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Spectral Analysis of Epicardial 60-lead Electrograms
in Dogs during Acute Myocardial Ischemia
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Abstract : Effects of acute myocardial ischemia on each frequency component over an
entire cardiac cycle were analyzed. Sixty-lead epicardial electrograms were recorded before
and after coronary occlusion in 7 dogs. Signal averaging and fast Fourier transform were
performed on the electrograms, and then inverse transform was done for five frequency
ranges. During the entire cardiac cycle, integrations of absolute value of reconstructed
waveform were calculated and displayed as filtered QRST area maps. In addition, root-
mean-square electrograms were calculated from leads in the ischemic region. Myocardial
ischemia significantly diminished the low-frequency (0-25Hz) components only in the
initial QRS, while markedly increased these components in the last half of QRS complex
and ST segment. In contrast, myocardial ischemia significantly decreased both mid- and
high-frequency (25-250Hz) components in the early to middle portion of QRS complex,
whereas markedly increased high-frequency (80-250Hz) potentials in the terminal QRS.
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Introduction

Effects of myocardial ischemia on high frequency
potentials within QRS complex are still controversial.
Time-domain analysis and spectral analysis revealed
reduction of high-frequency energy within QRS
)

complex during acute myocardial ischemia™ or in

patients with previous MI*”. In our previous studies®?,
we also demonstrated that high frequency potentials
within QRS complex were reduced in patients with
previous MI, or in dogs with 4-week-old MI. On the
other hand, several researchers reported that high
frequency components within QRS complex were
increased during acute myocardial ischemia'®, or in

patients with previous MI'". Many researchers”"
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have reported that high frequency potentials were
increased in terminal QRS complex and/or early ST
segment in patients with previous MI, especially in
patients with ventricular tachycardia.

In the previous studies” > *

, epicardial electrogram
in the ischemic region was recorded by a single
bipolar electrode, and epicardial distributions of low-
or high-frequency component are unclear. In addition,
effects of myocardial ischemia on the temporal
distribution of epicardial high-frequency electrogram
are not fully investigated so far. There are few studies
about the spectral analysis of multiple-lead epicardial
electrograms in the condition of acute myocardial
ischemia. For the further assessment of the effects of
ischemia on both high- and low-frequency potentials,
we obtained 60-lead epicardial electrograms directly
from the ischemic region and non-ischemic region.
Then, we performed the spectral analysis of 60-lead
epicardial electrograms obtained during acute

myocardial ischemia. By this technique, we can get
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information about epicardial spatial distribution of
each frequency potential over the entire cardiac cycle.
In addition, we investigated the effect of myocardial
ischemia on the temporal distributions of both high-

and low-frequency potentials.
Methods

Experimental protocol

Seven adult mongrel dogs (weight, 14 to 18kg)
were anesthetized with an intravenous administration
of sodium pentobarbital (30mg/kg body wt.), and
artificially ventilated through a cuffed endotracheal
tube with a constant-volume ventilator. Small
additional doses of pentobarbital were administered as
required during the experiment. The heart was
exposed by a midsternal thoracotomy and suspended
in a pericardial cradle. Sinus node was crushed, and a
bipolar stimulating electrode was attached to the right
atrium. The heart was paced at a cycle length of 428
msec (140beats/min) with 2 msec duration square-
wave stimuli at twice diastolic threshold intensity. A
proximal part of the left anterior descending coronary
artery (LAD) -at the level just distal of its first
diagonal branch was dissected free of epicardium, and
a mechanical occluder was placed around the vessel.

Sixty silver wire unipolar electrodes attached to a
nylon stocking were stretched over the heart for
recording cardiac surface electrograms. The electrode
array had six rows (1 to 6) and ten columns (A through
T) as previously reported in detail elsewhere'®. Each
cardiac surface electrode was referenced to Wilson's
central terminal. All 60-lead electrograms were
recorded simultaneously with a sampling interval of 1
msec using a data recording system (CD-0055,
Chunichi denshi Corp., Nagoya, Japan)* '*'¥,
Epicardial mapping data were sampled for 8 seconds
and transmitted to a personal computer (NEC PC-
9801VX4, Nippon Electric Corp., Tokyo, Japan) > .
Sixty-lead epicardial electrograms were recorded
every 3 minutes for 10 times before coronary
occlusion (control phase), and 1, 3, 5, 7, 10, 15, 30,
45, and 60 minutes after coronary occlusion (ischemic
phase). All experiments were performed in the

