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MIDAZOLAM is a 1,4-benzodiazepine derivative 
(Figure 1) synthesized by Walser and Fryer in 
1975. Earlier studies with midazolam have dem- 
onstrated its efficacy for induction of anaes- 
thesia ~-4 and for intravenous premedication. ~ 
Midazolam is superior to diazepam for induction 
of anaesthesia because it causes less burning on 
injection, is quicker in onset, and there is less 
individual variation in response to a given dos- 
age.-' Midazolam is also short acting with a rela- 
tively brief half-life? Most of the advantages of 
midazolam over diazepam are a result of its 
greater water solubility. 

The present investigation compares mida- 
zolam with thiopentone for use as the hypnotic 
drug in a balanced anaesthesia regimen. 
Midazolam compares favourably with and has 
some advantages over thiopentone. 

METHODS 

Fifty patients participated in a double-blind 
comparison of midazolam and thiopentone in a 
protocol for balanced anaesthesia. The patients 
were all in ASA physical status I or II and were 
scheduled for operations under 90 minutes in 
length. Informed consent was obtained. Table I 
contains demographic data of the patients divided 
into the two anaesthetic subgroups, thiopentone 
and midazolam. Table II lists the various opera- 
tions. 

All patients were premedicated with morphine 
0.1 mg-kg and atropine 0.006 mg.kg. A plastic 
intravenous cannula was placed in a superficial 
vein on the dorsum of the hand or forearm for 
drug and fluid administration. Midazolam was 
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FIGURE 1. Chemical structure of midazolam: 8- 
chloro- 6- (2- fluorophenyl)- 1- methyl- 4H- imidazo (-) 
[1, 5-a] [1, 4] benzodiazepine maleate (right) and 
diazepam: 7- chlorolomethyl- 5- phenyl- 3H- 1,4- 
benzodiazepine- 2 (IH)-one (left). Note the imidazole 
ring (bold line) substitution in midazolam which contri- 
butes to increased aqueous solubility. 

prepared as 2.5 mg base equivalent per ml* and 
thiopentone as 37.5 mg-ml, these ensuring 
equipotent volumes for induction of anaesthesia 
with 0.2 rag. kg midazolam and 3 rag. kg thiopen- 
tone. Both drugs were shrouded in a 15 cc syringe 
and the appropriate volume was given intraven- 
ously for induction over 5-10 seconds while the 
patients breathed room air. Maintenance of 
anaesthesia consisted of nitrous oxide and oxy- 
gen (4:2 1-rain) and repeated injections of the 
hypnotic agent (thiopentone or midazolam) with 
a maximum of three doses, each one third of the 
original dose. The need for these supplements 
was based on signs of inadequate anaesthesia, 
namely tachycardia >150 per cent of initial rate, 
systolic blood pressure (SBP)>-135 per cent of 
initial level, diaphoresis or movements. If three 
additional doses did not meet these criteria of 
adequate anaesthesia, other adjuvant drugs were 
given. These were fentanyl, enflurane or halo- 
thane at the discretion of the anaesthetist. Suc- 
cinylcholine 1 rag. kg was used as an initial bolus 
for tracheal intubation, and during maintenance a 
continuous infusion of 0.2 per cent solution was 

*Supplied by Hoffmann-La Roche Incorporated, 
Nutley, New Jersey 07110. Each ml contained 2.5 mg 
base equivalent of midazolam in a solution of tartaric 
acid 4.0 mg, disodium edetate 0.1 mg, sodium chloride 
7.0 rag, benzyl alcohol 0.01 ml, and NaOH 10 percent to 
adjust pH to 3.3. 
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TABLE I 
DEMOGRAPHIC DATA OF PATIENTS 

43 

Duration Yo Hx previous 
Group N Male Female Age (yrs) Wt (kg) anaesthesia (min) anaesthesia 

Midazolam 24 1 22 34 ___ 2.6 66 _+ 3.6 69 + 8.2 60.9 
Tbiopentone 26 1 25 33 + 2.1 64 _+ 2.8 75 _+ 6.9 69.2 

No significant difference in any category. 

