























522 TURNER AND MORTON

Clinical and X-ray examinations negative. Resting cardiograms showed healed posterior myocardial
infarction. Positive anoxic test (total S-T depression=5 mm. Fig. 5; Case 30) indicating that his pain was
still due to myocardial ischemia. Died suddenly two months later. No post mortem.

FiG 5.—Case 30. Positive anox@mic test: total S-T depression 5 mm.

Case 25. A woman, aged 68, gave a twelve-month history of retrosternal burning pain frequently
coming on at rest in bed, but sometimes related to exertion. Not immediately relieved by trinitrin.
Hiatus hernia was suspected, but excluded. Physical examination and screening of the heart were negative,
apart from the finding of obesity and a high diaphragm. Resting cardiograms showed only a QuuT1u pattern
which disappeared on deep inspiration and hence was not considered to signify myocardial infarction,
Anoxzmic test was positive and confirmed the diagnosis (total S-T depression = 4} mm) (Fig. 6).

FiG. 6.—Case 25. (A) Positive anox®mic test: total S-T depression =4} mm. (B) Lead III in full inspiration.
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DiscUSSION OF RESULTS

What then is the potential value of the anox@mic test? First, to try and confirm that a suspicious
pain is in fact based on isch@mic heart disease. Secondly, to try to exclude angina pectoris as the
cause of an atypical chest pain. Thirdly, to try to assess the degree of recovery following previous
myocardial infarction. Fourthly, to help in deciding the fitness of a patient for a surgical operation
and especially the an®sthetic. Fifthly, there is a possibility of assistance in assessing the value of
drugs on the coronary circulation.

Information of some value and considerable interest has been obtained in about one-half of our
cases. The series has been analysed but is hardly worthy of statistical presentation.

Instead of large numbers called from far and wide to make a big series we have studied, as
carefully as possible, individual patients whom we knew well, as opportunity offered. Naturally
such cases are not so very common. Each presented a real clinical problem and the information
obtained was used in conjunction with the other evidence to come to a more definite opinion. On
occasion we have used the test when some operation, not of an essential nature but yet advisable if
there is no undue risk, is under consideration. A negative result has been taken as suggesting
fitness for general an®sthesia. The anox@mic test is not a reliable guide to prognosis.

With proper selection of patients and due precautions, the dangers of the test are minimal. It
can be carried out in any hospital with average facilities. There is neither need nor justification
for this procedure when the diagnosis has already been established or where no reasonable doubt
exists. No patient should be submitted to it before a full series of electrocardiograms have been
taken and examined; that is to say at least 9 leads consisting of 3 standard (or unipolar) limb leads
and 6-7 chest leads. On a number of occasions when four leads have been normal we have found
definite evidence of infarction on taking further leads. There is nothing new in this observation,
of course, but it does emphasize the need for caution.

We are satisfied that further information of material value may be obtained in patients of the
type under consideration. The criteria of abnormality vary only in degree from the changes seen
in normal controls. It is difficult to draw a definite line between them. Consequently, there is a
theoretical danger of false positive tests, that is, of attributing borderline cardiographic changes in
healthy hearts to organic disease. Nevertheless, we have no reason to believe that we have ever
been misled into diagnosing coronary disease when none was present. It is generally agreed that
the present criteria of abnormality make such a mistake most unlikely. In borderline cases the test
should be ignored.

An examination of our records reveals that the greatest abnormality is usually shown in a chest
lead recorded over the left ventricle. In 9 out of 11 consecutive cases, the degree of S-T depression
in lead IV is greater than that in any one of the three standard limb leads and indeed as great as, or
greater than, in these three leads added together. Although further experience will be required to
establish the point, it is suggested that S-T depression of 2 mm. or more in lead IV indicates a
positive test. We have recently been recording multiple chest leads and it seems probable that for
routine purposes, Lead IV will prove to be the most suitable lead in that the degree of S—-T depression
is usually as much as, or more than, in any other lead. Furthermore, in the last eight cases recorded,
the changes in unipolar (V) leads and bipolar (CR) chest leads have been compared. -In seven of
them, the degree of S-T depression in CR leads has been significantly greater than in V leads.
This too suggests a possible improvement and simplification in establishing criteria of abnormality.

