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Objectives. To test whether acute reperfusion of the infarct-
related vessel afler an acute myocardial infarction is associated
with a subsequent reduction in spontancous ventricular arrhyth.
mias that is independent of ventricular ejection fraction, 1,944
patients from the GISSI-2 study population were studied. The
patients were selected on the basis of a first myocardial infarction
and the availability of two-dimensional echocardiographic ejection
fraction and data on the number of premature ventricular con-
tractions per hour on Holter monitoring.

Background. It has been suggested that postthrombelytic
reperfusion of the culprit vessel may be associated with an
increased electrical stability of the infarcted heart, irrespective of
its residual pump performance.

Methods. The predischarge relation between ejection fraction
and number of premature veatricular contractions per hour was
plotted according to the occurrence (1,309 patients) or not (635
patients) of acute reperfusion, Identified noninvasively according
to the modifications of the ST segment in serial electrocardiograms
obtained in the first 24 h after infavetion.

Results. The frequency of premature ventricular contractions
increased in a linear fashion with decreasing ejection fraction in
both coborts (p < 0.005 and p < 0.0001); hewever, there was no
significant difference between the siopes and the intercepts of the
two regvession lines, so that the relation between ejection fraction
and number of premature ventricular contractions per hour could
be adequately described by a single equation: y (number of
premature ventricular comtractions) = 33.0 — 0.42x (gjection
fraction) (r = -0.107, p < 0.0001). The results were the same
even when differences between group characteristics were ace
counted for in a multiple regression model.

Conclusions. It is concluded that 1) the number of premature
ventricular contractions per hour afier an acute myocardial
infarction is dependent in a linear, inverse fashion on the residuat
ventricular ejection fraction, and 2) this relation is independent of
the occurrence of reperfusion in the acute phase of infarction.

{J Am Coll Cardiol 1994;23:290-5).

Although the extent of necrosis and the condition of the
noninfarcted myocardium (i.e. residual left ventricular func-
tion) should be considered the ultimate determinants of
prognosis in patients after a myocardial infarction, alterna-
tive mechanisms have been propose! to explain the frequent
discrepancies between survival and left ventricular function
data that have been reported in many trials devoted to
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thrombolysis (1). In particular, it has been suggested that
postthrombolytic reperfusion of the infarct-related vessel
may be associated with a decreased incidence of inducible
and spontaneous ventricular arrhythmias that is independent
of ventricular ejection fraction (2). Such a result would
depend on an increased electrical stability of the reperfused
infarcted heart, probably mediated by the reduced incidence
of late potentials, coupled with the more homogeneous ven-
tricular activation provided by a patent culprit vessel (3-5).

However, there is some doubt about the electrophysio-
logic mechanisms involved because restoration of patency
could create a border zone of necrotic and live tissue that
would produce rather than minimize the substrate for ven-
tricular reentry (6-8). Alternatively, the electrical stability
of the heart might be improved through the potentially
beneficial impact of reperfusion on infarct size and ventric-
ular remodeling (9) because chamber dilation would increase
the inducibility of arrhythmias (10). If this were the case,
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then the beneficial ffect of a patent vessel on ventricular
ectopic activity would be merely secondary to the limiting
effects of reperfusion on infarct size and on preservation of
left ventricular function and topography (11,12).

It was the purpose of the present study to test, in the
population of the GISSI-2 trial (13), the hypothesis that
reperfusion of the infarct-related vessel in the acute phase of
a first myocardial infarction is associated, at comparable
levels of ejection fraction, with a predischarge incidence of
premature ventricular contractions that is lower than that in
patients who do not experience reperfusion in the acute
phase. We anticipated 1) that the number of premature
ventricular contractions per hour is dependent in a linear,
inverse fashion on the residual ventricular ejection fraction,
and 2) that this relation is independent of the occurrence of
reperfusion in the acute phase of the illness.

Methods

The design and method of the GISSI-2 trial have been
described in detail elsewhere (13). Briefly, GISSI-2 was a
controlled, multicenter open trial, with central randomiza-
tion and a 2 x 2 factorial design. Half of the patients were
allocated randomly to freatment with strepiokinase (1.5
million U intravenously) and haif to alteplase (100 mg
intravenousiy). Half of the patients were also allocated
randomly to treatment with subcutaneous heparin (12,500 U)
twice daily, starting 12 h after the infusion of the thrombo-
lytic drug (13).

