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Midaolam: Review of a Versatle Agent for Use
in Dentistry

Joseph A. Giovannitti, Jr., DMD
Department of Pharmacology, Baylor College of Dentistry,

Dallas, Texas

Midazolam is a relatively new benzodiazepine that
is widely used in both medicine and dentistry. Its
multiplicity of uses makes it unique among the
benzodiazepines, and its water solubility and lack
of active metabolites give it distinct advantages
over diazepam. This paper reviews the clinical
pharmacology of midazolam, provides
comparison with diazepam and presents current
information regarding its indications, limitations,
advantages, disadvantages, methods of
administration and precautions for use.

C onscious-sedation is a pharmacologically induced
state of relaxation in which the patient remains

conscious (albeit with significant alteration of mood) and
cooperative throughout dental treatment. Additionally,
the protective reflexes remain intact, cardiorespiratory
parameters are stable, and the pain threshold may be
elevated. Conscious sedation can be produced via oral,
inhalational, intramuscular, or intravenous routes, or by
any combination thereof.

Selection of the appropriate technique is based upon
the patient's level of apprehension and should be individ-
ualized according to the sedative effect required, the need
for amnesia, the need for an elevated pain threshold, and
the duration of the dental procedure. Parenteral medica-
tions may be administered singly or in combination,
depending on the individual patient and procedural
requirements. Single sedative techniques are useful in
managing mild to moderate apprehension levels. Diaze-
pam, a benzodiazepine with specific anxiolytic properties,
is the most widely used drug for this technique. Limita-
tions to a single drug (diazepam) technique include
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variability of patient response, venous irritation, and
prolonged recovery time. Multiple-drug regimens prove
to be less variant in patient response; however, the
potential for drug-induced side effects and/or drug inter-
actions are somewhat greater than with single sedative
techniques.
The search continues for newer, more effective agents

with fewer side effects than those they replace. Recently,
a new benzodiazepine, midazolam HCl (Versed, Roche
Laboratories), has become available. It appears to have
considerable advantages over diazepam, and it promises
to be a more versatile agent. This paper reviews the
clinical pharmacology of midazolam and provides current
information concerning its indications, limitations, advan-
tages, and disadvantages.

SOURCE AND CHEMISTRY

Midazolam is a relatively new benzodiazepine that differs
from the benzodiazepine prototype (Figure 1A), diaze-
pam, in a number of ways. Specifically, midazolam is
water soluble, has inactive metabolites, and is rapidly
eliminated from the body. Midazolam belongs to an
unusual class of benzodiazepines known as the imi-
dazobenzodiazepines. It is characterized by a fused imi-
dazole ring in the 1,2-position of the classic 1,4-
benzodiazepine nucleus (Figure 1B). It is this unique
structure that accounts for a number of distinguishing
physicochemical properties, such as its basicity, stability
in aqueous solution, and rapid metabolism.1
The pka of midazolam is 6.15, which permits the

preparation of salts that are water soluble.2 Water solubil-
ity allows the preparation to exclude such lipoidal addi-
tives as propylene glycol, which has been associated with
venous irritation and phlebitis.3 Thus, the commercial
midazolam HCI preparation (Versed) substantially re-
duces the problem of venous irritation, pain during
injection, phlebitis, and thrombophlebitis associated with
other benzodiazepines, especially diazepam.
Midazolam is highly lipid soluble at physiologic pH.

This allows for rapid entry into brain tissue and a
ISSN 0003-3006/87/$3.50
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Figure 1. (A) Diazepam - Benzodiazepine Prototype
(B) Midazolam

correspondingly rapid onset of action. Midazolam is also
rapidly absorbed from the gastrointestinal tract following
oral administration. Although not presently available in
oral form, midazolam administered orally has many

potential advantages over other oral premedicants. Fur-
ther study in this area is needed if midazolam becomes
available in an oral preparation.

PHARMACOLOGY

Midazolam has the specific anxiolytic, anticonvulsant,
sedative, muscle relaxant, and amnestic properties char-
acteristic of the benzodiazepines. Its lipid solubility is
among the highest in this class, making it one of the most
potent benzodiazepines. Midazolam is approximately
3-4 times as potent as diazepam.

