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review of the literature
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Summary: The electrocardiogram remains the most crucial tool in the diagnosis on ST-segment elevation myocardial infarction. It is ra-
pidly available, easily reproducible, and highly cost effective. To the trained interpreter itis also highly sensitive and specific. Early diagnosis
and subsequent treatment of ST-segment myocardial infarction relies on rapid performance and correct interpretation of the electrocar-
diogram. In addition to acute myocardial infarction, there are multiple other causes of ST-segment elevation in the patient with active
chest pain. The clinician must be aware of these differential diagnoses, and be able to quickly confirm or exclude alternative causes of
ST-segment elevation. The purpose of this article is to review the electrocardiographic findings in acute myocardial infarction in compari-
son to other alternative diagnoses that may present with ST-segment elevation. This discussion concludes with three case based examples
of atypical causes of ST-segment elevation in the patient with chest pain.
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Ischemické a neischemické pFiciny elevace ST segmentu u pacienti s bolesti na hrudi: Systematicky piehled literatury

Souhrn: Elektrokardiogram zlstava nejdileZitéjsim nastrojem v diagnéze infarktu myokardu s elevaci ST segmentu. Je okamzité k dis-
pozici, je snadné jej opakovat a ekonomicky je velice vyhodny. Pro trénovaného odbornika je rovnéz vysoce citlivy a specificky. Casna
diagnéza a naslednd [é¢ba infarktu myokardu s elevaci ST segmentu zavisi na rychlém provedeni a spravné interpretaci EKG. Mimo akut-
niho infarktu myokardu existuje u pacienta s probihajici bolesti na hrudi mnoho dal3ich p¥icin elevace ST segmentu. LékaF musi mit tyto
diferencidlni diagndzy na zteteli a musi byt schopen rychle potvrdit nebo vyvratit alternativni p¥iciny elevace ST segmentu. Cilem tohoto
¢lanku je prezkoumani nélezli na EKG u akutniho infarktu myokardu v porovndni s ostatnimi alternativnimi diagnézami, u kterych maze
dochdzet k elevaci ST segmentu. Tato diskuse je ukoncena tfemi kazuistickymi pfiklady atypickych p¥icin elevace ST segmentu u pacienta

s bolesti na hrudi.

Kli¢ova slova: elektrokardiogram - elevace ST segmentu - infarkt myokardu - diferencidlni diagnéza

Introduction

Primary percutaneous coronary inter-
vention (PPCI) is the preferred treat-
ment of ST-segment elevation myocar-
dial infarction (STEMI) [1-3]. Patients
with STEMI, should undergo PPCI
emergently; no later than 12 hours
after the onset of chest pain [4,5]. The
Task Force of American College of Car-
diology (ACC) and the European So-
ciety of Cardiology (ESC) guidelines
state that increased levels of troponin
or other biomarkers are a main dia-
gnostic criteria for acute myocardial
infarction [6]. However, because in-
crease troponin level is not seen earlier
than 6-8 hours after an acute event,
the diagnosis of STEMI must be ini-
tially confirmed or excluded based
upon clinical presentation and ST-seg-
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ment elevations on 12-lead electrocar-
diogram (ECQ). It is further suggested,
that ECG diagnosis of STEMI should
take no longer than 10-15 minutes.
This may not always be feasible, as the
time between the onset of symptoms
and the first contact with a patient ex-
periencing a suspected acute coro-
nary syndrome varies. Furthermore,
first contact with the medical system
is often not directly with the Emer-
gency Department, but may vary from
emergency medical services to a pri-
mary care physician. Additional cau-
ses of delay to reperfusion include pa-
tient transfer from hospitals without
PPCI capability, activation of the ca-
theterization laboratory [8,9] or intra-
procedural difficulties [5]. Regardless
of manner of presentation, the ECG

remains the most important means of
STEMI diagnosis given its rapid availa-
bility, low cost, and high sensitivity to
a trained interpreter.

This report reviews the ECG diagno-
sis of STEMI, with the main emphasize
on the differential diagnosis between
ischemic and non-ischemic causes of
ST-segment elevation (STE).