laboratory of Yamagata University School of

Medicine.
Analysis of 60-lead epicardial electrograms
Epicardial electrograms were averaged to reduce a
random noise with the personal computer as
previously reported in detail® > "> '”. The averaging
was achieved with the use of a cross-correlation
function in a time domain to reject ectopic beats and
grossly noisy signals. The number of beats averaged
was 18. Root-mean-square (RMS) values of 60-lead

electrograms were determined as follows :

1 N
r@) = ”FZf(t,e)z , Equation 1
e=1

where N means the number of leads, 7 is a sample
point, e is a lead, f (¢, ¢) indicates the amplitude of
epicardial electrogram at sample point ¢ of an e lead,
and » (t) is 60-lead RMS value at sample point 7.
RMS voltage of 60-lead averaged electrograms versus
time curve was plotted to determine visually an onset
and offset of QRS complex and an end of T wave.
The amplitude of ST segment was measured at
40msec after the offset of the QRS complex, and
2.0mV or greater additional ST elevation induced by
myocardial ischemia was considered to be significant.

Baseline correction was performed on the
electrograms of an entire cardiac cycle by
triangulation to ensure that the first and last data
points were isopotential. For analysis with a fast
Fourier transform (FFT), data interval was padded
with zeros for a total of 1,024points. A time series f
(t) representing the averaged electrogram of the entire
cardiac cycle was subjected to a 1,024-point FFT
analysis to produce a frequency series F(w). A
product of F(w) with a frequency response function
H(w) was computed to produce a filtered waveform
G(w) in a frequency domain.

G(w)=F(w) * H(w), where H(w) is given by the

following function, previously reported by Abboud et
a1.1-4, 20)

H(o) =1/ 1+, /0)"){1-(1/ 1+, l0)")},

Equation 2

with W, and Wy being a low and high cut-off

frequency of the filter. We used 5 frequency ranges ;
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(1) 0-25, (2) 25-40, (3) 40-80, (4) 80-150, and (5) 150-
250 Hz. Parameters (m-n) were (1) 1-10, (2) 10-16,
(3) 16-32, (4) 32-60, and (5) 60-100, respectively. A
filtered electrogram g(t) was produced by transforma-
tion (inverse FFT) of the signal G(w) from the
frequency domain back to the time domain.

From the beginning to the end of entire cardiac
cycle, time integration of absolute value of
reconstructed waveform was calculated for each of
the 5 frequency ranges. Epicardial distributions of
these areas were expressed as filtered QRST area
(fQRST) maps (0-25, 25-40, 40-80, 80-150, and 150-
250Hz, respectively).

Individual and group mean fAQRST maps were
plotted. Individual maps were constructed from each
subject's fAQRST values at each lead site. On the
other hand, group mean maps were constructed from
the arithmetic average of the respective fAQRST
values from all dogs at each electrode site. To
delineate the changes in spatial distributions,
difference maps were constructed by subtracting the
mean fAQRST map before coronary occlusion from
that after coronary occlusion. In difference maps,
solid lines represent the area where fAQRST values
were increased after coronary occlusion, while dotted
lines represent the area where fAQRST values were
decreased after coronary occlusion compared to those
before occlusion.

Statistical analysis

Quantitative data were expressed as mean = SEM.
Statistical analysis was performed with the use of a
computer-based statistical software package (SAS :
Statistical Analysis System, SAS Institute Inc., Cary,
N.C., U.S.A)). Analysis of variance (ANOVA) was
employed with SAS general linear model's (GLM)
procedure. A value of p<0.05 was considered

statistically significant.
Results

Figure 1 shows 60-lead epicardial electrograms in a
representative case. Upper panel(A) represents
electrograms just before coronary occlusion, and
lower panel(B) shows electrograms of 10 minutes

after coronary occlusion. Epicardial leads with

significant ST segment elevation were surrounded by
a dashed line. By myocardial ischemia, significant ST
elevation was induced in leads of left ventricular (LV)
anterior wall and apex, corresponding to the territory
of the LAD (Al-6, B1-6, C1-6, D1-6, and E3-6
leads). In this study, the electrodes with significant ST
elevation were defined as ischemic region, and the
other leads without the significant ST elevation were
defined as non-ischemic region.

