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Tough ECGs! Subtle  
Manifestations of Cardiac Ischemia 

 
Emergency physicians are familiar with the literature 
describing the classic ECG signs of acute coronary syndrome 
(ACS). However, the first ECG taken after an infarction has 
occurred sometimes does not show the classic diagnostic 
features, or it may show such subtle ones that are 
unrecognized. The subtle clues that predict early or 
impending acute myocardial infarction or that predict a 
deadly outcome in the "routine" patient with ACS will be 
reviewed. The presenter will discuss several ECG 
abnormalities, some of which have not yet been published in 
the emergency medicine literature, that will help you identify 
and manage patients with ACS. 
• Identify two subtle ECG abnormalities, usually missed 

on routine ECG interpretation, that predict early acute 
MI. 

• Identify a T-wave abnormality in the precordial leads 
that predicts critical occlusion of the left anterior 
descending artery. 

• Identify a subtle abnormality in lead AVR in the acute 
MI patient that predicts a 75 percent risk of developing 
cardiogenic shock and death. 
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OBJECTIVES 
 
At the conclusion of this presentation, each participant should be able to. . . 

1) Identify two subtle ECG abnormalities, usually missed on routine ECG 
interpretation, that predict early acute myocardial infarction. 
2) Identify a T-wave abnormality in the precordial leads that predicts critical 
occlusion of the left anterior descending artery. 
3) Identify a subtle abnormality in lead aVR in the AMI patient that predicts a 
75% risk of developing cardiogenic shock and death. 
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Case 1, ECG #1 (24 yo. man with chest pain) 
 

 
 
 
 
 
 
 
 
Case 1, ECG #2 (4 days later) 
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Case 2, ECG #1 (63 yo. man with right arm and hand pain) 
 

 
 
 
 
 
 
 
 
Case 2, ECG #2 (baseline ECG) 
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Case 2, ECG #3 
 

 
 
 
 
 
 
 
 
Case 2, Rhythm strip 
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Case 3, ECG #1 (87 yo. man with nausea, diaphoresis, and pallor) 
 

 
 
 
 
 
 
 
Case 3, ECG #2 (Baseline ECG) 
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Case 3, ECG #3 (one hour later) 
 

 
 
 
 
 
 
 
 
Case 4, ECG (84 yo. man with chest pain and syncope) 
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Stop! 

 
 
 
 

Please do not look at 
the answers to the 

preceding cases yet! 
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I. Wellens’ Syndrome 
 
• Pattern of electrocardiographic T-wave changes present in mid-precordial leads (V2-

V3, usually in V4 as well) characterized by either (Type 1) deeply symmetric inverted 
T-waves or (Type 2) biphasic T-waves 
• Type 2 is often misdiagnosed as “non-specific T-wave abnormality,” but… 

• ECG abnormality is highly specific for critical obstruction in the proximal left 
anterior descending artery (LAD) 

• High risk for extensive anterior MI and death 
 
• Warnings… 

• ECG abnormality is not necessarily associated with ST changes 
• ECG abnormality is usually present when the patient is symptom-free 

• May be an incidental finding during an non-cardiac presentation or may be 
found on ECG after acute symptoms have resolved (patient is asymptomatic) 

• Cardiac biomarkers are often normal 
• Provocative testing, including stress imaging, may precipitate AMI  

• These patients are best evaluated with diagnostic catheterization rather then 
stress testing 

• Medical management is ineffective for proximal LAD lesions 
• Medical management may provide some initial symptomatic improvements, 

but natural history predicts anterior wall MI unless PCI is performed early 
• 75% of patients in Wellens’ original description developed anterior wall MIs, 

usually within a few weeks of initial presentation if they were only treated 
medically! 

 
• ECG criteria for Wellens’ Syndrome 

• Type 1: Symmetric and deeply inverted T-waves in leads V2 and V3, often in 
leads V1 and V4, occasionally in leads V5 and V6  

 OR 
• Type 2: Biphasic T-waves in leads V2 and V3, often in leads V1 and V4  

 PLUS 
• Isoelectric or minimally elevated ST segment 
• Absence of precordial Q-waves 
• Prior history of chest pain or anginal equivalent 
• ECG pattern is present in symptom-free state 
• Minimal or no elevation of cardiac biomarkers 

 
 
