EFFECTS OF INTRAVENOUSLY ADMINISTERED SUCCINYLDICHOLINE
ON CARDIAC RATE, RHYTHM, AND ARTERIAL BLOOD PRESSURE

IN ANESTHETIZED MAN

C. H. Witriams, M.D., S, Devrscu, Pu.D., M.D., H., W. Linog, Pa.D.,
J. W. Burroves, F.F.A.R.C.S., R. D. Dzareps, M.D.

AvteraTions in blood pressure and cardiac
rate following injection of succinyldicholine in
man have been noted frequently,’-% but the
response has not been systematically analyzed.
In this paper the influence of various. general
anesthetic agents, of various doses of the re-
laxant, of repeated injections, of raised airway
pressure, of autonomic blockade, of decame-
thonium, of succinylmonocholine, and of raised
arterial pressure on circulatory responses to
succinyldicholine will be reported. Observa-
tions on plasma potassium concentration -will
also_be presented

Cyclopropane and halothane were adminis-
tered using a closed circle absorber system,
the latter via a “copper kettle.” Thiopental
2.5 per cent solution was given by intermittent
intravenous injection in 2 subjects, and in 0.5
per cent concentration as a continuous intra-
venous drip in the others. Nitrous oxide-
oxygen was given in 5/2 liter flow rates with
a semiclosed circle system. Trichlorethylene
0.7 per cent and nitrous oxide and oxygen
were administered in a nonrebreathing system.
Ether was administered via an E.M.O. vapor-

izer.with .a_nonrebreathing.valve.and.-bellows-....

METHODS

Thirty-four patients ranging in age from 13
to 63 years were studied. All but 6 were
female. Diagnoses of early cirrhosis of the
liver and grade II essential hypertension; re-
spectively, were made in patients 10 and 14.
The others were considered physically normal.
With the exception of 2 patients, all measure-
ments. were made prior to elective surgical
operations. Patients 3 and 9 were studied
during minor operations.

Preanesthetic medication and anesthetic
agents used in 27 of these patients are listed in
table 1. The 7 subjects not included in the
table received either succinylmonocholine or
decamethonium before the first dose of suc-
cinyldicheline. Three of these subjects re-
ceived no preanesthetic medication, the re-
mainder secobarbital 100 mg. and atropine
or scopolamine 0.4 mg. All were anesthetized
with eyclopropane.

Received from the Department of Anesthesi-
ology, University of Pennsylvania Schools of Medi-
cine, Philadelphia 4, Pennsylvania, and accepted
for publication July 12, 1961, Dr. Williams™ pres-
ent address: Methodist Hospital, Texas Medical
Center, Houston, Texas, and Dr. Bullough’s ad-

dress: “Whiteleggs,” Willow Grove, Chislehurst,
Kent, England.

attachment.

Concentrations of ether in arterial blood
were estimated using the method of Price and
Price.” End-tidal air was collected in a sy-
ringe and analyzed for cyclopropane as de-
scribed by Linde and Price.®

In 14 subjects end-expired Py, was meas-
ured continuously with a Liston-Becker infra-
red carbon dioxide analyzer. In these sub-
jects: Pyg, was maintained below 45 mm. of
mercury except as noted in table 1. In the
others, it is believed that P, also was main-
tained at or below normal levels, since assisted
or controlled respirations were used whenever
voluntary efforts appeared inadequate.

Continuous ECG (lead 2) monitoring was
carried out during the entire procedure. Heart
rate was measured from the ECG, either by
counting for a 15 second interval, or by meas-
uring the lorigest R-R interval following the
injection.

Arterial blood pressure was measured by a
strain gauge through an indwelling needle in-
serted in a brachial or femoral artery in most
subjects. The output of the carbon dioxide
analyzer, strain gauge manorieter and electro-
cardiogram ‘were recorded on a polygraph.

Succinyldicholine, 2 per cent solution, was
used for injection. A one per cent succinyl-
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monocholine solution was prepared from crys-
tals and sterilized in an autoclave at two
pounds pressure for thirty minutes. Compen-
sation for hydrolysis was attained by adding
10 per cent to the desired final dose before
sterilization.

Succinyldicholine and succinylmonocholine
were injected in single doses through a con-
tinuous infusion of 5 per cent dextrose in
water., When the thiopental drip was placed
in the same tubing, the needle was flushed
prior to the injection of other materials.

