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Effects of Early Captopril Therapy after Myocardial Infarction on the Incidence

of Late Potentials
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Summary

Background: Late potentials (LP) on signal-averaged elec-
trocardiography (SAECG), recorded 6 to 30 days after an
acute myocardial infarction (AM]I), identify patients at risk
for late arrhythmic events. Angiotensin-converting enzyme
(ACE) inhibitors have been shown to reduce ventricular re-
modeling and cardiovascular mortality after AML

Hypothesis: The aim of this study was to investigate the ef-
fect of early (< 24 h) administration of captopril on the pres-
ence of LP on Days 6-30 after AMI.

Methods: The study included 117 patients with a first AMI;
63 patients (53 men and 10 women, aged 59 + 12 years), 35
with an anterior and 28 with an inferior AMI (44 throm-
bolyzed), received early captopril therapy. The control group
consisted of 54 age-matched patients (39 men and 15 women,
aged 60 + 12 years), 19 with an anterior and 35 with an inferi-
or AMI (31 thrombolyzed, p =NS), who did not receive early
therapy with an ACE inhibitor. The mean left ventricular ejec-
tion fraction was similar in both groups (48 vs. 46%). Time do-
main analysis of SAECG was performed using a band-pass fil-
ter of 40-250 Hz. Late potentials were considered present if
any two of three criteria were met: (1) Filtered QRS duration
(QRSD) > 114 ms, (2) root-mean-square voltage of the last 40
ms of the QRS complex (RMS) < 20 uV, and (3) duration of

Presented in part at the 18th Annual Scientific Sessions of NASPE,
New Orleans, 1997; XIXth European Congress of Cardiology,
Stockholm, 1997

Address for reprints:

Antonis S. Manolis, M.D., FACC, FESC
Professor & Director of Cardiology

41 Kourempana Street

Agios Dimitrios

Athens 173 43, Greece

Received: December 15, 1998
Accepted with revision: May 3, 1999

low amplitude (< 40 uV) signal of the terminal portion of the
QRS (LAS) > 38 ms.

Results: In the two groups of patients there were no differ-
ences in mean values of SAECG parameters. No patient was
receiving any antiarthythmic drugs. In the captopril group LPs
were present in 9 of 63 patients (14%) and in the control group
in 17 of 54 patients (31%) (p=0.046). There was no difference
in the number of patients with a patent infarct-related artery in
the two groups (76 vs. 59%).

Conclusion: Captopril treatment early after an AMI re-
duces the incidence of LPs recorded on Days 6-30 and may
thus favorably affect the arrhythmogenic substrate.

Key words: late potentials, signal-averaged electrocardio-
gram, captopril, arthythmias, angiotensin-converting enzyme
inhibitors

Introduction

Angiotensin-converting enzyme (ACE) inhibitors, added to
standard therapy, favorably influence survival of patients with
an acute myocardial infarction (AMI) and congestive heart
failure or impaired cardiac function.!-2 Their beneficial effects
relate to a reduction in deaths from progressive heart failure
due to the attenuation of both infarct expansion and “remodel-
ing” of the heart.5-% ° Since reduction in sudden death has been
reported in some studies,” ' but not in others, -4 ! it remains
controversial whether the arrhythmogenic substrate is favor-
ably influenced by ACE inhibitors in patients post AMI with
or without left ventricular dysfunction.”-8

The anatomical and electrophysiologic substrate of ven-
tricular late potentials on the signal-averaged electrocardio-
gram (SAECG) appears to be fixed relatively early after an
AMLI, as a marker of electrical instability and potential malig-
nant ventricular reentrant rhythms. 0 1213 However, there is
strong evidence that the prognostic significance of an abnor-
mal SAECG depends on the time of its recording.'*17 Ac-
cordingly, as the late potential activity follows the dynamics
of the AMI evolution, most studies reported lack of prognos-
tic association with very early recordings.!*!¢ In contrast, an
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abnormal SAECG recorded 6 to 30 days and possibly 6 to 14
days after infarction has the highest predictive accuracy for
arrhythmic events in the first postinfarction year.!”

