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Ro 21-3981 OR MIDAZOLAM MALEATE is a ben- 
zodiazepine derivative closely related to diaze- 

Dam. The structural formulae of Ro 21-3981 and 
of  three other  commonly  used benzodiazepine  
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FIGURE 1. Structural formulae of three commonly 
used benzodiazepine derivatives and the newly syn- 
thesized water soluble compound, Ro 21-3981. 

drugs are shown in Figure 1. The major difference 
be tween  the physical propert ies  of  Ro 21-3981 
and diazepam is that Ro 21-3981 is water  soluble, 
whereas  diazepam is not. Because of its water  
solubility and other  pharmacological  propert ies  
common to the benzodiazapines ,  Ro 21-3981 is a 
promising drug for induction of  anaesthesia.  The 
purpose of  this clinical investigation was to estab- 
tish the effective sleep dose of  Ro 21-3981 and to 
compare  it with d iazepam 0.3 mg/kg. 

M E T H O D S  

Thirty patients o f  ASA status I or II scheduled 
for elective surgical procedures  were selected tbr 
study. The patients were informed of  the possible 
risks associated with Ro 21-3981 and agreed to 
participate in the investigation. Ten additional 
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patients agreed to receive diazepam 0.3 mg/kg 
and serve as a comparison group. 

All patients came to the operating room un- 
premedicated.  The standard lead Ii electr0car-  
diogram was monitored cont inuously and blood 
pressure was measured every minute by the 
Riva-Rocci method.  A metal Butterfly ~ needle 
was placed into a vein on the dorsum of  the hand* 
for injection of  the anaesthet ic  drug. The patients 
were divided into four groups o f t e n  patients each 
according to drug and dosage (Table I). Each 

TABLE I 

Group I Ro 21-3981 0.10 mg/kg 
Group II Ro 21-3981 0.15 mg/kg 
Group III Ro 21-3981 0.20 mg/kg 
Group ]V Diazepam 0.30 mg/kg 

agent was given over  15 seconds  and flushed in 
with an infusion of  50 ml of  five per  cent  dextrose  
in water.  Patients  breathed room air until after 
induction, when ventilation was assisted with 100 
per cent  oxygen.  Induction of  anaesthesia  was 
defined as complete  with loss of  lid reflex and 
failure to respond to oral commands .  The number  
of patients in each group and the time required for 
induction were recorded.  The  patients were ob- 
served for signs of  pain with injection of  the drugs 
and graded according to a scale of  increasing 
severi ty : 0 = none;  I = slight; 2 = modera te ;  3 = 
severe.  

Post-operat ive visits were made for three days  
to examine the injection site and to ascertain the 
patients '  subjective evaluation of  injection pain, 
if any. Signs o f  venous  irritation were graded 
according to increasing severi ty on a scale of  
0 to 3 and patients graded the severi ty o f  burn- 
ing pain on injection of  the anaesthet ic  on a scale 
of I to 3. Those  patients who had undergone 
anaesthesia  in the past  were asked to compare  the 
induction with their previous anaesthet ic  experi-  
ences  as ei ther  the same,  bet ter ,  or worse.  

*Two patients in Group I did not have the metal 
needle, and received fluids and subsequent drugs 
through the same plastic cannula. 

211 
Canad. Anaesth. Soc. J., vol. 25, no. 3, May 1978 



212 CANADIAN ANAESTHETISTS' SOCIETY JOURNAL 

TABLE II 

DEMOGRAPHIC DATA OF PATIENTS 

With history 
Mean duration of previous 

Mean weight of  anaesthesia anaesthesia 
Number Mean age (tbs) (min) (per cent) 

Group I 10 34 174 120 90 
Group 1[ 10 41 168 160 100 
Group II1 10 52 151 122 80 
Group IV 10 48 172 102 80 

No significant difference in any category. 

RESULTS 

The  per t inent  d e m o g r a p h i c  da ta  conce rn ing  
the subjec ts  are g iven  in Tab le  I1 and  s h o w  no 
d i f ference  be tween  the g roups  as far as  sex ,  age,  

TABLE Il l  

RELATION OF DRUG AND DOSAGE TO EFFEC'rlVENE~ 
AND TIME OF INDUCTION 

Time of induction 
Group Per cent induced :X + S.E. 

