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Classification of non-Q-wave myocardial infarction
according to electrocardiographic changes
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SUMMARY The characteristics of 93 patients in whom electrocardiographic recordings were ob-
tained within 12 hours of the onset of non-Q-wave myocardial infarction were studied. Patients
were divided into the three groups according to what electrocardiographic changes were seen.

Forty nine patients had ST segment depression, 35 had ST segment elevation, and nine had T
wave changes. Patients with ST segment depression had a higher rate ofpump failure and multi-
vessel disease than the other two groups. There were no significant differences in peak serum

creatine kinase activity among the three groups. Twelve of 13 patients who died of non-Q-wave
myocardial infarction in hospital had ST segment depression. Furthermore nine of them had
attacks of non-Q-wave myocardial infarction with severe ST segment depression in many leads.
At necropsy five of six patients who had shown severe ST segment depressions in many leads at
the onset of non-Q-wave myocardial infarction were found to have circumferential sub-
endocardial lesions with triple vessel disease.
This study suggests there are electrocardiographic subtypes of non-Q-wave myocardial in-

farction that are associated with specific patient characteristics.

Acute myocardial infarction has been divided into
transmural myocardial infarction and non-
transmural myocardial infarction on the basis of the
development of abnormal Q waves. Several previous
studies comparing the characteristics of patients
with non-transmural myocardial infarction and
transmural myocardial infarction have reported
conflicting results. Although some studies reported
a lower hospital mortality in patients with non-
transmural myocardial infarction than in those with
transmural infarction. 12 in others no significant
differences were seen between the two groups.3`5
This may be because several clinical subtypes are
included in the category non-transmural myocardial
infarction. Few attempts have been made to identify
these subtypes.68 Equally important is the inability
to distinguish between non-transmural and trans-
mural myocardial infarctions on the basis of abnor-
mal Q waves alone.9 It is more accurate to use the
terms Q wave infarctions and non-Q-wave in-
farctions.9
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We have investigated the characteristics of sub-
types of non-Q-wave myocardial infarction. These
subtypes were classified into three groups according
to the electrocardiographic changes seen at the onset
of infarction.

Patients and methods

Patients-Four hundred and seventy seven con-
secutive patients were admitted to the coronary care
unit at the National Cardiovascular Centre Hospital
between October 1977 and June 1982 with sus-
pected acute myocardial infarction. Those who
fulfilled the three criteria for diagnosis of non-Q-
wave myocardial infarction and from whom electro-
cardiograms had been obtained within 12 hours of
the onset of acute myocardial infarction were in-
cluded in this study. The criteria for diagnosis were
(a) chest pain compatible with acute myocardial in-
farction, (b) peak serum creatine kinase activity
which was at least twice the upper limit of normal,
and (c) persistent ST segment changes, persistent T
wave changes, and absence of new abnormal Q
waves (that is Q waves lasting more than 0 04 sec-
onds and with an amplitude which was more than
25% of the subsequent R waves). In addition to cri-
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Fig. 1 Electrocardiogram in a 71 year old man showing ST
depression in leads II, III, aVF, and V3-V6. This patient
was in Killip class I and peak serum creatine kinase activity
was 1356 IUlI.

teria (a) and (b) the diagnosis of Q wave myocardial
infarction required the development of abnormal Q
waves. In the case of posterior infarction, the devel-
opment of initial R waves in leads Vi and V2 of 0 04
seconds' duration with a R/S ratio greater than 1 is
considered to be as important as the development of
an abnormal Q wave. Ninety three patients with
non-Q-wave myocardial infarction fulfilled all these
criteria.

Electrocardiogram and serum creatine kinase activ-
ity were measured every three hours from the onset

of infarction for 24 hours and every six hours from
the onset of infarction for the next two days. There
were three types of electrocardiographic findings as-

sociated with non-Q-wave myocardial infarction: (a)
onset with ST segment depression (Fig. 1); (b) onset
with ST segment elevation (Fig. 2), and (c) onset
with T wave changes and without important ST seg-

ment changes (Fig. 3). We defined a finding of ST
segment elevation in some leads and ST segment
depression in other leads as ST elevation.