ECG diagnosis of STEMI

In the patient with chest pain, the di-
agnosis of STEMI requires new STE at
the J-point in two contiguous leads of
>0.2mVinmeninleadsV, , (>0.15mV
for women) and/or > 0.1 mV in limb
leads and V, , leads [6]. These ECG cri-
teria are simple and straightforward,
however, there are multiple non-ische-
mic causes of STE; particularly in pre-
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cordial leads [7]. Important causes of
STE mimicking STEMI are left ventri-
cular hypertrophy, acute myocarditis/
pericarditis, previous myocardial infar-
ction, and numerous other non-car-
diac causes [7]. The ECG diagnosis
of STEMI also depends on the exper-
tise of the initial person evaluating the
patient with chest pain. As mentioned
this may be a paramedic, emergency
department physician or general inter-
nist, all with vastly different ECG inter-
pretation experience and ability. There
are different approaches for assessing
the role and importance of the ECG in
patients with suspected STEMI, and
understanding how different non-is-
chemic etiologies may effect accurate
interpretation.

False positive activation of cardiac
catheterization laboratory for
primary PCI

The ECG remains a highly sensitive
tool for the diagnosis of STEMI. Given
the seriousness of the diagnosis, most
interpreters value high sensitivity over
specificity. This trade-off allows for in-
vestigation of a reasonably high false
positive rate of diagnosis. The inci-
dence of false positive activation of the
catheterization laboratory for PPCl va-
ries between 6.4 to 22.7% with an ave-
rage rate of 12.7% [10-12]. False po-
sitive cardiac catheterization may be
defined as performance of angiogra-
phy for a suspected STEMI that reveals
no acute intracoronary occlusion. The
strength of this approach is that all
patients undergo coronary angiogra-
phy. Larson et al [10] reported one of
the first studies using this approach.
The patient population included both
transfers from community hospitals
and from the emergency department
of a tertiary cardiovascular center in
Minnesota. 1,335 patients with sus-
pected STEMI underwent emergent
coronary angiography. 187 patients
(14%) did not have a culprit coronary
artery occlusion. Sixty patients with-
out culprit coronary artery did have
significant coronary artery disease re-
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quiring coronary bypass surgery, non-
-emergent percutaneous intervention,
or conservative management. The re-
maining 127 patients did not have
obstructive coronary artery disease.
These patients were evaluated, and
the etiologies of STE on ECG were de-
termined. The most frequent causes
of STE were early repolarization, pre-
vious myocardial infarction, or non-
-diagnostic ECG. Less common ECG
abnormalities were pacemaker rhythm
or right bundle branch block. It is of
interest that 44% of patients with new
or presumably new left bundle branch
block on ECG did not have culprit co-
ronary artery. A similar study by Gu
et al [11] reported coronary angiogra-
phy of 820 patients presenting with
chest pain and ST-segment elevations.
PPCl was performed in 767 patients.
Similar to the previous study, thirty-
four patients had significant coronary
disease without a culprit lesion. These
patients were managed either conser-
vatively or underwent coronary bypass
surgery. Nineteen patients had other
structural heart diseases, vascular di-
seases or non-cardiac abnormalities.

Perugini et al [12] reported on false
positive activation of catheterization
laboratory in a cohort of 3 780 pa-
tients. The diagnosis of STEMI was
confirmed in 3,447 patients, while
333 patients did not have a culprit co-
ronary artery occlusion. Seventy-five
patients with normal coronary arteries
had STEMI (2%), eighty-four had chro-
nic coronary artery disease (2.3%), and
thirty-six had Takotsubo cardiomyo-
pathy (1.0%). The remaining hundred
thirty-eight patients had various non-
-ischemic etiology for ST-segment ele-
vation (3.7%).

Perugini et al [12] also undertook
a simulation in which two experienced
cardiologists re-analyzed 369 ECGs
with STE and chest pain lasting for
20 minutes. The only additional avai-
lable information were age and gen-
der. The interpreters were required to
answer two questions: First, does the
patient have acute myocardial infarc-
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tion warranting activation of the ca-
theterization laboratory? Second, is
STEMI unlikely and activation of the
catheterization laboratory is not ne-
cessary? Based on these experienced
interpreters there were 240 true po-
sitive, 44 false positive, 79 true nega-
tive and 6 false negative. The sensitivity
and specificity were 0.97% and 0.64%,
respectively. The positive and nega-
tive predictive values were 0.71% and
0.96% respectively; showing even the
most experienced of interpreters may
have some difficulty in determining the
etiology of ST elevations.