TABLE II 
LIST OF OPERATIONS FOR EACH GROUP 

Midazolam (pts) Thiopent (pts) 

LTL 14 LTL 15 
TVH 5 TVH 7 
TAH 1 TAH l 
Rad 2 Rad 1 
End 1 End 1 
DL 1 Con 1 

Where: LTL = laparoscopic tubal 
ligation, TVH = vaginal hysterectomy, 
TAH -- abdominal hysterectomy, End 
= endoscopy, Rad = vaginal radium 
insertion, DL = diagnostic Iaparotomy, 
Con = cervical conization. 

used, monitored with a peripheral nerve 
stimulator.* 

Observations comparing the two groups were 
arbitrarily divided into three periods: (1) induc- 
tion, (2) maintenance, and (3) recovery. The ease 
of induction was graded by the anaesthetist on a 
three-point scale; 1 = smooth, 2 = acceptable, 3 
-- unacceptable. The times (in seconds) to lose 
eyelid reflex and to fail to respond to oral com- 
mand were measured as indices of induction 
time. Pain on injection was graded by the anaes- 
thesiologist on a 3-point scale of 1 = none, 2 = 
little and 3 = severe. Blood pressure (Riva Rocci) 
and electrocardiogram (standard lead limb 11 
EKG) were monitored at fixed intervals of 1 to 2 
minutes during the first 20 minutes and at-~5- 
minute intervals thereafter. 

Maintenance of anaesthesia was also graded by 
the anaesthetist on a 4-point scale of 0 = excellent, 
1 = good, 2 = satisfactory and 3 = unsatisfactory. 
The duration of anaesthesia, number of supple- 
mental injections of hypnotic agents, and the re- 
quirement for adjuvant anaesthetic drugs were 
recorded. To compare muscle relaxant require- 
meats, the dosage of succinylcholine for each 
patient was computed on a kilogram body weight 

*Professional Instruments Co., Houston, Texas. 

basis over duration of anaesthesia (lagm-kg. 
min). 

Postoperative analysis began with measuring 
emergence time which was defined in two ways: 
(1) response to spoken word and (2) full orienta- 
tion as to person, place and time. During 
emergence the following particular signs or 
symptoms were noted if present by the same 
trained observer: nausea, vomiting, delirium and 
dreaming. The patients were interviewed 24 
hours after anaesthesia by the same observer and 
asked if they recalled pain on induction and if so 
were asked to quantitate the pain on a 3-point 
scale of 1 = mild. 2 = moderate and 3 -- severe. 
Subjects also were asked whether they remem- 
bered waking in the operating room or in the 
recovery room. Patients who had previous 
anaesthesia were asked to compare the present 
experience to their previous anaesthesia as either 
the same, better or worse. 

RESULTS 

Fifty patients entered the study, 26 received 
thiopentone (Group T) and 24 midazolam (Group 
M). There was no significant difference between 
groups in sex, age, weight, duration of anaes- 
thesia, or per cent with a history of  previous 
anaesthesia (Table I). One patient in Group M 
was excluded from analysis during the mainte- 
nance and postoperative periods because the op- 
eration was protracted (2.5 hours). There were no 
major anaesthetic nor surgical complications in 
any of the cases. Blood pressure and heart rate 
did not decrease significantly with drug adminis- 
tration and increased only in response to surgical 
stimulation. 

Table I1! contains comparative data of the two 
groups during induction. There was a significant 
(P < 0.01) difference between groups with regard 
to mean induction times and the ranges were 
greater in Group M than Group T. Mean lack of  
response to oral command was shorter in Group 
T (36 range 15-80 sec) than Group M (64 range 
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TABLE III 
MIDAZOLAM AND THIOPENTONE INDUCTION DATA 

Failure to respond Loss eyelid Percent with Objective score Quality of 
oral command (sec) reflex (sec) induction pain pain on injection:~ of inductiont 

Midazolam 64 + 7.9 73 + 8.9 8.3 1.08 + .06 1.26 + .129 
m = 24 (25-210) (30--240) 

Thiopentone 36 + 2.9 45 + 4.7 11.5 1.12 + .06 t.12 + .066 
m = 26 (15-80) (25-135) 

