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Numerous studies have shown that con- 
traction of the oculorotary muscles increased 
the intraocular pressure.*-5 The effect on the 
ocular tension was found to be similar if 
the muscles were stimulated mechanically, 
electrically or chemically. 

The purpose of this paper is to show that 
an increase in the tonus of the oculorotary 
muscles is associated with and may be the 
cause of a rise in intraocular pressure and 
that the increase in intraocular pressure is 
proportional to the degree of contraction of 
the oculorotary muscles. 

Tonographic and electromyographic meas- 
urements were performed simultaneously in 
10 patients. The patient was put on a table 
in an electrically shielded cage made of cop- 
per window screening. The electromyo- 
graphic technique used here and the in- 
terpretation of electromyograms are de- 
scribed in detail e l ~ e w h e r e . ~ ~ ~  In all the cases 
the electrodes were inserted into the hori- 
zontal or vertical recti of one eye, recording 
agonist and antagonist simultaneously. An 
electronic tonometer with a 5.5-gm. weight 
was used. This was attached to a recorder 
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outside the shielded cage; the wire connect- 
ing the electrically insulated tonometer hand- 
piece with the amplifier was led into the 
cage through a small hole in the screen. I n  
two normal patients, and in three patients 
with limitation of eye movements due to 
myasthenia gravis, continuous electromyo- 
graphic recordings were made for the dura- 
tion of the experiment. The patients with 
myasthenia gravis discontinued drugs at 
least 24 hours before the test. The tonome- 
ter was placed on one eye, and after a tonog- 
raphy of one to two minutes' duration, 10 
mg. of edrophonium chloride was injected 
intravenously and the tension recorded for 
a few minutes thereafter without removing 
the tonometer from the cornea. The same 
procedure with an additional injection of 10 
mg. of edrophonium chloride was repeated 
five to 10 minutes later on the second eye. 

In five normal subjects, succinyl&oline in 
varying amounts (5.0 mg., 10 mg., 15 mg., 
20 mg.) was injected intravenously while 
electromyography combined with tonography 
were performed as described above. All pa- 
tients received a small amount of demerol 
as premedication, and two patients were 
given regulated Plane I general anesthesia 
with pentothal sodium. 

Edrophonium chloride did not alter the 
electrical activity of the oculorotary muscles 
(in normal patients), nor the usual smoothly 
declining curve of tonography (fig. 1). Pa- 
tients with myasthenia gravis showed a 
moderate increase of activity of the oculoro- 
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tary muscles tested approximately 20 to 30 
seconds following the injection of edro- 
phonium chloride, and coinciding with this 
change of muscle activity there was a rise 
of 2.0 to 4.5 mm. Hg  in the tonogram (figs. 
2A and 3A). The intraocular pressure de- 
creased after one-half minute in spite of 
continuous higher electrical activity of the 
oculorotary muscles (fig. 3B). The second 
injection of 10 mg. edrophonium chloride, 
repeated five to 10 minutes later for meas- 
urement of second eye, caused a much smal- 
ler increase of both the electrical activity 
of the muscles and of the intraocular pres- 
sure (fig. 2B). 

Succinylcholine produced some enophthal- 
mus in all patients appearing 20 to 30 sec- 
onds following the injection. None of the 
subjects became apnoeic and there was no 
need for artificial respiration. There was a 
rise in intraocular pressure coinciding with 
the appearance of the enophthalmus, which 
was less in the patients under general anes- 
thesia, 2.0 to 4.0 mm. Hg  (fig. 4), than in 
the fully conscious patients, 5.0 to 14 mm. 

Fig. 1 (Kornblueth, et al.). Tono- 
graphic record of normal subject, 
showing no change in intraocular 
pressure following intravenous in- 
jection of 10 mg. of edrophonium 
chloride (Tendon). Time is one- 
half minute between vertical lines. 

Hg (fig. 5) .  It  seemed that the duration of 
increase in intraocular pressure, rather than 
the amount of increase, was related to the 
dosage of the drug administered. The rise in r 
ocular tension occurred at the moment the 
electrical activity of the oculorotary mus- 
cles became extremely small. There was no 
sudden burst of electi-ical activity of the 
oculorotary muscles immediately before the 
onset of electrical silence of these muscles 
(fig. 6 )  

DISCUSSION 

This product, an analogue of neostigmine, 
is a rapidly acting cholinergic drug and is 
characterized by prompt, brief action in pa- 
tients with myasthenia g r a v i ~ . ~ ~ ~  The re- 
sponse consists of a temporary increase of 
muscle strength within one-half to five 
minutes following an intravenous injection. . t, It  causes fasciculations in normal patients 
without increase in muscle strength. 

