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Association of ventricular arrhythmias with left
ventricular remodelling after myocardial infarction
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Abstract
Objective-To assess the relation between
ventricular arrhythmias after myocardial
infarction and left ventricular remodel-
ling.
Design-Prospective study with consecu-
tive patients.
Methods-97 patients with acute myocar-
dial infarction underwent serial echocar-
diographic examinations (days 1, 2, 3, and
7, and after 3 weeks) to determine end
diastolic volume, end systolic volume,
and ejection fraction; volumes were nor-
malised for body surface area and
expressed as indices. Holter monitoring
was performed on the day of the final
echocardiogram. Coronary angiography
was performed in 88 patients before hos-
pital discharge.
Results-Complex ventricular arrhyth-
mias (defined as Lown class 3-5) were
found in 16 of 97 patients. In logistic
regression models, variables predictive of
complex ventricular arrhythmias were
end systolic volume index on admission
(b = 0*054, P = 0-015) and end diastolic
volume index after three weeks (b =
0'034, P = 0-012). Complex arrhythmias
were also related to the increase of end
diastolic and end systolic volume indices
throughout the study (F = 5 62, P =
0*046 and F = 6-42, P = 0'017, respec-
tively by MANOVA). A two stage linear
regression model of ventricular volume
versus time from infarct showed that both
intercept (initial volume) and slope (rate
of increase) were higher for patients with
complex arrhythmias in both diastole and
systole (P < 0.001 for all).
Conclusions-Complex ventricular arrhyth-
mias after myocardial infarction are
related to the increase of left ventricular
volume rather than to depressed ejection
fraction. Complex arrhythmias may be an
aetiological factor linking left ventricular
remodelling with higher mortality, but
larger follow up studies of patients with
progressive left ventricular dilatation
after myocardial infarction are necessary
to answer these questions.

(Heart 1997;77:423-427)
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It is well known that both ventricular arrhyth-
mias and left ventricular dysfunction after
myocardial infarction are predictors of poor
prognosis, identifying patients who are at
increased risk of death.' Following acute
myocardial infarction there are complex
changes in ventricular architecture2 in both
infarct and non-infarct zones, a process known
as left ventricular remodelling. A critical
change is that of infarct expansion, in which
disruption of normal myofibrils leads to thin-
ning and dilatation of the necrotic zone. We
have recently shown that left ventricular
dilatation can be detected within hours after
infarction and that it can be prevented by
thrombolytic treatment.3 On the other hand,
several studies' 4 have assessed the relation
between ventricular arrhythmias and left ven-
tricular ejection fraction, with controversial
results; thus the relation between ventricular
arrhythmias and left ventricular remodelling
after myocardial infarction has not been clari-
fied.
The aim of this study was to assess the rela-

tion between ventricular arrhythmias after
myocardial infarction and relevant clinical,
echocardiographic, and angiographic findings
and, particularly, to investigate the association
of ventricular arrhythmias with early left ven-
tricular remodelling, as assessed by serial
echocardiographic examinations.

Methods
STUDY PATIENTS
We prospectively evaluated 97 consecutive
patients with first acute myocardial infarction
who met the following criteria: age 70 years,
chest pain lasting longer than 30 minutes, ST
segment elevation 2 mm at least in two elec-
trocardiographic leads, transient elevation of
creatine kinase and/or MB isoenzyme,
echocardiogram performed within 24 hours of
the onset of pain, and Holter monitoring per-
formed after three weeks.

TREATMENT
Thrombolytic treatment (intravenous strep-
tokinase 1 500 000 units over 30 to 60 min-
utes) was given in 58 patients. The remaining
39 patients did not receive thrombolytic treat-
ment at the discretion of their attending cardi-
ologist, because they were admitted late after
the onset of pain or they had contraindication
for thrombolysis.
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ECHOCARDIOGRAMS
Complete cross sectional and Doppler
echocardiograms were performed within 24
hours of the onset of pain, on days 2, 3, 7, and
after three weeks in order to determine end
diastolic volume, end systolic volume, and
ejection fraction. All examinations were per-

formed with an Acuson 128 machine
(Mountain View, California, USA), using a

2 5 MHz transducer; they were stored on

1 inch VHS videotapes for later analysis. Left
ventricular end diastolic volume, end systolic
volume, and ejection fraction were determined
from apical two and four chamber views using
the Simpson's biplane formula, according to
the recommendations of the American Society
of Echocardiography. Tracing of endocardial
borders in end diastole and end systole was

performed on the Acuson 128 machine in the
technically best cardiac cycle. The volumes
were normalised for body surface area and
expressed as indices. Echocardiographic mea-

surements were performed by a single observer
(ANN) who was blinded to clinical, angio-
graphic, and Holter data.