Significant ST segment elevation was consistently
observed over the LAD-perfused region after
coronary occlusion in all 7 dogs. Figure 2
summarized the sites of epicardial electrodes with
significant ST segment elevation in all cases.

Numerals represent the number of dogs which
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Figure 1 60-lead unipolar epicardial electrograms in a
representative dog.

Panel A shows electrograms of just before coronary occlusion,
and panel B represents electrograms recorded at 10 minutes
after coronary occlusion. Epicardial leads with significant ST
segment elevation were surrounded by dashed lines.
Myocardial ischemia induced significant ST elevation in leads
of left ventricular anterior wall and apex.
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Anterior

Posterior

Figure 2 Sites of epicardial leads with significant ST
elevation in all 7 dogs.

An apical polar projection of ventricles is shown, with left

ventricular apex in center. Numerals represent the number of

dogs which showed significant ST segment elevation at the

lead point after coronary occlusion.

0-25Hz fAQRST
(A) mean (pre)

(B) mean (post)

® max.

(C) difference (post - pre)
O min.

(D) p value

Figure 3 Effect of myocardial ischemia on 0-25 Hz
fAQRST map.

Changes in low frequency potentials by LAD occlusion: mean
maps of just before (panel A) and 10 minutes after coronary
occlusion (panel B), difference map (post - pre) (panel C), and
p value map (pre vs. post) (panel D). Closed circle indicates a
site of maximum and open circle indicates a site of minimum.
The maximum and minimum values are indicated on each map.
In the p value map, the leads where p values were less than
0.05 are surrounded by a dashed line, and 2 dotted lines
indicate the leads where p values were less than 0.01, 0.005,
respectively.

fAQRST : filtered QRST area.

showed significant ST elevation at the lead point. ST
elevation was observed in LV anterior wall and apex
(especially, the leads of Al-3, B1-B6, C1-C6, D1-
D4).

25 - 40 Hz fAQRST
(A) mean (pre)

(B) mean (post)

Figure 4 Effect of ischemia on 25-40 Hz fAQRST map.
The figure shows mean maps of just before (panel A) and 10
minutes after coronary occlusion (panel B), difference map
(post-pre) (panel C), and p value map (pre vs. post) (panel D).

Epicardial distribution of fAQRST values in each
frequency range

Figure 3 illustrates the comparison of 0-25Hz
fAQRST map : mean maps of just before (panel A)
and 10 minutes after coronary occlusion (panel B),
difference map (post-pre) (panel C), and p value map
(pre vs. post) (panel D). Values of fAQRST represent
the overall amplitude of each frequency component in
the entire cardiac cycle at each electrode. Mean
values of 0-25Hz fAQRST were compared statisti-
cally at each lead point by the use of ANOVA with
Scheffe's test. In p value map, the leads with p values
less than 0.05 were surrounded by a dashed line. Two
dotted lines indicate the leads where p values were
less than 0.01 or 0.005, respectively. As shown in the
difference map and p value map (panel C and D), low
frequency (0-25Hz) fAQRST values were increased
significantly in the ischemic region after LAD
occlusion. In contrast, in the non-ischemic region,
there were no significant differences in 0-25Hz
fAQRST values after coronary occlusion.

Figure 4 represents the comparison of 25-40 Hz
fAQRST map : mean maps of just before (panel A)
and 10 minutes after coronary occlusion (panel B),
difference map (post-pre) (panel C), and p value map
(pre vs. post) (panel D). As shown in the difference
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map and p value map (panel C and D), 25-40Hz
fAQRST values were decreased significantly in the
ischemic region after coronary occlusion. However, in
the non-ischemic region, no significant differences
were observed in 25-40Hz fAQRST values after LAD
occlusion.

Figure 5 summarized the effects of acute ischemia
on 40-80, 80-150, and 150-250Hz fAQRST map.
Because the patterns of these mean maps were similar
to those of 25-40Hz fAQRST map, only the
difference and p value maps were displayed in this
figure. In the LAD perfused region, acute myocardial
ischemia caused significant decreases in 40-80, 80-
150, and 150-250Hz fAQRST values. Alternatively,
in the non-ischemic region, no significant differences
were seen in 40-80, 80-150, and 150-250Hz fAQRST
values after coronary occlusion.