Trimethaphan (0.1 per cent solution) was
administered by continuous intravenous drip
to produce ganglionic blockade. Atropine sul-
fate was given by intermittent injection.

Neo-synephrine (0.002 per cent) was in-
fused at a rate sufficient to increase mean ar-
terial pressure approximately 20 mm. of mer-
cury in subjects 33 and 34, who were anesthe-
tized with cyclopropane. Initial doses of 40
mg. of succinyldicholine and subsequent doses
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in 3 and little in the remainder of the subjects.
Cardiac rhythm was unaltered. Following the
second injection arterial pressure increased in
4 instances and was unchanged in one. Heart
rate behaved inconsistently; the extreme
changes were a decrease of 10 beats per min-
ute in subject 12 and an increase of 20 per
minute in 15. Cardiac rhythm was unaltered
in 4 individuals, but bigeminal rhythm oc-
curred in one and persisted for three minutes.
A statistically significant difference between
responses to the first and second injections of
succinyldicholine could not be shown.

Ether. In the 3 subjects anesthetized with
diethyl ether the first injection of succinyldi-
choline was followed by minor and inconsistent
changes in heart rate and arterial pressure.
Cardiac rhythm was unaltered. Following the
second injection arterial pressure increased
transiently in two and was unchanged in the
third case. Heart rate was inconsistently af-
fected and cardiac' rhythm remained normal.

of 40 or 20 mg. were then administered intra-
venously.

Decamethonium in doses of 2.5 to 5.0 mg.
was administered to subjects 24, 26, 27, 30,
and 31 prior to the initial dose of succinyldi-
choline. Subject 32 received 2 mg. of deca-
methonium after having received eight doses
of succinyldicholine, and 3 mg. of decame-
thonium after receiving a ninth dose of suc-
cinyldicholine.

Arterial blood samples were taken before
and after administration of succinyldicholine
and serum potassium was determined in an in-
ternal standard flame photometer in 4 patients.

REesuLTs

The principal results are summarized in
table 1, where they are grouped according to
the anesthetic administered.

Influence of Anesthetic Agents

Thiopental. The 6 subjects anesthetized
with thiopental each received two or more in-
jections of succinyldicholine. The first dose
was followed by a slight to moderate (5-25
mm. of mercury) increase in systolic and dias-
tolic pressure in three cases, and by insignifi-
cant changes in pressure (less than 5 mm.
of mercury) in the others. Heart rate in-
creased moderately (about 20 beats/minute)

Halothane. Three subjects tecetved hato-
thane. In each instance the first injection of
succinyldicholine was followed by moderate
hypertension and tachycardia which devel-
oped rapidly and reached maximal levels
within 1—4 minutes. In contrast, a second in-
jection of succinyldicholine given five minutes
later was followed by cardiac slowing in 2
cases and asystole for 7 seconds in the third.
Nodal rhythm occurred in two instances and
bigeminal rhythm in the other. Changes in
arterial pressure during the period of brady-
cardia were slight, except in the subject who
developed asystole. Following these initial
changes, cardiac rate and rhythm returned
toward normal, while arterial pressure rose
rapidly and transiently exceeded normal by
10-20 mm. of mercury.

Cyclopropane. In 8 of 14 subjects given
cyclopropane, the first dose of succinyldicho-
line was followed within 45 seconds by slight
cardiac slowing. Cardiac rhythm remained
normal. Arterial pressure was inconsistently
affected during this interval but immediately
after this heart rate increased in all and ar-
terial pressure increased in 11 of 12 subjects.
Maximum levels were attained 3 to 5 minutes
following the first injection.

A second injection, given 4 to 10 minutes
after the first, was followed within thirty sec-
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Effective Dose. Doses of succinyldicholine
as small as 10 mg. elicited marked bradycardia
on a third or fourth injection, provided they
were not given sooner than three minutes fol-
lowing the previous injection.  Yet initial in-
jections as large as 60 mg. often did not
produce bradycardia.

