A STUDY OF PLASMA POTASSIUM AND ELECTROCARDIOGRAPHIC
CHANGES AFTER A SINGLE DOSE OF SUCCINYLCHOLINE*
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THE CURRENT CONTROVERsY regarding the role of succinylcholine in producing
cardiovascular disturbances deserves the careful attention of every anaesthesiolo-
gist. These changes, which may be catastrophic in nature, can occur after a single
intravenous dose'-® as well as following repeated administrations.** The dis-
turbances range from mild, transient changes in rate or rhythm through severe
bradycardia and serious arrhythmias to cardiac arrest.

Several theories have been offered to explain the causes, but none of them
seems adequate. One of the most recent concerns the increase of plasma potas-
sium immediately following the intravenous administration of succinylcholine.

The release of plasma potassium as a result of damage to myofibrillae has
been described. The occurrence of haemoglobinuria or myoglobinaemia after
vigorous muscular exercises like forced marches, karate,® or football'®:1* has
been well documented, and several authors have described myoglobinaemia or
myoglobinuria after the administration of succinylcholine.’®-'* A case of acute
renal failure following the use of succinylcholine in a patient with idiopathic
myoglobinuria was described by Bennike.'* These phenomena (myoglobinuria,
myoglobinaemia) after succinylcholine indicate myofibrillar damage and pre-
sumably the release of intracellular potassium.

This study was designed to determine the incidence, magnitude and timing of
plasma potassium changes and their correlation with electrocardiographic abnor-
malities following the administration of succinylcholine.

MATERIALS AND METHODS

One hundred anaesthetics were studied in patients undergoing surgical pro-
cedures requiring only a single, short period of muscular relaxation and no endo-
tracheal intubation. The reason for avoiding patients in whom intubation or
other forms of pharyngeal or laryngeal manipulation would become necessary was
to eliminate the likelihood of electrocardiographic abnormalities that frequently
accompany such events.

Eighty-nine of the one hundred patients studied were females, most of whom
were undergoing vaginal gynaecological procedures; ten male patients were
operated on for relatively minor orthopedic or urological problems, and one for
debridement of burns. From the point of view of anaesthetic risk, the patients
seemed to represent a fair sample of the usual surgical material and age groups
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(see Table I). Most of the patients listed as asa 1 were so classified because of
obesity. Four patients in this series had repeated anaesthetics for the same pro-
cedure (radium implantation) at seven- to thirty-day intervals.

Premedication consisted of atropine (0.4 to 0.6 mg) alone or with meperidine,
pentobarbital, or hydroxyzine (see Table II). The electrocardiogram was moni-
tored beginning with the preinduction period. Anaesthesia was induced with
thiopental, after which nitrous-oxide-oxygen (6:4 L/min) and halothane (0.3
to 1.0%) were used for maintenance.

TABLE [
ASA Risk GROUPING

Reason for risk assignment

ASA Total no. cardiovascular
risk of patients obesity disease diabetes other
[ 63 — — — —
1 34 20 9 3 2
it 3 1 1 — 1
(burns)
TABLE II
PREMEDICATION
(no. of patients)
Atropine Atropine Atropine
Atropine meperidine pentobarbital  hydroxyzine
11 67 18 4

The samples for potassium determinations were taken from a 21-gauge scalp-
vein needle set (Abbott “butterfly”) that was introduced into the antecubital
vein of the arm opposite to the one used for very slow infusion of 5 per cent
dextrose in water and for the administration of drugs. A blood sample was taken
for plasma potassium immediately prior to the intravenous injection of a bolus
of succinylcholine 1.5 mg/kg. (2% solution).

As soon as fasciculation became apparent, another 3 ml blood sample was
drawn, and then further samples every 15 seconds for 2 minutes, every minute
for 5 minutes, and then at 10 and 15 minutes after the administration of suc-
cinylcholine.

Plasma potassium was determined using a Coleman Flame Photometer. The
laboratory error for the method used is =0.1 mEq/L. The electrocardiogram
(lead 2) was monitored by a Sanborn direct-writing electrocardiograph.

REsuLTs

As can be seen from Table III, we attempted to analyse four ranges of increase
in plasma potassinm in order to facilitate their correlation with any electro-
cardiographic changes that occurred.
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TABLE III

RANGE oF PLasMa PoTrassium CHANGES
(no. of patients)

Less than Over
0.4 0.4-0.6 0.6-0.8 0.8-1.0 1.0
mEq/L mEq/L mEq/L mEq/L mEq/L
40 39 16 3 2

Only five patients showed an increase in potassium levels over 0.8 mEq/L, a
magnitude that could by itself produce electrocardiographic changes.’® In 55
patients, potassium levels showed increases between 0.4 and 0.8 mEq/L, a range
that is much less likely to alter cardiac rate or rhythm. Forty patients had potas-
sium changes of less than 0.4 mEq/L.

