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Summary
Thirty three healthy patients (ASA 1) who required the removal of impacted third molars were included in
a double-blind cross-over trial to compare the amnestic and anxiolytic efficacy of diazepam and
midazolam. The anxiolytic properties of the two drugs were assessed objectively by the measurement of
changes in blood pressure, pulse rate, plasma cortisol levels, and subjectively by a patient assessment
using a visual analogue scale for anxiety. The amnestic properties were evaluated by patient's ability to
recall two visual stimuli they were shown. The first drug given was titrated to clinical sedation and the
second drug was given in an "equipotent" ratio of 1.0 midazolam to 2.86 diazepam. There was a
statistically significant fall in anxiety and good levels of amnesia achieved using both drugs. No
statistical differences were detected between the two drugs.

Introduction
The benzodiazepine drugs have been used for

many years as intravenous sedation agents. They
are widely used in oral surgery for their anxiolytic and
amnestic properties. The benzodiazepine most
commonly used over the last 15 years is diazepam.
An intralipid preparation of diazepam (Diazemuls,
Kavibitrim Ltd., United Kingdom) reduces the irritant
effects of the propylene glycol component of the veh-
icles used for injectable diazepam. Midazolam has
recently been introduced and has several claimed
advantages over diazepam, primarily that of faster
onset and recovery as well as enhanced amnestic
qualities. The pharmacology of these drugs is well
documented.',2 The aim of this trial was to evaluate
the amnestic and anxiolytic qualities of the two prep-
arations.

Methods
Thirty-three patients who required the removal of

similarly impacted lower third molars were included in
the trial. The study had the approval of the institu-

Received October 24, 1986; accepted February 9, 1987.
Address correspondence to Dr. N. H. Luyk, Dept. of Oral and

Maxillofacial Surgery, College of Dentistry, The Ohio State Univer-
sity, 305 West 12th. Ave., Columbus, Ohio 43210.

tional review board and each patient gave their in-
formed written consent. All the lower third molars
were assessed radiographically to determine the de-
gree of impaction. This was measured by a six point
scale evaluating the depth of the impaction and the
amount of surrounding bone (Table 1).
Twenty-seven females and six males were in-

cluded in the study; the mean age at surgery was
24.2 years (range 18-51 years). All patients were
healthy (ASA 1) with no contraindications to the use
of local anesthetic and sedation. Patients who had
taken sedative agents within the past month were
excluded. The drug order and the side to be operated
on first were randomly allocated.
On arrival each patient was placed supine (waiting

time was kept to a minimum), their blood pressure
(BP) and pulse rate (PR) were measured manually.
Each patient was asked to indicate on a measured 10
cm visual analogue scale (VAS) their level of anxiety
at that time (Fig. 1). The visual analogue scale was a
10 cm long line with zero cm being "totally relaxed"
and ten cm being the "worst fear imaginable." To
maintain double-blind conditions, one investigator
took all the measurements while a second inves-
tigator administered the drugs and undertook the
operative procedure. The operator placed an in-
travenous cannula into a large vein in the patient's
forearm and drew off 5 ml of blood for plasma cortisol
measurement. The cannulawas kept patent by inject-
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Table 1. Radiographic Scoring for Impacted Lower Third
Molar Teeth

Depth of impaction to Amount of bone encasing the crown
the point of application of the tooth
of an elevator

0-5 mm 1 No part embedded in bone
5-10 mm 2 Less than half embedded
10 mm 3 Greater than half embedded

Each lower third molar is scored on two points and the scores
added together.

ANXIETY SCALE

Your current level of anxiety or nervousness

Totally calm
and relaxed

10 cm Worst fear
imagineable

Fig. 1 - Anxiety Scale.

ing 2 ml of heparinized saline. The trial drug was then
injected slowly over a time period of at least 2 minutes
until the patient was judged by the operator to be
clinically sedated. Markers used to access sedation
included the presence of Verill's sign, slurred speech,
drowsiness, and/or the patient stating that they felt
relaxed. The end of administering the sedation agent
was designated as time zero.
Two minutes later local anesthetic consisting of

prilocaine 3% with felypressin 0.03 lU/mI. was ad-
ministered (mean total dose 4.8 ml). Five minutes
after time zero the patient was again asked to fill in a
VAS, in a manner such that the patient could not see
where they had placed their mark on the previous
scale. The patient's BP and PR were again meas-
ured. They were then shown a picture of a brightly
colored large animal on a white background at one
meter for 15 seconds and asked to name it. Surgery
was then commenced. At 15 minutes surgery was
interrupted if it had not been completed. The patient
was again asked to complete a VAS and his BP and
PR were measured. The total time for surgery was
recorded. At 30 minutes, 10 ml of venous blood was
drawn off and discarded, and then a further 5 ml was
taken for plasma cortisol measurement. The intraven-
ous cannula was withdrawn and the patient's BP and
PR measured. A different picture of another large
animal was shown in the same manner as before.
Finally, the patient was asked to fill in another VAS.
The patients were kept at least half an hour before
being discharged in the care of a responsible adult
with the usual postoperative and postsedation in-
structions.