Mechanism of Action

Specific receptors for the benzodiazepines have been
identified in the brain and spinal cord.4 The location of
these receptors parallels that of the major inhibitory
neurotransmitter in the brain, y-aminobutyric acid
(GABA), and the major inhibitory neurotransmitter in the
spinal cord, glycine. These sites are predominately loca-
ted in neuronal surface membranes and are distributed
widely throughout the central nervous system.5 Ben-
zodiazepines combine in a selective, stereospecific man-

ner with these receptor sites. They appear to intensify the
physiological inhibitory effects of GABA via interference
with GABA reuptake. The resultant accumulation of
GABA produces neuronal membrane hyperpolarization.6
Midazolam has a high affinity for the benzodiazepine

receptors. In fact midazolam has twice the affinity for the
receptor as diazepam.2 This greater affinity accounts in
part for the higher potency of midazolam. The amnestic
effect of midazolam is also more intense than diazepam,
and animal studies show that midazolam is a better
anticonvulsant than either diazepam or lorazepam.7

Respiratory Effects

The respiratory effects of midazolam differ depending
upon the route of administration, the sedative/anesthetic
technique employed, and the type of patient profile.
Midazolam produces respiratory depression in a dose-
related fashion. Its depressant effect is caused by direct
action on the central nervous system.8 When midazolam
is administered intravenously for induction of general
anesthesia, respiratory depression occurs through a
marked decrease in the ventilatory response to carbon
dioxide.9 However, the respiratory depression seen with
midazolam is similar to that which occurs following
diazepam administration.8 This impaired ventilatory re-
sponse is dramatically worsened in patients with chronic
obstructive lung disease.9

In contrast, when midazolam is given intramuscularly
for premedication or sedation, there is no alteration in the
ventilatory response to carbon dioxide. Similarly, when
midazolam is slowly titrated intravenously to a fixed
clinical endpoint for conscious sedation, no clinically
significant ventilatory changes were evident.10"'

Cardiovascular Effects

Midazolam appears to have litfle effect on hemodynamic
stability. Its action on the cardiovascular system involves
both direct and indirect effects.'2 When midazolam was
administered to both healthy subjects and cardiovascu-
larly impaired patients, no differences in hemodynamic
responses were noted. In both groups there were slight to
moderate decreases in mean arterial pressure, cardiac
output, stroke volume, and systemic vascular resistance,
while heart rate increased reflexively.'3 Glisson, et al14
studied the effects of midazolam premedication on
plasma epinephrine and norepinephrine levels during
induction of general anesthesia. They found that mida-
zolam suppresses the elevation of epinephrine and nor-
epinephrine in this situation. This indicates that mida-
zolam, like diazepam,15 may be of value in attenuating
catecholamine surges during stress.

Pharmacokinetics

The pharmacokinetic profile of the benzodiazepines con-
forms to a classic two-compartment model; that is,
distribution from a central compartment to a peripheral
compartment along a concentration gradient, and then
elimination. The rate of distribution depends upon the
lipid solubility of the agent. The distribution phase is
reversible and rapid for benzodiazepines. The elimination
phase is irreversible and slow since it is governed by the
rate of biotransformation of the drug. Termination of
activity for the benzodiazepines is caused by a combina-
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tion of redistribution into the tissues and metabolic
biotransformation.
The extreme lipid solubility of midazolam results in a

very rapid onset. The distribution half-life (t1/2 dist) for
midazolam is 6-15 minutes. The short duration of action
of midazolam is attributed to its very high rate of meta-
bolic clearance and rapid rate of elimination. The elimi-
nation half-life (t1,2 elim) for midazolam is 1-4 hours,
which exceeds that of other benzodiazepines. In addition,
the metabolites of midazolam are inactive.16
By contrast, diazepam has a slower rate of distribution

than most benzodiazepines (tl/2&t = 30-66 minutes),
and therefore has a somewhat slower (2 x) onset than
midazolam. The elimination half-life for diazepam is
24-57 hours, which is at least 10 times slower than for
midazolam. Diazepam also has two active metabolites,
desmethyldiazepam (tl,2 elim = 41-139 hours) and oxaze-
pam, which both produce sedative effects. 16 Termination
of clinical activity for diazepam occurs primarily through
redistribution. However, the combination of active me-
tabolites and the long elimination half-life accounts for
the residual "hangover" effects seen clinically following
diazepam administration.
A number of factors influence the pharmacokinetic

