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REVIEW

Recognizing electrocardiographically subtle occlusion
myocardial infarction and differentiating it from mimics:
Ten steps to or away from cath lab

Elektrokardiyografik olarak belirgin olmayan okliizyonlu
miyokart enfarktiusiinii tanimak ve taklitlerinden ayirt etmek:
On adimda kateter laboratuvarina veya aksi yéne dogru
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Summary- It is increasingly evident that the ST-segment
elevation (STE) myocardial infarction (Ml)/non-STEMI par-
adigm that equates STEMI with acute coronary occlusion
(ACOQ) is deceptive. This unfortunate paradigm, adhered to
by the current guidelines, misses at least one-fourth of the
ACOs, and unnecessarily over-triages a similar fraction of
the patients to the catheterization laboratory. Accordingly,
we have been calling for a new paradigm, the occlusion/
nonocclusion MI (OMI/NOMI). Although this new OMI/NOMI
paradigm is not limited to an electrocardiogram (ECG), the
ECG will remain the cornerstone of this new paradigm be-
cause of its speed, repeatability, noninvasive nature, wide
availability, and high diagnostic power for OMI. This review
provides a step-by-step approach to ECG for the diagnosis
of OMI.

he fourth universal definition of myocardial in-

farction (MI) dichotomizes MI as ST-elevation
(STE) MI and non-STEMI, on the basis of the pres-
ence or absence of —(1) I-mm STE in any two contig-
uous leads except V2 and V3; (2) STE in V2 and V3
on the basis of age and gender, where the following
cutpoints apply: =1.5 mm elevation in women regard-
less of age, 22.5 mm in men aged less than 40 years,
and =2 mm in men aged 40 years and above.!"" How-
ever, it is increasingly evident that the hypothesis at
the root of this paradigm, which equates the presence
or absence of STE at these cutoffs with the presence
or absence of acute coronary occlusion (ACO), is
incorrect.??! This unfortunate assumption causes

Ozet— ST-segment yiikselmesi (STY) ile akut koroner ti-
kanikhigr (AKT) es tutan STY miyokart enfarktist (ME)/
ST-segment ylkselmesiz (STYz) ME paradigmasinin yanil-
tic oldugu giderek daha agikar hale gelmektedir. Glncel
kilavuzlarca savunulan bu talihsiz paradigma AKT’lerin en
az ddrtte birini kagirmakta, benzer bir oranda hastayi da ge-
reksiz bicimde kateterizasyon laboratuvarina yénlendirmek-
tedir. Bu nedenle, bir stredir okliizyonlu/oklizyonsuz ME
(OME/NOME) paradigmasina gecis cagrisinda bulunmak-
tayiz. Bu yeni OME/NOME paradigmasi elektrokardiyog-
rafiye (EKG) sinirl olmasa da EKG; hizi, tekrarlanabilirligi,
girisimsel olmayan dogasi, yaygin kullanilabilirligi ve OME
icin yUksek tanisal glici nedeniyle yine bu paradigmanin
kilit tagini olusturacaktir. Bu gdézden gegirmede, OME tanisi
icin EKG’ye adim adim bir yaklasim sunmaktayiz.

the current guideline-recommended, universally-ac-
claimed paradigm to miss at least one-fourth of the
ACOs, and to unnecessarily refer a similar fraction of
the patients to the catheterization laboratory."*!

Accordingly, we have been calling for a new para-
digm, the occlusion/nonocclusion MI (OMI/NOMI),
as discussed in detail elsewhere.”! Although this
new OMI/NOMI paradigm is not limited to electro-
cardiogram (ECG), the ECG will remain the corner-
stone of this new paradigm because of its speed, re-
peatability, noninvasive nature, wide availability, and
high diagnostic power. Nevertheless, it should always
be kept in mind that the accuracy of any diagnostic
test, including ECG, depends on the pretest proba-
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bility. Therefore, ECG should always be interpreted
in the context of the clinical picture, according to the
presence and characteristics of chest pain, especially
when it shows subtle findings.

This review discusses a step-by-step approach to
ECG for the diagnosis of OMI (Central Figure).

