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Summary
Midazolam is superior to diazepam in certain ways: it has a more rapid onset; produces greater
anterograde amnesia, less postoperative drowsiness, less venous irritation and less likelihood of
thrombophlebitis development. However, additional clinical trials may be necessary before it can
replace the widely used diazepam.

Midazolam, first synthesized by Fryer and Walser
in 1976,1 is commercially available (Versed®,
Hoffman-La Roche, Inc). The structure of the drug
includes a fused imidazole ring which differentiates
this material from other benzodiazepines; e.g.,
diazepam (Valium®). This imidazole ring is believed
to account for the basicity, stability and rapid metabo-
lism that distinguish midazolam.2 Its metabolism in-
volves hydroxylation by hepatic microsomal oxida-
tive mechanisms. Midazolam is similar to other
benzodiazepines in binding extensively to plasma
proteins.3'5 The imidazole ring is oxidized first by the
liver, much more rapidly than the rate of oxidation of
the methylene group of the diazepine ring of other
benzodiazepines.3
The principal metabolite is 1 -hydroxymethyl-

midazolam,3'6'7 which is conjugated and then excret-
ed in the urine.8 Less than 0.03% of an intravenous
dose is excreted as intact drug.
Midazolam forms stable water-soluble salts.38 In

acid solution, midazolam exists in a pH-dependent
equilibrium between the ring-closed and ring-open
forms. The distribution half-life of midazolam is half
that of diazepam and its total body clearance is much
higher, giving midazolam a much shorter duration of
action than that of diazepam.2

Midazolam has the hypnotic, anticonvulsant, mus-
cle relaxing and amnesic effects of other benzo-
diazepines. It is 1--.5 to 2 times as potent as diazepam.

Mechanism of Action
In general, benzodiazepines appear to intensify

the physiological inhibitory mechanisms mediated by
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y-aminobutyric acid (GABA) in the brain. Animal and
human experiments have demonstrated that benzo-
diazepines bind to brain receptor sites in a selective,
stereospecific manner.9 The anxiolytic effect of these
agents appears to be a consequence of their ability to
increase the glycine inhibitory neurotransmitter.10
Two groups described specific benzodiazepine re-
ceptor sites in 1977;11,12 midazolam has been shown
to have high; i.e., twice that of diazepam, affinity for
this receptor site.

Therapeutic Effects
Midazolam produces mild sedation and amnesia,

as well as slurred speech when given intraven-
ously.13'14 Sedation occurs without any loss of airway
reflex.13 Midazolam produces less postoperative
drowsiness and is characterized by more rapid onset
as well.13'15 Recovery time from midazolam sedation
remains a matter of controversy, but recent studies
indicate that it is shorter than that of diazepam.2 Mild
analgesic activity has been attributed to midazolam
during I.V. sedation.17 Pain reaction following local
anesthesia after midazolam administration is report-
ed to be suppressed,2'17 and this mild analgesic effect
has been ascribed to a sedative effect and to a possi-
ble central suppression of pain perception as well.18
Various levels of sedation and drowsiness have been
reported in humans after 15 and 20 mg doses of
midazolam.19 Incidence and duration of anterograde
amnesia appears to be related directly to the
midazolam dose,20 and is greater than that of
diazepam.21 An exhaustive, controlled study showed
the major difference between doses of 0.1 and 0.15
mg midazolam/kg was a more pronounced Pco2 in-
crease in the control group. Both doses induced an-
terograde amnesia, while there was none in the con-
trol group. Rapid onset of action, sleep during sur-
gery, and the associated amnesia suggests that this
form of premedication with midazolam is preferable
to use of diazepam.22
Nausea and vomiting are relatively rare with the

drug;23'24 the incidence of thrombophlebitis is signifi-
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cantly less than that associated with diazepam;2'16'25-
28 no pain is associated with its injection nor, in con-
trast to diazepam, does it elicit any venous irritation in
general.2'8'16
Undesirable Effects

Effects of midazolam on human systemic circula-
tion are minimal,29'30 although a temporary increase
in portal venous blood flow has been reported three
minutes after administration.31 In dogs during periods
of hypovolemia the agent led to decreases in blood
pressure and cardiac output,32 suggesting that the
hypotensive effects of the drug could be potentiated
by a volume depletion in humans. Hypovolemia alsi
reduced total drug clearance and prolonged the
elimination half-life of midazolam. Thus, caution is
indicated if midazolam is to be given to hypovolemic
patients.
Midazolam produces some respiratory depression

and increased heart rate,335 and some reduction in
systolic and diastolic blood pressure.23 It produces a
greater decrease in blood pressure and a slightly
greater decrease in systemic vascular resistance
than diazepam.36

Midazolam crosses the blood-brain barrier in ani-
mals and the placenta in animals and humans.2

Therapeutic Use
As a consequence of the absence of enterohepatic

recirculation and short-acting metabolites,3739
midazolam is removed rapidly from the body.
Therefore it can be used for conscious sedation,
alone or with a narcotic. Supplemental doses can be
given to maintain the desired level of sedation
throughout a surgical procedure.
When used for the induction of general anesthesia,

midazolam should be titrated to the desired effect in
accordance with the patient's age and clinical status.
When given intravenously, anesthesia is induced
after approximately 1.5 minutes if a narcotic pre-
medicant has been given and in 2-2.5 minutes with-
out premedication or with a sedative.4G42
As Versed®, midazolam injections are compatible

with morphine sulfate, meperidine, atropine sulfate,
scopolamine, 5% dextrose, 0.9% saline and lactated
Ringer's solution.40 Midazolam should be injected
slowly just before the planned procedure until the
desired endpoint; i.e., slurring of speech, is reached.
In general, 0.1 -0.1 5 mg/kg may be given, particularly
in the absence of narcotics. Doses exceeding 0.15
mg/kg may increase the risk of respiratory depres-
sion or drowsiness in elderly or debilitated patients.
Additional increments of 25% of the initial dose may
be given to maintain the desired level of sedation
(Table 1 ).8 Dosage should be reduced by 25-30% if
narcotic agents, which reduce variability of results,
are given. Patients older than age 60 may require ap-
proximately 30% less of the drug than younger ones.
Oxygen and resuscitative equipment for the

maintenance of a patent airway and support of
ventilation should be at hand before midazolam in
any dose is given.
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