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Background: The ventricular late potential (VLP) detected using the technique of signal average
electrocardiography (SAECQ) interacts with several factors, primarily time.

Method: In this study, we examined the interaction, over time, of VLP with the initial ischemic
burden and enzyme levels in acute myocardial infarction. Patients diagnosed as having acute
myocardial infarction were included in the study. On the first day, the patients underwent enzyme
analysis and electrocardiography (ECG) follow-up every 6 hours. A 24-hour ambulatory ECG was
performed on the seventh day in order to determine the ischemic burden. SAECG findings (TQRS,
RMS, LAS) were obtained on the seventh day, in the first and third months. The study was continued
with the patients who did not require angioplasty as decided with angiographic evaluation in the first
month.

Results: The study included 30 patients with acute myocardial infarction (mean age 51 + 12, 28
males and 2 females). The initial mean CK-MB levels and the mean ischemic burden were 98 + 31
U/L and 44 = 96 minutes. The TQRS (ms), LAS (ms), and RMS (uV) values (mean = SD ) obtained
atday 7, month 1, and month 3 are 97 + 12,96 =9, 103 = 11, P=0.01; 31 £ 10,31 + 11,32 *
10, P = 0.46; 43 = 28, 41 * 26, 33 = 25, P = 0.01, respectively. We observed that the TQRS and
RMS values changed significantly with time, but these levels of significance disappeared when
adjusted for the initial ischemic burden and CK-MB levels (P = 0.06; P = 0.53). The VLP frequency
was 33% at day 7 and 23% at month 3. Unlike the CK-MB level, the initial ischemic burden was
significantly different between the patients with and without VLP at month 3 (150.85 * 149.28,
12.34 * 26.48, P = 0.001 ). When tested together with age and gender, it was found that the high
initial ischemic burden increased the possibility of VLP (OR: 24, ClI: 2.09-279.52, P = 0.01 ) at
month 3.

Conclusion: SAECG findings in patients with myocardial infarction changed wita time; however,
this change occurred depending on the initial ischemic burden and CK-MB levels. Of these, only the
initial ischemic burden, especially in high levels, was a determinant for the presence of VLP in the

late period of myocardial infarction.
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The ventricular late potential (VLP}, detected using
signal average electrocardiography (SAECG), is ac-
cepted as one of the major predictors of malign
ventricular tachyarrhythmic events after myocar-
dial infarction (MI}.12 Any impairment and delay
in the integrity of the activation in the site of the

infarct plays an important role in the development
of arrhythmia after MI. SAECG findings are af-
fected by a multitude of factors such as the local-
ization of infarct,® thrombolytic therapy * sex, and
the period after the infarct.5 The relation of these
findings to the ischemic burden and enzyme levels
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in the acute phase have not adequately been ques-
tioned so far. This study aims to investigate the
interaction of the variation of SAECG findings over
time with ischemic burden, CK-MB levels in the
early MI, and to investigate whether the initial
ischemic burden and CK-MB levels have the poten-
tial to predict the presence of VLP in the post-MI at
month 3.

METHODS

Seventy-six patients diagnosed with acute MI in
our clinic were included in the study. The patients
who met at least one of the following criteria were
excluded from the study: Those who underwent
coronary angioplasty, received thrombolytic treat-
ment, those with left and right bundle block, and
those who had ejection fraction below 40%. During
the follow-up, all patients received the same treat-
ment (nitrate, aspirin, beta blocker, and angioten-
sin-converting enzyme inhibitors}. At admission to
hospital, CK-MB measurements were done every 6
hours and the greatest one was recorded; MI (MIj
locations were detected by ECG. On the seventh
day of hospitalization, 24-hour ambulatory ECG
with a derivation of 12 (Rozzin Electronics, Inc.)
were performed in order to determine the ischemic
burden, and the sum in minutes of horizontal or
down sloping ST depressions that continued 80 ms
after the point J and lasted at least 1 mV and 1
minute was accepted as ischemic burden. On the
time-domain SAECG were recorded on the seventh
day of the infarct using arrhythmia research tech-
nology (LP-Pac Q) with standard bipolar orthogo-
nal X, Y, and Z leads filtered bidirectionally be-
tween 40 and 250 Hz signal averaging of > 300
beats was performed so as to achieve a diastolic
noise level of 1 uV. SAECG findings were obtained
in the supine position and after a 15-minute rest.
The presence of VLP was defined as the presence
of two of the following three criteria: (1) filtered
ORS complex > 115 ms; (2) root mean square volt-
age of the last 40 ms of the filtered QRS complex
(RMS) < 20 pV; and (3} duration of low amplitude
signals < 40 wpV in the terminal QRS complex
(LAS) > 38 ms. Angiography for every patient 1
month after the hospital discharge was planned, as
a result of which the study was continued with 30
patients who did not require revascularization.
SAECG was repeated in the first and third (late
period of MI) month after MI. All study patients

Table 1. TORS, LAS, RMS Values Adjusted to
Ischemic Burden and CK-MB

Ist 3rd
7*" Day  Month Month P
TORS(ms) 9712 96=x9 103 =11 0.06
LAS (ms) 3110 31 =11 32+10 0.76
RMS (uV) 4328 41 126 33 +25 0.53

TQRS = filtered QRS duration; RMS = a root mean square
voltage; LAS = low-amplitude signal duration.

were divided into two groups according to criterion
of the presence of VLP at month 3.

