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Coronary Artery Spasm Induced by Injection of an
Atropine-neostigmine Mixture. A Case Report.
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ABSTRACT. We report a case of coronary artery spasm which occurred
after injection of neostigmine 3.5 mg mixed with atropine 1.5 mg to
antagonize residual muscle relaxation after thyroid surgery in a 40 year-old
woman with no history of heart disease. We hypothesized that increased
acetylcholine levels induced by neostigmine may have elicited coronary
artery spasm via mechanisms of endothelial modulation of vascular tone or
activation of the autonomic nervous system. This case illustrates a rare,
but serious, complication of reversal of neuromuscular blockade.
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Reversal of neuromuscular blockade with neostigmine and atropine is
associated with no serious problems in the vast majority of patients, although
it has been reported that it may cause dysrhythmias or even cardiac arrest
especially in aged patients or patients taking tricyclic antidepressants.'”® We
report a case of coronary artery spasm which occurred after reversal of
neuromuscular blockade with atropine and neostigmine in a 40-year-old
woman. To our knowledge, this is the first report of coronary artery spasm
elicited by reversal agents.

CASE REPORT

A 40-year-old woman was scheduled for subtotal resection of the thyroid
with. bilateral neck lymph resection because of left thyroid cancer.
Pre-anesthetic examination revealed no abnormal findings except for a 1 cm
nodule palpated on the left anterior neck. Laboratory data including thyroid
function were also within normal limits. There was no history suggestive of
coronary artery disease. She had not taken any drugs habitually. ECG showed
a sinus rhythm with a normal axis. (Fig 1A)

Preoperative medication consisted of atropine 0.5 mg and hydroxyzine 50
mg im. one hour before induction of anesthesia. Anesthesia was induced with
thiopental 4 mg-Kg!. The trachea was intubated after muscle relaxation with
vecuronium 8 mg. Anesthesia was maintained with sevoflurane in 60% N,O
and 40% O, supplemented with pentazocine 30 mg and diazepam 10 mg iv.
Muscle paralysis was maintained with pancuronium. ECG (lead II) and
arterial oxygen hemoglobin saturation (SpO,) were continuously monitored.
Arterial blood pressure was measured by radial artery cannulation.
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Fig 1. Electrocardiograms of a 40-year old patient before surgery (A) and
during an episode of coronary artery spasm taken at the ICU (B). Note
ST segment elevation in leads V2-5 and aVL.

During 3.5 hour surgery anesthesia was completely uneventful.
Histopathological diagnosis of the tumor was papillary carcinoma. Arterial
blood pressure ranged 140-120/70-80 mmHg and her heart rate was 70-80 beats
per minute. Five minutes after the end of surgery, the patient awoke and
breathed spontaneously. A mixture of atropine 1.5 mg and neostigmine 3.5 mg
was given intravenously to reverse residual muscle relaxation. The patient’s
arterial blood pressure suddenly increased to 180/110 mmHg and her heart rate
to 100-110 beats/minute, with ST segment elevation on the monitor. The
trachea was extubated and she was transferred to the postoperative ICU. On
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arrival at the ICU after three minutes, a pulse oximeter indicated that SpO,
ranged between 60-75%, and the PO, of the arterial blood was 49 mmHg
despite oxygen administration (5 1-min~!) by a face mask. The trachea was
reintubated and the lung was mechanically ventilated with 100% oxygen and 5
cm H,O of PEEP. While SpO, improved to 95% with mechanical ventilation,
arterial pressure decreased to 75/40 mmHg. A continuous infusion of
dopamine at a rate of 5 y-kg~'-min~! was began and dobutamine infusion was
also combined to maintain systolic blood pressure above 100 mmHg. ECG
showed ST-segment elevation in leads V, ; and aVL. (Fig 1B) Infusion of
nicardipine and nitroglycerin was started at a rate of 0.6 xg-min~'-kg™' and
maintained for the following two days. The ST segment elevation returned to
the baseline after one hour. A chest X-ray film taken at the arrival in the ICU
and on the next day revealed pulmonary congestion. An echocardiographic
examination demonstrated impaired wall motion of the left anterior wall. On
the third postoperative day the trachea was extubated and she was transferred
to the ward. Creatinine phosphokinase and lactate dehydrogenase levels during
the postoperative course were within normal limits. She was discharged home
on the twelfth hospital day in stable condition.

