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Introduction

The electrocardiogram (ECG) is a useful diagnostic 
tool that allows clinicians to rapidly evaluate patients 
for acute coronary syndrome. The ECG is crucial in the 
evaluation of chest pain and diagnosis of ischemia. It is 
critical for clinicians to be able to accurately recognize 
these ischemic patterns to allow timely and appropriate 
cardiovascular care. The classic ST-segment elevation 
myocardial infarction (STEMI) with rapid reperfusion 
within less than 60 minutes of acute coronary occlusion 
improve morbidity and decrees mortality. According to 
the Fourth Universal Definition of Myocardial Infarction, 
the STEMI criteria consist of (1) ≥  1 mm ST-segment 
elevation in any 2 consecutive leads at the J point, exclud-
ing V2 and V3; and (2) age- and sex-specific ST-segment 
elevation thresholds in V2 and V3 (≥ 1.5 mm elevation in 
women regardless of age, ≥  2.5 mm in men <40 years, 

and ≥ ≥ 2mm in men aged 40 years), in the absence of left 
ventricular hypertrophy and bundle branch block (1), but 
despite that approximately half of high-risk patients with 
occlusion myocardial infarction fail to meet STEMI cri-
teria, resulting in delays in urgent revascularization (2,3) 
Definition   of occlusion myocardial infarction represent-
ing near or total occlusion of a culprit epicardial coronary 
artery with insufficient collateral circulation causing ac-
tive infarction, thus necessitating emergency reperfusion 
(4) In this review we detail the high-risk ECG occlusion 
myocardial infarction patterns indicative of acute myo-
cardial ischemia resulting from active totally or near to-
tally occlusion of coronary artery

Hyperacute T waves (HATW)
The  T waves (TW)  in the affected leads are both more 
symmetric and enlarged in terms of overall area under 
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the curve relative to both their baseline size and to their 
QRS complex amplitude. T-wave with both magnitude 
(T-wave area / QRS amplitude) and T wave symmetry 
score more than 0.70 (Figure 1). ECG leads are only el-
igible for the HATW score if they satisfy the following 
requirements:  (5)
1.	 Not lead aVR or V1 
2.	 Narrow QRS: QRS duration less than 110 ms 
3.	 Well-defined QRS complex: Total QRS amplitude 

more than 1.0 mm (0.1 mV) 
4.	 Well-defined and positive T-wave: 

a.	 Positive T-wave amplitude more than 1.0 mm (0.1 
mV) 

b.	 TW start-to-peak and TW peak-to-end each ≥ 40 
ms

5.	 T-wave neither inverted nor biphasic 
Figure 1 the T-wave magnitude (T-wave area/QRS 

amplitude) and T wave symmetry score 

Simple calculation for HATW

Left Bundle Branch Block

Diagnostic criteria of myocardial infarction in patient 
with LBBB.

The Sgarbossa criteria (6)
1.	 The confirm diagnosis of MI must be need at least 3 

or more points from the following criteria. Figure 1. 
ST-elevation of ≥1 mm and concordant with the QRS 
complex  (5 points)

2.	 ST-segment depression ≥1 mm in lead V1-3  (3 points) 

Figure 1. The T-wave magnitude (T-wave area/QRS amplitude) and T wave symmetry score 

Figure 2. Calculation of T-wave magnitude (T-wave area/QRS amplitude) = 1  and T wave symmetry 0.60 (from III ve AvF), 
coronary angiography suggested tight stenosis in mid RCA.

Figure 3. Sgarbossa criteria for myocardial infarction.
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3.	 ST elevation ≥5 mm and discordant with the QRS 
complex  (2 points) 
The specificity of 98%, but poorer sensitivity of 20%. 

The third criteria have only 2 point so that no add any 
significant value as it alone does not confirm diagnosis of 
acute myocardial infarction. (Figıure 3)

Modified Sgarbossa  
(Smith-Sgarbossa)  Criteria (7) 

Because of the third criteria of Sagarbossa have only 2 
point  and does not confirm diagnosis of acute myocardial 
infarction. The modified Sgarbossa criteria was used to 
modified and support the third criteria by calculation the 
ratio of ST segment  elevation to the depth S wave. The 
discordant ST/S ratio  ≥ 0.25 mm in any lead suggested 
acute MI. Figure 4.

The Barcelona Criteria (8) 

Barcelona Criteria contains of 3 criteria, As with the prior 
Sgarbossa criteria , criteria 1 is the same. Criteria 2 is ex-
panded to all leads (but in Sgarbossa just in V1-3). 

