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Background: The distinction between ST elevation and nonST elevation infarcts is widely accepted
and is employed as a guide to management.

Aim: This is review of the world literature to assess the basis for this distinction, since the two
studies on which it is based are seriously flawed in method and conclusions.

Method: Pathologic and clinical studies were reviewed from the world literature.
Finding: The pathology of the two subsets is identical as are the morbidity, mortality and clinical

course. Non-ST elevation infarcts are likely to be subsequent, to occur in older patients and to
involve the circumflex artery: this subset therefore includes a high-risk group. ST deviation in any
part of the electric field of the heart will predictably be accompanied by reciprocal deviation if the
entire field of the heart is mapped. Further, ST deviation of infarction is often transient, resolving in
minutes so that infarcts will be predictably misclassified. ST deviation per se is therefore not a rational
basis for classification of infarcts. In fact, invasive therapy is indicated in both subsets with identical
results.

Conclusion: The distinction between ST elevation and non-ST elevation infarcts is baseless. The
high risk subgroup included in the non-ST elevation infarct set should not be denied the benefit of
early invasive therapy.

Ann Noninvasive Electrocardiol 2010;15(3):191–199

electrocardiography

The distinction between a myocardial infarction
(MI) accompanied by ST elevation (STEMI) and
MI without ST elevation (non-STEMI) has been ac-
cepted universally, albeit uncritically, by the dis-
cipline of cardiology. Almost every current or re-
cent publication regarding myocardial infarction
employs this classification.1–5 Profound pragmatic
considerations hinge on this set of classifications
and it is therefore surprising to find that the en-
tire basis for the STE/non-STE distinction arises
from only two clinical studies—GISSI6 and ISIS.7 In
these studies it was found that myocardial infarcts
accompanied only by ST depression were not ben-
efited by thrombolysis with streptokinase, in con-
trast to the group with ST elevation in which sig-
nificant numbers showed clear cut benefit. These
findings seem to have a slender basis for such a
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profound and universally accepted classification, a
classification, moreover, that connotes a high order
of practical significance in terms of pathology, ther-
apy, and prognosis. Several questions must there-
fore be posed.

1. Is there in fact any difference in the pathology
of the two subsets?

2. Is there any difference in clinical outcome—
that is, in long or short-term prognosis?

3. Should treatment differ in the two subsets?
4. Do the GISSI and ISIS studies in fact provide a

valid basis for this distinction?
5. Is the distinction between ST elevation and de-

pression valid in terms of electrocardiographic
field theory?
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Pathology of NSTEMI and STEMI

Raunio et al.8 studied postmortem pathology
in 80 patients who died of acute myocardial in-
farction. ST depression was recorded in 38 cases:
ST depression was the only abnormality in 16 of
these cases, (of which 33% were subendocardial
infarcts and 17% transmural). In other words, half
of the validated infarcts on postmortem examina-
tion were accompanied by ST depression while
20% manifested ST segment depression only. The
pathology of the infarcts accompanied by ST eleva-
tion was compared critically with those accompa-
nied only by ST depression.

There was no pathologic difference between the
infarcts accompanied by ST elevation and those ac-
companied only by ST depression. The two pro-
cesses were in fact identical. This study by Rau-
nio and associates appears to present the only doc-
umentation to date of the pathology of the two
subsets.

Clinical Correlates of Non-STEMII

Montalescot et al.9 studied 2151 consecutive
MIs. STEMI patients were more likely to un-
dergo invasive therapy or fibrinolysis, and follow-
up treatment was more intensive in this group, but
despite these differences, early and late (1-year)
mortality were the same in STEMI and non-STEMI.
There was no difference in any measurable clin-
ical index between the two groups. (The title
of this study is illuminating and very much to
the point. “STEMI and NONSTEMI—Are They So
Different?”).

