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Cardiovascular Responses to Diazepam and Midazolam
Maleate in the Dog

David J. Jones, Ph.D.,” Linda C. Stehling, M.D.,t Howard L. Zauder, M.D., Ph.D.}

Previous clinical studies establishing the efficacy of midazolam
maleate (RO 21-3981), a new water-soluble benzodiazepine for
induction of anesthesia, have not critically evaluated the effects
of this agent on the cardiovascular system. The present study
compares the cardiovascular effects of midazolam maleate and
diazepam in conscious dogs. Systemic arterial, pulmonary
arterial and central venous pressures, cardiac output, LV,
dP/dt, heart rate and regional coronary blood flow were measured
3 min following intravenous administration of diazepam (0.5,
1.0, and 2.5 mg/kg) or midazolam maleate (0.25, 1.0, and 10.0
mg/kg). Midazolam maleate increased heart rate 10-20 per cent
with all three doses and decreased mean arterial blood pressure
approximately 10-20 per cent at 1.0 and 10 mg/kg. Cardiac
output was increased 10-12 per cent with all three doses of
midazolam maleate, and LV, dP/dt was decreased 13-16 per
cent at the two higher doses. Diazepam at all three doses did not
alter heart rate or mean arterial blood pressure. Diazepam, 1.0 and
2.5 mg/kg, produced significant (17 per cent) decreases in LV,
dP/dt, and 2.5 mg/kg produced a significant (10 per cent) increase
in cardiac output. Neither drug in any dosage altered regional
coronary blood flow, systemic or coronary vascular resistance,
stroke volume, or stroke work. Maximum alterations in cardio-
vascular variables occurred with doses of midazolam maleate
that are 10-15 times the recommended clinical induction dosage.
It is concluded that in concentrations necessary for induction of
anesthesia midazolam maleate has minimal effects on cardio-
vascular function. (Key words: Heart: blood flow, myocardial;
cardiac output; contractility. Hypnotics, benzodiazepines: diaze-
pam; midazolam maleate. Induction: anesthesia,)

THE UTILIZATION OF DIAZEPAM 45 an intravenous agent
for induction of anesthesia is limited by pain or in-
Jjection and a significant incidence of thrombophlebitis
at the injection site."? The incidence of pain on injec-
tion has been reported to be as high as 67 per cent,?
and that of thrombophlebitis, 3.5 per cent.' A recent
study by Graham et al? indicates that both diazepam
and the propylene glycol-alcohol vehicle needed for
solubilization may cause these effects. Alternative
vehicles that do not employ an organic solvent base
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have been used with a moderate decrease in the in-
cidence of irritation at the injection site.?*

Unlike diazepam, midazolam maleate (RO 21-3981)
is water-soluble, which should minimize irritation at
the injection site as well as provide enhanced compati-
bility with other intravenous solutions. Moreover,
neuropharmacologic studies in animals indicate that
midazolam maleate is approximately threefold more
potent than diazepam, with approximately a third the
toxicity.§ While the efficacy of midazolam maleate
as an agent for induction of anesthesia has been es-
tablished in both laboratory and clinical studies,*® a
critical evaluation of the effects of this agent on the
circulatory system in lacking. We have compared the
eftects of midazolam maleate and diazepam on the
cardiovascular system in conscious, chronically instru-
mented dogs.

Methods and Materials

In 20 heartworm-free, well-nourished and well-
hydrated mongrel dogs (16-31 kg) sterile thoracot-
omies were performed during halothane anesthesia.
Following exposure of the heart, a stab incision was
made in the left ventricle near the apex and a cali-
brated solid-state pressure transducer (P-18; Konigs-
berg Instruments) implanted. A 15-gauge polyvinyl
catheter was placed inthe left atrial appendage and an
18-gauge polyvinyl catheter in the aorta. In addition,
in all of the dogs given midazolam maleate and four
animals given diazepam, an electromagnetic flow
probe was placed around the root of the ascending
aorta for continuous measurement of cardiac output.
The catheters and wires were brought outside the
skin at the back of the neck.

