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ABSTRACT

This study was performed to investigate optimal doses of midazolam and propofol in combination for induction of
anesthesia. One hundred and eighty patients aged 30 to 70 years for general anesthesia were equally divided into 6
groups. Midazolam 0.05 mg/kg was intramuscularly administered 15 minutes before entering the operating room.
Anesthesia was induced with midazolam 0.025, 0.05, 0.075, 0.1, 0.15, or 0.20 mg/kg with vecuronium 0.01
mg/kg, and 2 minutes later, propofol infusion was started at 200 mg/min. Eyelash reflex and verbal response were
checked every 10 seconds and when both disappeared, propofol infusion was stopped, then vecuronium 0.14
mg/kg was administered for oro-tracheal intubation. The total dose of propofol of the patients whose systolic
blood pressure one minute after intubation was within £ 20% of pre-induction value was judged as an adequate
dose. The dose of propofol judged as adequate was 2.46+0.59, 2.12+0.47, 1.85+0.45, 1.36+0.42, 1.22+0.53, or
0.82+0.53 mg/kg at midazolam 0.025, 0.05, 0.075. 0.1, 0.15. or 0.2 mg/kg, respectively. After premedication
with intramuscular midazolam 0.05 mg/kg, midazolam 0.025, 0.05, 0.075, 0.1, 0.15, or 0.2 mg/kg and propofol
2.46 £ 0.59, 2.12 £ 0.47, 1.85 +£0.45, 1.36 + 0.42, 1.22 + 0.53, or 0.82 £+ 0.53 mg/kg, respectively could give stable
hemodynamics at induction of anesthesia.
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For induction of anesthesia, propofol, barbiturate, or
midazolam is usually used. Propofol and barbiturate have
a rapid onset but induced marked hemodynamic changes.
Midazolam induces stable hemodynamics but has slow
onset. Therefore, combination of midazolam with
propofol or barbiturate might be useful to induce rapid
onset and stable hemodynamics if synergistic interaction
is found because they allow the use of smaller doses of
each drug and thus potentially decrease side effects. We
have already shown that co-induction of anesthesia with
midazolam and barbiturate had a benefit to decrease
intubation induced hemodynamic changes.! Some
studies showed that midazolam and propofol had
synergistic effects.>® The doses of propofol required for
induction of anesthesia when combined with midazolam
have been investigated using many different indicators,
such as 50% effective doses (ED50s) for various target,
hypnotic dose, response to pain, etc.**! However, most
important might be complete loss of consciousness and
hemodynamic stability in all patients. Therefore, this
study was performed to investigate optimal doses of
midazolam and propofol in combination for induction of
anesthesia using loss of consciousness and eyelash reflex
as well as changes in blood pressure after intubation as
indices.
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Premedication has not been used for recent years, but
without premedication, many patients showed high blood
pressure, tachycardia, arrythmia, and/or agitation when
they come into the operating room. Therefore, anxiolytic
premedication is still necessary. The present study was
then performed using premedication.

METHODS

After the approval of the Ethics Committee of the
Kamakura Hospital (N0.009) and informed consent from
the patients, 180 patients aged 30 to 70 years with ASA
physical status | or 1l for general anesthesia were divided
into 6 groups of each 30 patients by an envelope method
at random. Those who had liver, renal, mental, or severe
cardiac diseases, who had allergy to the agents scheduled
to use, or habits of hypnotics or analgesics, and who
were obese (body mass index > 30) were excluded from
the study.

Midazolam  0.05 mg/kg was intramuscularly
administered 15 minutes before entering the operating
room as our common practice. Anesthesia was induced
with midazolam 0.025, 0.05, 0.075, 0.1, 0.15, or 0.20
mg/kg with vecuronium 0.01 mg/kg, and 2 minutes later,
propofol infusion at 200 mg/min was started. Eyelash
reflex and verbal response were checked every 10
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seconds and when both disappeared, propofol infusion
was stopped, then vecuronium 0.14 mg/kg was
administered. After muscle relaxation was obtained,
oro-tracheal intubation was performed. Thereafter,
anesthesia was maintained with sevoflurane 2% in 50%
oxygen for 10 minutes, then fentanyl 2 - 3 pg/kg was
administered before surgery. The patients whose
intubation was not success at the first trial were excluded
from the study. The total dose of propofol of the patients
whose systolic blood pressure one minute after
intubation was within £ 20% of pre-induction value was
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Statistical analysis

Data were expressed as number of patients or mean +
standard deviation. Statistical analysis was performed
with factorial analysis of variance (ANOVA) and
chi-square test for demographic data, number of patients
with adequate blood pressure, and propofol dose.
Repeated measures ANOVA followed by Student
Neuman-Keuls test was used for blood pressure, heart
rate and BIS (StatView 5.0, SAS Institute, Cary NC,
USA). The p value less than 0.05 was considered to be
statistically significant. Post-hoc power analysis was

judged as an adequate dose. Blood pressure, heart rate, performed using G Power 3.1
and Bispectral index (BIS) were recorded till 10 minutes (Heinrich-Heine-Universitat  Diisseldorf, Disseldorf,
after intubation. Germeny) with effect size 0.25.
RESULTS
The power was 0.99. Demographic data were not different among the groups (Table 1).