II. Loss of Precordial T-Wave Balance (“NTTV1”) 
 
• The normal ECG shows progression of T-wave size across the precordium 
• The T-wave in lead V1 is normally flat or inverted 
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• Occasionally is upright 
• In elderly patients, upright T-wave in V1 (TV1) is rarely a normal finding 
• Major exceptions — large upright TV1 is a normal finding in patients with LVH, 

HLVV, and LBBB 
 
• An upright TV1 may indicate significant underlying atherosclerotic coronary artery 

disease 
• Manno, et al — upright TV1 is common in patients with significant 

atherosclerotic disease of the left circumflex artery and right coronary artery 
• Marriott — if the TV1 is larger than the TV6, suspect anterior and/or lateral 

myocardial disease (chronic or acute) 
• May be an early marker of impending MI 

 
• An new upright tall TV1 (NTTV1) may be a marker of acute cardiac ischemia 

• Chung — upright TV1 suggests acute cardiac ischemia 
• Smith — TV1 > TV6 suggests acute cardiac ischemia  
• Barthwal — TV1 > TV6 is associated with ischemic heart disease 

• 84% specific for ischemic heart disease 
• 16% false positives 

 
• The NTTV1 may precede other expected ECG changes in acute ischemia 
• Be especially concerned when the upright TV1 is new and large 
 
 
III. Early Reciprocal Changes in Lead aVL 
 
• The normal ECG shows an isoelectric ST-segment and upright T-wave in aVL 
• An inverted T-wave in aVL is often found with inferior wall myocardial infarction 

• Represents a “reciprocal change”  
• Marriott — may precede the expected changes in inferior leads; may initially be 

the only abnormality found on the ECG of a patient with acute inferior MI or 
ischemia 

• Major exceptions — downsloping ST-segment and inverted T-wave in aVL is normal 
finding in patients with LVH and LBBB 

 
 
IV. Lead aVR — “The Forgotten Twelfth Lead” 
 
• Acute occlusion of the left main coronary artery (LMCA) is fatal in > 70% of patients 

• Medical management (ASA, beta-blockers, heparin, even thrombolytics) does 
NOT improve outcome 

• PCI (and often CABG) must be performed to improve survival 
• Mortality rate decreases to 40% with emergent PCI (Brueren, Heart 2004) 
• Time delay to PCI is the only predictor of survival 
• These patients need immediate transfer for PCI! 
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• Is it possible to identify which patients with ACS require immediate transfer 
based on the ECG? 

 
• ECG predictors of acute LMCA occlusion: 

• Simultaneous ST-segment elevation in leads aVR and aVL  very highly specific 
for LMCA occlusion 

• Simultaneous ST-segment elevation in leads aVR and V1  highly specific for 
proximal LAD or LMCA occlusion, but… 
• ST-segment elevation in aVR > V1  very highly specific for LMCA 

occlusion 
• ST-segment elevation in aVR > 1.5 mm predicts 75% mortality (if not treated 

with immediate PCI) 
• Any of these findings predicts need for immediate PCI! 

 
 
V. Summary 
 
• Beware biphasic T-waves in the mid-precordial leads 

• These are not “non-specific!” 
• Highly specific marker for proximal LAD occlusions 
• Best managed with PCI 

• Beware the upright T-wave in lead V1! 
• Especially if new 
• Especially if TV1 is larger than the TV6  
• May be an marker of anterior ischemia or underlying CAD 

• Reciprocal changes in lead aVL may be the first sign of inferior wall myocardial 
ischemia 

• Observation and serial ECGs can increase the rate of detection of ischemia/infarction 
• Don’t forget about aVR! 

• STE in aVR with… 
• ST-segment elevation in aVL  immediate PCI 
• ST-segment elevation in V1  immediate PCI 

• Especially if STE in aVR > STE in V1 
• STE in aVR > 1.5 mm  75% mortality if not treated with immediate PCI 

• Recognition of these subtle abnormalities will make the difference between life and 
death! 
• Don’t rely on your cardiology consultants to make these diagnoses 
• Emergency physicians must be the experts in electrocardiography! 

 
 
VI. References/Suggestions for Further Reading 
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ECGs for the Emergency Physician Volume 1. Authors: Amal Mattu, William Brady. 
Blackwell Publishing, 2003. A collection of 200 high-quality ECGs with diagnoses and advanced 
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Questions or comments? Please contact me: 
Amal Mattu, MD 
amattu@smail.umaryland.edu 