Statistical analyses were done with SPSS for
Windows10.0 package program; quantitative data
were expressed as mean value * standard devia-
tion The differences between continuous variables
were tested with General Linear Model-univariate
and repeatedmeasures, comparison of the ratios
with Chi-square test and predictability with logistic
regression analysis. A cut-off value of 27 minutes
for ischemic burden was detected by ROC analysis
(sensitivity: 86%, specificity: 83%) and the values
more than 27 minutes were categorized as high
ischemic burden. As post hoc test, Sidak was used,
and P < 0.05 was accepted as statistically signift-
cant.

RESULTS

Of the 30 patients in the study, 28 were male and
2 were female, their mean age was 51 = 12. Dia-
betes mellitus was present in 4, hypertension in 4,
hyperlipidemia in 22, and smoking habits in 23
patients as the risk factors for coronary artery dis-
ease. Of the patients, 17 had anterior and 13 infe-
rior MI.

The mean maximum CK-MB on the first day was
98 = 31 U/L, and the ischemic burden found at the
Holter examination on the seventh day was 44 =+
96 minutes. Of SAECG findings, obtained on the
seventh day of the infarct, 1 and 3 months after
their hospital discharge, TQRS (97 = 12 ms, 96 = 9
ms, 103 * 11 ms; P = 0.01) and RMS (43 = 28 uV,
41 * 26 pV, 33 = 25 uV; P = 0.01} changed
significantly over time, but these levels of signifi-
cance disappeared when adjusted for ischemic bur-
den and CK-MB values in the early period of MI
(P = 0.06; P = 0.53). SAECG findings are presented
in Table 1.
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Table 2. Basal Clinical Features of Groups With and Without VLP at Month 3

With VLP Without VLP
N: 7 N: 23 P
Age 59 + 13 49 = 12 0.08
Sex

Female 14% 4%

Male 86% 96% 0.41
Hypertension 57% 35% 0.29
Diabetes mellitus 29% 26% 0.62
Smoking habit 57% 83% 0.16
LVEF 58.57 = 14,06 56.26 = 9.28 0.61
CK-MBU/L 113.57 = 33.30 93.39 = 29.89 0.13
Ischemic burden (minute) 150.85 = 149.28 12.34 = 26.48 0.001
TVES 84 = 187 28 * 34 0.17
Inferior Ml 57% 39%

Anterior Ml 43% 61% 0.40

TVES = Total ventricular premature beats; LVEF = left ventricular ejection fraction; Mi =

myocardial infarction.

The basal clinical features of groups with and
without VLP at month 3 are presented in Table 2.
The VLP frequency was 33% at day 7 and 23% at
month 3. VLP, at month 3, was present in six of the
ten patients who had VLP at day 7; and a fresh VLP
developed in one patient at month 3 (P = 0.002}.
Initial CK-MB values were not different between
the groups with and without VLP at month 3
(113.57 £ 33.30, 93.39 £ 29.89, P = 0.139, respec-
tively}, but the initial ischemic burden was signif-
icantly different (150.85 * 149.28, 12.34 * 26.48,
P = 0.001). When adjusted for age and gender, it
was found that the initial ischemic burden in-
creased the possibility of VLP {odds ratio: 1.02,
Confidence interval: 1.00-1.04, P = 0.04 ) at month
3, and that the initial CK-MB levels did not have
any predictive value for the possibility of VLP
(odds ratio: 0.98, Confidence interval: 0.95-1.01,
P = 0.14 } at month 3. When tested by categorizing
as high level, ischemic burden became more pre-
dictive of VLP, giving the high odds ratio of 24
{Confidence interval: 2.09-279.52, P = 0.01).

