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Abstract The electrocardiogram (ECG) remains the most immediately accessible and widely used
diagnostic tool for guiding emergency treatment strategies. The ECG recorded during acute
myocardial ischemia is of diagnostic, therapeutic, and prognostic significance. In patients with
myocardial ischemia as a result of decreased blood supply, the initial 12-lead ECG typically
shows (1) predominant ST-segment elevation (STE) as part of STE acute coronary syndrome
(STE-ACS), or (2) no predominant STE, that is, non—STE ACS (NSTE-ACS). Patients with
predominant STE are classified as having either aborted myocardial infarction (MI) or ST-
elevation MI (STEMI) based on the absence or presence of biomarkers of myocardial necrosis.
The MI may be aborted either by spontancous or therapeutic reperfusion of the ischemic
myocardium before development of myocardial cell necrosis. NSTE-ACS patients are classified as
having either unstable angina or NSTE-MI, based also on the absence or presence of biomarkers
of mycardial necrosis.

The information obtained from the 12-lead ECG at presentation should be complemented by
repeated ECGs especially during symptoms indicative of ischemia and, if applicable, by
comparing the findings with reference ECGs. Also, continuous ECG recording in a coronary care
setting, including the comparison of ECGs with and without pain, adds to the information gained
at patient presentation.

In this article, mechanisms of ischemic ECG changes and the ECG patterns recorded in both STE-
ACS and NSTE-ACS are described. ECG patterns of NSTE-ACS, which include ST depression,
negative T wave, and even normal ECG, need to be better defined in future studies to correlate them
with the severity and extent of ischemia and to explore to what extent they are explained by acute
active ischemia or represent consequences of ischemia. One of the aims of this article is to propose a
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classification of the ECG patterns encountered in different clinical scenarios of ACS. How these
patterns will aid in guiding the diagnostic and therapeutic process is discussed.

© 2010 Elsevier Inc. All rights reserved.
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Myocardial ischemia can occur during 2 pathophysiologic
processes: decreased blood supply, in which a coronary artery
has been acutely occluded by a thrombus or vasospasm, or
increased myocardial demand, in which there has been acutely
increased cardiac work by exercise or other stress in the
presence of coronary artery disease (CAD). In the electro-
cardiogram (ECG), myocardial ischemia typically induces a
shift of the ST segment. The ST-segment changes are produced
by the flow of currents, referred to as “injury currents,” that are
generated by the voltage gradients across the boundary
between the ischemic and nonischemic myocardium during
the resting and plateau phases of the ventricular action
potential, which correspond to the TQ and ST segments of
the ECG. Current guidelines suggest that when these ST-
segment shifts reach predetermined threshold values in 2 or
more anatomically contiguous body surface ECG leads, a
diagnosis of acute ischemia/infarction is indicated.' In patients
with myocardial ischemia as a result of decreased blood
supply, the initial 12-lead ECG typically shows the following:

1) Predominant ST-segment elevation (STE) as part of
ST-elevation acute coronary syndrome (STE-ACS);
these patients are classified as having either aborted
myocardial infarction (MI) or ST-elevation MI
(STEMI) based on the absence or presence of
biomarkers of myocardial necrosis. The MI may be
aborted either by spontaneous or therapeutic reperfu-
sion of the ischemic myocardium before development
of myocardial cell necrosis®

or

2) No predominant STE, that is, non—STE-ACS (NSTE-
ACS); these patients are classified as having either
unstable angina (UA) or non—ST-elevation MI
(NSTEMI), based also on the absence or presence of
biomarkers of myocardial necrosis.”

STE-ACS has the homogeneous etiology of transmural
ischemia typically caused by fibrin-rich (red) thrombus
occluding the infarct-related artery, except in cases of cardiac
spasm.? NSTE-ACS has heterogeneous etiologies of pre-
dominantly subendocardial ischemia frequently caused by a
platelet-rich (white) thrombus.>® However, some ECG
patterns of NSTE-ACS actually represent “STEMI equiva-
lence” because of the anatomic relationship of the ischemic
region to the standard ECG leads. These differences in ECG-
based classification have important clinical implications.

During the last few decades, the incidence of STE-ACS
has declined, and the incidence of NSTE-ACS has
increased.” As a result of new diagnostic criteria based on
sensitive markers of myocardial injury (troponins T and I),
approximately 30% of patients were previously diagnosed
with UA, which is now categorized as acute MI.** With the
new criteria, striking similarity between the in-hospital and

long-term prognoses of STEMI and NSTEMI patients has
recently been shown.'® These changes in patient outcome
also reflect improvements in therapeutic strategies. "’

Most patients presenting with a clinical syndrome
compatible with STE-ACS progress into the evolving stages
of STEMI, and a minority have aborted ML However, it
should be pointed out that in some cases, STE is secondary to
myocardial ischemia that is not thrombosis induced, such as
that which occurs with vasospasm. There are also several
possible nonischemic causes of STE (such as left ventricular
hypertrophy [LVH], early repolarization, pericarditis, etc).

The ECG remains the most immediately accessible and
widely used diagnostic tool for guiding treatment strategies.
The ECG recorded during acute myocardial ischemia is of
diagnostic, therapeutic, and prognostic significance.'*™”
Especially, in STEMI patients, the ECG from the acute phase
contains important information about the site and size of the
area at risk aiding in selection of appropriate therapy for the
individual patient. Prehospital emergency care today can be
regarded as an extension of the hospital into society.
Therapeutic decisions about reperfusion strategy and treatment
logistics, such as where to transport a patient with a suspicion
of ACS, are increasingly important.'® Because the ECG
represents only a few seconds of recording, a better
appreciation of the often dynamic ischemic process is possible
from a series of ECG recordings or from continuous
monitoring. The ECG from the acute phase should be
compared with previous recordings, if available.'” If possible,
the ECG reading should be performed with the possibility of
“zoom” amplification or magnifying glass to better detect small
changes in the STE. Regional logistic systems with immediate
access to digitally stored ECGs have been developed. From a
technical perspective, reference ECGs could be made available
anywhere and anytime at the very onset of an acute coronary
event through internet-based telemedicine.'®

In this document, we will first describe the mechanisms of
ischemic ECG changes and then the ECG patterns recorded
in both STE- and NSTE-ACS. In patients with STE-ACS,
the ECG may show patterns other than STE. We want to
point out that ECG patterns of NSTE-ACS, which include
ST depression (STD), negative T wave, and even normal
ECG, need to be better defined in future studies to correlate
them with the severity and extent of ischemia and to explore
to what extent they are explained by acute active ischemia or
represent consequences of ischemia. Because one of the aims
of this article is to propose a classification of the ECG
patterns encountered in different clinical scenarios of ACS,
we will comment on how these patterns will aid in guiding
the diagnostic and therapeutic process. Correlation with the
clinical picture and findings from echocardiography, scinti-
graphic studies, cardiac magnetic resonance imaging, and
other available technology may be helpful to better under-
stand some mechanisms of these ECG patterns.
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Anatomic and physiologic bases of ischemic ECG changes

Several factors will affect the ECG pattern observed in an
individual patient with ACS. The most important are

1) the cellular consequences induced by myocardial
ischemia from total coronary artery occlusion versus
subtotal occlusion with or without distal embolization;

2) the duration of the ischemic process;

3) its myocardial extent: transmural versus subendocardial;

4) its severity: presence of residual flow either by col-
laterals or by antegrade flow and ischemic or phar-
macologic preconditioning;

5) its localization in relation to exploring ECG leads;

6) the presence of underlying abnormalities, such as
intraventricular conduction disturbances, LVH, pri-
mary or secondary repolarization abnormalities, pace-
maker implant, and others; and

7) individual variation in coronary anatomy.