Nfor et al [13] analyzed false positive
STEMI diagnosis in the emergency de-
partment to determine the incidence,
predictors, and prognosis of false po-
sitive STEMI. There were 489 patients
with possible STEMI. A culprit coro-
nary artery was found in 89% of pa-
tients while 11% of patient did not
have an infarct related artery. Indepen-
dent predictors of absence of culprit
coronary artery occlusion were: lack
of chest pain, absence of reciprocal
ST-segment changes, less than 3 risk
factors for CAD, symptom duration
longer than 6 hours, recent illicit drug
use, stable hemodynamics, and di-
rect transfer from other hospitals. The
three most frequent causes for false
positive activation of a cardiac cathe-
terization laboratory were early repo-
larization (14.8%), acute myocarditis/
/pericarditis (14.8%) and Takotsubo
cardiomyopathy (11.1%). A minority of
false positives could ultimately be at-
tributed to other abnormalities such
as coronary artery spasm or NSTEMI.
It is important to note that 48.1 % of
patients without culprit coronary ar-
teries had “serious acute cardiac pa-
thology” warranting further evaluation
and treatment. In this series, even non-
-ischemic ST-segment elevation war-
ranted further cardiac care.

Patients with STE on ECG without
culprit coronary artery occlusion can
be divided into two broad categories.
The first group consists of patients
with coronary artery disease or other
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structural heart disease in which co-
ronary angiography excludes acute
myocardial infarction, but clarifies the
true diagnosis and helps in patient ma-
nagement. The second group consists
of patients with ST-segment elevation
on ECG either without ischemic heart
disease nor other acute cardiac patho-
logy. These patients often have acute
non-cardiac disease such as pulmo-
nary embolization or aortic dissection.
These patients gain no benefit from
coronary angiography and may be har-
med by potential complications of an-
giography as well as delay in obtaining
a true diagnosis and treatment.

Errors in interpretation of the
ECG and discrepancies in the
emergency department

Frequently an emergency physician is
the first contact with a patient com-
plaining of chest pain. Brady et al [14]
reported on ECG proficiency amongst
emergency physicians. There were nine
possible causes of STE, including acute
myocardial infarction. Emergency phy-
sicians correctly identified STE due
to acute myocardial infarction in 29
out of 31 cases (93.5%). In this study,
emergency physicians misinterpre-
ted 12 out of 202 patients with STE
(5.9%). The most frequent causes of
missed diagnosis were early repolari-
zation followed by left ventricular ane-
urysm. Early repolarization and left
ventricular hypertrophy were the incor-
rect diagnoses most frequently given to
the two patients with a missed diagno-
sis of acute myocardial infarction.

The same group published a second
study [15] reviewing the diagnosis of
STE by six Emergency Medicine physi-
cians. Interpreters knew only age, gen-
der, and presence of chest pain. Each
interpreter had to answer two ques-
tions. First, was there STE and se-
cond was the morphology of STE con-
sistent with STEMI more so than any
other etiology. There were 599 pa-
tients with suspected acute myocardial
infarction and 211 with non-ischemic
STE. Discrepancy in ECG interpreta-
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tion was present in 61 patients, parti-
cularly for the diagnosis of left ventri-
cular hypertrophy (47.5%), left bundle
branch block (19.7%), early repolariza-
tion (11.5%), and less frequently acute
myocardial infarction, pericarditis or
left ventricular aneurysm. Similarly the
most common reason for disagree-
ment was in the interpretation of left
ventricular hypertrophy (42.9%) and
acute myocardial infarction (28.6%)
secondary to atypical concave STE.

Discrepancies in interpretation of
STE by ECG experts and invasive
cardiologists

Jayroe and et al [16] asked fifteen
well know ECG experts from the US,
Europe, and Israel, to differentiate
between ischemic and non-ischemic
STE on ECG. 116 ECGs in patients with
suspected STEMI were evaluated. In
addition to recommending PPCI ver-
sus conservative management, they
were also asked to choose between
15 possible alternative causes of STE.
The patient population included Cau-
casians, Asians, Hispanic and African
Americans. An important considera-
tion was that only 8 out of 116 patients
(6.9%) had STEMI. Recommendation
for PPCI varied between 7.8 and 33%.
The sensitivity of the individual reader
varied between 50-100% (mean 75%)
and specificity between 73-97% (mean
85%). The choices of non-acute ische-
mic causes of STE markedly varied.
These results were unexpected and
suggested need for revision of ECG cri-
teria for STEMI [16].

