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Introduction

In paediatric patients the alleviation of preoperative anxiety 
is a key part of ensuring a smooth anaesthetic.1 Studies have 
shown that a pleasant induction is able to ameliorate adverse 
postoperative behavioural changes, e.g. temper tantrums, 
enuresis, general anxiety.1 A wide range of techniques and 
medications have been used with varying degrees of success.2,3 

One of these approaches has been the combination of oral 
midazolam and ketamine (MIKE), which is thought to lower 
the total dose of each drug required for adequate sedation and 
result in fewer adverse effects than when the drugs are used 
individually.4 Numerous studies evaluating this combination 
have been conducted.4-10 The authors sought to conduct a 
structured literature review and narrative synthesis to determine 
the efficacy and possible adverse effects of this combination 
when used as a premedication in paediatric patients undergoing 
elective surgery compared with midazolam alone as a 
premedication. 

Methods

Although not a meta-analysis, the authors followed the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines when conducting this study.11 All 
published randomised controlled trials that used oral MIKE as 
preanaesthetic sedation and compared this to midazolam on its 
own, in children aged one to 15 years of age undergoing elective 
surgery, were included in the study. Trials were excluded if they 
had a cluster, non-inferiority, or a factorial design, or were pilot 
trials.

The following electronic databases were searched on 12 
February 2019: Pubmed, Scopus, Web of Science and the 
Cochrane database. No date limitations were placed on any of 
the searches. The authors used the following Medical Subject 

Headings (MESH) terms to conduct the search: “preanaesthetic 

medication”, “ketamine” and “midazolam”. These were used in 

the following combination [(ketamine AND midazolam) AND 

(preanaesthetic medication)].

Two investigators (PR and MR) independently screened the 

titles and abstracts of each citation identified from the search 

results to determine whether they met the eligibility criteria. 

All citations suspected of possibly meeting the eligibility 

criteria were identified and a full text evaluation of each paper 

was performed. Chance corrected inter-observer screening 

agreement for trial eligibility was tested using the kappa statistic. 

All full text reviews were independently conducted by PR and 

MR and then discussed to ensure a consensus was reached. 

Where consensus could not be reached, a third investigator, RR 

acted as an adjudicator to resolve disagreements.

For each eligible trial the following data were extracted: author, 

year of publication, sample size, age range of study group, 

sex, ketamine dose, midazolam dose, comparator drug and 

dose, type of surgery, type of anaesthetic, primary sedation 

assessment tool used, the recorded level of sedation at the time 

of induction, and any adverse outcomes associated with the 

premedication. The authors compared MIKE versus midazolam 

given as a premedication. The authors did not examine trials 

that compared MIKE given in combination against a placebo, 

or against any other type of preoperative sedative. The authors 

chose the assessment of patient mask acceptance or tolerance, 

or venous cannula insertion as the primary outcome of interest 

for this study. Where these were not recorded the authors 

reported the particular study outcome reported as being closest 

to the time of induction or initiation of surgery. The quality of 

each included trial was assessed using the measures contained 

in the Cochrane risk of bias tool. 
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To facilitate a narrative synthesis the authors classified the 
MIKE regimens as high (midazolam ≥ 0.5 mg.kg-1 and ketamine 
> 4 mg.kg-1), intermediate (midazolam 0.5 to 0.4 mg.kg-1 and 
ketamine ≤ 4 mg.kg-1) or low (midazolam ≤ 0.3 mg.kg-1 and 
ketamine ≤ 3 mg.kg-1) dose.

Results 

The authors identified 182 trials, of which 38 underwent full text 
review. Subsequently, 28 trials were excluded leaving 10 eligible 
trials that underwent data extraction and analysis (Figure 1). 
The kappa statistic for agreement between trial eligibility was 
good (0.7). The characteristics of the included trials are detailed 
in Table I. Table II describes the tools used to assess adequacy 

of sedation at the time of, or closest to, induction or initiation 

of surgery. Most trials reported patient mask acceptance at the 

time of induction as an outcome, two trials assessed sedation at 

the time of venepuncture,9,12 and one trial the time to reach a 

postoperative Aldrete score ≥ 9 in recovery.10 The quality of the 

included trials, which were generally high, are reported in Table 

III. 

Table IV summarises the results of each of the included trials, 

focusing on the selected primary outcomes. In general, the 

combination of midazolam and ketamine resulted in improved 

sedation at the time of induction as compared to midazolam 

alone.