Temporal distributions of each frequency com-
ponent

RMS voltage of the epicardial electrogram versus
time curve was plotted according to equation 1 based
on the epicardial electrodes placed in the ischemic
region (RMSi electrogram) or non-ischemic region

(RMSn electrogram). Group mean RMS electrogram

40 - 80 Hz fAQRST
(A) difference (post - pre)

80 - 150 Hz
(C) difference

was constructed from the arithmetic average of the
respective RMS electrograms from all dogs. Figure 6
summarizes the effect of acute ischemia on the RMS
electrogram calculated from the leads only in the
ischemic region. Panel A illustrates the RMSi
electrogram of unfiltered epicardial electrograms, in
which X axis represents a time from QRS onset
determined from the unfiltered electrograms. Panel B
shows the RMSi electrogram of the low frequency (0-
25Hz) range, in which X axis represents a time from
QRS onset determined from the filtered electrograms.
Dotted and solid curves represent the group mean
RMSi electrograms in all dogs just before coronary
occlusion (preRMSi) and 10 minutes after the
occlusion (postRMSi), respectively. Dashed curves
indicate the difference RMSi electrograms (postRMSi-
preRMSi), which were constructed by subtracting the
mean RMSi electrograms before coronary occlusion
(preRMSi) from those after coronary occlusion
(postRMSi). In the difference RMSi electrograms,
positive value represents the time point where RMSi
values were increased after coronary occlusion, while
negative value represents the time point where

fAQRST value were decreased after coronary

150 - 250 Hz

Figure 5 Effect of ischemia on 40-80, 80-150, and 150-250 Hz fAQRST maps.
Only difference map (post-pre), and p value map (pre vs. post) were displayed.
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occlusion compared to those before occlusion. Mean
values of postRMSi were compared statistically line
by line with the mean values of preRMSi by the use
of ANOVA with Scheffe's test. Solid boxes under the
curve indicate the significant difference between the
mean values of postRMSi and preRMSi at that time.
Each step represents p<0.05, p<0.01, and p<0.001,
respectively.

Figure 6A illustrates the effect of ischemia on
signal-averaged nonfiltered RMSi electrogram. After
coronary occlusion, QRS widening accompanied by
the elevation of ST segment was observed. In
addition, the slope of initial QRS complex was less
steep, and the peak R wave amplitude was increased
in the ischemic phase. Figure 6B illustrates effects of
ischemia on low frequency. (0-25Hz) RMSi

(A\) unfiltered

5

RMS:i voltage (mV)

-10_i Al
T T T T 1

T T
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Time from QRS onset (msec)

(B) 0-25 Hz

5 o .
I T T T

T T
0 50 100 150 200 250 300 350
Time from fQRS onset (msec)

Figure 6 Effect of ischemia on RMSi electrograms
calculated from the leads only in the
ischemic region.

Panel A illustrates the RMSi electrogram calculated from

signal-averaged nonfiltered epicardial electrograms, and panel

B shows the RMSi electrogram of low frequency (0-25Hz)

range. Dotted and solid curves represent the mean RMSi

electrograms of just before coronary occlusion (preRMSi) and

10 minutes after occlusion (postRMSi), respectively. Dashed

curves indicate the difference of the mean RMSi electrograms

(postRMSi - preRMSi). Solid boxes under the curve indicate

the significant difference between postRMSi and preRMSi at

that time. Each step represents p<0.05, p<0.01, and p<0.001,
respectively.

RMSI : root-mean-square voltage calculated from the leads in

the ischemic region.

fQRS : filtered QRS complex

electrogram. The pattern of 0-25HzZ RMSi electro-
gram was similar to unfiltered RMSi electrogram.
Low frequency (0-25Hz) components were detectable
throughout the QRS complex, ST segment, and T
wave. Acute myocardial ischemia produced a
significant attenuation of 0-25Hz RMSi voltages in
the early portion of QRS complex (in the area from 7
to 20 msec after QRS onset). On the other hand,
RMSi voltages calculated from the last half of the
QRS complex and early ST segment (in the range
from 35 to 102 msec after QRS onset) were increased
significantly after occlusion.

