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Figure 1. Frank lead set electrode locations. Leads l, E, c, A, and M are level at the fiÍth intercostal space.
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The standard ECG signal spans a Írequency range oÍ 0.05 - 100 Hz, with amplitudes typically between 10 uV a
1 mV. Diagnostically signiÍicant high Írequency, low amplitude (HFLA) inÍormation, not seen on the standard Et
due to noise, resolution, and bandwidth limitations oÍ the standard electrocardiograph recording, exist in the 0.1
10 uV range. Signalaveraging techniques used in conjunction with the HI-RES acquisition module permit recor
ery oÍ HFLA inÍormation (late potentials, QRS slurs, etc.).
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M1426A-2

Figure 2. Comparison oÍ voltage levels between the standard ECG and high frequency, low amplitude late
potentials.
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Figure 3' Location oÍ high Írequency, low amplitude (HFLA) intormation within the ECG.
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Late Potentials Patient i

Short HFLA
Duration

Figure 5' Hl-REs vector magnitude plots showing typical resu|ts Íor subjects with and without late potentials'
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FFT FILTERING

The Íast Fourier Íilter transíorm (FFT) is ideally suited to processing ECG signals íor the recovery of high Íre-

quency, low amplitude (HFLA) signals. The FFT transÍ initial íorm, in the

time dómain, inio what is called tÉe Írequency domain. is analyzed to

determine the amplitudes of a series oÍ harmonically rel , when added to'

óótn"r, will produóe the original signal. The HFLA inÍormation is contained in the higher Írequency terms oÍ the

Fourier series.

The Fourier transÍorm is used at two levels in the analysis program. lncoming beats are transÍormed Íor correla

tion with the template beat and Íor alignment prior to average. However, each beat is

stored in the average in its time domán Íorm. The F convert the íinal averaged signal into

tná tr"qu.n.y oomáin where Íiltering, to Íecover HFLA i ed (Figure 6). An inverse FFT conve

inis nndreo averaged signat back inio the time domain. This process is applied separalely to the X, Y, and Z

leads to produce the bottom plot oÍ lead data in each Hl-REs report.
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Figure 6. Fast Fourier transÍorm (FFT) Íiltering is used to recover high Írequency, low amplitude (HFLA)

inÍormation within the averaged ECG signal.
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Figure 7. Vector magnitude plots Íor post_myocardial-infraction 
'patients, 

wjth and without late potentials and leÍt

bundle bra"nch otoóx 1LBsa). Patient:A) normalconduction, no late potentials, B) normal conduction

with late potentials, i) Lgeg, no late potentials, D) LBBB, late potentlals. (VAT = ventricular

activation time, HFLAd = high frequency, low amplitude duration)
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