When ECG Shows ST Elevation That
Meets Universal Criteria

Owing to the diverse etiology of STE and the relatively
low frequency of ACO (only 2-5% of the patients pre-
senting to the emergency department with chest pain
actually have OMI),"”# only half the patients with ECG
features meeting STEMI criteria have actual ACO.>#!
To avoid false alarms, before settling on a final diagno-
sis of OMI, one must first quickly exclude other ECG
pathologies that manifest nonischemic STE.

Step 1: Exclude artifacts

One should be certain that the STE does not have an
artifactual appearance. Atrial activity, such as repo-
larization wave of an inverted P wave! (Figure 1A)

or flutter waves

Abbreviations:

(Figure IB),[IO] may ACO Acute coronary occlusion
be superimposed on BV~ Benignvariant

ECG Electrocardiogram
the ST‘Segment and 1ap Left anterior descending artery
mimic STE. These LBBB  Left bundle branch block

LCX Left circumflex artery
very frequently LVH Left ventricular hypertrophy
distort the inferi- NOMI  Nonocclusion myocardial

. infarction
or leads 5 reSlllUng oMI Occlusion myocardial infarction
in a mild apparent RBBB  Right bundle branch block
. STD ST-segment depression

STE > which may STE ST-segment elevation
manifest Varlablllty VPR Ventricular pace rhythm

in STE amplitude
if beat-to-beat intervals are changing. A comparison
with a previous ECG is also revealing.

Electromechanical association artifact is an un-
usual type of artifact, which is frequently caused by
the tapping of an arterial pulse to the overlying re-
cording electrode.""! Check if one of the limb leads is
completely free of abnormal appearance, as one stan-
dard limb derivation that does not use this electrode
is usually spared.!"?! It may rarely affect all leads, if

With obvious STE

Step 2
Exclude STE secondary
to depolarization
abnormalities

Stepl Step 3

Exclude artifacts

Central figure. Flow-chart representation of OMI diagnosis.

Exclude other causes of
secondary STE

- Atrial activity - LBEB - LVH - Pericarditis - Subacute MI
- Electromechanical - VPR @ usesT/sz1/6 @ sminav - Wellens' pattern
association artifact @3 - Excessive discordance tool for OMI b
- Filtering issues (8T/S >1/4) - Early repolarization
- Concordance - Persistent STEafter @@ sTDinavL

- RBBB MI Tap

- WPW o Use T/ORS = 1/3 - Others

- Hyperkalemia teol for OMI

Without obvious STE
Step 6 Step 7 Step 8 Step 9
R 26 SpeLIfE Batt Scrutinize the ECG If there is Look for
:jffg?ﬁ ;gaf:;:ﬁ g ;:;zs to uncover subtle absolutely no STE, hyperacute T-
’ STE look for STD. waves
- Aslanger’s pattern - Minimal reciprocal - “Posterior” M - Bulky T waves - ECG quality
- South African flag changes - DeWinters - Serial ECGs
pattern ; ; pattern - Serial hsTn
- Examine opposite
% lead couples - Echo, CCTA, CAG
- Use BV-5TE vs.
OMI formulas

CAG: conventional coronary angiogram; CCTA: coronary computed tomography angiogram; ECG: electrocardiogram; Echo: echocardiogram;
hsTn: high-sensitive troponin; LBBB: left bundle branch block; LVH: left ventricular hypertrophy; MI: myocardial infarction; OMI: occlusion myo-
cardial infarction; RBBB: right bundle branch block; STD: ST-segment depression; STE: ST-segment elevation; TQD: terminal QRS distortion;
VPR: ventricular paced rhythm; WPW: Wolff-Parkinson-White syndrome.
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Figure 1. Artifactual causes of STE. (A) Low-atrial rhythm causing apparent STE in lead Il and Ill. (B) Flutter waves causing ap-
parent STE in leads Il and Ill. (C) Electromechanical association artifact caused by left radial pulse. Lead Il is completely spared.

(D) Artifactual STE due to high-pass filter set to 0.5 Hz and manual mode is used.
Source: (A and C) Reprinted from Dr. Smith’s ECG blog, courtesy of Stephen W Smith, MD. (B) Reprinted from ems12lead.com, Courtesy of Tom

both the source of artifact is the right arm electrode
and the ECG machine uses leads I and II to calculate
lead IIT instead of directly measuring left arm-left
leg potential difference." Therefore, another ECG
should be acquired after checking electrodes, if the
contour of native waves makes sudden and suspi-
cious turns (Figure 1C).