In a related report of 84 pati-
ents, the authors asked 7 interventi-
onal cardiologists the same questi-
ons [17]. In contrast to the previous
study, 48 % patients had STEMI. The
percentage of patients in whom the
intervetionalists recommended PPCI
varied between 33-75%. The sensiti-
vity for STEMI was between 55-83%
(average 71%) and specificity 32-79%
(average 63%). These results were si-
milar to their first study except for
a lower sensitivity.

The less than expected accuracy in
diagnosis of STE etiology amongst
highly experienced ECG experts is
not surprising and suggests that ECG
alone has important limitations in
identifying patients for PPCI. Fortuna-
tely in clinical practice, ECG is always
correlated with history, physical and
laboratory findings.

ST-segment elevation in patients
with normal coronary arteries

The incidence of normal coronary ar-
teries in patients with suspected STEMI
undergoing coronary angiography va-
ries between 2.6% to 13% [18-20].
There are multiple reasons for normal
coronary artery in a true STEMI. Li-
kewise, there are other cardiac and non-
-cardiac diseases mimicking myocardial
infarction (hypertrophic cardiomyopa-
thy, myocarditis or pulmonary embo-
lization). The incidence of ECG mis-
interpretation is highly variable. In
Widimsky’s study [18] the incidence
of ECG misinterpretation was 19%
among experienced interpreters. Prasad
etal [20] reported the results of 690 pa-
tients with suspected STEMI. 594 pa-
tients (86%) had culprit coronary artery
occlusion, nine and eleven had severe
coronary artery disease without com-
plete arterial occlusion, or left bundle
branch block respectively. Using strict
STE criteria the sensitivity and specifi-
city were 93.1 and 44.7% respectively
with 79.4% positive and 59.6% negative
predictive value. In comparison, expert
cardiologists who re-analyzed 160 and
76 patients with STEMI and normal co-
ronary artery confirmed STEMI in 93%
in patients with culprit coronary artery
but only in 55% in those with normal
coronary arteries.

In patients who present with normal
coronary arteries and STE, acute car-
diac and non-cardiac diseases have to
be ruled out. This is particularly true
for pulmonary embolization, aortic
dissection, coronary spasm, myocardi-
tis or pericarditis. D-dimmer and pul-
monary and aortic imaging are helpful
in patients with suspected pulmonary
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Fig. 1. 62 year-old man with acute chest pain and hypotension. ECG: Normal sinus rhythm at 94 bpm, ST segment de-
pression in 9 leads, the most pronounced in lead V, and V, and ST elevation in lead aVR and V.

embolization or aortic dissection [21].
More difficult is the diagnosis of
myocarditis. Presently myocarditis can
be accurately diagnosed by showing
myocardial edema on MRI. In addi-
tion, MRI helps to confirm or exclude
the diagnoses of myocardial infarc-
tion, pericarditis, Takatsubo cardio-
myopathy, or valvular heart diseases.
A more detailed discussion of the use
MRI in patients with acute coronary
syndrome, with normal coronary arte-
ries is undertaken by Agewal et al [21].

Atypical presentations of
coronary occlusions requiring
urgent coronary angiography

Two ischemic events requiring emer-
gent coronary angiography are left

main coronary artery disease (LMCA)
[23] and unstable angina with a ,Wel-
lens” ECG pattern [24]. The most
common ECG manifestations of acute
occlusion of LMCA are ST-segment
depression in six or more leads and
ST-segment elevation in lead aVR and
occasionally also in V, [23]. Our pa-
tient was a 62 year-old woman with
history of hypertension. She deve-
loped severe chest pain, hypoten-
sion and diaphoresis 24 hours after
knee replacement. The ECG (Fig. 1)
showed normal sinus rhythm at a rate
of 94 bpm, ST segment depression in
9 leads, the most pronounced in lead
V,and V, and ST elevation in lead aVR
and V,. Coronary angiogram revealed
left main coronary artery thrombosis.

The patient underwent emergency co-
ronary artery bypass and made une-
ventful recovery.