Apart from a substudy of the Cooperative North Scandin-
avian Enalapril Survival Study (CONSENSUS) Il trial of ear-
ly enalapril treatment in AMI, evidence supporting the associ-
ation of a lower incidence of late potentials with the beneficial
impact of ACE inhibition on the remodeling process is lack-
ing.'® Thus, the aim of this prospectively designed study was
to examine whether early captopril treatment, added to stan-
dard therapy in patients with an AMI might influence the ar-
rhythmogenic substrate, as reflected by the presence of late
potentials on the SAECG. Secondary objectives included the
investigation of the effects of captopril on left ventricular func-
tion, as well as the safety of its early administration in patients
with AML

Patients and Methods
Patient Population

Eligible patients were assigned to oral captopril treatment if
they had been admitted to our hospital within 24 h of symp-

tom onset of a first documented AMI (Table I). Patients who
were referred to our hospital later, but within the first postin-

TaBLE I Patients’ demographic and clinical characteristics

farction month, were included in the study as the comparison
group, if they had not received previous ACE inhibitor treat-
ment, based on a decision made by their referring physicians.
All patients admitted to our hospital with an AMI and clinical
evidence of heart failure (pulmonary venous congestion on
chest radiograph and/or auscultatory evidence of a third heart
sound with persistent tachycardia) and/or a depressed (< 0.40)
left ventricular ejection fraction as evaluated by echocardiog-
raphy, received captopril therapy and were included in the
study if this treatment could be started within the first 24 h.
Only patients with a first AMI, as evidenced by new patholog-
ic Q waves on the 12-lead ECG (anterior-lateral and inferior-
posterior) and abnormal cardiac enzymes were included. '
Patients were ineligible if they had atrial fibrillation, bun-
dle-branch block, manifest ventricular preexcitation, long QT
interval, ventricular pacing on the ECG; received digoxin, an-
tiarrhythmic drugs, steroids or anti-inflammatory agents; or
presented with persistent hypotension (< 95 mmHg), serum
creatinine > 2.5mg/dl, or had a history of bilateral stenosis of
the renal arteries or documented allergy to ACE inhibitors.
Conventional adjuvant treatment for both captopril-allocated
and control group patients consisted of beta blockers, nitrates,
diuretics, and oral acetylsalicylic acid. Metoprolol, both alone
or in combination with captopril, was started routinely in all
patients the first day of AMI, unless signs of heart failure were
present. Calcium antagonists were not given during the initial

Captopril group (n=63) Control group (n=54) p Value
Mean age (years) 59+12 60+12 NS
No. of men (%) 53(84) 39(72) NS
Infarct location (%)
Anterolateral (%) 35(55) 19(35) NS
Inferoposterior (%) 28 (44) 35(65) NS
Thrombolysis (%) 44 (70) 30(55) NS
Anterolateral (%) 24 (68) 12(63) NS
Inferoposterior (%) 20(71) 18(51) NS
Peak CK level (U/1) 1932+ 1026 21281127 NS
CHF (%) 17(27) 12(22) NS
Beta blocker (%) 46(73) 42 (78) NS
LVEDVI (ml/m?) 558+24 559+26 NS
LVESVI (ml/m?) 345+33 35.1£3.0 NS
PE/PA 1.2+03 1.1+03 NS
Ejection fraction (%) 485+10 46.1+8 NS
> 40% (%) 49/63 (77) 41/54 (76) NS
Coronary angiography (%) 51(81) 4481) NS
CAD single-vessel (%) 24(47) 17 (38) NS
CAD double-vessel (%) 13(25) 14(31) NS
CAD triple-vessel (%) 14(27) 13(29) NS
Patent IRA (%) 39/51 (76) 26/44 (59) NS

Values are expressed as mean + standard deviation.

Abbreviations: CAD = coronary artery disease, CHF = congestive heart failure, CK = creatine kinase, IRA = infarct-related artery, LVEDVI = left
ventricular end-diastolic volume index, LVESVI = left ventricular end-systolic volume index, NS = not significant, PE/PA = Doppler E- to A-wave

transmitral ratio.
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phase of AMI. Patients initially received a titration dose of
6.25 mg of captopril; this dose was gradually increased, as tol-
erated, to a target total dose of 150 mg daily given in three di-
vided doses.

