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Ac ST Elevation MI Mimics
We all know that ST seg elevation is a common

ECG finding, ST elevation can be found in pts
presenting with or without chest pain.

 In good no of these pts the ST elevation is NOT
due to an Acute Myocardial Infarction (AMI).

ST elevation not caused by an MI is known as
a STEMI Mimic.

The ECG may look like a STEMI & mask other
etiologies. We will discuss some clinical & ECG
interpretation techniques for identifying STEMI
mimics.



HOW TO MEASURE ELEVATION OF 
ST SEGMENT

The level of the ST seg should be measured in
relation to the end of the PR seg not the TP seg.
In this way ST seg deviation can be detected
accurately even when TP seg is not nicely
visualized in conditions such as-

➢When P wave is superimposed on the T wave
during sinus tachycardia.

➢The PR seg is depressed.

➢ When a prominent atrial repolarization (Ta)
wave is present.



ST ELEVATION



ST Seg morphology is crucial



Normal ST Segment elevation & normal 
variants
 In a study on 6014 men in U.S. Air Force between

16 to 58 yrs 91% had ST seg elevation of 1 to 3 mm
in one or more pre cordial leads, elevation was
most common & marked in lead V2.

 In a recent study of normal ECGs from 529 men,
ST elevation of at least 1 mm in one or more leads
V1 to V4 was 93% in the men 17 to 24 yrs old, it
declined gradually with increasing age, reaching
30% in 76 yrs or older. In contrast 20% of normal
ECGs from women had ST elevation of 1 mm or
more regardless of women’s age.



Normal ST Segment elevation 
Since majority of young healthy men have

ST elevation of 1 mm or more in pre cordial
leads, it is a normal finding, not a normal
variant & is designated as a male pattern; ST
elevation of less than 1 mm is designated as
female pattern.

The ST seg is concave in these ECGs. The
deeper the S wave, the greater the ST seg
elevation, a relation that is often observed
in pts with LVH.
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Normal ST Elevation variant
 In some young black men, the ST is elevated in mid pre-

cordial leads in combination with a T-wave inversion.

 This entity may be combination of an early repolarization &
a persistent juvenile T-wave pattern findings are suggestive
of Acute MI, ECHO is necessary to differentiate.

 QT interval is short whereas it is not short in Ac MI/ peri-
carditis. This normal variant differs from the early repola-
rization pattern in that the T waves are inverted & ST seg
tends to be coved.



Does it matter if we falsely call a 
MIMIC a STEMI?
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Does it matter if we falsely call a 
MIMIC a STEMI?
• In few studies on consecutive pts treated with

thrombolytic agents, it has been found that 5.7 to
11% did not have infarction. Incorrectly identify-
ing STEMI mimics as STEMI leads to inappro-
priate management & use of resources.

• Of greatest concern is inappropriate Cath Lab
Activations which negatively impact limited
resources, majority of false Cath Lab activations
are the result of unrecognized MIMICS.



ST Elevation MI MIMICS
Many etiologies may cause ST elevation on ECG. The 
acronym ELEVATION may help to remember causes. 

E – Early Repolarization

L – Left Bundle Branch Block 

E – Electrolytes (Hyperkalemia)

V – Ventricular Hypertrophy (LVH) 

A – Aneurysm (Ventricular) 

T – Thailand – (Brugada Syndrome) 

 I – Inflammation (Pericarditis) 

O – Osborne (J) Waves (Hypothermia) 

N – Non ischemic vasospasm (Prinzmetal’s angina) 



Most common benign
ECG pattern especially
in young healthy athle-
tes incidence of 5 - 13%
Wide spread concave
ST elevation in pre-
cordial leads (V2-5)
most marked in V4

Rarely in limb leads.

Notching or slurring at
J point. (Fish Hook)

Benign Early Repolarization (BER) 



Benign Early Repolarization
Early repolarization of atrial tissue also present,

resulting in PR seg depression prominent slightly
asymmetrical T-waves concordant with QRS.

The degree of ST elevation modest in comparison
to the T-wave amplitude (less than 25% of the T
in V6), The T waves are tall & are not inverted.

V1 v2 v3
v4 v5 v6



Benign Early Repolarization (BER) 

•Be cautious in diagnosing BER in pt > 50 with risk factors 
for ACS & presenting with chest pain. 
•No reciprocal ST dep to suggest STEMI (except in aVR). 
•Changes vary with heart rate & are more prevalent at 
lower heart rates. 
•ST changes are relatively stable over time (no progression 
on serial ECG tracings). 



Left Ventricular Hypertrophy (LVH) 

Most common cause of STE (25%) LVH doesn’t
always have STE. QRS voltage patterns HELPS IN
determining LVH vs. STEMI



Step 1: Ht of S wave in V1 & R wave in V5 or V6 >35mm .
Step 2: R wave in aVL is > 11 mm, if yes move to step 3.
Step 3: Strain pattern STdep & T wave inversion in V5 &
V6 If all 3 criteria are met, pt has LVH with STE & not
STEMI. One of these criteria in isolation of the other two
does not eliminate STEMI.



