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Effects of Succinylcholine and d-Tubocurarine
on Epinephrine-induced Arrhythmias during
Halothane Anesthesia in Dogs

William K. Tucker, M.D.,” and Edwin S. Munson, M.D.}

The effects of sub Iytic doses of 1-
choline and d-tubocurarine on epinephrine-
induced cardiac arthythmias during halothane

thesia were eval d in dogs. Succinyl-

holi kedly i d (P <.05) the ar-
thyth icity of epinephrine and d-tub ine
slightly decreased (P <.05) its arthythmic ef-
fect. Prior admini: i of H lted

in a partial, but significant, reversal of this
action of succinylcholine. (Key words: Anesthetics,

volatile: halothane; Heart: arthythmi; Neuro-
1 1  leholi ~

¥
cular relaxants: d-tubocurarine.)

MUSCLE RELAXANTS are known to affect
myocardial conduction. Repeated adminis-
tration of succinylcholine may produce
bradycardia and supraventricular and ven-
tricular arthythmias in both children and
adults during general anesthesia.** The ef-
fects of succinylcholine on cardiac rate and
rhythm are thought to result in part from the
stimulating effects of the muscle relaxant on
the parasympathetic and sympathetic nerv-
ous systems.! The disturbances can be par-
tially prevented by cholinergic blockade
prior to succinylcholine administration. Itis a
widely held clinical impression that the use
of d-tubocurarine is associated with a lower
incidence of cardiac arthythmias during anes-
thesia than when nonrelaxant techniques are
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employed. That succinylcholine-induced
ventricular arrhythmias in fully digitalized
patients and animals can be abolished by
d-tubocurarine supports this belief?

Since systematic inquiry into the effects of
depolarizing and nondepolarizing muscle re-
laxants on cardiac rhythm is lacking, we have
evaluated the effects of succinylcholine and
d-tubocurarine on epinephrine-augmented
pacemaker automaticity in dogs anesthetized
with halothane.

Methods

Twenty experiments were performed on
five male mongrel dogs with a mean weight
of 15.3 kg (range 13.2 to 18.0 kg). The
animals received no premedication. Follow-
ing induction of halothane anesthesia, each
animal’s trachea was intubated with a cuffed
endotracheal tube without the use of muscle
relaxants. The experimental methodology is
similar to that previously reported.* Ventila-
tion was maintained with a volume-limited
ventilator at approximately 4 per cent end-
tidal CO. concentration, determined by a
Godart Capnograph. Femoral arterial and
forelimb venous cannulas were placed per-
cutaneously. Phasic and mean arterial pres-
sures (MAP) were recorded on a direct-
writing oscillograph. Esophageal tempera-
tures were measured with a thermistor probe
and maintained at 37 = 1 C. Cardiac rate and
rhythm were recorded from lead II of the
electrocardiogram.

Inspired and end-tidal halothane concen-
trations were monitored with a Beckman
LB-2 infrared halothane analyzer calibrated
by comparison with gas mixtures stored in
cylinders. The composition of these mixtures
was analyzed by gas chromatography.® Cali-
brations were made in the presence of CO; to
eliminate the cross-over effect of this gas.
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After induction of anesthesia, inspired
halothane concentrations were reduced until
end-tidal (alveolar) concentrations remained
stable at 1.0 per cent (1.2 MAC). When this
level had been maintained for 15 to 30
minutes, a heparinized arterial blood sample
was obtained and analyzed for Pa,, Paco, and
pH using a Radiometer BMS3 blood-gas
analyzer. When the calculated base deficit®
was greater than 4 mEq/l, an appropriate
amount of sodium bicarbonate was adminis-
tered intravenously.

In each experiment epinephrine was ad-
ministered intravenously at a rate of 2.3
ugkg/min by a constant-volume infusion
pump. Drug infusions were continued until
two or more premature ventricular contrac-
tions (PVC'’s) occurred within 20 sec. This
vasopressor dose is defined as the ar-
rhythmogenic dose.

Each of five animals was studied once in
each of four groups. Group I (control} re-
ceived the epinephrine infusion but no mus-
cle relaxant. Group 1l received an intrave-
nous dose of 0.25 mg/kg succinylcholine 4
minutes prior to epinephrine infusion. Su-
pramaximal stimulus of the ulnar nerve
showed that this dose of succinylcholine
resulted in approximately 30 per cent reduc-
tion in twitch height of the digital flexor
muscles for an 8-10-minute period using a
Wellcome nerve stimulator. Muscle tension
was recorded on a direct-writing oscillograph
using the force transducer described by
Walts.” In Group III, atropine, 0.10 mg/kg,
was given 10 minutes prior to succinyl-
choline administration as in Group II. Arte-
rial blood samples were drawn in all suc-
cinvicholine experiments for determination
of serum potassium levels before adminis-
tration of the muscle relaxant and at the onset
of epinephrine-induced arrhythmias. Group
1V received 0.1 mg/kg d-tubocurarine 6 min-
utes prior to epinephrine infusion. This
dose of drug also represented a subparalytic
dose of relaxant, producing 10 to 30 per cent
depression in muscle twitch tension follow-
ing ulnar nerve stimulation.

Only one epinephrine infusion was given
in any experiment. Commercially available
preparations of succinylcholine (Anectine,
Burroughs Wellcome and Co.) and d-tubo-
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curarine (Tubocurarine Chloride, E.R. Squibb
and Sons, Inc.) were emploved Studies
were separated by intervals ranging from
4 to 7 days and all animals survived the
procedures described. Quantitative data were
analyzed using the analysis of variance. Stu-
dent’s t test was used to compare results
between two groups when a significant
(P < .03) F ratio was obtained.