Diagnostic Procedures

Before hospital discharge, patients were examined by echo-
cardiography using Hewlett-Packard Sonos 1000 (Hewlett-
Packard, Andover, Mass., USA) ultrasound equipment with a
3.5 MHz transducer. End-diastolic and end-systolic left ven-
tricular frames before initial coaptation of the mitral valve
were obtained, and the mean of three consecutive measure-
ments was used to estimate left ventricular end-diastolic vol-
ume index (LVEDVI, ml/m?) and left ventricular end-systolic
volume index (LVESVI], ml/m?) using the body surface area.
Ventricular diastolic dysfunction was reflected by the assess-
ment of the transmitral Doppler E- to A-wave flow; this was
obtained from the apical four-chamber view between the mi-
tral leaflets by using pulsed-wave Doppler echocardiography
to calculate the ratio between early and atrial peak flow veloc-
ities (PE/PA). Planimetric volume measurements of apical left
ventricular 4- and 2- chamber views were analyzed for ejec-
tion fraction calculation, using the disc-summation method
(modified Simpson’s rule).2° Only patients with clear visual-
ization of the endocardium in systole and diastole were en-
tered into the study.

Before discharge, patients underwent an exercise test ac-
cording to the modified Bruce protocol, and those with a pos-
itive exercise test underwent coronary arteriography before
discharge from the hospital. Coronary angiography was also
performed in patients with recurrent angina or any other
standard indication. Patients with > 70% narrowing of the lu-
minal diameter of a major epicardial artery were judged to
have significant disease, and were identified as having sin-
gle-, double-, or triple-vessel coronary artery disease. The in-
farct-related artery was identified on the basis of the location
of the infarction as determined by ECG and/or by the pattern
of regional dysfunction. The infarct-related artery was char-
acterized as patent if it had a normal, TIMI grade 3, antero-
grade flow.2!

Signal-Averaged Electrocardiogram

An SAECG, using the Marquette Case 15 system (Mar-
quette Electronics, Milwaukee, Wisc., USA), was usually per-
formed at hospital discharge, after the sixth postinfarction day
or within the first month after AMI. The standard XYZ bipolar
orthogonal bipolar electrode lead system was used. For time-
domain analysis, the bi-directionally filtered QRS signals were
averaged at frequencies of 40 to 250 Hz as the root mean
square method of X2+Y2+Z2. For each recording, 250 beats
were averaged and accepted only if the noise level was < 0.7
uV. According to the established standards for data acquisition
and analysis of SAECG, using a 40 Hz high-pass bi-direction-
al filter, the following parameters were considered normal: (1)
A filtered QRS duration (QRSD) of < 114 ms, (2) duration of

the terminal filtered QRS signal < 40 uV (LAS) of < 38 ms,
and (3) root-mean-square voltage of the terminal 40 ms of the
filtered QRS complex (RMS) of > 20 uV.22 An SAECG trac-
ing was defined as positive for the presence of late potentials
when two or more of these parameters were abnormal.

Statistical Analysis

Results are presented as mean + standard deviation (SD).
Mean values were compared by using the Student’s #-test.
Comparison of proportions were made with the use of Z-
statistic. A two-tailed p value of <0.05 was considered to in-
dicate a significant difference.

Results
Baseline Evaluation

In all, 117 patients were eligible for enrollment. The base-
line demographic, clinical, electrocardiographic, echocardio-
graphic, and angiographic profile of the 63 patients receiving
captopril therapy and of the 54 patients receiving conventional
treatment alone is presented in Table I. The two groups were
well matched for age and gender and did not differ significant-
ly with respect to clinical characteristics, infarction location,
peak of creatine kinase level, LVEDVI, LVESV], PE/PA, ex-
tent of coronary artery disease, left ventricular ejection frac-
tion, and the adjuvant treatment applied. A similar percentage
of patients in both groups received beta-blocker and throm-
bolytic therapy, and among those having coronary angiogra-
phy, a comparable proportion of patients in each group had a
patent infarct-related artery (Table I).

