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Summary

Comparative evaluations of the percent of the perimetric circumference of infarction and cardiac
performance for the occurrence of late potential were performed in 12 normal subjects and 22 pa-
tients with old myocardial infarction (MI). All patients were in normal sinus rhythm without bundle
branch block. Bipolar X, Y, and Z leads were signal-averaged using a bandpass filter with a low-cut
frequency of 100 Hz and a high-cut frequency of 300 Hz. The filtered signals for the three leads were
displayed and combined into a vector magnitude, vX2+Y2+Z2. The percent ratio of the root mean
square voltage in the last 40 msec of the QRS complex was calculated against that of the total filtered
QRS (9%, RMS40). The value of the standard deviation (SD) in the phase distribution was obtained by
the Fourier analysis of multi-gated blood pool images.

Significant differences were observed among MI with late potential, MI without it and the nor-
mal subjects for % RMS 40 (5.7+2.8%, vs 26.9+8.1, 37.5+10.89%,). Left ventricular ejection fraction
was lower in MI with late potential (19.7+7%,) compared to that of MI without it (33+18%) and
the normal subjects (60+49%,); the value of SD was higher in MI with late potential (6421 degrees),
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compared to that of MI without it (43420 degrees) and the normal subjects (9+4 degrees).
These findings showed that the percent ratio of the last 40 msec RMS voltage (%RMS 40) was

found to discriminate effectively among MI with and without late potential and normal subjects. It

was suggested that the amount and structure of the infarcts may be important factors in the

occurrence of late potential.
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Introduction

Recently, several investigator groups have de-
monstrated that the high-frequency analysis of
the signal-averaged surface electrocardiogram
(ECG) can detect low amplitude signals in the
terminal portion of the body surface QRS of
myocardial infarction with ventricular tachy-
cardia (VT)1~9. These signals have been labelled
as arrhythmogenic ventricular activity or as the
late potential and they correlate with the frag-
mented activity recorded from the epicardial and
endocardial ischemic myocardium in animals
and in man®.

We have previously reported the usefulness of
the temporal Fourier analysis®~® of gated blood
pool images for evaluating post-infarction left
ventricular aneurysms. In essence, the value of
the standard deviation in the histogram of the
phase distribution was correlated with the per-
cent of the perimetric circumference of infarc-
tion?. The purpose of the present study was to
evaluate the relationship between the percent
of the perimetric circumference of infarction,
cardiac performance, and occurrence of the late
potential in patients with myocardial infarction.

Materials and Method

Twenty-two patients more than four weeks
post-transmural MI were studied. Eighteen
were anterior and four were inferior MI, their
average age was 55 years. Each was in normal
sinus rhythm, and none had a right or left
bundle branch block by the standard ECG. The
control group consisted of 12 normal subjects
whose average age was 29 years, and who had
no clinical histories of complex ventricular ar-

rhythmias.

Equilibrium blood-pool studies

Red blood cells were labeled with 20 mCi of
technetium-99m in vivo. After reaching equili-
brium, the blood pool data were collected to
obtain the imaging datausing an Anger camera
(Hitachi Gamma View-H) with an all-purpose,
low-energy parallelhole collimator. Each study
consisted of 16 frames comprised a 64x64
matrix spanning in cardiac cycle, and data
were collected during normal sinus rhythm in
the 45 degree left anterior oblique projection
for 500 sec for each patient. The actual gated
blood-pool data were transfered to a nuclear
medicine computer system (Sopha Informatek
Simis 3). Left ventricular global ejection frac-
tion was calculated from the time-activity curve.
The temporal Fourier transform® at the funda-
mental frequency (the heart rate) was obtained
on a pixelby-pixel basis. Each pixel’s time ac-
tivity curve was fitted with a single cosine which
period equalled the R-R interval. After ob-
taining a single cosine fit, differences were fully
characterized by two parameters: amplitude and
phase. Phase data were expressed by degree
from 0 to 360, and the standard deviation (SD)
of the phase distribution in the left ventricle,
which represented left ventricular wall motion
abnormalities, was calculated (Fig. 1).

