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Early initiation of reperfusion therapy remains the cornerstone of successful manage-
ment for ST-elevation myocardial infarction (STEMI). Rapid restoration of coronary
blood flow relies on prompt recognition of the typical ST-segment elevation on a 12-lead
electrocardiogram (ECG)—a surrogate for coronary occlusion or critical stenosis—
allowing timely activation of the STEMI protocol cascade, with a major positive impact
in mortality and clinical outcomes. However, atypical, very high risk ECG patterns—
known as “STEMI equivalents”—are present in 10% to 25% of patients with ongoing
myocardial ischemia in need of urgent primary percutaneous coronary intervention.
Though briefly mentioned in the current recommendations, structured clinical data on
those specific ECG presentations are lacking. By thoroughly searching MEDLINE and
EMBASE we conducted a structured review of non-STEMI, albeit very high risk, ECG
patterns of acute coronary syndrome, often associated with coronary occlusion or criti-
cal stenosis. After screening 997 studies, we identified the following distinct “STEMI
equivalent” ECG patterns: Wellens’ syndrome, de Winter sign, hyperacute T waves, left
bundle branch block—including paced rhythm—and right bundle branch block. For
each pattern, a brief summary of the existing evidence, together with the sensitivity,
specificity, and positive predictive value—whenever available—are presented. In conclu-
sion, prompt recognition of “STEMI equivalent” ECG patterns is crucial for every phy-
sician or paramedic dealing with acute coronary syndrome patients in the emergency
department or the prehospital setting, as misinterpretation of those high risk presenta-

tions can lead to reperfusion delays and worse outcomes. © 2019 Elsevier Inc. All
rights reserved. (Am J Cardiol 2019;124:1305—-1314)

Achieving the shortest possible time to coronary revas-
cularization is the cornerstone of management of acute
myocardial infarction (MI) with ST-segment elevation MI
(STEMI). Prompt and reliable prehospital electrocardio-
gram (ECG) diagnosis and autonomous STEMI team acti-
vation by emergency physicians have currently evolved
into crucial steps in the reperfusion strategy. Despite the
absence of a classical STEMI ECG pattern, up to 10% to
25% of acute coronary syndrome (ACS) patients requiring
urgent reperfusion therapy may present with atypical ECG
patterns. This heterogeneous, very high risk patient popula-
tion represents a significant challenge for physicians and
paramedics, especially in the prehospital setting. Although
the ECG will never be able to perfectly predict coronary
vessel occlusion or very critical stenosis in every ACS
patient, several studies as well as countless case reports
highlight the lack of recognition of certain atypical, very
high risk ECG patterns that may require primary percutaneous
coronary intervention strategy.” Though briefly mentioned in
the current recommendations, up-to-date information on those
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specific “STEMI equivalent” ECG patterns as well as data on
their sensitivity, specificity, and predictive value are lacking.
Therefore, the aim of the current article is to provide a struc-
tured review of the most commonly reported non-ST-segment
elevation ECG patterns associated with acute coronary occlu-
sion, in the ACS patients’ population.

Methods

We searched electronic databases (MEDLINE, EMBASE),
from inception through January 2019 to identify case series,
original research and review articles for “STEMI equivalents.”
Additional relevant articles were identified from thoroughly
searching bibliographies of retrieved articles. Research was
performed according to the PRISMA statement.

The initial search string used in the article title or
abstract was: [STEMI equivalent]. Thus, 6 ECG patterns
were identified based on the presence of a complete angio-
graphic occlusion of a coronary artery in the context of a
non-STEMI ECG presentation. Following this first search,
the following MESH terms were researched in the manu-
script title/abstract: (Wellens) OR (de Winter) OR (hyper-
acute T waves) OR (STEMI AND left bundle branch block
[LBBB]) OR (STEMI AND LBBB) OR (STEMI and
paced) OR (STEMI and pacemaker) OR (STEMI and right
bundle branch block [RBBB]) OR (STEMI and RBBB). All
related articles cited in the studies found from the above
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search were also included. Exclusion criteria included non-
english manuscripts, nonhuman populations, and case
reports. After removal of duplicates, the titles and abstracts
of all citations were independently reviewed by 2 authors
(GT, PA) for potential inclusion. Next, the full text of
potentially relevant citations was reviewed. In case of dis-
cordance, decision was made after consultation of a third
senior author (JS).

