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ABSTRACT  

Introduction: The main aims of preanesthetic medication in children are to re-
duce anxiety associated with the unfamiliar environment, facilitate the separation 
of the child from their parent and allow smooth induction of anesthesia. Both oral 
midazolam and oral ketamine fulfil many of these characteristics and are useful. 

Method: As 48 patients of ASA grade 1 and 2, aged between 2-10 years under-
going elective surgery were allocated to one of two study groups using random 
numbers: Group 1 received midazolam 0.5mg/kg and group 2 received midazo-
lam 0.25 mg/kg with ketamine 3 mg/kg. The medications were prepared and 
mixed with 25% dextrose up to a maximum volume of 0.3 ml/kg. 

Result: Uniform and acceptable sedation scores were seen in both the groups, 
without any serious side effects. However, the combination offered significantly 
more children in an awake, calm and quiet state, who were easily separated from 
their parents. The induction scores, Recovery room characteristics and time to 
achieve satisfactory Aldrete score were also comparable between the two 
groups. 

Conclusion: Oral midazolam alone and a combination of midazolam with keta-
mine provide equally effective anxiolysis and separation characteristics. Howev-
er, the combination provided more Benefits. 

 

INTRODUCTION  
Preanesthetic medications in children are to reduce anx-
iety associated with the unfamiliar environment, facilitate 
the separation of the child from their parent (if required) 
and allow smooth induction of anesthesia. [1-4] Key fea-
tures of good premedication are easy application, rapid 
onset, short duration of action and lack of significant 
side effects. Both oral midazolam and oral ketamine ful-
fill many of these characteristics and are useful for 
preanesthetic medication in children. [3,4]  

Midazolam provides anxiolysis, while Ketamine has 
sedative and analgesic properties. Anxiolysis and seda-
tion with oral midazolam are common practices in pedi-

atric anesthesia. In contrast, oral ketamine was found to 
have adverse side effects, such as increased salivation, 
hallucinations, and dysphoria, when administered alone 
as premedication at a dose of 6 mg/kg. [5] Only 60% to 
80% of the time oral midazolam produce good or excel-
lent results. It has been discovered that using midazolam 
and ketamine together is more successful for sedating 
patients than using either drug alone, either rectally [6] 
or orally [7].  

We aimed to identify potential synergism more precisely, 
if the combination of two "half" doses had a greater ef-
fect than the separate "full" doses, by selecting dosages 
for the combination that were half the amount used for 
the individual drugs. Lower doses of each agent in the 
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combination might have the advantages of improved re-
liability with faster recovery and fewer adverse effects 
compared to the single agents. 

In a prospective, randomized, double-blind trial, we ex-
amined whether a low dose of oral ketamine combined 
with midazolam is more effective as a pre-medication 
than either oral midazolam or ketamine alone, given the 
limited data base and absence of investigations on po-
tential psychotomimetic side effects. We decided to 
combine midazolam 0.5 mg/kg with ketamine 3 mg/kg to 
maintain the anxiolytic benefits of midazolam while also 
introducing the sedative and analgesic properties of ket-
amine without psychedelic side effects. 

 

METHODOLOGY 
After getting approval from Institutional Ethical Commit-
tee, written informed consent was obtained from all the 
parents.  

Children under American Society of Anesthesiologists 
classification grade I or II and age between 2 years to 10 
years posted for elective surgery of more than 30 min 
expected duration, were included in this study. Children 
with ASA III or higher category, severe dysfunction of 
the CNS or increased intracranial pressure, upper respir-
atory tract infection, malformations of the cardiovascular 
system, hyperthyroidism and long-term therapy with 
theophylline or hepatic enzyme-inducing drugs were ex-
cluded from this study. 

Sample size [8] was calculated using open EPI software 
(power 95%, confidence interval 99%) and 48 Children 
were included in this study. Children were allocated to 
one of the two study groups using computer generated 
random numbers (MS-EXCEL). Group A(n=24): Patients 
received a combination of oral midazolam 0.25 mg/kg 
and oral ketamine 3 mg/kg and Group B(n=24): Patients 
received oral midazolam 0.5 mg/kg. The medications 
were prepared and mixed with 25% dextrose up to a 
maximum volume of 0.3 ml/kg and administered 30 
minutes before surgery by an anesthesiologist in the re-
covery area. No children refused or vomited the solu-
tion. The children were observed by another anesthesi-
ologist who was blinded to the medications given to 
children in the recovery area. Heart rate, blood pressure, 
respiratory rate, and arterial haemoglobin oxygen satura-
tion (SpO2) were noted every 5 minutes.  

Heart rate, blood pressure, respiratory rate, and arterial 
haemoglobin oxygen saturation (SpO2) were noted eve-
ry 5 minutes. Sedation state was noted every 10 minutes 
for 30 minutes using the sedation score devised by Ep-
stein and colleagues [9].  

