
Sedation for children requiring wound repair: a
randomised controlled double blind comparison
of oral midazolam and oral ketamine

Paul A Younge, Jason M Kendall

Abstract
Objective—To compare the eYcacy of oral
ketamine (10 mg/kg) with oral midazolam
(0.7 mg/kg) in providing sedation for
suturing of lacerations.
Method—Prospective, randomised, dou-
ble blinded trial with consecutive, con-
cealed recruitment of 59 children aged 1 to
7 with wounds requiring local anaesthetic
(LA) injection or topical LA with an anxi-
ety score greater than one.
Results—Tolerance to LA injection was
better with ketamine (p=0.029) and toler-
ance to procedure after LA injection
showed a trend towards being improved
with ketamine (p=0.067). There was no
diVerence in tolerance to LA application
or procedure in children receiving topical
LA. Time to reach a sedation score of less
than four was faster with ketamine (medi-
ans 20 versus 43 minutes, p=0.001) but
times from dosing to discharge (medians
105 and 110 minutes) were similar. Incon-
solable agitation was reported with mida-
zolam in six cases. Dysphoria was not
noted with ketamine. Vomiting was more
common with ketamine but not signifi-
cantly so (six versus two, p = 0.14). Oxygen
desaturations were noted in both groups.
Ataxia after discharge was seen in four
patients, two in each group. Thirty six per
cent of children showed new behavioural
disturbances in the two weeks after dis-
charge, more commonly in the mida-
zolam group (p=0.048).
Conclusions—At these doses tolerance to
LA injection was better in children receiv-
ing ketamine, with fewer behavioural
changes noted in the first two weeks.
Midazolam at this dose caused dysphoric
reactions, which may have aVected the
results. Continuous pulse oximetry moni-
toring is required when using these drugs.
Vomiting and prolonged ataxia occurred
in a few patients.
(Emerg Med J 2001;18:30–33)
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Anxiety in children before and during the
suturing of lacerations are vexing problems in
the emergency department (ED). Use of play
therapy and less painful methods of local
anaesthesia1 help. Topical local anaesthetic can
replace injected local anaesthetic in over 80%
of wounds in children in our experience. It has
limitations concerning wound size, use on

extremities and proximity to mucous mem-
branes. However, often these techniques are
not enough. Restraint has been used and
although there is no evidence showing such
experiences have long term eVects, behavioural
changes suggesting a traumatic experience
have been recorded after admission to hospital
for surgery2 3 and have been reduced by
premedication.4

There is no consensus on the best sedative
drug for this purpose, its dose or route of
administration. The possibilities in this area
have been well reviewed.5

Perhaps most commonly used is oral mida-
zolam, which has been shown more eVective
than placebo at a dose of 0.2 mg/kg.6 7 There is
evidence that sedative anxiolytic eVects in-
crease up to 0.5 mg/kg but a dose of 0.75
mg/kg results in increased dysphoria and ataxia
with no increase in sedation.8 9

Ketamine has been used extensively and
safely perhaps most commonly via the intra-
muscular (im) route.10 11 Oral ketamine at a
dose of 10 mg/kg has been shown more
eVective than placebo in the ED.12 It has the
advantage of potent analgesia but there are
concerns about vomiting and emergence phe-
nomena.13

These two agents have been compared in the
ED using a randomised controlled trial.
McGlone14 demonstrated that im ketamine
provided better tolerance to painful procedures
and better parental acceptance than intranasal
midazolam.

Using the oral route allowed us to conduct a
double blinded trial. We chose to compare our
normal dose of 0.7 mg/kg midazolam with
ketamine 10 mg/kg as used by Qureshi.12

Methods
This trial was approved by our local hospital
ethics committee.