A total of 997 articles were found in the literature search,
of which 41 were found to meet the screening criteria
(Figure 1). All studies that reported data from patients with
ECG patterns consistent with the initial description were
included. After consensus for final inclusion, data concerning

clinical and ECG presentation, sensitivity, specificity, and
positive predictive value were extracted. The quality assess-
ment of the remaining, included articles was carried out by
the primary investigator (GT).

Results

Wellens’ syndrome is an ECG pattern characterized by 2
types of electrocardiographic T-wave changes, in patients
presenting with suspicion of ACS.” Type 1 is defined by
symmetric deeply inverted T waves in leads V2 and V3,
whereas type 2 is defined by biphasic T waves in leads V2
and V3 (Figure 2). Although leads V2 and V3 are the

- PubMed: n=714
- EMBASE: n=283

Records identified through database searching: n=997
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)' Duplicates removed: n= 155
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Figure 1. Study selection criteria.
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Figure 2. (A). ECG showing biphasic T waves in leads V2 and V3 without Q waves or loss of precordial R-wave progression. (B) ECG performed 1 hour
later, with ST segment-elevation in V2 to V5 as well as in DI associated with ST-depression in the inferior leads compatible with an anterior myocardial
infarction. Coronary angiography showed a 100% proximal left anterior descending artery occlusion.

diagnostic leads of Wellens’ syndrome, T-wave inversions
can extend beyond. Notably, Wellens’ syndrome patients
lack Q waves, loss of precordial R-wave progression or sig-
nificant changes of ST segment. Wellens’ syndrome sug-
gests critical stenosis or obstruction of the proximal left
anterior descending (LAD) artery with a sensitivity of 69%
and specificity 89%.’

The mechanism responsible for these ECG findings is
unclear. Repolarization heterogeneity resulting from reper-
fusion of a briefly occluded LAD could possibly explain the
evolution of T-wave modifications. Dynamic negative T
waves are likely to reflect edema-induced transient inhomo-
geneity of repolarization between apical and basal left ven-
tricular regions.” Patients with Wellens’ syndrome have a

high risk of development of extensive anterior MI and
death. De Zwaan et al demonstrated that 75% of the sub-
jects with the characteristic ECG findings who did not
undergo revascularization developed anterior wall infarc-
tion within a few weeks.” In a follow-up study, the same
author showed that all anginal patients with the typical
Wellens’ syndrome ECG findings were found to have sig-
nificant proximal LAD disease. Although the majority of
the studies are showing that this ECG pattern is mostly
associated with critical stenosis in the LAD, in the former
study, 18% of patients were hav1ng a true total LAD occlu-
sion.” As expected, noninvasive stress testing should be
avoided in this context, as increasing cardiac demand in
presence of a severely narrowed LAD may lead to acute
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ML.° Finally, Wellens’ syndrome may also occur in normal
coronary arteries following an episode of cocaine-induced
vasospasm coronary spasm on the LAD.’

Described for the first time in 2008,8 “de Winter sign” is
an ECG pattern defined by the combination of: (1) tall,
prominent, symmetric T waves in the precordial leads, (2)
up-sloping ST segment depression >1 mm at the J-point in
the precordial leads, (3) absence of ST elevation in the pre-
cordial leads, and (4) (often) mild ST segment elevation
(0.5 to 1 mm) in aVR (Figure 3). In a recent systematic
review, the maximal up-sloping ST depression and T-wave
height peak were both found in lead V3, with a median
amplitude of 0.3 mV (ST depression) and 0.9 mV (T-wave
height), respectively.’

The exact electrophysiologic mechanisms involved in
the observed ECG changes are unknown. According to cur-
rent knowledge, this ECG pattern corresponds to a critical
subocclusion of LAD—with ST-segment elevation ulti-
mately occurring as soon as the vessel is totally occluded.
The moderate ST-segment depression as well as the tall,
peaked T waves is physiologically attributed to a—hypoxia
driven—alteration in ATP-dependent potassium channels,
resulting in a delay in repolarization in the subendocardial
region, with a change in the transmembrane action potential
shape.' This pattern can persist for hours, because progres-
sion toward ST elevation may be impeded by modern,
aggressive antiplatelet therapy.

As many as 2% of patients with acute anterior STEMI
will present with this atypical ECG pattern.® In a large
cohort study of 5,588 ACS patients in a prehospital setting,
an ECG compatible with “de Winter sign” was identified in
1.6% of all anterior infarctions (11 of 688 patients). Inter-
estingly, 10 of 11 of those were male and proximal or mid

i I

LAD was the culprit lesion in all cases. Due to the absence
of the classical STEMI pattern, significant delays up to sev-
eral days occurred in some of those patients, of whom 3 of
11 finally died."' On a broader note, in patients with ACS
suspicion, de Winter sign presents a positive predictive
value of 95% to 100% for at least 70% angiographic steno-
sis of a major epicardial vessel.”