All patients were seen at one week to assess heal-
ing and were asked to recall the two animal pictures
they were shown. After at least one further week (i.e.,
2 weeks after the first operation), surgery on the
second side was undertaken. The same procedure
was followed except the second trial drug was used
and different animal pictures were shown (a total of 4
were used). The trial drugs were administered in an
"equipotent" ratio of 1 midazolam to 2.86 diazepam.
This ratio was established by a retrospective analysis
of 40 patients who had attended the oral surgery
clinic for the removal of their impacted third molar
teeth. The patients were treated by one surgeon
using the same criteria for sedation as outlined
above. Twenty patients had been given Diazemuls
and 20 received midazolam. Both groups contained
similar populations. The mean dosage of diazepam
used was 15.11 mg and that of midazolam 5.29 mg,
hence a relative potency ratio of 1 midazolam to 2.86
of diazepam was established. At the second ap-
pointment, the drug was not titrated but an "equipo-
tent" amount of the second drug was given over the
same time span as the first drug. The patients were
reviewed at one week when they were asked to recall
the animal pictures and also which drug they pre-
ferred.
The results were subjected to statistical analyses.

The demographic data are presented in the usual
fashion. The paired data, the radiographic scores for
the left and right sides and the plasma cortisol levels,
were subjected to a paired t test. All the repeated
measurements, the VAS, BP, and PR, were com-
pared using a repeated measure analysis of variance
and a Newman-Keuls test. The McNemar test was
used to statistically assess the difference between
the two drugs with respect to the number of patients
with recall for the pictures they were shown at the two
time intervals. Drug preference by the patients was
statistically compared using the Chi-square one-
sample test.

Results
Both drug groups were similar for sex distribution,

duration of surgery, and degree of impaction (Table
2). A mean dose of 4.7 mg of midazolam (range
3.5-7.0) was administered in comparison to 13.5 mg
of diazepam (10-20).

TABLE 2. Group Composition with Regard to the Numbers
and Sex of Patients, Duration of Surgery, Degree of Impaction, and
Dose Administered

Midazolam first Diazepam first

No. of males 2 4
No. of females 16 11
Total 18 15
Average duration of surgery (min) 9.9 10.9
Degree of impaction 3.2 3.4
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Patient assessment using VAS demonstrates a
statistically significant fall in anxiety level following
the administration of both sedative agents (Table 3)
which was sustained throughout the procedure. Fol-
lowing the completion of the surgery, there was a
further statistically significant fall in anxiety as dem-
onstrated in the 30 minute VAS score. There were no
statistically significant differences in anxiety levels
measured by the VAS between the two drugs at any
of the time intervals.

Systolic blood pressure decreased significantly
(p<0.05) from presedation levels for both groups
(Table 4) which was also sustained throughout the
procedure. There was a slight, but significant in-
crease in diastolic pressure from presedation levels
(p<0.05) which was sustained throughout the proce-
dure. PR decreased significantly from the preseda-
tion level by the 30 minute recording in both groups.
There was no difference in PR between the two
groups.

Serum cortisol levels decreased significantly
(p<0.001) from presedation (537±268 nmol/L) to 30
minutes postmidazolam (444±241). A similar de-
crease from presedation (483±205) to post-
diazepam (414±205) was also observed (p<0.001).
The number and percentage of patients with recall

of the four pictures they were shown- is documented
in Table 5. Both drugs demonstrated a statistically
significant (p<0.05) greater degree of amnesia at 5
minutes following the administration of the sedative
agent than at 30 minutes. Patients showed no prefer-
ence for either of the two drugs, they did however
show a significant preference for the first procedure
(Table 6).
Discussion

This study compared two benzodiazepines, mida-
zolam and diazepam, in terms of their amnestic and
anxiolytic qualities and patient preference for the
drugs. A major problem in cross-over sedation

TABLE 3. Mean Anxiety Levels, as Measured by a Visual Analogue, of the Midazolam and Diazepam Groups at Each Time Interval

Time
Mean anxiety
±standard deviation Presedation 5 15 30
(mm measure of the (min after sedation)
horizontal VAS)

Diazepam 48+21a 26±13 34±22 21 ±18c

Midazolam 48 21a 30±17 32±20 21±20b

All values are statistically significant at the 5% level.
aPreop interval different from 5, 15, and 30 min.
b30 min interval different from preop, 5, 15 min.
C30 min interval different preop and 15 min.

