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Original Article
Comparison of the effects of intravenous premedication: Midazolam, 
Ketamine, and combination of both on reducing anxiety in pediatric 
patients before general anesthesia

Parvin Sajedi1, Bashir Habibi1

ABSTRACT

Objective: In some medical circumstances, pediatric patients may need premedication for 
transferring to the operating room. In these situations, using intravenous premedication 
is preferred. We assessed the efficacy and safety of intravenous midazolam, intravenous 
ketamine, and combination of both to reduce the anxiety and improve behavior in children 
undergoing general anesthesia.
Methods: In a double‑blind randomized clinical trial, 90 pediatric patients aged 6 months 
to 6 years with American Society of Anesthesiologist grade I or II were enrolled. Before 
anesthesia, children were randomly divided into three groups to receive intravenous 
midazolam 0.1 mg/kg, or intravenous ketamine 1 mg/kg, or combination of half doses 
of both. Behavior types and sedation scores were recorded before premedication, after 
premedication, before anesthesia, and after anesthesia in the postanesthesia care unit. 
Anesthesia time, recovery duration, blood pressure, and heart rate were also recorded. For 
comparing distribution of behavior types and sedation scores among three groups, we used 
Kruskal–Wallis test, and for comparing mean and standard deviation of blood pressure and 
heart rates, we used analysis of variance.
Findings: After premedication, children’s behavior was significantly better in the combination 
group (P < 0.001). After anesthesia, behavior type was same among three groups (P = 0.421). 
Sedation scores among three groups were also different after premedication and the 
combination group was significantly more sedated than the other two groups (P < 0.001).
Conclusion: Combination of 0.05 mg/kg of intravenous midazolam and 0.5 mg/kg of 
intravenous ketamine as premedication produced more deep sedation and more desirable 
behavior in children compared with each midazolam 0.1 mg/kg or ketamine 1 mg/kg.
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INTRODUCTION

About 70% of children before anesthesia show a lot 
of stress and anxiety.[1] This stress and anxiety not 
only can disturb course of anesthesia but also can 
produce complications such as emergence delirium, 
psychiatric disorders, increased infection, increased 

postoperative pain, and therefore, increase duration 
of stay in postanesthesia care unit (PACU).[2‑5] 
Therefore preparation of children before anesthesia 
is necessary, which take place as psychological and 
pharmacological intervention. Different kinds of 
medical products have been used for premedication 
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such as anticholinergic drugs, opioids, barbiturates, 
benzodiazepines, and ketamine.[6‑8] Midazolam is a 
water‑soluble, short‑acting benzodiazepine with rapid 
onset, short duration of action. It is an anxiolytic 
and sedative agent with minimal side effects.[9] 
Midazolam in comparison with placebo was superior 
for premedication in presence of children parents.[10] 
Ketamine is a phencyclidine derivative which acts on 
the n‑methyl d‑aspartate receptors and causes central 
dissociation of the cerebral cortex while providing 
amnesia and analgesia and applied for premedication 
in different studies.[11,12] In the literature, there are 
studies comparing the effects of midazolam and 
ketamine or their combination for premedication, 
which in most of them, the route of premedication 
was orally because of no availability for intravenous 
line before anesthesia. One study which performed 
during 2005 on 60 pediatric patients, in one 
group oral midazolam, 0.5 mg/kg was prescribed, 
and in other group midazolam 0.25 mg/kg plus 
ketamine 4 mg/kg were administered orally before 
anesthesia. Combination group had more desired 
effects for sedation and analgesia than midazolam 
group.[13] In another study which compared the 
effects of midazolam, ketamine, and combination of 
them as oral premedication, ketamine group, and 
combination group were superior to midazolam, but 
these two groups did not have any superiority to 
each other.[14] Paradoxical reactions to intravenous 
midazolam are restlessness, violent behavior, physical 
assault, act of self‑injury, and need for restraints, and 
may occur after premedication especially with higher 
doses.[15] In another study, combination of intravenous 
form of midazolam and ketamine was superior to 
meperidine plus midazolam in cancer patients.[16] 
Until now, few studies were done with intravenous 
form of ketamine and midazolam as premedication. 
However, sometimes inpatient pediatrics patients 
with previous existing intravenous line need to 
prepare for operating room, while intravenous 
premedication is superior in this situation. Then 
in this study, we decided to compare the efficacy 
and safety of intravenous midazolam (0.1 mg/kg), 
intravenous ketamine (1 mg/kg), and combination 
of both (0.05 mg/kg and 0.5 mg/kg), respectively, to 
reduce the stress and anxiety in children undergoing 
inpatient general anesthesia and surgery. The first 
endpoint of the study was comparing of the child 
behavior after receiving the premedication and the 
second aims were about sedation degree, stability of 
the vital signs, anesthesia time, and recovery duration.