P 0.0015* 0. 0059* NS NS NS 

Data represents mean ___ S.E. with range below in parentheses. 
P = probability value, NS = not significantly different. 
* = significantly different. 
tScored: 1 = smooth, 2 = acceptable, 3 = unacceptable. 
~Scored: 1 = none, 2 = mild, 3 = moderate. 
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FIGURE 2. Comparison of quality of maintenance of 

balanced anesthesia as scored by the anesthetist: 0 = 
excellent, 1 = good, 2 = satisfactory, 3 = unsatisfac- 
tory. Group T received thiopentone and Group M 
midazolam maleate (see text). 
25-210 sec) and mean loss of eyelid reflex was 
earlier in Group T (45 range 25-135 sec) than 
Group M (73 range 30-240 sec). Both groups had 
similar small percentages of patients who showed 
signs of pain on induction (8 per cent Group M 
and 12 percent Group T). The pain appeared mild 
in all patients. There was no significant difference 
in scoring the quality of induction between 
groups (1.12 + 0.066 Group T and 1.26 ___ 0.129 
Group M), but Group T had a slightly better 
score. 

The duration of anaesthesia was shorter in 
Group M (69 -+ 8.2 min), but not significantly 
different from Group T (75 -+ 6.9 min). The over- 
all quality of maintenance (Figure 2) was rated 
better in Group M (1.7 +- 0.20), but again was not 
significantly different than Group T (2.1 - 0.26). 
Supplemental injections of thiopentone were re- 
quired 63 times to maintain balanced anaesthesia 
in Group T compared to 45 supplemental injec- 

tions of midhzolam in Group M. Only four pa- 
tients (18 per cent) required adjuvant anaesthetic 
drugs in Group M (1 halothane and 3 fentanyl) 
compared to 12 patients (46 per cent) in Group T 
(1 enflurane, 1 halothane, and 10 fentanyl). The 
mean dosage of succinylcholine (0.092 ~gm kg 
min) was identical in both groups. 

Results of the postoperative observations are 
in Table IV. There were no significant differences 
in emergence time and the ranges were similar. 
Reaction to the spoken word after cessation of 
nitrous oxide administration occurred in a mean 
of six minutes (range 1-27) in Group T compared 
to a mean of eight minutes (range 3-20) in Group 
M. Patients were fully oriented 34 minutes after 
termination of nitrous oxide in Group T (range 
6-99 min) compared with 45 minutes Group M 
(range 6-103). There was no significant differ- 
ence in the severity of pain remembered during 
injection of the hypnotic (mean score 1.1 both 
groups) nor any significant difference in the per- 
centage of patients recalling any injection pain (27 
per cent Group T and 39 per cent Group M). Two 
patients recalled part of the operation and both 
were in the thiopentone group. Although not 
significantly different, 17 per cent of patients in 
Group M remembered waking up in the operating 
room whereas 35 per cent in Group T had such 
recollection. The remaining patients in Group T 
recalled waking in the recovery room while three 
patients (14 per cent) in Group M had no recall of 
the recovery room despite having appeared fully 
oriented. There were significant differences in 
patients' comparison of anaesthesia with their 
previous experience. Seventy-one per cent of the 
patients in the M group found the anaesthesia 
similar to their previous experience as compared 
to 31 percent  in the T Group, while 25 percent  of 
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group T rated anaesthesia worse than their previ- 
ous experience versus none with midazolam. The 
incidence of complications was very low (Table 
V) and there were no differences in the incidence 
of nausea, vomiting or venous site irritation. 
There was a significantly (P < 0.02) higher inci- 
dence of dreaming in the thiopentone group (23 
per cent Group T and none in Group M). 

D I S C U S S I O N  

Balanced anaesthesia was first described by 
Lundy in 1926 as the logical choice of a combina- 
tion of various agents used "in a small enough 
amount so that it would produce no unsatisfac- 
tory effect"? Twenty-one years later, Wood- 
bridge further delineated the four essential com- 
ponents of satisfactory balanced anaesthesia as 
sensory block or block of afferent impulses, 
motor block or block of efferent impulses, 
blocking of reflexes, and mental block or produc- 
tion of sleep. 6 There have been many new 
anaesthetic drugs added to the formulary over the 
last twenty-one years in an attempt to find more 
ideal agents to use within the framework of bal- 
anced anaesthesia. This report compares a new 
drug, midazolam, with thiopentone as hypnotic 
agents in balanced anaesthesia. 

