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The effects of atra-
curium on intraocular
pressure during
steady state anaes-
thesia and rapid
sequence induction:
a comparison with
succinylcholine

The effects of atracurium 0.5 mg-kg~' or succinylcholine
1.0 mg-kg™! on intraocular pressure (I0P) were studied
in ten patients during steady state nitrous oxide-oxygen-
fentanyl anaesthesia. I0P was unchanged following
atracurium but, one minute after succinylcholine, it had
increased significantly (p < 0.025) from 5.6 mmHg to
13.2 mmHg and remained significantly above control for
3 min. Twenty additional patients received either atra-
curium 0.75 mg-kg™' or succinylcholine 1.0 mg-kg™" as
part of a rapid sequence induction, atracurium being ad-
ministered prior to, and succinylcholine after, thio-
pentone. Intubating conditions were acceptable in all
patients in both groups. Administration of thiopentone
was associated with a significant (p < 0.025} decrease
in IOP. Although IOP increased in both groups as a re-
sult of laryngoscopy and intubation (from 8.0 mmHg to
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12.1 mmHg in the atracurium Group and from 7.5 mmHg
to 14.5 mmHyg in the succinylcholine group) it did not
exceed pre-induction IOP in the former. In the succinyl-
choline group, 10P after intubation exceeded pre-induc-
tion values for 2 min, although this increase was
significant (p < 0.05) only at the immediate post-
intubation reading. It is concluded that atracurium in a
dose of 0.75 mg-kg™! is a suitable relaxant for use in
rapid sequence induction.

Despite its numerous side-effects, the ability of
succinylcholine to provide excellent intubating
conditions more rapidly than other agents has meant
that it remains the relaxant of choice for tracheal
intubation in non-fasting patients. However, the
increase in intraocular pressure (IOP) caused by this
agent'~? is particularly undesirable in patients who
have sustained a penetrating eye injury. Since most
nondepolarising relaxants do not cause a rise in
IOP,* a rapid sequence induction using large doses
of these agents has been advocated.”® Although
such a technique using pancuronium may produce
acceptable intubating conditions fairly rapidly,®'°
it results in a prolonged neuromuscular block.”
The new nondepolarising relaxant, atracurium, has
an onset of action which may be significantly
shortened by increasing the dose but without pro-
ducing an unduly prolonged neuromuscular block.!!
The effects of atracurium on IOP were assessed in
the present study during steady state anaesthesia
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TABLE 1 Classification of intubating conditions

Grade Description

Excellent Good jaw relaxation, vocal cords open and no
response to intubation

Good jaw relaxation, vocal cords open but
minimal reaction or slight coughing on
intubation

Jaw relaxed, cords closed or moving,
intubation requiring firm pressure and
accompanied by moderate bucking or
coughing

Intubation impossible due to poor jaw or cord
relaxation

Satisfactory

Fair

Poor

and a rapid sequence induction technique. The
results have been compared with succinylcholine,
which is the relaxant commonly used in a rapid
sequence induction.

Methods
The study, approved by the Regional Ethical
Comnmittee, involved a total of 30 fasting patients
undergoing elective ophthalmic surgery. All were
in good general health (ASA physical status 1),
were not receiving any regular medication and had
been found to have no abnormality of intraocular
pressure (IOP) preoperatively. One hour prior to
surgery all patients received diazepam 10 mg orally.

In ten patients, anaesthesia was induced using
thiopentone 5 mg-kg~! and fentanyl 4-5 pg-kg™".
Tracheal intubation was performed without the aid
of a muscle relaxant and anaesthesia was main-
tained with 33 per cent oxygen in nitrous oxide.
Ventilation was adjusted to maintain an end-tidal
carbon dioxide concentration between 4.5 and 5.0
per cent. An electrocardiogram and oscillotono-
meter (Dinamap, Critikon Ltd) were used to moni-
tor heart rate and arterial pressure. When these
parameters had been stable for at least 10 min IOP
was measured using a Perkins hand-held applana-
tion tonometer.'? The patients then received either
atracurium 0.5 mg-kg~! (Group I) or succinylche-
line 1.0 mg-kg™' (Group II) as dictated by a
computer-generated random sequence. IOP was
subsequently measured at 1, 2, 3, 4, 5 and 10 min
after administration of relaxant. The study ended,
and surgery was commenced, after the 10 min
observation.

