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MIDAZOLAM (Commentary)

Sustained sedation in neonates needing intensive care
A small but important randomised controlled trial (the NOPAIN trial) in 1999 compared the use of
midazolam, morphine and a ‘placebo’ glucose solution in 67 preterm babies of 24-32 weeks gestation
who were not perceived to be in overt pain but were judged to merit sedation while ventilated for
respiratory distress. Sedation in this pilot study was given for a median of five days (Anand et al,. 1999)
using a loading dose and a maintenance infusion not very different from the one outlined in this
Formulary. The babies given midazolam or morphine appeared to be more sedated than the placebo
group as assessed using the COMFORT score (Ambuel et al., 1992). However there was a statistically
significant higher incidence of adverse neurological events (death, grade IlI-IV intraventricular
haemorrhage or periventricular leukomalacia) in the midazolam group then in the other groups. While
this may have been a chance finding in a small trial, a decision was taken, when these findings became
available, to exclude any further study of this drug during the larger NEOPAIN trial (Anand et al., 2004).

The widespread use of midazolam was one of a number of treatment strategies that came into
widespread use in paediatric and then neonatal intensive care during the 1990s without ever
undergoing rigorous evaluation. While the unexpected adverse outcome uncovered by the NOPAIN
study could well have arisen by chance despite its ‘statistical significance’ because of the trial’'s small
size, the Cochrane review concluded in 2003, after analysing the outcome of the only three trials done
to date, that there was “insufficient evidence to promote the use of intravenous midazolam infusion as a
sedative for neonates undergoing intensive care” and “this review raises questions about the safety of
midazolam in neonates” (Ng et al, 2003). No further studies have been done since then. Since
benzodiazepines do not provide pain relief (as the report by the American Academy of Pediatrics
stressed in 2000), and since sustained use commonly causes quite unpleasant withdrawal symptoms in
older children (in whom the existence of such adverse effects is probably easier to assess), the drug’s
continued use as a neonatal sedative is hard to justify. Gestation has a marked effect on the drug’s
half life, and clearance changes fairly rapidly during the first few weeks of life. The drug’s variable
pharmacokinetics and pharmacodynamics (see below) poses a challenge to the effective use of this
drug in children too young for distress to be assessed with ease. The way in which gestation affects the
drug’s half life, and the way in which clearance increases during the first weeks and months of life
makes it even harder to judge the efficacy of sustained use in very young children.
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Pharmacokinetics in early infancy
Gestation has a marked effect on the drug’s half life, and clearance changes fairly rapidly during the
first few weeks of life. The drug’s variable pharmacokinetics and pharmacodynamics (de Wildt et al,
2005; Peeters et al., 2006) poses a further challenge to effective use in children too young for distress
to be assessed with ease.
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Risk of withdrawal symptoms after sustained use

There have been several reports that use can cause hypotension (especially when the first ‘loading ‘dose is
given) and that use can sometimes trigger myoclonic movements, and it is now also widely accepted that
distressing withdrawal symptoms are not uncommon with sustained use. In a careful prospective study
involving older children as well as neonates (Ista et al., 2008) anxiety, agitation, sleeplessness, increased
muscle tone, fever, sweating, tachypnoea and diarrhoea were the problems most commonly encountered.
The higher the dose use and the longer the treatment was sustained the more serious and distressing the
withdrawal symptoms became.
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Availability of a product suitable for nasal or buccal administration

There is now a widespread acceptance that midazolam is very rapidly absorbed through mucosal skin.
and that a ‘stat’ dose of midazolam given into the nose or mouth and held there unswallowed (‘buccal
administration) is both the quickest and most effective way of bringing sustained seizure activity to a halt.
Blood levels rise rapidly, and placing a dose ‘under the tongue’ works more reliably and more quickly than
giving a dose into the rectum. Such an approach is also much less distressing to all concerned. The
generally accepted dose for stopping seizure activity seems to be 300 micrograms/kg, but a dose of 400
or even 500 micrograms/kg actually seems to be entirely safe, and may be preferable since the sooner the
‘rescue’ drug is given the more effective it seems to be. Something can now be done before the child
reaches hospital and, even in hospital, the “search for a suitable vein” looses its urgency.