Midazolam is a water soluble benzodiazepine. 
The imidazole substitution at the 1,2 position of 
the fundamental 1,4 benzodiazepine heterocyclic 
ring structure (Figure 1) accounts for its solubility 
in water. Midazolam is an efficacious induction 
agent in dosages of 0.125 to 0.2 mg'kg, z'~'4 
The ED~00 for induction of anaesthesia while 
breathing room air is 0.2 rag. kg. 2 Side effects 
attributed to midazolam during induction of 
anaesthesia include apnoea2 ,2,4 mild burning on 
injection, :'4 and slight decreases in systemic 
blood pressure t'4. Advantages of midazolam 
over diazepam are rapidity of action 2 less burning 
on injection 2'4, and shorter action 3. Midazolam 
disappears from plasma more rapidly than 
diazepam: plasma clearance data for midazolam 
from five patients given 10 mg intravenously 
showed a mean half-life during the beta phase of 
1.7 hours 3'7, much shorter than the mean 31.3 
hour beta phase plasma disappearance of 10 mg of 
diazepam measured in another 5 patients. ~ 

The purpose of the present investigation was to 
compare midazolam with thiopentone which has 
been the "gold standard" of comparison for in- 
duction agents, and to compare each drug as the 
hypnotic component of bal-anced anaesthesia. 
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TABLE V 
POSTOPERATIVE COMPLICATIONS 

Thrombophlebitis Tissue reaction* Dreams Nausea Vomiting Delirium 

MidazoIam % Day 1 Day 2 Day 3 ~o ~o ~o 
n = 2 3  0 8.7% 21.7% 17.4~o 0 0 0 0 

Thiopentone 0 19.2% 40~o 36~o 23.1 7.7 3.8 3.8 
n =  26 

P NS NS NS NS .02 NS NS NS 

*Indicates presence of redness, tenderness or combination at site of intravenous, P = probability. 
NS = not significantly different. 

Induction 
Anaesthetists rated thiopentone slightly 

superior to midazolam in overall quality for in- 
duction. The relatively faster onset probably ac- 
counts for this superiority since the incidence of 
pain and discomfort on injection were the same 
with both drugs. Another advantage of thiopen- 
tone was the smaller patient-to-patient variation 
of dose response reflected by the small standard 
error of the mean induction times. Although 
midazolam has less variability of dose response 
than diazepam, z thiopentone is better than 
midazolam in this regard. Individual variation in 
response to diazepam (0.2-0.8 mg- kg for induc- 
tion of anaesthesia) is characteristic of ben- 
zodiazepines, 9 and a major difference between 
barbiturate and benzodiazepine induction, ac- 
counting in part for the continued use of short 
acting barbiturates for routine anaesthesia in- 
duction. ~° A major disadvantage of barbiturate 
induction is apnoea or respiratory depression 
which was not analyzed in our study, since all 
patients were paralyzed and had the trachea intu- 
bated. However,  previous reports comparing 
thiopentone with diazepam have shown greater 
respiratory depression and apnoea with thio- 
pentone)  T M  If spontaneous respiration is de- 
sired, respiratory depression is, of course, cru- 
cial. In this regard, Fragen found that midazolam 
(0.15 mg.kg) caused significantly less apnoea 
than thiopentone (3 mg-kg) during induction of  
anaesthesia. 4 

