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Purpose: The purpose of this randomized, double-blind study was to evaluate the efficacy of midazolam and
propofol for postoperative sedation and early extubation following cardiac surgery.

Methods: ASA physical status II-lli patients scheduled to undergo elective first-time cardiac surgery with an ejection
fraction > 45% were eligible. All patients received a standardized sufentanil/isoflurane anaesthesia. During cardiopul-
monary bypass 100 ug-kg ''min-' propofol was substituted for isofiurane. Upon armival in the Intensive Care tUnit
(ICU), patients were randomized to either |10 ugkg™'*min~! propofol (n = 21) or 0.25 ugkg "'min"' midazolam
(n = 20). Infusion rates were adjusted to maintain sedation within a predetermined range (Ramsay 2-4). The infu-
sion was terminated after four hours. Patients were weaned from mechanical ventilation and their tracheas extubated
when haemodynamic stability, haemostasis, normothermia and mental orientation were confirmed. Haemodynamic
measurements, arteriai blood gas tensions and pulmonary function tests were recorded at specified times.

Results: There were no differences between the two groups for the time spent at each level of sedation, num-
ber of infusion rate adjustments, amount of analgesic and vasoactive drugs, times to awakening and extubation.
The costs of propofol were higher than those of midazolam. There were no differences in haemodynamic val-
ues, arterial blood gas tensions and pulmonary function.

Conclusion: We conclude that midazolam and propofol are safe and effective sedative agents permitting early
extubation in this selected cardiac patient population but propofol costs were higher.

But: Le but de cette étude randomisée, a double insu était d'évaluer l'efficacité du midazolam et du propofol
pour sédation postopératoire en vue d'une extubation précoce postchirurgie cardiaque.

Méthodologie: Tout patient ASA Ii-ll admis pour une premiére chirurgie cardiaque élective ayant une fraction
d'éjection > 45% était éligible. Tous les patients ont reu une anesthésie standard 4 base de sufentanil/isoflurane.
Durant la circulation extracorporelle, le propofol (100 pgkg'*min') a été substitué A I'isoflurane. Dés l'arrivée
aux soins intensifs, les patients furent randomisés soit au propofol (n = 21)a 10 ug-kg 'min"', soit au midazolam
(n = 20) 0.25 ug-kg '"min-'. Les débits de perfusion étaient ajustés pour maintenir un niveau de sédation
prédéterminée (Ramsay 2-4). La perfusion était cessée aprés quatre heures. Les patients étaient sevrés de la ven-
tilation mécanique et extubés lorsque la stabilité hémodynamique, I'hémostase, la normothermie et ['orientation
mentale étaient confirmées. Des bilans hémodynamiques, gaz artériels et fonction pulmonaire furent enregistrés
a des intervalles spécifiques.

Résultats: || n'y avait pas de différence entre les groupes pour le temps occupé aux différents niveaux de séda-
tion, d'ajustement de perfusion, le temps d'éveil et d'extubation. Le colit du propofol était plus élevé que celu
du midazolam. La demande d'analgésique et I'utilisation d'agents vasoactifs étaient similaires. Aucune différence
de fonction pulmonaire, gaz artériels et hémodynamique n'a été décelée.

Conclusion: Nous concluons que le midazolam et le propofol sont sécuritaires et efficaces comme agents de
sédation permettant une extubation précoce pour ce groupe de patients cardiagues sélectionnés mais le colt du
propofol est plus élevé.

From the Departments of Anaesthesia, and Surgery, Montreal Heart Institute, Montreal, Canada.
Supported in part by a research grant from Zeneca Pharma, Mississauga, Ontario, Canada. Preliminary results of this study were presented
at the Annual Meeting of the Society of Cardiovascular Anaesthesia, Philadelphia, PA 1994.

Address correspondence to: Dr Norman R Searle, Montreal Heart Institute, Department of Anaesthesia, 5000 Bélanger East, Montreal,
Quebec H1T 1C8 Canada; Phone: 514-376-3330 ext: 3732; Fax: 514-376-8784.