Being widely recognized as a precursor sign of STEMI
and imminent coronary occlusion, hyperacute T waves also
represent a very high risk ECG presentation. Even though
there is no well-established universal definition, hyperacute
T waves are generally described as broad-based, symmetri-
cal, and tall compared with the preceding R-wave (Figure 4).
They are often associated with a depressed J-point and/or
reciprocal ST segment depression in other ECG leads.
Hyperacute T waves are most apparent in the precordial
leads and more noticeable when compared with previous
ECGs.

The hypothesized mechanisms involve either flow pres-
ervation due to coronary subocclusion or coronary occlu-
sion with subsidiary blood supply through -collateral
vessels. In the early phase of coronary artery occlusion, the
shortening of the subepicardial action potential is thought
to increase the endoepicardial voltage gradient of repolari-
zation, which generates the characteristic tall-and-peaked
appearance.'” When coronary occlusion occurs, hyperacute
T waves are usually transient, rapidly evolving into ST-seg-
ment elevation. Performing multiple, serial ECGs in this
context is of utmost importance.

With regards to the predictive ability of hyperacute T
waves, after analysis of 13,393 ECGs for T-waves ampli-
tudes greater than the standard amplitudes >0.5 mV in limb
leads and >1.0 mV in precordial leads—and excluding all
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Figure 3. ECG showing upsloping ST segment depression at the J point in leads V2 to V6, with prominent T waves in the precordial leads as well as a mild

ST segment elevation in aVR.
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Figure 4. (A). Initial ECG of a 51-year-old patient presenting to the emergency department with acute onset of chest pain, showing hyperacute T waves with-
out ST-segment deviation. (B) Second ECG performed 4 hour later due to persisting chest pain, now showing Q waves in leads V1-V3, prompting a coronary
angiography. (C, D) Coronary angiogram demonstrating left anterior descending artery occlusion, after the 1st septal branch (yellow arrow). (Color version

of figure is available online.)

secondary etiologies, the following ECG criteria were sug-
gested: (1) a J-point position/T-wave amplitude ratio
>25%, (2) T-wave amplitude/QRS amplitude ratio >75%,
(3) J-point elevation >0.3 mV."? These criteria together
with patient’s age >45 years predicted ACS with a specific-
ity of 98%, a sensitivity of 62%, and positive and negative
predictive values of 93% and 86%, respectively.

In lead V1 specifically, where a normal T-wave is usu-
ally flat or inverted, some authors argue that a T-wave may
be considered abnormal when its amplitude is taller than in
V6. Other definitions (looking only at V1) include a posi-
tive deflection >0.15 mV. When this criterion was applied
in a series of 218 patients undergoing cardiac catheteriza-
tion, 84% of them were found with a significant (>75%)
stenosis in a major epicardial vessel. In most of those
patients, the culprit lesion concerned the circumflex
artery.

The ECG differential diagnosis of hyperacute T waves is
vast including—among others—hyperkalemia, early repo-
larization patterns, left ventricular hypertrophy, acute myo-
pericarditis, cerebrovascular hemorrhage, as well as the
chronic and evolving phase of MI. Thus, interpreting this
finding in the context of suspected ACS—after narrowing
down the differential diagnosis and performing multiple,
serial ECGs at short time intervals is of the essence.

Although the majority of patients with chest pain and
LBBB do not have acute MI, MI occurring in a patient with
LBBB may remain unrecognized and be associated with
adverse clinical outcomes. A recent study based on a pro-
spective cohort database from 1997 to 2016, including
28,421 patients with established acute MI, showed that
patients with LBBB are less likely to receive invasive treat-
ment strategy as well as evidence-based antithrombotic reg-
imen resulting in higher in-hospital mortality and MACE."

