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ABSTRACT 

Because succinylcholine raises intraocular pressure, its use to facilitate tracheal intubation 
for ocular surgery, especially in emergency open-eye cases, has been a controversial topic 
among anaesthetists for more than two decades. In recent years, intravenous diazepam 
pretreatment before succinylcholine has been reported to reduce the untoward side effects of 
myalgia, and elevation of serum potassium and creatine phosphokinase. This study was 
designed to assess the effect of pretreatment with intravenous diazepam 0.1 mg. kg -t on 
control (base-line) intraocular pressure and to determine if such pretreatment diminished the 
rise in intraocular pressure following the standard anaesthesia induction sequence of 
thiopentone 3-5 mg-kg -~ and succinylcholine l mg. kg -j, followed by tracheal intubation. 
Such diazepam pretrcatment was shown to reduce the intraocular pressure from control levels 
and to diminish the rise of intraocular pressure following succinylcholine and tracheal 
intubation. Because succinylcholine produces rapid onset of neuromuscular block for 
tracheal intubation and since only minor intraocular pressure elevation occurs following 
thiopentone and succinylcholine in patients pretrcated with diazepam, its use in ocular 
surgery, including emergency open-eye cases, can be rationally advocated. The addition of 
0.6 mg. kg -~ d-tubocurarine to the diazepam pretreatment did not produce a further reduction 
of the increase of intraocular pressure following succinylcholine. 
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PUBLISHED STUDIES from as early as the mid 
1950s have  shown that  succinylcholine,  given in- 
t ravenous ly  to facilitate tracheal  intubat ion,  pro- 
duces  a t ransient  but significant rise in in t raocular  
pressure and vitreous loss has occurred follow- 
ing its use in the presence  of an open eye.1 In a 
series of volunteers  given succinylcholine with- 
out  anaes thes ia ,  rises in intraocular  pressure  of 
18 mmHg have been reported.  2 Following induc- 
tion of  anaes thes ia  with th iopentone and succin- 
ylcholine,  intraocular  pressure  increased within 
the first minute following succinylcholine,  with a 
peak increase of  6 - 8  mmHg be tween  2 - 4  minutes  
and re turned to control  values by 6 m i n u t e s )  
Tracheal  in tubat ion following succinylchol ine 
exaggerated the rise in intraocular  pressure but 
did not prolong it. Many techniques  have been 
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advocated  to p reven t  the rise in intraocular  
pressure following succinylchol ine administra-  
tion. Carbal lo  4 advoca ted  the pre-operat ive  ad- 
ministrat ion of  acetazolamide,  a carbonic  anhy- 
drase inhibitor ,  while Miller 5 repor ted that  gap 
lamine and d- tubocurar ine  pre t rea tment  preven-  
ted the subsequen t  rise in in t raocular  pressure .  
However ,  more recent ly  Meyers,  6 using the 
more sensi t ive applanat ion tonomet ry  mea- 
surements ,  showed that  ne i ther  gallamine nor  
d- tubocurar ine  p re t rea tment  abol ished the rise in 
in t raocular  pressure  following succinylcholine.  
In 1979, Fahamy 7 and Eisenberg  8 separately 
reported the effect of  p re t rea tment  with intrave- 
nous d iazepam 0.05mg.  kg -~ in reducing suc- 
c inylchol ine- induced myalgia and increase of 
serum potass ium and creat ine  phosphokinase .  

Diazepam has  been  repor ted to decrease  intra- 
ocular  pressure ;  9 therefore  this study was under-  
taken to de termine  if p re t rea tment  with intrave-  
nous d iazepam 0.1 mg. kg -~ five minutes  before 
succinylchol ine can preven t  the subsequent  rise 
in in t raocular  pressure  during normal  anaes thes ia  
induction.  In addit ion the effect of combined  
pre t rea tment  with in t ravenous  diazepam 0.1 
mg. kg -~ and d- tubocurar ine  0.06 rag. kg -~ on in- 
t raocular  pressure  changes  following succinyl- 
choline was studied.  

