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Clinical Importance of Late Potential
in Patients With Angina Pectoris
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Angina pectoris, especially vasospastic angina, is associated with lethal ventricular tachycardia. The
clinical importance of late potential in angina pectoris was assessed in 171 patients with angina-like pain.
Patients were categorized into three groups based on coronary angiography. Patients in the exertional
angina pectoris (AP) group exhibited at least 75% organic stenosis of a major coronary artery after
intracoronary injection of a nitrate drug (82 patients). Patients in the chest pain syndrome (CPS) group had
no significant organic stenosis of the coronary artery and the acetylcholine-loading test produced negative
results (39 patients). Patients in the vasospastic angina (VSA) group had a positive acetylcholine-loading
test (50 patients). When the filtered QRS duration was prolonged to above 130 msec and/or the root-
mean-square voltage in the last 40 msec was below 15 uV in VCM-3000, the late potential was judged to
be positive.

The incidence of late potential was higher in the AP group (23.2%) and the VSA group (38.0%) than in
the CPS group (7.7%) (p<0.05, p<0.01). Comparison of late potential incidence between patients with
coronary vasospasm below 90% (group 1) and patients with above 90% (group 2) induced by the acetyl-
choline-loading test in the VSA group showed more late potential in group 2 than in group 1 (84.2% vs
15.8%). Late potential was present in 19 (23.2%) patients in the AP group, but only 2 (10.5%) had under
90% degree of coronary stenosis and the other 17 (89.5%) had greater than 90% degree of stenosis. Thus,
late potential was mainly observed in patients with severe organic stenosis.

These results suggest that the origin of late potential is associated with inhomogeneous electrical exci-
tation induced by frequent angina attack and the duration of total or near total occlusion. Strict clinical
management is required for patients with VSA or AP associated with late potential.
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INTRODUCTION

Late potential is detected by signal averaged elec-
trocardiography in patients with ventricular
tachycardia'®, and is useful to predict the occur-
rence of this arrhythmia. Previously, we studied the
incidence of late potential in patients with vasospas-
tic angina and found that it was significantly more
frequent in patients with vasospastic angina, espe-
cially in those with severe spasm during the attack,

than in normal controls®. This study examined the
incidence of late potential in patients with angina
pectoris and both vasospasm and organic stenosis of
the coronary artery to assess the clinical importance
of late potential.

METHODS

This study included 171 patients referred to
Dokkyo University Hospital between May 1989 and
September 1994. All patients presented with an-
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Selected abbreviations and acronyms

AP=angina pectoris

CPS =chest pain syndrome

f-QRS =filtered QRS

LP=1late potential

RMS40=root-mean-square voltage for the last 40 msec
VSA =vasospastic angina

Table 1 Clinical characteristics of the three groups

gina-like pain. Patients with myocardial infarction
(abnormal Q wave in the 12-lead electrocardio-
gram), past history of sustained ventricular fibrilla-
tion and tachycardia, carditis, cardiomyopathy, val-
vular heart disease, bundle branch block, atrial fi-
brillation or flutter were excluded.

Patients were categorized into three groups based
on coronary angiography. The angina pectoris (AP)
group contained 82 patients (69 men and 13 women;
mean age [+SD] 59+ 10 years) with at least 75%
organic stenosis of a major coronary artery after
intracoronary injection of nitrate drug. The chest
pain syndrome (CPS) group comprised 39 patients
(23 men and 16 women; mean age [£SD] 53+11
years) with no significant organic stenosis of the
coronary artery and the acetylcholine-loading tests”
produced negative results. The vasospastic angina
(VSA) group was composed of 50 patients (39 men
and 11 women; mean age [+=SD] 56+9 years) in
whom the acetylcholine-loading test produced posi-
tive results. The clinical characteristics are shown in
Table 1. Acetylcholine chloride (Daiichi Seiyaku,
Tokyo, Japan) was dissolved in 0.9% saline (5 ml)
in incremental doses of 25, 50 and 100 ug and in-
jected into the left coronary artery. Left coronary
angiography was performed when the ST-segment
changed and/or chest pain occurred, or 1 to 3 min
after each injection. Acetylcholine in incremental
doses of 25 and 50 ug was injected into the right
coronary artery and a right coronary arteriography
was performed as above. If more than 75% coro-
nary spasm was induced by these procedures, the
acetylcholine-loading test was defined as positive.
Patients with less than 90% coronary vasospasm
were defined as group 1, and patients with more
than 90% coronary vasospasm were defined as
group 2.