The Captopril Group

There were 63 patients, 35 (55%) with an anterior and 28
(44%) with an inferior AMI, who received captopril at a mean
dose of 97 + 25 mg daily. On admission, 17 (27%) patients
showed signs of heart failure and 44 (69%) received throm-
bolytic therapy. Adverse events leading to a dose reduction but
not to withdrawal of captopril were seen in four patients.
These included cough in two, hypotension in one, and renal
dysfunction in another case. Coronary angiography was per-
formed in 51 patients (81%): 24 had single-vessel coronary
artery disease, 13 had double-vessel disease, and 14 had triple-
vessel disease; 39 of these (76%) had a patent and 12 (23%)
had an occluded infarct-related artery. No patient underwent
elective coronary angioplasty or coronary bypass surgery be-
fore recording an SAECG.

The Control Group

Of the 54 patients who received conventional treatment, 19
(35%) had an anterior and 35 (65%) an inferior AMI. Twelve
patients (22%) had heart failure and 31 (57%) were treated
with thrombolysis. Coronary angiography was performed
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in 44 patients (81%): 17 had single-vessel disease, 4 had dou-
ble-vessel disease, and 13 had triple-vessel disease; 26 of
these (59%) had a patent and 18 (41%) had an occluded in-
farct-related artery.

Effects of Captopril Treatment on Signal-Averaged
Electrocardiogram

The median time to record the SAECG was 11 days in the
captopril group and 14 days in the control group. There was a
significant difference in the incidence of an abnormal SAECG
between the two groups of patients; in the captopril group, 9 of
63 patients (14%) had evidence of an abnormal SAECG, com-
pared with 17 of the 54 patients (31%) who did not receive
captopril (p=0.046) (Table I). This difference was ascribed to
abeneficial effect of captopril and could not be attributed to ei-
ther a difference in AMI location, number of patients receiving
thrombolysis or having a patent infarct-related artery, or a dif-
ference in left ventricular function in the two groups, as these
parameters were similar in the two groups (Table I).

Of the nine patients with an abnormal SAECG in the capto-
pril group, eight had an increased QRSD of 128 + 8 ms, eight
had an increased LAS of 48 + 8 ms, and seven had a decreased
RMS of 10+ 5 uV. Of the 17 patients in the control group with
an abnormal SAECG, 15 had a prolonged QRSD of 126 + 6
ms, 15 had an increased LAS of 48 + 8 ms, and 14 had a de-
creased RMS of 12 +4 pV. Captopril treatment did not prefer-
entially influence any single SAECG parameter, and there
were no significant differences between the two groups with
respect to the mean values of the individual LP parameters.
However, among those with abnormal SAECG, the individual

TaBLE IT  Signal-averaged electrocardiographic data

QRSD parameter was abnormal in 89% in the captopril group
and in 88% in the control group, and thus was the major con-
tributor in defining positive late potentials.

Among all patients of both groups, thrombolytic therapy
was associated with a reduction trend in the incidence of late
potentials (12 of 74 patients, 16%, vs. 14 of 43 patients, 33%;
p =0.06), but not within each group. However, among those
catheterized there was a clear association between late poten-
tials and patency of the infarct-related artery, with 6 of 65 (9%)
of patients with a patent artery and an abnormal SAECG, com-
pared with 20 of 30 (67%) of patients with an occluded artery
and an abnormal SAECG (p =0.001). This difference was also
significant within each group (8% for patent arteries vs. 50%
for occluded arteries in the captopril group, p=0.004; 12% for
patent vs. 78% for occluded arteries in the control group, p =
0.001). With regard to infarct location, 5 of 54 (9%) of patients
with an anterior AMI had positive late potentials, and 21 of 63
(33%) of patients with an inferior AMI had positive late poten-
tials (p =0.004). A similar difference was apparent in the con-
trol group (11% incidence of late potentials in anterior AMI
vs. 43% in inferior AMI, p = 0.035), but not in the captopril
group (9 vs. 21%, respectively).

There were no statistically significant differences between
the two groups with respect to the total mean values of
SAECG parameters, QRSD, RMS, and LAS (Table IT).

