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Abstract

Micro T-wave alternans (MTWA) is a risk marker for
life threatening ventricular tachyarrhythmia. Classically,
MTWA is assessed by quantification of beat-by-beat T-
wave amplitude alternation. This method requires accu-
rate determination of T-wave peaks (discrete method) to
create a sequence of T-wave amplitude series, which un-
dergoes spectral analysis using the fast Fourier transform
(FFT) for analysis. The need of precise measurements of
T-wave amplitudes turns this method sensitive to noise. To
overcome this limitation, a new method was developed,
based on Hilbert Transform of the T-wave morphology se-
ries (continuous method). To perform this task, a 300 ms
window containing the T-wave of every beat was isolated,
and concatenated to form an artificial and continuous sig-
nal with T-waves. The Hilbert Transform was then ap-
plied to calculate the envelope of this signal. The alter-
nans was detected over the envelope FFT, as a peak on the
frequency that corresponded to half of the main signal fre-
quency. Both methods were tested in 50 ECG signals of
Physionet T-Wave Alternans Database, 31 synthesized and
19 real world signals. The comparisons of the methods
were carried out by linear correlation test, Wilcoxon test,
and Bland-Altman charts, in channels 1 and 2. There was
no significant differences between both methods in all tests,
either synthesized or real world signals. The novel contin-
uous method to quantify micro T-wave alternans based on
T-wave morphology is feasible, accurate and reproducible,
and have potential clinical application.

1. Introduction

Microvolt T-Wave Alternans (MTWA) is defined as ten-
uous beat-by-beat variation on T-waves amplitude. T-wave
expresses how ventricles repolarizes and represents trans-
mural action potential phase 3 gradient across ventricle
wall [1]. On its turn, MTWA can be regarded as beat-
by-beat transmural phase 3 gradient variation associated
with impaired intra-sarcoplasmatic calcium influx and ef-

flux dynamics [2,3]. Detection of abnormal MTWA is con-
sidered a robust risk marker for life threatening ventricu-
lar tachyarrhythmia [4]. The discrete MTWA method has
been introduced in early 90’s and it is classically quan-
tified by Fourier Transform of sequential T-waves peaks
amplitude series. It requires accurate determination of T-
waves fiducial points. Therefore, appropriate assessment
of T-wave amplitudes is a requirement for MTWA quan-
tification.

However, T-wave amplitude determination may be chal-
lenging due to its morphological aspects allied to interfer-
ence from external sources. For instance, T-wave morphol-
ogy undergoes continuous variation as a consequence of
respiratory-derived amplitude modulation, power line and
muscular interferences.

A method for MTWA analysis that does not require T-
wave peak determination may be a suitable alternative to
overcome limitation related to precise T-wave amplitude
detection. This study introduces a continuous T-wave am-
plitude analysis, based on application of the Hilbert Trans-
form on isolated T-wave series, and performs the compar-
ison of current method (continuous method) with the clas-
sical MTWA beat-by-beat detection (discrete method).

2. Methods

2.1. The Physionet signals

The analyzed signals were downloaded from T-Wave
Alternans Database, available at PhysioNet website [5]. It
contains multichannel ECG records from several collab-
orative institutions, sampled at 500 Hz with 16 bit reso-
lution over a ±32 mV range. The database contains 100
signals, 32 of them were synthesized and the remaining
68 were real world ECG signals, from patients with my-
ocardial infarctions, transient ischemia, ventricular tach-
yarrhythmias, and other risk factors for sudden cardiac
death and healthy controls. Most of the signals available
had 12 channels ECG. However, some signals were ex-
tracted from MIT-BIH Normal Sinus Rhythm Database,
Sudden Cardiac Death Holter Database and Long-Term ST
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Database, in which only 2 or 3 ECG leads were available.
To make the analysis uniform for all ECG available in this
database, it was arbitrarily defined that only the first and
the second channels would be analyzed in this study, for
all ECG databases.

