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Coronary Arterial Spasm as a Cause
of Exercise-Induced ST-Segment Elevation
in Patients with Variant Angina
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SUMMARY Four patients with variant angina pectoris exhibited reproducible exercise-induced chest pain
and ST-segment elevation. Coronary arterial spasm was documented with arteriography during exercise-
induced ST-segment elevation (three patients) or after intravenous administration of ergonovine maleate (one
patient). Our observations show that in patients with variant angina exercise can trigger coronary arterial
spasm, thus inducing anginal pain and ST-segment elevation.

EXERCISE-INDUCED ST-segment elevation is an
abnormal response which appears in association with
ventricular aneurysm,"? severe ischemic heart dis-
ease® * or variant angina.®?® In the variant form of
angina pectoris' the role of coronary artery spasm is
well established;® - 1226 but it is not yet clear whether
it may also play a role in exercise-induced angina and
ST-segment elevation. In this paper we present four
patients with spontaneous and exercise-induced ST-
segment elevation. In these patients we demonstrated
that spasm was the pathogenetic mechanism of
exercise-induced angina and related electrocar-
diographic changes.

Subjects and Methods

Four patients suffering from variant angina and no
previous myocardial infarction had exercise-induced
ST-segment elevation. The clinical history and the
results of the exercise test and coronary angiography
are briefly described (see Case Report section). The
patients were asked to perform a multistage bicycle
exercise test in the supine position with an initial work
load of 50 watts and subsequent increments of 25
watts every 3 minutes. A 12-lead ECG was obtained
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before and at termination of the exercise and at each
minute during recovery. Leads V,, V;, V, were
monitored during exercise and recorded on paper
every 30 seconds. The patients were exercised to
symptomatic end points: typical anginal pain, dyspnea
or exhaustion. After premedication with 10 mg of
diazepam, coronary arteriography was performed
using the method of Sones. In three patients (cases 2, 3
and 4) the exercise test was repeated in the same way
during coronary arteriography and arteriograms were
obtained during pain and electrocardiographic
changes. In the remaining patient (case 1) 0.2 mg of
ergonovine maleate'” was administered intrave-
nously at 0.05 mg/min.”* In this patient coronary
arteriograms were also obtained during ergonovine-
evoked chest pain. In all cases nitroglycerin, ad-
ministered sublingually, relieved the pain within 3
minutes. Drug therapy was stopped 12 hours before
angiography and exercise tests. No patient was receiv-
ing B-blocking drugs. Informed consent was obtained
from each patient before the study. The procedures
did not result in any complications.

Case Reports
Case 1

A Sl-year-old man presented with a 6-month
history of spontaneous anginal attacks that occurred
about once a month. He reported only one episode of
chest pain during effort. The admitting physical ex-
amination was negative. The blood pressure was
130/80 mm Hg; the pulse rate was 76 beats/min and
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FIGURE 1. Case 1. A) Resting ECG is normal. B) One minute after termination of exercise, the ECG shows ST-segment
elevation in leads 11, I11, aVy. C) The right coronary arteriogram after nitroglycerin shows only a mild stenosis in the midpor-
tion of the right coronary artery (arrow). D) Right coronary artery during ergonovine-induced pain and ST-segment elevation.
Complete occlusion of the proximal right coronary artery is present.

regular. A resting ECG was normal. ECGs during the
attacks of pain showed ST-segment elevation in leads
II, III, aVg. The exercise test was interrupted at 150
W because of exhaustion (heart rate 149 beats/min).
One minute later ST-segment elevation was observed
in leads II, III, aVy without anginal pain. A second
exercise test 3 days later revealed the same results.
Coronary arteriography showed a normal left cor-
onary artery and a minor atherosclerotic change

(30%) of the right coronary artery. Left ven-
triculogram did not reveal disorders of myocardial
contractility. Intravenous administration of 0.2 mg of
ergonovine maleate induced a vasospastic occlusion of
the right coronary artery at the site of the minor
stenosis, associated with ST-segment elevation in
leads II, III and aVy. The ergonovine-induced spasm
was reversed with sublingual administration of
nitroglycerin (fig. 1).
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Case2

