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The Clinical Effects of Adjunctive Mid-
azolam During Ketamine Procedural Sed-
ation in Pediatric Emergency Patients

Jin Hee Lee, M.D., Je Sung You, M.D., Young Soon
Cho, M.D., Yoo Sang Yoon, M.D., Jun Seok Park,
M.D., Hahn Shick Lee, M.D., Kwang Hyun Cho, M.D.

Purpose: Despite widespread use of adjunctive benzodi-
azepines during ketamine sedation, their efficacy in children
has never been studied in Korea. We compared the clinical
characteristics and the side effects of as well as the physi-
cian’ s satisfaction with, ketamine sedation in pediatric
patients undergoing procedures involving ketamine with
adjunctive midazolam.

Methods: The study was a prospective, randomized, clini-
cal evaluation of the effect of adjunctive midazolam during
ketamine sedation. We enrolled 60 children aged 8 months
to 8 years. Subjects received either intramuscular ketamine
(3 mg/kg) with atropine (0.01 mg/kg) (KA) or intramuscular
midazolam (0.05 mg/kg) with ketamine and atropine (KMA).
For the two groups, we evaluated the induction time, the
recovery time, the sedation efficacy, the adverse effects,
and the treating physicians’ satisfaction.

Results: Forty-two (42) subjects received KMA, and 18
received KA. Potentially confounding variables were similar
between the two groups, and the induction times and the
recovery times were equivalent. The addition of midazolam
led to better sedation efficacy (KA=18.8% versus KMA=
55.0%), more treating physician satisfaction (KA=35.4%
versus KMA=69.2%), and a decreased incidence of recov-
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ery agitation (KA=27.8% versus KMA= 4.7%).

Conclusion; The incidence of emergence phenomena and
satisfaction was affected by the addition of midazolam. The
addition of midazolam during-ketamine sedation is effica-
cious and safe with high physician satisfaction for sedation
of pediatric patients in the Emergency Department.
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Table 1. General patient characteristics
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KA* KMA'
(N=18) (N=42) p-value

Gender, No. (%) 18 42 0.726

male 12 (66.7%) 26 (61.9%)

female 6 (33.3%) 16 (38.1%)
Age (months) 37.8 (£23.6) 262 (+11.8) 0.093
Weight (kg) 149 (+4.5) 129 (+2.3) 0.145
Site of injury, No. (%) 18 42 0.852

face 16 (88.9%) 38 (90.5%)

extremity 2(11.1%) 4 (9.5%)

*KA: Ketamine-atropine
"KMA: Ketamine-midazolam-atropine
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Table 2. Comparison of the induction time, total sedation time, Ramsay scale, satisfaction, number of added medication, and

adverse effects

KA KMA
(N=18) (N=42) p-value
Time sedation (min)
induction time* 28.4 (£26.8) 28.6 (£31.8) 0.877
total sedation time' 70.8 (£30.5) 83.4 (£44.3) 0.479
Ramsay scale, No. (%) 16 40 0.004
1 5(31.3%) 4 (10.0%)
2 2 (12.5%) 2( 5.0%)
3 1( 6.3%) 0( 00%)
4 5 (31.3%) 12 (30.0%)
5 3 (18.8%) 17 (42.5%)
6 0( 0.0%) 5(12.5%)
Physician satisfaction, No. (%) 17 39 0014
very satisfied 0( 0.0%) 12 (30.8%)
satisfied 6 (35.3%) 15 (38.5%)
unsatisfied 11 (64.7%) 12 (30.8%)
Add medication, No. (%) 4 2 0.039
Adverse effect, patient No. (%) 18 42 0.049
None 12 (66.7%) 37 (88.1%)
Occurence 6 (33.3%) 5(11.9%)
*Induction time: Begining of medication administration until sedation
"Total sedation time: Begining of medication administration until time ready for discharge
Table 3. Occurrence of adverse effects (event number)
KA, No. (%) KMA, No. (%)
Apnea 0 0
Laryngospasm 0 0
Oxygen desaturation 0 0
Nausea/vomiting 1 (5.5%) 3(7.0%)
Hallucination 0 0
Agitation 5 (27.8%) 2 (4.7%)
Salivation 0 0
Others
skin rash 0 1(2.3%)
None 12 (66.7%) 37 (86.0%)
Total 18 (100.0%) 43 (100.0%)
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