In a separate study, the values of the standard
deviations in the phase distribution histogram
were compared with the percents of the peri-
metric circumference of infarction (4L), as esti-
mated by the contrast levogram (Fig. 2). It was
found that the values of the SD correlated well
(r=0.83, p<0.001) with the percents of the
perimetric circumference of infarction in patients
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2. Relationship between the standard de-
viation (SD) of the phase distribution and the
percent of the perimetric circumference of in-
farction (4L).

4L is determined from the formula: 4L =a/bx 100,
where a is the length of akinetic or dyskinetic area

circumference.
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Fig. 3. System of signal averaging and filtering of the surface ECG.
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with post-infarction left ventricular aneurysms.
The lower limit of the SD was 21 degrees,
which corresponded to a value of 359, of the
perimetric circumference of infarction?.

Signal-averaged ECG

Body surface ECG recording was performed
using bipolar X, Y, and Z leads in a shielded
room. One lead served as the reference. The
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three-channel amplifier used was a commercial-
ly available electroencephalography system
(SANEI 1A-96). The common mode rejection
ratio was 120 dB. The signal from each lead
was amplified and passed through an analogue
filter (NF FV624) with a low-cut frequency of
100 Hz and a high cut-frequency of 300 Hz,
and then AD was converted with 12-bit accuracy
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Fig. 4. Display of the signal-averaged and filtered surface ECG.
Top shows the X, Y and Z leads and bottom shows the combined vector magnitudes (V).
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Fig. 6. Representative recordings of a signal-averaged filtered X, Y and Z leads and the
vector amplitudes of the signal averaged and filtered composite X, Y and Z leads from a
normal subject (left) and an extensive anterior MI subject (right).
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at 1024 samples/sec. The gain was adjusted so
that 1,V signals could be recorded. After band-
passing the signals, the digital information was
stored on a floppy disc (Fig. 3).

The ECG signals were averaged after reject-
ing ectopic beats. The filtered signals for the
three leads were displayed separately for each
channel and were combined into a vector mag-
nitude, +/X2+Y2+7Z2, which allowed the detec-
tion of high frequency voltage in any leads. The
vector magnitudes of the filtered signals were

referred to as a filtered QRS complex. The
onset and end-point of a QRS were determined
by a computer algorithm as segments where the
average was greater than three standard devia-
tions above the mean of the noise sample (Fig.
4). The percent of the ratio of the root mean
square voltage for the last 40 msec of the QRS
complex to that of the total filtered QRS
(%RMS 40) and the duration of filtered QRS
were calculated automatically (Fig. 5). These
two parameters obtained from the three groups

Fig. 7. Representative displays of phase images from a normal person (top) and an ex-
tensive anterior MI with late potential (bottom).
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were compared.

Results

Fig. 6 shows the results of signal processing
for both groups. The MI patients had low am-
plitude signals in the last 40 msec of the filtered
QRS complex (3.4%, in 9% RMS 40) which were
not seen in the filtered EKG from the normal
subjects (30.9% in 9%RMS 40).

Fig. 7 shows computer-generated phase and
amplitude images from one normal subject and
one patient who had a broad anterior MI and
whose signal-averaged ECG contained the late
potential. In contrast to the normal subject,
there was significant fluctuation in the phase
distribution.

Fig. 8 shows comparisons of the %RMS 40
in normal subjects, MI patients with and without
late potential. The 9%RMS 40 was found to
discriminate effectively between the three
groups. The six MI patients (four anterior, two
inferior) with late potential had low amplitude
signals at the end of the filtered QRS complex.
The %RMS 40 was 5.7+2.8%, (p<0.001) in
MI with late potential. In contrast, it was 26.9+
8.19% (p<0.01) in MI without late potential,
and 37.5+10.8%, in normal subjects.