Discussion

Angiotensin-converting enzyme inhibitors have been
shown to reduce mortality after AMI, particularly in patients

Captopril group (n=63) Control group (n=54) p Value

Median days to SAECG 11 (range 6-17) 14 (range 6-28) NS
Total QRS duration (ms) 91.5+8.7 91.8+84 NS
Filtered QRS duration (ms) 1126+114 112.6+10.7 NS
RMS voltage (uV) 33.6+17.3 33.7+21.6 NS
LAS duration (ms) 31.8+124 33.8+12 NS
Abnormal 2 SAECG parameters (%) 9/63 (14) 17/54 (31) 0.046

Anterolateral MI (%) 3/35(9) 2/19(11) NS

Inferoposterior MI (%) 6/28 (21) 15/35(43) NS

Pvalue NS 0.035

Thrombolyzed MI (%) 4/44.(9) 8/30(27) NS

Non-thrombolyzed MI (%) 5/19(26) 9/24 (38) NS

P value NS NS

Patent IRA (%) 3/39(8) 3/26(12) NS

Occluded IRA (%) 6/12(50) 14/18 (78) NS

P value 0.004 0.001

LVEF > 40% (%) 5/49 (8) 15/41 (37) 0.002

LVEF < 40% (%) 4/14 (29) 2/13(15) NS

P value NS NS

Values are means + standard deviation.

Abbreviations: MI = myocardial infarction, SAECG = signal-averaged electrocardiogram, IRA = infarct-related artery, LAS = low-amplitude
signal, LVEF = left ventricular ejection fraction, NS = not significant, RMS = root-mean-square.
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with heart failure or left ventricular dysfunction (ejection frac-
tion < 40%).2-% 19 The issue of administering ACE inhibitors
to all patients with an AMI remains controversial, although it
is conceivable that their beneficial effects on neurohormonal
modulation as well as on cardiovascular structure with attenu-
ation of the remodeling process?3-2% might prolong survival in
every patient after infarction. With regard to the timing of initi-
ation of ACE inhibitor therapy after AMI, all trials in which
oral ACE inhibitors were used early (within 24 h) showed a
benefit in mortality. Only when intravenous therapy was em-
ployed (CONSENSUS 1I trial), no benefit was shown.!!
Angiotensin-converting enzyme inhibitors are also useful in
patients who have recovered from the acute phase of AMI;
they prolong long-term survival in these patients.2 ¢

As in most trials of ACE-inhibitor therapy in patients with
congestive heart failure, the mortality reduction noted with
ACE inhibitors after AMI pertains to all-cause and /or cardiac
mortality in most studies, and there is very limited information
on their effect on arrhythmic mortality. Apart from the cau-
tiously interpreted data from V-HeFT I trial in patients with
heart failure, which showed a benefit of enalapril on sudden
death mortality, there are only the results of the Trandolapril
Cardiac Evaluation (TRACE) study in patients with AMI and
reduced left ventricular function, showing a significant reduc-
tion of arrhythmic mortality with the use of trandolapril.” 8 Of
note, there are also two recent studies which suggested a bene-
ficial effect of captopril on the number of ventricular arrhyth-
mias during the acute phase of AMI, especially in patients
with left ventricular dysfunction.26 27 Thus, apart from the
neurohormonal modulation by ACE inhibitors and the indirect
antiarrhythmic influence that this may incur, there is no clear
evidence of any direct electrophysiologic effects of ACE in-
hibitors on the arthythmogenic substrate. However, based on
the limited data reported in the above few studies regarding po-
tential antiarrhythmic effects of ACE inhibitors, a hypothesis
of their beneficial effect on arthythmogenesis following AMI
might be formulated as based on improved loading conditions,
as well as on potential attenuation of structural changes and
adverse ventricular remodeling.”® This concept of interplay
between ventricular remodeling, arthythmogenesis, and the
use of ACE inhibitors could be indirectly exposed by the pres-
ence of late potentials.

Our data demonstrate that in patients post AMI, early cap-
topril treatment may attenuate the arrhythmogenic substrate,
as evidenced by a lower incidence of late potentials (14%) in
patients who received early captopril therapy, than in those
who did not (31%, p = 0.046). Since captopril treatment
failed to correlate with selective changes of any single LP pa-
rameter, no specific SAECG parameter appears to be useful
in predicting drug efficacy. The probable beneficial effect of
captopril treatment on the electrical stability appears to cor-
relate with slowing global ventricular activation that can be
quantified by the SAECG, attributed to the improved wound
healing response.