Also, lead system used and properties of the volume
conductor will affect the ECG changes. It is important to realize
that the ECG pattern changes over time and may be different if'it
is recorded when the patient is symptomatic or after symptoms
have resolved. An early normal ECG recorded when the patient
is asymptomatic usually becomes abnormal during pain, and on
the contrary, a very abnormal ECG, recorded during an
asymptomatic period, may “pseudonormalize” during pain.

Temporal changes are most striking in cases of STEMI.
The ECG pattern will be different if the ECG is recorded
within minutes to hours from the onset of the ischemic
process in comparison to several hours to days later. Because
of this, patients with identical pathophysiologic processes
may be classified into different operational clinical ACS
categories. For example, if a patient has sudden thrombotic
occlusion of the left anterior descending coronary artery
(LAD), and the ECG is recorded during the occlusive phase,
the ECG will show STE in the precordial leads and the
patient is classified as having STE-ACS. However, if the
coronary flow is spontancously or therapeutically reestab-
lished before the first ECG is recorded, a deep inverted T
wave may be present in leads V1-V3/V4 and the patient may
have an initial diagnosis of NSTE-ACS, although the ECG
pattern represents an evolutionary phase of STE-ACS.

Eppinger and Rothberger'® nearly a century ago pro-
voked the appearance of acute injury potential (elevated ST
segments) 15 seconds after the injection of silver nitrate deep
into the ventricular wall. Since then, the exact mechanisms of
ischemic ST-T changes are still under debate. For that reason
and taking into consideration the many different factors that
interplay in ACS, only some general aspects of mechanisms
behind the repolarization ECG changes (ST-T wave) will be
discussed. Detailed coverage of cellular physiology in
myocardial ischemia is not within the scope of this article.
Neither will changes in the P wave, the QRS complex, ECG
changes related to ischemia of the conduction system, or
special circumstances, such as the apical ballooning
syndrome or acute ischemic consequences of congenital
malformations, be discussed.'*2%-2

In vectorcardiography, cardiac electrical activity is
recorded as loops: the atrial depolarization (P), ventricular
depolarization (QRS), and ventricular repolarization (T)
loops. Although vectorcardiography is an excellent tool for
training in electrocardiography, and the method has the
potential to help in distinguishing acute myocardial ischemia
from nonischemic states, its role in the modern era of
invasive cardiology could be questioned. For deeper insight
into this method, the reader is referred to textbooks and
articles on vectorcardiography. '3

ST-segment elevation (STE)

After acute epicardial coronary artery occlusion and after
the appearance in the ECG of tall and peaked T waves, STE,
representing transmural ischemia, appears if the artery remains
occluded.”® Depending on several factors, such as success of
epicardial and myocardial reperfusion and duration of
occlusion of the artery, the evolution of these ECG changes
may take different pathways. In most cases, the STE resolves
and the T waves become inverted, usually with the develop-
ment of pathological Q waves depending on the resulting
amount of necrosis. Even normalization of the ECG is possible
after a short episode of vessel occlusion as is the case in aborted
thrombotic MI or vasospastic (Prinzmetal) angina. 15217

ST-segment depression (STD)

When ischemia is confined primarily to the subendocar-
dium, the overall ST vector typically faces the inner
ventricular layer and the ventricular cavity such that the
surface ECG leads show STD. This subendocardial ischemic
pattern is a frequent finding during spontaneous episodes of
angina at rest and represents the typical ECG finding during
exercise tests, as energy demands are highest and blood
supply most precarious in the inner layers of the myocar-
dium. Typically, maximal STD in demand ischemia is
recorded in the precordial leads V4-V6, often associated with
STD in the extremity leads II, III and aVF, independently of
disease severity or of the localization of stenoses within the
coronary arteries. In cases of severe extensive subendocar-
dial ischemia, as in acute subtotal or even total occlusion of
the left main coronary artery, the injury vector may be seen
as STD in the majority of the ECG leads but as STE in lead
aVR. In these cases, extensive ischemia impairs relaxation of
the left ventricle, resulting in increase of the left ventricular
end-diastolic pressure.”®*’ Inducing global left ventricular
ischemia in dogs by hydraulic constriction of the left main
trunk resulted in a significant decrease in the endocardial-to-
epicardial flow ratio and a significant increase of left
ventricular end-diastolic pressure.’” Also, inducing elevation
of the left ventricular pressure by pacing in patients with
significant CAD is associated with STD in the ECG.*"

T wave changes

The genesis of the T wave on a cellular level has been a
matter of debate through the entire 20th century.** Longer
action potential duration in the endocardium than in the
epicardium is required to generate the normal positive T wave
predominant in most of the 12 standard ECG leads. The
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clinical consideration of “T wave changes” has been
complicated by use of inconsistent terminology. Recent
American Heart Association standards have been established,
which include “peaked” for increased positivity and
“inverted” for negativity.>> Transiently peaked T waves
with lengthening of the QT interval are the first manifesta-
tions of acute myocardial ischemia in case of sudden
complete occlusion of an epicardial coronary artery, including
coronary spasm.>*~ Inverted T waves in the early phases of
STEMI have been associated with improved patient outcome
related to an open infarct-related artery, restored myocardial
blood flow, reappearance of the R wave, and better left
ventricular function.*®*° We define inverted T waves when
the terminal portion of the T wave is below the isoelectric line.

T wave evolution in ischemic heart disease is not a marker
of cell death but is instead caused by changes in the ion
channels in regions of the heart that remain viable after an
episode of severe ischemia.?® In patients who develop inverted
T waves, episodes of reischemia often manifest as a change
in the T wave vector with positive T waves, with or without
STE (“pseudonormalization™), in the ischemic region.*'***

Patients presenting with T wave changes represent a
heterogeneous group, and the underlying mechanism may
not be easily appreciated from the ECG at presentation in an
individual patient. However, the evidence points to the fact
that—just as in demand ischemia during an exercise test in
stable CAD—new, isolated, inverted T waves never appear
in acute ischemia in ACS.***

A number of clinical states, besides ischemic heart disease,
ranging from entirely benign presentations such as hyperventi-
lation to life-threatening conditions (such as increased intracra-
nial pressure), may be associated with inverted T waves.*’

ECG patterns in ACS at presentation and during the
evolving stages: prognostic and clinical implications

The various ECG patterns in patients with a clinical
diagnosis of ACS are described. They represent a wide
spectrum of clinical situations with a variable prognosis. The
controversy between the clinical classification and the
pathophysiologic concept is discussed.