Criteria 3 is specific for the Barcelona criteria and 
suggested that discordance deviation of ≥ 1mm in any 
lead with a dominant R or S wave ≤ 6 mm.
A.	 ST deviation ≥1 mm  concordant with QRS  complex 

in any  lead; 
1.	 Concordant with QRS complex and ST depression 

≥1 mm

 2.	 Concordant with QRS complex and ST elevation 
≥1 mm

B.	 Discordant ST deviation ≥ 1mm with QRS complex in 
any lead where the R or S is ≤ 6 mm. (Figure 5)

Summary of electrocardiographic 
criteria; (9)

This is simple 6 steps for diagnosis Patients with Left 
Bundle Branch Block and suspected occlusion acute myo-
cardial infarction
1.	 Confirm diagnosis of LBBB. If yes go to 2nd step
2.	 Calculate ST segment deviation ≥ 1 mm in any lead If 

1. Confirm diagnosis of LBBB. If yes go to 2nd step 
yes go to 3nd  step 

3.	 Concordant or Discordant with QRS complex?

Figure 4. Modified Sgarbossa Criteria for myocardial infarction

Figure 5. ECG from a patient with acute myocardial infarction and culprit lesion in the right coronary artery, showing ST-segment 
depression ≥1 mm (0.1 mV) concordant with negative QRS polarity in lead V5.
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4.	 If concordant and ≥ 1 mm ST segment deviation in 
any lead; Acute MI 4. If concordant and ≥ 1 mm ST 
segment deviation in any lead; Acute MI 

5.	 If discordant in any lead with R or S is ≤ 6 mm; Acute 
MI 5. If discordant in any lead with R or S is ≤ 6 mm; 
Acute MI

6.	 If discordant in any lead with R or S is ≥ 6 mm; cal-
culate the ratio of ST segment elevation to the depth S 
wave. If  ≥ 25%; Acute MI
Summary of   electrocardiographic criteria  among 

patients with Left Bundle Branch Block and suspected 
occlusion myocardial infarction. Figure 6

Wellens syndrome
Wellens syndrome was described by Wellens, and col-
leagues, who identified a subset of patients with unsta-
ble angina who had specific precordial T-wave changes 
and subsequently developed anterior myocardial infarc-
tion (10).  Wellens syndrome refers abnormalities in the 
precordial T waves (V2-4) , which are associated with 
moderate to severe stenosis of the proximal left anterior 
descending (LAD) coronary artery. 

Syndrome criteria include the following:
Criteria for wellens’ syndrome (11-12)

•	 Biphasic or deeply inverted symmetric T waves in 
leads V2 -3 during pain-free state (May be in leads 
V1, V4, V5 and V6) 

•	 No pathologic precordial Q waves 
•	 Preserved precordial R wave progression 
•	 Isoelectric or minimally elevated (<1 mm) ST-seg-

ment
•	 Recent history of chest pain 
•	 Normal or slightly elevated serum cardiac markers

Wellens syndrome is characterized by biphasic (pat-
tern A) or deeply inverted (pattern B) T wave in leads 
V2-V3 and the absence of Q waves (Figure 7).

De-Winter syndrome

The diagnostic criteria for de Winter syndrome include 
(figure 8)
•	 A 1 to 3 mm upsloping ST–segment depression at the 

J point in leads V1 to V6 that continues in totall, posi-
tive symmetrical T waves

•	 QRS complex usually not wide or only slightly widened
•	 In some patients, a loss of precordial R wave progres-

sion 
•	 A 1 to 2 mmST–segment elevation in aVR. 

The underlying mechanism of this ECG pattern in 
acute myocardial infarctions is unknown but probable   
mechanisms   that   lack  of  activation  of sarcolemmal ad-
enosine triphosphate (ATP) sensitive potassium  channels  
that  cause  the  absence  of  ST-segment  elevation.(13)

Left ventricle aneurysm

Persistent  ST segement elevation  after previous myocar-
dial infarction (MI). This is clinically and pathological-
ly manifested as left ventricular aneurysm (LVA) and is 
found in up to 60% of completed anterior STEMI when 
there is no spontaneous or therapeutic reperfusion . (14)

The association between persistent STE on the ECG 
after prior MI and LVA has been well documented over 
the years, confirmed with autopsy studies (15).

Figure 6. Summary of electrocardiographic criteria; ECG; Electrocardiogram.

Figure 7. Wellens syndrome is characterized by biphasic (A) 
or deeply inverted (B).
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Accoedint to Lauren R. Klein, suggested 2 rules 
among patients who present with ischemic symptoms and 
acute occlusion MI  in previous LVAon ECG (16).

Left ventricle hypertrophy (LVH)

Algorithm  to identify anterior STEMI in the presence of 
LVH: (17)

•	 If the ST segment to R-S–wave magnitude was 25%, 
presence of STE in 3 contiguous leads 

•	 or presence of T-wave inversions in the anterior leads 
classified patients as having a ‘true’ OMI. (Figure 11)
In patients with STE in leads V1 to V3, an ST segment 

to R-S–wave magnitude < 25% excluded the diagnosis of 
a STEMI. If the ST segment to R-S–wave magnitude was 

Figure 8. The electrocardiogram shows upsloping ST-segment depression at the J-point with tall and symmetrical T waves from 
V2 to V6 leads, as well as ST-segment elevation in the aVR lead.

Figure 9. Two ECG rules for predicting acute  myocardial 
infarction vs  Left ventricul aneurysm.