Table 4. Mean Recorded Blood Pressure and Pulse Rate Effects for Diazepam and the Midazolam Groups at Each Time Interval

Time

Presedation 5 15 30
Mean pressures (mmHg) (min after sedation

Midazolam
(systolic) 117+17a 108±13 109±13 109±14
(diastolic) 77±9P 78±8 81±10 81+ 10

Diazepam
(systolic) 115±16a 109±16 11 ±17 109+16
(diastolic) 77±10a 81±12 83±13 82±13

Mean
pulse rates
(beats per min)

Midazolam 74±9 71±8 72±8 70±6d
Diazepam 74±9 74±8 73±8 7p±8C

aPreop interval different from the other three time intervals.
bPreop interval different from the 15 min time interval.
c30 min time interval different from the preop time interval.
d30 min time interval different from the other three time intervals.
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Table 5. Number of Patients with Recall for the Pictures Shown at 5 and 30 Min Following Diazepam or Midazolam

No. of patients with recall
5 min 30 min
picture picture

Midazolam 14 (42.4%) a 23 (69.6%)

Diazepam 13 (39.3%) a 24 (72.7%)

ap<0.05.

TABLE 6. Patient Preference for the Drugs Given and Order of Surgery (Number of Patients Out of Sample)

Patient preference for Patient preference for
sedative drug order of surgery

Midazolam 15 First operation 22a
Diazepam 16 Second operation 9

ap<0.05.

studies is the difficulty of obtaining equal levels of
sedation. The simple use of dose per kilogram, while
clearly a standard regime, does not conform to the
clinical use of any sedation technique. The benefit of
intravenous sedation is that it can be titrated against
the patient's response and not be given as a fixed
dose. When titrating a sedating agent, however, ob-
jective measures for assessing the level of sedation
are not easily established nor is it easy to reproduce
the same level of sedation when conducting a
cross-over study. By titrating the initial drug and then
administering an equally potent amount of the sec-
ond drug at the second visit some of these criticisms
can be overcome, assuming that an equipotent ratio
has been established between the two drugs. A
retrospective analysis undertaken prior to the pre-
sent study established an equipotent ratio of 1 mida-
zolam to 2.86 diazepam. This falls within the range of
previous studies which vary from 1:1.5 to 1:4
(midazolam to diazepam).4-9 The mean dosage of
benzodiazepines was 4.7 mg midazolam and 13.5
mg for diazepam. The potency ratio of midazolam to
diazepam may be used by clinicians inexperienced
with midazolam to establish a reasonable starting
dose for titration. With these dosage levels no patient
lost either consciousness or verbal contact through-
out the procedure.

Previous studies have concentrated on the
operator assessment of the quality of the
sedation5'7'8'10' 1 and the anxiolytic effect, as opposed
to the patient's assessment.4 6'8'1'2 The authors,
however, agree with Wickstrom et a/. 13 when they
state that the evaluation of sedative-hypnotic drugs
should be undertaken both subjectively and objec-
tively under double-blind and randomized conditions.
The objective assessment of anxiolysis should be

made by a number of modalities to ensure reliabil-
ity.13 In this study changes in BP, PR, and serum
cortisol levels were used. Care must be taken, how-

ever, with the use of changes in PR and BP in the
assessment of anxiety, as Dionne et a/. 14 showed
that these variables may be independent of subjec-
tive assessment of anxiolytics in the conscious se-
dated patient. Tha cardiovascular effects of the ben-
zodiazepines have been well documented.8'10'15-19 All
show a fall in the systolic BP following the administra-
tion of an intravenous benzodiazepine which is in
agreement with the current study. PR appear to be
more variable. Some authors15'16 find slight falls in the
PR immediately following the administration of mida-
zolam. Others'920 report no significant change in the
PR, whereas a third group8'9'10'17 noted increased PR.
The present study showed a fall in the PR at 30
minutes compared with the presedation levels with
both drugs. However, the changes in PR are small
and cannot be regarded as clinically significant.
Overall, the cardiovascular response to both drugs
appears to be slight and very similar.
Serum cortisol levels as well as BP and PR have