Lee et al.10 addressed the specificity of ST depres-
sion in a study of 136 patients admitted with sus-
pected MI with ST depression only. Seventy-four
(54%) were confirmed as infarcts: 43 (58%) of that
group had previous infarcts. A 4 mm ST depression
in a single lead was 20% sensitive and 97% specific
for diagnosis of MI, while the finding of a total of
7 leads with ST depression was 21% sensitive and
95% specific for the same diagnosis. The mean age
of those with confirmed non-STEMI was 68 years.
The authors comment that . . . . . “more severe ST
depression is highly specific for the subsequent di-
agnosis of myocardial infarction”.

Kuch et al.11 reported findings in 6748 consecu-
tive patients diagnosed with MI: 45.8% presented
with ST elevation, 14% with ST depression only,
32.4% with no ST deviation, and 7.8% with bundle-

branch block. The 28-day case fatality in the group
with ST depression was slightly higher than in the
group with ST elevation (12.4%, vs 8.8%, P = 0.03).

Pitta et al.12 studied 255,256 patients enrolled
in the National Registry of Myocardial Infarction
who had an acute MI with initial ST depression.
The in-hospital mortality rate for those with ST de-
pression only was 15.8%—almost exactly the same
as for those presenting with ST elevation (15.5%).
The authors comment that the current common
classifications of “S-T segment elevation myocar-
dial infarction and non S-T elevation myocardial
infarction has led to serious undertreatment of the
high-risk group associated with S-T depression, as
documented in this and other studies.”

Menown et al.13 studied 1041 consecutive pa-
tients presenting with chest pain (335 with myocar-
dial infarction) and 149 controls without chest pain.
The authors point out that “ST elevation has poor
sensitivity for acute MI with up to 50% of patients
reported as exhibiting ‘atypical’ changes at presen-
tation including isolated ST depression, T inversion
or even a normal ECG.” In their series, primary ST
depression (ST depression without coexistent eleva-
tion) occurred in 130 patients, (45 with acute MI, 85
without). As in the study by Lee and Rawls10 cited
above, they found that the presence of depression
in five or six or more leads was associated with high
specificity for acute myocardial infarction.

Angiographic Correlations

Abbas et al.14 reported angiographic findings in
61 patients with non-ST elevation MI. They found
that the circumflex artery was threefold more likely
to be the site of MI without ST segment elevation
than either of the other major vessels. Patients with
previous coronary bypass surgery were four times
as likely to present with non-ST elevation MI. The
authors comment that limiting diagnosis to ST ele-
vation therefore excludes a high-risk group. They
additionally note that “Despite the delay in revas-
cularization and the absence of ST elevation, pa-
tients who had non-ST elevation MI and underwent
emergency revascularization had similar procedu-
ral outcomes, in-hospital events and 6-month out-
comes in this analysis.” (as compared with the ST
elevation group.)

Choice of therapy: The notion that the non-ST el-
evation MI differed in some essential quality from
the ST-elevation variety raised the question of ap-
propriate therapy for the former group.
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A large series of well-controlled studies compar-
ing conservative with invasive therapy in the set-
ting of non-STEMI has by now settled the ques-
tion of appropriate treatment. A study of 1635
consecutive patients by Scull et al.,15 the FRISC
study,16 the RITA trial,17 the VINO study18 a mul-
ticenter Holland/UK/U.S. study,19 and a large-scale
multicenter U.S. study20 all recorded significant
benefit from early percutaneous intervention as
compared with conservative management in pa-
tients with non-STEMI. The term “early” used in all
these studies, had varying significance. In the RITA
trial,17 patients were included within 72 hours of
the onset of symptoms. In the FRISC I I study,16

48 hours was the acceptable interval between on-
set of symptoms and intervention, while in the
VINO project18 “first day angiography” was de-
fined as the time limit for intervention. In the study
cited in reference 19 by Ronner et al. the time of
maximum benefit with intervention was defined as
one day, while in the study by Bach and cowork-
ers20 patients were assigned to invasive therapy 4
to 48 hours after randomization. In brief, invasive
study and treatment has been established as appro-
priate and indicated therapy for non-STEMI Tim-
ing of intervention in all these studies exceeded
the “golden 90 minute” rule which raises an im-
portant question. Does this particular rule apply to
the non-STEMI set? The question remains moot for
the very good reason that to date no study has ad-
dressed this problem. Thus the terms “urgent” or

Figure 1. Tracing recorded early in the course of a myocardial infarct. ST segment changed from depression to
elevation in 18 heartbeats: ST elevation then resolved in six beats. (Continuous tracing.)