Records identified through search strategy
(n = 182)

Full text articles assessed for eligibility 
(n = 38)

Studies included in the analysis
(n = 10)

Records excluded during screening
(n = 144)

Full text articles excluded
(n = 28)

3 – Participants under the age of 1
2 – Participants over the age of 15
4 – No ketamine AND midazolam administered preoperatively
7 – Not oral route of administration
4 – No anaesthetic conducted
8 – Not randomised controlled trials

Figure 1: Flow diagram illustrating the trial selection process followed during the systematic review of the efficacy of oral combination midazolam and 
ketamine compared against oral midazolam as procedural sedation in children one to 15 years of age undergoing elective surgery 

Table I: Characteristics of trials included in the systematic review of the efficacy of oral combination midazolam and ketamine compared against 
oral midazolam as procedural sedation in children one to 15 years of age undergoing elective surgery

Author, year
Sample 
size

Age range
(years)

Sex
(M/F)

Midazolam/ketamine dose 
in mg.kg-1

Midazolam dose 
in mg.kg-1 Anaesthetic Surgery

Astuto, 200213 120 2–6 23/97
0.3/1 (n = 40)

0.5 (n = 38) General Minor
0.3/2 (n = 42)

Banerjee,
20114 60 1–7 N/A 0.25/2.5 (n = 30) 0.5 (n = 30) General Plastic, urological

Barkan,
20145 60 1–10 32/28 0.5/5 (n = 30) 0.5 (n = 30) Local Plastic

Baygin,
20106 30 5–8 20/10 0.25/3 (n = 15) 0.7 (n = 15) Local and N2O Dental

Darlong,
20048 48 1–9 36/12 0.25/3 (n = 24)  0.5 (n = 24) General Ophthalmic

Darlong,
20117 87 1–10 64/23

0.25/3 (n = 29)
0.5 (n = 29) General Ophthalmic

0.5/6 (n = 29)

Funk,
20009 80 2–10 50/63 0.5/3 (n = 40) 0.5 (n = 40) General Dental, ENT, plastic

Kulikov,
201012 100 2–10 53/47 0.5/3 (n = 80) 0.75 (n = 20) General Neuro

Trabold, 
200210 79 1–8 N/A

0.5/1.8 (n = 25)
0.5 (n = 27) General Ophthalmic, plastic

0.5/3 (n = 27)

Warner,
199514 40 1.5–7 N/A 0.4/4 (n = 20) 0.5 (n = 20) General Minor out-patient

ENT – ear, nose and throat; M – male; F – female; N/A – not available
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Analysis of the trials as using a high (midazolam ≥ 0.5 mg.kg-1 
and ketamine > 4 mg.kg-1),5,7 intermediate (midazolam 0.5 to  
0.4 mg.kg-1 and ketamine ≤ 4 mg.kg-1),9,10,12,14 or low (midazolam 
≤ 0.3 mg.kg-1 and ketamine ≤ 3 mg.kg-1)4,6,8,13 dose regimen 
provided a useful framework from which to determine an 
optimal MIKE dosing strategy.  

Trials using high doses of ketamine (> 4 mg.kg-1) with 
midazolam, while having greater levels of sedation as compared 
to midazolam alone, showed the longest time to recovery as well 
as the greatest number of complications. Both the studies by 
Barkan5 and Darlong7 used a dose of 0.5 mg.kg-1 of midazolam 
and high ketamine doses of 5 and 6 mg.kg-1 respectively. This 
led to significantly prolonged recovery times in the high dose 

ketamine MIKE group – 187 min (SD 93.1) for Barkan5 and 52 min 

(SD 21.9) for Darlong.7 These high dose ketamine MIKE studies 

also had a significant incidence of complications with Darlong 

reporting a 48% incidence of PONV and a 31% incidence of 

hypersalivation,7 while Barkan had a general complication rate 

of 19%.5 

Trials using intermediate doses of ketamine (3–4 mg.kg-1) with 

midazolam seemed to have a similar rate of complications as 

compared to midazolam alone. Funk et al. compared midazolam 

0.5 mg.kg-1 and ketamine 3 mg.kg-1 against midazolam  

0.5 mg.kg-1.9 There was no difference in the time to discharge 

between MIKE (72 min, standard deviation [SD] 33) and 

midazolam alone (71 min, SD 28). Side-effects were similar in 

the MIKE group as compared to midazolam for the outcomes 

Table II: Primary sedation assessment tools used in trials included in the systematic review of the efficacy of oral combination midazolam and 
ketamine compared against oral midazolam as procedural sedation in children one to 15 years of age undergoing elective surgery