2.2. Preprocessing

The first approach was to preprocess each ECG signal
aiming at reducing interference, correcting baseline drift-
ing and discontinuities for improving the correct identifi-
cation of alternans. Preprocessing consisted in a three step
process:
1. Identification of discontinuities - One signal showed
short periods of interruption of ECG signal, evidencing ei-
ther acquisition saturation or interrupted data acquisition.
In this case, samples were interpolated to fill all missing
data and to recover the ECG. The algorithm inserted in the
non-existing data segment the immediate previous exist-
ing value in a recursive procedure. However, this signal
was further discharged for excessive noise;
2. Low-Pass Filter - After correcting discontinuities, the
signal was low-pass filtered (Butterworth, second order,
cutoff frequency on 30 Hz) to reduce interference;
3. Correction of baseline drifting - The ECG was analyzed
to detect R-waves using the absolute first order derivative
method. The points at 220 ms, 200 ms and 80 ms before
the peak of the detected R-wave were defined as baseline
reference to the respective heart beat. Those three points
were identified throughout the ECG data and a cubic spline
was fitted to those points over the whole ECG. In order to
correct drifting the resulting cubic spline was subtracted
from the ECG.

Those procedures provided a corrected output ECG in
witch MTWA analysis was carried out. Additionally, on
corrected ECG, ectopic beats were identified based on pre-
maturity and QRS complex waveform comparisons.

2.3. MTWA using the discrete method

The discrete method consisted of detecting the T-wave
peak of every sinus beat in the whole corrected ECG. The
peak of the T-wave was detected in a 300 ms width win-
dow, starting at 100 ms after R-wave peak. The T-wave
peak of every beat was stored in a vector. MTWA was
assessed in a series of T-waves of 128 consecutive sinus
beats, ensuring the absence of ectopic rhythms in between.
Signals that did not present at least 128 consecutive T-wave
peaks were discharged from analysis. T-wave peak series
was then Fourier transformed and the peak on the PSD
spectra at 0.5 cycles per beat measured [6]. Alternans was
calculated as ’alternans ratio’, defined as the measured al-
ternans peak divided by the standard deviation of ten con-
secutive harmonics immediately neighbor to the peak. ’Al-

ternans ratio’ above three units are considered abnormal
[5].

2.4. MTWA using the continuous method

The continuous method is an alternate proposition to an-
alyze MTWA. After preprocessing, the earlier described
300 ms windows were concatenated to form an artificial
signal containing consecutive isolated T-waves morpholo-
gies. The T-wave signal was clipped below its mean value
to reduce its amplitude. A continuous signal was assem-
bled with 128 consecutive isolated T-waves, to allow com-
parisons with the discrete method.

The Hilbert Transform was applied to the signal com-
posed by the T-wave morphology series, to identify the en-
velope of the signal, given by the absolute value the of
sum of the actual signal and its Hilbert Transformed ver-
sion multiplied by i. It was hypothesized that if any T-
waves peak amplitude variation particularly in a beat-by-
beat fashion have MTWA information, the envelope will
also carry this information. Therefore, a MTWA will also
be captured by the envelope.

In order to isolate an eventual T-wave peak amplitude al-
ternation, the envelope function was Fourier transformed.
The peak at the frequency corresponding to half of the
whole T-wave series frequency (inverse of the whole T-
wave duration interval) was isolated and quantified, defin-
ing alternans peak.

Similarly to the discrete method, alternans was calcu-
lated as ’alternans ratio’, defined as the alternans peak di-
vided by the standard deviation of ten consecutive harmon-
ics immediately neighbor to the peak. ’Alternans ratio’
above three units are considered abnormal.

2.5. Statistical analysis

Continuous variables were presented as median and in-
terquartile range. Discrete variables were presented as per-
centile or absolute values, as needed. The methods were
compared by Willcoxon test and Bland-Altman charts. To
offer a quantitative assessment of Bland-Altman chart sig-
nificance, the percentage of point outside of the interval
of 95% CI was compared against zero percentage using a
Chi-squared method. The alternans peaks were also com-
pared by linear correlation using the squared Pearson cor-
relation coefficient. Alpha error level was set at 0.05.