A. Transmural ischemia
1. ECG pattern: STE

1.1. Typical STE-ACS pattern

Acute total occlusion of an epicardial coronary artery or a
major side branch is typically represented as STE in the frontal
and/or transverse planes, associated with STD, which is often
recognizable in some leads and usually of less magnitude than
the STE (Fig. 1). However, in some cases of left circumflex
(LCx) or right coronary artery (RCA) occlusion, the initial
ECG may show STD due to the fact that the injury vector is
directed to the posterior thorax (see Section STEMI
equivalent: mirror-image pattern). In anterior MI, when the
maximal STE is in leads V2 to V4, the culprit artery is almost
exclusively the LAD. In case of STE-ACS with STE in the
extremity leads II, III, and aVF, frequently associated with
STD in V1 to V3, the culprit artery is the RCA or the LCx. The

infarct-related artery and the location of occlusion may be
determined by using specific algorithms.'**’*** Studies
related to this topic differ considerably with respect to the
number of patients, exclusion criteria, and also in temporal
relationship between ECG recording and coronary angiogra-
phy. There is also wide variation in reported sensitivity (12%-
100%) and specificity (40%-100%) of the algorithms used by
the different authors. Recording additional leads for more
accurate diagnosis of right ventricular infarction (lead V4R) in
patients with inferior STEMI and of posterior chest leads (V7-
V9) in patients with STD in the right precordial leads V1-V3
has been recommended. "

Clinical implications: In patients with STE-ACS, the
characteristics of the ST segments contain important
information about the culprit artery and the site of occlusion
with respect to side branches.

1.2. STEMI equivalent: mirror-image pattern

Perloff®? in 1964 described the typical pattern of a “strictly
posterior” MI involving STD in leads V1-V2 and prominent R
wave in V1. Recently, it has been demonstrated by comparison
with cardiac magnetic resonance images in the subacute MI
phase that this area is actually lateral.”® Precordial STD,
typically in V1-V3/V4, is found in ~50% of patients with
inferior acute MI fulfilling criteria for reperfusion therapy.>* If
the culprit lesion is distal to the first marginal branch in a
nondominant LCx, or distal to the right ventricular branches of
an RCA with predominant posterolateral distal branches, the
area of transmural ischemia is confined to the midbasal
inferolateral left ventricular segments. The resultant injury
vector is directed toward leads placed on the posterior thorax
(leads V7-V9), resulting in STE in these leads.> In most cases,
there is STE, sometimes not fulfilling criteria for reperfusion
therapy, in leads II, III, aVF, and/or V6 (Fig. 2). There are even
cases without STE in any of the traditional 12 ECG leads.®
Some NSTE-ACS patients with LAD disease may also have
STD in leads V1-V3/V4 (see Section STD of regional
subendocardial ischemia). The posterior chest leads V7 to
V9 may help in differentiating these 2 clinical entities. Whether
the ratio of amplitudes of the STD and of the T wave in the
different ECG leads further aids in differentiating the 2 ECG
patterns needs to be further explored.

Clinical implications: In patients with suspicion of ACS,
STD in the right precordial leads V1-V3/V4 represents with
high probability a “mirror pattern” of transmural injury in the
midbasal inferolateral region of the left ventricle and is
usually associated with a culprit lesion in the LCx or the
RCA. According to the American College of Cardiology/
American Heart Association guidelines for STEMI, patients
with STD in the right precordial leads, especially when
accompanied by STE in the posterior chest leads (V7-V9) or
even small STE in the inferior leads or in lead V6, should
receive acute reperfusion therapy even in the absence of
significant STE in any of the traditional 12 ECG leads.”

2. ECG pattern: other than STE

2.1. Hyperacute phase: tall T waves
In acute coronary artery occlusion, hyperacute T waves
usually persist for only a brief period and are typically
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followed by STE. Sometimes, the tall T wave may be a more
persistent ECG pattern expressing grade 1 of ischemia,’’ ™’
especially in patients with preexisting significant stenosis of
the culprit artery and rich collateral circulation to the
ischemic zone. In an individual patient, the exact cutoff
point for a pathologically high T wave is difficult to define
because the range of normal for T waves in different leads is
wide. However, T waves in acute ischemia are character-
istically symmetric. Follow-up ECGs or continuous record-
ing is recommended to identify dynamic changes (transient
patterns) (Fig. 3).

There are many clinical situations, other than ischemic
heart disease, such as hyperkalaemia, early repolarization,
and ventricular hypertrophy, which may present tall and
peaked positive T waves. Also, persistent tall T waves may
be the expression of a mirror pattern of chronic lateral
myocardial ischemia. '’

Clinical implications. In patients with transient peaking
of the T waves in the precordial leads recorded during chest
pain, the probability of CAD is very high. Because this state
may progress to STEMI, the patients should have close
surveillance with follow-up ECGs or continuous recording.
Guideline-based antiplatelet and anticoagulant therapy and
invasive evaluation are recommended. However, currently,

A

this ECG pattern is not an indication for reperfusion therapy,
unless STE appears.

2.2. Postacute phase: deeply inverted T waves in the
precordial leads

In 1955, Pruitt et al®® found an association between a
distinct ECG pattern—inverted T waves of 5 mm or more
in lead V3 (no or less T wave inversion in lead V5) without
changes in the QRS complex or LVH—and clinical
evidence of CAD. In the 1980s, it was shown that almost
20% of consecutive patients admitted because of an
impending acute MI developed a similar ECG pattern,
minimally elevated or isoelectric ST segments and inverted
T waves in the precordial leads, without changes in the QRS
complex, within 24 hours (the Wellens sign).®' Of patients
who did not have bypass surgery, 3 of 4 developed a usually
extensive anterior MI within a few weeks of admission. In
a later study, in which most patients underwent invasive
treatment, the ECG finding was strongly associated with
significant stenosis in the proximal portion of the LAD.®?
More than half of the patients had a critical narrowing of
the artery, 1 in 5 with total occlusion and collateral flow
to the LAD territory. During an attack of chest pain, the
ST-T changes normalized (pseudo-normalization), and STE
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Fig. 1. Typical STE is present in all precordial (B) leads except C6 and also in the extremity (A) leads  and aVL. STD is present in the extremity leads II, III, and
aVF. This ECG pattern has been associated with an occlusion of the proximal part of the LAD. STE without Q waves or inverted T waves represents the
“window-of-opportunity” for reperfusion therapy before irreversible myocardial necrosis develops.*®
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Fig. 2. 12-Lead ECG recorded during chest pain in a patient with acute occlusion of the LCx coronary artery. No significant lesions were present in the other
coronary arteries. The ECG shows STD in leads V1 to V4 and only minor STE, not fulfilling (STEMI) criteria, in leads I, aVL, and V6.

even appeared. Long-term follow-up showed excellent This ECG pattern, that is, inverted T waves in the
prognosis after invasive treatment, and normalization of precordial leads V1/V2-V3/V4 (leads with predominantly
the ECG changes in most of the patients. Also, the ECG rS-configuration), is classified as NSTE-ACS. However, in
pattern has been linked to transient anterior wall motion most cases, it is not recorded during the symptomatic
abnormalities in patients with UA and significant LAD ischemic phase, but during the “postischemic” reperfusion
disease (Fig. 4).° phase—spontaneous or induced by reperfusion therapy—of

9.05' 9.10' 9.20'

Fig. 3. A, During balloon occlusion, one can appreciate the dynamic nature of ischemic ECG changes (precordial leads V1-V6). At the start of balloon occlusion
(first complex), in lead V3, a deep inverted T wave is present. In the last complex, during balloon occlusion, the T wave is peaked positive without STE (pseudo-
normalization). This represents grade I of ischemia. After 1 minute of balloon occlusion, concomitant STE (transmural ischemia) was present (not shown). B, In
another patient, during acute chest pain, a tall, peaked T wave with an iso-electric ST segment in lead V, represents the only ECG sign of ischemia (a). Five
minutes later, STE appears (b), followed within ten minutes by R wave increase and S wave decrease (c), indicating severe ischemia.