Accepted for publication, March 22, 1997,

CAN ] ANAESTH 1997 / 44: 6 / pp 629-635



630

N the immediate postoperative period after car-

diac surgery, a period of controlled mechanical

ventilation and sedation is required until

rewarming, haemostasis and haemodynamic sta-
bility are confirmed. The current practice, in most car-
diac centres, has relied on judicious use of sedative and
analgesic drugs. However, a recent review of the prac-
tice of cardiac anaesthesia with goal-directed objectives
has challenged not only the use of intraoperative high-
dose opioids but also the need for prolonged mechani-
cal ventilation.! Indeed, earlier tracheal extubation and
discharge from the Intensive Care Unit (ICU) without
increased mortality and morbidity and with decreased
overall cost have been demonstrated.2-

Presently, benzodiazepines are amongst the most
common group of drugs used and midazolam has
emerged as the agent of choice in several intensive care
units because of its pharmacological profile and ease of
administration. However, propofol is rapidly gaining
popularity since its approval for ICU sedation.

All but one* comparative studies between propofol
and midazolam for sedation of post-cardiac surgery
patients have shown that patients treated with propo-
fol can be weaned faster from mechanical ventilation
and required less analgesia and adjustment in the infu-
sion rate.2357

Comparative studies between propofol and mida-
zolam for sedation of post-cardiac surgery patients
have shown that patients treated with propofol can be
weaned faster from mechanical ventilation and
required less analgesia and adjustment in the infusion
rate.7 Unfortunately, none of the previous compar-
ative studies were blinded, all involved prolonged ven-
tilatory support (>12 hr) and none attempted to
extubate tracheas early (<6 hr). The differences
observed between propofol and midazolam may be
related to the prolonged infusion of these agents with
different context-sensitive halftimes.®

Therefore, this double-blind randomized study was
undertaken to determine and compare the effective-
ness, safety and dosage requirements of propofol and
midazolam for short-term sedation and carly extuba-
tion following cardiac surgery.

Methods

Following Institutional Review and Bioethics
Committee approval, written informed consent was
obtained from 47 patients undergoing cardiac surgery.
All adult ASA physical status II-III patients aged
18-70 yr, undergoing elective first time coronary
artery bypass graft surgery (CABG), single-valve
replacement, or correction of atrial septal defect were
eligible for inclusion. Exclusion criteria included poor
left ventricular (LV) function (ejection fraction
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<0.45), combined CABG and valvular replacement,
patients requiring inotropic or mechanical support
prior to surgery. Patients with a history of alcohol or
drug abuse, clinically significant hepatic, renal or psy-
chiatric diseases or known allergy to either study drug
were also excluded. Patients were randomized in
blocks of four if they successfully weaned from car-
diopulmonary bypass (CPB) with a cardiac index >2.0
L-min!-m2. Postoperative exclusion criteria were: the
presence of cardiac index <2.0 L-min~!-m= with ade-
quate filling pressure and requiring inotropic support
or excessive bleeding (>300 mL-hr™!) for two consec-
utive hours during the period of study.