Our results are consistent with those of the previously
reported CONSENSUS II subtrial which showed a signifi-
cantly reduced presence of late potentials after early enalapril

treatment, both at discharge and after 3 to 6 months.!8 Taking
it a step further, in our study we considered the effect of
thrombolytic therapy in all patients; this therapy is known to
be associated with a decreased incidence of late potentials
when compared with patients who do not receive thromboly-
sis, attributable to a higher number of patent infarct-related ar-
teries in thrombolyzed patients.?%-3! Indeed, the number of
thrombolyzed patients and the number of patent infarct-relat-
ed arteries were comparable in the two groups, and therefore
this cannot account for the lower incidence of late potentials
in the captopril group. Surely, the overall incidence of late po-
tentials among all patients of both groups was lower in those
with a patent infarct-related artery.

In an important study, late potentials independent of their
primary use as reliable predictors of arrhythmic events were
recorded during the first postinfarction week in patients with
anterior AMI and were also found to serve as determinants of
subsequent ventricular dilatation.32 Thus, late potentials could
be used as a screening test for identifying the patient at risk for
developing cardiac dilatation. Indeed, following the results of
the decreased left ventricular volumes in the ACE-inhibitor-
allocated subgroups of patients from the Survival and Ven-
tricular Enlargement (SAVE) and the Gruppo Italiano per lo
Studio della Sopravvivenza nell’ Infarto Miocardico (GISSI-
3) trials, arecent CONSENSUS II subtrial reported improved
left ventricular wall motion index after 3 to 6 months of
enalapril treatment related to significantly reduced presence
of late potentials.? 333 In our study, the lack of a positive as-
sociation between early post-AMI captopril therapy and de-
creased left ventricular volume and/or improved left ventric-
ular function on discharge, is in agreement with reports
showing a gradual improvement of the dysfunctioning my-
ocardium, if it exists, rather than a short-term effect.? 33-35
Captopril treatment started within 24 h from the onset of
symptoms of AMI has proved to be safe, and it could be con-
tinued over a longer period of time not only in patients with
clinically large AMI and/or current or previous left ventricu-
lar failure, but also in the subset of patients with smaller in-
farcts and positive late potentials, thereby offering possible
protection from left ventricular dysfunction.

A major limitation of our study is the lack of randomiza-
tion of therapy in the two groups, but this may not be ethically
possible any longer in the future in light of recent compelling
evidence in favor of ACE-inhibitor use early after AMI, at
least for patients with heart failure or left ventricular dysfunc-
tion. Despite this limitation, our groups were well matched
for most demographic and clinical parameters. Other poten-
tial criticisms of the present study might concern the timing of
SAECG recording and the limited patient follow-up. How-
ever, most agree that the arthythmogenic substrate related to
late potentials rather stabilizes after Day 6 post AMI and that
few major changes occur after the first month;!” this time pe-
riod was selected for recording an SAECG in our patients. It
is obvious that because of lack of follow-up data, any long-
term effects that captopril might have had on the SAECG
could not be detected in our study.
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Conclusion

The rationale for the use of ACE inhibitors following AMI
is established among patients with low ejection fraction and/or
signs or symptoms of left ventricular dysfunction. Since late
potentials may serve as predictors of both arrhythmic events
and ventricular dilatation, SAECG recording in the patient
post AMI has major potential diagnostic and therapeutic im-
plications. The ability of early captopril treatment after an
AMI to reduce the prevalence of late potentials argues in favor
of expanding the drug’s use in unselected patients with AMI
regardless of left ventricular function status. This will offer
greater protection against the development of an arrhythmo-
genic substrate and possible subsequent cardiac dilatation, and
itis hoped that this will translate into an arrhythmic mortality
reduction. Indeed, the beneficial effect of captopril in the pre-
sent study was apparent in patients with left ventricular ejec-
tion fraction > 40% (8% incidence of late potentials in the cap-
topril group vs. 37% in the control group, p=0.002) (Table II).
Finally, in patients with AMI and positive late potentials, early
or even late captopril therapy might possibly offer some an-
tiarthythmic benefit due to its effect on remodeling, a hypoth-
esis that needs to be explored further in future studies.
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