Author, year Assessment tool Time of assessment Validated tool

Astuto, 200213

Sedation 4-point scale [alert to asleep]
Anxiolysis 4-point scale [combative to friendly]
Mask acceptance 4-point scale [combative to asleep]

Induction No

Banerjee, 20114

Sedation 4-point scale [agitated to asleep]
Anxiolysis 4-point scale [combative to calm]
Mask acceptance 4-point scale [poor to excellent]

Induction No

Barkan, 20145 Sedation 5-point scale [barely arousable to agitated] Initiation of surgery No

Baygin, 20106 Ramsay 6-point sedation scale [anxious to unresponsive to stimuli] Induction Yes

Darlong, 20048 Mask acceptance 4-point scale [fear to ready acceptance] Induction No

Darlong, 20117 Mask acceptance 4-point scale [fear to ready acceptance] Induction No

Funk, 20009 Venepuncture tolerance 4-point scale [fight to no reaction] Venepuncture No

Kulikov, 201012 Venepuncture tolerance 3-point scale [excessive to no movement] Venepuncture No

Trabold, 200210 Aldrete score ≥ 9 Recovery Yes

Warner, 199514 Mask acceptance 5-point scale [Deep sleep to agitation] Induction No

Table III: Methodological quality and risk of bias of trials included in the systematic review of the efficacy of oral combination midazolam and 
ketamine compared against oral midazolam as procedural sedation in children one to 15 years of age undergoing elective surgery

Author, date
Random sequence 

generation 
Allocation 

concealment
Participants and 

personnel blinded
Outcome assessment 

blinded
Incomplete 

data
Selective reporting 

bias

Astuto, 
200213 Yes Yes No Yes Yes No

Banerjee, 
20114 Yes Yes Yes Yes No No

Barkan,
20145 Yes Yes Yes Yes No No

Baygin,
20106 Yes Yes Yes Yes Yes No

Darlong,
20048 Yes Yes Yes Yes No No

Darlong,
20117 Yes Yes Yes Yes No No

Funk,
20009 Yes Yes Yes Yes Yes No

Kulikov,
201012 Yes Yes No No Yes Yes

Trabold,
200210 Yes Yes Yes Yes No Yes

Warner,
199514 Yes Yes Unclear Yes No Yes
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of vertigo (5% vs. 2.6%), psychedelic symptoms (8% vs. 8%), 
salivation (18% vs. 16%) and excitation (0% vs. 3%) respectively. 
Warner et al., using midazolam 0.4 mg.kg-1 and ketamine  
4 mg.kg-1, reported no psychological disturbances in the MIKE 
group but did not comment on the incidence of hypersalivation 
or PONV.14 In the trial by Kulikov et al. the combination of 
midazolam 0.5 mg.kg-1 and ketamine 3 mg.kg-1 showed higher 
quality sedation as compared to midazolam 0.75 mg.kg-1 but 
did not report on any side-effects.12 Trabold et al. compared two 
MIKE groups of midazolam 0.5 mg.kg-1 with ketamine 1.8 mg.kg-1 
and ketamine 3 mg.kg-1 against midazolam 0.5 mg.kg-1. In this 
trial the time to an Aldrete score ≥ 9 in recovery was shorter in 
the midazolam alone group (39 min, SD 23) as compared to both 
the low dose ketamine (51 min, SD 37) and high dose ketamine 
(54 min, SD 24) MIKE groups, but was not statistically significant 
p = 0.145).10 No side-effects were reported in this study. 

Trials using low dose regimens (midazolam ≤ 0.3 mg.kg-1 
and ketamine ≤ 3 mg.kg-1) not only provided higher quality 
sedation than midazolam alone but had a similar or better side-
effect profile. Astuto et al., testing midazolam 0.3 mg.kg-1 with 
two doses of ketamine (1 and 2 mg.kg-1) against midazolam  