METHODS

In a double‑blind randomized clinical trial, 
after obtaining approval of Ethics and Research 

Committee and written informed consent by the 
parents’ child, 95 patients who were scheduled for 
elective abdominal surgery in Al‑Zahra Medical 
Center (Isfahan, Iran) from January 2013 to December 
2013 were enrolled in the study. Inclusion criteria 
were: Age between 6 months and 6 years, American 
Society of Anesthesiologist grades I and II, and 
elective abdominal surgery under general anesthesia. 
Exclusion criteria were refusal of the parents and 
patients, intraoperative complications including 
bleeding, respiratory depression, and allergy to study 
drugs. Patients were randomly allocated into one of 
three study groups. All study drugs were prepared 
by premedication room physician in solutions 
contained 1 mg/ml midazolam, or 10 mg/ml ketamine, 
or 0.5 mg/ml midazolam plus 5 mg/ml ketamine 
according to patients study group codes. Ten min 
before the operation, each child received 0.1 ml/kg of 
the study drug, intravenously, according to the code 
that was given to the patient. All the codes remained 
closed until the study was finished. None of 
researchers did know about patient groups until 
the study was finished and the codes were opened. 
Premedication was performed in the presence of 
parent’s child. Child behavior was recorded according 
to 4‑points behavior score of the child [Table 1].[17] Also 
sedation level was recorded according to the Modified 
Observer’s Assessment of Alertness/Sedation Scale 
(MOAA/S) [Table 2].[17] Behavior score and MOAA/S 
were recorded in three groups in 4 times: Before 
premedication, after premedication, before induction 
of anesthesia, and in the PACU.[17] Blood pressure, 
saturation of oxygen, and heart rate were recorded 
after premedication, before induction of anesthesia 
and 5 min after induction of anesthesia and intubation. 
Anesthesia was induced with 2 mcg/kg fentanyl, 
5 mg/kg sodium thiopental, and 0.6 mg/kg atracurium, 

Table 1: Behavior scores
Score Description
1 Patient calm, unafraid, cooperative, asleep
2 Apprehensive, not smiling, tentative behavior, withdrawn, 

slight fear on crying but quiet with reassurance
3 Moderate fear, crying, not quiet with reassurance
4 Crying with movement of arm and legs, need for restrain

Table 2: MOAA/S scale
Score Description
5 Responds readily to name spoken in normal tone
4 Lethargic response to name spoken in normal tone
3 Responds only after name is called loudly and/or repeatedly
2 Responds only after mild prodding or shaking
1 Responds only after painful trapezius squeeze
0 No response after painful trapezius squeeze

MOAA/S=Modified Observer’s Assessment of Alertness/Sedation
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and then tracheal intubation was done. Maintenance of 
anesthesia was performed with 50% oxygen in air and 
1.2% minimum alveolar concentration of isoflurane. 
At the end of anesthesia, the residual effect of muscle 
relaxants was reversed by applying 0.02 mg/kg of 
atropine and 0.05 mg/kg of neostigmine. Patient was 
extubated following full consciousness. Extubation 
time was defined as the time from discontinuation of 
inhalation drug to extubation of trachea and recorded 
in the questionnaire. Recovery from anesthesia was 
recorded as the duration from arriving to the PACU 
to the time taken to reach a modified Aldrete score 7/8 
for discharge from PACU.[18]