Left Bundle Branch Block (LBBB) 

Diagnostic Criteria: 
1.QRS Duration >120ms (in V1) 
2.Broad, notched R waves in 
aVL, V5, V6. 
3.Absent Q waves in aVL, V5, 
V6. 
4.Prolonged (>60ms) R wave 
peak in V5, 6 



Left Bundle Branch Block (LBBB) 

Difficulties in diagnosing AMI in patients with LBBB: 
•Abnormal ST morphology & T wave polarity discordant to 
QRS alter the T wave & ST Segment changes usually asso-
ciated with ACS. 
•Pts with BBB’s have concurrent coronary artery disease & 
are at higher risk of developing ischemia 



Original Sgarbossa Criteria
The original three criteria used to diagnose 

infarction in pts with LBBB are:

Concordant ST elevation > 1mm in leads with a 
positive QRS complex (score 5)

Concordant ST depression > 1 mm in V1-V3 
(score 3)

Excessively discordant ST elevation > 5 mm in 
leads with a -ve QRS complex (score 2).

These criteria are specific but not sensitive for MI.  
A total score of ≥ 3 is reported to have a specificity 
of 90% for diagnosing myocardial infarction. 



Original Sgarbossa Criteria



Modified Sgarbossa Criteria
The most imp change is in excessive discordance
use of 5 mm cut off was arbitrary & non specific, pts
with LBBB & large voltages will have ST deviations
>5 mm in absence of ischemia. Modified rule for
STEMI is discordant ST elevation with amplitude
>25% of the depth of the preceding S wave.

 ≥ 1 lead with ≥1 mm of concordant ST elevation.

 ≥ 1 lead of V1-V3 with ≥ 1 mm of concordant ST dep.

 ≥ 1 lead anywhere with ≥ 1 mm STE & proportionally
excessive discordant STE, as defined by ≥ 25% of the
depth of the preceding S-wave.





Positive Sgarbossa criteria in a pt with LBBB 
& troponin +ve MI
Pt presented with chest pain & had elevated

cardiac enzymes. ECG showed typical LBBB.

There is 1 mm concordant ST elevation in aVL (= 5
points).

Other features on this ECG that are abnormal in
the context of LBBB (but not considered positive
Sgarbossa criteria) are pathological Q wave in
lead I & the concordant ST depression in the
inferior leads III & aVF.

This constellation of abnormalities suggests that
the pt was having a high lateral infarction.



Positive Sgarbossa criteria in a pt with a v. paced rhythm:
There is concordant ST dep in V2-5 (Sgarbossa positive) morphology 
in V2-5 is suggestive of posterior STEMI, with horizontal ST dep & 
prominent upright T waves. This pt had a confirmed posterior 
infarction, requiring PCI to a completely occluded posterolateral
branch of the RCA.

https://lifeinthefastlane.com/ecg-library/pmi/


Pericarditis
• Widespread concave ST

elevation & PR depression
throughout most of the
limb leads(I, II, III, aVL,
aVF) & precordial leads
(V2-6).

• Reciprocal ST dep & PR
elevation in lead aVR± V1.

• Sinus tachycardia common
in acute pericarditis due to
pain &/or pericardial
effusion.



Hyperkalemia
 Hyperkalemia as a cause of STseg

elevation is well known, elevated
ST seg is often down sloping, a
finding that is somewhat unusual
in Acute MI, where ST seg has a
plateau or a shoulder pattern or is
up sloping..

 Other ECG features of hyperkal-
emia often present are widened
QRS complexes; tall, pointed &
tented T waves, low amplitude or
no P waves. An echo can be
extremely useful in this situation.

Pseudo 
infarct 
pattern 
T wave 
in V3 is 
tall, 
narrow, 
pointed 
&tented
.

v1

v2

v3

Lead II



LV Aneurysm
Persistent ST elevation after MI can be seen 

which usually indicates the development of 
LV aneurysm



Stress Induced Cardiomyopathy

Also known as apical ballooning, takotsubo
cardiomyopathy or broken heart syndrome.

More common than previously thought.

More common in elderly women but can
occur in other groups.

An emotional or medical trigger such as loss
of a loved one or severe pain or medical
illness.



Stress Induced Cardiomyopathy
 Pts have ECG changes including T wave inversions, ST dep or

ST elevation, elevated enzymes & apical hypokinesia.

 LV angiogram in diastole (left) & systole (right) in right
anterior oblique projection demonstrating wall motion
abnormality characteristic of stress cardiomyopathy.



The Brugada syndrome
 In 1992 Brugada described 8 pts with H/O cardiac

arrest & ECG findings of RBBB & ST seg elevation
in the right precordial leads in the absence of
long QT interval & any structural heart disease.
Brugada syn accounts for 40 to 60 % of all cases
of idiopathic VF.