All patients received a standard premedication
consisting of 2 mg lorazepam sf and 0.15 mg-kg™ mor-
phine #m given 90 and 30 min respectively before the
procedure. All usual cardiac medications required by the
patient’s underlying condition were also continued.
Following preoxygenation, anaesthesia was induced with
1-2 pgkg?! sufentanil and supplemented with isoflu-
rane. A continuous sufentanil infusion at 0.5
ng-kg™-hr! was initiated after induction and maintained
until onset of CPB. Afterward, the sufentanil infusion
was decreased to 0.25 pg-kgl-hr?! untl the end of
surgery. Cardiopulmonary bypass was done under mild
hypothermia (32-34°C) with a membrane oxygenator.
Cold blood cardioplegia was used to arrest the heart. All
patients were rewarmed tll bladder temperature
returned to 36°C. During CPB, 100 pg-kg!-min
propofol was substituted for isoflurane. Before and after
CPB, isofturane was titrated as required to keep systolic
blood pressure and heart rate within + 20% of baseline
ward measurements (average of three to five ward mea-
surements). Systolic blood pressure > 120% of baseline
or > 160 mmHg, if not responsive to deepening with
isoflurane, was treated with nitroglycerine ¢v. Ischaemia
was treated with nitroglycerine #» in the absence of any
haemodynamic change. Systolic blood pressure < 80% of
baseline or < 90 mmHg was corrected using #v fluids,
decreasing isoflurane concentration and/or decreasing
the sufentanil infusion and, if necessary, small boluses of
ephedrine or phenylephrine were used. Intravenous
metoprolol was used to maintain heart rate < +20% of
baseline or < 100 bpm throughout the operative period.
Sinus bradycardia (heart rate < 50 bpm) was treated with
glycopyrrolate.  Electrocardiographic episodes of
ischaemia were defined as: 1) horizontal or downsloping,
ST segment depression from baseline of 1 mm lasting at
least one minute and separated from other episodes by
> 1 min; 2) ST segment elevation from baseline > 2 mm
measured at the J point lasting at least one minute and
separated from other episodes by >1 min. Neuromus-
cular blockade was achieved with 0.1 mg-kg™ pancuro-
nium at induction and prior to CPB. Muscle relaxation
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was reversed with neostigmine and glycopyrrolate at the
end of surgery. Indomethacin, 100 mg pr, was given at
the end of surgery.

Immediately on arrival in the ICU, patients received
either propofol or midazolam. To maintain a double-
blind protocol, each patient received simultaneously
two infusions at identical rate determined by the phar-
macist who prepared the study medications. Patients
randomized to the propofol group received an infusion
of propofol plus an infusion of normal saline (placebo)
whereas patients randomized to the midazolam group
received an infusion of midazolam plus an infusion of
Intralipid solution (placebo). All drugs or placebo were
prepared in identical bags. Appropriate dilution of
propofol and midazolam was done to obtain compara-
ble infusion rates. Propofol and placebo were started at
a dose of 10 pg-kg™!-min!. Adjustment in propofol and
placebo infusions by increments of 10 pg-kg!-min™
were permitted every 10 min to maintain an appropri-
ate level of sedation. The midazolam and placebo infu-
sions were started at a dose of 0.25 pg-kg™-min! and
both were adjusted every 10 min by an increase of
0.25 pg-kg!-min~! when needed. Analgesia was provid-
ed with an infusion of morphine at 0.02 mg-kg™-hs!
and was started at arrival in the ICU. If analgesia was
inadequate, boluses of 2 mg morphine q 5 min prn
were administered until pain was relieved. The level of
sedation was assessed by the same research assistant
throughout the study with the goal of maintaining
sedation level between 2 and 4 on the sedation scale
described by Ramsay et al® After four hours, the infu-
sion was stopped and patients were weaned from
mechanical ventilation if they met the following criteria:
normothermia (>36°C), bleeding <100 mL-hr!, heart
rate <100 bpm, systolic blood pressure <140 mmHg,
patient oriented and with adequate pain control.
Postoperative hypertension (systolic blood pressure
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>140 mmHg) was treated with nitroprusside #v. The
use of prophylactic nitroglycerine was permitted
according to existing postoperative surgical protocol
(prevention of mammary graft spasm).

Time to awakening {from end of surgery), time to
extubation (from end of infusion), time spent at each
level of sedation, number of adjustments required to
maintain an appropriate level of sedation, dose of mor-
phine, as well as incidences of nausea, vomiting and
shivering were recorded. Haemodynamic measure-
ments included systemic and pulmonary pressures,
heart rate, central venous and pulmonary artery occlu-
sion pressures and cardiac indices on arrival in the
ICU and at specified times throughout the postoper-
ative period. Arterial blood gas tensions and pul-
monary functions were determined before induction
and after extubation.

Statistical analysis was performed using t test for nor-
mally distributed numerical data. Chi square and
Fisher’s exact test were used for nominal data. A Pvalue
<0.05 was considered significant. Using previously
published data®57 for time to spontaneous ventilation
and/or time to extubation, a difference of one hour
would require a sample size of 20 patients per group to
achieve a power of 80% with an « of 0.05.