After a 24-hour medication wash-out period, sig-
nal averaged electrocardiograms were recorded in
patients at rest in the supine position without chest

CPS group VSA group AP group
Patients (n) 39 50 82
Age (yr) 53+11 56+9 5910
Gender (M:F) 23:16 * 39:11 69:13
*p<0.05.

M=male; F=female.

pain using a vectorcardiograph (VCM-3000,
Fukuda Denshi, Tokyo, Japan). The frequency was
40-300 Hz, and the filtered QRS (f-QRS) waves
were averaged 200 times. The time at which the f-
QRS wave exceeded three times the noise level in
the PQ-segments was defined as the starting point of
the f-QRS wave. The endpoint of the f-QRS wave
was also defined as the point falling below three
times the noise level of the f-QRS wave in the ST-
segment. If the f-QRS duration was over 130 msec
and/or the root-mean-square voltage for the last 40
msec (RMS40) was below 15 uV, late potential was
defined as positive according to Ozawa et al.®)

All calculated data are expressed as mean +=SD.
One-way analysis of variance was performed to de-
termine the statistical significance of differences.
The »? test was used for comparison of discrete vari-
ables. Statistical significance was accepted at the
95% confidence level.

RESULTS

Degree of coronary stenosis

Coronary organic stenosis was greater than 90%
by coronary angiography in 54 of the 82 patients in
the AP group. Group 1 contained 23 patients and
group 2 contained 27 patients in the VSA group.

Comparison of RMS40 and f-QRS between
the chest pain, vasospastic angina and angina
pectoris groups

The RMS40 and f-QRS are shown for one patient
in the CPS group and one patient in the VSA group
2 in Fig. 1.

RMS40 was smaller in the AP and the VSA
groups than in the CPS group (25.1+11.7, 22.3%
13.3 and 26.6 9.7 uV, respectively), but not statis-
tically significant (Fig. 2). f-QRS was significantly
longer in the VSA and the AP groups than in the
CPS group (114.2+14.5,113.6+11.0 and 109.0*
6.9 msec, p<0.05, respectively; Fig. 3).
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Fig. 1 RMS40 and f-QRS in one patient of the CPS group (/eft) and one patient of the VSA group 2 (right)
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Fig.2 Root-mean-square voltage for the last 40 msec

Incidence of late potential in the three groups

The incidence of late potential was significantly
higher in the VSA group (38.0%) and the AP group
(23.2%) than in the CPS group (7.7 %) () test, p<
0.01, p<0.05, respectively; Fig. 4). Although the
incidence of late potential was not significantly dif-
ferent between the VSA group and the AP group, it
tended to be higher in the VSA group (p=0.07,
NS).

Relationship between degree of coronary va-
sospasm and incidence of late potential in the
vasospastic angina group

Late potential was positive in 19 patients in the
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VSA group. Three of these patients (15.8 %) were in
group 1 and 16 patients (84.2%) in group 2. The
incidence of late potential in group 2 with severe
coronary vasospasm was higher than in group 1
(Fig. 5).

Relationship between degree of coronary or-

ganic stenosis and incidence of late potential in

the angina pectoris group

Late potential was positive in 19 patients in the
AP group. Two of these patients (10.5%) had less
than 90% coronary stenosis and 17 patients
(89.5%) had more than 90% coronary stenosis.
Thus, the incidence of late potential was higher in
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Fig.4 Incidence of late potential in the three groups
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Fig. 5 Relationship between degree of coronary vasospasm and inci-
dence of late potential in the VSA group

Group 1 : more than 75 to 90% coronary stenosis due to va-
sospasm.
Group 2 : more than 90% coronary stenosis due to vasospasm.

patients with severe organic stenosis than in patients
with moderate stenosis (Fig. 6).

DISCUSSION

Several reports have indicated that late potential
is useful to predict the occurrence of fatal ventricu-
lar tachycardia and sudden death in patients with
ischemic heart disease, especially in patients with
old myocardial infarction®'". Further, fatal ven-
tricular arrhythmia, such as ventricular tachycardia,
frequently occurs in patients with vasospastic an-
gina'>'® However, few studies of the relationship
between late potential and vasospastic angina have
been reported. Recently, we studied the relationship
between vasospastic angina and late potential and
found that late potential was frequently observed in

Below 90%
2/19
(10.5%)

~ More than 90% ,
‘ 17/19
(89.5%)

Fig. 6 Relationship between degree of coronary organic stenosis and
incidence of late potential in the AP group

Below 90% : <90% coronary stenosis.
More than 90% : =90% coronary stenosis.

patients with vasospastic angina who had severe
coronary vasospasm induced by the acetylcholine-
loading test”. Therefore, we suggest that myocar-
dial injury or electrical inhomogeneity of the activa-
tion process might occur due to the recurrent myo-
cardial ischemia induced by severe coronary vaso-
spasm.