Figure 7 represents effects of acute ischemia on
mid- and high-frequency RMSi electrograms. Group
mean RMSi electrograms were constructed from an
arithmetic average of the respective fAQRST values
from all dogs. To investigate the changes of RMSi
values especially in the terminal QRS, the reference
point for averaging was set to the offset of the filtered
QRS complex before coronary occlusion. Individual
RMSi electrograms from all dogs were aligned at this
reference point, and averaged together. Because the
QRS duration was slightly different among animals, it
was difficult to assess the changes of voltages in the
terminal QRS, if individual RMSi electrograms from
different dogs were aligned at the point of each QRS
onset.

Figure 7A and B represents the change in mid-
frequency (25-40, and 40-80Hz) RMSi electrograms,
respectively. These frequency components contrib-
uted to the terminal QRS and were also detectable
throughout the QRS complex and early ST segment.
Myocardial ischemia significantly attenuated the mid-
frequency RMSi voltages in the initial to middle
segment of the QRS complex. After LAD occlusion,
mid-frequency RMSi values were increased Aslightly
at the terminal QRS, however these changes were not
statistically significant.

Figures 7C and D represent high-frequency (80-
150, and 150-250Hz) RMSi electrograms, respec-
tively. These high frequency potentials were detected
throughout the QRS complex. Myocardial ischemia
significantly diminished the high-frequency (80-150,
and 150-250Hz) RMSi voltages in the area from an
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Figure 7 Effect of ischemia on the RMSi electrograms
of mid-and high-frequency ranges calculated
from the leads only in the ischemic region.

fQRSpre : filtered QRS complex in the control phase.

early to middle portion of the QRS complex.
Alternatively, myocardial ischemia significantly
increased the high frequency (80-150, and 150-250
Hz) RMSi voltages in the terminal portion of the QRS
complex (Figs. 7C, D). However, no significant
changes were found in RMSn electrograms of all 5
frequency ranges in the non-ischemic region (data not
shown in the figures).

Time course of changes in each frequency com-
ponent

Throughout the entire cardiac cycle, time
integration of RMS electrogram was calculated and
referred to as fAQRST-RMS in this paper. Values of
fAQRST-RMS represent an overall amplitude of each
frequency component in the entire cardiac cycle.
Sixty-lead epicardial electrograms were recorded
every 3 minutes for 10 times prior to coronary
occlusion. There were no significant changes in
fAQRST-RMS values in the control phase (data not
shown in the figure).

Figure 8 illustrates the time course of fAQRST-
RMS values based on leads only in ischemic region
(fAQRST-RMS:i) recorded just before and after LAD
occlusion. Mean values of fAQRST-RMSi after

occlusion were compared statistically with the mean

i
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Figure 8 Time course of fAQRST-RMSi values.

From a beginning to end of entire cardiac cycle, time
integration of RMSi electrogram was calculated and referred to
as fAQRST-RMSi. The figure shows time course of fAQRST-
RMSi values based on leads in the ischemic region recorded
just before and after occlusion. Time scales are the same for all
graphs. Direct lines were drawn between each two adjacent
points.

* 5 p<0.05, ** ; p<0.01, *** ; p<0.001 vs. control by ANOVA
and Dunnett test.

LAD : left anterior descending coronary artery,
fAQRST-RMS:i: filtered QRST area of RMSi electrogram.

values of just before occlusion by the use of ANOVA
and post hoc testing with the Dunnett connection. As
can be seen, low frequency (0-25Hz) fAQRST-RMSi
value was significantly increased after LAD occlusion
(panel A). One minute after occlusion, 0-25Hz
fAQRST-RMSi value was increased moderately, and
it almost reached maximum plateau level about 3
minutes after the occlusion. Mean values of 0-25Hz
fAQRST-RMSi after occlusion showed a gradual
buildup to 300.7% of the control value.