HOLTER MONITORING
Two channel 24 hour Holter monitoring (Del
Mar, model 152, Irvine, California, USA) was

performed three weeks after infarction (on the
day of the final echocardiogram). Anti-
arrhythmic agents were withheld for 48 hours
before Holter monitoring. Ventricular arrhyth-
mias were classified using the Lown classifica-
tion6 and patients were grouped into those
with simple ventricular arrhythmias (Lown
class 0 to 2) and patients with complex ven-

tricular arrhythmias (Lown class 3 to 5).4

CORONARY ANGIOGRAPHY

Coronary angiography was performed before
hospital discharge in 88 patients and perfusion
of the infarct related artery was assessed using

Table 1 Incidence of ventricular arrhythmias

No of No of PVCsl No of coupletsl No ofNSVTsl
patients 24 h 24h 24 h

Lown class6 (n = 97) (n = 97) (n = 8) (n = 3)

0 (No PVCs) 24 0 - -

1 (Occasional PVCs) 51 62 (121) -

2 (Frequent PVCs; > 30/h) 6 1028 (620) - -

3 (Multiform PVCs) 6 703 (1084) -
4 (Repetitive PVCs) 10 456 (523) 4-3 (4-3) 1-7 (0 6)
5 (Early PVCs) 0 - -

PVC, premature ventricular contraction; NSVT, non-sustained ventricular tachycardia. Values
are expressed as mean (SD).

Table 2 Patient demographics

Total Arrhythmias + Arrhythmias -
(n = 97) (n = 16) (n = 81)

Age, years 54-8 (9 7) 57-3 (6 9) 54-4 (9 3)
Sex 22F/75M 3F/13M 19F/62M
Hypertension 36/97 3/16 33/81
Diabetes 14/97 0/16 14/81
Smoking 54/97 7/16 47/81
Anterior infarct 39/97 8/16 31/81
Killip class > 1 18/97 5/16 13/81
CK level (U/1) 1133 (814) 1709 (1258) 1019 (647)t
Thrombolysis 58/97 11/16 47/81
Patent IRA 46/88 8/14 38/74
Multivessel CAD 40/88 6/14 34/74

Arrhythmias +, patients with complex ventricular arrhythmias; Arrhythmias -, patients without
complex ventricular arrhythmias; CAD, coronary artery disease; CK, peak creatine kinase level;
IRA, infarct related artery. Values for age and CK are expressed as mean (SD).
tP <0-01.

TIMI criteria.7 It was not performed in nine
patients who refused. Significant stenosis was
defined as > 70% stenosis of the major coro-
nary artery. Successful reperfusion, defined as
TIMI grade 3, was achieved in 45 of 88
patients.

STATISTICAL ANALYSIS
To test for differences between patients with
and without complex arrhythmias, we used the
unpaired t test for continuous variables and
the x2 test for categorical variables. Logistic
regression was used to identify variables pre-
dictive of complex ventricular arrhythmias,
and repeated measures analysis of variance
was used to assess the association of left ven-
tricular dilatation with ventricular arrhyth-
mias. To have a more uniform temporal
sampling to observe volume change, time was
expressed as the base-2 logarithm (day 1 = 0,
day 2 = 1, day 21 = 4 34). A two stage linear
regression model that was described previ-
ously3 was therefore used to analyse temporal
changes of left ventricular end diastolic vol-
ume and end systolic volume indices. The vol-
umes of each patient over time were analysed
by a linear regression model with random
intercept and slope. The intercepts and slopes
among patients with and without complex
arrhythmias were then compared using the
Wald test through an overall random effects
model.8