We also noted the ease and optimum time of separation 
of the child from the parents every 10 minutes. The time 
needed to achieve best parental separation and the 
score at that time were noted. The child’s response to 
induction of general anesthesia was also evaluated (Ta-
ble 1). 

Table 1 Evaluation scale [9] 

Sedation score 
1. Awake active. 
2. Awake, calm and active. 
3. Drowsy, readily responds to verbal commands and/or 

gentle Stimuli. 
4. Asleep, slowly responds to verbal commands and/or gen-

tle Stimuli. 
5. Asleep, not readily arousable. 
Parental separation score 
1. Excellent, patient unafraid, co-operative or asleep. 
2. Good, slight fear and/or crying, but quiet with reassur-

ance. 
3. Fair, moderate fear and/or crying, not quiet with reassur-

ance. 
4. Poor, crying with need for restraint. 
Response to induction score 
1. Fear, crying with mask, needs restraint. 
2. Moderate fear and crying with mask. 
3. Slight fear with application of mask. 
4. Unafraid or asleep, readily accepts mask. 
Emergence score 
1. Crying, thrashing, need for restraint. 
2. Constant crying. 
3. Occasional crying. 
4. Quiet 
 

Scoring of sedation, anxiolysis and behavior was per-
formed immediately after the parents were out of sight, 
with no further transfer. In all children general anesthe-
sia was induced using a standardized anesthesia tech-
nique and was maintained according to anesthetist’s 
usual practice. Postanesthetic recovery was evaluated 
using a modified Aldrete score every 10 min. Sedation 
score was also recorded until the patient was discharged 
from the post-anesthesia care unit.  

Any undesirable side-effects, which could be related to 
the premedicant drugs, such as nausea, vomiting, hallu-
cination, abnormal behavior, excessive secretions, and 
sedation were also noted. 

The rating scales were taken from papers published in 
journals looking into pediatric premedication. [10-13] For 
preoperative sedation and response to induction scores 
of 1 or 2 were considered “bad” and scores of 3 or 4 
“good” or “acceptable”. A score of 5 was considered a 
complication and not included as either a good or bad 
score. For evaluation of parental separation 1 or 2 were 
considered a “good” score and 3 or 4 “bad”. Quantitative 
data from the two groups were compared using analysis 
of variance, while frequency data were compared using 
Chi-square. Statistical significance was considered to be 
a P value <0.05.  
 

RESULT 
A total of 48 analyzable subjects (24 in each group) were 
comparable in age, sex, weight, intervention, and dura-
tion of anesthesia. Demographic data and duration of 
surgical procedure were similar in the two groups (Table 
2). The acceptance of the premedication drug was good 
in all Groups. 
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In the preoperative period, the SpO2, blood pressure, 
respiratory rate, and heart rate were within normal limits 
in all two groups and there was no significant difference 
between them. At 10 minutes after premedication, three 
(12.5%) of the patients in group A had a good sedation 
score but none in the other group (P=0.05). After 20 
min, transfer was initiated. At 20 minutes 13(54.16%) of 
the children in the combination group had a good seda-
tion score, five (20.83%) children in the M group. 
(P=0.008). At 30 minutes there were no significant dif-
ferences in the sedation score or sedation level (Table 
3). There were no significant differences in the parental 
separation scores in the two groups. It was possible to 
separate the children from their parents, much earlier in 
combination group A (mean time 19±8 min) compared 
to group B (28±7min). There were no significant differ-
ences in the mean response to induction score, emer-
gence score. (Table 4) 

 

Table 2: Demographic and distribution of surgical pro-
cedure data 

Characteristics Group A 
(n=24) 

Group B 
(n=24) 

Age (years)* 4.3±2.3 3.4±1.9 
Sex (Male/female) 19/5 17/7 
Weight(kg)* 13±3.8 11.7±4.1 
Duration of surgery (min)* 40.1±12.9 55.7±52.1 
*Values in mean±SD 
 
Table 3: Percentage of “Good” sedation score at dif-
ferent time intervals 

Time Interval 
(Minutes) 

Group A 
(n=24) (%) 

Group B 
(n=24) (%) 

P value 

10 3 (12.5) 0 0.05 
20 13 (54.1) 5 (20.8) 0.003 
30 17 (70.8) 16 (66.6) NS 
 

Table 4: Distribution of preoperative sedation (at 30 minutes), parental separation, induction score, emergence 
scores, time to reach Aldrete 10 & best parental separation time 

Variables Group A (n=24) (%) Group B (n=24) (%) P value 
Preoperative sedation       

Good 19(79.1) 17(70.83)  (NS) 
Bad 5(20.8) 7(29.16) (NS) 
Complication 0 0   

Parental separation       
Good 21(87.5) 20(83.33)  (NS) 
Bad 3(12.5) 4(16.66)  (NS) 

Response to induction       
Good 18(75) 16(66.66)  (NS) 
Bad 6(25) 8(33.33)  (NS) 

Emergence       
Good 20(83.33) 19(79.1)  (NS) 
Bad 4(16.66) 5(20.8)  (NS) 