Ro 21-3981 30 153 4- 14.5 
(0.1 mg/kg) 

Ro 21-3981 50 107 _+ 19.1 
(0.15 mg/kg) 

Ro 21-3981 100" 80 4- 8 .6  
(0.2 mg/kg) 

Diazepam 90t 94 + 26.4 
(0.3 mg/kg) 

*P < 0.05 Group llI  vs Groups I and II 
1"P < 0.05 Group IV vs Groups I and IL 

weight ,  dura t ion  o f  anaes thes i a  or  h is tory  of  pre-  
v ious  anaes thes i a  are conce rned .  The  effect ive-  
ness  o f  Ro  21-3981 and d i azepam for induct ion  is 
shown  in Table  III where  the  succe s s  o f  induct ion 
is directly related to dosage  and  t ime of  induct ion 
inverse ly  related to dosage.  M e a n  t ime of  induc- 
tion was  80 -+ 8.6 s econds  for the ten  pat ients  in 
Group  III, significantly P < 0.05) less than  for 
Group  I in w h o m  anaes the s i a  was  induced  with a 
mean  t ime of  153 - 14.5 s e c o n d s  in three  pat ients .  
There  was  no significant d i f ference  in induct ion 
t imes  be tween  Groups  Ii ,  III, and  IV. 

The  compar i son  of  objective and subjective 
pain scores  on induction is s h o w n  in Table  IV 
a long with post -operat ive  sever i ty  o f  vein and 
t issue irritation and  the pa t ien ts '  compa r i son  o f  
anaes the t i c  exper iences .  The re  was  a dose-  
related increase  in pain in pat ients  rece iv ing Ro 
21-3981, but  significantly (P < 0.05) less than  tha t  
encoun te red  with d iazepam.  There  was  no differ- 
ence  in vein irritation or  phlebit is  a m o n g  the  

TABLE IV 

COMPARISON OF RO 21-3981 AND DIAZEPAM INDUCTION 

Severity* Severity* Per cent Comparison with previous 
pain pain Severity* with anaesthesia (per cent) 

objective subjective of tissue 
score score irritation irritation Same Better Worse 

Group I 
.~ + S.E. 0 .3  4- 0.15 0.5 4- 0.27 0 .5  + 0.27 20[ 55 45 0 

Group II 
X + S.E. 0 . 5 + 0 . 2 2  0 . 2 •  0 0 30 70 0 

Group III 
X + S.E. 0.5 _+ 0.17 0.2  _+ 0.13 0. I • 0.1 10 25 63 12 

Group IV 
X'-+S.E.  1.55--+0.17 0 . 8 ~ - + 0 . 2 5  0.1 + 0 . 1  10 12 63 25 

*Scored: 0 = little, 2 = moderate, 3 = severe. 
"l'These two patients received other intravenous medication and fluids through same intravenous infusion as 

used for induction. 
~tP = <0.05 diazepam vs all Ro 21-3981. 
w = <0.05 diazepam vs Ro 21-3981 0.15 and 0.2 mg/kg. 
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groups. The two patients in Group [ who received 
multiple drugs and other fluids had some mild 
signs of tissue irritation consistent with ex- 
travenous infiltration. One patient each in Groups 
III and IV had evidence of mild venous and tissue 
irritation at the injection site. Patient acceptance 
was high (over 60 per cent) in Groups 1I, 111, and 
IV; and unfavourable responses coincided with 
patients who had the greatest degree of discom- 
fort on injection of the drugs. 

DISCUSSION 

The benzodiazepines have common properties 
of sedation, hypnosis amnesia, anticonvulsant,  
and muscle relaxation.~ As a class of drugs they 
are used as premedicants, 2 anaesthesia induction 
,agents ~ and adjuvants in neuroleptanaesthesia. + 
Of the benzodiazepine derivatives, diazepam has 
been used most frequently for induction of anaes- 
thesia. It has minimal effects on the cardiovascu- 
lar systemfl causes some respiratory depres- 
sion, 6 but is a suitable induction agent particu- 
larly in patients with ischaemic heart disease in 
whom there is evidence that coronary blood flow 
is maintained or increased. 7,s A major disadvan- 
tage ofdiazepam is its insolubility in water, which 
necessitates the aqueous preparation in a vehicle 
of organic solvents which may irritate the vein 
and cause pain on injection. 