Results

From the total of 47 patients initially recruited in the
study, six patients were excluded, leaving 20 in the mida-
zolam group and 21 in the propofol group for analysis of
results. Three patients were excluded because of excessive
postoperative bleeding (two midazolam and one propo-
fol), two other patents because of haemodynamic insta-
bility (not randomized) and one operation was cancelled
preoperatively by the surgeon. There were no differences
between the two groups with regards to age, weight,
height and sex distribution (Table I). There were also no

TABLE I Patient demographics and intraoperative data (mean + SD)

Midazolam Propofol P
(n =20) (n=21)
Age (yr) 55.7 + 8.0 51.2 £ 10.0 NS
Sex M:F 14:6 14:7 NS
Weight (kg) 75.5 + 14.9 71.8 +11.3 NS
Height (cm) 166.5 + 8.5 165.8 + 8.2 NS
Type of operation
- CABG 12 13 NS
— Valvular 8 7 NS
- ASD - 1 NS
Duration of operation {min) 191.2 + 34.0 184.0 + 32.5 NS
Duration of CPB (min) 72.2 + 24.6 63.5+16.8 NS
Discharge time (D)
-ICU 39:17 37:17 NS
— Hospital 78-27 72+17 NS

M = male; F = female; NS = not significant; CABG = coronary artery bypass graft;
ASD = atrial septal defect; CPB = cardiopulmonary bypass.
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differences in the type of surgery, duration of operation,
extracorporeal circulation, cross-clamp tme and ICU
and hospital discharge time (Table I). The average infu-
sion rate of midazolam was 0.25 + 0.02 pg-kg'-min™?
while that of propofol was 10.6 = 2.9 pgkg!.min™
(Table II). The mean infusion cost of propofol was high-
er than the cost of midazolam (Table II).

The percentage of ime spent at any level of seda-
tion is outlined in Figure 1. In the midazolam group,
65.4% of the sedation time was spent at the desired
level (level 2-4) vs 67% in the propofol group (P =
NS). The level of sedation was easily controlled in
both groups. Two patients in the midazolam group
and six in the propofol group needed adjustment in
the infusion rate (P = NS). There was no difference in
the time to weaning and tracheal extubation following
termination of sedation (midazolam 91.5 + 59 min to

TABLE II Drug administration data
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propofol 87.5 + 65 min, P = NS). The average total
dose of morphine during the first four hours after
surgery was 4.9 + 3.9 mg and 3.9 + 2.5mg for the
midazolam and propofol groups respectively (P= NS).

Table III shows the average time to awakening,
time to extubation and the respiratory data of both
groups before and after extubation. No differences
were found between the two groups, no patient
required tracheal reintubation.

During the infusion and the subsequent 16hr after
cessation, there were no differences in haemodynamic
variables (Figures 2 and 3). The incidence of postop-
erative hypertension and hypotension was similar in
both groups. In the midazolam group, 40% of the
patients received nitroprusside and 70% received
nitroglycerine »s 33% and 67% respectively in the
propofol group (P = N8).

Midazolam Propofol

Rate of administration
- mean (pg-kg!-min!) 0.25 + 0.02 106 +29
- range (pg-kg!-min™!) (0.23-0.48) (7.1-32.4)
Total amount of study drug
— mean (mg) 46+1.0 181.2 + 42.3
- range (mg) (2.87-6) (100-300)
Intraoperative sufentanil

(ngkg-hr!) 1.0+£0.33 1.0 £ 0.31
Postoperative morphine
— mean (mg) 493+32 394+26
— range (mg) (1-14) (0.6-9.2)
Acquisidon cost* ($CAN-mg™) 0.612 0.048
Mean infusion costt (§CAN) 282 +0.61 8.49 + 2.03**
Range? (SCAN) (1.76-3.67) (4.80-14.40)

* Propofol costs $9.37 per 200 mg; Midazolam $6.12 per 10 mg vial.
t Infusion costs were calculated by the product of the mean total study drug x acquisition cost.
¥ The range of infusion costs was calculated by the product of the range of total study drug

administered x acquisition cost.
**P<0.01

TABLE III Recovery characteristics and respiratory data (mean + SD)