These points are illustrated in Fig. 6. The limb leads are not in fact quite normal in that there
is slight slurring of the QRS complex in Lead II. However, this is not diagnostic of coronary
disease. " It will be seen that the test is a positive one and the degree of S—T depression is greater in
Lead IV than in the three limb leads added together and greater in CR4 than in V4.

THEORETICAL ASPECTS
Changes in the S-T segment and T waves similar to those occurring in the anox@mic test though
less marked, may be produced in healthy people by a variety of factors including emotion. In
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spite of this, assistance of real value may be given in clinical problems concerning coronary in-

sufficiency. Obviously it is important to consider the relevant factors that may be operative during

the test and also the theoretical background for the electrocardiographic changes observed.

Although the ultimate causes of the potential variations responsible for the changes remain
largely a mystery the possible factors that initiate them are of practical importance. Our present
problem is to distinguish the physiological variants which may occur during the test in normal
people from pathological effects which may be seen in subjects with coronary artery disease. For
this reason reference must be made to some of these factors which include anoxmia, ischemia,
emotion, tachycardia, hyperventilation, alkalosis, posture and autonomic imbalance. They are
often inter-related.

Other factors which can produce changes in the electrocardiogram should be remembered, e.g. a recent
meal (Gardberg and Olsen, 1933; Simonson ef al., 1946), an ice-cold drink (Wilson and Finch, 1923), tobacco
(Graybiel et al., 1938; Bryant and Wood, 1947), need not be discussed here since they are normally excluded
from playing any part during the test.

The changes produced by anox@mia can be reversed by giving oxygen. The normal heart is remarkably
tolerant to anox@mia partly because of the marked increase in coronary blood flow which occurs though
naturally this is limited in subjects with narrowed vessels. The cardiac output is also increased so that if the
work of the heart is augmented there may yet be a relative myocardial ischemia as in the exercise test
(Wiggers, 1941). The changes produced by isch@mia are firmly established and similar in type to those
under consideration.

Tachycardia, hyperventilation and autonomic imbalance with predommant sympathetic stimulation may
all be responsible for the electrocardiographic changes produced by emotion. The effects of tachycardia
are usually inseparable from the sympathetic overactivity and lowering or even inversion of the T waves is
known to accompany considerable tachycardia from any cause (White et al., 1941). However, tachycardia
of sufficient degree does not occur in the anox@mic test.

Hyperventilation may be responsible for some of the clinical manifestations in anxiety states (Kerr et al.,
1937, 1939). Weakness, dizziness, faintness, parathesiae, tachycardia, tremulousness and cramps can be
produced by voluntary over-breathing and Thompson (1943) also states that pain simulating angina pectoris
may be reproduced in healthy persons and that symptoms may be accompanied by T wave inversion and
slight S-T segment depression in the electrocardiogram. Alkalosis is probably the principal but not the sole
factor concerned in such cases. Similar changes have been recorded when alkalosis results from other
causes (Lawrence and Allott, 1943; Barker et al., 1939). Some degree of hyperventilation is commonly
observed during the anox®mic test but is usually slight and not sufficient to affect the electrocardiogram. It
is in fact more likely to occur during the exercise test.

The effects of posture in lowering or inverting the T wave are now well known though there have been
varying opinions about the mechanism involved (Leimdérfer, 1935; Akesson, 1936; Graybiel and White,
1935; White et al., 1941; Scherf and Weisberg, 1941; Master, 1944; Wendkos, 1944; Wendkos and
Logue, 1946). This factor was avoided in our cases by taking all records with the subject recumbent.

Autonomic imbalance is presumably responsible for similar changes (of lesser degree) which have some-
times been observed in cases of effort syndrome. Sympathetic stimulation which can be neutralized by
giving a sympatholytic drug can produce such changes even in the absence of significant tachycardia (Wend-
kos and Logue, 1946).