According to the current guidelines, urgent reperfusion
therapy is recommended in patients with new (or presumed
new) LBBB and clinical suspicion of ongoing myocardial
ischemia. Although the interpretation of ECG in the pres-
ence of previous LBBB is less specific than in its absence,
numerous studies have evaluated ECG criteria for the diag-
nosis of STEMI in this context; in them Sgarbossa criteria
are the most validated in clinical studies. In 1996, evaluat-
ing ~26,000 patients from the GUSTO-1 trial, Sgarbossa et
al'® published 3 independent ECG criteria for the diagnosis
of STEMI in the context of LBBB (1) ST segment elevation
of >1 mm concordant with the QRS complex (5 points); (2)
ST-segment depression of >1 mm in lead V1, V2, and V3
(3 points) (Figure 5); (3) STE of >5 mm discordant with
the QRS complex (2 points). A score greater >3 points was
found to have an excellent specificity of >95%, while its
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Figure 5. ECG showing ST-segment depression in leads V2

limited sensitivity (31% to 73%) disfavored its widespread
use in clinical practice.'” Thus, Sgarbossa criteria should
not be used to rule out MI, but may be used to rule it in.

In 2012, Smith et al'® proposed a revised algorithm
in which the third Sgarbossa component (excessively
discordant ST-segment elevation in the setting of a neg-
ative QRS)—the one presenting the worst sensitivity in
the 3 criteria is replaced by: a ST-segment elevation to
S-wave depth (ST/S ratio) of less than —0.25. In that
study, application of the new criterion showed improved
diagnostic performance for STEMI with a reported sen-
sitivity and specificity of 91% and 90%, respectively.
However, when this new algorithm was externally vali-
dated by Di Marco et al'’ in a retrospective analysis of
145 patients with LBBB and suspected MI, sensitivity
was similar to that of the Sgarbossa criteria (67%),
although the specificity remained high.

Conventional RV (right ventricular) pacing results in
ORS morphologies similar to LBBB that—as previously dis-
cussed—Ilimit the diagnostic accuracy of ECG in ACS. In a
retrospective analysis conducted by Rathore et al between
1994 and 1996, 1.9% of 102,249 patients treated for acute
MI had a RV-paced ECG pattern. These patients were nota-
bly less like to receive emergent reperfusion therapy.”’
Similar results were observed in another study where in
27,985 acute MI patients, pacemaker carriers (n=300)
were significantly less likely to receive emergent reperfu-
sion therapy (58.7% vs 82.4%; p <0.001) and were more
often treated conservatively. In-hospital mortality was sig-
nificantly higher in patients with pacemaker rhythm (11.3%
vs 4.6%; p <0.001)—even though their MI size was
smaller.”'

V1

V3

T0/mm/mV ", 26 mm

, V3 of >1 mm, related to acute occlusion of the circumflex artery.

In such patients, ECG assessment can be facilitated by 2
approaches (1) temporarily inhibiting pacing function in
nonpacemaker dependent patients and/or (2) applying the
aforementioned Sgarbossa criteria (Figure 6). When tempo-
rarily inhibiting the pacemaker function, one should bear in
mind ECG changes due to a cardiac memory effect—the
so-called Chatterjee phenomenon—that may complicate
ECG interpretation. With regards to ECG criteria in the
presence of pacemaker-induced LBBB, Sgarbossa et al
applied the previously described algorithm in RV-paced
patients with acute MI enrolled in the previous GUSTO
trial. Although the sensitivity was low, all 3 criteria were
found to be helpful for “ruling in” acute MI (1) Concordant
ST elevation >1 mm in leads with a positive QRS complex
(sensitivity 18%, specificity 94%); (2) Concordant ST
depression >1 mm in V1 to V3 (sensitivity 29%, specificity
82%); (3) Excessively discordant ST elevation >5 mm in
leads with a negative QRS (sensitivity 53%, specificity
88%).”> Actually, compared with other scoring systems,
Sgarbossa’s criteria seem to have the best predictive value
to identify STEMI in pacemaker carriers.”” Of note, for
patients with biventricular pacing, there is no established
consensus on ECG criteria for MI.

Patients with established STEMI and RBBB have a poor
prognosis because the culprit lesion is commonly found in
the proximal LAD (before the 1st septal branch). Contrary
to the presence of LBBB, ST-T segment ECG criteria for
the diagnosis of acute ischemia or infarction are tradition-
ally considered “not affected” by the presence of RBBB.
Nevertheless, in a retrospective study of 6,742 patients with
acute MI,24 2/3 of patients with RBBB and no ST-segment
elevation, were found to have a TIMI flow of 0 to 2 during
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Figure 6. ECG showing a partially paced rhythm with excessive discordant ST-elevation >5 mm in leads with a paced negative QRS. Native QRS complexes
show RBBB morphology with ST-elevation and Q waves indicating a subacute anterior myocardial infarction. A coronary angiogram revealed a thrombotic

occlusion of the proximal left anterior descending artery.

follow-up coronary angiography, confirming that ST-seg-
ment interpretation cannot be used with complete safety in
order to rule out STEMI.