K. Nikus et al. / Journal of Electrocardiology 43 (2010) 91-103 97

an anterior STE-ACS. In case of spontaneous reperfusion,
there is a potential for impending reocclusion, especially if
not recognized and treated aggressively.

Clinical implications: Inverted T waves with iso-
electric or minimally elevated ST segments in leads V1/
V2-V3/V4 in combination with a clinical suspicion of
ACS are indicative of a “post-ischemic state” of the
anterior wall, most likely caused by a significant stenosis
in the proximal portion of the LAD with an open infarct-
related artery or a totally occluded artery with good
collateral circulation. Prompt initiation of antithrombotic
and anti-ischemic medication should be considered. After
thrombolysis or percutaneous coronary intervention, this
ECG pattern indicates successful reperfusion. Guidelines
recommend urgent invasive evaluation in case of
recurrent angina despite intense antianginal treatment. In
case of dynamic, symptomatic, or silent T wave changes
on follow-up, routine invasive evaluation within 72 hours
is mandatory.’

B. Subendocardial ischemia

1. NSTE-ACS ECG patterns
The STD that is typical of NSTE-ACS can be caused by
either circumferential or regional subendocardial ischemia.

1.1. STD of circumferential subendocardial ischemia

The 12-lead ECG is valuable in appreciating the extent of
myocardial ischemia in NSTE-ACS. Widespread STD
during anginal pain present in 6 or more leads, often with
inverted T waves, has been associated with autopsy-proven
subendocardial MI caused by left main-, left main equiva-
lent-, or severe 3-vessel disease.'*%*% However, if the ECG
is recorded when symptoms resolve, it may even be
normal.®® Sudden occlusion of the left main coronary artery
may present as widespread STD and inverted T waves with
STE only in lead aVR, or alternatively, as STE-ACS with
severe hemodynamic compromise and high probability of
cardiogenic shock and/or ventricular fibrillation (Fig. 5).°¢°

g
e

The first reports in the literature of the ECG changes
associated with severe subendocardial ischemia/infarction
appeared in the 1940s, with confirmation in larger series in
the 1950s.%%7%73 Sclarovsky et al® confirmed the impor-
tance of the direction of the T wave from both anatomic and
prognostic perspectives. Inverted T waves associated with
STD in the precordial leads during chest pain were
associated with high in-hospital mortality and severe CAD
in coronary angiography. Peaked T waves correlated with a
favorable outcome and less severe disease. The findings
were confirmed in patients with elevated troponin levels and
nontachycardia-induced, transient, ischemic STD during
anginal pain.**

Prominent STD has been associated with an increased
likelihood of 3-vessel and left main CAD.”*”> High
probability of death or MI when not receiving early coronary
angiography in patients with 6 or more leads with inverted T
waves and concomitant STD was shown. Also, in patients
with NSTE-ACS, STD and inverted T waves in leads V4 to
V6 proved to be an independent predictor of 1-year
mortality, whereas STD with positive T waves in the same
leads and STD and/or T wave inversion in other lead groups
(I and aVL; II, III, aVF; V1-V3) were not independently
associated with 1-year mortality.”®

In consecutive patients with angiographically proven left
main CAD, the most frequent ECG pattern observed during
pain was STD, especially evident in V3 to V5 (maximal in
lead V4) and STE in leads V1 and aVR.®® Almost identical
ECG changes were present in an exercise test performed in
most patients, indicating similar pathophysiologic pro-
cesses. The same investigators showed an association
between an ECG pattern during active chest pain showing
STD in leads I, II, and V4-V6 and STE in lead aVR, and
severe CAD in angiography.”” In multivariate analysis, STE
0.5 mm or more in lead aVR has been a stronger predictor
than troponin for left main coronary artery or 3-vessel
disease.”® In patients presenting with a first NSTEMI,
increasing STE in lead aVR predicted in-hospital morbidity,
mortality, and risk of 3-vessel or left main disease.”” STE in

H

Fig. 4. Four consecutive ECGs (precordial leads) from a patient with acute occlusion of the LAD. Typical STE is seen in leads V1 to V4 during the occlusive
phase (A). ST-resolution with inverted T waves represents myocardial reperfusion (B). Reocclusion manifests as pseudo-normalization of the T waves
(C). Reappearance of negative T waves is evident when ischemia has subsided (D). (Please note technical error in C, lead V,.)
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aVR greater than in V1 was a predictor of left main disease
in a series also including STE-ACS.*® Also, in some
patients with proximal LAD occlusion, the initial ECG may
show this pattern.®!

STE in aVR is occasionally accompanied by STE in lead
II and widespread STD maximal in leads V4 to V6.%* The
potentially fatal scenario caused by acute occlusion of the
RCA, supplying the anterior left ventricular wall through
collateral circulation to a chronically occluded LAD, was
first described in the 1940s.**

The ECG pattern of diffuse STD with inverted T waves
in the lateral precordial leads and concomitant STE in lead
aVR can be seen in various other clinical situations
associated with an increased left ventricular end-diastolic
pressure, such as rest angina with sinus tachycardia,
chronic MI with restrictive remodeling, and in exercise
tests, supporting the pathophysiologic basis for the ECG
changes proposed in the present document (Section ST
segment depression).**

Clinical implications: ACS patients with STD in 6 or
more leads, maximal in leads V4 to V6, especially when
associated with inverted T waves and STE in lead aVR,
should have high priority for urgent invasive evaluation
because of high probability of severe angiographic CAD. No
randomized clinical studies have evaluated the possible role
for thrombolytic therapy in these patients. However,
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considering the anatomic and physiologic bases for the
ECG pattern and the well-documented ineffectiveness of
thrombolytic therapy in NSTEMI, we strongly recommend
not to subject patients to the bleeding hazards related to
these compounds.