Rarely, ECG filtering may cause artifactual STE.
This is especially the case when high-pass filter (low-
er of the two numbers indicating filter frequencies on
ECG paper) is set to 0.5 Hz and real-time mode is
used (defibrillators, bedside monitors use this mode
by default).' Tt always disturbs the leads with deep
S waves, and never causes a concordant STE. Slight
waviness of the isoelectric line may be a clue (Figure
1D). If suspected, check whether the high-pass filter
is set to high, lower it to 0.05 Hz, and repeat ECG in
the auto mode. In addition, ensure the same settings
were used when comparing serial ECGs.

Step 2: Exclude STE secondary to
depolarization abnormalities

The next step is to determine whether the QRS com-
plex is wide. If so, then secondary ST-T-wave abnor-
malities are expected, even without the presence of
an OMI. In these situations, ST deviation is in the
direction opposite that of the major deflection of the
QRS, and it is proportional to the amplitude of the
QRS complex, which is called “appropriate discor-
dance.”

Correspondingly, some discordant STE [as well
as appropriately discordant ST depression (STD)]
should be anticipated in the left bundle branch block
(LBBB), in which nonischemic STE is always pres-
ent in leads V1-V4, where LBBB registers deep
S waves. Nevertheless, if discordant STE is ex-
cessive, then concomitant anterior OMI should be
considered. Although the widely known Sgarbossa
criterial™ define “excessive discordant STE” as =5
mm regardless of the corresponding QRS, a modi-
fied version by Smith et al.!"! uses the ratio of STE
at the J-point to the preceding S-wave. Any STE
higher than the one-fourth of the corresponding
S-wave is highly specific for OMI (Figure 2). On
the contrary, concordant STE, even if just 0.5 mm
in just one lead, cannot be explained by the conduc-
tion disorder and is always considered pathologic
and highly specific for OMI.!""

Right ventricular paced rhythm (VPR) caus-
es a similar conduction abnormality; a recent study
showed that the same rules can be used for the diag-
nosis of OMI.!"®! Therefore, in the presence of LBBB
or VPR, look for—(1) excessive discordant (ST/S
>1/4) or (2) even minimal concordant STE; 1 mm of
concordant STD in any single lead of V1-V6 should
also be taken as a primary change and interpreted ac-
cordingly (see below).

Right bundle branch block (RBBB) does not gen-
erally cause STE, but sometimes results in a mild
discordant STD in V1-V3. This is especially import-
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Figure 2. ECGs taken from the same patient during (A) rest
and (B) chest pain. QRS complexes from lead Ill were mag-
nified on the right-sided panel. (A) In the upper ECG, ST to S
ratio (green dashed lines) is 2/22=0.09, indicating appropriate
discordance (normal). (B) In the lower ECG, ST to S ratio is
4/14=0.28 indicating excessive discordance and diagnostic
for OMI. This patient has an RCA occlusion.

ECG: electrocardiogram; OMI: occlusion myocardial infarction; RCA:
right coronary artery.

ant for the unfortunate coincidence of RBBB with
basal inferolateral (formerly called posterior) MI.[""!
Although there is no study that specifically explored
this coincidence, excessively discordant STD, usual-
ly more than 1 mm and out of proportion to the pre-
ceding R’ wave, should be taken as primary in this
occasion. Right ventricular hypertrophy (right axis
deviation and large R-wave in V1) with strain may
mimic this picture, but, even then, the STD should
be assessed in proportion to the excessive R-wave
voltage.

The abnormal depolarization that results from
Wolff-Parkinson-White syndrome can produce STE
that mimics OMI. If a delta wave is present, suspect
that STE may be secondary and not primary.="!

Significant hyperkalemia can also cause STE. STE
caused by hyperkalemia usually occurs after some
QRS prolongation and frequently occurs in V1-V3
with a particularly recognizable pattern reminiscent
of Brugada syndrome.”?!! Less commonly, hyperkale-
mia can cause STE in the inferior or high lateral leads.
In the presence of obvious QRS prolongation, large
R-wave in aVR, peaked T waves, or sinoventricular
conduction, hyperkalemia should be considered.