591 



592 

METHODS 

Forty-nine male and female subjects who had 
given informed consent and were undergoing 
elective minor surgical procedures were studied. 
The patients' ages ranged from 17- 45 years 
(mean age 29.3 years; S E I.I). All patients were 
A.S.A. class I or II, and had no ocular disease. 
No patient had renal, hepatic or neuromuscular 
disease, nor was any patient receiving medica- 
tion known to affect myoneural transmission. 
They received no premedication. The patients 
were allocated to three treatment groups. 
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utes after tracheal intubation and five minutes 
after intubation, 

in addition, intraocular pressure was measured 
in treatment groups II and III five minutes after 
diazepam and after diazepam plus d-tubocurarine 
pretreatment, before induction of anaesthesia. 

Treatment Group 1 
(n-10). Anaesthesia was induced with thipen- 

tone 3-5  rag. kg -~ and succinylcholine 1 rag. kg -~. 
A Professional Instruments Company NS-2A 
peripheral nerve stimulator was used to stimulate 
the ulnar nerve. The trachea was intubated when 
the twitch response was abolished after sueciny[- 
choline and anaesthesia was then maintained 
with nitrous oxide-oxygen 4:2 litres/min and 0.5 
per cent halothane, using a Bain non-rebreathing 
anaesthesia circuit. Controlled ventilation was 
employed in all cases. 

Treatment Group II 
(n-20). Each patient received intravenous 

diazepam 0.1 rag. kg -t five minutes before induc- 
tion with thiopentone 3-5 rag- kg -~ and succinyl- 
choline I rag. kg -~, as in treatment Group I. The 
subsequent conduct of anaesthesia was identical 
to that of Group I. 

Treatment Group 1II 
(n-19). Each patient was given intravenous 

diazepam 0. ling-kg -~ and d-tubocurarine 0.06 
mg. kg -~ five minutes before thiopentone 3-5 
rag. kg -~ and succinylcholine 1.5 rag- kg -~. The 
subsequent conduct of anaesthesia was identical 
to that of Groups I and II. 

Blood pressure and electrocardiogram were 
monitored constantly and arterial blood gas anal- 
ysis was done at the time of induction of anaes- 
thesia to ensure normocarbia and normal Pao2. 

Intraocular pressure measurements were clone 
by an ophthalmologist (J.C.) using a portable 
hand-held applanation tonometer, after 1-3 
drops of topical tetracaine 0.5 per cent had been 
instilled in the patient's left eye. Measurements 
were made on arrival in the operating room 
(control value), at the time of abolition of the 
twitch response after succinylcholine, two rain- 

Statistical Analysis 
The average control values for the three groups 

were examined for differences (F test). All other 
measurements were expressed as changes from 
control values, to separate the effect of drugs on 
intraocular pressure from patient to patient var- 
iability in base-line intraocular pressure. In treat- 
ment Groups II and III, the changes in intraocular 
pressure from controls to levels after diazepam, 
and those after diazepam plus d-tubocurarine 
were assessed by t-tests. These two treatment 
groups were also compared to see if they differed 
in the magnitude of change (t-test). 

The patterns of the average intraocular ores- 
sure values at the other three times were then 
assessed using a profile analysis technique ~~ to 
determine whether the patterns of values for each 
treatment group were parallel, and whether they 
differed in level. 

If an over-all difference in level was found, 
pairs of treatments, differing in level, were iden- 
tified by calculation of Scheff~ confidence limits 
- a very conservative technique applicable to 
treatment groups of unequal size. 

RESULTS 

Table I displays average intraocular pressure 
values (-t-SE) for each treatment group, at each 
point of observation. Table It contains average 
changes from control at each point of observation 
(4- SE). The data of Table I are displayed in 
Figure I. 

There did not appear to be any appreciable 
difference in the control intraocular pressure 
values for the three treatment groups (P < .05). 

In both groups II and III there was a significant 
reduction in intraocular pressure from controls 
to the post-diazepam reading and to that after 
diazepam plus d-tubocurarine respectively (P 
< .05); however the magnitude of this drop did 
not differ for the two groups. 