Effect of Atropine. Three subjects (1, 3,
18) anesthetized with cyclopropane or halo-
thane who had manifested bradycardia after
succinyldicholine injection were subsequently
given atropine sulfate intravenously in doses
ranging from 0.4 to 0.6 mg. Five to ten
minutes after the administration of atropine,
neither bradycardia nor nodal rhythm could
be elicited by injection of succinyldicholine.
Instead, heart rate was unaltered or increased.
Bigeminal rhythm followed the injection of
relaxant in two cases (subjects 1 and 18) and
arterial hypertension in all. Atropine and
scopolamine given intramuscularly as pre-

cl atoR—ald RO QCk pDracy-

cardia produced by successive doses of suc-
cinyldicholine (table 1).

Effects of Ganglionic Blockade. One subject
(18) who received halothane and two given
cyclopropane (21 and 22) were given tri-
methaphan (0.1 per cent) by continuous intra-
venous drip until sympathetic blockade was
considered complete (judged from absence of
arterial pressure “rebound” following release
of positive airway pressure ?). Neither tachy-
cardia nor bradycardia occurred in response
to succinyldicholine in any subject during
blockade, nor were there changes in arterial
pressure attributable to succinyldicholine in-
jection. As the effects of trimethaphan were
wearing off, tachycardia and hypertension, but
not bradycardia, were observed following in-
jection. When they were completely worn
off, bradycardia could again be elicited.

Succinylmonocholine. One subject (17) an-
esthetized with cyclopropane was given 40
mg. succinylmonocholine intravenously, fol-
lowed one and a half minutes after by 40
mg. succinyldicholine. No change in heart
rate or arterial pressure followed the first in-
jection, while after the second both increased.
Six minutes after the second injection another
40 mg. dose of succinyldicholine was given.
This was followed promptly by a reduction in
heart rate from 85 to 59 beats per minute.
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Five minutes later an additional 40 mg. suc-
cinylmonocholine were injected without obvi-
ous effect; six minutes after this, administra-
tion of 20 mg. succinyldicholine resulted in
bradycardia, the cardiac rate slowing from
85 to 65 per minute.

Serum Potassium. Serum potassium changes
following succinyldicholine were inconsistent.
No significant changes were observed with
initial doses of 40 or 50 mg. of succinyldicho-
line. Subsequent doses of 10 mg. resulted in an
increase of 0.55 mEq./liter in two subjects
and a decrease of 0.07 mEq./liter in a third
subject, with the second dose, and decreases
of 0.7 and 0.2 mEq./liter with the third dose.
An increase of 0.15 mEq./liter was observed
with a fourth dose in one patient. There was

no correlation between bradycardia and
change in serum potassium.
Phenylephrine.  Increasing mean arterial

pressure 22 and 20 mm. of mercury by intra-

wnenhrine
33 and 34) had no effect on the cardiovascular
response to succinyldicholine. Initial doses of
40 mg. of succinyldicholine produced increases
in heart rate in both subjects; subsequent doses
of 20 and 40 mg. of succinyldicholine resulted
m reductions of heart rate ranging from 20
to 34 beats per minute.

Raised Airway Pressure. Positive pressure
ventilation did not affect the bradycardia ob-
served with succinyldicholine. In subject 7,
positive pressure was maintained from the
moment succinyldicholine was adminstered
until after the bradycardia had disappeared.
No lessening of the degree of bradycardia or
incidence of nodal rhythm was observed. Also
the majority of the cyclopropane group was
maintained with intermittent positive pressure
ventilation throughout the entire study. These
observations suggest that positive pressure
lung ventilation following the administration
of succinyldicholine was not the cause of
bradycardia. Neither do they support the
suggestion that lung inflation will reverse
bradycardia occurring after succinyldicholine
administration.

Other Relaxants. Four of the 5 patients
breathing cyclopropane who received deca-
methonium prior to succinyldicholinc showed a
reduction in heart rate ranging from 3 to 28
beats per minute with initial doses of 30 mg.

bjects
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of succinyldicholine. Four of the 5 showed
decreases in heart rate with subsequent doses
of succinyldicholine, although the responses
were not as consistent as in the group of pa-
tients given cylclopropane who had not re-
ceived decamethonium. One patient was
given 2 mg. of decamethonium after exhibiting
bradycardia following each of seven doses of
succinyldicholine. Subsequent administration
of 20 mg. of succinyldicholine resulted in a
reduction in heart rate from 60 to 45 beats per
minute. Twenty mg. of succinyldicholine fol-
lowing a second dose of 3 mg. of deca-
methonium failed to reduce the heart rate of
this patient. However, 40 mg. of succinyl-
dicholine five minutes after this dose reduced
the heart rate from 64 to 48 beats per minute.

