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There are clear cases…



But also more challenging ones…



FACTORS AFFECTING ISCHEMIC ECG/
EGM CHANGES

• Pathophysiologic mechanism 
– Supply vs. demand ischemia 
– Total occlusion, stenosis, spasm 

• Duration of ischemia 
• Transmural vs. subendocardial ischemia 
• Severity of ischemia 

– Myocardial protection (collateral flow, preconditioning, second artery) 

• Localization vs. electrode(s) – properties of volume  
conductor (distance etc.), vector direction 

• Baseline ECG changes à Importance of comparison  
– (BBB, PM, LVH, WPW, rotation, horizontal vs. vertical heart) 

• Variation in coronary anatomy



Timing of ECG changes in coronary 
occlusion

Stage I 
Acute occlusion

Stage II  
Reperfusion

Stage III  
Restoration of cell 
metabolism

The presenting ECG may be recorded at any of these stages !



J point

ST-
elevation



The definition of ST elevation is 
clear, but… 

not all ST elevation is STEMI 
and on the other hand, acute 
coronary artery occlusion may 

be present without ST elevations 
fulfilling the criteria defined in 

the guidelines



”NISTE” (non-ischemic ST–
elevation)

Huang HD et al JECG 2011

Chung S-L et al. Am J Emerg Med 2013



Chronic remodeling, for example in aortic stenosis: 
primary change ST depression V5-V6, reciprocal ST-

elevations in V1-V2



Male 71 y. Chest pain, elevated CRP  
No fever or obvious infection





Some causes for STEMIs not recognized in 
the emergency department

• Sometimes the primary ischemic change 
(=ST-elevation) may be less evident than 
the secondary (reciprocal) ST depressions 

• ST-elevations may be mild and appear in 
only 1 lead (Birnbaum Y et al. Eur Heart J 
1993)  

• Old Q-wave MI



Borderline ST-elevations in the leads II, III and aVF 
Note reciprocal ST changes in aVL



STEMI that could be misdiagnosed as NSTEMI (diagonal branch occlusion) 
Eight leads with ST depression 

Primary change is ST-elevation in I, aVL 

50 mm/sec



Eskola MJ et al. Int J 
Cardiol 2009

Very proximal LAD occlusions may have ST 
elevations only in V1-V2 (and aVR)

”aVL pattern” ~3/4
”aVR/V1 pattern” ~1/4



A working group proposed a 
pathophysiologic classification of 

ACS instead of categorical 
classification based strictly on 

the ECG presentations





A. Transmural ischemia 

ST elevation 
• Typical 
• STEMI-equivalent: ”mirror-image” 

T-wave change 
• Prominent T waves 
• T-wave inversion (post-ischemic  
   “finger prints”)



B. Subendocardial ischemia 
ST/T changes 
• Circumferential ischemia 
• Regional ischemia  

Normal ECG 
Confounding factors



The most recent international 
STEMI guidelines point out the 

importance of recognizing 
”atypical ECG presentations”  



ESC STEMI guidelines 2012



Non-ST elevation acute coronary syndrome 
– indications for immediate angiography?







1. ”Mirror-image” STEMI



Left circumflex occlusion

• Sensitivity of the ECG to detect acute 
coronary occlusion: 

– LAD 85-90%  
– RCA 70-90%  
– LCx 32-50% 

Role of additional leads 
Neill J et al. Coron Art Dis 2010 
Krishnaswamy et al. Am Heart J 
2009



Krishnaswamy et al. Am Heart J 2009

n=11.250 
3 randomized studies



V8

ST-depression V2-V4 – posterior leads 
may help in detecting STEMI



Wung S-F. Am J Crit Care 2007



ESC STEMI guidelines 2012



2. Circumferential (global) 
subendocardial ischemia



1. Clinical picture indicating acute coronary 
syndrome 

2. Widespread ST-depressions (≥6 leads) 

3. Maximal ST-depression V4-V5 

4. Negative T V4-V5  

5. ST-elevation ≥0.5 mm aVR 

6. Transient changes 

Less specific in case of tachycardia or LVH 

ECG 50 mm/sec



Nikus K ym. Ann Med. 2012



ESC STEMI guidelines 2012



ST DEPRESSION AND INVERTED ASYMMETRIC T 
WAVES IN PATIENTS WITHOUT TACHYCARDIA

• Extensive ischemia causes global reduction in coronary blood 
flow * 

• This results in impaired relaxation of the left ventricle* * 
• The resulting increase in LVEDP induces severe 

subendocardial ischemia†   
• Resulting in a distinct ECG pattern‡ 

• *Palacios I, Morvell SB, Powel WJ. Circulation 1976; 39:744 

• * * Baim DS, Grossman W. Grossman´s cardiac catheterisation, angiography, and 
intervention. Lippincott Williams & Wilkins, 2001; 382.  