Figure 2 contains a profile of the average 
intraocular pressure readings in each of the three 
treatment groups; after succinylcholine and two 
minutes and five minutes post-intubation. The 
post-diazepam and post-diazepam plus d-tubo- 
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TABLE 1 
INTRAOEULAR PRESSURE - AVERAGE GROUP VALUES 4- S E  
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Pretreatment 5 rain After After 2 rain After 5 rain After 
Group n Control Pretreatment Succinylcholine Intubation lntubation 

1 
No Pretreatment I 0 

II 
Diazepam 0.1 rag. kg -I 20 16.3+0.51 

Ill 
Diazeparn 0.1 mg. kg -~ 

d-Tubocurarine 
0.06mg. kg -~ 19 17.8+ 0.72 16.2-1-0.76 19.94-0.82 17.5+0.68 15.04-0.80 

TABLE I[ 
INTRAOCULAR PRESSURE - AVERAGE GROUP VALUES DIFFERENCE FROM CONTROL 4- SE 

Pretreatment 5 rain After After 2 min After 5 min After 
Group Pretreatment Succinylcholine Intubation Intubation 

16.1+0.84 20.1+1.13 19.4-t- 1.18 15.5-t-1.63 

17.5+__0.49 19.4+0.79 18.2+__0.74 14.2+0.95 

I 
No Pretreatment - -  4.0 +0.68 3.3 4-1.0 -0 .6  -t-1.68 

II 
Diazepam 0.1 mg- kg -t - 1.15 -I- 0.44 1.95 -I- 0.61 0.75 4- 0.63 -3.25 -t- 0.91 

11I 
Diazepam 0.1 rag. kg- i 

d-Tubocurarine 
0.06 rag. kg-t - 1.68 -k 0.56 2.11 4- 0.74 --0.37 4- 0.81 --2.84 4- 0.99 
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AVERAGE GROUP VALUES 

(UNTRANSFORMED) 
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I l l I I 
C O N T R O L  P O S T  PRE-  POST 2 M INUTES 5 M I N U T E S  

TREATMENT S U C C I N Y L -  P O S T -  P O S T -  
C H O L I N E  INTUEAT(ON I N T U g A T I O N  

FIGURE 1 Average intraocular pressure (mmHg) in 
controls and in each pretreatmenl group at indicated 
observation points. 

curar ine readings of Groups  I1 and I l l  are also 
included. All values are average of  differences 
from control  levels. 

When  the profiles of the three readings com- 
mon to all t r ea tment  groups were assessed the 
following was found. 
(a) The three profiles were parallel ( P <  . 0 5 ) - t h a t  
is, the groups had a similar pat tern  of response.  
(b) The profiles for the group receiving d iazepam 
(Group II), and d iazepam plus d- tubocurar ine  
(Group III), were lower than the profile for the 

INTRAOCULAR PRESSURE 
AVERAGE GROUP VALUES 

5 (DIFFERENCE FROM CONTROL) 

~ T I  I . O  PRFTRE*IMENrb % ~ %  
~ . ~  T~ (OIA ZEFAM l o 
~ m ~  13 IOtAZ~PAM & O.TUBOCURAR~NEI ~. 

POST PRE" POST 2 MINUTES S M I N U T E S  
TREATMENT S U C C I N Y L -  P O S T -  P O S T -  

C H O L I N E  I N T U B A T I O N  I N T U B A T I O N  

FIGURE 2 Difference from control of average intra- 
ocular pressure (mmHg) in each pretreatment group at 
indicated observation points. 

group with no p re t rea tment  (Group I) ( P <  0.12). 
The levels of  the profiles for the group receiving 
d iazepam (Group II) did not differ from that  
receiving d iazepam plus d- tubocurar ine  (Group 
i l l ) .  