DISCUSSION

Ventricular late potentials, which have an impor-
tant place in predicting ventricular arrhythmia and
sudden deaths following an MI, occur as a result of
deceleration of the electrical conduction in the vi-
able myocardial cells that have lost their integrity
owing to fibrosis after the infarct.® In the 1-year-
follow-up after the infarct, it was detected that
ventricular late potentials disappeared over time

and this was related to the initial QRS duration,
male sex, and the occurrence of Q waves.” The
variation or disappearance of ventricular late po-
tentials over time can be explained with the reduc-
tion of ischemia due to the development of collat-
erals, and resolution of the stunned myocardium
around the site of infarction.8? It is also reported
that the development of ventricular late potentials
is affected by such factors as thrombolytic therapy,
infarct localization, left ventricular functions and
infarct size, ischemia, and suggested that further
prospective studies considering these factors are
needed to establish the clinical value of SAECG
after MI.1° In the present study, we examined the
interaction, over time, of SAECG findings with the
initial enzyme levels and ischemic burden in acute
MI.

In the current study, despite the decrease in VLP
frequency at month 3, TORS and RMS changed
significantly over time towards the values accepted
as ventricular late potential. However, this level of
significance has disappeared after adjustment for
CK-MB values and ischemic burden. The observed
change between the mean values of TQRS and
RMS and the frequency of VLP, over time, seems
to be a paradoxical case. Since the number of our
study patients was low, we have thought that the
excessive changes in SAECG recordings in several
patients, probably occurring depending on the lev-
els of ischemic burden and CK-MB, lead to this
status. Furthermore, it was found that, unlike
CK-MB levels, the initial ischemic burden has pre-
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dictive potential for VLP in the postmyocardial
infarction at month 3. The relationship between
myocardial ischemia and ventricular late potential
development has been reported so far to be contro-
versial.11'13 It has been detected in several studies
that thrombolytic therapy'#!5 and percutaneous
transluminal coronary angioplasty'® decreased
ventricular late potentials. Ventricular late poten-
tials associated with temporary ischemia arise with
the inflation of the balloon during angioplasty in
patients who had MI.11 While Turitto et al. dem-
onstrated that angina had no effect on ventricular
late potentials,’? Tamura et al. demonstrated that
ischemia lasting long enough to cause dynamic
dysfunction on the ventricular wall in patients
with unstable angina caused the development of
ventricular late potentials.!® In our patients, we
think the ischemic burden detected on the seventh
day was similar to that which they would have
presumably been faced with for 3 months, because
revascularization was not considered to be neces-
sary and their treatment was continued with the
same medication they had at hospital discharge. It
may be assumed that our patients, all having non-
critical coronary lesions, were subjected to a con-
tinual ischemia at the moment of psychological,
physical stress, or potential spasms. Therefore,
with its effects such as, though intermittent, mural
dynamic dysfunction, activation, and deceleration
of conduction in the exposed tissue, the continuity
of the ischemic burden around to initial levels will
affect the findings of SAECG in the postmyocardial
infarction at month 3. The decrease in the fre-
quency of VLP in the postmyocardial infarction at
month 3, on the other hand, could be explained
with the recovery of myocardium over time despite
unfavorable factors such as ischemia.

No study has been done so far directly related to
enzyme levels. The occurrence of greater fibrosis
depending on the size of the necrotic area, and thus
the impairment of the integrity of myocardial cells
leading to the emergence of ventricular late poten-
tials is an expected pathophysiological phenome-
non. According to a study by Ringborn et al., it has
been implied that major necrotic areas, by prolong-
ing ventricular activation, might act as a substrate
in ventricular late potential development.!? In pa-
tients with MI who are not on thrombolytic ther-
apy, the enzyme levels in the acute phase are high
in proportion to the size of the necrotic area.1®
Because higher CK-MB levels mean larger necrotic
areas, ventricular late potential development can

be expected to be related to enzyme levels. In our
study patients, SAECG findings changed over time
depending on initial CK-MB levels. On the other
hand, the decrease in the VLP frequencies at
month 3 may be explained with the recovery of
stunned myocardium, which is accepted as akine-
sis at angiographic evaluation.

After MI, in a series of studies that an abnormal
SAECG it was shown predicted the occurrence of
spontaneous arrhythmic events, with prognostic
significance and a low positive predictive accu-
racy.'?2! In the light of this knowledge, our study
patients, although having preserved left ventricu-
lar function, are faced with an arrhythmic risk,
though low, due to the underlying disease, i.e.,
coronary artery disease. We, too, found that the
number of TVES was high, though it failed to reach
statistical significance, in the patients with VLP.

We found that the overall changes in TQRS and
RMS values occurring with progressing time to-
wards the limit, accepted as ventricular late poten-
tial depended on acute ischemic burden and en-
zyme levels, but LAS was not affected. Thus we
can say that CK-MB level and ischemic burden in
the early phase of MI have an effect on the pro-
gression of VLP in the late period of MI. But it was
detected that only the initial ischemic burden, es-
pecially in high levels, among these has the poten-
tial of prediction about the presence of VLP in the
postmyocardial infarction at month 3. Therefore,
we think that these factors should be taken into
consideration when SAECG findings are assessed
in the late period of MI.
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