profile of midazolam. For example, the elimination half-
life for midazolam is prolonged in the elderly patient due
to an impairment in the total metabolic clearance rate.17
The number of benzodiazepine receptors may also be
decreased. Therefore, the dose requirement for mida-
zolam is lower in the elderly patient.
The extremely obese patient also presents as a man-

agement problem because the elimination half-life of
midazolam increases along with the volume of distribu-
tion. However, higher-than-usual dosages may be re-
quired to counteract the rapid redistribution of the drug
into fatty tissues. Thus, in the obese patient, higher drug
doses may be necessary to produce the desired effect and
the recovery period may likewise be more prolonged.
There is often concem when drugs are administered to

patients with chronic renal failure because the free frac-
tion of drug that is normally eliminated in the urine may
still be active. Because the free fraction of midazolam
eliminated in the urine is so small, impaired renal clear-
ance does not appreciably alter or prolong the effects of
midazolam. However, protein binding is often altered in
renal failure. Midazolam is highly protein bound (>95%).
A decrease in plasma proteins, especially serum albumin,
as is often found in renal failure, would artificially increase
the free fraction of midazolam. This could result in more
profound and prolonged effects. Therefore, the dose of
midazolam should be reduced in patients with chronic
renal failure.18

Finally, midazolam is well absorbed from the gastroin-
testinal tract after oral administration. Its potential as an

oral sedative is promising. However, the oral dose of
midazolam must be twice that of the usual intravenous
dose as first pass hepatic metabolism removes 50%-60%
of the drug.

USES

Midazolam is an extremely versatile drug that has a
multiplicity of uses. It has been used successfully for
induction and maintenance of general anesthesia,19-22
intramuscular premedication and sedation, 23-25 intrave-
nous conscious-sedation,26-30 oral premedication,31 pedi-
atric sedation,32-35 and as an anticonvulsant.36

Premedication
Midazolam is more rapidly absorbed following intra-
muscular injection than diazepam. It produces less pain
on injection, and its effect is more predictable and
profound than with diazepam. Midazolam administered
intramuscularly in a dose of 0.08 mg/kg produces a
greater anxiolytic and amnestic effect than an equipotent
dose of diazepam. The peak effect of midazolam by the
intramuscular route occurs in 30-45 minutes, and is well
accepted by patients primarily because of its nonirritating
nature and efficacy.
Midazolam has been used as an oral premedicant

successfully in Europe. It is rapidly absorbed from the
gastrointestinal tract after oral administration. Its rapid
onset and short duration via the oral route are apparent
advantages over other oral premedicants. However, con-
trolled comparative studies with other oral premedicants,
especially other benzodiazepines, are lacking.

General Anesthesia
As an induction agent, midazolam is somewhat more
variable than thiopental, and recovery from anesthesia is
more prolonged. Although thiopental produces a more
rapid induction, as measured by the inability to respond
to command and the loss of eyelash reflex, increasing the
rate of injection of midazolam will speed its induction
time. The slow administration of small increments of
midazolam results in a prolonged induction time with a
greater drug requirement due to the rapid redistribution
of the drug.
The average dose of midazolam required to induce

general anesthesia ranges from 0.1 to 0.4 mg/kg, with the
higher dose ranges producing the most consistent results.
The induction dose of midazolam is lowered in patients
who have been premedicated, especially with narcotics.
The induction dose is also lowered in the elderly and in
patients with chronic renal failure. Compared with thio-

Anesth Prog 34:164-170 1987
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Table 1. Comparison of Properties

Property Midazolam Diazepam

Water solubility Yes No
Pain on injection No Yes
Venous irritation <1% 5%-30%
Distribution half-life 6-15 min 30-66 min
Elimination half-life 1-4 hr 24-57 hr
Metabolites Inactive Active

pental, recovery from midazolam induction is about twice

as long. This may limit its use in short procedures,
especially when outpatients are involved.
Midazolam is also useful during the maintenance phase

of general anesthesia. Its sedative and amnestic qualities
make it particularly useful when balanced anesthesia is
used. However, its use must be supplemented by narcot-
ics and/or nitrous oxide to insure adequate analgesia.
Midazolam may also be administered intraoperatively to
facilitate a smooth emergence, especially when ketamine
has been previously administered. Midazolam effectively
attenuates the cardiostimulatory effects of ketamine as

well as its psychotomimetic effects.