Table 1. Backgrownd of patients

Diose of midazolam 0,025 0,05 0075 01 o5 nz2

{mgke)

Age (years) 514§ sitd 3448 52+ 10 T+ 9 51+ 12

Grandar 1812 14416 15/15 1713 16/14 11/1%

{malefemale)

Eody weight (kg) 62+ 0 it 6 63 %7 64+ 3 63 3 1% 6

Haight {cm) 166 & 4 165 + 2 165 + 5 166+ & lad + & 158 £ 2

Duration of surgery 175 £ 54 155 £ &l 173 £ 53 177 £ &0 182 £ &8 154 £ da

{min)

Meap T standand deviation or number of patients, No siguificant differences were observed.

All patients were successfully intubated at the first trial. The number of the patients whose blood pressure after
intubation met the criteria was shown in the Table 2 (Table 2).

Table 2. Number of patients with postoperative blood pressurein * 20% of preinduction valuee

Dose of 0.025 0.05 0075 0l 0.15 0.2
midazolam

(ma'kg)

Number of 0 11 22 3 21 22
patients

No significant differences were observed among the groups.

No differences were observed among the groups. Blood pressure significantly decreased after induction and increased
after intubation, but no differences were found among the groups (Fig. 1).

www.ejbps.com 69



Nishiyama.

150

130
120
110

100

Systolic blood pressure (mmHg)

%0

80
0 2 1 3 5 10

Time after induction  Time after intubation (min)

Fig.1
Fig.1: Blood pressure.
Systolic blood pressure was shown as mean xstandard
deviation.
*: P <0.05 vs. the value at time 0
No significant differences were found among the groups.

Heart rate did not show any significant changes in all
groups and no differences were observed among the
groups (Fig. 2).
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Fig.2: Heart rate.

Heart rate was shown as mean +standard deviation.
No significant differences were found among the groups.

BIS decreased as dose of midazolam increased after
induction and 5 and 10 minutes after intubation (Fig. 3).
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Fig.3: Bispectral index
Bispectral index was shown as mean zstandard
deviation.

*: P <0.05 vs. group 0.025, +: P < 0.05 vs. group 0.05,
$: P<0.05 vs. group 0.075

The dose of propofol in patients judged as adequate
induction decreased as the dose of midazolam increased

(Fig. 4).
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Dose of propofol (mg-"kg)

0.025 005 0075 0.1 0.15 0.2

Dose of midazolam (mg/kg) Fig

Fig.4: Dose of Propofol and Midazolam.
Propofol dose was shown as mean + standard deviation.
*P<0.05

The dose of propofol was 2.46+0.59, 2.12+0.47
1.85+0.45, 1.36x0.42, 1.22+0.53, or 0.82+0.53 mg/kg
at midazolam 0.025, 0.05, 0.075, 0.1, 0.15, or 0.2 mg/kg,
respectively.

DISCUSSION

We obtained the optimal doses of midazolam and
propofol in co-induction of anesthesia using loss of
verbal response, eyelash reflex, and blood pressure after
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intubation as indicators. Midazolam 0.025, 0.05, 0.075,
0.1, 0.15, or 0.2 mg/kg and propofol 2.46 + 0.59, 2.12 +
0.47,1.85 £0.45, 1.36 £ 0.42, 1.22 + 0.53, or 0.82 + 0.53
mg/kg, respectively should be used after imtramuscular
midazolam 0.05 mg/kg 15 minutes before induction to
have the changes in blood pressure in = 20% of the
control.

Usually opioids are used as well as propofol and/or
midazolam for induction of anesthesia, but we did not
use opioids in this study. Koh et al. reported that
remifentanil 0.25 pg/kg/min decreased propofol dose for
loss of consciousness from 1.74 mg/kg to 1.38 mg/kg
and additional midazolam 0.05 pg/kg decreased it to 0.92
mg/kg.!®! Therefore, opioids might have different effects
on propofol alone and on combination of propofol and
midazolam. To avoid these effects, we did not use
opioids at induction in this study. This made the results
of this study somehow different from common clinical
practice. However, considered from changes in blood
pressure in adequately anesthetized in the present study,
propofol and midazolam might be enough to induce
anesthesia. Of course, further studies including opioids
for induction should be performed.