0.5 mg.kg-1, found optimal sedation conditions with ketamine  
2 mg.kg-1 but with the side-effects of nausea and vomiting (5%), 
diplopia (5%) and hallucinations (2.5%) which were not seen 
in the lower dose ketamine group or in the midazolam alone 
group.13 Banerjee et al., testing midazolam 0.25 mg.kg-1 with 
ketamine 2.5 mg.kg-1 against midazolam 0.5 mg.kg-1, had the 
same incidence of mask acceptance at induction (70% in both 
arms) but with the MIKE group showed faster recovery (21.2 min, 
SD 6.6) than the midazolam group (29 min, SD 6.3).4 The incidence 
of vomiting was the same between the two groups (6.6%), but 
the MIKE group had a greater incidence of hypersalivation (6.6% 
vs. 0%). Baygin et al., using midazolam 0.25 mg.kg-1 and ketamine  
3 mg.kg-1 in comparison against midazolam 0.7 mg.kg-1, reported 
higher quality sedation with MIKE with a similar recovery time 
to that of midazolam.6 Side-effects in the MIKE group included 
hypersalivation (53%) and hallucinations (15%). The midazolam 
group alone experienced bronchospasm (6.5%), coughing (27%) 
and hiccoughs (6.5%). Postoperative nausea and vomiting were 
the same in both groups (25%). In their 2004 trial Darlong et 
al., comparing midazolam 0.25 mg.kg-1 and ketamine 3 mg.kg-1 
against midazolam 0.5 mg.kg-1, found the same incidence of mask 

Table IV: Outcomes of trials included in the systematic review of the efficacy of oral combination midazolam and ketamine compared against oral 
midazolam as procedural sedation in children one to 15 years of age undergoing elective surgery

Dosing 
regimen

Author, year
Midazolam dose

(mg.kg-1)
Midazolam/ketamine 

dose (mg.kg-1)
Trial outcomes

High dose

Barkan, 20145 0.5 (n = 30) 0.5/5 (n = 30)
Deeper sedation at time of induction in MIKE group 
(sedation score 3.5, SD 0.67 vs. 2.26, SD 0.89; p = 0.001).

Darlong, 20117* 0.5 (n = 29) 0.5/6 (n = 29)
No difference in face mask acceptance. Longer emergence 
time in MIKE group (52 min, SD 21.9) vs. midazolam alone  
(36 min, SD 12.1; p < 0.001).

Intermediate 
dose

Funk, 20009 0.5 (n = 40) 0.5/3 (n = 40)

Improved sedation scores for anxiolysis and parental 
separation with MIKE vs. midazolam alone (p < 0.05).
No statistical difference in time to extubation or discharge 
from recovery.

Kulikov, 201012 0.75 (n = 20) 0.5/3 (n = 80)
No difference in anxiolysis or movement on IV cannula 
insertion (p > 0.05).

Trabold, 200210 0.5 (n = 27)

0.5/1.8 (n = 25) Faster discharge from recovery (Aldrete score ≥ 9) with 
midazolam (39 min, SD 23) vs. MIKE groups with low dose 
ketamine (51 min, SD 37) and higher dose ketamine (54 min, 
SD 24) but was not statistically significant (p = 0.145).

0.5/3 (n = 27)

Warner, 199514 0.5 (n = 20) 0.4/4 (n = 20)
Mask acceptance better with MIKE at 85% vs. 42% with 
midazolam (85% vs 42%). Parental separation was a 100% 
successful in the MIKE group.

Low dose

Astuto, 200213 0.5 (n = 38)
0.3/1 (n = 40) Patients receiving midazolam 0.3 mg.kg-1 and ketamine  

2 mg.kg-1 had better mask acceptance compared to other 
groups (p = 0.05). 0.3/2 (n = 42)

Banerjee, 20114 0.5 (n = 30) 0.25/2.5 (n = 30) No significant difference with face mask acceptance. 

Baygin, 20106 0.7 (n = 15) 0.25/3 (n = 15)
Deeper sedation at time of induction in MIKE group  
(p = 0.046).

Darlong, 20048 0.5 (n = 24) 0.25/3 (n = 24)
No significant difference in induction scores. 
MIKE group showed faster emergence (23 min, SD 5.6 vs.  
36 min, SD 11.7, p < 0.001).

Darlong, 20117* 0.5 (n = 29) 0.25/3 (n = 29)
No difference in face mask acceptance. Faster emergence in 
MIKE group (22 min, SD 5.7) vs. midazolam alone (36 min, SD 
12.1; p < 0.001).