Intravenous Conscious Sedation

Perhaps the greatest potential for midazolam lies in its use
as a primary agent for intravenous conscious-sedation. It
has been studied and used extensively in a variety of

diagnostic and therapeutic procedures, including den-
tistry, with great success. Compared with diazepam,
midazolam has some significant advantages (Table 1).
Because it is water soluble, there is little or no pain during
intravenous injection, and the incidence of venous irrita-
tion is virtually nil. Midazolam has a more rapid onset and
produces more profound sedation and better amnesia
than diazepam. Although patients who receive mida-
zolam may be slightly more somnolent at the end of a

procedure, and the return to "street fitness' may be
slightly longer,37 the short elimination half-life and the
lack of active metabolites make overall recovery from
midazolam sedation extremely rapid when compared
with diazepam. With all else being equal, the water
solubility and short elimination half-life of midazolam
make it the superior drug for intravenous conscious-
sedation for outpatient procedures.
The recommended dose-range for intravenous con-

scious-sedation with midazolam is 0.1-0.2 mg/kg (Table
2). Patients sedated within this dose range have a

tendency to become over-sedated, disoriented, and un-

cooperative. Adjustment of the dose downward to 0.05-
0.075 mg/kg produces a reliably relaxed, comfortable,
and cooperative patient. A more appropriate method of
sedation with midazolam is slow titration of the drug until
a predetermined clinical endpoint is reached. Cardiore-
spiratory depression is absent when this titration method
is used. Should readministration become necessary, 25%
of the initial dose of midazolam will generally return the
patient to his baseline level of sedation.

Table 2. Guidelines for Dosage Recommendationsa b

Incremental/
Special Patient Maintenance

Unpremedicated Premedicated Populations Doses

Intravenously for in- Average adult aged 55 Average adult aged 55 Over 55 yr, ASA I or Increments of 25% of
duction of general yr or younger: initial yr or younger: 0.25; II: initial dose of 0.2 initial dose if needed
anesthesia dose of 0.3-0.35 up range: 0.15-0.35 ASA III or IV: mini- to complete in-

to 0.6 mum dose of 0.15 duction
Unpremedicated Increments of 25% of

Over 55 yr: initial dose induction dose in re-
of 0.3 sponse to signs of

ASA III or IV: Initial lightening
dose of 0.2-0.25;
minimum dose of
0.15

Intravenously for con- 0.1-0.15, up to 0.2 Narcotic: lower dosage Patients 60 yr or older: Increments of 25% of
scious sedation by 25%-30% lower dosage by initial dose to main-

30% tain desired level of
sedation

Intramuscularly for pre- 0.07-0.08 (approxi-
operative medication mately 5 mg for an

average adult)
0 Dosages in mg/kg.
b Source: Versed Comprehension Product Information, Hoffman-La Roche, Inc., Nutley, NJ.
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168 Midazolam: Review of a Versatile Agent

Pediatrics

The comprehensive product information for midazolam
points out that the safety and effectiveness of midazolam
have not been established in children under 18 years of
age. This means that at the present time there is insuffi-
cient data on file for patients within this age group.
Similar statements were made about diazepam until
enough data was accumulated to establish its safety and
efficacy in pediatric patients. Like diazepam, midazolam
has great potential for pediatric use. Several studies have
already shown its safety and efficacy in this patient
population.32-35 Responses to midazolam premedication
and sedation in children have paralleled responses in
adults, and the sedation has been well-tolerated with
minimal side effects. We have used midazolam in chil-
dren for intravenous conscious sedation and intramuscu-
lar premedication both alone and in combination with
ketamine, all with promising results.
More research must be done with midazolam in pediat-

ric patients. There is currently no drug panacea for the
management of this difficult patient population. Mida-
zolam has the greatest potential, however, of the sedative
drugs currently available. Its effectiveness, high margin of
safety, minimal side effects, cardiovascular stability, and
versatility in route of administration make it a natural
selection for pediatric use.

Precautions for Use

The incidence of adverse side effects with midazolam is
infrequent. Nausea and vomiting, coughing, and hic-
coughs have been reported in a small number of in-
stances (data on file, Hoffman-La Roche, Inc.). Respira-
tory depression with prolonged somnolence may also
occur infrequently with midazolam. However, these ef-
fects have been rapidly and effectively reversed with
physostigmine administration and with the specific ben-
zodiazepine antagonist, flumazenil (RO 15-1788; Hoff-
man-La Roche, Inc.).8-40

Caution should also be observed in the management
of elderly patients with midazolam (Table 3). In general,
dosages should be reduced by 25% and there is a less
frequent need for readministration. Cardiac output is
diminished in the elderly patient, thereby delaying the
onset of sedation with midazolam after intravenous ad-
ministration. Reduced plasma volume, protein binding,
and central nervous system function act to increase the
potency of the drug. Reduced metabolic rate, hepatic and
renal clearance, and a higher precentage of body fat tend
to slow metabolism and elimination and allow for drug
accumulation. This increases the duration of action of
midazolam, and prolongs the intervals between read-
ministration.