Children aged 1 to 7 with lacerations requir-
ing local anaesthetic (LA) injection before
suturing were considered for the trial. If topical
LA was to be used they were considered if their
anxiety score was greater than one (see table
1). We excluded children requiring admission
or opioid analgesia, those with known allergy,
active respiratory disease, recent head injury,
those taking erythromycin and refusal of
consent. Recruitment was consecutive. Chil-
dren were entered into the trial following
parental consent then received the next trial
drug solution, either midazolam 0.7 mg/kg or
ketamine 10 mg/kg.

Drug solutions were preprepared by the hos-
pital pharmacy and numbered sequentially,
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randomly containing one or other drug in con-
centrations such that 0.2 ml/kg of the solution
delivered the correct dose. These were made
up to 20 ml with blackcurrent flavoured
cordial. Ease of administration was judged by
the parents as: no problem, some persuasion
needed, or diYcult. LA was administered when
the sedation score, recorded every five min-
utes, was less than 4 (table 2) or at latest by 45
minutes after dosing.

Parents were used as observers for anxiety
and tolerance and nurses and registrars for side
eVects. The primary outcome measures were:
1 Anxiety and tolerance scores (see table 1)

before the procedure, during LA infiltration
or application and during the procedure.

2 New behavioural disturbance (see table 2)
within the first two weeks recorded by the
parents and returned by postal question-
naire, chased up by telephone if required.
Secondary outcome measures were:

1 The time to reach a sedation score of less
than 4 and time to recovery.

2 The occurrence of unwanted side eVects
during the ED stay and recorded by the par-
ents during the first 24 hours. Observers
were given a list of specific known side
eVects. Parents and children were followed
up at five days.

3 Parental acceptance assessed qualitatively at
five day follow up.
Procedures were performed by registrars in

the resuscitation area using pulse oximetry
monitoring with a nurse trained in paediatric
life support present at all times. LA application
and suture materials were standardised. We
used 1% lignocaine (lidocaine) for injection
and a gel containing adrenaline (epinephrine)
(1:2000) and cocaine (4.7%) was used for
topical anaesthesia. Topical LA was not used
for extremity wounds, those involving mucous
membranes or lacerations longer than four
centimetres.

Criteria for discharge were a return to base
line verbal and motor skills. Parents were given
a set of discharge instructions.

Results were analysed by our Research Sup-
port and Development Unit. Tolerance, anxi-
ety and sedation scores and timings were com-
pared using the Mann-Whitney U test and side
eVect profiles using Fisher’s exact test unless
otherwise stated.

Results
Fifty nine children were recruited. One patient
in the midazolam refused the medication,
going on to have wound repair using topical
LA only. One patient in the ketamine group
received the wrong dose. Table 3 shows the
groups were not statistically diVerent at pres-
entation, demonstrating successful randomisa-
tion.

There was no diVerence in the ease of
administration of either sedative using an
intention to treat analysis with all 59 subjects.

An eYcacy analysis excluding the two above
patients showed better tolerance to LA applica-
tion with ketamine than midazolam (p=0.036).
A sub-analysis showed that LA injection was
better tolerated with ketamine (median toler-
ance scores 2 versus 3, p=0.029, see figure 1)
but no diVerent when topical LA was used
(median tolerance scores 2 and 2, p=0.10).
There was a trend for the ketamine group to
have a lower tolerance score during suturing
not reaching the p = 0.05 significance level
(median tolerance scores 2 versus 1, p=0.098).
When the injected LA and topical LA groups
were analysed separately, this trend became
stronger but did not achieve the p = 0.05 level
(p=0.069). An intention to treat analysis
including all patients made no diVerence to the
results.

Sedation scores were lower with ketamine
(medians 2 versus 3, p=0.039) and time to a
score of less than 4 and thus the dosing to LA
injection was faster (medians, ketamine 20
minutes, range 14–55, midazolam 43 minutes,
range 5–50, p=0.001). Times from sedative
administration to discharge were similar (105
and 110 minutes, range 60–265).