Midazolam Propofol P

(n=20) (n=121)
Time to awakening* (min) 9381614 88.6 £ 51.0 NS
Time to extubation! (min) 91.5+59.4 87.5+ 654 NS
FVC preop (L) 33206 33:07 NS
FEV, preop (L) 29x07 30:1.0 NS
FVC postop (L) 1.0+ 04 1.1+0.6 NS
FEV, postop (L) 1107 1.0+ 0.6 NS
Pa0, during CPAP (mmHg) 130.3 +47.1 134.5+ 354 NS
Pa0, after extubation (mmHg) 130.9 + 48.8 148.7 + 67.5 NS
PaCO, during CPAP (mmHg) 476+ 3.2 471+ 4.4 NS
PaCO, after extubation (mmHg) 49.8 +4.4 49.1 £+ 6.0 NS

NS = not significant; *= time to awakening from end of surgery, T= time to extubation from
termination of infusion, FVC = forced vital capacity; FEV| = forced expiratory volume in 1 sec-
ond; PaO, = arterial oxygen partial pressure; PaCO, = arterial carbon dioxide partial pressure;
CPAP=continuous positive airway pressure.
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FIGURE 2 Changes in hacmodynamic variables postoperatively
(mean + SD); *P < 0.05.

TABLE IV DPostoperative events in the first 24 hr (mean + SD)

Midazolam Propofol P
(n =20) (n=21)
CK-MB value (U.L1)
—at8 hr 334 +244 313159 NS
—at16 hr 25.7 £25.2 208 £13.7 NS
—at24 hr 177 £ 6.1 215116 NS
Blood loss {ml)
—first 3 hr 367.6 £ 225.1 3458 + 2438 NS
— total 885.0 £ 652.2 890.3+656.1 NS
Incidence of shivering:
n (%) 1 (5%) 2 (10%) NS
Incidence of nausea:
n (%) 9 (45%) 6 (29%) NS

NS= not significant

0 4 8 12 16 20

Time after arrival in Intensive Care Unit (hrs)

FIGURE 3 Changes in cardiac index and systemic vascular resis-
tance index postoperatively (mean+SD); *P < 0.05.

The incidence of nausea, shivering, postoperative
blood loss and CK-MB values in the first 24 hr are
shown in Table IV (P = NS).

Discussion
Time spent in the ICU is one of the most expensive
aspects of hospital care for cardiac surgery and is influ-
enced by the duration of mechanical ventilation. It has
previously been shown that patients with good preoper-
ative left ventricular function have recovered 90% of
baseline myocardial function by four hours after
surgery.® With attention to adequate analgesia and
rewarming, and the avoidance of long-acting respiratory
depressants, the trachea could be extubated early in the
majority of CABG, the patient’s trachea could be extu-
bated early.!! Although extubation soon after surgery is
desirable, it is still necessary to provide a controllable and
adequate amount of sedation and analgesia in the first
few hours after arrival in the ICU until rewarming,
haemostasis and haemodynamic stability are confirmed.
The primary objective of this study was to evaluate
the sedation profile of midazolam and propofol for early
extubation following cardiac surgery. Both midazolam
and propofol provided equally effective sedation in low
risk patients undergoing uncomplicated cardiac surgery
without delaying extubation. After arrival in the ICU,
the residual effect of anaesthesia most likely explains the
percentage of sedation time spent at levels 5 and 6
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(Figure 1) and the very low dose of sedative and anal-
gesic drugs required: midazolam (0.25 pg-kg-min™),
propofol (10.6 pgkg'min?) and morphine (1.1
mg-hr!). Although the dose of intraoperative opioid in
our study was relatively low, this is in agreement with
previously reported high levels of sedation in the imme-
diate postoperative period.3

Patients emerged (opened eyes spontaneous) from
anaesthesia within a mean of 1.5 hr from end of
surgery and were easily maintained at the required
sedation level with either drugs. Extubation was car-
ried out in most patients within two hours of cessation
of the infusion (four patients in each group required
more time). Arterial blood gas tensions during con-
tinuous positive airway pressure and after extubation
were similar and did not suggest greater residual
depression of alveolar ventilation with either drug.