DISCUSSION 

This present  s tudy confirms the often reported 
observa t ion  that  succinylchol ine  produces  a rise 
in in t raocular  pressure  and,  in this study, the 
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intraocular pressure rose 4 mmHg above control 
following administration of thiopentone and suc- 
cinylcholine. Intravenous thiopentone reduced 
intraocular pressure and diminished the sub- 
sequent rise caused by succinylcholine, t~ The 
anterior and posterior chambers of the eye are 
filled with aqueous humour, a low protein fluid. 
Two-thirds of the aqueous is formed in the 
posterior chamber by energy-dependent active 
secretion in the ciliary process, utilizing carbonic 
anhydrase. The remaining one third of the aque- 
ous is formed by passive diffusion through the 
anterior surface of the iris. The volume of aque- 
ous depends on the balance between its forma- 
tion and its drainage from the anterior chamber 
through the canal of Schlemm to the ophthalmic 
vein. ~2 Besides the effects of succinylcholine, 
changes in intraocular pressure produced by 
anaesthetic agents t3 and tracheal intubation may 
result from altered aqueous humour dynamics, 
changes in intraocular vascular volume, contrac- 
tion or relaxation of the extraocular muscles, 
altered central nervous system activity and car- 
diorespiratory effects, including increased cen- 
tral venous pressure, arterial blood pressure, and 
carbon dioxide tension.t4 

The depolarizing relaxant succinylcholine is 
thought to raise intraocular pressure by produc- 
ing a slow and prolonged tonic contraction of the 
extraocular muscles. ~5 Extraocular muscle dif- 
fers from ordinary skeletal muscle in that it 
contains a specific histological structure called 
Felderstruktur ~6 which, when exposed to acetyl- 
choline, or when immersed in depolarizing solu- 
tion, responds with a slow tonic contraction. A 
portion of the rise in intraocular pressure follow- 
ing succinylcholine may result from ehoroidal 
vascular dilation and relaxation of orbital smooth 
muscle. Thus study demonstrates the effect of 
intravenous diazepam 0.1 mg. kg -~ in reducing 
intraocular pressure from control levels, and 
when such diazepam preteatment was given 
intravenously five minutes before induction of 
anaesthesia with thiopentone and succinylcho- 
line, followed by tracheal intubation, only minor 
elevation of intraocular pressure above control 
ensued (1.95 _+ 0.61 mmHg). Two minutes after 
intubation the intraocular pressure had returned 
to 0.75 _ 0.63 mmHg above control. 

The mechanism of action ofdiazepam in reduc- 
ing intraocular pressure is uncertain, but it is 
postulated that it may inhibit the tonic contrac- 
tion of the extraocular muscles following succin- 
ylcholine. The benzodiazepines have muscle 

relaxant properties, and they have been used to 
control muscle rigidity and spasms in patients 
with tetanus, cerebral palsy and trismus. ~7 The 
site of action of diazepam in probably on central 
supraspinal structures, the reticular facilitatory 
system, and on polysnaptic pathways within the 
spinal cord. ~8 The benzodiazepine drugs may 
facilitate the inhibitory actions of gamma-amino- 
butyric acid (GABA) in the cerebral cortex and 
motor pathways in the brain, as well as producing 
glycine-like effects in the spinal cord. ~9 A minor 
site of action may be the neuromuscular junction 
of the extraocular muscle - a presynaptic action 
of diazepam which might involve reduction in 
release or synthesis of acetylcholine. 2~ In addi- 
tion, diazepam, in the commercially available 
form, might augment the neuromuscular block- 
ade caused by succinylcholine. 2t 

The anaesthetic management of the patient 
booked for ocular surgery, especially the emer- 
gency open-eye case, has been a controversial 
topic among anaesthetists. Because the non- 
depolarizing relaxant pancuronium has been 
shown to reduce intraocular pressure 22"23 many 
now advocate a barbiturate-non-depolarizing 
muscle relaxant induction sequence, using pre- 
oxygenation and cricoid pressure, when pre- 
sented with emergency ocular surgery. 

The major disadvantages of the technique are: 
(1) The delayed onset of sufficient paralysis for 

tracheal intubation. Pancuronium, in an intrave- 
nous bolus dose as high as 0.15 mg. kg -~ required 
1.8 __. 0.2 minutes to achieve 95 per cent twitch 
suppression, za This long interval is a major 
drawback to this technique while the airway is 
unprotected. 