Results
Complex ventricular arrhythmias (Lown class
3 to 5)4 were found in 16 patients (multiform
premature ventricular contractions (PVC) in
six, and repetitive PVC in 10). Among
patients with repetitive PVC, couplets were
detected in eight patients, non-sustained ven-
tricular tachycardia in two patients, and both
arrhythmias in one patient (table 1). In three
patients with non-sustained ventricular tachy-
cardia, there were five episodes of tachycardia,
ranging from four to eight beats.
There was no significant difference in age,

sex, history of hypertension, diabetes or ciga-
rette smoking, infarct location, Killip class, use

Table 3 Predictors of complex ventricular arrhythmias on
admission

Significance

Infarct location P = 0-96
Killip class P = 0-76
Use of thrombolytic treatment P = 0-14
End diastolic volume index on admission P = 0-82
End systolic volume index on admission P = 0-015
Ejection fraction on admission P = 0-38

Table 4 Predictors of complex ventricular arrhythmias at
three weeks

Significance

Infarct location P = 0-77
Killip class P = 0-51
Use of thrombolytic treatment P = 0-15
Patency of the infarct related artery P = 0 30
Extent of coronary artery disease P = 0-92
End diastolic volume index at 3 weeks P = 0-012
End systolic volume index at 3 weeks P = 0-79
Ejection fraction at 3 weeks P = 0-83
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Table 5 Left ventricular volumes in patients with and without complex ventricular
arrhythmias

End diastolic volume index (ml/m2) End systolic volume index (ml/m2)

Arrhythmias + Arrhythmias - Arrhythmias + Arrhythmias -

Day 1 67-6 (4 0) 61-1 (1-4) 40 4 (3-3) 32-7 (1 3)*
Day 2 73 3 (5-1) 62 5 (1 5)t 43-4 (4-2) 33-1 (1 4)t
Day 3 74-0 (5 2) 64-4 (1-7)* 43-7 (4 6) 34 2 (1-6)*
Day 7 75 1 (54) 66 1 (19) 439 (43) 35-8 (17)
Day 21 80 8 (6 3) 67-1 (2 1)* 47 8 (5 3) 35-7 (1-9)*

Arrhythmias +, patients with complex ventricular arrhythmias; Arrhythmias -, patients without
complex ventricular arrhythmias. Values are expressed as mean (SEM).
*P < 005; tP<001.
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Table 6 Temporal analysis of left ventricular volumes in patients with and without
complex ventricular arrhythmias

End diastolic volume index (ml/m2) End systolic volume index (ml/m2)

Arrhythmias + Arrhythmias - Arrhythmias + Arrhythmias -

Intercept 68-7 (3 2) 61 3 (14)t 42 6 (2 9) 32-8 (1-3)t
Slope (Log2 day) 2-8 (0-7) 1 4 (0 3)t 1 6 (0 6) 0 7 (0 3)t

Arrhythmias +, patients with complex ventricular arrhythmias; Arrhythmias -, patients without
complex ventricular arrhythmias. Values are expressed as mean (SEM).
tp < 0 001.

of thrombolysis, patency of the infarct related
artery, and the angiographic extent of coro-
nary artery disease between patients with and
without complex arrhythmias; however, peak
creatine kinase values were higher (P < 0 05)
in patients with complex ventricular arrhyth-
mias (table 2).
When complex ventricular arrhythmias (as a

dependent variable) were entered into the
logistic regression model with infarct location,
Killip class, use of thrombolytic treatment,
end diastolic volume index, end systolic vol-
ume index, and ejection fraction on admission
(as independent variables), the only variable
predictive of complex ventricular arrhythmias
was end systolic volume index (b = 0 054,
P = 0-015) (table 3). Similar findings were
observed after three weeks with the regression
model that included patency of the infarct
related artery and the angiographic extent of
coronary artery disease (table 4): the only vari-
able predictive of ventricular arrhythmias was
end diastolic volume index (b = 0 034, P =
0-012). However, when the same analyses
were performed with any ventricular arrhyth-
mias as a dependent variable, none of the vari-
ables was predictive of arrhythmias.
Comparison of left ventricular volumes

between patients with and without complex
ventricular arrhythmias at each time point
showed significantly higher end diastolic vol-
ume index in patients with arrhythmias on
days 2 and 3 and after three weeks (table 5 and
fig 1); end systolic volume index was also
higher in patients with complex ventricular

Figure 1 Association of
complex ventricular
arrhythmias with end
diastolic volume changes.
Arrhythmias +, patients
with complex ventricular
arrhythmias; Arrhythmias
-, patients without
complex ventricular
arrhythmias; EDVi, end
diastolic volume index.
*P < 0-05; fP < 001.
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Figure 2 Association of complex ventricular arrhythmias
with end systolic volume changes. Arrhythmias +, patients
with complex ventricular arrhythmias; Arrhythmias -,
patients without complex ventricular arrhythmias; ESVi,
end systolic volume index.
*P<0.05; tP<001.

arrhythmias on day 1, 2, and 3 and after three
weeks (table 5 and fig 2).