Syn has been linked to mutations in cardiac sod.
channel gene resulting in loss of the action pote-
ntial dome in the rt vent epicardium but not in en
-docardium, creating a trans mural voltage gra-
dient that is responsible for the ST seg elevation
in the rt precordial leads & genesis of VF.



The Brugada syndrome
• Characterized by ECG abnormalities.

In some complete/incomplete RBBB is
present in others the high take off ST
seg mimics the pattern of RBBB but
the wide S waves in leads I, aVL &V6
that are typically seen in RBBB are
missing.

• The ST seg elevation is limited to leads
V1 & V2 & can have a saddleback shape
in typical cases the ST seg begins from
the top of the R' wave, is down sloping,
& ends with an inverted T wave

V1

V2

V3

II



The Brugada syndrome
This pattern is so distinctive that it

should not be mistaken for acute
infarction. In antero septal infarction
complicated by RBBB, the down stroke
of the R' wave & the beginning of the
ST seg have a distinct transition, & the
ST seg is horizontal or up sloping, not
down sloping.

The ST seg elevation in the Brugada
syndrome may be present continuously
or intermittently.

V1

V2

V3

II



Pulmonary embolism
A pseudo infarction pattern can be a manifestation of pul
Embolism. ECG features include T wave inversion in rt pre
cordial leads; T wave inversion, ST seg elevation or both in
the antero septal & inferior leads an S1Q3T3 pattern complete
or incomplete RBBB, sinus tachycardia.

V1 V2 V3
V4

V5 V6

Electrocardiograms from a Patient with Massive Pulmonary Embolism
Who Had a Normal Coronary Angiogram.



Demonstrates sinus tachycardia, prominent S wave in
lead I, with Q wave and T wave inversion in lead III
(S1Q3T3 sign), with inverted T waves in leads V1-V6. ST-
segment elevation in leads aVR and V1 is also present



Summary of ST-Seg Elevation in Normal 
Circumstances & in Various Conditions.
Normal (so-called 

male pattern) 

ST elevation of 
normal variant

Early repolarization

Seen in 90 % of healthy
young men. 1–3 mm
concave most marked in V2

Seen in V3 to V5 with
inverted T waves Short QT,
high QRS voltage

Most marked in V4, notch-
ing at J point. Tall upright
T waves reciprocal ST dep
in aVR not in aVL when
limb leads are involved



Summary of ST-Seg Elevation in Normal 
Circumstances & in Various Conditions.
Left ventricular 

hypertrophy. 

Left bundle-branch 
block 

Acute pericarditis

Concave, other features of 
lt ventricular hypertrophy.

Concave ST-seg deviation 
discordant from the QRS.

Diffuse ST seg elevation 
reciprocal ST seg dep in 
aVR not in aVL. Elevation 
seldom >5 mm, PR seg dep.



Summary of ST-Seg Elevation in Normal 
Circumstances & in Various Conditions.

Hyperkalemia

Brugada syndrome

Pulmonary 
embolism

Widened QRS & tall tented
T waves low amplitude or
absent P waves, ST seg
usually down sloping.

 rSR' in V1 & V2, STseg
elevation in V1 & V2
typically down sloping

Changes simulating MI
seen often in both inf &
antero septal leads.



ECG is the mainstay of diagnosing STEMI
which is a true medical emergency. Making
the correct diagnosis promptly is life saving.

Several conditions can be associated with
ST elevation on ECG most commonly LVH,
LBBB, pericarditis, & early repolarization.

If the clinical picture is consistent with MI
and the ECG is not diagnostic serial ECG at
5-10 min intervals MIGHT HELP.

CONCLUSION



Some of these conditions could be misdiag-
nosed as acute infarction, resulting in unw
arranted thrombolytic therapy/ emergency
angiography.

In few studies of consecutive pts treated
with thrombolytic agents it was found that
5.7 to 11 percent pts did not have infarction,
so it is extremely important to confirm the
diagnosis before starting treatment.

CONCLUSION



CONCLUSION
The shape of the ST-segment elevation, the

leads involved, other features of the elec-
trocardiogram, the clinical setting in which
the elevation occurs, and most important,
awareness of the conditions that mimic
infarction can help differentiate the
conditions.

In addition, use of Biomarkers and echo-
cardiography can be useful.







ST Elevation & Chest Pain 

•Brady et al study in 2002 evaluated most common causes of 
ST elevation in patients with chest pain in the ED: 

 1.Left Ventricular Hypertrophy – 25% 

 2.Left Bundle Branch Block – 15% 

 3.Acute Myocardial Infarction – 15% 

 4.Benign Early Repolarization – 12% 

 This study illustrates the high potential for incorrect 
identification of STEMIs. 



Case
 25y/o healthy male presents with chest pain and the 

following EKG findings



Concave vs. Convex ST Segment Morphology 
Useful in consideration of several MIMICS 