Maintenance 
The maintenance of balanced anaesthesia is 

difficult to compare. In this study such variables 
as patient age, size, surgical stimulation and du- 
ration of the procedure were all controlled in 
an attempt to produce relatively homogenous 
groups for comparison. Statistical comparison 
of  the demographic variables shows that the 

two groups are similar. Anaesthetists scored 
midazolam more favorably than thiopentone for 
maintenance of balanced anaesthesia. This is 
reflected by the fact that more supplemental in- 
jections of thiopentone were required during op- 
eration and more adjuvant analgesic drugs were 
added to thiopentone cases to maintain anaes- 
thesia within the predetermined limits of accept- 
able depth. The superiority of midazolam over 
thiopentone in maintaining balanced anaesthesia 
is similar to the superiority of diazepam over 
thiopentone reported by Wyant and Studney. 13 
In a study of 200 patients undergoing gynae- 
cological operations randomized to thio- 
pentone or various diazepam doses, those in- 
vestigators determined that all patients given 
thiopentone (3 rag- kg) required greater halothane 
supplementation than patients induced with 
diazepam (0.45 mg. kg) 13. Although it is generally 
considered that benzodiazepines are not 
analgesics, ~°,14,~s it appears from our data that 
when used with morphine premedication and 
nitrous oxide maintenance fewer analgesic drugs 
are required to maintain anaesthesia with 
midazolam than with thiopentone. The almost 
identical requirements for succinylcholine with 
both drugs suggest that there is little clinically 
discernible effect of midazolam on muscle relax- 
ation. Benzodiazepines as a class of drugs have 
well described muscle relaxant properties 1°.~6 
that are primarily central (supraspinal) rather 
than peripheral (myoneural) in act ion)  7 An early 
report that diazepam potentiates the myoneural 
blocking effects of gallamine and antagonizes the 
effects of succinylcholine ~8 failed to be substan- 
tiated in a critical laboratory and clinical study by 
Dretchen, who demonstrated that clinical doses 
of diazepam did not potentiate muscle re- 
laxants ~9. Our findings showing no apparent suc- 
cinylcholine interaction with midazolam are con- 
sistent with the findings of  Dretchen. 
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Recovery 
Emergence from anaesthesia was similar with 

thiopentone and midazolam. Most previous 
comparative studies of thiopentone and diaze- 
pare have shown that emergence or awaken- 
ing time is more prolonged with diazepam. 9,~3'-'° 
The relatively short recovery time with mi- 
dazolam (8 minutes to react to spoken word and 
45 minutes to become fully oriented) is probably a 
function of rapid distribution of the drug and early 
metabolism and excretion? 7 That emergence 
from thiopentone is slightly faster than from 
midazolam may be related to the fact that plasma 
disappearance of the two drugs is different; that 
of thiopentone being more rapid (46-48 min- 
utes) z~ than midazolam (102 minutes). 3'7 Pre- 
liminary in vitro studies show that midazolam 
undergoes biotransformation by the rat liver, 2-~ 
and that in vivo hydroxylation occurs in the dog 
and in man, yieldingthree urinary metabolites, 7 It 
is not known whether any of the midazolam 
metabolites are pharmacologically active, as is 
the case with diazepam metabolism to the active 
compounds desmethyl diazepam, oxazepam, and 
3-hydroxydiazepam. 8 

A pharmacological property of benzodi- 
azepines is amnesia l°,z3 which was reported as an 
advantage of diazepam over thiopentone in a pre- 
vious randomized study of 100 patients (50 each 
group) for hysterectomy, z4 In that study 30 per 
cent of patients given diazepam 15 to 30 mg for 
induction had "ret rograde amnesia"  compared 
to 8 per cent of patients induced with thiopentone 
200 to 300 mg. Postoperatively 96 per cent of the 
diazepam patients had amnesia for events in the 
recovery room compared to 70 per cent with 
thiopentone. Using a memory card scheme, Con- 
ner showed that midazolam 5 mg had amnesic 
properties for events within 32 minutes after in- 
jection in 67 per cent of 24 patients. ~ He con- 
cluded that there was no retrograde amnesia. 
This is consistent with our finding that 96 per cent 
of patients remembered entering the operating 
room and 39 per cent remembered injection. The 
fact that only 17 per cent of midazolam patients 
remembered waking in the operating room com- 
pared to 35 per cent of those who had thiopentone 
suggests amnesic action. The significant differ- 
ence (p < 0.03) between percentage of thiopen- 
tone patients (100 per cent) remembering the re- 
covery room compared to midazolam (83 per 
cent) also suggests an amnesic effect, since all 
patients appeared to be fully alert and oriented 
before leaving the recovery room. 