Assessment of the association of arrhyth-
mias with left ventricular volume changes over
three weeks using repeated measures analysis
of variance showed that in patients with com-
plex ventricular arrhythmias both end diastolic
(fig 1) and end systolic volume indices (fig 2)
were significantly higher throughout the study
period (F = 5-62, P = 0-046 and F = 6-42,
P = 0-017, respectively).
The two stage regression model showed

that both intercept and slope of end diastolic
and end systolic volume indices were signifi-
cantly higher in patients with complex ventric-
ular arrhythmias compared to patients without
complex arrhythmias (table 6).

Discussion
The serial echocardiography performed in this
study has shown that complex ventricular
arrhythmias following myocardial infarction
are associated with early ventricular dilatation.
Patients with arrhythmias had larger ventricular
volume (diastolic and systolic) at initial exami-
nation and a significantly greater increase over
the subsequent three weeks than those without
complex arrhythmias.
The incidence of complex arrhythmias in

this population based series of myocardial
infarction was relatively low, although antiar-
rhythmic treatment was discontinued before
Holter monitoring. This is similar to findings
of Turrito et a19 (21%) and Leor et all'
(13-16%), but in contrast to earlier studies
reporting incidences from 30% to 80%.4
These differences can be attributed to differ-
ent criteria that were used for classification of
complex ventricular arrhythmias. Also, the
lower incidence of arrhythmias in the late hos-
pital phase detected in more recent studies
may reflect improved management of myocar-
dial infarction during the acute phase.
The relation between ventricular arrhyth-

mias in the late hospital phase of acute
myocardial infarction and sudden death after
hospital discharge was well established in mid
1 970s. Subsequent studies have shown that
ventricular arrhythmias are usually associated
with a depressed left ventricular ejection frac-
tion, suggesting the possibility that they are
not an independent prognostic factor.' 11
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Although this issue was extensively investi-
gated, the interplay between ventricular
arrhythmias and left ventricular function after
myocardial infarction has not been clarified
yet. 12
The concept of left ventricular remodelling

after myocardial infarction was introduced
into clinical practice by McKay et al.'3 An early
change in this process is infarct expansion, in
which disruption of normal myofibrils leads to
thinning and dilatation of the necrotic zone.
Histological analyses have shown that thinning
of the infarcted area is the result of disruption
of myofibrils, leading to the decrease of
myocyte number in the infarct zone.14 During
the healing phase, connective tissue cells con-
nect disrupted myofibrils, creating resistance
to further elongation.'5 Expansion occurs
almost exclusively in patients with large trans-
mural infarcts and may be associated with
heart failure, aneurysm formation, or myocar-
dial rupture.'5 Infarct expansion can be
detected by cross sectional echocardiography
as an alteration of left ventricular geometry
resulting from elongation of the non-contrac-
tile region.'6

It has been shown that measurement of the
ejection fraction is not an ideal method for
assessing left ventricular systolic function after
certain therapeutic interventions in patients
with myocardial infarction.'7 Acute myocardial
infarction is associated with akinesis or dyski-
nesis of the infarcted area, which leads to com-
pensatory hyperkinesis of the remaining
segments in order to maintain stroke volume
and ejection fraction. White et al 18 have shown
that although survival is directly related to
ejection fraction, end systolic volume is the
most important predictor of future mortality.