Table 3. Physiological Changes in the Elderly

Parameter Effect Result

Plasma volume 4 drug potency
Protein binding 4 drug potency
CNS function 4 4 drug potency
Drug receptor sites 4 4 drug potency
Basal metabolic rate 4 4 drug accumulation
Hepatic and renal functions 4 4 drug accumulation
Plasma clearance 4 4 drug accumulation
Body fat % 4 4 drug accumulation
Cardiac output 4 4 onset

Abbreviations: CNS = central nervous system; 4 = increased; 4 =
decreased.

The following has been excerpted from the revised
package insert for Versed: "These warnings reflect the
consequences of improper midazolam administration as
well as violations of the tenets of diligent anesthesia care.
Midazolam must never be used without individualization
of dosage. Prior to IV administration in any dose, the
immediate availability of oxygen and resuscitative equip-
ment for the maintenance of a patent airway and support
of ventilation should be insured. Patients should be
continuously monitored for early signs of underven-
tilation or apnea, which can lead to hypoxia or cardiac
arrest unless effective countermeasures are taken imme-
diately." (Hoffmnan-La Roche, Inc., 1987)
When used for conscious sedation, midazolam should

not be administered by rapid or single bolus intravenous
administration. This type of rapid bolus injection has
resulted in serious adverse cardiorespiratory events pre-
dominantly in older, chronically ill patients and/or with
concomitant use of other cardiorespiratory depressant
agents.41 These have included respiratory depression,
apnea, respiratory arrest and/or cardiac arrest, some-
times resulting in death.
Adverse reactions such as agitation, involuntary move-

ments (including tonic/clonic movements and muscle
tremor), hyperactivity, and combativeness have been
reported. These reactions may be due to inadequate or
excessive doses or improper administration. However,
consideration should be given to the possibility of cere-
bral hypoxia or true paradoxical reaction.

CONCLUSIONS

The versatility offered by midazolam makes it unique
among the benzodiazepines. It is a significant advance
over diazepam, and it has many distinct advantages.
Foremost among these is its water solubility. This prop-
erty reduces the pain and enhances the absorption of
midazolam after intramuscular injection, making it more

Anesth Prog 34:164-170 1987
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reliable than diazepam administered by this route. It also
significantly reduces and possibly eliminates pain during
injection and venous irritation seen with diazepam follow-
ing intravenous administration. Midazolam has no active
metabolites, and it is rapidly redistributed and eliminated.
Diazepam, on the other hand, has at least two active
metabolites, oxazepam and desmethyldiazepam, the lat-
ter of which can have an elimination half-life of up to 139
hours. Thus, recovery from midazolam sedation or
anesthesia is much more rapid and with less residual
effects than with diazepam.
The water solubility and rapid clearance of midazolam

makes it a clear choice over diazepam for intravenous
conscious sedation. However, midazolam may also be
used reliably and predictably for induction and mainte-
nance of general anesthesia, intramuscular and oral
premedication, and as an anticonvulsant. It also holds
promise for pediatric use. Additionally, midazolam pro-
duces a more profound and prolonged amnestic effect
than diazepam. This effect does not necessarily correlate
wAth the clinical sedation level. Thus, patients are more
likely to experience amnesia without having to be heavily
sedated. This should serve to enhance the experience of
both the patient and the clinician.
Editor's Note: Midazolam is not specifically approved by
the Food and Drug Administration for the indication of
intravenous conscious sedation prior to dental proce-
dures. An application for this indication is currently on file
with the FDA (C. J. Cronshey, Hoffman-La Roche, Inc.,
personal communication, June, 1987). The FDA,
however, has stated that once a drug has been approved
for marketing, a practitioner may prescribe itfor uses that
are not included in the approved labeling (FDA Drug
Bulletin 1982;12:4). The professional liability aspects of
such use are not clear.
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