Step 3: Exclude other causes of secondary STE

If QRS duration is normal but its amplitude or config-
uration is abnormal, then there may be pathology that
influences both depolarization and repolarization.

Look at the amplitude of the QRS complex. If
there is high voltage indicating left ventricular hy-
pertrophy (LVH), some STE may be seen in leads
with deep S waves (usually V1-V3) and may mimic
STEMILI. If the amplitude of STE is more than one-
sixth of the amplitude of S-wave in one of these leads,
it is highly suspicious for OMI. Convex morphology
might be seen in LVH and does not necessarily indi-
cate an OMI. STD in V5 and V6, with reciprocal STE
in aVR, occurs frequently in LVH and might mimic
ACS ' LVH with high voltage in the limb leads can
also result in nonischemic inferior ST elevation with
reciprocal STD in aVL.

In the presence of STE and well-formed Q waves,
especially QS waves (complete absence of R-wave),
in leads V1-V4, persistent STE after a previous MI
(formerly called “ventricular aneurysm pattern™) is
a possibility (Figure 3). Because both OMI and per-
sistent STE after a previous MI have Q waves and
STE, the size of the T waves provides the critical clue
for the distinction, as acute OMI has relatively large
T waves.Z#4 If there is a single lead among V1-V4,
which has a T-wave amplitude higher than one-third of
the corresponding total QRS complex, then the diag-
nosis of acute OMI is likely (Figure 3B).?* False neg-
atives may occur when chest pain duration is >6 hours
because T-wave amplitude diminishes as the amount
of viable myocardium diminishes. Unfortunately, this
rule does not apply to the differentiation of persistent
inferior STE caused by a previous inferior MI from
inferior OMI, which still remains very challenging.

Step 4: Exclude other causes of primary STE

If the QRS complex is normal, then evaluate the dis-
tribution and maximal location of STE. When there is
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Figure 3. (A) A patient with prior anterior MI without chest pain. (B) The same patient presents with acute LAD occlusion. Although
there are QRS complexes with STE in V1-V5, T-wave amplitudes exceed one-third of the corresponding QRS amplitudes in these
leads. This finding strongly argues for the presence of an OMI.

Source: Reprinted from Dr. Smith’s ECG blog, courtesy of Stephen W Smith, MD.
LAD: left anterior descending; MI: myocardial infarction; OMI: occlusion MI; STE: ST elevation.

widespread STE, the possibility of pericarditis arises.
Although pericarditis is far rarer than OMI, it is overdi-
agnosed on the ECG, partly because this low pretest
probability is widely ignored. The assumption that
widespread STE must be due to pericarditis unless the
patient has hemodynamic instability is not correct, as
this pattern of STE may be seen in patients with certain
left anterior descending (LAD) artery occlusions.?>26!
Inferolateral OMI with left circumflex (LCX) or right
coronary artery occlusion frequently mimics pericar-
ditis, but the latter never has reciprocal STD in aVL.
(27281 Thus, the presence of reciprocal STD can be help-
ful to distinguish OMI from pericarditis. The absence
of reciprocal STD is common in LAD occlusion, and
should not be relied upon to rule out OMI. We warn
that “you diagnose pericarditis at your peril.”

Nevertheless, some indicators that suggest what ap-
pears to be OMI might rarely be pericarditis are—(1)

Absence of any reciprocal STD except in aVR and less
commonly V1; (2) STE to T-wave ratio >1/4 especial-
ly in the left lateral leads (which helps to distinguish
pericarditis from both early repolarization (ER) and
OMI, but does not distinguish the latter two); (3) STE
highest in lateral and inferior leads.*” The presence of
any STD in aVL, developing Q waves, convex STE,
STE distorting terminal QRS (Figure 4), and prolonged
QT interval are signs of OML?3% PR depression is a
frequent finding in normal subjects, but PR depression
>0.8 mm is suspicious for pericarditis, especially when
occurs in both, limbs and precordial leads.?”!

