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The Use of Diazepam, Midazelam and Propofol for
Sedation in the Surgical Intensive-Care Unit

Le-CHayN LEE, Gau-Jun Tang, Ying-CHou HsieH, Kwok-ON Ng,
Tax-Yu LEE

Thirty critically ill patients (acute physiological and chronic health evaluation II score <20) in the

surgical ICU were randomly allocated to 3 groups respectively to receive diazepam, midazolam or
propofol sedation to facilitate mechanical ventilation over a 24-hour period. Analgesia was provided by
intravenous morphine. To maintain adequate sedation, the mean total dose of diazepam given in intermit-
tent boluses was 56.440.3 mg/24hr. The mean continuous infusion rates of midazolam and propofol were
0.0840.01 mg/lkg/thr and 1.420.5 mg/kg/hr respectively. In terms of reversibility of sedation, midazolam
and propofol outscored diazepam. Recovery tended to be prolonged in patients with liver disease in all
three groups, especially in the diazepam group. Systolic and diastolic blood pressures fell 30 minutes
after drug administration in all groups (p<0.05). Patients sedated with midazolam showed significant
increase in oxygenation (p<0.05). We conclude that either midazolam or propofol infusion can provide
effective and safe sedation for ventilated patients in ICU.
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Introduction

Many patients in the surgical Intensive Care
Unit (ICU) suffer from pain or anxiety resulting
from operative procedures, mechanical ventilation,
physical therapy or nursing procedures. The per-
ception of pain and anxiety can cause psychic dis-
turbances which are hazardous to the critically ill
patients'”, The addition of sedative drugs offers the
benefits of well-controlled ventilation, reduced
metabolic rate and a decrease in the stress re-
sponse®, '

An ideal sedative agent should have minimal

effects on the respiratory or cardiovascular system

and maintain an appropriate duration of action with
high therapeutic index. It should be metabolized
by pathways not dependent on normal renal, he-
patic or pulmonary function and have minimal drug
interaction®.

Benzodiazepines which represent the class of
sedatives® most frequently used have the special
advantage of being able to reverse their effects by
a specific antagonist, flumazenil®. Sedation with
diazepam is frequently used but adverse effects
occur such as venous thrombosis and prolonged
sedation. The long elimination half-life (20-50
hours)©® makes diazepam more difficult to titrate
and dangerous for continuous infusion, especially
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in elderly patients. Midazolam, a new water-sol-
uble imidazo-benzodiazepine, is rapid onset and has
a short elimination half-life. Its metabclites are in-
active. All these attributes make the drug suitable
for continuous infusion®,

Propofol (2,6-di-isopropyl phenol) is charac-
terized by a short elimination haif-life and rapid
recovery. Initial studies on its use for limited peri-
ods in the ICUs are very encouraging®!®.

The present study was designed to compare
continuous infusion of propofol and midazolam with
conventional intermittent administration of diaze-
pam for sedation in critically ill patients undergo-

ing mechanical ventilation.

Material and Method

Patients in the surgical ICU who fulfilled the
following indications for sedation were included in
the study. The indications were (1) inability to co-
ordinate with ventilator, or intermittent peak air-
way pressure > 60 cmH,O; (2) evidence of
tachypnea with a respiratory rate > 30/min; (3) or
intention for hyperventilation therapy to keep PaCO,
< 30 mimHg. Exclusion criteria included a history
of allergy, head injury and the need for neuromus-
cular blockade or other sedative drugs. The sever-
ity of illness for each patient was assessed using
the APACHE 1II scoring system‘". Patients with
APACHE 1II scores of 20 or more were also ex-
cluded because extremely ill patients might have
different cardiovascular responses to drugs and the
severity of illness could also affect the level of

consciousness. The study patients were randomly

divided to receive either diazepam, midazolam or

propofol for up to 24 hours. Morphine was also
given at an initial rate of 2 mg/hr, which could be
adjusted upwards if pain was a major associated
factor. Assessment of the degree of sedation was
based on the scale modified by Ramsay and col-

leagues!?:

Level 1. Patient awake, anxious and agitated
or restless, or both.