Accordingly, when persistent ischemic symptoms are
accompanied by a (presumed new) RBBB, emergent coro-
nary angiography should be considered. In a study of 4,067
patients presenting to the emergency department with sus-
pected ACS, 3% (125 patients) had RBBB, 7% (281)
LBBB, and 1.5% (60) bifascicular block. A final diagnosis
of MI was retained in 21% of those with RBBB, 29% of
those with LBBB, and 23% of those with bifascicular block,
whereas the mortality rate at 1 year was 11% in RBBB, 7%
in LBBB, and 18% in bifascicular block patients. The
authors concluded that these observations argue in favor of
the updated ESC STEMI guidelines including RBBB as
high risk ECG pattern for mortality in patients with sus-
pected MI.>

Discussion

The present article summarizes the ECG presentations,
mechanisms, and clinical features of 6 distinct, very high
risk, ECG patterns associated with coronary artery occlu-
sion in patients with symptoms of ongoing myocardial
ischemia.

Firstly, even in the current era of abundance of medical
screening and testing, there are still a considerable amount
of patients with “missed” coronary artery occlusions that
never get classified as STEMIs. Studies demonstrate that in
about 1/4 of non-STEMIs, the infarct-related artery is
occluded.”® A proportion of these cases may correspond to

“STEMI equivalent” patterns, whose subtle ECG findings
were diagnostic or highly suggestive of coronary artery
occlusion. These patients may be “ruled-in” lately by very
high biomarkers and significant wall motion abnormalities
in echocardiography. Considering the above, some authors
even argue that—taking into account the morbidity and
mortality associated with missed diagnosis—systematic
inclusion of “STEMI equivalents” in catheter laboratory
activation protocols may identify patients requiring primary
percutaneous coronary intervention and improve out-
comes.”’ In such cases, early involvement of interventional
cardiologists in the decision-making process is invaluable.

Secondly, given their atypical ECG manifestation
beyond the classical STEMI criteria, they are often mis-
diagnosed leading to unnecessary delays in reperfusion
therapy and adverse clinical outcomes. Although physicians
and trained paramedics have a similar accuracy to identify
the classic ECG STEMI patterns, they have not been sys-
tematically trained or challenged to recognize “STEMI
equivalent” patterns. In addition, despite the advent of new
digital ECG technology with sophisticated analytical meth-
ods, current automated diagnostic algorithms are not yet
capable of facilitating the identification of these patterns.
Considering the difficulty to memorize all these different
patterns, we created a table (Table 1) in order to summarize
the different “STEMI equivalents” ECG patterns along
with their sensitivity, specificity, and predictive positive
value as well as the culprit artery implicated.

Thirdly, apart from the ECG patterns described in this
review, 2 additional ECG patterns that physicians should be
aware of in-patients with symptoms of ongoing ischemia,
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Table 1.

STEMI equivalents and their ECG presentation, along with their sensitivity, specificity and predictive value as well as the culprit artery implicated.

STEMI equivalents ECG pattern Sensitivity %  Specificity % PPV % Culprit artery*

Wellens’ syndrome Type 1: Symmetric & deeply inverted T waves in V2-V3 69% 89% - LAD
Type 2: Biphasic T waves in V2-V3

De Winter sign Tall, symmetric T waves in PL - - 95.2% - 100% LAD
Upslopping STD > 1 mm in PL
Absence of STE in PL
Mild STE in aVR

High Amplitude T wave J-point/T-wave amplitude > 25% 69.1% 98% 93% LAD

T-wave amplitude/QRS amplitude > 75%
J-point elevation >0.3 mV
Patients >45 years old
New LBBB Sgarbossa criteria’*
1. STE >0.1 mV concordant with QRS (score: 5)
2. STD >0.1 mV in V1-V3 (score: 3)
3. STE >0.5 mV discordant with QRS (score: 2)

RV pacing Sgarbossa criteria
® [st
® 2nd
® 3rd
New RBBB No specific ECG pattern (same as classic RBBB)

Undetermined
73% (64% - 80%) 92 (86-96)
25% (18% - 34%) 96 (91-99)  89% (score > 3 points)
31% (23% - 39%) 92 (85-96)

Undetermined
18% 94%
29% 82% -
53% 88%
— — — LMCA/LAD

ECG = Electrocardiogram; LAD = left anterior descending coronary artery; LBBB = left bundle branch block; LMCA = left main coronary artery; OD =
odd ratio; PL = precordial leads; PPV = positive predictive value; RBBB = right bundle branch block; RV = right ventricular; STD = ST-depression; STE =

ST-elevation.