ER, which is defined as—(1) the presence of an
end-QRS notch or slur that is entirely above the base-
line on the downslope of a prominent R-wave; (2)
the presence of J-point elevation equal to or more
than 0.1 mV in two or more contiguous leads, ex-
cluding leads V1-V3; and (3) a QRS duration less
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LAD: left anterior descending; OMI: occlusion myocardial infarction.
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Figure 4. Widespread ST-segment elevation due to LAD occlusion, misdiagnosed as pericarditis. The fragmented QRS and low
voltage in lead V2, low voltage in V2, and terminal QRS distortion in V2 and V3 are all clues for anterior OMI.
Source: Reprinted from Dr. Smith’s ECG blog, courtesy: Stephen W Smith, MD.

than 120 milliseconds,** is a quite frequent entity
with an incidence of 2%-31%. As it can cause infe-
rior and lateral STE, it is a frequent cause of false
catheterization laboratory activations. To distinguish
ER from inferolateral OMI, check whether lead aVL
shows reciprocal STD, which indicates inferior OMI.
(281 OMI should be suspected especially when there
are proportionally large T waves, in addition to STE.
Presence of J-wave notching is more common in ER
than in OMI but may be present in both.**! When
STE is limited to midanterior leads and mild, use one
of the anterior OMI versus benign variant (BV) ante-
rior STE differentiation formulas (see below).

There are some other causes of STE, some of
which can, generally, only be excluded after a nor-
mal angiogram, such as myocarditis®** and Takot-
subo cardiomyopathy.’*! Brugada syndrome, and
also conduction delays caused by sodium channel
blocking medications, can cause STE in V1-V3,
which may be mistaken for OMI, but their morphol-
ogy is distinct; type 1 Brugada has an R’ wave with
down-sloping STE, and type 2 has a saddleback
STE appearance, which makes OMI very unlikely.
13¢) Massive pulmonary embolism may present with
STE in V1-V3, mimicking right ventricular OMI.
1371 Tumor invasion has also been reported in some
studies.”® Even with a normal angiogram, some
cases may still be MI with normal coronary arteries
(MINOCA), many of which are ACS due acute cor-
onary thrombosis that undergoes complete autoly-
sis in an artery that has only extraluminal coronary
plaque.”

Step 5: There is STE but with negative T waves

STE may persist in a patient with resolved pain af-
ter spontaneous reperfusion or subacute process.
In this situation, one may encounter an ECG with
STE and negative T waves. These changes on ECG,
among others, are more important than the dura-
tion of the chest pain in determining the acuity. A
larger T-wave and absence of Q waves, or small-
er Q waves and absence of QS waves, is indicative
of high acuteness."”! Small or shallowly inverted
T waves or well-developed Q waves indicate low
acuteness. QS wave with shallow T-wave inversion
is typical of completed MI. In contrast, deep sym-
metric T-wave inversion signifies reperfusion in
the context of much remaining viable myocardium,
usually with preserved R waves (see below).

Look for terminal T-wave inversion. Fully de-
veloped Q waves and shallow T-wave inversion
may indicate a completed infarction, in which ur-
gent catheterization is controversial.*!! Howev-
er, terminal (Wellens’ pattern A, found early after
reperfusion) or deep symmetric T-wave inversions
without STE (Wellens’ pattern B, which general-
ly evolves from pattern A), with predominantly
preserved QRS complexes, indicates spontaneous
reperfusion with an unstable thrombotic lesion re-
maining in the coronary artery. In combination with
preceding chest pain, that is resolved at the time of
ECG recording, it is called “Wellens’ syndrome.”**
In contrast to the notion that Wellens’ syndrome is
only a phenomenon of the LAD and anterior wall,
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the ECG patterns of reperfusion of OMI are seen
in all coronary artery distributions and ECG leads.
These patients need urgent, although not emergent,
referral to the catheterization laboratory. Until then,
these patients should also be closely monitored for
recurrence of pain, STE or pseudonormalization of

T waves, which indicates re-occlusion.”3! One rule
of thumb is that a large upright T-wave in occlusion
is possible only with a large amount of viable myo-
cardium; a large-inverted T-wave occurs when there
is reperfusion (if it is not reciprocal) but only in the
context of a large amount of viable myocardium.

