreover, when there is no time 
limitation, dexmedetomidine could be the 
preferred premedication. Further evaluations 
with larger sample sizes and different sampling 
methods are required to confirm the best 
premedication for pediatric sedation.
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