Electrocardiography. A standard 12-lead electrocardio-
gram (ECG) plus leads V;R and VR, recorded at entry and
after 4 h and read centrally by four cardiologists unaware of
the treatment allocation were used to develop noninvasive
criteria for detection of acute reperfusion. In particular, the
difference between the sum of ST segment elevations in the
different leads at randomization and after 4 h was calculated
and the rate of decrease assessed. A percent decrease =50%
was taken to indicate acute reperfusion (14).

Two-dimensional echocardiography. An in-hospital two-
dimensional echocardiographic examination was performed
approximately 2 weeks after admission, with use of paraster-
nal, apical and subcostal views, and images were stored on
videotape. Ejection fraction was computed as usual from
calculated volumes obtained from an apical four-chamber
view using either the area-length method or the modified
Simpson rule. Ejection fraction was computed locally at the
discretion of those centers able to provide confident assess-
ment of this variable using the two chosen methods for
volume caiculation.

Holter monitoring. Predischarge 24-h ambulatory ECG
(Holter) monitoring was performed after washout of anti-
arrhythmic and beta-zdrenergic blocking agents, whenever
this was deemed feasible by the atiending physician. The
Holter recordings were performed and analyzed by each of
the participating centers. Premature ventricular complexes
were quantified according to their mean frequenc® ner hour.

MARINO ET AL. 391

ARRHYTHMIAS, ACUTE REPERFUSION AND PUMP FUNCTION AFTER INFARCTION

Quality comtrol. Central quality control of echocardio-
grams and Holter monitoring was ensured by a staff of
experienced cardiologists who had no knowledge of study
treatments and who checked a randomly selected sample of
~10% of all examinations done by each laboratory. Quality
control was meant to verify the correct assignment of
patients to subgroups according to ejection fraction <35% or
>35% and <10 = 10 premature ventricular contractions/h.
Data concerning the overall proportion of agreement were
adjusted for the agreement predictable by chance alone
{kappa values).

Statistical metheds. Data are expressed as mean value =
I SD. Differences in mean values between patients with and
without reperfusion in the acute phase were assessed by
¢ statistics for unpaired data. Contingency table analysis was
performed for categoric variables. The relation between
number of premature ventricular contractions per hour and
ejection fraction in both groups of patients was evaluated by
linear regression analysis according to the least squares
method. Differences in this relation or between the slopes
and the intercepis of the regression lines for the two groups
of patients were assessed by analysis of covariance and by
¢ statistics for unpaired data. A multiple regression model
was also used to account for the potential contribution of
between-group differences to the final results. A two-sided
p value < 0.05 was considered statistically significant.

Results

Data on predischarge number of premature ventricular
contractions per hour at Holter monitoring and an echocar-
diographic examination were avaiiavle for 5,508 patients
discharged alive from the hospital who had entered the trial
with a first infarction and who could be classified as either
with or without reperfusion in the acute phase of infarction
as assessed by ECG criteria. Of this group only 1,944
patients had an ejection fraction computed according to the
methods reported previously. The clinical characteristics of
this subgroup did not differ in any respect from those of the
rest of the original population considered (Table 1) other
than a slight prevalence of male patients (83.4% vs. 81.0%,
p < 0.05) and an earlier randomization (72.7% vs. 70.2%
enrofled between 0 and 3 h, p < 0.05) for selected patients.

Reperfusion was considered to have been achieved in the
acute phase of infarction in 1,309 (67.3%) of 1,944 patients.
Lack of reperfusion in the acute phase, defined as a percent
decrease <50% in the sum of ST segment elevation, was
detected in 635 patients (32.7%). Clinical characteristics
were similar in patients with and without reperfusion (Table
2), except for the site of myocardial infarction. This site
(defined by the GISSI committee according to previously
described criteria [131) was more frequently anterior in the
cohort without acute reperfusion (49.0% vs. 33.1%, p <
0.02). The thrombolytic drug used also differed significantly
between the two groups. Streptokinase was more frequently
associated with a decrease in the sum of ST segment
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Table 1. Clinical Characteristics of the Selected Pat@ent
Population Relative to the Original Population Considered

Selected Excluded P
(n = 1,944) (n = 3,564) Value
Gender (%) 90
Female 16.6 A
Male 8.4 81.0 <005
Age (%)
=0yr 82.7 81.9 NS
>0 yr 17.3 18.1
Time interval ¢h) from
onset of symptoms
to randomization (%)
0-3 72.7 70.2
>3-6 7.3 2.8 <0.05
Infarct site (%5)
Anterior 38.3 38.6 NS
Other 61.7 61.4 *
Killip suale at
randomization (%)
i 834 83.8
i 14.7 14.5 NS
H+ v 1.9 1.7

p vaiues compare selected versus excluded patients.