Central venous, pulmonary arterial, and pulmonary
capillary wedge pressures and cardiac output were
measured via a triple-lumen Swan-Ganz thermo-
dilution catheter (Instrumentation Laboratories)
placed via the right external jugular vein. The
animals were allowed to recover for two to ten days,
during which conditioning to reclining in a hammock
was carried out. Following the surgical procedure the
animals were treated prophylactically with two injec-
tions of procaine penicillin G, 600,000 units. During
the recovery period, the health of the animals was

§ Runser RH, Hoffmann-La Roche Inc., Nutley, New Jersey:
Personal communication,
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monitored by examination of hematocrits and body
temperatures. All animals could exercise normally,
and electrocardiographic abnormalities were not
present.

A Zepeda® SWFI electromagnetic Howmeter was
used for measuring cardiac output from the electro-
magnetic How-probe signal. The flow probes were
calibrated in vitro before implantation. In-vivo calibra-
tion of the aortic flow probes was made by comparing
the cardiac output values obtained with those obtained
by the thermodilution technique (Instrumentation
Laboratories, Model 601 Thermodilution Cardiac
Output Computer). The calibrations agreed to within
7 per cent. Systemic pressure values were measured
through Statham strain gauges (P23Db) zeroed to the
midline of the sternum. Electrocardiograms were
obtained from subcutaneous needle electrodes placed
along the sternum. All signals were inscribed on a
Beckman Dynagraph recorder. Arterial blood-gas and
pH values were measured using an Instrumentation
Laboratories Model 213 blood-gas analyzer.

Coronary blood flow was measured according to the
techniques of Buckberg et al.,” using 15 = 5-um
carbonized microspheres labeled with 1231, 14'Ce, 5Sr,
or ‘88c. Microspheres (3M Company) were obtained
as | mCi of nuclide in 10 ml dextran, 10 per cent, and
Tween 80, 0.05 per cent. The stock solution was
diluted in sterile saline solution with one drop of
Tween 80, so that each milliliter, the volume injected,
contained 800,000 microspheres. Individual or serial
injections of this quantity of microspheres did not
result in any change in heart rate or blood pressure.

CARDIOVASCULAR EFFECTS OF MIDAZOLAM MALEATE AND DIAZEPAM

cardiac output {(ml/min)
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Total counts represented by the 1 ml of micro- -
spheres to be injected were measured by counting the
radioactivities of five weighed 10-ul samples of the
labeled microspheres from the injection syringe. By
weighing the syringe volumes to.be injected and
multiplying by the average counts/mg of spheres from
the 10-ul samples, one could accurately determine
total counts injected. This procedure avoided the in-
efficiency of the gamma counter at levels greater than
2 X 105 counts/min.

Before each injection, microspheres were thor-
oughly mixed by alternate agitation for 5 min in an
ultrasonic bath and a vortex agitator. The syringe
volume of the microsphere mixture was then injected
into the left atrium over a 15-sec interval via the
previously implanted catheter and flushed in with
10 ml of warm isotonic saline solution. Cardiac output
by thermodilution was measured in duplicate im-
mediately prior to and immediately following the
microsphere injection.

Each dog was killed by an overdose of thiopental
sodium and the heart was removed. The ventricles
were separated from atria, vessels and fat, and
dissected into left and right ventricles and septum.
These regions were then weighed and a representative
section approximating the middle third of each area
was cut into uniform-weight samples of 1-2 g. The
tissue samples were subsequently weighed and
counted in a Packard AutoGamma multichannel
gamma counter. Computer-assisted average flow to
each region was calculated using the following
formula:

(counts/min)

Flow (ml/min/g tissue) =

total counts injected (counts/min)

All tissue counts were simultaneously corrected for
overlapping counts of the accompanying isotopes by
this same computer algorithm.

Measurements of all variables were made prior to
and 3 min following the termination of administration
of control vehicle or drug. All vehicle or drug adminis-
trations were made through a percutaneous 16-gauge
polyethylene catheter placed in a cephalic vein at the
time of the study. Administrations were given over a
15-sec period, followed by a 10-ml sterile saline fiush.
Midazolam maleate was administered in doses of 0.25,
1.0, and 10 mg/kg at 45-min intervals. Diazepam was
administered in doses of 0.5, 1.0, and 2.5 mg/kg at
similar 45-min intervals. The sequences in which
dosages of drugs were administered were random-
ized. Malicacid vehicle (0.1 mM) and diazepam vehicle
were administered in volumes of 0.25 ml/kg at the

tissue weight (g)

start of each animal study. These did not alter any
cardiovascular variable, compared with pre-vehicle-
administration values.