Level 2. Patient awake, cooperative, oriented,
and tranquil.

Level 3. Patient awake, responds to commands
only. .
Level 4. Patient asleep, brisk response to light
glabellar tap or loud auditory stimulus. )

Level 5. Patient asleep, sluggish response to
light glabellar tap or loud auditory stimulus.

Level 6. Patient asleep, no response to liéht
glabellar tap or loud auditory stimulus. »

A desired sedation was considered in level 2,
3,4o0r5.

The protocol was approved by the hospital
committee for investigation and patient's informed
consent was obtained before the study.

In the diazepam group'¥, all the 10 patients
received an initial bolus dose of 0.15 mg/kg and a
maintenance dose of 2.0 mg every two hours with
intermittent supplemental boluses of 2 mg to achieve
the goal of Ramsay sedation score!>'® within level
2-5. The midazolam group consisted of 10 patients
who were given an initial bolus dose of 0.1 mg/kg
and a maintenance dose of 0.01-0.2 mg/kg/hr. The
propofol group comprised of 10 patients who re-
ceived an initial bolus dose of 1 mg/kg and main-
tenance infusion at 1-3 mg/kg/hr. The infusion rates
of midazolam or propofol were adjusted to main-
tain patients at the desired level of sedation for as
much of the time as possible. ‘

The administration of sedative drug was
stopped after a period of 24 hours to allow assess-
ment of post-sedation recovery. Recovery from se-
dation was assessed every 5 minutes beginning from
cessation of midazolam or propofol infusion and
from 1 hours (half time of two-hours interval) after
the last bolus of diazepam until the patient-could

obey a simple but specific command (e.g move .
your toes twice). 11

The sedation score was recordéd hourly 1o as-
sess the depth of sedation. The pulkse}krét‘e\,,s‘yé‘torlki(‘:{ 27




and diastolic blood pressures, cardiac output and

pulmonary capillary wedge pressure were recorded

as a baseline, at 30 minutes and then hourly after

the beginning of treatment. The dynamic compli-

ance of the lung was calculated using the equation:
Cdyn = Vt / (Ppk-PEEP)

Vit tidal volume, Ppk: peak inspiratory pres-
sure, PEEP: positive end expiratory pressure!'®. The
dynamic compliance of the lung and the arterial
blood gas were recorded at the baseline and every
4 hours after sedation.

Statistical comparisons among the three groups
were made using the one-way repeated ANOVA
test (Scheffe's comparison) or the Kruslkal-Wallis
Signed-Rank test (multiple comparison); statistical
comparisons within the same group was made us-
ing the paired-t test or Wilcoxon test. The results
were considered significant with p<0.05 and all

were expressed as mean * sem.

Results

Of the 30 patients who required mechanical
ventilation because of various respiratory problems,
twenty four patients had undergone major thoracic
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or abdominal surgery, three patients had sustained
trauma and the others patients suffered from adult
respiratory distress syndrome. The distrii)ution of
the three different types of patients was similar pro-
portion among the three groups.

The mean proportions of time over the 24-
hour period during which the patients were ade-
quately sedated, as assessed hourly using the
Ramsay score amounted to 61% in the diazepam
group; 80% in the midazolam group; and 85% in
the propofol group. The sedative quality of mi-
dazolam or propofol was superior than that of di-
azepam, which could have been the result of the
intermittent dosing schedule for diazepam.

All three groups were similar with respect to
age, weight and APACHE II score. The respective
mean initial dose and the mean maintenance dose
of the three agents is shown in Table 1.

The baseline hematological and biochemistric
data were of no significant differences among the
three groups (Tab 2).