been shown to rise significantly under the stress of
oral surgical treatment.21'22 The rise in serum cortisol
levels demonstrated in nonsedated patients can be
measured at thirty minutes.2'22 Serum cortisol levels
have been considered a useful objective parameter
of anxiety and its use suggested in sedation trials.23
Goldstein et al.24 looked at serum cortisol levels
among other things under the stress of third molar
removal with and without intravenous diazepam and
found no alteration in the levels. This may well have
been due to the timing of the blood sampling which
was at ten minutes and three hours postsedation.
Recently Gram and Christensen-5 have confirmed
that benzodiazepines cause a reduction in serum
cortisol levels and postulate that this effect is medi-
ated through gamma-aminobutyric acidergic recep-
tors inhibiting the hypothalmic release of cortico-
tropin releasing factor and that this may represent a
mechanism of action for the anxiolytic effect of
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benzodiazepines. In the present study serum cortisol
levels dropped significantly after 30 minutes with
both intravenous agents. A valid comparison be-
tween the two agents was not undertaken because
surgeries were not scheduled for the same time of
day and there is a well recognized normal diurnal
fluctuation in serum cortisol levels. It is our conclu-
sion that this study confirms the usefulness of serum
cortisol levels as an objective biochemical indicator
of anxiolysis in sedation trials.
A visual analogue scale has been found useful to

measure subjectively a patient's anxiety level.26 A
significant fall in anxiety level following the adminis-
tration of both agents is demonstrated in this study.
The anxiolytic effect was sustained throughout the
procedure although there was a slight rise in anxiety
levels at the 15 minute measurement which did not
reach presedation levels. This probably reflects a
slight rise in anxiety during surgery which was inter-
rupted when necessary to make the recording. On
completion of the procedure there is again a fall in
anxiety level which is reflected at the 30 minute re-
cording. There was no differences between the
agents. There was also no difference between the
first and second operation which is at variance with
the cross-over study of Lundgren.30Lundgren's
study,30 however, did not use intravenous agents.
The amnestic action of diazepam and midazolam

is well recognized and is considered one of the prin-
cipal advantages of benzodiazepine sedative
agents.28-31 The amnestic action of both diazepam
and midazolam appears to be dose dependent, being
greater at-higher doses, and time dependent, being
greatest at the time of maximum sedation.2831 The
onset of amnesia appears to correlate with the onset
of clinical sedation and there is no retrograde am-
nesia.28'29'31 It has been suggested that there is no
difference in recall between 24 hours and one week,
therefore, in our study, we coincided the test of recall
with the normal postoperative appointment.28 Visual
picture stimuli are believed to provide the best test of
memory recall.28 Cutaneous pain such as.local
analgesic injections are more easily forgotten.28 Most
comparative trials of diazepam and midazolam have
implied that the amnestic properties of midazolam
might be greater.46'8'0'2 The present study found no
difference between the two agents in the picture re-
call at 5 or 30 minutes.
There are several possible explanations for this.

Firstly, most other studies have used lower diaze-
pam:midazolam ratios than the present study.57'2
Hence a greater dose of midazolam was used and
since amnestic properties can be dose related, mida-
zolam may appear to be more amnestic. Other
studies9 demonstrated no differences between the
amnestic properties of the two drugs when a similar
potency ratio was used. Secondly, care must be
taken in the timing of recall events, since the speed of
onset of the two drugs may differ, midazolam taking
approximately 2 minutes and diazepam 3 minutes to

reach clinical onset.6',2 Therefore, if a test of amnesia
is given too close to the end of administering the
sedation, the full amnestic properties may not have
been given a chance to work. This study.confirms the
difference in amnesia between 5 and 30 minutes.5'9'31
Thirdly, lack of a true dose-response curve prevents
qualitative comparisons in amnesia between these
two drugs.
A cross-over study provides a good opportunity for

patients to express a preference for one agent or the
other. In this study the two drugs were nearly equally
preferred. However, of particular interest was that the
first drug, irrespective of the agent used, was pre-
ferred by 22 patients and the second by only 9. This is
a well recognized phenomenon.32 When patients
were asked, in this study, why they preferred the first
drug, most stated that they felt more sedated the first
time. However, when the data was analyzed, com-
paring the first and second appointments, we were
unable to demonstrate any differences in the levels of
anxiety measured subjectively or objectively. This
may be because at the time of inquiring about prefer-
ence, the first appointment was more remote than the
second surgery with its associated anxiety and post-
operative discomfort.

In conclusion, this study confirms the excellent
anxiolytic and amnestic qualities of both benzo-
diazepines. It has demonstrated the cardiovascular
effects following the administration of both drugs, in
the sedation setting, which must be considered in its
clinical use, particularly in the elderly. It has con-
firmed the usefulness of the anxiety VAS, when it is
combined with other modalities, in assessing
changes in anxiety levels. The excellent amnestic
properties of both drugs has been demonstrated and
it was shown that there is still significant amnesia
present at 30 minutes. Patients preferred both drugs
equally but had a significant preference for the first
drug they were given. No differences in the amnestic
and anxiolytic properties of the two drugs could be
demonstrated.
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