1.2. STD of regional subendocardial ischemia

Some ACS patients with 1-vessel disease but without
total coronary artery occlusion present with angina at rest,
typically caused by plaque rupture or erosion with flow
restriction. In these patients, myocardial ischemia is
restricted to the myocardial segment supplied by 1 coronary
artery or its side branch (Fig. 6). In general, the ECG
manifestations of regional subendocardial ischemia are less
well defined than those of circumferential subendocardial
ischemia or of transmural ischemia. Characteristically, the
number of leads with STD is usually less than 6. In the
1970s, it was shown that angiographically documented
subtotal occlusion of the LAD produced STD in leads V2 to
V4, whereas during temporary total vessel occlusion, STE
in the same leads was present.®®*’ Later, it was shown that
STD with positive T waves in the precordial leads was
associated with single-vessel disease.®> The authors noted
increase in the amplitude of the T wave and more downward
displacement of the ST segment as long as the ischemic
event endured. A likely cause of the increased T wave
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Fig. 5. In a patient with left main CAD, the ECG is normal when the patient is asymptomatic (A). During chest pain, the ECG pattern of circumferential
subendocardial ischemia—widespread STD with inverted T waves and concomitant STE in lead aVR—is present (B).
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amplitude is K+ ATP—dependent hyperpolarization of the
myocytes.”® The presence of STD with positive T wave in
the same precordial leads has been described as regional
subendocardial ischemia due to LAD occlusion.'® Apart
from the association with LAD disease, the ECG pattern has
been connected to a total occlusion of the first diagonal, the
first obtuse marginal, or the intermediate side branch. A
similar ECG pattern, STD with positive T waves may be
present in regional transmural ischemia caused by total
occlusion of the LCx or the RCA (mirror-image of STE and a
negative T wave of reperfusion; Fig. 2; see Section STEMI
equivalent: mirror image pattern).*®

Clinical implications: Patients with STD and positive T
waves in the precordial leads represent a subgroup with high
probability of 1-vessel disease, usually significant LAD
stenosis or side branch occlusion, treatable with percuta-
neous coronary intervention (PCI).

Patients with NSTE-ACS may present with flattened or
mildly inverted T waves and/or negative U waves as the
only abnormality (Fig. 7). During anginal pain, the
appearance of inverted T waves is almost exclusively
associated with the presence of STD. However, the STD
may be rather mild, and the inverted T wave may be
more evident, and hence, these patients may be classified
as having only T wave changes. However, isolated
inverted T waves often represent postischemic reperfusion
changes. The determination of the culprit vessel in case of
NSTE-ACS presenting with slightly inverted T waves is
not as straightforward as in case of total vessel occlusion
with transmural ischemia. If the T wave inversion is
present in leads V1/V2-V3/V4, significant stenosis of the
proximal LAD is probable (the Wellens sign; see Section
Postacute phase: deeply inverted T waves in the

precordial leads and Fig. 4). The relationship between
inverted T waves and coronary angiography or multislice
computed tomography findings in other than LAD disease
needs to be further explored.

The prognosis of patients presenting with inverted T
waves without STD is similar to or only slightly worse
than the prognosis of patients with a normal ECG.*"
Transient U wave inversion or increase in U wave amplitude
may be due to myocardial ischemia, and in case of location to
the precordial leads, there is high probability for LAD
disease.”!*? Transient U wave inversion is, however, seldom
seen as an isolated abnormality in spontaneous ischemia.

Inverted T waves are not specific for ACS. Differential
diagnostic alternatives, such as hyperventilation, pulmonary
embolism, stroke, electrolyte disturbances, and others
should be considered.

Clinical implications: Isolated T wave inversion influ-
ences patient prognosis only when it appears in the
precordial leads as the Wellens sign.

C. Normal ECG

In large randomized trials of NSTE-ACS, the proportion
of patients with normal ECG has been in the range of 15%
to 20%.*"* However, it should be pointed out that it is
exceptional to have a normal ECG recorded during pain of
cardiac ischemic origin, except in case of so-called pseudo-
normalization.’®”> One reason for the absence of ECG
changes in case of ACS is the cancellation of vectors from
anatomically opposite ischemic areas, resulting in masking
of extensive ischemia. Even if ACS is confirmed, the
prognosis is better in cases with normal ECG compared with
patients with ST changes.®
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Fig. 6. The ECG was recorded during an episode of chest pain in a patient with single-vessel CAD. On angiography, there was a 95% stenosis of the midpart of
the LCx coronary artery. The ST segment is depressed in leads I, II, aVF, and V3-V6. These leads with STD show positive T waves. The ST segment is elevated in
leads aVR and V1. A second ECG recorded when the patient was pain free showed no significant ST changes.
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D. ECG patterns in the presence of confounding factors

Up to 25% of patients presenting with NSTE-ACS will
have changes confounding ECG interpretation, such as
bundle branch block, LVH, the Wolff-Parkinson-White
pattern, or paced rhythm. Confounding factors affect the
ECG interpretation to a variable degree. More detailed
description of this topic is not part of this document.
Unresolved issues

It is evident that in STE-ACS, with some limitations, the
12-lead ECG gives valuable information about the degree
and extension of ischemia and also about the location of the
occluded artery. The same is not the case for NSTE-ACS.
The ECG pattern of circumferential subendocardial ische-
mia is rather straightforward, although large prospective
studies are needed to find ECG characteristics, such as the
direction of the T wave, that could differentiate the most
urgent cases with left main disease from the somewhat less
severe cases with 3-vessel disease.

The ECG pattern of regional subendocardial ischemia
should be explored in closer detail in prospective studies.

In cases of STD in VI1-V3/V4 with positive T waves,
subtotal occlusion of the LAD has been reported. How-
ever, when the STD is present in the lateral and/or
inferior leads, the culprit artery is not easily determined
(Fig. 6).

The pattern of symmetrical, inverted T waves in leads
V1/V2-V3/V4 (the Wellens sign) is well known from the
literature, but the mechanism behind flat or inverted T
waves of low amplitude in leads with a prominent R
wave is less well defined. The following observations
indicate that isolated inverted T waves do not represent
active, ongoing myocardial ischemia:

a) Inverted T waves appear in the resolution phase
of STEMI.

b) Inverted T waves appear after reperfusion in STEMI

c) Inverted T waves without STD almost never appear in
a positive exercise test or in NSTE-ACS during
anginal symptoms.

d) NSTE-ACS with inverted T waves has better prog-
nosis than NSTE-ACS with STD.
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Fig. 7. A patient with atypical chest pain presented very discrete changes in the V2 and V3 leads: slightly negative U waves with slightly positive T waves (B).
However, the changes are significant when compared with the previous ECG (A). The exercise stress test showed ischemic STD, and the coronary angiography

showed a proximal LAD stenosis treated with PCI.



K. Nikus et al. / Journal of Electrocardiology 43 (2010) 91-103 101

However, in patients with ACS, prospective trials are
needed to determine if all these aspects can be confirmed.
Also, the significance of different ECG patterns in sub-
populations, such as after bypass surgery and with preexist-
ing ECG changes, such as ventricular hypertrophy, need
better confirmation. The clinical significance of different
evolving patterns of inverted T waves also needs to
be explored. T-wave normalization within a few days post-
STEMI may carry different prognostic information compared
with T wave inversion persisting for a long time.

Concluding remarks

The 12-lead ECG is a well-documented and clinically
important tool for the evaluation of patients presenting with
suspected ACS. Despite limitations, like the presence of
chronic changes, the ECG adds considerable information for
risk stratification and clinical decision support for treatment
strategies.

The information obtained from the 12-lead ECG at
presentation should be complemented by repeated ECGs
especially during symptoms indicative of ischemia, and if
possible, by comparing the findings with reference ECGs.
Also, continuous ECG recording in a coronary care setting,
including the comparison of ECGs with and without pain, adds
to the information gained at patient presentation.