We administered midazolam 2 minutes before propofol
administration. The peak effect of midazolam appears 2
to 5 minutes after bolus administration. Propofol has its
peak effects at 1 to 2 minutes.[”! Therefore, midazolam
should be administered first, and the optimal time to
administer propofol should be 1 to 3 minutes after
midazolam.!®! In addition, we used priming principle for
vecuronium to facilitate faster intubation.

We administered imtramuscular midazolam as a
premedication 15 minutes before induction considering
such situation. Premedication with intravenous
midazolam 0.05 mg/kg 20 minutes before induction
significantly decreased propofol dose requirement from
3.0 mg/kg to 2.4 mg/kg for loss of verbal contact, and
from 7.6 mg/kg to 4.5 mg/kg for loss of response to pain

in the study by Wilder-Smith et al.,”® while Agrawal et al.

reported that intravenous midazolam 0.05 mg/kg as a
premedication 20 minutes before induction decreased
induction dose of propofol from about 1.9 mg/kg to 1.3
mg/kg."” The great difference of propofol dose between
the two groups might be due to fentanyl usage by
Agrawal et al. We did not check the effects of
premedication and we did not have the group without
midazolam at induction. However, from the results of the
study by Wilder-Smith et al.,*! if only propofol was used
for induction, about 4.5 mg/kg might be necessary after
premedication with midazolam.

Pre-administration of midazolam 2 mg (about 0.025
mg/kg) decreased propofol induction dose from 2.38
mg/kg to 1.71 mg/kg in the study by Anderson et al.'
Their patients were younger than ours, but they needed
smaller dose of propofol in combination. They infused
propofol at 66.7 mg/min but we did at 200 mg/min, and
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they stopped infusion at loss of verbal response, but we
used both verbal response and eyelash reflex. These
differences might be the reason of the different propofol
dose between the study by Anderson et al.™! and ours.
Cressey et al. reported that induction doses of the
combination of midazolam and propofol were 0, 0.025,
or 0.05 mg/kg and 2.7, 2.1, or 1.8 mg/kg in young, and 0,
0.025, or 0.05 mg/kg and 2.2, 1.4, or 1.1 mg/kg in aged
patients, respectively.[lz] Their doses were smaller than
ours. They used fentanyl and they infused propofol at
66.7 mg/min. Midazolam 0.02 mg/kg decreased dose of
propofol from about 1.2 mg/kg to 1.0 mg/kg for loss of
verbal contact and from about 1.8 mg/kg to 1.7 mg/kg
for insertion of airway.®™ Their doses were smaller than
ours, because their patients were > 70 years old and
propofol was infused at 50 mg/min. The results of the
study by Kataria et al. showed that midazolam 0.05
mg/kg 2 minutes prior to propofol decreased induction
dose of propofol from about 1.3 mg/kg to 1.0 mg/kg.!**!
Their patients were younger than ours, but they used BIS
45 as an indicator to stop propofol, and their systolic
blood pressure after intubation was 20% over the control
value that could be judged as not adequate in our study.

We did not study whether the interaction between
midazolam and propofol was additive or synergistic.
Both propofol and midazolam act on the y-amino butyric
acid (GABA), receptor and additivity might be expected.
However, they might affect different receptor sites.!*]
Midazolam acts on the GABA, receptor complex via
specific benzodiazepine receptors, while propofol
directly activate GABA, receptor — chloride channel
complex.™™  Midazolam and  propofol interact
synergistically to enhance currents evoked by low
concentrations of GABA, but at higher concentration of
GABA, the interaction was additive in the study using
embryonic mouse neurons.*® Midazolam potentiates
GABA, receptor function primarily by increasing the
binding affinity of the receptor for GABA, but propofol
directly activates GABA, receptor in the absence of
GABA and influences the kinetics of receptor
desensitization."® The synergistic interaction between
midazolam and  propofol could result from
midazolam-induced potentiation of the propofol-evoked
current.8)

Midazolam decreased required propofol dose for
anesthesia, but the changes in blood pressure were the
same for combination as for individual agents.”!
Co-induction of anesthesia with a combination of
midazolam 0.3 mg/kg and propofol 0.8 mg/kg in old
patients had less decrease of blood pressure before and
after intubation than induction with propofol alone.l*"!
Midazolam decreases parasympathetic activity and does
not change sympathetic activity.’® Propofol increases
parasympathetic activity and decreases sympathetic
activity."® Therefore, combination might have stable
hemodynamics.
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CONCLUSION

After premedication with intramuscular midazolam 0.05
mg/kg, midazolam 0.025, 0.05, 0.075, 0.1, 0.15, or 0.2
mg/kg and propofol 2.46 + 0.59, 2.12 + 0.47, 1.85 +0.45,
136 + 042, 1.22 + 0.53, or 0.82 + 0.53 mg/kg,

respectively were optimal

dose combinations for

induction of anesthesia to give stable hemodynamics.
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