Best parental separation time in minutes 19±8 28.4±7.4 <0.001 (significant) 
Time to reach Aldrete in 10 min 22.7±5.6  36.3±11.7 <0.001 (significant) 
 
Table 5: Comparison of side effects between groups  

Side effect Group A Group B P  
Value 

PONV 6 (25%) 5 (20.8%) <0.05 
Excessive Salivation 0 0 NS 
Irrelevant Talk 0 0 NS 
Breath holding 0 0 NS 
 
Recovery, as measured by the time to reach a modified 
Aldrete score of 10, was significantly faster in the com-
bination group (22±5 min) compared to the midazolam 
(36±11 min). Success rates for anxiolysis and separation 
were greater than 90% with the combination, approxi-
mately 70% with midazolam alone. The success rate of 
sedation was low in all groups. 

The incidence of PONV was similar in all the two groups 
(Table 5). Salivation was similar with all premedicant and 
was not of concern during induction of anesthesia. Oxy-
gen saturation before induction was >= 97% in all chil-
dren. Excessive sedation did not occur. 

DISCUSSION 
Induction of general anesthesia in children requires de-
velopmentally appropriate methods to minimize distress 
at induction and at the time of parental separation. Both 
psychological and pharmacological approaches may be 
helpful, but neither guarantees success. To minimize ad-
verse psychological sequelae and allow a smoother in-
duction of general anesthesia, a number of drugs have 
been tried as preanesthetic medication by various routes 
of administration with a variable success rate. [14] 

Our study provides evidence that a combination of mid-
azolam and ketamine results in better premedication 
than the individual drugs given alone, which suggests 
that these drugs may have synergistic effects. 

Oral midazolam is the most widely used premedicant 
drug in children. It has many of the properties of an ideal 
premedicant, including a short elimination half-life. How-
ever it is not reliable, with reported success rates vary-
ing from 60 to 80%. [6]  
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With midazolam 0.5 mg /kg , investigators from the Hos-
pital for Sick Children in Toronto found a comparably low 
success rate for sedation using the same score. Howev-
er, anxiolysis (score comparable with our ‘separation’) in 
their study was very successful. In our study, in the pa-
tients who received oral midazolam, good preoperative 
sedation was seen in 68 % and unstressed separation of 
the children was possible in 80%. [15] 

Oral ketamine has been used with good results and no 
significant change in hemodynamics, respiratory rate or 
side-effects. Oral ketamine was used in the 1970s by 
dentists to facilitate the treatment of mentally handi-
capped children. In 1982, Cetina[16] found that rectal or 
oral preanesthetic medication with ketamine 15 mg/kg 
combined with droperidol was superior to i.m. or i.v. 
premedication. At first glance,15 mg/kg seems to be a 
very high dose, but only 16% of oral ketamine is bioa-
vailable because of high hepatic first pass metabolism. 
[17] Part of the clinical effects of oral ketamine are at-
tributed to its metabolite norketamine which has approx-
imately one-third the potency but reaches higher blood 
concentrations. Ketamine 6 mg/kg did not improve suc-
cess but increased side effects such as nystagmus and 
vomiting. 

The combination of ketamine and midazolam was de-
scribed initially in 1992 by Beebe [6] and co-workers for 
rectal, and in 1993 by Lin, Moynihan and Hackel [14] for 
oral administration. The combination of midazolam and 
ketamine, used with the aim of increasing reliability and 
minimizing adverse effects, has been previously de-
scribed. Lin and colleagues compared the effect of the 
combination of oral midazolam 0.5 mg/kg and oral keta-
mine 3 mg/kg with oral midazolam 0.5 mg/kg and oral 
ketamine 6 mg/kg alone in 45 patients. They observed 
that the combination produced sedation faster with less 
oral secretions, nystagmus and with a short recovery 
time. No postoperative complications, such as dreaming 
or nightmares, were observed. [14] 

Warner’s group also found that the combination of oral 
midazolam 0.4 mg/kg and oral ketamine 4 mg/kg was 
more effective than midazolam 0.5 mg/kg or ketamine 6 
mg/kg alone. They noted no psychological disturbances 
in the immediate postoperative period but gave no de-
tails about the evaluation of this crucial issue. [7] 

In our trial, the combination of oral midazolam and ket-
amine each given at half the dose of the individual agent 
groups, had a faster onset of action, faster time to reach 
a maximum level of sedation, earlier parental separation 
time and a faster time to recovery with minimal side-
effects than either drug alone. This provides some evi-
dence of synergy between the two agents. There was no 
difference in the level of preoperative sedation score, 
parental separation score and emergence score between 
the two groups. Side effects were low and like midazo-
lam alone. 
 

CONCLUSION 
In conclusion, this study showed that the combination of 
oral ketamine 3 mg/kg and oral midazolam 0.25 mg/kg 
had minimal side-effects and was more effective, faster 
in onset, and had a more rapid recovery than oral mid-
azolam 0.5 mg/kg alone. 
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