Use of tele-ECG consultations from emergency health
care professionals to experts in ECG interpretation should be
encouraged. ECG-based diagnostic algorithms help in
speeding the decision process in the prehospital setting and
in busy emergency departments.

The role for techniques enabling extended recording sites,
such as body surface mapping, in the acute setting to
improve ischemia detection, needs to be proven.

The understanding of pathophysiologic mechanisms of
different ECG manifestations of myocardial ischemia will
improve during the next few years, thanks to correlation with
new technology, such as cardiac magnetic resonance
imaging and multislice computed tomography, and also to
new information from basic research.

Finally, the authors of this document strongly recommend
performing well-designed studies to evaluate the signifi-
cance of distinct ECG patterns in different patient groups
with ACS.

References

1. Wagner GS, Macfarlane P, Wellens H, et al. AHA/ACCF/HRS
recommendations for the standardization and interpretation of the
electrocardiogram: part VI: acute ischemia/infarction a scientific
statement from the American Heart Association Electrocardiography
and Arrhythmias Committee, Council on Clinical Cardiology; the
American College of Cardiology Foundation; and the Heart Rhythm
Society Endorsed by the International Society for Computerized
Electrocardiology. J Am Coll Cardiol 2009;53:1003.

2. Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA guidelines for
the management of patients with ST-elevation myocardial infarction; a
report of the American College of Cardiology/American Heart
Association Task Force on practice guidelines (committee to revise
the 1999 guidelines for the management of patients with acute
myocardial infarction). J Am Coll Cardiol 2004;44:E1.

3. Bassand JP, Hamm CW, Ardissino D, et al. Guidelines for the diagnosis
and treatment of non—ST-segment elevation acute coronary syndromes.
The task force for the diagnosis and treatment of non—ST-segment
elevation acute coronary syndromes of the European Society of
Cardiology. Eur Heart J 2007;28:1598.

4. Waxman S. Characterization of the unstable lesion by angiography,
angioscopy, and intravascular ultrasound. Cardiol Clin 1999;17:295.

5. Abela GS, Eisenberg JD, Mittelman MA, et al. Detecting and
differentiating white from red coronary thrombus by angiography in
angina pectoris and in acute myocardial infarction. Am J Cardiol 1999;
83:94.

6. Johnstone E, Friedl SE, Maheshwari A. Distinguishing characteristics
of erythrocyte-rich and platelet-rich thrombus by intravascular ultra-
sound catheter system. J Thromb Thrombolysis 2007;24:233.

7. Kleiman NS, White HD. The declining prevalence of ST elevation
myocardial infarction in patients presenting with acute coronary
syndromes. Heart 2005;91:1121.

8. The Joint European Society of Cardiology/American College of
Cardiology Committee. Myocardial infarction redefined—a consensus
document of the joint European Society of Cardiology/American
College of Cardiology committee for the redefinition of myocardial
infarction. Eur Heart J 2000;21:1502.

9. Braunwald E, Antman EM, Beasley JW, etal. ACC/AHA 2002 guideline
update for the management of patients with unstable angina and non—ST-
segment elevation myocardial infarction—summary article: a report of
the American College of Cardiology/American Heart Association Task
Force on practice guidelines (committee on the management of patients
with unstable angina). J] Am Coll Cardiol 2002;40:1366.

10. Montalescot G, Dallongeville J, Van Belle E, et al. STEMI and
NSTEMI: are they so different? 1 year outcomes in acute myocardial
infarction as defined by the ESC/ACC definition (the OPERA registry).
Eur Heart J 2007;28:1409.

11. Roe MT, Parsons LS, Pollack Jr CV, et al. Quality of care by
classification of myocardial infarction: treatment patterns for ST-
segment elevation vs. non—ST-segment elevation myocardial infarction.
Arch Intern Med 2005;165:1630.

12. Lamfers EJ, Hooghoudt TE, Hertzberger DP, et al. Abortion of acute ST
segment elevation myocardial infarction after reperfusion: incidence,
patients’ characteristics, and prognosis. Heart 2003;89:496.

13. Sclarovsky S. Electrocardiography of acute myocardial ischaemic
syndromes. London, UK: Martin Dunitz Ltd.; 1999.

14. Wellens HlJ, Gorgels APM, Doevendans PA, editors. The ECG in acute
myocardial infarction and unstable angina. 1st ed. Norwell, Massachu-
setts, USA: Kluwer Academic Publishers; 2003.

15. Bayés De Luna A, Fiol-Sala M. Electrocardiography in ischemic heart
disease: clinical and imaging correlations and prognostic implications.
Blackwell Publishing; 2007.

16. Jacobs AK. Regional systems of care for patients with ST-elevation
myocardial infarction: being at the right place at the right time.
Circulation 2007;116:689.

17. Kadish AH, Buxton AE, Kennedy HL, et al. ACC/AHA clinical
competence statement on electrocardiography and ambulatory electro-
cardiography: a report of the ACC/AHA/ACP-ASIM task force on
clinical competence (ACC/AHA committee to develop a clinical
competence statement on electrocardiography and ambulatory electro-
cardiography) endorsed by the International Society for Holter and
Noninvasive Electrocardiology. Circulation 2001;104:3169.

18. Fayn J, Rubel P, Pahlm O, et al. Improvement of the detection of
myocardial ischemia thanks to information technologies. Int J Cardiol
2006.

19. Eppinger H, Rothberger CJ. Zur analyse der electrokardiogramms.
Wien klin Wchnschr 1909;22:1091.

20. James TN, Geoghegan T. Sequential electrocardiographic changes
following auricular injury. Am Heart J 1953;46:830.

21. Sivertssen E, Hoel B, Bay G, et al. Electrocardiographic atrial complex
and acute atrial myocardial infarction. Am J Cardiol 1973;31:450.

22. Cinca J, Janse MJ, Morena H, et al. Mechanism and time course of the
early electrical changes during acute coronary artery occlusion. An
attempt to correlate the early ECG changes in man to the cellular
electrophysiology in the pig. Chest 1980;77:499.



102

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

K. Nikus et al. / Journal of Electrocardiology 43 (2010) 91-103

Wagner NB, Sevilla DC, Krucoff MW, et al. Transient alterations of the
QRS complex and ST segment during percutaneous transluminal
balloon angioplasty of the left anterior descending coronary artery. Am J
Cardiol 1988;62:1038.

Birnbaum Y, Ware DL. Electrocardiogram of acute ST-elevation
myocardial infarction: the significance of the various “scores”.
J Electrocardiol 2005;38:113.

Hurst JW. Interpreting electrocardiograms using basic principles and
vector concepts. New York: Marcel Dekker; 2001.

Pardee HEB. An electrocardiographic sign of coronary artery obstruc-
tion. Arch Intern Med 1920;26:244.

Maseri A, Severi S, Nes MD, et al. Variant” angina: one aspect of a
continuous spectrum of vasospastic myocardial ischemia. pathogenetic
mechanisms, estimated incidence and clinical and coronary arterio-
graphic findings in 138 patients. Am J Cardiol 1978;42:1019.