The remaining 20 patients were pre-oxygenated
for 5 min, received fentanyl 2—-3 pg-kg™"' and had
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baseline IOP measured. Patients then received, at
random, atracurium 0.75 mg-kg™' (Group IiI) or
thiopentone S mg-kg™' followed immediately by
succinylcholine 1.0 mg-kg=' (Group 1V). Group
111 patients received thiopentone 5 mg-kg ™' as soon
as they showed any sign of muscle weakness, such
as drooping eyelids. Cricoid pressue was applied in
both groups at the loss of the eyelash reflex and
tracheal intubation and cuff inflation performed 30
seconds later. Intraocular pressure, heart rate and
mean arterial pressure were measured after thiopen-
tone, after intubation and then at one minute
intervals for 5 min. Intubating conditions were
graded on a four point scale (Table 1) as used
previously by the authors.'!!

All measurements of IOP were performed on the
eye not scheduled for surgery by one of the authors
(WFIS) who was unaware of which relaxant had
been administered and was prevented from watch-
ing for the presence of fasciculations. All patients
were in a horizontal supine position while IOP was
measured and care was taken to avoid external
compression of neck veins. The data for IOP, heart
rate and arterial pressure were analysed using paired
t tests within each group and Student’s t test
between Groups I and II and Groups III and IV. A
Chi-squared test with Yates’ correction was used to
compare intubating conditions.

Results
There were no statistical differences in the mean
ages and weights of those patients who received the
relaxants during steady state anaesthesia (Groups [
and 1I), or in those who received the two agents as
part of a modified rapid sequence induction (Groups
III and 1V) (Table II).

The changes in IOP following administration of
atracurium and succinylcholine during steady state
anaesthesia are shown in Figure 1. There was no

TABLE I Physical characteristics of patients (mean = SEM)

Age (years) Weight (kg)
Group I 454178 76.0 + 7.0
Group 11 41.6 £ 8.5 63.2+55
Group I 51452 68.3 25
Group IV 442 £35.1 664 5.1

Groups 1 and II refer to patients given atracurium and succinyl-
choline during steady state anaesthesia and Groups HI and IV
during the rapid sequence induction respectively.
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FIGURE | IOP during steady state anaesthesia after

administration of atracurium 0.5 mg-kg™' or succinylcholine
1.0 mg-kg™'. 0~ — —0 atracurium group (I). ——=@
succinylcholine group (I). Vertical bars represent one
standard error of the mean.

significant change in IOP after administration of
atracurium whereas it was greater than control for
5 min following administration of succinylcholine,
being significantly elevated (p < 0.05) for the first
3 min.

Heart rates in both Groups I and II did not vary
significantly during the study (Table III). Systolic
blood pressure in Group I decreased by up to six per
cent (from 104 to 98 mmHg) and increased by up to
13 per cent (from 115 to 130 mmHg) in Group II.
However, these changes were not statistically
significant.

The changes in IOP during induction and intuba-
tion in Groups IIl and IV are shown in Figure 2. TOP

TABLE Il Heart rate and systolic arterial pressure after
administration of atracurium (I) or succinylcholine (IT) during
steady state anaesthesia (mean * SEM)

Heart rate Systolic arterial pressure
(beats min~") (mmHg)
Time
(min)  Groupl  Groupll  Group! Group I
0 56+34 62x38 104x10.1 [15%109
1 57x36 6136 103+ 13.7 115 £ 12.0
2 61£53 6436 100119 128+123
3 59+47 6232 98 +10.7 130x11.1
4 5837 60x38 100120 11792
5 58x43 59*34 101144 120+93
10 58+36 S58=x29 99+ 130 118x10.5
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FIGURE 2 1OP during rapid sequence induction using
atracurium 0.75 mg-kg™' or succinylcholine 1.0 mg-kg~'.