The sample size of our study was selected according 
to anxiety behavior data in Ghai et al. study,[7] using 
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β: 39.52%, P1: 39.52%, and P2: 18.32%. All analyses 
were carried out using the Statistical Package for 
Social Sciences Software version 20 (Version 20, 
SPSS Inc., Chicago, IL). Data were expressed as 
mean ± standard deviation (SD) or number (percent). 
For comparing distribution of behavior types and 
sedation scores among three groups, we used 
Kruskal–Wallis test, and for comparing mean and SD 
of blood pressure and heart rates, we used analysis 
of variance. Behavioral types were scored from 1 to 4, 
and considered satisfied when it was 1 or 2. Sedation 
was scored from 1 to 6, and it was considered 
satisfactory if it was from 1 to 4. We considered 
P < 0.05 as statistically significant.

RESULTS

A total of 95 children were recruited in the study. Five 
children were excluded. There were no significant 
differences in the demographic data, surgical 
duration, and distribution of surgical procedures 
in the three groups [Table 3]. Mean heart rate and 
systolic blood pressure values were summarized 
in Figures 1 and 2. In ketamine group, heart rate 
was significantly increased compared to midazolam 
and ketamine + midazolam groups. There were 
no significant differences among three groups 
regarding behavioral types, before premedication. 
After premedication, children’s behavior type 
was significantly better in the combination 
group (P < 0.001). After anesthesia, behavior types 
were the same among three groups [Table 4]. 
Sedation scores before premedication were 5 and 
6 for all children except for four children who had 
scores 3 and 4. Sedation among the groups was also 
significantly different after premedication and the 
combination group was significantly better sedated 

than the two other groups (P < 0.001) [Table 5]. There 
were no significant differences for extubation time 
and recovery time among three groups [Table 3].

DISCUSSION

Surgery and anesthesia can cause considerable 
emotional stress on children and their parents. 

Table 3: Demographic data, duration of surgery, 
recovery time and anesthetic drug doses of study 
groups
Characteristics Groups P*

M K M + K
Age (years) 4.4 (2.5) 3.5 (1.9) 4.0 (1.8) 0.780
Weight (kg) 19.5 (14.6) 15 (4.8) 15.6 (6.2) 0.147
Gender (male/female) 16/14 17/13 14/16 0.732
Extubation time (min) 24±13 23±16 22±13 0.808
Recovery duration (h) 1.70±0.76 1.70±0.62 1.50±0.71 0.509

Data are presented as mean±SD, or number (percentage) of patients, 
where applicable. *P values calculated by independent sample t‑test and 
Chi‑square test. SD=Standard deviation, M=Midazolam, K=Ketamine.

Figure 1: Comparison of the means of heart rate among three 
study groups in different times

Figure 2: Comparison of the means of systolic blood pressure 
among three study groups in different times
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The preoperative anxiety in children can lead 
to postoperative medical, psychological, and 
physiological abnormality such as; eating problems, 
bad dreams, enuresis, increased fear of doctors, 
and hospital. Premedication should be performed 
in all pediatric patients, in order to decrease 
preoperative anxiety, allow smooth induction, and 
prevent postoperative psychological insult and 
behavioral changes.[19,20] We assessed the efficacy 
and safety of midazolam 0.1 mg/kg, ketamine 
1 mg/kg, and combination of half doses of midazolam 
and ketamine intravenously to reduce the stress and 
anxiety in children undergoing surgical procedures. 
According to our study, intravenous premedication 
with combination of half doses of midazolam and 
ketamine makes earlier and more effective sedation 
than midazolam or ketamine alone in full dose 
premedication. Children behavior type was proper 
in combination group than each group separately. In 
previous studies both midazolam and ketamine were 
used as premedication in different situation. Most of 
these studies were about oral and intranasal form of 
these two drugs. Both midazolam and ketamine have 
untoward side effects in higher doses. Nowadays 
combination of them was enthusiastic for researcher.[21] 
These studies had controversial results. In one study 
in 2005 effectiveness of oral midazolam (0.5 mg/kg) 
and oral ketamine (50 mg) on sedation, separation 
of children from parents and acceptance for 
mask ventilation by children were evaluated and 
midazolam was superior to ketamine with lower 
side effects.[22] In Darlong et al. study efficacy of oral 
midazolam (0.25 mg/kg), oral ketamine (3 mg/kg), and 
combination of them were studied on sedation degree, 
children behavior type, and separation of children from 