A 43-year-old man complained of spontaneous sub-
sternal pain for 1 month. The anginal attacks were
also related to exertion. The physical examination was
negative. The blood pressure was 130/80 mm Hg. The
heart rate was 64 beats/min, with regular rhythm. His
ECG on admission was normal. ECGs during the
anginal attacks showed ST-segment elevation in leads
I1, 111, aVy. Similar episodes of ST-segment elevation
unaccompanied by pain were also noted. The exercise
test was interrupted at 150 W (heart rate 130
beats/min) for anginal pain and ST-segment elevation
was recorded in leads II, III, aVy. Reciprocal ST-
segment depression was noted from V, to V. A second
exercise test performed a few days later gave the same
result. A third exercise test after sublingual
nitroglycerin was negative. Selective coronary
arteriography revealed a normal left coronary artery
and 30% stenosis in the midsegment of the right cor-
onary artery. Left ventriculogram revealed normal
ventricular contractility. Coronary arteriogram
recorded during the attack induced by exercise test
showed two severe narrowings of the mid-right cor-
onary artery. After taking sublingual nitroglycerin,
chest pain subsided and the spasm was reversed

(fig. 2).

Case 3

A 45-year-old man had substernal pain that oc-
curred at rest for a period of 1 year. He also men-
tioned a few episodes of exertional chest pain. The ad-
mitting physical examination revealed a blood
pressure of 110/70 mm Hg and a pulse of 56. His
ECG on admission was normal. ECGs taken during
the spontaneous attacks revealed ST-segment eleva-
tion in leads II, III, aVy. A few episodes of painless at-
tacks of ischemia with ST-segment elevation in the
same leads were recorded. The exercise test was in-
terrupted at 125 W because of exhaustion (heart rate
145 beats/min). Thirty seconds later the patient had
minor chest discomfort accompanied by ST-segment
elevation in leads II, III and aVy, with reciprocal ST-
segment depression in V, to V. Occasional premature
beats were also noted. A second exercise test per-
formed a few days later induced the same electrocar-
diographic changes. Coronary arteriography revealed
a low-grade stenosis (50%) of the midportion of the
right coronary artery and of the left anterior descend-
ing artery. Left ventriculogram showed normal
myocardial contractility. Repeat angiograms taken
when electrocardiographic changes induced by exer-
cise test were present (ST-segment elevation in.leads
II, III and aVy) showed coronary arterial spasm
occluding about 90% of cross-sectional diameter of the
mid-right coronary artery. These alterations were
rapidly reversed with the sublingual administration of
nitroglycerin (fig. 3).

Case 4

A 46-year-old man suffered from spontaneous at-
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tacks of chest pain occurring when he awoke in the
morning or when he was relaxing at night for a period
of 1 week. He did not mention episodes of exertional
chest pain. Physical examination revealed a blood
pressure of 120/70 mm Hg. The heart rate was 68
beats/min, with regular rthythm; there were no abnor-
mal cardiac findings. His ECG on admission was nor-
mal. During the spontaneous episodes the ECG
showed ST-segment elevation from V, to V. Episodes
of ischemia unaccompanied by pain were also noted.
The exercise test was interrupted at 150 W because of
chest pain (heart rate 144 beats/min) and ST-segment
elevation was observed in leads V, to V,. A second ex-
ercise test performed 3 days later caused the same
electrocardiographic changes. Cinecoronary arteriog-
raphy revealed a significant narrowing (75%) of the
left anterior descending artery and a normal right cor-
onary artery. Left ventriculogram showed normal
myocardial contractility. Coronary arteriograms dur-
ing exercise-induced pain with ST elevation in leads V,
to V, revealed more severe narrowing (99%) of the left
anterior descending artery with slow progression of
the contrast medium and distal occlusion of the artery.
The pain was relieved and the spasm subsided im-
mediately after sublingual nitroglycerin (fig. 4).