The timing of the peak in potassium levels was not uniform, and there was no
correlation in either timing or magnitude between the changes in the electro-
cardiogram and those in potassium levels (see Table IV). In some patients, the
peak plasma potassium levels were reached within 90 to 120 seconds; in others,
well after 5 minutes.

TABLE IV
RELATIONSHIP BETWEEN PoTassiuM LEvELS aNp ECG CHANGES

ECG changes usually

Range of Number No. of ECG changes associated with
potassium of typical for succinylcholine
changes patients potassium excess (see Table V)
0.4-0.6

mEq/L 39 4 6
0.6-0.8

mEq/L 16 4 6
0.8-1.0

mEq/L 3 1 1

Over 1.0

mEq/L 2 — 1

TABLE V

INcIDENCE oF ECG CHANGES
ATTRIBUTABLE TO INTRAVENOUS
ADMINISTRATION OF SUCCINYLCHOLINE

(no. of patients)

Tachycardia 5
Bradycardia 6
Increased A-v

conduction time 1
PVC

Electrocardiographic changes usually attributed to the intravenous injection of
succinylcholine (Table V) were encountered in 15 patients. In none of them was
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there any clinical evidence of changes in circulatory dynamics, and only seven
had changes in plasma potassium exceeding 0.6 mEq/L.

The influence of digitalis'” on the incidence of electrocardiographic abnormali-
ties after succinylcholine could be seen in two of the five patients who were
digitalized. In one patient the electrocardiogram showed a decrease in voltage,
bradycardia, and premature ventricular contractions. Another patient had inverted
T-waves and bigeminal rhythm. In both cases, these abnormalities disappeared
within a few minutes. No clinical signs indicating sudden circulatory changes
were detected in either of these instances.

The four patients who had two anaesthetics each, conducted according to the
outlined method, did not show any variations from one procedure to the other.
One of them developed tachycardia after each administration of succinylcholine,
but the changes of plasma potassium levels were insignificant.

DiscussioN

The involvement of intravenous succinylcholine in producing undesirable and
even grave cardiovascular changes has been pointed out by many workers. The
reasons given for such effects, however, vary greatly from author to author, and
several hypotheses have been developed according to experience and patient
material. Anaphylaxis to succinylcholine has been described in eight patients.!®1?
Thompson,?® working with dogs, found elevated serum histamine levels after the
injection of succinylcholine. Sensitivity to succinylcholine, whether genetic®! or
acquired, has been mentioned as a reason for the cardiovascular effects pro-
duced.®-22.23

Others have suspected the involvement of the autonomic nervous system: since
succinylcholine is very similar in chemical structure to acetylcholine (Ach.), it
is believed to mimic the effects of the latter not only at the myoneural junction*
but also at other sites.?*2%26 This becomes especially true as levels of acetylcholine
may increase with the accumulation of succinylcholine breakdown products after
repeated doses of the drug.*” Several authors suggest that succinylcholine can
produce both muscarinic and nicotinic effects.?-3! These succinylcholine-pro-
duced variations in the vagal and sympathetic tone may be responsible for the
ensuing arrhythmias and blood pressure changes.®* A direct vagal-stimulating
effect (nucleus dorsalis) has also been postulated.?#!:33.34

Direct myocardial-depressing effects of succinylcholine have been found by
Galindo and Gologorski.™2:35 Gologorski®' also noticed that succinylcholine
lowers the irritability threshold of the myocardium.

The outstanding group of patients in whom succinylcholine seemed to have
been responsible for serious circulatory complications were those who had
received extensive burns; most of them had survived the immediate post-burn
shock and had entered the so-called “danger period” in recovery (third to ninth
week ).1*3¢ Many reports of cardiac arrest in burned patients after the admini-
stration of succinylcholine seem to have one common factor: the catastrophe
happened during or immediately following endotracheal intubation or attempts
at it. 236 Several explanations for this coincidence can easily be put forward:
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most of the burned patients were in the so-called “toxic stage,” when low-grade
sepsis, myocarditis, fever, and acidosis are quite common.®%-4! Plasma and true
cholinesterase levels are frequently depressed,*” and this, in turn, is likely to
increase vagal tonus. Endotracheal intubation or laryngeal manipulation are
known to produce arrhythmias?336:37.43-45 ip lightly anaesthetized patients.