O— — -0 atracurium group (III). ®&——— succinylcholine
group (IV). Vertical bars represent one standard error of the
mean. A = awake; T = after thiopentone; I = after intubation.

decreased significantly (p < 0.025) after thiopen-
tone in both groups. IOP immediately after intuba-
tion was significantly elevated (p < 0.005) in both
groups when compared to IOP following thiopen-
tone. In those patients given atracurium (Group III)
the maximum IOP after intubation (12.1 mmHg)
did not exceed the pre-induction value (13.1
mmHg) and IOP at 1, 2 and 3 min after intubation
was significantly lower (p < 0.01) than pre-
induction IOP. However, in patients who received
succinylcholine (Group 1V) IOP immediately after
intubation (14.5 mmHg) was significantly greater
(p < 0.05) than the pre-induction JOP (11.5 mmHg)
and did not return to the pre-induction value until
3 min after intubation. When IOP in Groups IlI and
1V is compared, there was no significant difference
before induction, following thiopentone or immedi-
ately after intubation. However, when measured at
1, 2 and 3 min after intubation, IOP was signifi-
cantly lower in Group III.

In Group III the average time between adminis-
tration of atracurium and thiopentone was 28
seconds (range 20-50 sec.). Thirty seconds after
loss of the eyelash reflex, all ten patients in each
group had clinically acceptable intubating condi-
tions — eight in Group III and seven in Group IV
being graded as “excellent.”

Heart rate increased significantly in both Groups
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TABLE IV  Heart rate and systolic arterial pressure during
rapid sequence induction with atracurium (III) and succinyl-
choline (IV) (mean * SEM)

Heart rate Systolic arterial pressure
(beats-min™") (mmHg)
Time
(min) Group Il Growp IV Grouplll  Group IV
Control
(awake) 7348 7252 150*7.8 143x47
T 85+38 Blx62 14084 123x51
| 9% *+6.1 8465 1580 13977
+1 9153 84x65 1573 14479
+2 8650 86102 14+73 148293
+3 82+49 8377 13764 142297
+4 73+49 8382 123+£50 136*90
+5 74+09 8 104 11658 13694

T = after thiopentone.
I = after intubation.

I and IV after intubation, reaching peak values of
32 and 20 per cent respectively above pre-induction
values (Table 1V). The corresponding figures for
the peak systolic blood pressure was three and four
per cent respectively above pre-induction readings.
There were no statistically significant differences
between the two groups in terms of heart rates or
systolic pressure.

When questioned on the first postoperative day,
none of the patients remembered any unusual
sensation prior to losing consciousness, although
when prompted, two who received a rapid sequence
induction using atracurium did claim to recall a
“heaviness” in their limbs.

Discussion

Atracurium has previously been reported to have no
significant effect on IOP.'* Since, in addition, its
use is not associated with any significant cardiovas-
cular effects,’>"'7 we considered it a suitable
relaxant for use in a modified rapid sequence
induction technique — an induction technique which
allows smooth rapid tracheal intubation, as required
in non-fasting patients, yet avoids the use of
succinylcholine.

Although Maharaj et al.'* detected no significant
effect on IOP after administration of atracurium
0.45 mg-kg™"', their observation times (5, 10 and 15
min) were such that any immediate changes in IOP
could have been missed. The first part of the present
study, therefore, investigated immediate changes in
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IOP after both atracurium and succinylcholine
during steady state anaesthesia using a method
similar to that advocated by Al Abrak and co-
workers. '8 Central venous pressure (CVP) was not
measured as insertion of a CVP line was considered
to be not justifiable ethically. However, all patients
were in a horizontal, supine position, ventilated to
normocapnia and great care was taken to prevent
any external compression of the neck veins. Our
findings with atracurium confirm those of Maharaj
etal.'* and with succinylcholine are similar to those
reported by Pandey et al.'? and by Cook.3

During induction of anaesthesia, the reduction of
IOP with thiopentone was similar to that reported by
previous workers.?>2' After administration of suc-
cinylcholine, IOP returned to a level which ex-
ceeded the pre-induction value. This differs from
the findings of Joshi and Bruce?® and is surprising
since we used a much larger induction dose of
thiopentone. However, their results could have
been influenced by the use of Shiotz indentation
tonometry which can result in apparently lower
I0P’s on successive measurements at short inter-
vals. We also found that intubation was associated
with an additional increase in IOP, even if this had
already been increased by succinylcholine, as has
been previously reported.'>?® Although patients
given atracurium in the present study also exhibited
arise in IOP after intubation, this was much less and
of a shorter duration than after succinylcholine,
with the result that IOP never exceeded the pre-
induction value during rapid sequence induction.