Dysphoric reactions were not reported with
ketamine, but six reports of inconsolable agita-
tion occurred in the midazolam group, two
during the procedure, two in the recovery
phase and two several hours later at home
(p=0.01). Vomiting occurred in six cases in the
ketamine group (three in the ED, three at
home) and two in the midazolam group in the
ED, this diVerence was not significant
(p=0.14). There was significantly more nystag-
mus noted in the ketamine group but no
reports of hypersalivation or laryngospasm.
Despite strict discharge criteria, parents re-
ported two cases in each group with ataxia, and
drowsiness was more commonly reported with
ketamine (4 versus 0, p=0.025). Disturbed
sleep on the first night occurred in three in the
ketamine group and two in the midazolam
group (p=0.36).

Oxygen saturations below 94% occurred in
two patients in the midazolam group (90 and

Table 1 Anxiety/tolerance scores

Score Anxiety before Tolerance during

1 cooperative cooperative/sleeping
2 crying only when wound is touched intermittent crying
3 crying during general examination continuous crying and/or additional restraint
4 uncontrolled crying uncontrolled crying and additional restraint

Taken from Preanesthetic medication in children. Anesthesiology 1992;76:28–33.

Table 2 Sedation score

Score Level of sedation

1 barely rousable, asleep, needs shaking/shouting to
arouse

2 asleep, eyes closed, arouses with soft voice or light
touch

3 sleepy, eyes open but less active or responsive
4 awake
5 agitated

Table 3 Patient demographics

Midazolam Ketamine

Number 29 30
Mean age 4.1 4.1
% Male 54 52
% LA injection 46.4 51.7
Median presenting anxiety score 2 2
Laceration
Mean length (cm) 2.0 1.9
Suturing time (median, min) 10 10
Location: % head/face 68 72
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91%) and in one ketamine patient (93%).
Overall lowest recorded oxygen saturations
showed a trend to be lower with midazolam
(p=0.058). There were no diVerences in respi-
ratory or pulse rates.

Ninety one per cent of patients and parents
returned to five day follow up. Of these 23 sets
of parents found the procedure acceptable and
not stressful, 22 acceptable and slightly stress-
ful, seven just acceptable and very stressful and
two (one in each group) not acceptable. There
were no significant diVerences between groups
(p=0.146).

Follow up for behavioural changes from 24
hours to two weeks was achieved in 92% of
cases. Three parents in the midazolam and one
in the ketamine group reported that their child
remembered the procedure (p=0.14). Thirty
six per cent of parents reported one or more
new behavioural changes. These were more
commonly reported in the midazolam group
(48% versus 25%, Mann-Whitney U
p=0.0487, ÷2 test p=0.097, see table 4).

Discussion
Our study demonstrated better tolerance to LA
injection with ketamine measured by a com-
monly used four point behavioural score.6 We
found no diVerence in tolerance when topical
LA was used suggesting ketamine is only useful
when LA injection is used. An eYcacy analysis
was thought more appropriate in this study.
When an intention to treat analysis was
performed with two further patients no diVer-
ence in the results was found. A control arm
with no sedation has been suggested for this

study. We thought that this might be ethically
diYcult and varied significantly from our
current practice such that it would not be
acceptable to staV.

In this pilot study we did not perform a
power calculation. This calculation cannot be
performed when judging diVerences between
treatments using a non-continuous ordinal
scale. It is possible that a type II error occurred
in the tolerance to procedure result. We could
have measured anxiety and tolerance using a
continuous visual analogue scale, which would
permit a power calculation, avoid the possi-
bility of a type II error and possibly increase the
validity of a result. To detect a 20% diVerence
with 90% power at the 0.05 significance level
would require 105 patients in each group. We
acknowledge that a larger study would more
adequately answer this question.

Ketamine produces a unique dissociated
state making assessment diYcult. By recruiting
the parents as observers we hoped to achieve a
truly blinded result. Ideally we would have
liked the luxury of an additional blinded
observer.

