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Attacks of effort syncope are fairly common in patients suffering from aortic stenosis. Their
occurrence varies from 13 per cent to 25 per cent in several large series (McGinn and White, 1934;
Hammarsten, 1951; Matthews et al., 1955; Baker and Campbell, 1956). In congenital aortic
stenosis it has been recorded in 8 cases out of 40 (Campbell and Kauntze, 1953), 2 cases out of 28
(Marquis and Logan, 1955) and 6 cases out of 37 (Downing, 1956).

Reports of electrocardiograms taken during effort syncope are rare; four such published reports
have been traced. In two of them (Gallavardin and Rougier, 1928; Hammarsten, 1951), sino-
auricular block and nodal escape occurred. Nodal rhythm occurred in a third (Gravier, 1936),
and sinus bradycardia in a fourth (Marvin and Sullivan, 1935). Unconsciousness developed before
the onset of the arrhythmia in three of them.

The purpose of this paper is to report a case of effort syncope due to cardiac arrest, occurring
in a patient with congenital aortic stenosis. Electrocardiograms were taken throughout the attack.

Case Report
G. W., a 31-year-old railway signalman, was first discovered to have a cardiac murmur at the age of five

years at a school medical examination. He had never suffered from rheumatic fever, growing pains, chorea,
or scarlet fever.

At the age of 29 years, he had his first syncopal attack. This occurred after he had run 300 yards uphill
to catch a train. Since then he has had two further attacks in similar circumstances. Each attack occurred
immediately after he sat down following severe exertion. He felt breathless, but was not conscious of any
change in the heart rate. The loss of consciousness was sudden and lasted from two to five minutes on each
occasion. There was no loss of sphincter control, and convulsions were not observed. After the attacks
he always felt nauseated and noticed that he was sweating and felt his face flushed and warm. He had never
suffered from angina, undue exertional dyspncea, or ankle swelling.

Physical examination showed a well developed man who looked fit. He had a cleft palate. The heart
rate at rest was 80 beats a minute; the pulse was of normal volume. The blood pressure was 130/84.
There was no evidence of cardiac failure. A systolic thrill was palpable, maximal in the second interspace,
immediately to the right of the sternum, but also palpable at the apex. The first heart sound was loud and
split. There was a grating systolic murmur (grade 4), maximal in the second right interspace, but also
audible all over the chest, back and front, and also over the carotid arteries. There was a normal, single
aortic second sound. No early diastolic murmur could be heard. The femoral pulses were of good volume.
An X-ray of the heart showed a cardio-thoracic ratio of 1: 2-2 (transverse cardiac diameter 142 mm.;

transverse chest diameter 313 mm.). The left ventricular segment was active and rather prominent. There
was no left atrial enlargement. The aortic knuckle was rather large (33 mm. in diameter). Calcification
was not visible in the aortic or mitral valves.

Intra-arterial pressure tracings from the left brachial artery showed slight delay in the onset of the upstroke
of the arterial wave (0-13 seconds), but no definite abnormality. A resting electrocardiogram (Fig. IA)
showed a normal sinus rhythm and evidence of left ventricular hypertrophy. Carotid sinus pressure on each
side in turn produced no symptoms and no significant change in the form of the electrocardiogram.

Exercise tolerance test. The patient performed a two-step exercise test consisting of 9420 foot pounds'
work in two minutes without any signs of distress or undue dyspncea. Then, on lying down, he became
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FIG. 1.-Electrocardiograms in aortic stenosis: (A) immediately before exercise, (B) on recovery of consciousness
after effort syncope, and (C) on the day after the attack. The records show how, on recovery of consciousness
after the test exercise the T-waves were found inverted in standard leads and in leads V4-V6. The record C
shows restoration of normal pattems. The P-R interval increased from 016 sec. before the exercise to 0-18 sec. on
recovery.

increasingly breathless. Soon afterwards, as he lost consciousness, involuntary twitching occurred in the
feet and hands. After a generalized tonic spasm the patient became pulseless, pale, and flaccid, and during
the next half minute only one or two gasping respiratory movements were made. A few seconds later,
following the onset of Cheyne-Stokes breathing, the heart rate on auscultation was about 50 a minute.
Over the next four minutes the rate gradually increased, regular respiration was established, and the patient
regained consciousness.

Electrocardiograms taken throughout the attack (Fig. 2) showed the occurrence of complete cardiac
arrest. Normal rhythm was later re-established (Fig. 1, B and C). An electroencephalogram showed a
normal record at rest and on hyperventilation. The blood and urine examinations were normal.