Katz AM, editor. Physiology of the heart. 4th ed. Philadelphia, PA,
USA: Lippincott Williams & Wilkins; 2006.

Baim DS, Grossman W. Grossman’s cardiac catheterization, angio-
graphy and intervention. 6th ed. Philadelphia, Pa: Lippincott Williams
and Wilkins; 2001.

Visner MS, Arentzen CE, Parrish DG, et al. Effects of global ischemia
on the diastolic properties of the left ventricle in the conscious dog.
Circulation 1985;71:610.

Aroesty JM, McKay RG, Heller GV, et al. Simultaneous assessment of
left ventricular systolic and diastolic dysfunction during pacing-induced
ischemia. Circulation 1985;71:889.

Hlaing T, DiMino T, Kowey PR, et al. ECG repolarization waves: their
genesis and clinical implications. Ann Noninvasive Electrocardiol
2005;10:211.

Rautahatju PM, Surawicz B, Gettes LS, et al. AHA/ACCF/HRS
recommendations for the standardization and interpretation of the
electrocardiogram: part IV: the ST segment, T and U waves, and the QT
interval: a scientific statement from the American Heart Association
Electrocardiography and Arrhythmias Committee, Council on Clinical
Cardiology; the American College of Cardiology Foundation; and the
Heart Rhythm Society. Endorsed by the International Society for
Computerized Electrocardiology. J Am Coll Cardiol 2009;53:982.
Kenigsberg DN, Khanal S, Kowalski M, et al. Prolongation of the QTc
interval is seen uniformly during early transmural ischemia. J Am Coll
Cardiol 2007;49:1299.

Smith FM. The ligation of coronary arteries with electrocardiographic
study. Arch Intern Med 1918;22:8.

Somers MP, Brady WJ, Perron AD, et al. The prominent T wave:
electrocardiographic differential diagnosis. Am J Emerg Med 2002;
20:243.

Bayes de Luna A, Carreras F, Cladellas M, et al. Holter ECG study of
the electrocardiographic phenomena in Prinzmetal angina attacks with
emphasis on the study of ventricular arrhythmias. J Electrocardiol 1985;
18:267.

Agetsuma H, Hirai M, Hirayama H, et al. Transient giant negative T
wave in acute anterior myocardial infarction predicts R wave recovery
and preservation of left ventricular function. Heart 1996;75:229.

Herz 1, Birnbaum Y, Zlotikamien B, et al. The prognostic implications
of negative T waves in the leads with ST segment elevation on
admission in acute myocardial infarction. Cardiology 1999;92:121.
Doevendans PA, Gorgels AP, van der Zee R, et al. Electrocardiographic
diagnosis of reperfusion during thrombolytic therapy in acute
myocardial infarction. Am J Cardiol 1995;75:1206.

Wasserburger RH, Corliss RJ. Prominent precordial T waves as an
expression of coronary insufficiency. Am J Cardiol 1965;16:195.
Zack PM, Aker UT, Kennedy HL. Pseudonormalization of T-waves
during coronary angioplasty. Cathet Cardiovasc Diagn 1987;13:191.
Noble RJ, Rothbaum DA, Knoebel SB, et al. Normalization of
abnormal T waves in ischemia. Arch Intern Med 1976;136:391.

Nikus KC, Eskola MIJ, Virtanen VK, et al. ST-depression with
negative T waves in leads V4-V5—a marker of severe coronary artery
disease in non—ST elevation acute coronary syndrome: a prospective
study of angina at rest, with troponin, clinical, electrocardiographic,
and angiographic correlation. Ann Noninvasive Electrocardiol 2004;9:
207.

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Hayden GE, Brady WIJ, Perron AD, et al. Electrocardiographic T-wave
inversion: differential diagnosis in the chest pain patient. Am J Emerg
Med 2002;20:252.

Eskola MJ, Holmvang L, Nikus KC, et al. The electrocardiogram
window of opportunity to treat vs. the different evolving stages of ST-
elevation myocardial infarction: correlation with therapeutic approach,
coronary anatomy, and outcome in the DANAMI-2 trial. Eur Heart J
2007;28:2985.

Birnbaum Y, Drew BJ. The electrocardiogram in ST elevation acute
myocardial infarction: correlation with coronary anatomy and prog-
nosis. Postgrad Med J 2003;79:490.

Fiol M, Cygankiewicz I, Carrillo A, et al. Value of electrocardiographic
algorithm based on “ups and downs” of ST in assessment of a culprit
artery in evolving inferior wall acute myocardial infarction. Am J
Cardiol 2004;94:709.

Zimetbaum PJ, Josephson ME. Use of the electrocardiogram in acute
myocardial infarction. N Engl J Med 2003;348:933.

Wellens HJ. The value of the right precordial leads of the
electrocardiogram. N Engl J Med 1999;340:381.

Thygesen K, Alpert JS, White HD, et al. Universal definition of
myocardial infarction. Eur Heart J 2007;28:2525.

Perloff JK. The recognition of strictly posterior myocardial infarction by
conventional scalar electrocardiography. Circulation 1964;30:706.
Bayes de Luna A, Wagner G, Birnbaum Y, et al. A new terminology for
left ventricular walls and location of myocardial infarcts that present
Q wave based on the standard of cardiac magnetic resonance imaging:
a statement for healthcare professionals from a committee appointed
by the International Society for Holter and Noninvasive Electrocardio-
graphy. Circulation 2006;114:1755.

Birnbaum Y, Herz I, Sclarovsky S, et al. Prognostic significance of
precordial ST segment depression on admission electrocardiogram in
patients with inferior wall myocardial infarction. J Am Coll Cardiol
1996;28:313.

Agarwal JB, Khaw K, Aurignac F, et al. Importance of posterior chest
leads in patients with suspected myocardial infarction, but nondiagnos-
tic, routine 12-lead electrocardiogram. Am J Cardiol 1999;83:323.
Sclarovsky S, Topaz O, Rechavia E, et al. Ischemic ST segment
depression in leads V2-V3 as the presenting electrocardiographic
feature of posterolateral wall myocardial infarction. Am Heart J 1987;
113:1085.

Sclarovsky S, Mager A, Kusniec J, et al. Electrocardiographic
classification of acute myocardial ischemia. Isr J Med Sci 1990;26:525.
Birnbaum Y, Criger DA, Gates KB. Grade 3 ischemia on presentation
with acute myocardial infarction predicts rapid progression of necrosis
and less myocardial salvage with thrombolysis. ] Am Coll Cardiol
2001;37:115A.

Sagie A, Sclarovsky S, Strasberg B, et al. Acute anterior wall
myocardial infarction presenting with positive T waves and without
ST segment shift. electrocardiographic features and angiographic
correlation. Chest 1989;95:1211.

Pruitt RD, Klakeg CH, Chapin LE. Certain clinical states and pathologic
changes associated with deeply inverted T waves in the precordial
electrocardiogram. Circulation 1955;11:517.

de Zwaan C, Bar FW, Wellens HJ. Characteristic electrocardiographic
pattern indicating a critical stenosis high in left anterior descending
coronary artery in patients admitted because of impending myocardial
infarction. Am Heart J 1982;103(4 Pt 2):730.

de Zwaan C, Bar FW, Janssen JH, et al. Angiographic and clinical
characteristics of patients with unstable angina showing an ECG pattern
indicating critical narrowing of the proximal LAD coronary artery.
Am Heart J 1989;117:657.