The recovery times were 299174 min, 5817
min and 133 min respectively for the diazepam
group, midazolam group and propofol group (Fig
1). In all three groups, the recovery time seemed
not to be influenced by impairment of kidney func-

Table 1. Physical characteristics, initial dose and maintenance dose

diazepam midazolam propofol

n 10 10 10
Age (year) 67.11£3.1 66.813.2 64.414.0 p>0.05
Bw (kg) 62.9+1.6 58.2+2.4 59.6£2.6 p>0.05
F/M 2/8 1/9 2/8
APACHE 1 Score 16.4£1.0 14.8+1.3 14.8%1.5 p>0.05
Initial Dose

(mg/kg) 0.20+0.03 0.0810.01 1.240.1
Maintenance Dose

(mg) 56.410.3 113.6%2.8 1982423

(mg/kg) 0.8610.03 1.86+0.03 33.61+0.4

(mg/kg/hr) 0.03610.021 0.08+0.01 1.410.5

Data displayed as mean + SEM
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Table 2. Baseline hematologic data, biochemistric data

Recovery Time (min)

diazepam midazolam propofol
n 10 10 .10
Hb (g/dl) 10.510.6 9.9+0.8 10.4+0.7
WBC (K/ul) 14.7£1.7 15.2+1.4 16.3+3.0
Platelate (K/ul) 106.0£27.1 147.3£36.1 193.0164.3
Na (mmole/l) 135.0£1.5 136x1.4 136.8+1.6
K (mmole/l) 3.510.1 3.840.2 3.5£0.3
BUN (mg/dl) 28.619.5 35.7£11.2 41.419.9
Cr (mg/dl) 1.940.4 2.1+20.4 2.120.5
Alb (g/dl 2.50.2 2.610.1 2.740.2
Total Bil (mg/dl) 2.9+1.3 4.012.4 3.241.2
Data displayed as mean * sem, all p > 0.05
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tion (serum creatinine > 2 mg/dl), but tended to be
prolonged in patients with liver dysfunction (total
bilirubin > 2 mg/dl), especially in the diazepam
group (Fig 2). However, in view of the small num-
ber of subjects associated with impaired metabolic
systems in our investigation, a concrete and solid
conclusion could not be drawn.

The cardiac output and pulmonary capillary

wedge pressures showed no significant differences

0

Diazepam Midazolam Propofol

Fig 2. (above) The difference of recovery times
between in the patients with normal kidney
function (creatinine < 2) and patients with
kidney dysfunction (creatinine > 2)
(below) The difference of recovery times
between in the patients with - normal liver:
function (total bilirubin <
with liver dysfunction (total b111rub1n > 2)* .
Data displayed as mean (sem) G
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between the baseline and 30 minutes later within
the same group. Those patients sedated with mi-
dazolam or propofol showed a decrease in pulse
rate at 30 minutes (p<0.05). In all three groups, the
systolic and diastolic pressures fell 30 minutes af-
ter administration of the drugs (p<0.05) but the falls
were within 20% of baseline and did not sustained
(Fig 3).

Oxygenation was improved in patients receiv-
ing midazolam after 24 hours sedation (p<0.05).
The dynamic compliance of the lung following treat-
ment showed a tendency to improve in all groups
when compared with the baseline but a significant
difference was only seen in the propofol group (Fig
4).

Discussion

The pharmacokinetic properties of diazepam,
which had a long elimination half-life and a low
clearance rate, were not suitable for continuous in-
fusion. In Reves report"®, the half-life after cessa-
tion of 30 minutes infusion of diazepam was 150
minutes. It was hazardous for elder patients in our
ICU to give diazepam by continuous infusion. The
short-interval intermittent bolus of diazepam giv-
ing in the study was dependent on clinical sedation
level, which could lessen the accumulation effect.
This regimen, however, was not easy to keep pa-
tients in level 2 (patient awake: cooperative, tran-
quil state), even in level 3 (patient awake: responds
to commands only). The bolus diazepam sedated
patients in deeper levels and severe post-sedation
obtundation was noted. The recovery time from 1
hours after the last bolus of diazepam was rela-
tively long. In many intensive care unit, physicians
were accustomed to using diazepam to sedate pa-
tients who were mechanically ventilated prior to
198192, Tnstances of prolonged coma proved to
be closely related to sedation with diazepam in re-
peated doses®V. In addition, the metabolism of di-
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azepam and its active metabolites are altered in ICU
patients fowith liver disease, making the sedative
effect difficult to predict. We found that the mean