Postoperative complications were low in both 
groups and consisted primarily of redness or ten- 
derness at the site of intravenous cannulation. 
The absence ofthrombophlebit is  with midazolam 
is consistent with human induction data 9 and with 
laboratory data showing minimal reaction in the 
saphenous vein and surrounding tissue in the rat 
given midazolam 0.038 or 0.125 rag. -'s The low 
incidence of nausea and vomiting with thiopen- 
tone and midazolam is consistent with that re- 
ported for diazepam and thiopentone in a similar 
group of gynaecological patients.~3 For  the most 
part, recovery was smooth in patients in both 
groups with only one patient in the thiopentone 
group being delirious, although six others did re- 
late postoperative dreams. Midazolam patients 
were remarkably free of postoperative complica- 
tions and complaints. Differences in postopera- 
tive complications are not statistically significant, 
but this might be due to the small number of 
patients in the study. 

Midazolam compares favourably with 
thiopentone as a hypnotic for induction and 
maintenance of balanced anaesthesia. There are 
some advantages to each drug. Thiopentone is 
more rapid and specific for induction of 
anaesthetic and midazolam is superior for 
maintenance. In addition there is some degree of 
postoperative amnesia, a quality patients favour 
and a fact which is reflected by the overall higher 
preference grades in the midazolam group. We 
initiated this study to determine differences be- 
tween thiopentone and midazolam. Our overall 
impression is of clinical similarities rather than 
differences. Although midazolam does not de- 
throne thiopentone it certainly is a useful hyp- 
notic with definite advantages over thiopentone 
for maintenance of balanced anaesthesia. 

SUMMARY 

Midazolam is a short-acting water soluble ben- 
zodiazepine derivative. It is a hypnotic used for 
intravenous anaesthesia induction. The present 
investigation was designed in a prospective 
double-blind fashion to compare midazolam with 
thiopentone as hypnotic components in balanced 
anaesthesia. The study included 50 healthy pa- 
tients undergoing relatively short surgical proce- 
dures. The results revealed that thiopentone is 
faster in onset than midazolam for induction of 
anaesthesia, with less variation of dose response. 
However,  maintenance of anaesthesia was 
superior with midazolam, requiring fewer sup- 
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plemental anaesthetic drugs, having better pa- 
tient acceptance and providing more amnesia. 
Postoperative complications were very low with 
both techniques. Midazolam was surprisingly 
similar to thiopentone in most parameters in- 
cluding emergence time from anaesthesia. 
Midazolam is a new drug with potential both for 
induction of anaesthesia and maintenance of 
balanced anaesthesia. 

RI~SUM~ 

Le midazolam est un diriv6 hydrosoluble de la 
benzodiaz6pine h action courte qui peut +tre 
employ6 par la vole veineuse pour l'induction de 
I'anesth6sie. On compare dans la pr6sente &ude 
les effets hypnotiques du midazolam avec ceux 
du thiopental lors de I'anesth6sie g6n6rale 
balanc6e en utilisant une m6thode prospective h 
double insu. L 'etude englobe cinquante patients 
en bon 6tat subissant des interventions d'une 
dur6e relativement courte. Les r6sultats mon- 
trent qu'h I'induction, Faction du thiopental 
d6bute plus rapidement que celle du midazolam 
et que la relation dose-effet est moins variable. 

Cependant, pour le maintien de l'anesth6sie, le 
midazolam a 6t6 consid6r~ superieur. Moins 
d'agents anesth6siques suppl6mentaires ont 6t6 
requis, l 'acceptance par le patient a 6t6 plus 
grande et l 'amn6sie sup6rieure. Avec les deux 
techniques, les complications ont 6t6 trbs 
minimes. La comparaison de la plupart des 
parambtres incluant la dur6e de la p6riode de 
r6veil d6montre la suprenante similarit6 des deux 
agents. En conclusion, le midazolam est un 
nouvel agent qui pourrait s 'av6rer trbs utile pour 
I'induction et ce maintien de l'anesth6sie 
g6n6rale balanc6e. 
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