It is generally said that the initial dose can be repeated after 10 minutes if seizures continue and that a
total buccal dose of 1mg/kg is usually safe. However, because of the risk of respiratory depression, a total
dose this high should probably only be given by someone competent in providing sustained respiratory
support (as some ambulance staff and paramedics now are in the UK). The fact that even a dose this
high may not control seizure activity in many children with cerebral malaria is not, in itself, a good reason
to modify this guidance. The unintended administration of too high a dose by any route is, of course,
potentially dangerous, and a spate of such cases has led some hospitals in the UK to insist that wards
only stock ampoules of one strength.
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Special Products in the UK already have a “named patient” formulation available that parents can use to
control seizures. Parents are generally told that, if any fit lasts longer than five minutes, they can give 0.03
ml/kg of this sugar-free liquid into the side of the mouth (between the cheek and the lower teeth). It is
generally said that half the dose should be given into each side of the mouth if possible, and it is easy to
see why this might be true. However, there is very little good evidence that it really matters, and stressing
this only serves to increase the pressure on an already anxious parent or teacher. The dose can,
alternatively, be given into the back of the nose, especially if the child is salivating excessively. Cartons
contain four 1-ml oral syringes and 5 ml of sugar-free liquid containing 10 mg/ml of midazolam in an amber
glass bottle suitable for home use. The bottle’s child resistant closure must be sealed again promptly after
use to prevent excess evaporation. Cartons cost £14 each.

It is greatly to be hoped that a single, fixed-dose, buccal product may become available on the UK market
shortly. If it were to become available this would make parents, nurses and school staff much less
reluctant to use this way of bringing sustained, and understandably distressing, seizure activity to a halt. A
device for giving graded doses as a nasal spray has been described ((Ljungman et al., 2000) but it does
not seem to be commercially available as yet. Too many young children with epilepsy are, for all practical
purposes, ‘therapeutic orphans’ at the moment.
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Use to control persistent seizures

Although the sustained neonatal use of midazolam as a sedative has declined since the outcome of the
trials by Jacqz-Aigrain et al. and by Anand et al. were published in 1994 and 1999, and the frequency with
which withdrawal symptoms are seen after sustained use has became more widely recognised, there has
been sustained interest in the drug’s use as an anticonvulsant when first line treatment proves ineffective.
Several papers have appeared confirming that midazolam does usually bring such seizures under control
(as it certainly does in older children), although there have been no satisfactory head-to-head comparisons
as yet, and a single ‘stat’ dose of lorazepam (qg.v.) may turn out to be the best benzodiazepine to use —
management is certainly made simpler if the drug chosen does not need to be given as a slow sustained
infusion. The only non-random study published to date suggests that lidocaine (g.v.) may be marginally
more effective than midazolam (Shany et al., 2007), and this is what Boylan also found in 2004.
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Use as a short-term procedural sedative

A single 200 microgram/kg dose given IV produced enough sedation to make computed tomography
possible in most children in one recent large study (Singh et al., 2009) although a few babies required
twice as much as this. These children (6 months to 6 years old) were monitored using a pulse oximeter,
but only 7% were judged to need supplemental oxygen because of marginal desaturation (a SpO, of 90—
95%). A 300 microgram/kg dose under the tongue was enough to make echocardiography possible in
one recent study (Layangool et al., 2008). A 200 or 300 microgram/kg dose into the nose was enough to
make ophthalmic examination relatively easy in a second recent study in children who were 6 to 26
months old (Altintas et al., 2005), and a 400 microgram/kg dose into the nose was enough to facilitate
most procedures, including the suturing of cuts and lacerations in a third recent study in children 1 to 60
months old (Lane and Schunk, 2008). Adverse events were almost non-existent in these four studies.
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Use of flumazenil
Flumazenil is a benzodiazepine antagonist that can be used to reverse any unwanted effects of
benzodiazepine sedation. If one of two 10 microgram/kg doses do not result in the child becoming more
alert the child’s drowsiness is unlikely to be due to midazolam. The half life of flumazenil is much shorter
than that of midazolam, so further doses will be necessary to sustain any beneficial effect achieved.
Flumazenil has also been used with apparent success to control the paradoxical reactions sometimes
encountered when midazolam is used (Massanari et al., 1997).
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Maternal use
There is nothing to suggest that midazolam is teratogenic in animals. There do not seem to be any formal
studies of its use in the first two trimesters of human pregnancy. Its use prior to caesarean delivery only
seems to cause very slight neonatal sedation. Brief use during lactation only results in the transfer of trace
quantities into the mother’s milk.
Crawford ME, Carl P, Bach V, et al. A randomized comparison between midazolam and thiopental for elective caesarean section
anesthesia. |. Mothers. Anesth Analg 1989;58:229-33. (See also 234—7.) [RCT]
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