recovery time following diazepam in patients with
impaired liver function was 450%£143 min vs.
208137 min in patients with normal liver function.
We recently reported two patients who had seizures
following the use of flumazenil to reverse the seda-
tive effect of diazepam®. Both of them were sus-
pect to have sepsis with liver dysfunction. The sei-
zures most likely resulted from a septic encephalo-
pathy that was masked by diazepam. The use of
diazepam for sedation in those patients whose meta-
bolic systems are impaired or whose neurologic
systems are under an ongoing change may not be
suitable. In this study, the slow reversibility of di-
azepam after repeated administration makes it hard
to assess a patient's neurologic status.

Midazolam has several advantages over diaze-
pam: it is devoid of venous irritation upon injec-
tion; its potency is twice that of diazepam; its on-
set is more rapid with a half-life of only 2-3 hours;
its metabolites are inactive® and has a rapid re-
covery?. Between individuals, however midazolam
showed a wide variability in recovery (range from
30 min to 90 min). The sedative effects also tended
to prolong in patients with liver disease (Mean re-
covery time in patients with impaired liver func-
tion was 70+8 min vs. 5319 min in patients with
normal liver function). Our study found that mi-
dazloam did not produce prolonged sedation in pa-
tients with renal impairment and this is consistent
with the results reported by Vinik@®,

In the propofol group, the recovery time was
most reliable. Five patients with associated liver
dysfunction had a moderately prolonged recovery
time (Mean recovery time in patients with impaired
liver function was 1812 min vs. 913 min in pa-
tients with normal liver function). The rapid recov-
ery of propofol, even in the liver-impaired patients,
was important for the daily assessment of neurol-
ogic status®®, o TH

The objective assessment of ,,fsiedaktivé';l'ql}alit’y_‘:‘::

showed little difference between ktkhé‘“midaz‘o”lam =

group and propofol group®”. Neveft,heles's,i thenurs-



ing staff and the investigator seemed to have a pref-
erence for propofol because it was easier to titrate
the dose, though the reflection might not be free of
observer bias.

Our results showed that the cardiovascular ef-
fects of the three agents were quite uniform (Fig
3). The arterial blood pressure decreased slightly
in all patients, but the cardiac output or left ven-
tricular filling pressure was not affected. The find-
ings indicate that the changes in arterial pressure
were attributable to a decrease in peripheral vascu-
lar resistance®®?. Tissue perfusion was not com-
promised as cardiac output was well maintained
and metabolic acidosis did not develop!®*". A
moderate decrease in heart rate and arterial pres-
sure suggested that the sedative effects of diaze-
pam, midgzolam or propofol effectively suppressed
the sympathetic discharge to noxious stimuli®®.

One indication for sedation was to facilitate
mechanical ventilation. After adequate sedation was
achieved, the dynamic lung compliance improved
in all three groups. The improvement was of statis-
tical significance only in the propofol group (Fig.
4). We speculate that those patients had a poorer
baseline in comparison to the diazepam or mi-
dazolam group. In the midazolam group, the im-
provement in oxygenation was possibly due to bet-
ter ventilation/perfusion matching with an increased
cardiac output (Fig. 3).

In summary, both midazolam and propofol in-
fusion offered a superior quality in sedation and
their rapid degradation made them suitable for long-
term infusion use, when compared to bolus diaze-
pam. The advantage of midazolam over propofol
was that its sedative effects and respiratory depres-
sion could be promptly reversed by flumazenil, a
benzodiazepine antagonist. The advantage of pro-

pofol was that it was easy to titrate the dose. Both
" midazolam and propofol appeared to be safe and
effective sedatives in the ICU. In view of their
cardiovascular effects, they should be used with
caution in patients with poor cardiac reserve.
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