LEFT VENTRICULAR REMODELLING
With these observations in mind, we investi-
gated the relation between left ventricular
remodelling and ventricular arrhythmias. It
appeared that complex ventricular arrhythmias
were indeed related to early left ventricular
dilatation (presumably due to infarct expan-
sion) rather than to a poor ejection fraction.
This was shown by several different analyses
used in this study. With logistic regression
modelling we found that the only variables
predictive of arrhythmias were left ventricular
end diastolic and end systolic volume indices,
either determined on admission or in the late
hospital phase. Repeated measures analysis of
variance has confirmed that complex ventricu-
lar arrhythmias are strongly associated with
the increase of left ventricular volume
throughout the study period. Finally, temporal
analysis has shown that initial volumes were
higher and subsequent end diastolic and end
systolic volume changes more pronounced in
patients with complex ventricular arrhythmias.

Experimental studies'9 have demonstrated
that myocardial stretch can initiate ventricular
arrhythmias and that susceptibility to stretch
induced arrhythmias is enhanced by ventricu-
lar dilatation. Recently, S0gaard et a120 have
assessed the effect of captopril on ventricular
arrhythmias and left ventricular remodelling;

to our knowledge, this is the only study that
has investigated the relation between arrhyth-
mias and ventricular remodelling in a manner
similar to ours. They found that the end dias-
tolic volume index was highly predictive of
arrhythmias, but were not able to show the
same for end systolic volume index. However,
in our study, end systolic volume index on
admission was the best predictor of arrhyth-
mias in the late hospital phase. These findings
may have several important clinical implica-
tions. First, since it has been shown that left
ventricular enlargement after myocardial
infarction is associated with decreased survival
from congestive heart failure2' and that the risk
of death is directly related to left ventricular
size,22 it may be hypothesised that late mortality
in these patients is partly related to complex
arrhythmias, not only to heart failure. Second,
they suggest that determination of left ventric-
ular volume early after myocardial infarction
may predict complex arrhythmias in the late
hospital phase or after hospital discharge.
Third, it may be hypothesised that prevention
of infarct expansion (by establishing the
patency of the infarct related artery23 or by
early use of ACE inhibitors) may prevent not
only left ventricular remodelling, but also
complex ventricular arrhythmias.
Theroux et a124 have shown that patients

with larger infarcts, that is, with more severe
wall motion abnormalities (akinesis or dyski-
nesis), are more likely to have ventricular
arrhythmias than patients with normal wall
motion or hypokinesis; however, creatine
kinase values were not reported in this study.
Our results suggest that infarct size, as
assessed by peak creatine kinase values was
larger in patients with complex ventricular
arrhythmias. These findings indicate again
that large infarcts, leading to infarct expansion
and subsequent ventricular dilatation, are
more likely to be associated with complex ven-
tricular arrhythmias.

STUDY LIMITATIONS
The major limitation of the study is the small
number of patients studied and the small
number of patients with complex ventricular
arrhythmias. It might also be questioned why
Lown class 3 to 5 was used to define complex
ventricular arrhythmias. It was felt that post-
infarct patients with complex arrhythmias are
at increased risk of sudden death and may be
considered for antiarrhythmic treatment,25
which would not be the case for patients with
isolated premature ventricular contractions
(Lown class 1 and 2), no matter how frequent.
Also, since the occurrence of ventricular
arrhythmias after myocardial infarction may
vary from day to day, a single Holter monitor
may not be representative of the true incidence
of arrhythmias; electrophysiological studies
would be likely to have provided more accu-
rate insight into the relation between poten-
tially lethal ventricular arrhythmias and left
ventricular remodelling, but this was not prac-
tical in our study. However, despite these limi-
tations, we believe this large series of
consecutive patients with serial volume data
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makes this study unique in comparison to pre-
vious ones.

CONCLUSIONS
Our study indicates that complex ventricular
arrhythmias after myocardial infarction are
associated with larger infarcts and that they
are related to early left ventricular dilatation
rather than to depressed ejection fraction. This
supports the previous observation that left
ventricular volume is the most powerful prog-
nostic predictor after myocardial infarction. It
appears that complex ventricular arrhythmias
may be an aetiological factor linking left ven-
tricular remodelling with higher mortality.
However, larger follow up studies of patients
with progressive left ventricular dilatation after
myocardial infarction are necessary to answer
these questions.

We thank Eric Topol, MD, FACC for reviewing the manu-
script. This paper was presented in part at the 44th Annual
Scientific Session of the American College of Cardiology, New
Orleans, March 19-22, 1995 and at the 17th Congress of the
European Society of Cardiology, Amsterdam, August 20-24,
1995.
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