DISCUSSION

Sudden ST-segment elevation in leads V,_; and aVL, and hypokinesia of
the left anterior wall demonstrated by echocardiographic examination are
consistent with coronary artery spasm, probably at the left anterior descending
coronary artery. Normal LDH and CPL levels in the postoperative days imply
that myocardial ischemia was transient and myocardial infarction did not ensue
in our patient.

Although coronary artery spasm has been well recognized as a serious
complication of coronary bypass surgery with high mortality,*® there have been
only a few reports on coronary artery spasm occurring during other kinds of
operations.>"® We have reported four cases of coronary artery spasms; two
patients with non-coronary cardiac surgery, one patient with gastric surgery and
one patient wth plastic surgery. Many stimuli, such as increased @-adrenergic
activity, respiratory alkalosis, cold, local trauma and release of vasoactive
substances from platelets, are known to elicit coronary artery spasm.” In one
of the four cases, coronary artery vasospasm was triggered by extreme
respiratory alkalosis. In the other cases, the factors which elicited coronary
artery spasm were not identified. In the present case, reversal of muscle
paralysis seems to have provoked coronary artery spasm.

Coronary artery spasm is produced by strong contraction of vascular
smooth muscle due to disturbances of coronary vasomotion, and modulation of
vascular smooth muscle tone is thought to play a critical role in triggering the
event. Vascular smooth muscle tone is modulated by vasoactive substances
such as prostacyclin, endothelium-derived relaxing factors (EDRFs), and
endothelium-derived hyperpolarizing factor, which are synthesized and released
by the endothelium under a basal condition and in response to stimulation.®
Louder et al'® demonstrated that coronary artery spasm is provoked in
segments with atherosclerosis by intracoronary acetylcholine injection in
humans, while normal coronary arteries are dilated. Acetylcholine has been
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shown in vitro to stimulate EDRFs’ synthesis and release in the endothelium,
resulting in vasodilation, while it has a direct constricting effect on vascular
smooth muscle.” Therefore, it is hypothesized that acetylcholine infusion
induced coronary artery spasm, because the endothelial modulation mechanisms
of vascular smooth muscle were impaired and the direct constricting effect on
vascular smooth muscle was not opposed by EDRFs. Neostigmine as an
anticholinesterase increases acetylcholine levels at all sites including
neuromuscular junction and the myocardium. Therefore, the coronary artery
spasm of our patient can be explained by an abrupt increase in acetylcholine
levels due to the reversal of neuromuscular blockade in the myocardium. The
reason for the absence of the endothelial dilator mechanism is unknown.

In addition to the endothelial mechanism, it is also possible that
neostigmine triggered coronary artery spasm through the autonomic nervous
system. Yasue and his group!*'? have shown that administration of
methacholine or acetylcholine provokes coronary artery spasm in patients with
vasospastic angina. They postulated that increased parasympathetic activity is
involved in the initiation of coronary artery spasm and that the increase in
parasympathetic nerve activity stimulates the sympathetic nervous system which
then, in turn, causes coronary vasoconstriction via activation of a-receptors in
large coronary arteries. Therefore, parasympathetic stimulation caused by
neostigmine can be therefore attributed to the initiation of coronary artery
spasm in our patient, although atropine was simultaneously given as a mixture.

The effects of thyroid surgery on the sympathetic nervous system must be
considered. Surgical manipulation of the neck was necessarily accompanied by
stimulation and/or damage to sympathetic nerve fibres, although we observed
no significant changes in blood pressure and heart rate during surgery. It is
therefore possible that surgical manipulations may also have contributed to the
production of coronary artery spasm by autonomic nerve dysfunction induced
by neostigmine administration.

Theoretically, the possibility also that atropine may have been related to
provocation of coronary artery spasm, since we injected a mixture of
neostigmine with atropine for reversal of muscle paralysis. We think, however,
that atropine is unlikely to elicit coronary vasospasm, because it has been
shown to suppress attacks of variant angina and was used as treatment for
coronary artery spasm until calcium antagonists became available.!V

Pulmonary congestion and the need for pharmacological support with
dopamine and dobutamine infusions for a period of two postoperative days
indicate that left ventricular dysfunction continued after the event. This may
be explained by the concept of “stunned myocardium”; ie., prolonged
myocardial dysfunction following transient myocardial ischemia.'’® It has been
demonstrated that halothane and isoflurane attenuate post-ischemic left
ventricular dysfunction.!® The effects of sevoflurane, however, remain to be
clarified.

In summary, we reported a case of coronary artery spasm in a 40-year-old
woman with no history of coronary artery disease, which occurred subsequent
to injection of a neostigmine and atropine mixture after thyroid surgery.
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