Figure 5. Aslanger’s pattern with STE only in lead I, the ST in V2 lower than ST in V1 and isoelectric, and there is STD in V4-6.
This ECG clearly does not meet STEMI criteria. Angiogram showed multivessel disease with acute RCA occlusion.

Source: Used with permission from Reference 3.

ECG: electrocardiogram; OMI: occlusion myocardial infarction; RCA: right coronary artery; STE: ST elevation; STEMI: ST-segment elevation
myocardial infarction.

MM-M.M:N&—A

Flgure 6 Mldanterlor OMI W|th South Afrlcan flag pattern There is very subtle STE in Iead I aVL and V2 but not in other anterlor
leads, which do not meet STEMI criteria. Angiogram showed acute first diagonal artery occlusion.

Source: Used with permission from Reference 3.

OMI: occlusion myocardial infarction; STE: ST elevation; STEMI: ST-segment elevation myocardial infarction.
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OMI: occlusion myocardial infarction; STD: ST-segment depression.
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Figure 7. The comparison of opposite lead groups is particularly helpful when ischemic changes are subtle. (A) An inferior OMI
with very low QRS amplitudes, only noticeable when leads I, Ill, aVF and lead | and aVL compared. (B) Similarly, inferior hyper-
acute T waves can only be recognized when opposite leads show STD and T-wave negativity (reciprocal hyperacute).

Source: (A) From reference 5. (B) Taken from Dr. Smith’s ECG blog, courtesy: Stephen W Smith.

When There Is No Obvious STE

Step 6: Recognize specific patterns with STE only
in one lead

A peculiar configuration with only STE in lead
III, but not in lead II and aVF may sometimes be
encountered, which is also known as Aslanger’s
pattern.*¥ In this pattern, (1) there is STE only in
lead III, (2) ST in V2 <ST in VI, and (3) STD in
V4-V6. This may indicate a limited inferior OMI

with multivessel disease in the right clinical context
(Figure 5).

Another pattern with somewhat noncontiguous
STE is midanterior OMI caused by first diagonal
or intermediate artery occlusion. In this pattern,
there is STE only in V2, and STD in the rest of
precordial derivations (also known as South Afri-
can flag sign), and there is STE in lead I and aVL
(Figure 6).1%!
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Figure 8. According to the simplified formula for differentiation of OMI from BV-STE, the higher the QRS amplitude in V2 and the
R-wave amplitude in V4, and the lower the STE in V3 and the shorter QT interval, the less likely is an LAD occlusion. The sum of
QRS amplitude in V2 and R-wave amplitude in V4 (green dashed lines) is 19.5 mm. The sum of STE at 60 msec after J-point and

QT (red dashes) 12.5 mm. The difference is 7 mm, which is below 12 mm and indicates LAD occlusion.
Source: Modified from Dr. Smith’s ECG blog, courtesy: Stephen W Smith, MD.
BV-STE: Benign variant-ST elevation; LAD: left anterior descending; OMI: occlusion myocardial infarction.
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Source: Taken from reference 5.
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Figure 9. De Winter’s pattern with upsloping STD, especially at J-point, and hyperacute T waves. Although coronary angiography
showed proximal LAD occlusion, this case does not fulfill the requirements of the STEMI definition.

LAD: left anterior descending; STD: ST-segment depression; STEMI: ST-segment elevation myocardial infarction.

Step 7: Scrutinize the ECG to uncover subtle STE

One of the limitations of the STEMI approach is that
it removes the STE analysis from its context within
the entire QRS complex. Repolarization always has
some proportional relationship to depolarization, and
thus STE is often very high in LVH and very low in
leads with low QRS voltage. Furthermore, patients
with normal STE have a different QRS morphology
than patients with ischemic STE; namely, they have
higher R-wave and QRS amplitude. Large T-wave

size, by width, height, and bulk, is an important clue
that any STE is ischemic; its absence is evidence
against ischemia. Finally, mild QT prolongation is
one of the cardinal manifestations of ischemia.*"
Therefore, any STE should always be interpreted in
its QRST context.