When choosing the dose of atracurium for use in
a modified rapid sequence induction, we tried to
balance rapid onset of action and early acquisition
of good intubation conditions with the risk of
serious side-effets. Qur previous work'! suggested
0.75 mg-kg™' would be most appropriate since
increasing the dose beyond this neither decreased
the onset time nor improved intubating conditions
significantly. While atracurium, 0.75 mg-kg™' has
been shown to produce complete neuromuscular
block in just over 2 min,'! intubation in the
modified rapid sequence induction presented in this
paper occurred, approximately 80 seconds after
atracurium 0.75 mg-kg™' (this assumes approxi-
mately 20 seconds for administration of thiopentone
5 mg-kg~"). However, previous work with atracur-
ium has shown that excellent intubating conditions
can be achieved before the onset of complete block
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even with doses of 0.5 mg-kg~'.?>? The changes
in IOP with this technique were similar to those
reported when intubation was performed 2 min after
administration of thiopentone 5 mg-kg™' and al-
curonium 0.25-0.30 mg-kg~'.?' Although we
found an overall fall in IOP between awake and
post-intubation readings, there was a rise in IOP at
intubation. This might be attenuated by using an
induction agent such as di-isopropylphenol with a
greater tendency to lower IOP than thiopentone™
and by using divided doses of muscle relaxant in
such a way as to improve the intubating conditions
further.?

As has previously been reported®®?’ we ob-
served no significant changes in heatt rate or arterial
pressure after administration of atracurium. Al-
though the changes in heart rate and arterial
pressure during induction and intubation were
greater in the atracurium group (III) than in the
succinylcholine group (IV), these were clinically
acceptable during what is widely acknowledged to
be an extremely stressful stimulus.

In conclusion, when administered during steady
state anaesthesia, atracurium had no significant
effect on IOP. Under identical conditions, succinyl-
choline produced a significant increase in IOP,
which returned to baseline value after 5 min. When
used in a rapid sequence induction technique,
atracurium 0.75 mg-kg~" produced similar intuba-
tion conditions but a smaller increase in IOP when
compared with succinylcholine 1.0 mg-kg~' and
would be a suitable relaxant for use in a rapid
sequence induction in situations, where an exces-
sive increase in IOP is undesirable.
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Résumé

Les effets de 0.5 mg-kg™! d'atracurium ou de succinyl-
choline 1.0 mg-kg™' sur la pression intraoculaire (IOP)
ont été éudiés chez les patients lors d’une anesthésie
stable au protoxyde d'azote-oxygéne-fentanyl. La IOP a
été inchangée suite a ' administration ' atracurium mais
aprés une minute de I' administration de succinylcholine
elle augmenta significativement (p < 0.025) de 5.6
mmHg a 13.2 mmHg et demeura significativement supé-
rieure au contrdle aprés 3 minutes. 20 patients addition-
nels ont regu soit de I'atracurium 0.75 mg-kg™' ou du
succinylcholine 1.0 mg-kg~! lors d’une induction a
séquence rapide; I’ atracurium étant administré avant et
la succinylcholine apres, thiopentone. Les conditions
d’ intubation étaient acceptables chez tous les patients des
deux groupes. L’administration de thiopentone était
associée avec une diminution significative de I'l10P (p <
0.025). Méme si la IOP a augmenté dans les deux
groupes suite 4 la laryngoscopie et I'intubation (de 8.0
mmHg a 12.1 mmHg pour le groupe atracurium et de 7.5
mmHg a 14.5 mmHg pour le groupe succinylcholine) elle
n'a pas surpassé la valeur pré-induction pour le groupe
atracurium. Dans le groupe succinylcholine la IOP aprés
intubation a excédé les valeurs pré-inductions pour dewx
minutes, méme si cette augmentation ' élait significative
{p < 0.05) qu'immédiatement aprés I'intubation. 1l est
conclut que I atracurium d des doses de 0.75 mg-kg™" est
une bloqueur neuromusculaire convenable pour I utilisa-
tion lors d'induction d séquence rapide.