The increase in electrical activity of a 

oculorotary muscles in patients with myas- 
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Fig. 2 (Kornblueth, et al.). (A)  Tonographic record of a subject with myasthenia gravis, showing 
increase in intraocular pressure following intravenous injection of 10 mg. of edrophonium chloride 
(arrow). ( B )  Tonographic record of other eye of same subject as in Figure 2A, showing smaller rise in 
tension following a second injection of 10 mg. of edrophonium chloride approximately five minutes after 
the first injection. 
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Fig. 3A (Kornblueth, et al.). Same subject as in Figure ZA, showing increasing activity of the left 
lateral rectus and no significant change in the antagonist left medial rectus which indicates no eye move- 
ment following intravenous injection of 10 mg. of edrophonium chloride. [This is a continuous record.] 
The increased activity coincided with the rise in intraocular pressure seen in Figure 2A. 

Fig. 3B (Kornblueth, et al.). Two and one-half minutes after intravenous injection of edrophonium 
chloride in same subject showing maintained increased activity of left lateral rectus, during which time 
the intraocular pressure was decreasing. 

Fig. 4 (Kornblueth, et al.). Tonographic record of a seven-year-old subject under general anesthesia, 
showing small increase in intraocular pressure following intravenous injection of 5.0 mg. succinylcholine 
(arrow). 
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Fig. 5 (Kornblueth, et al.). Tonographic record of a fully conscious patient, showing a marked increase 
in intraocular pressure following intravenous injection of 5.0 mg. of succinylcholine (arrow). 

Fig. 6A (Kornblueth, et al.). Decreased activity in horizontal recti 30 seconds after intravenous 
injection of 10 mg. succinylcholine. 

Fig. 6B (Kornblueth, et al.). Electrical silence in horizontal recti of same subject approximately 60 
seconds after intravenous injection of 10 mg. of succinylcholine. 

Fig. 6C (Kornblueth, et al.). Shows return of activity in horizontal recti muscles of same subject 
approximately two minutes after intravenous injection of 10 mg. of succinylcholine. 

thenia gravis following an injection of edro- of a moderate increase in the electrical ac- 
phonium chloride was described pre- tivity of only those oculorotary muscles 
v i o ~ s l y . ' ~ ~ ~ ~  It was stated that increased ac- which showed a lowered activity before the 
tivity was not necessarily accompanied by injection of edrophonium chloride. Increase 
much or any improvement of ocular motility. of electrical activity of the oculorotary mus- 

Our study confirmed the demonstration cles was accompanied by a moderate rise of 
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intraocular pressure which subsided after 
one-half minute in spite of continued higher 
electrical activity, of the oculorotary mus- 
cles. The rise in intraocular pressure might 
be explained by the sudden increase of the 
oculorotary muscle tonus. Consequently, 
more aqueous humor is expelled from the eye 
through the normal outflow channels, and 
the eye apparently adjusted readily to the 
changed muscle tonus. There was only a 
slight increase of electrical activity of the 
oculorotary muscles, and of the ocular ten- 
sion, following the second injection which 
was given five to 10 minutes after the first 
injection and before the effect of the first 
injection had completely subsided. In normal 
subjects, thei-e was no rise in intraocular 
pressure, and following the edrophonium 
chloride injection, there was no demonstra- 
ble change in the recorded electrical activity 
of the oculorotary muscles. 

SUCCINYLCHOLINE 

This agent, a competitor of acetylcholine, 
blocks the myoneural junction by depolariz- 
ing the motor endplate of the muscle and is 
not destroyed as rapidly as acetylcholine. It 
causes a temporary flaccid paralysis of the 
skeletal musculature, and because of this 
action it is widely used in general anesthesia 
and general surgery. 