Three-fourths of the OMIs that are missed on first
glance can be recognized by subtle STE.”! Most of
the missed STEs on first glance manifest in the con-
text of proportionally low-amplitude QRS complexes
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and/or have proportionally large T waves. Sometimes
the most recognizable feature is reciprocal STD,
which should prompt one to scrutinize the opposite
lead for any subtle STE (Figure 7A). It should also be
emphasized that ECGs with an abnormal QRS, espe-
cially limb lead LVH, LBBB, Wolf-Parkinson-White,
known inferior LV aneurysm, or paced rhythm, often
have reciprocal STD at baseline, without ischemia.
In contrast, ECGs of patients with myocarditis often
manifest reciprocal STE that might be impossible to
distinguish from STEMI without an angiogram.*

To uncover these, a good starting point is “infe-
rior leads and aVL couple” where QRS amplitude is
usually low. First, look for any STE or large T waves
in inferior leads, especially lead III, and then look to
aVL for any STD of any amount, as well as T-wave
inversion, as signs that support the suspicion that
minimal STE in inferior leads may be inferior OMI
(Figure 7B). The inverted T-wave may be recipro-
cally large relative to the QRS (reciprocally hyper-
acute) ¥

Next, look for any STD in the inferior leads, as a
clue to the LCX, diagonal or proximal LAD occlu-
sion. These may manifest as an extremely minimal
STE in aVL, or only a T-wave that is larger relatively
to the QRS. There may be inverted T waves in infe-
rior leads, which may also be reciprocally large rela-
tive to the QRS (reciprocally hyperacute). To differ-
entiate the culprit artery, look at the precordial leads.
If there is STD or an impression of it in V2, then it is
LCX occlusion with basal inferolateral (‘“posterior’)
extension. If there is STE only in V2, and STD in the
rest of precordial derivations, this indicates mid-an-
terolateral MI (see above). If there is anterior STE,
then it is anterior MI probably caused by the LAD oc-
clusion proximal to the first diagonal artery. Howev-
er, localization of the culprit lesion may be spurious
when ischemic changes are very minimal.

If one is convinced that there is no reciprocal ST
deviation or hyperacute T waves in limb leads, check
if there is reciprocal STD in V5-V6. This is not ex-
pected in BV-STE and makes any STE in the right
precordial leads highly suspicious for anterior OMI.

If not, there may still be an anterior OMI with-
out reciprocal changes. Without confirming recipro-
cal STD, this is a hard task as anterior leads V2-V4
normally show some degree of STE. Guidelines ac-

cordingly increased STE limit for V2-V3 according
to age and sex, but this is not always helpful because
ischemic STE is often not so elevated. Although up-
ward convexity or a straight ST segment is specific
for ischemic STE, it is absent in approximately 40%
of the anterior OMIL.**#%! Normal STE is virtually al-
ways upwardly concave in all of the leads V2-V6. If
there is at least 1 mm STE in one of the leads V2-V4,
formulas help in distinguishing BV-STE from ante-
rior OMI, using these four variables—STE at 60 ms
after the J-point in V3, total QRS amplitude in V2,
R-wave amplitude in V4, and the QT interval 33474
The higher the QRS amplitude in V2 and the R-wave
amplitude in V4, and the lower the STE in V3 and the
shorter the QT interval, the lesser are the chances of
an LAD occlusion. Start with the simple rule, subtract
the latter two from the former two. If the result is low-
er than 12, LAD OMI is highly likely (Figure 8).4
When the result is borderline, use a more sophisticat-
ed 4-variable formula,*”! which is externally validat-
ed®¥ and has been made into online calculators and
applications for smartphones (iPhone: subtleSTEMI;
Android: ECG SMITH). Keep in mind that formulas
may also be false positive when the variables are in-
fluenced by other conditions (low QRS voltage due to
obesity, pericardial fluid, myocarditis; or excessively
long QT segment due to various causes).

Step 8: If there is absolutely no STE, look for STD

If there is any inferior STD, look for any hyperacute
T-wave in precordial leads, as sometimes reciprocal
inferior STD precedes significant STE in anterior
leads (see below), or is more apparent.