Figure 11. Occlusive anterior MI in the 
presence of LVH.

Figure 10. T wave amplitude/QRS ampltitude for predicting 
acute  myocardial infarction in patient with  left ventricul 
aneurysm.
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≥ 25%, presence of STE in 3 contiguous leads or presence 
of T-wave inversions in the anterior leads classified pa-
tients as having a “true” STEMI. Increasing the cutoff of 
“significant” STEs to 2.5 mm in leads V1 to V3 increased   
the specificity of the electrocardiogram to 74%, but sensi-
tivity was decrease to 68% (18)

Aslanger pattern
ECG pattern indicating inferior MI in patients with con-
comitant critical lesion (s) in coronary arteries other than 
the infarct-related artery.(19)

ECG pattern consisting of three criteria: 
•	 Any STE in DIII but not in other inferior leads,
•	 STD in any of leads V4 to V6 but not inV2,
•	 STin lead V1 higher than ST in V2 (Figure 13)

The South African Flag Sign

It is typically reflective of “high lateral” myocardial infarc-
tion (MI) due to the occlusion of the first diagonal (D1) 
branch of the left anterior descending (LAD) coronary ar-

tery. there is ST-segment elevation (STE) in leads I, aVL, 
V2, and ST-segment depression in lead III (20) (Figure 14).

New-Onset Bifascicular Block

A necropsy study disclosed that blood supply to the right 
bundle branch and left anterior fascicle is predominantly 
provided by septal perforators of the proximal left anteri-
or descending coronary artery in 90% of the cases exam-
ined (21).The diagnostic particulars of the ECG include; 
(Figure 15)
•	 New-onset RBBB 
•	 New-onset LAFB 
•	 Concordant STE in any of the anterior and/or lateral 

leads; concordant ST-depression in the inferior   

Precordial swirl sign

In this pattern the ECG manifests abnormal ST elevation 
(STE) in V1-V2, with reciprocal ST depression (STD) 

Figure 12. Occlusive anterior MI in the presence of LVH.

Figure 13. Alsanger pattern STE in DIII but not in other inferior leads, STD in leads V4 to V6 and STE in lead V1 higher than ST in V2.
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Figure 14. ST-segment elevation (STE) in leads I, aVL, V2, and ST-segment depression in lead III .

Figure 15. Right bundle branch and left anterior fascicle .

Figure 16. Case example from derivation group of an elderly male with chest pain .
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in V5-V6, creating a clockwise “swirl” pattern in the ST 
shifts of the precordial leads specificity for LAD Occlu-
sion MI.

The derived rules for precordial swirl sign (22) 
1.	 Narrow QRS with STD in V5-V6 and STE V1-V2 
2.	 Normal QRS (narrow QRS and no LVH) with STD in 

V5-V6 and STE V1-V2
3.	 Narrow QRS with STD V5-V6 and T/S ratio >/= 0.40 

in V2

Terminal QRS Distortion

Terminal QRS distortion is defined as a decrease in 
S-wave amplitude in leads with a terminal S wave and an 
elevation of the J point > 50% of the height of the R wave 
amplitude in leads with qR configuration (23).Terminal 
QRS distortion is not observed in early repolarization, 
and thus it can be useful in distinguishing STEMI from 
early repolarization (24).The presence of terminal QRS 
distortion in STEMI has been associated with a larger in-
farct size, impaired myocardial salvage, lower epicardial 
reperfusion success, low left ventricular ejection fraction 
(LVEF), reperfusion injury, anterior location of myocar-
dial infarction, higher risk of re-infarction, and mortality 
(25-26) (Figure 17).

Northern Occlusion Myocardial 
Infarction

Is defined by any STsegment elevation in aVR and aVL 
with negative T wave and any ST-depression in inferior 
and lateral precordial leads with positive or biphasic T 
waves. figure 18

ST Elevation in AVR Lead (LMCA/
Proximal LAD Occlusion)

Isolated  STE in the augmented vector right (aVR) lead, 
accompanied by multilead ST depression, as a poten-
tial indicator of STEMI due to left main coronary artery 
(LMCA) or proximal LAD occlusion (Figure 19).

Shark  fin sign

is  an ECG pattern with  a giant R wave (amplitude ≥1 
mV) and  a QRS complex fused with the ST segment and 
the T wave (Figure 20).

Figure 17. Terminal QRS distortion.

Figure 18. STsegment elevation in aVR and aVL with 
negative T wave and any ST-depression in inferolateral leads.

Figure 19. aVR ST elevation and inferolateral ST depression.
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Posterior MI
ECG findings include ST-segment depressions ≥0.5 mm 
in leads V1–V3,  upright T waves, and tall R waves in V1–
V2  (Figure 21) (27).

Right ventricular infarction (RVI)
Isolated RVI occurs seldom; approximately only 2%cas-
es are reported on autopsy. Around one-third of patients 
with acute inferoposterior ST-segment elevation MI, will 
present with concomitant RVIST-segment elevation in 
V1 and V3R–V6R confirms RVI (28-29) (Figure 22).
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