parents.[23] In combination group, desirable sedation 
scores after 10 and 20 min were significantly specific 
than other group. Children separation behavior type 
score was not significant among groups. This finding 
of Darlong et al. study was not coordinate with our 
study.[23] Another study which was performed in 2011 
by Banerjee et al. sedative effect of oral midazolam, 
ketamine, and combination of them was evaluated. 
Again after 20 min of prescription of premedication, 
sedation degree was superior in combination group, 
and after 30 min sedation degree in midazolam group 
was comparable with combination group.[24] In another 
study which was conducted by Ghai et al. there were 
no significant differences between two groups: Oral 
midazolam and midazolam plus ketamine.[7] In this 
study, Group M received 0.5 mg/kg oral midazolam 
and Group MK received 0.25 mg/kg oral midazolam 
with 2.5 mg/kg oral ketamine. Both groups provided 
equally effective anxiolytics and separation 
characteristics. However, the combination group 
provided more children in an awake, calm, and quiet 
state who could be separated easily from parents.[7] 
In the study which was done by Mostafa and Morsy 
premedication for bone marrow biopsy were done 
with dexmedetomidine, midazolam, and ketamine 
intranasal and dexmedetomidine had faster sedation 
score and better parents separation score than two 
other groups and midazolam and dexmedetomidine 
has better sedation score than ketamine.[19]

The study which was done by Ozcan et al. showed 
that low dose of midazolam and ketamine as 
premedication was not effective for reducing anxiety 
in children who received caudal block under 
sevoflurane anesthesia.[25]

Table 4: Frequency distribution of behavioral types in three groups at different times of the study
Time period Behavior 

type level
Groups P* P**

Midazolam Ketamine Midazolam + Ketamine
Before premedication 1 0 (0) 0 (0) 2 (7) 0.133 0.684

2 27 (90) 25 (83) 23 (76)
3 3 (10) 3 (10) 5 (17)
4 0 (0) 2 (7) 0 (0)

After premedication 1 2 (7) 1 (3) 25 (83) <0.001 <0.001
2 27 (90) 1 (3) 5 (17)
3 1 (3) 15 (50) 0 (0)
4 0 (0) 13 (43) 0 (0)

Before general anesthesia 1 7 (23) 2 (7) 30 (10) <0.001 <0.001
2 23 (76) 1 (3) 0 (0)
3 23 (76) 1 (3) 0 (0)
4 0 (0) 11 (37) 0 (0)

After general anesthesia 1 29 (97) 28 (93) 30 (10) 0.421 0.330
2 1 (3) 1 (3) 0 (0)
3 0 (0) 1 (3) 0 (0)
4 0 (0) 0 (0) 0 (0)

Data are presented as number (percentage) of patients. *P value for desirable behavior; **P value for undesirable behavior
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As shown in Figure 1, heart rate increased in ketamine 
group. This finding is coordinate with the other 
study about sympathomimetic effect of ketamine.[26] 
Although the mechanism for this increasing of heart 
rate is not well‑known, but it may be due to the 
effect of the ketamine on heart muscle.[27] According 
to Figure 1, midazolam decreased heart rate. This 
finding is not in accordance with benzodiazepines 
pharmacology, because benzodiazepines with 
reducing systemic vascular resistance causes increase 
in heart rate. This discrepancy may be the result of 
producing sedation in children and then decreasing 
heart rate. Linares Segovia et al. compared the efficacy 
of intranasal dexmedetomidine with oral midazolam 
to reduce preoperative anxiety in pediatric patients. 
In this study, there were no decreases in heart rate 
and blood pressure in oral midazolam group.[20] This 
finding is also different from findings of our study. In 
our study, recovery time was not significant among 
group. This finding also is different with Darlong 
et al. study which had prolonged recovery time in 
ketamine group.[23]

In this study, we found that combination of 
0.05 mg/kg of intravenous midazolam and 0.5 mg/kg 
of intravenous ketamine as premedication produced 
more deep sedation and more desirable behavior in 
children compared with each midazolam 0.1 mg/kg 
or ketamine 1 mg/kg.
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