The oculorotary muscles react differently 
to succinylcholine than the general skeletal 
musculature. The oculorotary muscles show 
either a contraction or a sustained contrac- 
ture. Excellent studies on man and experi- 
mental animals l2-l0 showed that a steep rise 
in intraocular pressure (amounting to as 
much as 38 mm. Hg)  was due to a contrac- 
tion or contracture of the oculorotary mus- 
cles. This finding is evidenced by the ap- 
pearance of enophthalmus and immobility of 
the globe following an injection of succinyl- 
choline. Small doses of this drug in experi- 
mental animals produced a tetanic contrac- 
tion while higher doses caused a contracture 
of the oculorotary muscles.1s (A contraction 
of the oculorotary muscles is evidenced by 

an increased muscle tension and an increased 
electrical activity. In  contracture the devel- 
opment of marked muscle tension is at- 
tended by complete absence of electrical ac- 
tivity of the muscle.) The steep instant rise 
(fig. 5 )  in intraocular pressure was most 
probably due to strong mechanical pressure 
on the globe produced by the marked con- 
tracture of the oculorotary muscles tested. 
In deep anesthesia, which customarily pro- 
duced electrical silence of all oculorotary 
muscles, succinylcholine did not induce any 
electrical activity in this state. 

Our study confirmed previous findings 
that the rise in intraocular pressure was less 
marked in patients under superficial general 
anesthesia (who had little electrical tonus as 
a result of the anesthesia) than in conscious 
subjects (who had normal electrical tonus). 
The amount of the drug did not necessarily 
determine the amount of rise of the intra- 
ocular pressure. Previous electromyographic 
studies by others, of the effect of succinyl- 
choline were performed in man and experi- 
mental animals during general anesthesia 
only.lTv 18920 

In the present study electromyography 
was done on conscious patients following an 
injection of succinylcholine and the electri- 
cal activity of the oculorotary muscles was 
correlated with the rise in intraocular pres- 
sure by simultaneous tonography. Our elec- 
tromyographic findings are not in complete 
agreement with those described previously. 
In all our cases tested the rise in intraocular 
pressure coincided with the occurrence of 
electrical silence of the oculorotary muscles. 
The initial burst of increased electrical ac- 
tivity (before electrical silence) found by 
others was not seen in any of our cases. 

One possible explanation for this discrep- 
ancy lies in the different technique employed. 
Whereas we use simultaneous, multichannel 
recordings of agonist-antagonist pairs of 
muscles, other investigators have often used 
single channel recordings. With simultane- 
ous multichannel recordings one can easily 
distinguish a co-activity of muscle groups as 
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compared to a rotation of the eye which is 
evidenced by an increased electrical activity 
of the agonist and a reciprocal reduction of 
activity of the antagonist. An increased elec- 
trical activity in the one recorded muscle 
when one channel only is used, could there- 
fore be a part of co-activity or simply an eye 
rotation often found shortly after an injec- 
tion of succinylcholine before the eye is 
fixed in position by the contracture of the 
oculorotary muscles. 

The different effect of edrophonium chlo- 
ride and succinylcholine on the duration and 
amount of rise in intraocular pressure might 
have the following explanation. Edropho- 
nium chloride caused a moderate increase in 
the tonus of the oculorotary muscles, and the 
eye adjusted easily to the new situation in 
spite of continued increased activity of the 
oculorotary muscles. Succinylcholine caused 
the whole globe to be squeezed by the me- 
chanical force of marked muscle contrac- 
tures, and aqueous humor could only be 
pushed out through the outflow channels 
when the muscles started to relax and to re- 
lease the squeeze. Thus two different drugs 
with similar action on the oculorotary mus- 
cles caused changes in the intraocular pres- 
sure according to the degree of contraction 
of the oculorotary muscles produced by 
these drugs. 

The effect of edrophonium chloride (Ten- 

d o n )  and succinylcholine (Anectine) on 
the state of contraction of the oculorotary 
muscles and its influence on the intraocular 
pressure were studied with the aid of electro- 
myography and tonography. I t  was found 
that edrophonium chloride, which increased 
the activity of the octtlorotary muscles only 
in patients with myasthenia gravis, produced 
a moderate rise in intraocular pressure co- 
inciding with the increased tonus of the ocu- 
lorotary muscles. In normal subjects no de- 
monstrable change in electrical activity of 
the oculorotary muscles, and consequently . 
no change in the intraocular pressure, was 
seen. Succinylcholine which produced a , 

marked contracture of the oculorotary mus- 5 

cles, as evidenced by electrical 'silence at the 
height of the effect of the drug, caused an 
appreciably greater increase in intraocular 
pressure in conscious normal subjects. 

I t  was shown that the two different drugs, 
one producing a contraction, and the other 
a contracture of the oculorotary muscles 
caused a change in intraocular pressure cor- 
responding to the degree of shortening of 
the oculorotary muscles produced by each of 
these drugs. 
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