elevations =50% than was recombinant tissue-type plasmin-
ogen activator (rt-PA) (52.4% vs. 47.6%, p < 0.001). This
finding, which is surprising in view of the reported higher

Table 2. Clinical Characteristics and Thrombolytic Regimen of the
Selected Patient Population According to Noninvasive Detection
of Acute Reperfusion

Sum ST 250%  Sum ST <50% p
(n = 1,309 (n = 635) Value
Gender (%0)
Female 17.3 15.0 NS
Male 82.7 85.0
Age (%)
=70 yr 83.0 82.1 NS
>0y 17.0 17.9
Time interval (h) from
onset of symptoms
to randomization (6)
0-3 72.4 7S
16 276 2.5 NS
Infarct site (%)
Anterior Bl 40
Other 6.9 51.0 <00
Killip class at
randoniizavion (%)
i 84.4 81.4
({4 139 16.2 NS
I +1v 1.7 24
Thrombolytic drug (55)
SK 52.4 40.0
n-PA 416 0.0 <0
Heparin (%) 514 46.9 NS

p values compare patients with sum of ST segment elevations (Sum ST)
=50% versus patients with sum ST <50%. rt-PA = recombinant tissue-type
plasminogen activator; SK = streptokinase.
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Figure 1. Regression of number of premature ventricular contrac-
tions per hour and ejection fraction in patients with reperfusion (sum
of ST segment elevations [sum ST} = 50%) and in patients without
reperfusion (Sum ST < 50%) in the acute phase of the illness. There
is a significant linear, inverse relation between the two variables in
both groups. However, there is no statisticat difference between the
slopes of the two regression lines by the parallelism test (p = NS,
both by analysis of covariance and ¢ test), and the analysis of
intercepts showed no statistical difference between the two regres-
sion lines. Thus, the relation between number of premature ventric-
wlar contractions per hour and ejection fraction can be adequately
described by a single equation independently of the occurrence of
reperfusion in the acute phase (95% confidence limits [shaded arez]).

recanalization rate of rt-PA at 90 min (15), should be viewed
simply as a snapshot at 4 h of the complex and time-variable
process of postthrombolytic recanalization, in which differ-
ences between the two drugs at 90 min may no longer be
evident at a later assessment (16). There was no difference
between the two groups with regard to the use of heparin
(51.4% vs. 46.9%, p = NS).

Ejection fraction, premature ventricular contractions and
reperfusion. An ejection fraction =35% was present in
10.6% versus 15.3% of patients with and without reperfu-
sion, respectively, in the acute phase (p < 0.01). However,
the incidence of premature ventricular contractions was
comparable between the two groups (=10 premature ven-
tricular contractions’h in 20.2% versus 20.8% of patients
with and without reperfusion, respectively, in the acute
phase [p = NS}). Because different degrees of impairment of
ventricular pump performance could have a bearing on the
number of premature ventricular contractions per hour, we
tested the relation between premature ventricular contrac-
tions and ejection fraction in boih groups (Fig. 1). There was
a significant linear inverse relation between number of
premature ventricular contractions per hour and ejection
fraction both in patients with reperfusion (r = —0.08, p <



JACC Vel. 23, No. 2
February 1994:200-5

Table 3. Multiple Linear Regression Analysis of Number of
Premature Ventricular Contractions per Hour With
Group Characteristics*

¢ P
Coefficiemt SE  Value Value
EF -0.3% 009 -420 < 0.00808
Aged 0.53 0.10 550 < 0.0050
Gender =4.56 289 -1.38 0.12
Infavct site 321 2.23 .44 0.15
Time interval from onset of 0.67 2.32 0.29 0.77
symptoms to randomization
Sum ST =50% 0.14 2.23 0.06 0.95
Killip scale 0.04 287 0.02 0.99
Constant -2.33 850 -0.27 0.78

*Overall regression {r) was 0.17, with F = 8.10, p < 0.00801; the individual
regression coefficients and their respective standard esrors and ¢ and p values
are shown. EF = ejection fraction; MI = myocardial infarction; Sum ST =
sum of ST segment elevations. TExpressed as a continuous variable. p values
compare dependent versus independent variables.