• † Visner MS, Arentzen CE, Parrish DG et al. Circulation 1985; 71: 610-9.  
• ‡ Sclarovsky S. Electrocardiography of acute myocardial ischaemic syndromes. London: 

Martin Dunitz, 1999:10



ST DEPRESSION WITH POSITIVE T 
WAVE 

    Regional, non-extensive, subendocardial ischemia may manifest 
as ST depression*  

   Tall and peaked T waves * *  
   Probably caused by high extracellular potassium†, related to 

hyperpolarization of myocytes  
   Due to an opening of the K-ATP-channel‡  

  

 *Guyton R, McClenathan JH, Newman G et al. Am J Cardiol 1977;40:373  
 * *Sclarovsky S, Birnbaum Y, Solodky Y et al. Int J Cardiol 1994;46:37-47                                                                              
 †Katz AM. Physiology of the heart. 3rd ed. Lippincott Williams & Wilkins, 2001: 644 
  ‡Kondo T, Kubota I, Tachibana H et al. Cardiovasc Res 1996; 31: 683-87



• Levine and Ford described for the first time 
circumferential subendocardial infarction: the clinical 
picture, ECG, myocardial  and coronary anatomy. 
 (Levine  H ; Ford R. Circulation 1950;1:246-62) 

• 5 out of 6 cases were due to mechanical or 
atherosclerotic obstruction of the left main coronary 
artery, one had severe 3-vessel disease. 

• No one could reproduce this type of MI in animal 
experiments  

• Levine was so convinced of his findings that he said:  
“Nature, it seems, can fulfill the conditions of the  
experiment much more readily than can a physiologist” 



Unstable Angina With ST Segment Depression: 
With Negative T-Wave Versus Positive T Wave 

Sclarovsky S al.  Am Heart J  1988;116:933-41

Sclarovsky S. 
Electrocardio-
graphy of acute 
myocardial 
ischaemic 
syndromes. 
London: Martin 
Dunitz



The significance of T-wave direction in ACS 
with ST depression



The significance of T-wave direction in ACS 
with ST depression



Circumferential subendocardial ischemia is an 
independent marker of poor outcome in ACS

Nikus K et al. Ann Med. 2012



3. T-wave changes



    Old ECG        Chest pain

ECG 50 mm/sec



LAD  occluded 
(stent 
thrombosis)

Post-PCI

RCA

New prominent T waves V1-V4 (=LAD) and 
symptoms compatible with acute MI à 
consider acute angiography (STEMI 
protocol) 

At least: follow-up ECG within 15-30 min 

But: Hyperkalemia, individual differences in 
T-wave amplitude…



Sclarovsky-Birnbaum grade of ischemia

Sclarovsky S et al. Isr J Med Sci 1990;26:525-33



Grade 1 ischemia: slow development of Q 
waves due to well protected myocardium

Sclarovsky S. Electrocardiography of acute myocardial ischaemic 
syndromes. London: Martin Dunitz



ACCF/AHA STEMI guidelines 2013



Prominent T wave and subtotal LAD 
occlusion

Courtesy: Zhan Zhong-qun



Regional subendocardial ischemia 
-ST depression 
-Positive T wave 

Sclarovsky S. Electrocardiography of 
acute myocardial ischaemic 
syndromes. London: Martin Dunitz



”Persistent hyperacute T wave”



16.33
18.20

Ventricular 
fibrillation 
Resuscitation

Regional subendocardial ischemia 
progressing to transmural ischemia grade 3





Despite acute coronary occlusion the 
12-lead ECG may be normal or 

without new changes

• ECG not recorded during symptoms 
• Distal occlusion of the left circumflex coronary 

artery (LCx) 
• Small area of ischemia (side branch occlusion) 
• LBBB or non-specific intraventricular 

conduction delay (QRS>120 ms) 
• Pacemaker ECG



Final remarks

• From an ECG standpoint, early signs of 
acute STEMI (~ sudden acute coronary 
artery occlusion) are: hyper-acute 
prominent T waves, ST elevation without Q 
waves or T-wave inversions, and ST 
depression in V1/V2-V3/V4 (mirror-image 
STEMI equivalent)



Final remarks

• Due to the sometimes very dynamic ECG 
changes, also later signs of the evolving 
ischemia/infarction process may be 
present early after symptom onset 

• Telecardiology within regional STEMI 
networks are recommended to improve the 
diagnostics and to shorten ECG to device 
times 