Results

Results are shown in table 1. The ar-
rhythmogenic dose of epinephrine in Group
1 (controls) was 4.15 pg/kg. Succinylcholine
pretreatment in Group II significantly (P
< .05) decreased the arrthythmogenic dose of
epinephrine in every animal, showing a
mean value of 1.60 uglkg. In addition, the
MAP at which arrhythmias occurred was
significantly lower than in the control group
(P < .03). Pretreatment with atropine before
administration of succinylcholine in Group
III significantly increased (P <.03) the ar-
rhythmogenic dose of epinephrine compared
with the Group I (succinylcholine) animals
(2.26 vs. 1.60 pg/kg, respectively). In addi-
tion, the change in MAP was significantly
(P <.01) less than Group I values. In Group
1V, d-tubocurarine significantly increased
(P < .03) the arthythmogenic dose of epineph-
rine to above control values, showing a
mean dose of 4.90 ugkg. In addition, the
MAP at which arrhythmias occurred was
significantly higher (P <.05) than in the
control group.

No significant change in heart rate oc-
curred in any of the groups studied. In all
experiments Paco, values were maintained
between 35 and 43 torr and base deficit
values were within 4 mEq/l of normal. Pa,,
values were maintained above 400 torr. Con-
trol serum potassium level (mean = SD) was
4.2 = 1.1 mEq/l; the corresponding value was
1.1 = 2.1 mEq/l (P > .03) after administration
of succinylcholine.

Discussion

Our findings show that succinyicholine
increases the arrhythmogenicity of epineph-
rine during light levels of halothane anes-
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TasBLE 1. Effects of § and d-T'

MUSCLE RELAXANTS AND ARRHYTHMIAS
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b ine on Epinephrine Arrhythmogenicity

in Five Dogs Anesthetized with Halothane*

Mean
Arterial
Pressure Heart Rate
Dose (MAP) AMAP (HH) AHR
skt (torm) (Per Cent) (Beat<'Min) (Pes Cent)
Group I,
control 415 140 30 112 - 7.6
=58 =11 =20 =18 =13
Group 11,
succinylcholine 1.601 126 91 122 18.6
=.63 =13 =9 =31 =11
Group 111,
atropine-succinylcholine 2.261§ 129 14 149 142
=.62 =37 =10 =13 =9
Group 1V,
d-tubocurarine 4.90% 172 931 98 - 56
=43 ~13 =50 =8 =10

* Values represent means = SD.

1 Epinephrine infusion rate 2.5 pg/kg/min.
{ Compared with Group 1, P < 0.05.

§ Compared with Group II, P < 0.05.

thesia in dogs. The ability of atropine par-
tially to reverse this action suggests that a
weak beta-agonist effect may be present.
However, this must be qualified, since at-
ropine (average dose 1.5 mg) may have
incompletely blocked the parasympathetic
nervous system. The observation that
d-tubocurarine decreases arrhythmogenicity
might suggest a weak beta-adrenergic block-
ade. However, further work with alpha- and
beta-adrenergic blocking drugs will be
needed before the definitive mechanism is
known. In addition, further studies are
needed to investigate the time course and
antiarrhythmic action of the larger doses of
d-tubocurarine frequently administered prior
to intubation doses of succinylcholine, and to
determine whether they produce any mod-
ification of the arrhythmic action of the latter
drug described in this report.

These results should be interpreted in
light of the work of Dowdy and colleagues,®
who showed that the various antibacterial
preservatives added to commercial prepara-
tions of d-tubocurarine had a significant de-
pressant effect on the contractile amplitude
of stimulated rabbit atrial strips. However,
we believed it was important to utilize

clinically available preparations of muscle
relaxants. It should be noted that each 3 mg
of Tubocurarine Chloride contained 9 mg
benzyl alcohol and 1 mg sodium bisulfite, and
that the maximum dose of d-tubocurarine we
utilized in any animal was 1.8 mg.

The effect of altered blood pressure also
may have an important role in the production
of cardiac arrhythmias. Moe et al.® and Dre-
sel and associates'® reported that the produc-
tion of a sudden increase in aortic pres-
sure resulted in a significant increase in
the incidence of epinephrine-induced ar-
rhythmias. On the contrary, a subsequent
sudden decrease in pressure terminated ar-
thythmias. However, Murphy et al.*! found
that epinephrine-induced arrhythmias during
cyclopropane anesthesia could be produced
in normotensive dogs. Katz"* showed that
isoproterenol produced cardiac arrhythmias
in cats with decreased arterial blood pres-
sure, and that aortic occlusion to increase
arterial pressure facilitated arrhythmogenic-
ity. The lack of significant change of MAP in
any of our animals suggests that the changes
we observed were related to myocardial
rather than hemodynamic changes.

These observations may have important
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clinical implications. The use of succinyl-
choline during halothane anesthesia when
exogenously administered catecholamines
are present may predispose the patient to a
greater risk of cardiac arthythmias. Whether
succinylcholine would increase myocardial
irritability during anesthesia with other inha-
lation agents usually considered safe in the
presence of sympathomimetic amines is un-
known. Finally, the current recommenda-
tions of the safe amount of epinephrine
injected during general anesthesia may have
to be modified according to the muscle
relaxant employed.

The authors gratefully acknowledge the techni-
cal assistance of William Embro and Marjorie H.
Malagodi, Ph.D., and the helpful comments of
Doctors Dean Morrow and Thorkild W. Andersen,
who reviewed the manuscript.
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