Conventional formulas were used for calculation of
stroke volume, stroke work, and systemic vascular
resistance. An estimate of coronary vascular resistance
was calculated by dividing the product of mean
arterial and right atrial pressures by average coronary
blood flow.

To determine the significance of observed changes,
intragroup comparisons of the four sets of measure-
ments were made employing the Student ¢ test for
paired samples.

Results

Relatively minor changes in cardiovascular variables

were found with midazolam maleate and diazepam
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Fi. 1. Effects of diazepam (triengles) midazolam maleate (@) on
mean arterial pressure (torr = SEM). A, diazepam or midazolam
maleate vehicle (0.25 mlkg); B, diazepam, 0.5 mg/kg; midazolam
maleate, 0.25 mg/kg; C, diazepam, 1.0 mg/kg: midazolam maleate,
1.0 mg/kg;: D, diazepam, 2.5 mg/kg; midazolam maleate, 10.0 mg/kg.
*P < 0.05 vs. vehicle control; **P < 0,005 vs. vehicle control.
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Fic, 2. Effects of diazepam and midazolam maleate on heart rate
(mean beats/min * SEM). Sce legend to figure 1 for explanation of
A-D.

at all doses. Midazolam maleate produced a 15 per
cent increase in heart rate with all three doses (fig. 1).
Diazepam did not alter heart rate significantly at any
dose. Mean arterial pressure was decreased by mida-
zolam maleate at 1 and 10 mg/kg, while diazepam
had no significant effect on this variable (fig. 2). A
slight but significant increase in cardiac output was
found with the two higher doses of midazolam maleate
(fig. 3). This moderate increase may be related to the
tachycardia that occurred with the higher doses of
midazolam maleate. However, diazepam, 2.5 mg/kg,
produced a significant increase in cardiac output in-
dependent of the existence of any significant increase
in heart rate. The increase in cardiac output and de-
crease in mean arterial pressure associated with the
higher dosages of midazolam maleate were associated
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with a significant decrease in systemic vascular re-
sistance (fig. 4). With both midazolam maleate and
diazepam, the increase in cardiac output at the higher
dosages occurred in spite of a significant decrease
in contractility, as represented by decreases in LV a4
dP/dt (fg. 5). Stroke volume and stroke work were un-
affected by either drug or dosage (table 1). Also un-
changed within groups were arterial blood-gas and pH
values, as well as central venous, pulmonary arterial
and pulmonary capillary wedge pressures (data not
shown).

Coronary blood flow was not altered significantly in
any of the three areas by any dose of midazolam
maleate or diazepam (table 1). An insignificant in-
crease in flow was evident with the highest dose of
midazolam maleate, and this increase, combined with
a decreased arterial pressure, was reflected in a de-
crease in calculated coronary vascular resistance

(fig. 6).
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Fic. 3. Effects of diazepam and midazolam maleate on cardiac
output (mean liters/min + SEM). See legend to figure 1 for ex-
planation of 4-D.
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Fic. 4. Effects of diazepam and midazolam maleate on systemic
vascular resistance (dynes-sec-cm™® £ SEM). Sec legend to figure 1
for explanation of 4-D.
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Discussion

The doses of midazolam maleate and diazepam ad-
ministered intravenously were comparable to, above,
and below those that are clinically efficacious for in-
duction of anesthesia. Previous studies by Fragen et
al.® and Reves et al . established that such doses, which
produce induction of anesthesia in 90-100 per cent
of subjects, are 0.2 mg/kg for midazolam maleate and
0.3 mg/kg for diazepam.