Another special pattern with some STD is de
Winter’s pattern,* which consists of STD (especial-
ly J-point depression) preceding large, hyperacute
T waves in the precordial leads (Figure 9). Such T
waves are not necessarily tall, but they are wide and
“bulky” like typical hyperacute T waves. The pres-
ence of de Winter’s T-waves indicates a proximal
LAD complete or near complete ACO, and should
be treated immediately without waiting for STE to
appear, as it may or may not evolve into STE before
substantial loss of myocardium.>"

If there is only STD, especially when maximal in
the leads V2-V4, basal inferolateral (formerly pos-
terior) OMI is most likely."? Posterior leads may be
helpful. If there is STD in multiple leads, especially if
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maximal out to V5 and V6, and including limb leads
I and II, and which may be associated with reciprocal
STE in leads aVR or V1, this may indicate critical
multivessel or left main ACS, but without full occlu-
sion, in the appropriate clinical situations, especial-
ly when a relatively normal prior ECG is present.**!
Although these patterns do not indicate OMI, they
suggest an extensive area at risk and correspondingly
need early intervention. It should be remembered that
STE in aVR is a result of simple mathematical rela-
tionship among limb leads; therefore, do not over-
state its importance in isolation.>¥

Step 9: Look for hyperacute T-waves

Although hyperacute T-waves lack a formal defini-
tion, they are often insufficiently described by their
amplitude. We believe that they are better defined
by their “bulk,” and this bulk must be relative to the
QRS size. Bulk is measured by the area under the
curve, which takes into account the height, width,
and amount of upward ST concavity (the straighter
the ST segment, the more the area, and the “bulkier”
the T-wave). They may have reciprocal findings as
well manifesting as reciprocal hyperacute T waves
(negative and bulky). Always interpret T waves with-
in their QRS and ST-segment context. If there is a
suspicion for anterior hyperacute T waves, use BV-
STE versus anterior OMI formulas, but especially
use serial ECG tracings.334"-4

Step 10: When everything looks normal, recheck
everything if the clinical suspicion is high

Ensure that all leads are recorded appropriately. Many
ECG devices calculate other limb leads from lead I
and II,5% a blank lead II may completely eclipse an
inferior MI. Additionally, baseline artifacts may ob-
scure many subtle findings discussed above.!*! Re-
peat ECG if any lead is missing or uninterpretable
because of the artifacts.

Consider additional leads. Right-sided leads are
not necessary, and may cause false positives, but pos-
terior leads may uncover or clear up the suspicion in
an additional 5-10% of the OMIs.>>! However, in a
patient at high suspicion of OMI, STD maximal in
V2-V4 is OMI until proven otherwise, and negative
posterior leads should not dissuade from that deci-
sion, as STD in anterior leads must always manifest
as STE in posterior leads, except that the magnitude
of the various vectors is changed owing to interven-

ing air (lung) and distance.” When additional leads
are also not revealing, a feasible method may be to
acquire a standard 12-lead ECG every 15 minutes,
more frequent if pain has a crescendo pattern, for the
first hour.

Serial hs-troponin, bedside echocardiogram, cor-
onary computed tomography, and even coronary
angiogram may be used if clinical suspicion is very
high. However, it should be noted that any ECG sign
is dependent on pretest probability of the patient, and
as the ECG sign gets more subtle, one needs high-
er pretest probability. Therefore, clinicians must be
aware of the false alarms, which are easily generated
in inappropriate clinical contexts, and eloquently ad-
vocate their opinion when the clinical situation and
ECG are compatible.

Conclusion

There are many ECG tools available beyond the STE
criteria for recognizing OMI, and for differentiating
OMI from OMI mimics. The entirety of the ECG must
be assessed, including Q waves, R waves, S waves,
ST segments, T waves, and the QT interval. The am-
plitude and width of all waves contribute to a nuanced
interpretation of the ECG. This requires a significant
investment in training, but in the future may be taught
to deep convolutional neural networks.*” The diagno-
sis of OMI may be missed in the ECG especially in
the hands of those who lack expertise, and even by
experts at times. Thus, it is essential to remain hum-
ble when confronted with a patient who may be ac-
tively infarcting viable myocardium, and to use all
the methods at one’s disposal to identify these pa-
tients expeditiously.
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