Both mid- and high-frequency (25-40, 40-80, 80-
150, and 150-250Hz) fAQRST-RMSi values were
significantly decreased after LAD occlusion (panel B,
C, D, and E). One minute after occlusion, each
fAQRST-RMSi value was decreased moderately, and
it almost reached minimum plateau level about 3

minutes after the coronary occlusion. Mean values of
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mid- and high-frequency (25-40, 40-80, 80-150, and
150-250Hz) fAQRST-RMSi showed marked de-
creases and reached 56.7, 53.6, 53.9, and 52.1% of

each control value, respectively. In contrast, in the

non-ischemic region, no significant changes were
observed in fAQRST-RMS values of all 5 frequency

ranges (data not shown in figures).
Discussion

Spatial distributions of each frequency component

Mor-Avi and coworkers” recorded epicardial
electrogram from the ischemic region in dogs, and
performed the time-domain analysis on the epicardial
electrogram. They reported that peak-to-peak
amplitude of the high-frequency (150 to 250Hz)
epicardial signals within the QRS complex was
decreased significantly after LAD occlusion. They
also performed frequency domain anlysis” of the
entire QRS complex in epicardial electrograms, and
revealed that the power in the mid- and high-
frequency range (40-150, 150-250Hz) was decreased,
while the power in the low-frequency range (2-40Hz)
was increased after coronary occlusion. However, in
these studies, epicardial electrograms were recorded
with two bipolar electrodes placed in the ischemic left
ventricular region and in the non-ischemic right
ventricle, and the epicardial spatial distribution of
each frequency component is not investigated so far.
In addition, there have been few studies about the
effect of myocardial ischemia on the temporal
distributions of both high- and low-frequency
potentials of epicardial electrogram.

First, we examined the effect of acute myocardial
ischemia upon the epicardial distribution of each
frequency component. In this study, it was
demonstrated that in the ischemic region, overall low-
frequency potentials of the entire cardiac cycle (0-
25Hz fAQRST) were significantly increased after
coronary occlusion (Fig. 3), and acute myocardial
ischemia markedly reduced both mid- and high-
frequency potentials (25-40, 40-80, 80-150, and 150-
250Hz fAQRST) (Figs. 4 and 5). However, in the non-
ischemic region, there were no significant changes in

all the 5 frequency components. Basically, the results

of this study are in general agreement with those
reported by the previous studies"™. They reported that
the power in the range of 2-40Hz was increased after
coronary occlusion®. In contrast, we revealed that in
the ischemic region, the overall low frequency (0-
25Hz) potentials of entire cardiac cycle were
increased after the occlusion, while overall potentials
in the frequency range of 25-40Hz were decreased
after occlusion.

On the other hand, Nichols et al.'” reported that
after coronary ligation, location of the peak high
frequency QRS component was shifted to a site
overlying the ischemic damage, and a secondary site
of increased high frequency QRS component emerged
on the opposite surface, possibly reflecting a
reciprocal effect. The results of their study were
different from that reported in our present study. In
our study, the high frequency QRS component was
reduced in the infarct zone, and a reciprocal effect
was not observed in the non-infarct zone. However
the reason why the results of our study were different
from that reported in their studies is unclear, we
speculate that differences in methodology may cause
the - contrary results. They performed harmonic
analysis of QRS complex and constructed an
isoharmonic map, and reported that high frequency
QRS components were increased relatively in the
ischemic zone. However, in their study, it is unclear
that the high frequency QRS components were
increased absolutely or the proportion of the
components was increased relatively due to the
reduction of the low frequency components. In
contrast, we demonstrated that the high frequency
QRS potentials were decreased absolutely in the
infarct zone. Further studies should be needed to
examine the effect of acute myocardial ischemia on
each frequency component of the QRS complex.
Temporal distributions of each frequency com-
ponent

There have been few studies about changes in
temporal distributions of epicardial high-frequency
QRS potential by acute myocardial ischemia. Mor-
Avi et al.” reported that in the body surface lead, high
frequency (150-250Hz) potentials were reduced in the
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mid portion of QRS complex during LAD occlusion.
However, in their study, changes in temporal
distributions of epicardial high-frequency QRS
potentials are unclear. So, we investigated the effect
of acute ischemia on the temporal distributions of the
low-, mid- and high-frequency epicardial QRS
potentials.