Effect of Fasciculations. The presence of
fasciculations bore no apparent relation to the
bradycardia produced by subsequent doses of
succinyldicholine. Fasciculations were usually
observed following the first and sometimes the

EFFECTS OF SUCCINYLDICHOLINE
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6 bradycardia could only be produced if the
drug was administered at a time interval
greater than two minutes. This may be re-
lated to the duration of sympathetic action.
As long as this is present the profound vagal
effects cannot be produced.

The influence of the speed of injection of
succinyldicholine was not studied. However,
since Craythorne* was unable to produce
bradycardia with intramuscular injections in
children, we might assume the rate of injection
to be a factor. We do not have sufficient data
to state whether greater depth of anesthesia
affords any protection against bradycardia.

The ability of trimethaphan to suppress cir-
culatory responses to succinyldicholine indi-
cates that they are mediated via sympathetic
and parasympathetic efferent nerves, and are
not the result of direct actions of succinydicho-
line on vascular smooth muscle or on the
heart. According to Beretervide,'® succinyl-
dicholine competes with acetylcholine for true

second and third doses of succinyldicholine.
None were seen following other doses, yet
bradycardia was observed in subjects 19 and
20 after each of eight successive doses of the
relaxant.

Discussion

Succinyldicholine, administered in doses
similar to those used in this study, is a drug
commonly used to produce muscle relaxation
for tracheal intubation. When there is diffi-
culty with intubation successive doses may
be administered. Under these circumstances
cardiac arrest might occur in patients receiv-
ing cyclopropane or halothane. Instances of
cardiac arrest requiring resuscitation have not,
however, been reported to our knowledge, al-
though we have shown that the usual doses
of atropine and scoplamine given for preanes-
thetic medication do not prevent the brady-
cardia caused by successive doses of succinyl-
dicholine.

The degree of hypotension produced was
usually related to the severity of the brady-
cardia. The latter was inversely related to the
length of time between injections and directly
with the amount of drug administered.  Our
studies suggest that a minimum time must
elapse between injections of succinyldicholine
for the production of bradycardia. In subject

cholinesterase, with the result that iewly syn-
thesized acetylcholine accumulates instead of
being destroyed by the enzyme. He concluded
that bradycardia and hypotension following
administration of succinyldicholine resulted
from central nervous parasympathetic actions,
while hypertension and tachycardia were
caused by stimulation of sympathetic ganglia.

Hypertension and tachycardia, occurring
after the period of cardiac slowing, are inde-
pendent of the earlier parasympathetic effect
as indicated by our experiments with tri-
methaphan, atropine, thiopental and ether.

This distinct and separate response which
follows the initial bradycardia may be the
result of slower penetration of the drug into
sympathetic ganglia than into the central
nervous system. Its eventual subsidence may
be caused both by destruction of the drug and
by “buffering out” as the result of barostatic
reflexes.  Similar findings were reported by
Craythorne in children.*

The most important unanswered question
posed by our studies is why bradycardia was
so much more marked following later doses of
snccinvldicholine than it was after the first
one. We regard our findings with succinyl-
monocholine as indicating that accumulation
of this metabolite of succinyldicholine is not
responsible for the effect. The results of
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plasma potassium analyses are difficult to
evaluate since plasma values may not reflect
physiologically significant changes on organs.
In any event plasma values were inconsistent
and quantitatively unimpressive. Moreover
our experience, both with succinyldicholine
and with decamethonium, indicates that the
occurrence of muscular fasciulation (which is
presumably the major source of increased
potassium concentration in plasma) is not
essential for the occurrence of conspicuous
bradycardia following succeeding injections of
succinyldicholine. It is also unlikely that
bradycardia caused by later succinyldicholine
injections is caused by the enhancement of
reflexly increased vagal activity following the
first dose, and resulting in turn from a baro-
static response to arterial hypertension caused
by the first dose. The experiments with Neo-
synephrine indicate this, for bradycardia was
not observed following administration of the
first dose of succinyldicholine in either of the
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studied. This effect was independent of the
parasympathomimetic actions of the relaxant;
it probably resulted from sympathetic nervous
stimulation.

It is probable that succinyldicholine there-
fore stimulates both the parasympathetic and
the sympathetic nervous systems.
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