A second indication for urgent co-
ronary angiography is unstable angina
presenting with mild ST elevation fol-
lowed by deep T-wave inversion in mid-
precordial leads also known as the Wel-
lens ECG pattern [24]. In these patients
coronary anatomy usually shows severe
mostly proximal LAD lesion. More re-
cently, however, similar ECG patterns
were reported in patients with coronary
spasm, normal coronary arteries, intra-
cerebral bleeding, myocardial bridging,
and pulmonary edema [25]. Migliore
et al reported 4 patients with similar
ECG of different etiology in whom MRI
showed myocardial edema.
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Fig. 2. 53 year old man with exertional chest pain. ECG: Normal sinus rhythm at 61 bpm, mild ST-segment elevation with
T-wave inversion in the mid-precordial leads.
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Our patient was a 53 year-old man
with hypertension. He developed chest
pain while running. The ECG (Fig. 2)
showed normal sinus rhythm at a rate
of 61 bpm, mild ST-segment elevation
with T wave inversion in the mid-pre-
cordial leads. Emergent coronary an-
giogram revealed non-obstructive co-
ronary artery disease with significant
myocardial bridging of the mid LAD.
He was treated with oral calcium
channel blockers and made a com-
plete recovery.

Another atypical presentation of
proximal left anterior occlusion can
be prominent or normal T wave ampli-
tude in leads V, , with or without ST
depression lasting from 1 to 14 days.
Some patients will show the normal
ECG evolution of an anterior myocar-
dial infarction. This type of acute
myocardial infarction was originally
reported by Sagie et al [26], and more
recently with a slightly different ECG
pattern by de Winter et al [27] and Ve-
rouden et al [28]. Identification of this
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“atypical” presentation of LAD occlu-
sion may be difficult, but is important
for early reperfusion.

Pride and et al [29] published acute
coronary syndrome with isolated an-
terior ST-segment depression due to
complete coronary artery occlusion.
This was a sub-study of TRITON-
-TIMI 38 trial of 13 608 patients. Iso-

lated anterior ST-segment depression

was found in 1 198 patients (8.8%).
Of these patients, 26% had complete
occlusion of one of the main coronary
arteries. The most common culprit ar-
tery was the left circumflex coronary
artery. The 30-day incidence of com-
posite death and myocardial infarc-
tion was significantly higher in patients
with an occluded coronary artery.

Our final patient was a 52 year-old
woman with dyslipidemia who presen-
ted with acute onset of chest pain and
profound dyspnea. ECG (Fig. 3) reve-
aled normal sinus rhythm at a rate of
78 bpm, mild ST-segment elevationin |,
aVL, and V, ,, with deep T-wave inver-
sions in the precordial leads. Emer-
gent coronary angiogram revealed
mild non-obstructive coronary artery
disease, and a severely reduced eje-
ction fraction with severe hypokinesis
of the apex and distal anterior, septal,
lateral, and inferior wall segments.
The remaining wall segments were hy-
perkinetic. She was given a diagnosis
of Takotsubo cardiomyopathy (previ-
ously described). She was treated for
several months with beta-blockers and
an ACE inhibitor with near normali-
zation of her ejection fraction. In this
case, ECG changes that are typically
associated with myocardial ischemia
were present without coronary artery
disease.

Finally, it is important to remem-
ber that acute myocardial infarction

can be seen in patients with normal or
non-specific ECG changes. These are
most often patients with occlusion of
the left circumflex artery or a branch of
a main coronary artery.

Conclusions

Presently the ECG remains the initial
diagnostic tool in patients with sus-
pected STEMI. However, as discussed
the ECG has important limitations.
First, STE can be seen in other cardiac
and non-cardiac conditions. Second,
there are atypical ECG presentations
of acute coronary occlusion that may
not have ST-segment elevation. Third,
a negative ECG does not exclude an
acute coronary syndrome. Without
correlating the ECG with clinical fin-
dings, and cardiac bio-markers, even
experienced expert cardiologists have
difficulty differentiating between is-
chemic and non-ischemic causes of
ST-segment elevation based solely on
the resting ECG. Finally, the initial dia-
gnosis of STEMI is made by various
types of physicians or paramedics, all
with different ECG expertise, contribu-
ting to inaccuracies of diagnosis.
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