In the present study, acute myocardial ischemia
caused a marked attenuation of low-frequency (0-
25Hz) RMSi voltages only in the early portion of
QRS complex (Fig. 6B). In addition, the slope of
initial QRS complex in the unfiltered electrogram
became less steep in the ischemic phase compared
with that in the control phase (Fig. 6A). It was
suggested that myocardial ischemia caused a reduced
conduction velocity due to a reduced slope of a fast
depolarization phase of the action potential, and then
diminished the low-frequency component in the
initial QRS.

On the other hand, low frequency (0-25Hz) RMSi
voltages calculated from the last half of the QRS
complex and ST segment were increased significantly
after LAD occlusion (Fig. 6B). This finding may
suggest that myocardial ischemia caused the widening
of the QRS complex, the increase in an amplitude of
the peak R wave, and the elevation of the ST
segments (Fig. 6A), and then increased the low-
frequency components in the last half of the QRS
complex and ST segment. It was also revealed that
the overall low-frequency potentials of entire cardiac
cycle (0-25Hz fAQRST-RMSi) were increased after
the occlusion, because the increase in the 0-25Hz
RMSi values in the last half of the QRS complex and
ST segment was larger than the decrease in those in
the initial QRS (Figs. 6 and 8).

In contrast, acute myocardial ischemia significantly
attenuated both the mid- and high-frequency poten-
tials (25-40, 40-80, 80-150, 150-250Hz RMSi
voltages) in the area from the early to middle portion
of the QRS complex (Fig. 7). We speculate that a
reduction in a depolarization rate of the myocardial
cells and a decrease in the conduction velocity as a
result of ischemia caused the reduction of mid- and

high-frequency potentials in the early to middle

portion of the QRS complex. Alternatively,
myocardial ischemia significantly increased the high-
frequency potentials (80-150, 150-250Hz RMSi
voltages) in the terminal portion of the QRS complex.
This finding may reflect the slowed, fractionated
activation wavefronts induced by myocardial
ischemia. It was also demonstrated that the overall
high-frequency potentials of entire cardiac cycles (80-
150, 150-250Hz fAQRST-RMSi) were decreased
after occlusion, because the decrease in the high
frequency component in the early and middle portion
of the QRS complex was larger than the increase in
those in the terminal QRS.
Clinical implications

Clinical importance of high-frequency components
within QRS complex lies in its power to detect
myocardial ischemia. There are several clinical
studies about the high-frequency mid-QRS potentials
in the body surface ECG. High-frequency mid-QRS
potential was increased after successful percutaneous
transluminal coronary angioplasty (PTCA)> > *. In
addition, an increase in the amplitude of the high-
frequency components of the QRS complex occurred
with successful reperfusion following thrombolytic
therapy in acute myocardial infarction™ **. High-
frequency signal-averaged ECG may be helpful in the
noninvasive diagnosis of the effectiveness of these
therapies. The methods and results of the present
study will be wuseful clinically to improve the
diagnostic power to evaluate myocardial ischemia
with body surface signal-averaged ECGs. In the

previous studies™ ***

, overall amplitude of the high
frequency (150-250Hz) potentials throughout the
QRS complex was examined in the bipolar X, Y, and
Z orthogonal ECGs. In the present study, it was
suggested that the reduction of mid- and high-
frequency potentials in the early to middle QRS
complex may reflect the extent of myocardial
ischemia. The measurement of mid-and high-
frequency potentials solely in the early to middle
QRS in the ischemic leads by signal-averaged
standard 12-lead ECG or body surface ECG mapping
system may improve the diagnostic accuracy to detect

the myocardial ischemia. It was also speculated that
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the increase in high-frequency potentials in the
terminal QRS may reflect the risk of malignant
ventricular arrthythmia during acute ischemia. Future
experimental and clinical studies must be needed to
prove the above-mentioned hypothesis. In addition, to
investigate the effects of acute myocardial ischemia
on the body surface distributions and temporal
distributions of each frequency QRS potential, further
clinical studies should be needed.
Conclusions

Acute myocardial ischemia significantly reduced
the low-frequency (0-25Hz) potentials only in the
initial QRS, whereas markedly increased these
components especially in the last half of QRS
complex and ST segment. In contrast, myocardial
ischemia significantly decreased the mid- and high-
frequency (25-250Hz) potentials in the early to
middle portion of the QRS complex, while markedly
increased the high-frequency (80-250Hz) components

in the terminal QRS complex.
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