DiscussioN

It is clear that flattening or inversion of the T waves may occur under such a wide range of
circumstances that it is an unreliable sign of coronary insufficiency in the anox®mic or exercise
tests. More attention can be paid to S-T depression although it may also occur in some of the
circumstances in which T wave changes are seen. However, from a study of the papers which have
been published the significance of S-T depression is largely substantiated and with Levy’s method
of adding up the total depression in the four leads, a reasonably clear border line between normal
and abnormal cases can be drawn. Where the results are near the border line due caution in
interpretation is naturally indicated. Usually, however, the test will be either clearly positive or
negative. Discussion of the principles of electrocardiographic interpretation involved may be
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found in the reviews of Wilson (1944, 1947), Ashman (1940), Eyster and Meek (1942), Bayley (1943,
1946), Katz (1947), Hellerstein and Katz (1948), Pirani and Schlichter (1946) and Price and Janes
(1943). In experimental animals (Bayley et al., 1944) temporary myocardial ischemia has been
shown to produce changes in the S-T segment and T waves similar to those observed in the anoxemic
test. '

In cardiac infarction S-T displacement is usually upwards but it is commonly downwards both
in spontaneous angina and in the anox®mic test. For these differences good reasons may be
advanced. It is known that injury to the sub-epicardial layers will result in upward displacement
of the S-T segment as recorded by an overlying electrode and injury to the sub-endocardial in down-
ward displacement. This has been demonstrated in animals and also observed in human myocardial
infarction. Also an injury to the sub-epicardial region will result in greater and more persistent
electrocardiographic changes than a similar injury to the sub-endocardial region (Hellerstein and
Katz, 1948). In the experimental work as in naturally occurring myocardial infarction a layer of
sub-endocardial muscle commonly survives and accounts for the fact that the S—T displacement is
upwards. The reason for this frequent immunity of the sub-endocardial lamina presumably lies in
relatively better nutrition which derives from the collateral blood supply of the sub-endocardial
arteriolar plexus of Gross, from the Thebesian vessels and possibly from direct diffusion of oxygen
through the endocardial wall from the ventricular cavity. In spontaneous attacks of angina the
S-T displacément which is usually seen may be explained by spasm of the sub-endocardial plexus
(Bayley, 1946). In the anox@mic test not only is the blood in the coronary vessels and ventricular
cavities inevitably reduced in oxygen content so that there will be little benefit to the sub-endocardial
layers but it may be that the latter are abnormally sensitive to oxygen lack since they are accustomed
to a superior blood supply (Biorck, 1948).

The theoretical basis for the anoxamic test is nevertheless not fully established. S-T depression
may be caused by physiological changes concerning repolarization or by pathological changes
leading to the production of a current of injury. Fortunately, electrocardiograms can usually be
interpreted without regard to theory and failure to agree upon, or even understand, the underlying
mechanisms has not prevented progress in this field.

SUMMARY AND CONCLUSIONS

Various procedures which have been recommended for the assessment of coronary insufficiency
are briefly reviewed and the history of the anoxamic test is referred to in some detail. The technique
of the anoxamic test is described and criteria of abnormality and possible reactions discussed. It
is suggested that the duration of anox@mia can be limited to ten minutes. The results of 22 control
tests and a study of 33 patients are presented. Assistance of material value may be obtained in
difficult cases particularly with regard to atypical pain in the chest. When properly conducted on
suitable patients the test is not dangerous.

Itis suggested that S-T depresswn of 2 mm. or more in Lead IV indicates a positive test and that
further experience may show that it is unnecessary to record other leads.

It is concluded that the anoxzmic test has a small but useful role to play in the assessment of
coronary insufficiency and holds certain advantages over the exercise test.

We should like to acknowledge the considerable help received from members of the Anasthetic Staff of the Western
General Hospital, and also to the physicians who have referred their cases.
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