The synthesis of Ro 21-3981 produced a ben- 
zodiazepine that is water soluble, yet is still 
closely related to diazepam in pharmacological 
properties. The present study compared the clin- 
ical efficacy of Ro 21-398L and diazepam+ Ro 
21-3981 is approximately one and one-half times 
as potent as diazepam. The EDso for Ro 21-3981 
induction is 0.15 mg/kg and the ED~00 induction 
dose is 0.2 mg/kg as compared to 0.3 mg/kg for 
diazepam. The onset of induction is more rapid 
with Ro 21-3981 than with diazepam (80 sec vs 94 
sec respectively). Ro 21-3981 was associated with 
significantly less objective and subjective pain on 
injection than was diazepam. Two patients had 
some evidence of venous irritation, but both had 
received multiple drugs and fluids through an in- 
travenous catheter with possible subcutaneous 
infiltration. 

Neither Ro 21-3981 nor diazepam were as- 
sociated with severe complications. There was 
no hypotension, arrhythmia, or hiccups on induc- 
tion. Apparent hypoventilation and apnoea re- 
quiring respiratory assistance encountered in 
both groups, and further studies are indicated to 
study in detail the respiratory effects of Ro 21- 

3981. The cardiovascular stability of diazepam 
was matched by Ro 21-398 I, but this also must be 
studied in greater detail. 

The half-life of Ro 21-3981 is 1.7 hours 9 and is 
therefore significantly shorter  than that of 
diazepam.t~ With this relatively shorter  half-life 
the therapeutic effects of Ro 2t-3981 should be 
shorter than diazepam. This aspect was not 
evaluated since the drugs were given for induc- 
tion of different anaesthetics for operations of 
variable duration. 

In conclusion, Ro 21-3981 is a promising in- 
travenous anaesthetic agent. It appears superior 
to the closely related benzodiazepine, diazepam, 
in that it is more potent, less irritating, and shor- 
tel" acting. The drug merits further clinical trials. 

SUMMARY 

Ro 21-3981 is a newly synthesized water solu- 
ble benzodiazepine derivative. Its pharmacologi- 
cal properties are similm" to diazepam. This in- 
vestigation was designed to establish the effec- 
tive induction dosage of Ro 21-3981 and to com- 
pare it with diazepam for induction of anaes- 
thesia. The EDso for Ro 21-3981 induction is 0.15 
mg/kg and ED~00 is 0.2 mg/kg. Ro 21-3981 is one 
and one-half times as potent as diazepam (0.3 
mg/kg) and more rapid in action. There is sig- 
nificantly less pain on injection with Ro 21-3981 
as compared to diazepam. Cardiovascular stabil- 
ity and apnoea were observed with both drugs. 
Ro 21-3981 is a promising anaesthetic induction 
drug that merits further human study. 

RI~SOM~ 

Le RO-21-3981 est une nouvelle benzodia- 
z~pine de synth~se soluble dans l 'eau. Ses pro- 
pri~t~s pharmacologiques sont semblables ~ cel- 
les du diazepam. 

Cette ~tude avait pour but de d~terminer la 
dose efficace d ' induction de cet agent et de corn- 
parer le RO-21-3981 au diazepam comme agent 
d' induction. 

L'induction (perte du r~flexe ciliaire et absence 
de r6ponse aux commandements)  se produisait 
chez 50 pour cent des sujets h une dose de 0.15 
rag/kilo et chez 100 pour cent des sujets avec 0.2 
rag/kilo. Le RO-21-3981 est une lois et demie plus 
puissant que le diazepam (dose efficace : 0.3 
mgJkilo) et plus rapide d 'act ion que ce dernier. 

11 est moins irritant que lui et cause moins de 
douleur en injection. On a observ6 avec les deux 
m~dicaments une grande stabilit~ cardiovas- 
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culaire.  Avec  I 'un c o m m e  avec  I 'autre ,  on peal  
r encon t re r  de I 'hypovent i l a t ion  et  une  apn6e 
nEcessi tant  une  a s s i s t ance  respiratoire .  

Le RO-21-3981 nous  s emb l e  un agent  d ' induc-  
tion p r o m e t t e u r  et m~rite une ~tude p lus  pouss~e  
chez  I ' humain .  
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