Children may only communicate their dis-
tress after a traumatic experience by exhibiting
behavioural changes. We asked about diVerent
aspects of behaviour and found a diVerence in
the number of children exhibiting altered
behaviour in favour of ketamine. When ana-
lysed by number of occurrences per child, thus
taking severity of reaction into account, this
was significant (Mann-Whitney U test,
p=0.048) and a trend was found by overall ÷2

analysis (p=0.097). Although not concrete evi-
dence, this suggests that those receiving mida-
zolam were more likely to have a distressing
experience.2 McGlone14 found im ketamine
gave better tolerance to injection and proce-
dure than intranasal midazolam. Follow up was
to 72 hours and although no child was
reported to remember the procedure behav-
ioural change was not assessed. This area is not
reported by Qureshi.12

The median time to adequate sedation with
midazolam of 43 minutes was longer than
other studies,8 9 15 16 although these studies did
not use a 5 point measurement scale. Time of
onset with ketamine agreed with Gutstein17

and was shorter than the median 35 minutes
reported by Qureshi12 using the sedation score.
We noted wide ranges in time of onset of seda-
tion, for example between 5 and 50 minutes for
midazolam. Times to discharge were similar
suggesting a longer recovery with ketamine and
agreed with other reports.

The occurrence of emergence delirium is
thought to be less common in children but its
true incidence is not known.13 Along with
Qureshi12 we found no evidence of this
phenomenon during the recovery period. In
the midazolam group there were six cases of
inconsolable agitation occurring in the first 24
hours. This reaction is described in most
midazolam trials.6–11 14 15 Its incidence is dose
related and has been shown to be more
common at an oral dose of 0.75 mg/kg
compared with 0.5 mg/kg.9 In retrospect we are
concerned that using a dose of 0.7 mg/kg may

Figure 1 Tolerance to LA injection; better in the ketamine group. A higher tolerance score
indicates a lower tolerance to injection.
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Table 4 Behavioural changes within the first two weeks;
more with midazolam. Parents asked about agitation, sleep
disturbance, nightmares, bed wetting, temper tantrums, poor
appetite, disobedience, separation anxiety

Number of behavioural changes reported

Number of children

midazolam ketamine

none 13 21
1 5 2
2 2 3
3 3 1
4 2 0
Total children reporting behavioural

change 12 6
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have increased the incidence of this reaction
thus aVecting our results. Although these reac-
tions occurred after LA injection we cannot
exclude this possibility. We also feel that our
reporting system for recovery behaviour was
weak and that a descriptive ordinal scale or
visual analogue scale could have been used.

Vomiting occurred in 20% of the ketamine
group and appeared more frequent than in
other reports.11 12 14 The reported ataxia after
dicharge emphasises the need for strict di-
charge criteria and written and verbal advice
for parents.

Only one other trial has reported a worrying
desaturation8 with midazolam. We found two
cases with oxygen saturations of 90% and 91%
recorded with pulse oximetry, recovering with
stimulation and oxygen. There are reports of
significant desaturations with im ketamine11

but the incidence with oral use is unknown.
There were no reports of desaturations in the
study by Qureshi12 In our study one patient’s
saturation decreased to 93%, which responded
to stimulation and oxygen. We note that
continuous nurse and pulse oximetry monitor-
ing is not universally recommended for oral
midazolam in the UK18 but we strongly suggest
it in the first hour when using either drug.

Conclusions
When LA injection is required in children aged
1 to 7 before wound repair, oral ketamine (10
mg/kg) provides better sedation than oral
midazolam (0.7 mg/kg). This finding is
strengthened by evidence of less behavioural
change after ketamine within the first two
weeks. Oral ketamine at this dose has a faster
onset of sedation but times to discharge are
similar. We can confirm other reports of para-
doxical agitation with midazolam use. By using
a dose over 0.5 mg/kg these events may have
been more frequent and aVected our results.
Both drugs may cause oxygen desaturation and
we recommend nurse and pulse oximetry
monitoring for one hour after sedative admin-
istration. Further studies are needed to define
the optimum doses of both agents and more
accurately compare their eVect on tolerance to
procedures.
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