Renkin J, Wijns W, Ladha Z, et al. Reversal of segmental hypokinesis
by coronary angioplasty in patients with unstable angina, persistent T
wave inversion, and left anterior descending coronary artery stenosis.
additional evidence for myocardial stunning in humans. Circulation
1990;82:913.

Levine HD, Ford RV. Subendocardial infarction; report of six cases and
critical survey of the literature. Circulation 1950;1:246.

Sclarovsky S, Rechavia E, Strasberg B, et al. Unstable angina: ST
segment depression with positive versus negative T wave deflections—



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

K. Nikus et al. / Journal of Electrocardiology 43 (2010) 91-103 103

clinical course, ECG evolution, and angiographic correlation. Am Heart
J 1988;116:933.

Atie J, Brugada P, Brugada J, et al. Clinical presentation and prognosis
of left main coronary artery disease in the 1980s. Eur Heart J 1991;12:
495.

Nikus KC, Eskola MJ. The ECG in a mechanical obstruction of the
ostium of the left main coronary artery. Int J Cardiol 2002;86:327.
Shapira OM, Davidoff R. Images in cardiovascular medicine. functional
left main coronary artery obstruction due to aortic dissection.
Circulation 1998;98:278.

Nikus KC. Acute total occlusion of the left main coronary artery with
emphasis on electrocardiographic manifestations. TT Top Med
Cardiovasc Dis 2007;11.

Master AM, Jaffe HL. Coronary insufficiency and myocardial necrosis
due to acute hemorrhage. J Mt Sinai Hosp 1940;7:26.

Kemball Price R, Janes LR. A case of subendocardial infarction. Br
Heart J 1943;5:134.

Bayley RH. The electrocardiographic effects of injury at the endocardial
surface of the left ventricle. Am Heart J 1946;31:677.

Cook RW, Edwards JE, Pruitt RD. Electrocardiographic changes in
acute subendocardial infarction. I. Large subendocardial and large
nontransmural infarcts. Circulation 1958;18(4 Part 1):603.

Holmvang L, Clemmensen P, Lindahl B, et al. Quantitative analysis of
the admission electrocardiogram identifies patients with unstable
coronary artery disease who benefit the most from early invasive
treatment. J Am Coll Cardiol 2003;41:905.

Savonitto S, Cohen MG, Politi A, et al. Extent of ST-segment
depression and cardiac events in non—ST-segment elevation acute
coronary syndromes. Eur Heart J 2005;26:2106.

Atar S, Fu'Y, Wagner GS, et al. Usefulness of ST depression with T-
wave inversion in leads V(4) to V(6) for predicting one-year mortality in
non—ST-elevation acute coronary syndrome (from the electrocardio-
graphic analysis of the global use of strategies to open occluded
coronary arteries IIB trial). Am J Cardiol 2007;99:934.

Gorgels AP, Vos MA, Mulleneers R, et al. Value of the electrocardio-
gram in diagnosing the number of severely narrowed coronary arteries
in rest angina pectoris. Am J Cardiol 1993;72:999.

Kosuge M, Kimura K, Ishikawa T, et al. Predictors of left main or three-
vessel disease in patients who have acute coronary syndromes with
non—ST-segment elevation. Am J Cardiol 2005;95:1366.

Barrabes JA, Figueras J, Moure C, et al. Prognostic value of lead aVR in
patients with a first non—ST-segment elevation acute myocardial
infarction. Circulation 2003;108:814.

Yamaji H, Iwasaki K, Kusachi S, et al. Prediction of acute left main
coronary artery obstruction by 12-lead electrocardiography. ST segment
elevation in lead aVR with less ST segment elevation in lead V(1). J Am
Coll Cardiol 2001;38:1348.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Engelen DJ, Gorgels AP, Cheriex EC, et al. Value of the electrocardio-
gram in localizing the occlusion site in the left anterior descending
coronary artery in acute anterior myocardial infarction. J Am Coll
Cardiol 1999;34:389.

Hasdai D, Yeshurun M, Birnbaum Y, et al. Inferior wall acute myocardial
infarction with one-lead ST-segment elevation: electrocardiographic
distinction between a benign and a malignant clinical course. Coron
Artery Dis 1995;6:875.

Blumgart HL, Zoll PM. Angina pectoris, coronary failure and
myocardial infarction. The role of coronary occlusions and collateral
circulation. JAMA 1941;116:91.

Assali A, Sclarovsky S, Herz 1, et al. Persistent ST segment depression
in precordial leads V5-V6 after Q-wave anterior wall myocardial
infarction is associated with restrictive physiology of the left ventricle.
J Am Coll Cardiol 2000;35:352.

Froelicher VF, Myers JN. Exercise and the heart. Philadelphia, PA: W.B.
Saunders Co.; 2000.

De Servi S, Specchia G, Angoli L. Coronary artery spasm of different
degrees as cause of angina at rest with ST segment depression and
elevation. Br Heart J 1979;42:110.

Parodi O, Uthurralt N, Severi S, et al. Transient reduction of regional
myocardial perfusion during angina at rest with ST-segment depression
or normalization of negative T waves. Circulation 1981;63:1238.
Porter A, Vaturi M, Adler Y, et al. Are there differences among patients
with inferior acute myocardial infarction with ST depression in leads V2
and V3 and positive versus negative T waves in these leads on
admission? Cardiology 1998;90:295.

Savonitto S, Ardissino D, Granger CB, et al. Prognostic value of the
admission electrocardiogram in acute coronary syndromes. JAMA
1999;281:707.

Hyde TA, French JK, Wong CK, et al. Four-year survival of patients
with acute coronary syndromes without ST-segment elevation and
prognostic significance of 0.5-mm ST-segment depression. Am J
Cardiol 1999;84:379.

Gerson MC, McHenry PL. Resting U wave inversion as a marker
of stenosis of the left anterior descending coronary artery. Am J Med
1980;69:545.

Kishida H, Cole JS, Surawicz B. Negative U wave: a highly specific but
poorly understood sign of heart disease. Am J Cardiol 1982;49:2030.
Behar, S., et al. ACSIS 2004. Acute coronary syndromes—Israel 2004.
2005;242:13.

Antman EM, McCabe CH, Gurfinkel EP, et al. Enoxaparin prevents
death and cardiac ischemic events in unstable angina/non-Q-wave
myocardial infarction. Results of the thrombolysis in myocardial
infarction (TIMI) 11B trial. Circulation 1999;100:1593.

Bayés de Luna A, editor. Clinical electrocardiography: a textbook.
Armonk, NY, USA: Futura Publishing Company, Inc.; 1998.



	Electrocardiographic classification of acute coronary syndromes: a review by a committee of the.....
	Anatomic and physiologic bases of ischemic ECG changes
	ST-segment elevation (STE)
	ST-segment depression (STD)
	T wave changes

	ECG patterns in ACS at presentation and during the evolving stages: prognostic and clinical imp.....
	Concluding remarks
	References