0.005, v [premature ventricular contractionsth] = 28.3 -
0.32x [ejection fraction]) and those without reperfusion
{r = ~0.16, p < 0.0001, y [premature ventricular contrac-
tionsth] = 41.3 — 0.61x [ejection fraction]). There was no
statistical difference, however, between the slopes of the
two regression lines by the paralielism test (p = NS, both by
analysis of covariance and 7 test), and subsequent analysis of
the intercepts revealed no statistical difference between the
two regression lines {p = NS, by both analysis of covariance
and ¢ test). Hence the relation between premature ventricu-
lar contractions and ejection fraction could be adequately
described by a single equation (v [premature ventricular
contractions/h} = 33.0 — 0.42x [ejection fraction], r =
-0.107, p < 0.0061) {(Fip. 1) independently of the cccurrence
of reperfusion in the acute phase.

A multivariate analysis was also performed to test the
role of several independent variables (ejection fraction, age,
gender, killip class, site of myocardial infarction, noninva-
sive detection of reperfusion and time interval from symp-
tom onset to thrombolysis in determining the number of
premature ventricular contractions per hour at predischarge
Holter monitoring (Table 3). Of these variables only ejection
fraction, together with age when considered as a continuous
variable, was significantly correlated with the incidence of
premature ventricular contractions (p < 0.00001 for both).
No significant relation could be detected for the noninvasive
detection of reperfusion (p = 0.95) or for the other variables
(Table 3).

In conclusion, of the paiients with an ejection fraction
=<35%, 30.2% with and 30.9% without reperfusion in the
acute phase experienced =10 premature ventricular contrac-
tions/h at predischarge Holter monitoring. Of patients with
an ejection fraction >35%, 19.0% in both groups experi-
enced =10 premature ventricular contractions/h (p = NS).

Quality contrel. The kappa statistic showed satisfactory
agreement between local and central evaluations. For ejec-
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tion fraction, the overall proportion of agreement was 0.95,
and the coeflicient of agreement was 0.75. For number of
premature ventricular contractions per hour, the overall
proportion of agreement was 0.98, and the coefficient of
agreement was (.94,

Discussion

Although several studies have indeed shown that throm-
bolysis may decrease the incidence of ventricular arrhyth-
mias and the prevalence of other markers of electrical
instability of the infarcted heart (17,18), whether patency of
the infarct-related vessel is in itself responsible for a reduced
arrhythmogenic substrate in the infarcted ventricle is open to
question. Previous studies (2-4,19-21), although largely
supportive of a link between vessel patency and electrical
stability of the heart, have not clearly defined the exact role
of residual topography and pump performance on such
stability and do not clearly distinguish between the impact of
reperfusion on left ventricular snction and on the electro-
physiologic substrate alone. Cur study, derived from the
GISSI-2 data base, represents a further attempt to address
this major topic in a large, randomized trial devoted to
thrombolysis. Although the mean incidence of premature
ventricular contractions, detected at predischarge Holter
monitoring after an acute myocardial infarction, was not
dissimilar in patients with or without carly signs of reperfu-
sion (2.4 + 46.2 vs. 12.0 = 45.8 premature ventricular
contractionsth, respectively, p = NBS), the frequency of
ectopic beats depended in a linear, inverse fashion on the
residual left ventricular pump performance in hoth groups,
with slightly fewer premature ventricular contractions in the
cohort with than without reperfusivn when ejection fraction
was <45% (Fig. 1). However, there was no significant
difference between the slopes of the two regression lines,
suggesting that such a relation would hardly be affected by
the occurrence of acute reperfusion itself. Thus, patency of
the infarci-related vessel would contribute to the improved
electrical stability of the reperfused heart mainly through the
beneficial impact of reperfusion on infarct size, which would
minimize pump damage, rather than by a direct effect on the
electrical stabilization of the infarcted heart.

