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• Sudden cardiac death (SCD) is a leading cause of mortality

• SCD the cause of 15–20% of death. 

Heart Lung Circ. 2019. PMID: 30482683 Review



Sudden cardiac death in Korea

• The incidence of primary SCA was 16.1 per 100,000 person-years

• CAD was the most common cause of SCA (59.3%)

• Sudden unexplained death syndrome accounted for 14.7% of SCA. 

PLoS One. 2020 Nov 25;15(11):e0242799



SCD Incidence & Prevalence

Myerburg, et al. Circ 1998;97:1514-1521



Ejection fraction(EF) is not a good predictor of SCD

JACC Asia. 2023 Apr 25;3(3):335-345



SCD prediction factors

Eur Heart J. 2013 Jul;34(26):1964-71



T wave alternans?



T-Wave Alternans(TWA)?

• Beat-to-beat variability in the timing, shape, and/or amplitude of T-
waves on the surface ECG

• Indicator of cardiac electrical instability, vulnerability of VT/VF

• Used for SCD risk stratification



The Spectral Method

• Target HR 105-110 beats using specialized exercise protocol, 

pharmacological agents or atrial pacing.

• Fast fourirer transform(FFT) technique to beat- to beat series of 

amplitude measurements along the 128 consecutive QRS ECG 

complexes

ECG (128 beats)

TWA

Time series Spectrum

Fast Fourier Transformation (FFT)



Modified Moving Average (MMA) Method 

• Continuously streams odd and even beats into separate bins and 

creates median complexes.

• These complexes are then superimposed, and the maximum 

difference between the odd and even median complexes at any 

point within the JT segment 
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Risk stratification of patients with ICMP
2883 patients without history of previous ventricular tachyarrhythmias

Arrhythmic mortality/sudden death Patients with an LVEF ≤0.35

J Am Coll Cardiol.2006;47:1820–1827

• 514 (67%) patients with a non-negative MTWA test

• Non-negative MTWA test was associated with a significantly higher risk for all-cause death

• Non-negative MTWA test was also associated with a higher risk for all-cause mortality in patients with low EF



Risk stratification of patients with HFrEF
549 patients with HF EF<40%, EF 25%

J Am Coll Cardiol. 2006;47:456–463

• Event rate was 15.0% in the patients with an abnormal MTWA and 2.5% in those with a normal 

• MTWA was an good  risk predictor of Death or ventricular arrhythmia



Heart rate turbulence?



Heart rate turbulence(HRT)

• Short-term fluctuations in sinus RR interval after VPC

• Indirect assessment of Cardiac Autonomic Function



Turbulence onset(TO), Turbulence slope(TS)

The values of TO > 0% and TS < 2.5 ms/RR  interval were defined 

abnormal, respectively



HRT predict CV death in patients with AMI
481 patients with AMI 

Am J Cardiol. 2009 Jun1;103(11):1495-9

• TS and TO and left ventricular ejection fraction, VPC were independently predicted CV death 



HRT predict death in patients with HF
607 patients with HF, EF 37%

Heart Rhythm. 2008 Aug;5(8):1095-1102

• Abnormal TS and TO  were independently associated with increased all-cause mortality, SCD



Recent studies



Risk stratification for cardiac mortality using ECG markers

J Cardiol. 2020 Feb;75(2):155-163

• NSVT and abnormal HRT were significantly associated all cause mortality
• The combined assessment of two ECG markers improved predictive accuracy



Arrhythmic risk stratification using multiple factors

Ann Noninvasive Electrocardiol. 2022 Mar;27(2):e12923
. 



Temporal changes of risk factors for SCD
PRESERVE-EF trial post MI 80 patients with EF ≥ 40%

Ann Noninvasive Electrocardiol. 2020 Jan;25(1):e12701



Current guidelines
2017 AHA guideline 2022 ESC guideline



Predictors of sudden cardiac death

J Clin Med. 2021 Apr 22;10(9):1823.



J Clin Med. 2021 Apr 22;10(9):1823



Predictors of sudden cardiac death

Europace. 2023 Mar 30;25(3):922-930.



Conclusion

• Currently, the predictive power of risk stratification of SCD is not sufficient.

• TWA is an indicator of cardiac electrical instability, predict SCD 

• HRT s an indicator of cardiac autonomic function, predict SCD

• In recent studies, TWA and HRT have limitations in predicting SCD by 

showing high NPV and low PPV.

• SCD prediction using AI or combining various non-invasive risk 

stratifications is being studied.
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