Fig. 9 shows comparisons of the left ven-
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Fig. 8. Discrimination between normal, MI
with late potential (LP), and MI without LP using
% ratio of voltage in last 40 msec filtered QRS.
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Fig. 9. Comparisons of left ventricular ejec-
tion fraction (LVEF) and the standard deviation
of the phase distribution histogram in the left
ventricle (LVSD) in normal, MI without late
potential (LP) and MI with LP.

tricular ejection fraction (LVEF) and the stan-
dard deviation in the phase distribution histo-
gram of the left ventricle (LVSD). The LVEF
in MI with late potential was significantly lower
(19.7+7%,) compared with MI without late
potential (33+189%,) (p<0.05) and normal sub-
jects (64+4%,) (p<0.001). The value of LVSD
in MI with late potential was higher (64+21
degrees) than that in MI without late potential
(43+22 degrees) (p<0.05) and in normal sub-
jects (9+4 degrees) (p<0.001).

Sustained ventricular tachycardia was ob-
served in two patients of MI with late poten-
tial and in none of the other patients.

Discussion

This study indicated that % RMS 40 estimated
by the signal processing of the body surface
ECG can discriminate patients with late poten-
tial from those without it, and the former pa-
tients were associated with massive infarct and
reduced cardiac performance.

Low amplitude, high frequency signals have
been observed in the terminal portion of the
QRS of the signals of averaged and filtered ECGs
of the patients with ventricular tachycardia.
These signals have been labelled as late poten-
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tial and correlated with the fragmented activity
recorded from the epicardial and endocardial
ischemic myocardium in animals and in man.
Rozanski et al? observed a high frequency signal
early in the ST segment that disappeared after
aneurysmectomy.

Signal averaging reduces random noise in the
ECG and enhances the detection of low ampli-
tude signals. The common problem with the
signal processing technique is filter-ringing and
the definition of late potential. Filter-ringing oc-
curred in some patients, because we used an
analogue filter in the present study. Simson®
has proposed the use of a bidirectional digital
filter to eliminate the filter-ringing. To deter-
mine the QRS endpoints, amplitude, and dura-
tion of late potential, we used a vector magni-
tude that incorporated the characteristics of the
filtered X, Y and Z leads. The percent ratio of
the last 40 msec RMS voltage (% RMS 40) was
found to effectively discriminate the MI with
late potential from MI without late potential,
and normal subjects. All six patients who had a
low value of %RMS 40 (under 13%,) had low
amplitude and high frequency signals (late po-
tential) in the terminal portion, for any leads.
We used a band-pass analogue filter with a
low-cut frequency of 100 Hz and a high-cut
frequency of 300 Hz. In the Simson’s original
paper® the high pass filter frequency was set as
25 Hz, and RMS magnitudes in the last 40
msec of the filtered QRS were less than 25 xV
in 929, of patients with VT. However, the
vector magnitude of the RMS voltage may vary
according to the filter characteristics used. In
the future, standardization for the filter fre-

quencies and characteristics will be necessary
for the reasons mentioned above.

Adam et al® have described the temporal
Fourier analysis (phase analysis) of gated blood
pool studies. We previously reported that the
standard deviation in the phase distribution was
correlated with the percent perimetric circum-
ference of infarction®. The present study re-
vealed that the standard deviation in the phase
distribution of left ventricular wall motion was
higher in MI with late potential compared to

MI without it and normal subjects.

The occurrence of the late potential may help
to identify patients with myocardial infarction
who are inclined to develop ventricular tachy-
cardia. How does infarct structure relate to the
origin of ventricular tachycardia? First, an ap-
propriate infarct structure may result in the
formation of an anatomically distinct re-entry
circuit. It is our assumption that the late poten-
tial in patients with MI may relate to a non-
uniform anisotropic structure!® which results
from a large size myocardial infarct separated
by connective tissue. The conduction abnor-
malities caused by the anisotropic structure may
easily occur in patients with massive infarcts.
These findings are in agreement with a study
of the origins of tachycardia in the canine
heart!V,

Although only two of six patients with mas-
sive infarction had episodes of sustained ven-
tricular tachycardia in the present study, the
occurrence of the late potential may help to
identify patients with myocardial infarction who
are inclined to develop ventricular tachycardia.
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search Foundation No. 48 and the Clinical Pathology
Research Foundation of Japan.
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