Administration of succinylcholine to such patients produces a marked rise in
plasma potassium as well as increased vagotonicity;*®4? it can thus be easily
imagined that the combination of all the pre-existing factors plus a sudden rise
in plasma potassium levels as well as laryngeal manipulation in the presence
of mild hypoxia and hypercarbia may produce a sudden circulatory collapse.!:10:4¢

Serious arrhythmias and death after the use of succinylcholine®?#:404% have
been reported since 1961.4%4¢ Recently, many other such incidents have been
reported, leading one of the authors to “studiously” avoid succinylcholine in the
burned patient.*®

In addition to the burned patient, one with major tissue trauma also seems to
carry a high risk of circulatory collapse concomitant with high potassium levels
after succinylcholine administration.?

Potassium is also released as a result of changes in cellular permeability during
depolarization,?#47-% or owing to the acetylcholine-like effects of succinyl-
choline,®®* by increasing the flux of potassium from intracellular to extracellular
space, and it is this rapid change in the relation between intracellular and extra-
cellular potassium (K;/Ko) that, together with alterations in cellular electrical
potential, may lead to arrhythmias.?¢.51:52

In the laboratory, stimulation of isolated muscles has been shown to be accom-
panied by a considerable loss of potassium.?*% On the other hand, Epstein®®
(403 anaesthetics) and Lowenstein®® (406 anaesthetics) do not share the view
that succinylcholine is to be incriminated in cardiovascular collapse in the anaes-
thetized patient. They suggest hypovolemia, acidosis, and hypoxia as the main
responsible factors.

Although the increase in plasma potassium after the administration of succinyl-
choline appears to be an undisputed fact, its importance as well as its magnitude
still remains a subject of heated debate. High levels of potassium depress
idioventricular automaticity (a-v block) and intraventricular conduction.5™ They
may also produce ectopic ventricular centres, especially if the formation of
impulses from the primary pacemaker becomes slower and irregular.’® It is the
rate of change in potassium levels rather than the absolute value (except in
extreme cases) that is responsible for the sudden appearance of electrocardio-
graphic abnormalities and circulatory changes.*®

That considerable hyperkalaemia may be present with only minor circulatory
changes has been demonstrated by Maxwell, Chamberlain, Smith, and
Surawicz.®-* It was also reported that a rise in plasma potassium actually
inhibits the disturbances in aA-v conduction caused by acetylcholine or vagal
stimulation.%-%7

Our findings indicate that the acute plasma potassium changes after a single
intravenous dose of succinylcholine in the average-risk patient are of a magnitude
rarely sufficient to produce significant circulatory changes. The majority of the
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reported serious or fatal accidents following the use of succinylcholine occurred
at the time of laryngeal manipulation or immediately thereafter. The patients
exhibiting such exaggerated reactions had either severe burns,»23%42 extensive
tissue trauma,® or a protracted debilitating illness.%®

It appears that potassium changes by themselves are probably not to be
blamed for the cardiovascular catastrophies after succinylcholine.®®¢ Other
factors such as the direct influence of succinylcholine on the myocardium and
autonomic activity should be considered. Although the exact mechanism is not
yet known, it is quite possible that, in the presence of severe trauma, acidosis,
toxaemia, hypoxia, and marginal electrolyte balance, superimposed upon strong
reflex stimulation (endoscopy, intubation), even relatively small plasma potas-
sium alterations will set the stage for major circulatory disturbances,

SUMMARY

Electrocardiographic monitoring and serial plasma potassium determinations
before, during, and after intravenous succinylcholine were performed for 100
clinical anaesthetics. We found that the appearance and magnitude of plasma
potassium changes had no temporal relationship to the observed transient
electrocardiographic abnormalities. In no instance did appreciable circulatory
changes take place.

ResuME

Au cours de 100 anesthésies consécutives, nous avons présenté une étude des
changements électrocardiographiques ainsi que des modifications du taux de
potassium sérique & la suite d'une injection de 1.5 mg/kg de succinylcholine.
Chez ces malades, nous navions besoin que d'un bref instant de reldchement
musculaire. Nous avons observé des modifications du taux de potassium sérique
mais il nous a été impossible d’établir une relation concomittante entre les
anomalies électrocardiographiques et I'apparition des modifications du taux de
potassium et l'importance de ces modifications. Les anomalies électrocardio-
graphiques observées ont été, dailleurs, trés passagéres. Nous n’avons pas
observé de troubles circulatoires importants.
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