* Trial reported twice to facilitate dosage classification.
High dose – midazolam ≥ 0.5 mg.kg-1 and ketamine > 4 mg.kg-1, Intermediate dose – midazolam 0.4 to 0.5 mg.kg-1 and ketamine ≤ 4 mg.kg-1, Low dose – midazolam ≤ 0.3 mg.kg-1 and ketamine ≤ 3 
mg.kg-1.
MIKE – midazolam and ketamine; SD – standard deviation; IV – intravenous.
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acceptance between the two groups but a faster emergence in 
the MIKE group (23 min, SD 5.6 vs. 35 min, SD 11.7) as compared 
to the midazolam alone group.8 There was no difference between 
the two groups in the incidence of postoperative nausea and 
vomiting (25%) or hypersalivation (0%). In the second arm of 
their 2011 trial Darlong et al. compared midazolam 0.25 mg.kg-1 
and ketamine 3 mg.kg-1 to midazolam 0.5 mg.kg-1.7 The quality 
of sedation was the same between both groups at the time of 
mask acceptance, but recovery was much faster in the MIKE 
group than the midazolam alone group (22 min, SD 5.7 vs. 36 
min, SD 12.1 respectively). The MIKE group had a lower rate of 
postoperative nausea and vomiting (20%) as compared to the 
midazolam alone group (35%). 

The analysis suggests that a MIKE regimen using a midazolam 
dose of between 0.25 and 0.3 mg.kg-1 with a ketamine dose 
of between 2 and 3 mg.kg-1 achieves higher quality sedation 
as compared to using midazolam 0.5 mg.kg-1 alone with a low 
incidence of side-effects and without prolonging recovery time.

Discussion

Anaesthetists frequently deal with paediatric patients who 
are uncooperative at induction of anaesthesia. This is not only 
an unpleasant and terrifying experience for the child but is 
also taxing for the parent and attending healthcare workers. 
Alleviation of this anxiety results in smoother and more elegant 
anaesthetic induction.1 Much of the preoperative anxiety 
experienced by children is related to their fear of parental 
separation, an unfamiliar hospital environment, the operation 
and related pain. A stressful induction of anaesthesia has been 
associated with long-term sequelae such as general anxiety, 
enuresis and temper tantrums, and it has been suggested 
that avoiding this anxiety may prevent these postoperative 
behavioural changes.1 

Ketamine, an arylcyclohexylamine, produces dose-related 
analgesia, sedation and anaesthesia. It results in a dissociative 
state of anaesthesia characterised by profound analgesia and 
anaesthesia while the patient remains in a dose-dependent 
cataleptic state. In comparison to other anaesthetic agents, 
ketamine displays a relative preservation of airway reflexes and 
tone.15 Ketamine is known to be associated with psychomimetic 
effects such as nightmares, extracorporeal experiences and 
hallucinations. These effects are reduced by co-administration of 
midazolam.15 Combining oral ketamine and midazolam lowers 
the total dose of each drug resulting in less adverse effects.4

Midazolam, belongs to the group of benzodiazepines 
known for their anxiolytic characteristics mediated through 
GABAA receptors in the brain. They are commonly used as a 
premedication to produce dose-related sedation, anxiolysis, and 
anterograde amnesia. At the recommended oral premedication 
dose of 0.4–0.8 mg.kg-1 they have very little depressant effects on 
the cardiovascular and respiratory systems.15 Recently, ADV6209, 
a 0.2% aqueous midazolam formulation which is formulated 
with a gamma-cyclodextrin complex to mask the bitter taste 
associated with oral midazolam syrup, has been approved in 

Europe for paediatric sedation.16,17 The unpalatable intravenous 
formulation is masked with dextrose to allow voluntary oral 
administration in hospitals that do not have the oral formulation 
available. As has been shown, the combination of midazolam 
and ketamine is able to improve sedation quality while reducing 
side-effects. This combination is discussed in current guidelines 
on paediatric procedural sedation but they do not specifically 
recommend dosage ranges.18,19 This study, therefore, provides 
useful data that will assist the clinician in achieving optimal and 
safe sedation before anaesthesia. The study is limited by the bias 
inherent in each of the underlying trials, however, in general the 
quality of the included trials was high. The small total sample size 
of this literature review, as well as the small size of the individual 
trials is an important finding suggesting that additional work is 
required in this field before being able to draw firm conclusions. 
The small sample sizes inherent limit the generalisability of 
the result. We planned to conduct a meta-analysis, however, 
due to the wide variation in the composition of the sedation 
assessment tools and their use of unvalidated assessment tools, 
the authors decided that it would be inappropriate to conduct a 
meta-analysis. We have chosen to report our results as a narrative 
synthesis thereby forfeiting the benefit of generating a summary 
statistic for this analysis.  

Conclusion

The analysis suggests trials using combinations of midazolam 
(0.25 to 0.3 mg.kg-1) and ketamine (2 to 3 mg.kg-1) provided 
higher quality sedation with a similar or better side-effect profile 
than midazolam 0.5 mg.kg-1 alone, without prolonging recovery 
time.
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