(2) The danger of coughing and straining during 
intubation: by rapidly increasing the venous 
pressure a cough can raise the intraocular pres- 
sure by 34- 40 mmHg. -'5 

(3) The prolonged duration of neuromuscular 
blockade: with an intravenous bolus ofpancuron- 
ium 0.15mg. kg -~ (a 10.5rag dose for a 70kg 
adult) the time interval from injection to 25 per 
cent return of twitch height was 159 __ 18 
minutes, z4 The prolonged duration of neuromus- 
cular blockade resulting from such doses of 
pancuronium may necessitate postoperative 
mechanical ventilatory support. In one series, z6 
one out of ten patients receiving pancuronium 
0.15 mg. kg -t and seven out of ten patients, 
receiving 0.2mg. kg -~ required postoperative 
ventilation after surgical procedures of unspeci- 
fied duration. 
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In comparison with pancuronium,  succinyl- 
choline offers the advantages  of rapid onset  of 
relaxation (the time interval from bolus adminis-  
trat ion of 1 rag. kg -1 succinylcholine to abolit ion 
of twitch response is 63 ___ 5. I seconds),  z7 smooth  
intubat ing condi t ions and short  durat ion of  ac- 
tion. 

Since an in t ravenous  bolus of succinylcholine 
I mg. kg -t produces such minor changes  in intra- 
ocular pressure,  when given following thiopen- 
tone 3 - 5 m g .  kg -~ in pat ients  pre t reated with 
diazepam, its use is justified in ocular surgery, 
including emergency open-eye cases.  A review of 
2,217 cataract  operat ions  under  general anaes- 
thesia,  using succinylcholine as the muscle relax- 
ant,  showed no major differences in intra- 
operat ive and post-operat ive complicat ions com- 
pared to local anaesthesia ,  z8 An interest ing foot- 
note is the failure of the addit ion of d- tubocura-  
fine 0 .6mg-kg  -t to the diazepam 0.1 rag. kg -1 
pre- t rea tment  to produce a fur ther  reduction in 
intraocular  pressure following succinylcholine.  
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RI~SUMI~ 

A cause de son pouvoir d'augmenter la tension intraoculaire, l'usage de la succinylcholine en 
chirurgie oculaire et plus sp~cialement dans les traumatismes ouverts a 6t~ le sujet de rives 
controverses parmi les aneslh~sistes pendant les deux derni~res d6cades. R~cemment, on a 
rapport6 que le pr6traitement par la voie veineuse au diazepam annulait certains effets 
sccondaires du diazepam comme la myalgie, 1'616vation du potassium s6rique et de la cr~atine 
phosphokynase. La pr~sente 6tude a 6t6 entreprise dans le but d'd.valuer I'effeI du 
pretraitement au diazepam/~ la dose de 0.1 mg. kg -~ sur la pression intraoculaire de contrfle 
initiale et de d6terminer si ce traitement pouvait faire d6croitre l'augmentation de pression 
intraoculaire cons6cutive/~ une induction standard thiopentone sodium 3 h 5 rag. kg -~ avec 
association de succinylcholine I mg- kg -t suivie de I'intubation de la trach6e. Le traitement au 
diazepam a effectivement abaiss6 la pression intraoculaire de contrSle et diminu6 I'augmenta- 
tion de pression oculaire consecutive h I'injection de succinylcholine et ,~ Fintubation de la 
trach~e. Comme la succinylcholine cause un blocage neuromusculaire rapide qui facilite 
l'intubation de la trach6e et comme Faugmentation de la pression intraoculaire devient 
n6gligeable apr~s la succinylcholine et I'intubation, si on administre pr~ablement une dose de 
diazepam appropri6e, son emploi en chirurgie oculaire incluant la chirurgie d'urgence pour 
traumatisme ouvert, peut ~tre rationnel. L'addition de tubocurarine 0.06mg. kg -~ au 
pr6traitement du diazepam n'a pas produit de r~duction suppl,~mcntaire de la pression 
intraoculaire caus6e par la succinylcholine. 


