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A B Average Even (B) 

Average Odd (A) 

Average “B” 
1/32 

Raw Input Data 

Modify Average by 1/32 of the difference between Average and Raw 
Data 

The Measurement of the Phenomenon 
Modif ied Moving Average 

TWA = A  

A 
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Data process 
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Noise Measure – GE / Verrier 
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Top level comparison 
Cambridge/Frequency/FFT GE/Verrier/Time/MMA 
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Measurement Correlation 
Spectral and Modified Moving Average 
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Exercise ECG-Based MMA TWA Testing 

• TWA Overlooked Unt il Comput er Det ect ed. 

Raw data: Confirms 
TWA 

Computer Processed Data: 
Superimposed A&B Beats 

Later, During Recovery: 
Episode of VTACH 
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Report & Data Reviewing Tools 
  

 

Trends 

Medians / Templates 

Full Disclosure Data 
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Medians / Templates: A Closer Look 

 

Beats A & B Superimposed 
A beat: White.  B beat: Yellow 

Green Arrow: Maximum Alternans in Beats 



Confidential. Not to be copied, distributed, or reproduced without prior approval.  

Medians / Templates: A Closer Look 

 

TWA Value / Micro Volts 

Noise Value / Micro Volts 
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Medians / Templates: A Closer Look 

 

Noise Too High:  “?” 
TWA Value is Questionable. 
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Trends: A Closer Look 

 

White / Left Axis : TWA values 

Yellow / Right Axis : Noise values 



Confidential. Not to be copied, distributed, or reproduced without prior approval.  

Trend Review 
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CASE TWA Result 
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Consecutive Stress Tests on 1,037 
TWA Found to Predict SCD 

Nieminen, T., et al., T-wave alternans predicts 
mortality in a population undergoing a clinically 
indicated exercise test. Eur Heart  J, 2007 
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Ambulatory ECG-Based MMA TWA Testing 
Equipment  Lead Select ion 

• MARS Holter Analysis 
System - software version 
7.0 or above & Cardioday 

• Digital recorders—SEER 
Light, SEER Light Extend, 
and SEER 12, 
SEER1000(SEER MC X) 

 

 

• Two precordial lead 
configurations are 
recommended (V1, V3, and 
V5) 

• Use of bipolar or Frank X, Y, 
or Z leads is not 
recommended for TWA 
monitoring 

• cardiomyopathy or 
channelopathies such as 
the long QT syndrome are 
suspected- 12lead 
monitoring 

Syst em Configurat ion 

• Update Factor: 1/8 

• Heart Rate Limit: 125 
beats/min 

• • Noise Limit: 20μV 
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Recommended screen layout 
MARS Cardioday 
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 ECG Strip  

TWA Analysis  

TWA/Noise 
trend 
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Holter TWA, Prospective Study 

 

Sakaki K, Time-domain T-wave alternans measured from Holter 
electrocardiograms predicts cardiac mortality in patients with left ventricular 
dysfunction: A prospective study. Heart  Rhyt hm 2009  
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