In this study, we examined the incidence of late
potential in patients with angina pectoris and both
vasospasm and organic stenosis in the coronary ar-
tery. Late potential was frequently observed in pa-
tients with vasospastic angina who had more than
90% coronary vasospasm induced by the acetylcho-
line-loading test in our previous study”. Late poten-
tial may also be related to organic stenosis in pa-
tients with angina pectoris. The incidence of late
potential was higher in both the AP and the VSA
groups than in the CPS group in this study. The inci-
dence of late potential in the CPS group in this study
was almost the same as that reported in normal sub-
jects"!"18 Thus, the incidences of late potential in
the AP and the VSA groups in this study were obvi-
ously high. Moreover, patients with more than 90 %
vasospastic stenosis induced by the acetylcholine-
loading test in the VSA group and more than 90%
stenosis due to organic lesion in the AP group had
higher incidences of late potential.

The high incidence of late potential may be
caused by myocardial damage produced by recur-
rent transient myocardial ischemia. Slow conduc-
tion due to myocardial injury induced by recurrent
myocardial ischemia is a possible mechanism.
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Miura'? also reported that recurrent coronary occlu-
sion induced accumulative metabolic myocardial
damage. Clinically, Nakajima et al.?® reported that
such myocardial damage could be detected by io-
dine-123-betamethyl-p-iodophenyl-pentadecanoic
acid in patients with vasospastic angina. The inci-
dence of late potential was higher in the AP and the
VSA groups than in the CPS group, but not signifi-
cantly different between the AP and the VSA
groups. Different grades of myocardial damage due
to the mechanism of occurrence and duration of
myocardial ischemia may exist between the AP
group and the VSA group.

Myocardial blood flow remained constant with-
out vasospastic attack in the VSA group, but total
occlusion occurs suddenly during vasospastic attack
and the duration of total or near total occlusion may
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be longer than effort angina. In contrast, chronic
ischemia induced by organic coronary stenosis is
always present in the AP group. Recurrent transient
short time myocardial ischemia may occur fre-
quently in the AP group compared to the VSA
group. Therefore, the adaptation for myocardial
ischemia in terms of preconditioning reported by
Murry et al.?” might be progressive in the AP group
compared to the VSA group, so slow conduction
based on late potential would tend to occur, espe-
cially in the VSA group. Further studies are neces-
sary to evaluate these explanations.

We conclude that patients with vasospastic an-
gina or angina who have organic stenosis with late
potential suffer severe vasospasm during the attack,
so strict clinical management is required in these
patients.

BROEICE T 3 0 EEBEEMDOERKNESS
e ¥ W %k wINOB K EHE O RE #g

WAMERE 2B 5 BIEE ML (late potential) DERRIIE TR ¥ 5T L 72, SRS OERFIER %
HT 5171 61T, BEREF DB & U acetylcholine BFRERIC L 1, EEHEMESELEEE 50 6 &E
SRR, MRIERE 39 B (RFBERE) B L MR OER: 82 6l BR/UERE) o8 L. 772
FEFH VCM-3000 % iV CEIEBMOBEIE F1To 7.

BIEEMPFERIIBEER (7.7%) I L, ERERE (38.0%), P OERH 232%) IcBWTEH
BEIIED o7z (2 test, p<0.01, p<0.05). EEHEH CTRBEEMBEELR L7 19 B 16 1 (84.2
%) I3EEBRERELRDLETH o2, FEFHICBNTY, BEEMBEEERLZZ 1961
H 17 51 (89.5%) 12 90% LL EDBEERESITH o 72, LHEEREDO LR WIRIEICBVTY, &
FEDREH X 72 3B MR LR TES CREBEBMGHEEIFVI L2 5, IREDERT
&, A5 PDLEHIEEREDFEEITREINS.

BB G M2 R T HOEES I EEDOREN I /2138 RE RO 8EIE L, BE
FEELZHIEHPLELEZONS.
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