Contrary to published findings,>5 our results failed
to show any differences in favour of propofol for time
to awakening, time to extubation, or analgesic require-
ment. This discrepancy most likely relates to differences
in study protocols. Differences between the two drugs
may not have become apparent in our study because of
the low concentrations and short duration of infusion.
Although Higgins et 4l.* did not find any difference for
tracheal extubation and ICU discharge times with sim-
ilar infusion rates for 12 hr this is in contrast to other
studies where higher intraoperative opioid doses
and/or prolonged infusion of sedative agents were
used.®” The difference in extubation time is probably
governed more by residual operative opioids than by
the study drugs. In addition, other pharmacokinetic
factors may explain the prolonged sedaton associated
with midazolam. Midazolam accumulation occurs in
ICU patients!?!® and the clearance of midazolam is
decreased and its elimination half-life increased after
cardiac surgery.'® This contrasts with the rapid decline
in propofol blood concentration after termination of
prolonged infusion in ICU patients and the absence of
pharmacokinetic changes with CPB.17-1?

The low requirement for analgesics was similar in
both groups, and this does not support an intrinsic
analgesic action of propofol.*® This may relate to resid-
ual effects of intraoperative sufentanil and indomethacin
given at the end of surgery.

Higgins ez al* showed that patients receiving propo-
fol had more haemodynamic variations and required less
nitroprusside than patients receiving midazolam after car-
diac surgery. Like others,3%7 we were unable to show any
differences in nitroprusside requirement and haemody-
namic effects with propofol. The overall incidence of
hypertension and hypotension was low and no patients in
either group suffered perioperative myocardial infarction.
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Our pharmacoeconomic analysis consisted of a
cost-minimization study.2® Cost-minimization analysis
is conducted when outcomes or consequences of two
or more interventions are considered to be equal. We
found that propofol was more expensive than midazo-
lam but was without added clinical benefit for short-
term post-CABG sedation. At the current rate for
CABG in Canada of $20,000% the use of propofol
would have added 0.03% to the overall cost: this dif-
ference will not impact on the hospital budget. Other
modalities to early tracheal extubation must be made
to reduce costs and improve resource use such as
decrease length of stay in ICU and hospital.¢

Study limitations

Although no clinically significant differences were
found between midazolam and propofol in this study,
these results may only be valid and applicable for a
selective patient population and clinical situation. All
the patients were low risk without serious co-morbid-
ity. The anaesthetic regimen was designed to avoid lin-
gering effects of such drugs. No benzodiazepine was
administered intraoperatively.

Undil the results of further investigations are avail-
able, early extubation may be inappropriate for
patients with low physiological reserve, important co-
morbidity, or those having more complex surgery.
This brittle patient population would most likely
require analgesia and sedation for prolonged mechan-
ical ventilation and one of the study drugs may then
prove to be superior.

The use of the Ramsay sedation scale also has some
limitations. The scale is a compromise between accu-
racy, simplicity and ease of use. As a result, most scores
do not differentiate between sedation, anxiety, depres-
sion and pain, but provide an estimate of overall
patient comfort.?!

Because of the strict requirements of therapeutic
equality, cost-minimization is not commonly used to
assess drug therapies. However, this method can be use-
ful when assessing the cost difference between two
drugs for which patient outcomes have been shown to
be the same. Our cost-minimization study did not
account for hospital costs and charges, preparation time
and drug wastage. Nevertheless, all endpoints and ICU
and ward management were equal. No costs difference
could be attributed to drug preparation and adminis-
tration because both required the same time for prepa-
ratdon and were administered by a similar infusion
device. Drug wastage could have imparted a higher cost
to propofol because of the availability of propofol in 20
ml vial that must be discarded if unused while midazo-
lam is available in multidosage vial.
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In providing anxiolysis and analgesia during post-

operative care, anaesthetists frequently administer two
or three different drugs. In this study, the combined
infusion of morphine contributed to our sedation
therapy. We conclude that, for early extubation in low-
risk cardiac patients, the use of either midazolam or
propofol is safe and effective when used in the context
of this study protocol.
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