Pestmyocardial infarction arrhythmias and vemiricular
performance. Alternative explanations for the improved
electrical stability of the reperfused heart must thus be found
in the preservation of ventricular topography and pump
performance. A study by Calkins et al. (10}, in the dog model
of healed myocardial infarction, suggested a link between
ventricular remodeling with chamber dilation and electrical
instability. That study showed a differential volume load~
dependent shortening of refractoriness between normal and
infarct zones of chronically infarcted canine hearts that
increased the inducibility of sustained tachyarrhythmias at
high volume (10). Although the exact mechanism could not
be elucidated, these investigators suggested that the abnor-
mal increase in wall stresses at the border zones of normal
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myocardium next to scar tissue (a phenomenon known as
stress amplification) could play a role in arthythmogenesis,
resulting in some areas of myocardium contracting essen-
tially under isometric conditions that in turn would shorten
relative action potential by contraction-excitation feedback
(10,22). Thus, in postmyocardial infarction patients, arrhyth-
mias could develop in those areas most likely to be subjected
to the greatest mechanical stress during ventricular systole,
putting patients with increased left ventricular volumes and
reduced pump performance at greater risk for arrhythmic
death (10). Early reperfusion, by lessening infarct size, could
counteract this process by hindering the progression of
ventricular volume dilation and the consequent deterioration
in pump function. This would be consistent with previous
data showing that ease of induction of ventricular tachycar-
dia is directly related to infarct size and inversely to ejection
fraction (23,24).

Elimination of residual myocardial ischemia by patency
of the infarct-related artery might be another mechanism
involved, as suggested by results from the Coronary Artery
Surgery Study (CASS) (25). However, patency obtained by
thrombolysis is unlikely to be as efficient in relieving residual
ischemia as is surgical or mechanicai revascularization (26).
Moreover, further analysis from the GISSI-2 data base
suggests that postinfarction angina or positive findings on an
ECG exercise test before hospitai discharge were not pre-
dictive of 6-month mortality in 10,219 patients who under-
went thrombolysis and were treated within 6 h of symptom
onset (27); however, a possible confounding factor could
have been the significant proportion of patients (14.7%) who
by 6 months had undergone either angioplasty or surgical
revascularization.

Study limitations. Several limitations of this study must
be pointed out. Early reperfusion was defined according to
noninvasive criteria, based on =50% a reduction of ST
segment elevation 4 h after thrombolysis, which have been
shown to have a strong, independent power in predicting
in-hospital mortality in the GISSI-2 population (28). Other
groups have adopted similar criteria as noninvasive indica-
tors of reperfusion in the acute phase of myocardial infarc-
tion, comparing the prediction with the results of coronary
angiography performed within 90 min of the start of throm-
bolytic therapy (29). Although we cannot assume that early
patency was maintained at the predischarge study, the
absence of any significant difference between the two groups
in the subsequent regimen with heparin and aspirin suggests
a similar rate of later spontanecus recanalization or reocclu-
sion of the infarct-related vessel or perhaps a higher rate of
reocclusion in patients without reperfusion because of the
more extensive use of rt-PA in this group.

Although ventricular ectopic activity was classified only
according to number of premature ventricular contractions
per hour, without any attempt to define more complex forms
of arrhythmias, we do not think thai our final results were
biased by this oversimplification. According to recent data
from the GISSI-2 data base, there appears to be no real
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prognosiic advantage, in terms of 6-month total or sudden
mortality in stratifying patients according to more complex
criteria that account for the presence of couplets and runs of
nonsustained ventricular tachycardia (30). Also of interest in
our study is the independent positive relation between
number of premature ventricular contractions per hour and
age. Although we cannot exclude the possibility that age
may act as a surrogate for an unmeasured risk factor, such as
the extent of coronary artery disease (31), the documented
association between ventricular arrhythmias and age in this
and previous studies (17,32) suggests a further possible
mechanism for the higher late morbidity and mortality rates
after an acute myocardial infarction found in the elderly in
the GISSI-1 and GISSE-2 trials (27,33).

Finally, it is possible that the functional stratification of
postmyocardial infarction patients according to ejection
fraction could mask the better topography that character-
izes, for a given infarction, the reperfused ventricle (34-36).
However, the strong linear, inverse dependency of ejection
fraction on the extent of regional damage, regardless of the
status of the infarct-related vessel (12,37), substantiates
the prognostic power of this index in the stratification of the
postmyocardial infarction patient, although the additional
significant predictive information provided by the end-
systolic volume should be acknowledged (38).

Conclusions. The number of premature ventricular con-
tractions per hour detected at predischarge Holter monitor-
ing after acute myocardial infarction is dependent in a linear,
inverse fashion on the residual ventricular ejection fraction
assessed by two-dimensional echocardiography before hos-
pital discharge; this relation is independent of the occurrence
of reperfusion in the acute phase of the illness. These data
minimize the role of acute reperfusion itself in improving the
arrhythmogenic substrate in the infarcted heart while stress-
ing its fundamental contribution to an improved electrical
profile that is mainly mediated by its beneficial effect on
pump performance.
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