“emergency” may be applied with equal justifica-
tion to intervention in the non-STEMI set at this
time. Further elucidation is needed.

Critique of the GISSI and ISIS2
Conclusions Relative to ST

Depression Infarcts

Lee and colleagues10 point out several obvious
sources of error in both studies. Their comments
are well worth quoting. “First the number of pa-
tients with ST depression who received therapy
was relatively small in both trials (224 patients
in GISSI and 571 in ISIS-2). The confidence inter-
vals for mortality reduction would therefore be ex-
pected to be wide in these patients. Indeed this was
the case in the ISIS-2 trial with an odds ratio for
mortality reduction of 1.01 (95% confidence inter-
val 0.75–1.36). Second, in patients with ST depres-
sion, the criterion for the administration of throm-
bolytic therapy was based on clinical suspicion only
and not on ECG changes. This would almost cer-
tainly mean that a large number of patients who
received thrombolytic therapy in these trials did
not in fact suffer an infarction.”

In the ISIS-2 study, patients were included who
entered the hospital up to 24 hours after onset
of symptoms with a median time to admission of
5 hours. ECG abnormality was not a requirement
for inclusion. Given the frequently transient na-
ture of ST deviation (Figs. 1, 2A–C, and 3) it is
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Figure 2. (A) ECG recorded at 14:45 in a suspected MI. (B) Second tracing 15 minutes later recording further
striking ST elevation of ST segments with typical convex pattern of infarction. (C) Third tracing recorded 6 minutes
later with complete resolution of ST elevation. This would now be classed as a “non-STEMI.”
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Figure 2. Continued.

certain that many of the patients in the ISIS2 study
must have manifested ST elevation at some earlier
time in the course of the disease and were hence
misclassified. (This is a major and obvious source
of error: it is surprising that it has not been previ-
ously remarked.)

It is also striking that in the GISSI trial there was no
benefit from thrombolytic therapy in inferior or lateral
myocardial infarcts or in patients with previous in-
farcts! The significance figures for all these categories
were the same as for those in the “ST depression” cat-
egory. To imagine that this entire subset of myocardial
infarcts differed in some essential character from ante-
rior infarcts would defy logic.

Transient Nature of STT Deformity

Figure 1 is a continuous ECG recorded in the
early stage of a myocardial infarct. The striking ST
elevation persisted for five beats and resolved with
progressive inversion of the T wave: an infarct was
amply confirmed subsequently. Figures. 2(A–C) il-
lustrates much the same phenomenon with appear-
ance of typical ST elevation within 15 minutes and
complete disappearance within another 6 minutes.

In Figure 3 ST depression of as much as 6 millime-
ters resolved completely in 23 minutes leaving a
completely normal ECG in the presence of a doc-
umented MI. It is absolutely predictable that in
studies like ISIS 1 and 2 and GISSI, many of the
infarcts studied within 24 hours—the only time-
criterion for entry—did in fact manifest ST devia-
tion at some time previously, that is, elevation or
depression that had resolved by the time the sub-
ject was studied.

Basic Conceptual Error

Finally, and more fundamentally, the STEMI and
non-STEMI differentiation ignores one of the ba-
sic tents of electrocardiography, that is, that any
deflection will produce a reciprocal image 180 de-
grees removed, on the opposite aspect of the field.
(Contemplation of V1 and V6 in the setting of bun-
dle branch block or of ventricular hypertrophy
should make this concept abundantly clear.) In sim-
ple terms, during myocardial infarction, ST eleva-
tion or depression are in fact identical entities, that
is, a result of an injury current viewed from oppo-
site aspects of the electric field of the heart (Fig. 4).
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Figure 3. Series of three tracings recorded at 2:12, 2:35, and 2:55 with complete resolution of profound ST depression
and emergence of a normal ECG. An MI was in progress.