* Vessel most frequently implicated in the presence of each STEMI equivalent.

TScore > 3 points = 90% specificity for STEMI.
! Other criteria such as the modified algorithm of Smith.

deserve merit: the “true” isolated posterior MI and the “ST
elevation in lead aVR” syndrome. Considering that isolated
posterior MI has a well-established ECG definition (ST-
depression >0.05 mV in leads V1 through V3 or/and ST-
segment elevation >0.05 mV in posterior leads V7 to V9
[>0.1 mV in men <40 years old]), this ECG pattern was not
included in this review. This standard definition (ST seg-
ment change of >0.5 mm) yields a sensitivity of 94%—as
compared with a sensitivity of 49% for an ST elevation of
>1 mm. According to the literature, despite being associ-
ated with “true” complete coronary artery occlusion of
either the right coronary or the circumflex artery, a signifi-
cant percentage of physicians still fail to recognize this syn-
drome. In a study conducted by Khan et al,”® 79 of 177
(68%) physicians failed to diagnose isolated posterior MI
when they were examined in their ability to identify it. In a
more recent study, the median door-to-balloon time was
consistently longer in patients with isolated posterior MI,
resulting in less coronary reperfusions within the 90-minute
target as well as longer hospital stays and in-hospital car-
diovascular complications.”” Recording additional posterior
leads (and right precordial leads) in every ACS patient are
crucial and can greatly improve the diagnostic accuracy of
isolated posterior MI.

Although not typically associated with acute coronary
occlusion, several studies demonstrate that ST-segment
elevation in lead aVR coupled with widespread horizon-
tal ST-depression >0.1 mV in >8 surface leads, is
highly suggestive of 3-vessel coronary artery disease,
left main coronary artery or LAD stenosis with a sensi-
tivity of 78% to 81%, speciﬁcit?/ of 76% to 80% and
positive predictive value of 57%.”" The relation between

aVR and V1 could be used to differentiate between left
main coronary artery and LAD disease, where ST eleva-
tion in V1 more than in aVR indicates LAD disease
whereas the opposite points to proximal left main coro-
nary artery disease. Extensive subendocardial ischemia
or infarction of the basal ventricular septum is the 2
possible evoked mechanisms responsible for the ECG
changes in lead aVR. In the absence of reported cases
of complete coronary occlusion, this pattern was not
included in our study, but should be dealt with as a
high-risk non-STEMI with possibility of imminent coro-
nary flow compromise.

As a final note, in patients with acute MI seen very
early after symptoms onset, ST-segment elevation might
be absent; this is usually a transient event. In the pres-
ence of ongoing symptoms, maintaining a high-index of
suspicion with serial ECG tracings as well as compari-
son of the current ECG with previous recordings is
highly recommended in order to detect dynamic/novel
changes and evolution toward classical STEMI ECG
patterns. Furthermore, some patients with acute occluded
coronary vessel (e.g., vein coronary artery bypass graft,
circumflex artery, diagonal or marginal branch involve-
ment) could be denied reperfusion therapy in the
absence of any ST elevation or other ECG modification.
In those patients, since the standard 12-lead ECG as
well as the supplementary right precordial or posterior
leads do not always allow early MI recognition, further
risk evaluation with serial biomarkers, bedside echocar-
diography or even more advanced cardiovascular imag-
ing according to local availability and expertise (e.g.,
coronary computed tomography) should be considered.
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Again, clinical acumen is a key especially in patients
with persistent symptoms of ongoing myocardial ische-
mia in the absence of a clear etiology for whom the
appropriateness of reperfusion therapy is uncertain.

In conclusion, outside the context of classical
STEMI, applying urgent reperfusion therapy to patients
with symptoms of ongoing ischemia on the basis of
ECG findings remains a significant challenge. We have
herein summarized the existing evidence around 6 dis-
tinct ECG patterns—named as “STEMI equivalents”—
that have been associated with coronary artery occlu-
sion. In the presence of any of those ECG patterns,
maintaining a high index of clinical suspicion, ordering
additional studies (serial ECGs +/— biomarkers, echo-
cardiography, and advanced imaging) and early involve-
ment of interventional cardiologists in the decision-
making process is of paramount importance. Prompt rec-
ognition of those high risks ECG syndromes by those
treating ACS patients in the emergency department or
prehospital setting is crucial, since primary percutaneous
coronary intervention is—in most cases—warranted.
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