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Case

◼ 76/M

◼ Recent infarction with LVEF 42% 

◼ Does the patient require ICD?



Why LVEF >35% important?

◼ Should be the priority for VT/VF risk assessment 

⚫ Highest number of those at risk of VT/VF

⚫ Currently non-protected by guideline based on  LVEF 

value 

Circulation 1992;85:I2



Current risk stratification

◼ LGE on MRI 

◼ EPS in MUSTT trial

◼ Risk assessment based on the ECGs were not well evaluated

J Am Coll Cardiol Img2016;9:1046
Am J Cardiol 2000;86:1214

Meta analysis for LGE MUSTT and MADIT trial 



JACC 2008;52:1179



QRS duration

◼ There is little evidence that increased QRS duration 

associated with an increased SCD

◼ Predictive value of QRS duration itself was limited

JAMA 1998;279:387
JACC 2005;46:310

GUSTO-1 sub-study Pain FREE Rx II

QRS≥120

QRS<120



QT interval & QT dispersion

◼ QT dispersion = QTmax – QTmin

◼ Non-invasive measurement of inhomogeneity in ventricular 

repolarization 

J Arrhythmia 2006; 22: 209



QT dispersion

◼ Relationship between prolonged QT interval and QT 

dispersion to the SCD showed varying results

⚫ Inter-observer variability or wide overlaps in QT 

measurement

⚫ Genetic and racial factors may also relevant 

Eur Heart J 1999; 20: 1158–
Circulation 1998;97:2543

AIREX sub-study VA registry



QRS fragmentation

◼ Additional R wave (R’) or notching in the nadir of S, notching of R, 

more than one R’ (fragmentation)

◼ Represent the conduction delay caused by regional myocardial scar

Heart Rhythm 2007;4:1385



QRS fragmentation

◼ fQRS is a strong independent predictor of major cardiovascular 

events

◼ It also associated with LV aneurysm, prior myocardial infarction, or 

perfusion abnormality after revascularization
Heart Rhythm 2007;4:1385
Ann Noninvasive Electrocardiol 2006;11:132
Europace 2015;17:969

Clinical outcomes LV aneurysm

PPV 83.3%; NPV 79.2%



QRS scoring

◼ ECG scoring to quantify myocardial scar 

◼ Quantification of substrate for the reentrant 

tachycardia 

◼ SCD-HeFT population 

⚫ Scar presence = LVEF <25%

Heart Rhythm 2011;8:38



Signal-averaged ECG

◼ Identify the late potential using amplified high-resolution ECG

◼ Associated with mortality, cardiac arrest, and VT inducibility

◼ Good NPV but low PPV

◼ Prognostic value has become less clear in PCI era

Computers in Cardiology 2002;29:297
Circulation. 2001;104:436
Eur Heart J. 2005;26:755



Non-sustained VT

◼ Non-sustained VT or frequent PVCs are useful predictor in patients 

with LVEF > 35% 

◼ Routine use for assessing SCD risk is limited for low sensitivity and 

specificity

Eur heart J 2005;26:762
J electrocardiol 2010;43:251

FINGER
registry

CHS study



Non-sustained VT

◼ MADIT trial demonstrate the NSVT or inducible VT benefited from 

the ICD therapy

◼ PLATO trial sub-study, 2,866 patients with 7 –day Holter at acute 

stage and convalescent phase (30 days)

N  Engl  J  Med 1996;335:1933
Circ Arrhythm Electrophysiol. 2016;9:e002951

MADIT trial PLATO sub-study



HRV

◼ Monitoring Short (2-30 min) or longer (24 hour) periods

◼ Decreased HRV associated with increased arrhythmia and mortality

◼ Use of HRV to predict SCD risk in patients with CAD is limited

⚫ Effect of ischemia and PCI on HRV

⚫ Effect of age, gender, medications (BB or ACEi)

⚫ Atrial fibrillation

Lancet 1998;351:478



HRV 

◼ Impaired autonomic function are associated with increased mortality

◼ ICD implantation failed to demonstrate the benefit in patients with 

LVEF + HRV patients

◼ Reduced death from arrhythmia which was offset by non-arrhythmic 

death N Engl J Med 2004;351:2481

DYNAMIT trial



HR turbulence

◼ Short term fluctuation in sinus CL after VPCs

◼ Powerful predictor of SCD in patients with CAD  

◼ Compensatory Mx to PVC induced CO↓ + low SBP

→ baroreceptor activation

◼ Affected by age, medication, LV function, revascularization 

◼ Not tested in the prospective data
J Am Coll Cardiol 2008;52:1353



T wave alternans

◼ Dispersion of repolarization 

◼ Increased TWA associated with SCD 

◼ MTWA achieved 1-year PPV 9% and NPV 95%, comparable to EPS

◼ Useful for identifying low-risk patients. Clin Cardiol 2011;34:466
J Am Coll Cardiol 2009;53:1130
J Am Coll Cardiol 2009;53:471

ABCD studyREVINE and FINCAVAS



Current status



Europace 2020;22:1147



Europace 2020;22:1147



Limitations of ECG parameters

◼ ECG parameters are ubiquitous in patients with ischemic cardiomyopathy

◼ Generally good NPV, but poor PPV

◼ ECG is big-picture of myocardial depolarization and repolarization 

◼ Lack of prospective studies with intervention

Ann Noninvasive Electrocardiol 2012;17(3):241



Clin Cardiol 2011;34:466



Coronary angiography 

• NSTEMI with congestive heart failure 

• Proceed urgent CABG







Post-procedure ECG

Pre-ablation Post-ablation



Summary

◼ CAD with EF>35% are large group of patients 

unprotected by current guideline 

◼ Several parameters provide prognostic information, but 

their sole use in predicting SCD is limited

◼ ECGs are still useful for clinicians

⚫ Markers of significant LV dysfunction 

⚫ Perform additional investigations to refine the risk of SCD

◼ Future studies for the better refinement of ECG 

predictors are required