3. Results

From the 68 real signals, 13 were too short (did not con-
vey 128 consecutive normal beats, at least) and were ex-
cluded from the analyses. Additionally, 11 signals were
excluded due to excessive baseline noise by visual inspec-
tion (Excessive noise group median 0.092 µV, [lower quar-

 

 

  



tile 0.049 µV; upper quartile 0.264 µV]). The remaining
signals accepted for analysis have median 0.009 µV; p<
0.05.

All the remaining signals were adequately preprocessed
and further analyzed to exclude ectopic beats. After iden-
tification of ectopic beats, additional nine signals were ex-
cluded, since no sequence of 128 consecutive sinus beats
could be achieved. Thus, 19 real and 31 synthesized sig-
nals were used for evaluation.

Figure 1 shows the preprocessing stages of a conve-
niently chosen signal, in channel 1.

Figure 2 illustrate both methods regarding alternans
quantification steps for channel 1 on case TWA06, respec-
tively. In continuous method, alternans frequency was
found exactly at half of the corresponding whole T-wave
series frequency.

The numeric comparison of both methods was per-
formed by boxplots (Figure 3). Bland-Altman chart for
peak alternans comparison of both channel 1 and 2 pre-
sented only three cases of 50 outside the 95% confidence
interval (Figure 4 and 5). Regression analyses are pre-
sented in Figure 6 and 7. Non significant differences be-
tween both methods were found after Bland-Altman chart
analyses for channels 1 and 2 (respectively, χ2 =0.017;
p=0,87, χ2 =0.04; p=0.83). Correlation coefficient for
channels 1 and 2 were respectively 0.910 (p>0.001) and
0.841 (p>0.001).

Figure 1. Preprocess results from signal TWA11. Upper
panel shows the raw signal of Channel 1. The middle panel
shows the same signal after low pass filtering. The lower
panel shows the signal after baseline drifting correction.

Figure 2. MTWA identification - TWA09 - Channel 1.
The upper panel show the signal and the identification
of 128 QRS complex. The left panels show the discrete
method, respectively: alternans vector, alternans vector
without trends and FFT of alternans vector. Right panels
demonstrate the continuous method, receptively: T-wave
sequence, T-wave sequence, Hilbert transform derived en-
velope and FFT of the envelope. The arrows indicate the
alternans peaks.

Figure 3. Box-plot for methods numeric comparison. Up-
per panel shows results for channel 1. Lower panel shows
the results for channel 2.

Figure 4. Bland Altman Chart for Channel 1. The square
point represents the synthesized data and the open circle
represents the real word signals.

 

 

  



Figure 5. Bland Altman Chart for Channel 2. The square
point represents the synthesized data and the open circle
represents the real word signals.

Figure 6. Regression Analyses for Channel 1

Figure 7. Regression Analyses for Channel 2

4. Discussion

Proper risk classification of patients at risk to develop fa-
tal cardiac arrhythmias is needed for prophylaxis and treat-
ment. MTWA is a promising tool for arrhythmia risk strat-
ification. This study describes a method for micro T-wave
alternans identification, with no need to precisely isolate T-
wave peaks. Considering that T-wave peak measure may
be affected by external features, such as noise and plateau

variations, detection precision may vary beat-by-beat,
potentially affecting alternans quantification.

The proposed method uses the envelope of consecu-
tively whole T-waves morphologies for analysis, calcu-
lated by Hilbert transform. It allow to analyze a contin-
uous modulator signal, thus avoiding the need of accurate
T-wave peaks detection. The present method, applied to a
standard database containing T-wave alternans ECG trac-
ings, available at Physionet, shows high numeric correla-
tion and reproducibility with classical method. Therefore,
it turns to be a promising tool for clinical application.

Potential limitations of present method are the require-
ment of T-wave morphology clipping, that may influence
the amplitude of the Hilbert transform envelope. In sub-
jects with flat T-waves, the detection of alternans may be
compromised, making MTWA indeterminate. This study
was based on numeric comparison of normalized alternans
values. Further clinical validation based on alternans clas-
sification is needed.

As a conclusion, the continuous method to quantify mi-
cro T-wave alternans based on whole T-wave morphology
analysis is feasible, accurate and reproducible, and have
potential clinical application.
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