As an extreme example, even the epicardial in-
jury current produces a negative ST deviation in
aVR (Fig. 5) and would certainly produce the same
negative deflection in any other leads recorded in
the superior and rightward aspects of the electro-
cardiographic field.

This is not a new observation. Prystowsky in
Topol21 states that “Reciprocal ST depression is ob-
served in most patients with inferior infarcts and
in approximately 70% of patients with anterior in-

facts.” Surawicz22 makes the point even clearer
when he comments “Moreover it appears that new
ST segment depression may be present in some pa-
tients with a diagnosis of non-STEMI which requires
the presence of ST elevation in some leads on the op-
posite side of the electrical field.”

In the simplest terms ST depression and ST ele-
vation during MI are equal and opposite manifes-
tations of an injury current with identical signifi-
cance. One or the other may appear in the relatively
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Figure 4. Acute inferior myocardial infarct with posterior-wall involvement. The reciprocal ST deviations are obviously
equivalent reflections of the same event.

limited field of the 12-lead ECG, but if the entire
cardiac field were recorded the reciprocal image of
each would inevitably appear.

Comment: The STE/non-STE dichotomy is so
widely accepted that it may seem surprising to find

Figure 5. Tracing recorded in the setting of well-documented pericarditis. Note reciprocal ST depression in aVR.

that it has no basis in pathology, clinical correlates,
or therapeutic implications. To put all this in per-
spective, however, one need only recall the imagi-
nary distinction between Q and non-Q infarcts that
filled medical texts and journals for some 30 years
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before it was shown to be baseless. Non-Q wave
infarcts were alleged on all hands to be “subendo-
cardial” and, when that misconception had been
corrected, they were described as “unstable.” Both
notions have been dispelled,23–26 but the example
is very much to the point here.

What may be termed “electrocardiographic
naivete” and a tendency to rush to publication on
the basis of a relatively simple comparison seem to
have formed the basis of the torrent of observations
in the field. In concrete terms, the alleged distinc-
tion has almost certainly done real harm as many
cardiologists must have been led into treating non-
STEMI’s as something other than what they really
are, infarcts that do not happen to project a positive
injury current on some part of the limited electric
field recorded by standard ECG leads.

Finally, the division of myocardial infarcts into
“ST elevation” and “non-ST elevation” subsets fails
the ultimate pragmatic test. There is now universal
agreement that both entities should be subjected
to invasive intervention although the optimal time
limits for benefit in the latter group have not been
studied and hence have not been defined. The dis-
tinction between the two electrocardiographic cat-
egories, in addition to being invalid, does not serve
any useful purpose, and in the setting of older pa-
tients, patients with circumflex lesions and patients
with recurrent infarcts, it may be dangerous.

CONCLUSIONS

All available data reveal that there is no patho-
logic difference between STEMI and non-STEMI
infarcts. Since the pathology is essentially identical
in the two subsets, there is no reason to suppose
that treatment or prognosis should differ.

In fact, the clinical implications of the two sub-
sets are similar in terms of acute and long-term
prognosis. Invasive intervention is indicated in
both categories although the precise time/benefit
relation in the non-STEMI has not yet been defini-
tively studied. The ST elevation of documented in-
farcts is frequently so transient it disappears in
minutes, making this an irrational basis for clas-
sification and comparison.

Finally, the direction of ST deviation is not a valid
means for differentiation since any deviation rep-
resents nothing more than a reciprocal change in
electrically opposed leads. Both ST elevation and
depression will appear in every case if the entire
cardiac field is recorded.

The non-STEMI subset includes many older pa-
tients, patients with previous MIs and patients
with circumflex lesions, a high-risk group that
should not be denied the benefits of maximal ther-
apy, including acute intervention. The entire con-
cept of STEMI/non-STEMI differentiation is base-
less and has probably caused harm: it should be
discarded.
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