Discussion

The ST-segment elevation during the pain of
variant angina has been observed to occur at rest® !
and, less frequently, during effort.>* In 1972 we
reported four cases of exercise-induced ST-segment
elevation.* In those patients coronary arteriography
revealed a high-grade stenosis in the artery supplying
the area of the myocardium expected to be ischemic
by the electrocardiographic alterations during effort.
Severe atherosclerotic changes of the coronary
arteries were also found by Fortuin and Friesinger® in
11 out of 12 patients in whom this abnormality was
observed. Most of those patients did not present spon-
taneous attacks of pain associated with ST-segment
elevation. This electrocardiographic abnormality
triggered by exercise was regarded as a characteristic
feature of severe ischemic heart disease. However, in
the variant form of angina pectoris exercise-induced
ST-segment elevation has been reported in patients
with and in those without coronary atherosclerosis.®*°
It is well-known that coronary arterial spasm is
primarily responsible for the spontaneous attacks of
pain associated with ST-segment elevation,5 10 12-16
but it is not clear whether it can account for the elec-
trocardiographic abnormality provoked by exercise.

In our patients exercise-induced ST-segment eleva-
tion occurred during (cases 2 and 4) or just after the
exercise period (cases 1 and 3). In any case, our
patients exhibited ST elevation repeatedly on subse-
quent exercise tests, demonstrating that the phenom-
enon was reproducible. In three patients we could:
perform coronary arteriography during electrocardio-
graphic changes induced by the exercise test. In all
cases we demonstrated a vasospastic occlusion of the
lumen of a major coronary artery. We believe this is
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FIGURE 2. Case 2. A) Resting ECG is normal. B) At the end of exercise, interrupted because of chest pain, ST-segment eleva-
tion is present in leads 11, II1, aVy. C) Control right coronary arteriogram. A mild stenosis is present in the midportion of the
right coronary artery. D) During exercise-induced chest pain and ST-segment elevation two severe obstructions of the mid-right

coronary artery are visible (arrows).

the first report directly demonstrating that coronary
arterial spasm can be provoked by dynamic exercise.
In the remaining patient ergonovine maleate evoked
chest pain associated with ST-segment elevation, and
angiography revealed a coronary arterial spasm com-

pletely occluding the right coronary artery. Since this
patient had no significant fixed coronary lesions we
suggest that exercise-induced electrocardiographic ab-
normalities imply the same pathogenetic mechanism.
A similar case of variant angina pectoris with
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FIGURE 3. Case 3. A) ECG recorded at rest. B) Thirty seconds after termination of exercise, ST-segment elevation is present
in leads 11, 111, aV with reciprocal ST depression from V, to Vs C) Right coronary arteriogram with patient at rest and pain
free shows only a mild stenosis (arrow) in the midportion of the right coronary artery. D) During exercise-induced ST-segment
elevation, a 90% stenosis of the mid-right coronary artery is visible (arrow).

reproducible chest pain and ST-segment elevation in travenous administration of ergonovine maleate.

the immediate postexercise period in a patient with It is well established that coronary arterial spasm is
normal coronary arteries has been recently reported the underlying pathogenetic mechanism of spon-
by McLaughlin et al.?® These authors documented a taneous chest pain and electrocardiographic changes
coronary arterial spasm occluding approximately 60% in most of the patients with variant angina.® **¢ Qur

of the lumen of the right coronary artery after in- observations show that in patients with this syndrome



2202 ‘8 yore |\ uo Aq Bio'sfeuinofeye;/:diy wouy papeojumoq

EXERCISE-INDUCED ST ELEVATION /Specchia et al. 953

/
[

FIGURE 4. Case 4. A) ECG recorded at rest. B) At the end of exercise, interrupted because of chest pain, ST elevation is
recorded from V, to V. C) Left coronary arteriogram performed when pain and electrocardiographic abnormalities are absent,
shows a left anterior descending artery filling rapidly and completely. A significant stenosis is present just past the origin of a
diagonal branch (arrow). D) Left coronary arteriography performed during pain and ST changes shows a severe obstruction of
the left anterior descending artery at the point of the organic stenosis (arrow). The vessel beyond the obstruction fills very slowly
and only to the point indicated by the bottom arrow.

exercise can trigger a coronary arterial spasm thus in- normal reflex response in patients with altered activity
ducing anginal pain and ST-segment elevation. of the automic nervous system could be postulated;
The mechanism whereby coronary arterial spasm is or spasm could result from direct effect of circulating

involved in the response to exercise is not clear. An ab- metabolic factors.?
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