FIG. 2.-Electrocardiograms taken during an attack of effort syncope in a patient with congenital aortic stenosis:
time measured in minutes and seconds after completion of a two-step exercise test.
(A): taken during the initial period of dyspnea; there is a supraventricular tachycardia with a ventricular rate of
approximately 167 a minute. There is minor S-T depression.
(B): the ventricular rate is slow and regular (68 a minute). The instability of the isoelectric line, due to the
twitching of the patient as he lost consciousness, makes the interpretation of atrial activity uncertain.
(C): (taken during the occurrence of a generalized tonic spasm). (D, E, and F), show long periods of cardiac
arrest, but in F there is a suggestion of recovering atrial activity.
(G, H, and I): (taken during the subcutaneous injection of adrenaline) show the re-establishment of ventricular
activity. The complexes are largely of left bundle-branch block type, but their variety indicates varying foci of
origin. Atrial activity is uncertain.
(J): there is a regular idio-ventricular rhythm, rate 50 a minute. The complexes are of left bundle-branch type.
Irregular and abnormal P waves are present.
(K): (taken as the patient recovered consciousness) shows the development of normal sinus rhythm. In the early
part of the record the P-R interval is 0-20 second, but following a supraventricular premature beat there has been
a change in the pace maker, with the development of a P-R interval of 0-10 second. There is S-T depression and
a diphasic T wave in all the complexes.
Note: The records were taken continuously as rapidly as possible, using a Cambridge Table Model with a moving
plate camera. The timings are therefore approximate. However, during a period of about 48 seconds only one
ventricular beat was recorded and a further 33 seconds elapsed before the establishment of a regular idio-ventricu-
lar rhythm.
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EFFORT SYNCOPE IN AORTIC STENOSIS29
Commtent

The mechanism of effort syncope in aortic stenosis is disputed. Marvin and Sullivan (1935)
considered that the attacks were probably due to hypersensitivity of the carotid sinus, but showed no
evidence to prove this. Contratto and Levine (1937) and later Mitchell et at. (1954) were unable to
demonstrate any association between syncopal attacks and hypersensitivity of the carotid sinus in
patients with aortic stenosis. Gallavardin (1937) thought that atransient cerebral anoxia caused by a
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fall in left ventricular output was responsible for the attacks, except on certain rare occasions, when
they might be due to an arrhythmia. The mechanism of the sudden fall in left ventricular output
was elaborated by Hammarsten (1951), who considered that this was due to a relative myocardial
ischemia precipitated by effort, causing a reduced stroke volume: he pointed out that the published
electrocardiographic records taken during an attack were consistent with this view. Mitchell et al.
(1954) were of the opinion that the shortening of diastolic filling, caused by a tachycardia resulting
from effort, was particularly likely to decrease cardiac output in cases of well-marked stenosis.

Conduction defects are known to occur in patients with aortic stenosis. Permanent complete
heart block may be caused by the extension of calcification from the stenosed aortic valve to involve
the bundle of His, as reported by Yater and Cornell (1935) and by Dry and Willius (1939). Syncopal
attacks have occurred in a patient with this lesion (Warshawsky and Abramson, 1947). Transitory
conduction defects occurring with calcific aortic stenosis have been reported by Boas (1935) and by
Friedberg (1956). In Boas' (1935) case, complete heart block was precipitated by exercise. Fried-
berg (1956) pointed out how difficult it is to correlate these transitory disturbances with organic
lesions of the bundle of His resulting from calcification.

In the patient whose case is reported here, the syncopal attacks always occurred in circumstances
likely to produce coronary insufficiency, the occurrence of which is well recognized in aortic stenosis
(Contratto and Levine, 1937; Friedberg and Horn, 1939); there was no radiological evidence of
calcification; and the cerebral anoxia was probably caused by the development of a rapidly changing
arrhythmia, culminating in complete cardiac standstill. Normal rhythm was later re-established.

It is therefore suggested that a functional coronary insufficiency developing during exertion may
cause a relative ischemia principally of the conduction system of the heart in a proportion of patients
with aortic stenosis. This may cause a transient conduction defect and hence an attack of syncope.
If ventricular activity is not quickly restored, sudden death will ensue.

Summary
Reference is made to four previously published electrocardiographic records taken during an

attack of effort syncope in patients with aortic stenosis. In the case here reported complete cardiac
arrest occurred following exercise in a patient with congenital aortic stenosis. The various mechan-
isms of effort syncope in aortic stenosis are discussed and in the present instance it is suggested that
a transient conduction defect was caused by functional coronary insufficiency. This may explain
the occurrence of effort syncope and sudden death in a proportion of patients with aortic stenosis.

I wish to thank Dr. A. Rae Gilchrist for his encouragement in preparing this paper and for permission to publish,
and also to thank the other members of the staff of the Department of Cardiology for a great deal of help in its
production.
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