Cardiac catheterisation-As a rule hospital sur-

vivors aged < 65 years with non-Q-wave myocardial
infarction had coronary angiography about 4 weeks
after the acute event. In some cases coronary angio-
graphy was also performed at necropsy. Coronary
stenosis was regarded as important when a reduction
of more than 75% of the luminal diameter was dem-
onstrated in a major artery.

Statistical analysis-The results were analysed by
the x2 test and Student's t test.

Results

Of the 93 patients with non-Q-wave myocardial in-
farction in whom electrocardiographic recordings
were obtained within 12 hours of onset, 49 had ST
depression, 35 had ST elevation, and nine had T
wave changes (Fig. 4a).

The average (SD) age of patients was similar in
these three groups (ST depression 63-4 (10-2), ST
elevation 58-9 (9 1), T wave changes 63-8 (941). Men
comprised 76% of patients with ST depression,
80% of those with ST elevation, and 78% of those
with T wave changes.
The patients were classified by Killip grade.10 Of

those with ST depression, 28 (57%) were in Killip
class I, 11 in class II, four in class III, and six in
class IV. Of those patients with ST elevation, 30
(86%) were in class I, two in class II, two in class
III, and one in class IV. All nine patients with T
changes were in Killip class I. Thus, pump failure
was significantly more common in patients with ST
depression than those with the other two types of
electrocardiographic change (p < 0 01) (Fig. 4b).

Angiographic findings-Coronary angiography
(including nine post mortem angiograms) was per-
formed in 51 patients. The results were classified
into four groups: patients without significant steno-
sis (group A), single vessel disease (group B), double
vessel disease (group C), and triple vessel disease
(group D). (Left main coronary artery disease was
defined as double vessel disease.) Of the patients
with ST depression, one was in group A, one in
group B, three in group C, and 20 in group D. In
contrast, of the patients with ST elevation, one was
in group A, six in group B, eight in group C, and
seven in group D. In those with T changes, two were
in group B and two in group C. Thus, multivessel
(double or triple vessel) disease was significantly
more common in patients with ST depression than
in those with ST elevation or T wave changes (92%
vs 68% and 50% respectively, p < 0 05). There was
triple vessel disease in 80% of the patients with ST
depression (Fig. 4c).
Peak serum creatine kinase activity was measured

in 81 patients. Forty patients had ST depression, 33
patients had ST elevation, and eight patients had T
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Fig. 2 Electrocardiogram in a man of47 showing ST elevation in leads II, III, and aVF 5 hours after
the onset of infarction. ST elevation resolved 7S5 hours after the onset of myocardial infarction. This
patient was in Killip class I and had peak serum creatine kinase activity of 740 IUI1.
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Fig. 3 Electrocardiogram in a man of 61 showing T wave changes in lead III 2-5 hours after the onset
of myocardial infarction. A negative T wave later appeared in leads II, III, and aVF. This patient was
in Killip class I and had peak serum creatine kinase activity of 500 IU1l.
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Fig. 4 Classification of non-Q-wave myocardial infarction by (a) electrocardiographic changes at onset, (b) Killip
classification, and (c) number of significantly stenosed vessels ( > 75% stenosis) in patients with the three types of
electrocardiographic abnormality found in non-Q-wave myocardial infarction.

wave changes. Mean (SD) peak creatine kinase ac-
tivity was 1420 (1197) IU/I in patients with ST de-
pression, 1317 (1134) IU/I in those with ST
elevation, and 777 (265) IU/l in those with T wave
changes. None of these differences was statistically
significant (Table).
Death-Thirteen patients died of non-Q-wave

myocardial infarction in hospital. The cause ofdeath
was left ventricular failure in 12 patients and ar-
rhythmia in one. Twelve patients had ST depression
and one had ST elevation. No patient with T wave
changes died. Thus, death while in hospital was
significantly more common in patients with ST de-
pression than in patients with ST elevation or T
wave changes (24% vs 3% and 0% respectively,
p < 0 01) (Table). Furthermore nine of the 12 pa-
tients with ST depression who died had pronounced
and extensive ST segment depression at the onset of
non-Q-wave myocardial infarction (that is ST seg-
ment depression > 0 2 mV in at least one lead and
definite ST segment depression in more than five of

the standard 12 leads). Necropsy in six of these nine
patients showed that five of them had large sub-
endocardial infarctions which were circumferential
or nearly circumferential in extent. Angiography
was performed post mortem on four of these five
cases, and all four cases had triple vessel disease.