A time course for evaluation of effects that reflected
the time of maximum pharmacologic effect following
intravenous administration was used. The above-
described studies established that induction occurred
within 80-150 sec with midazolam maleate and 94—
158 sec with diazepam.™® In addition, the 45-min
interval between dosages takes into account the 30-
min first-phase half-life of diazepam® in dogs and a
half-life of less than 8 min for midazolam maleate.§
This half-life represents the distribution of drug from
the central compartment to the peripheral tissue
space. In dogs the elimination-phase half-lifes are 7.6
hours for diazepam® and 1.1 hours for midazolam
maleate.y

The published clinical reports of studies using
midazolam maleate as an induction agent for anes-
thesia confirm the lack of deleterious effects of this
agent on the cardiovascular system.®® Neves ef al.
reported that with induction dosages of 0.1-0.3 mg/
kg no hypotension or other cardiovascular instability
occurred.® In agreement, Fragen et al. reported that
only two of 25 patients showed decreases in mean
arterial pressure of 25 per cent or more when an
average of 0.15 mg/kg was used for induction.® Four
patients were reported to have 25 per cent or greater
increases in heart rate with this dose.

§ Runser RH, Hoffmann-La Roche Inc., Nutley, New Jersey:
Personal communication.
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FiG. 5. Effects of diazepam and midazolam maleate on LV
dP/du(mean torr/sec = SEM)asanindex of myocardial contracility,
Sec legend to figure 1 for explanation of 4-D.
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Fic. 6. Effects of dinzepam and midazolam maleate on coronary
vascular resistance (imean resistance units = SEM). See text for

explanation of calculation and legend to figure 1 for explanation of
A-D.

As in the above-mentioned clinical studies, both
hypotension and tachycardia were seen in the present
study. The maximum change in these variables, 20
per cent, occurred with 1.0 and 10.0 mg/kg. The in-

Tanee 1. Comparative Effects of Midazolam Maleate and Diazepam on Stroke Work, Stroke Volume, and
Regional Coronary Blood Flow (Meins + SEM)

Midazolam Maleate

Diazepam

0 0.25 mg/ky 1.0 mgikg 10.0 mg/kg 0 0.5 mglkg 1.0 mg/kg 2.5 mglkg
Stroke work
(g M/kg) 1.8+ 05 20 05 L7+ 05 1.4 0.3 22+ 02 1.9+ 0.2 1.9+ 0.3 1.9+ 0.2
Stroke volume .
(mlibeat) 25 % 4 26 = 4 26 = 4 25 + 3 25 + 3 23 =+ 2 23 £ 2 22 = 2

Right ventric-
ular How (ml/
min/100 g) 76 * 6 77 + 6 75 = 9 90

Septal flow (ml/

min/100 g) 11 =10 116 =11 103 =11 122
Lelt ventric-

ular How (ml/

min/100 g) 108 =12 110 + 8 102 =10 120

+ 11 65 = 6 64 = 6 72 *+ 9 71 =12

+ 14 120 =14 115 =15 125 =12 126 =+ 12

+ 21 13 =13 11 +15 124 =+ 21 128 =*15
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crease in heart rate could possibly be reflex in origin,
due to the decrease in mean arterial pressure, but it
also occurred at the dose level of 0.25 mg/kg, which
did not produce significant hypotension.

Cardiac output, stroke volume, and stroke work
were maintained despite significant decreases in mean
arterial pressure and contractility at the two higher
doses of midazolam maleate. The decrease in arterial
pressure was reflected in a decrease in systemic vas-
cular resistance, which would be expected, since
cardiac output was maintained or slightly increased.
Such data indicate that minimal alterations in stability
of the circulatory system are evident with relatively
large doses of midazolam maleate.

As shown previously by numerous investigators,
diazepam in clinically effective doses exerts minimal
effects on the cardiovascular system in patients who
have normal or diseased hearts."~'? In the present
study, a similar lack of effect of diazepam on the cir-
culatory system was seen even in doses that exceed the
usual induction dose five- to sevenfold.

Conflicting reports have been presented relative to
the effects of benzodiazepines on coronary blood
flow. Diazepain has been reported to increase coro-
nary blood flow in anesthetized animals following
thoracotomy with™ or without" cardiopulmonary by-
pass. However, such an increase in coronary flow has
not been confirmed in clinical studies in unanesthe-
tized patients undergoing coronary angiography.'®:!2
Coronary blood flow was not altered by any dosage of
diazepam or midazolam malcate, confirming the ef-
fects in conscious patjents described above.

As shown previously, midazolam maleate compares
favorably with diazepam as a hypnotic for induction of
anesthesia.’ While both agents minimally alter cardio-
vascular function, the water solubility of midazolam
maleate and the lesser injection-site irritation it causes
are advantages that dictate further clinical trials.
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