Discussion

The terms transmural myocardial infarction and
non-transmural myocardial infarction have been
used for many years in the electrocardiographic
classification of acute myocardial infarction and they
continue to be used despite evidence that the cor-
relation with pathological findings is poor.9 Because
acute myocardial infarction without abnormal Q
waves may or may not be seen in association with
transmural infarction at necropsy, we prefer to use
the terms "Q wave myocardial infarction" and
"non-Q-wave myocardial infarction".
The diagnosis of non-Q-wave myocardial in-

Table Peak serum activities of creatine kinase (mean (SD)) and deaths in three types of non-Q-wave myocardial infarction

ST depression ST elevation T wave change Significance

Cases 49 35 9
Peak creatine kinase (IU/1) 1420 (1197) (n=40) 1317 (1134) (n= 33) 777 (265) (n=8) NS
Deaths 12 (24%) 1(3%) 0 (0%) p<001

NS, not significant.
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farction is generally based on a triad of features:
chest pain compatible with acute myocardial in-
farction, an abnormal increase in peak serum activity
of cardiac enzymes, and an abnormal electro-
cardiogram. We defined abnormal peak serum cre-
atine kinase at being at least twice the upper limit of
normal activity. Almost all our patients had in-
creases in creatine kinase MB, aspartate amino-
transferase, and lactate dehydrogenase activity. The
diagnosis of Q wave myocardial infarction depends
not only on the presence of the first two criteria but
also on the development of abnormal Q waves. -13
Many believe that acute myocardial infarction with-
out abnormal Q waves can be distinguished clin-
ically from infarction in which Q waves are
normal.2 -4
The frequency of left ventricular failure in non-

Q-wave myocardial infarction is generally believed
to be less than that in Q wave myocardial in-
farction.51214 This may be partly due to the size as
well as the location of the infarction, since levels of
serum enzyme activity are generally higher in pa-
tients with Q wave infarction than in those with non-
Q-wave infarction.' 5 15 In some patients, however,
non-Q-wave myocardial infarction is complicated
by severe left ventricular failure or cardiogenic
shock. 13 sThere may be clinical subtypes of non-Q-
wave myocardial infarction, but there have been few
reports identifying such subtypes.36 We classified
patients with non-Q-wave myocardial infarction
into three groups according to the electro-
cardiographic changes seen at the onset of in-
farction. Left ventricular failure (43%) and
multivessel (double or triple vessel) disease (92%),
and hospital mortality (24%) were more frequent in
those with ST depression than in those with ST
elevation or T wave changes. Twelve of 13 patients
who died had ST depression. Peak creatine kinase
activity in the serum, which is said to be associated
with infarct size,516 was not significantly different
in the three electrocardiographic groups. This was
thought to be because the ST depression groups in-
cluded non-Q-wave myocardial infarctions of vari-
ous sizes. We examined in more detail the
electrocardiographic changes of patients who died.
Nine of the 12 patients with ST depression who died
had severe and extensive ST segment depression at
the onset of non-Q-wave myocardial infarction-
that is ST segment depression > 0 2 mV in at least
one lead and definite ST segment depression in
more than 5 of the standard 12 leads. Necropsies
done in six of these 9 patients showed that five of
them had large subendocardial infarctions which
were circumferential or nearly circumferential in ex-
tent.

It is difficult to explain the mechanism of ST seg-

ment elevation at the onset of non-Q-wave myo-
cardial infarction. One cause of ST segment
elevation is coronary artery spasm, which could have
initiated acute myocardial infarction in these pa-
tients.17 --19 T wave inversion often occurred when
the ST depression or elevation of the acute phase
had resolved. The shortest duration of ST elevation
was 2 hours and that of ST depression was 4 hours.
Our classification of non-Q-wave myocardial in-

farction according to the electrocardiographic
changes seen at the onset of infarction is a useful
indicator of outcome in the acute phase.

We thank Professor Hirofumi Yasue, Kumamoto
University School of Medicine, and Professor David
H Spodick, University of Massachusetts Medical
School, for their helpful criticisms of this paper.
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