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Abstract
Objective—To examine the relation be-
tween patterns of ventricular remodelling
and haemodynamic and neurohormonal
variables, at rest and during symptom
limited exercise, in the year following
acute myocardial infarction in patients
not receiving angiotensin converting en-
zyme (ACE) inhibitors.
Design—A prospective observational
study.
Patients—65 patients recruited following
hospital admission with a transmural
anterior myocardial infarction.
Methods—Central haemodynamics and
neurohormonal activation at rest and
during symptom limited treadmill exer-
cise were measured at baseline before
hospital discharge, one month later, and
at three monthly intervals thereafter.
Patients were classified according to indi-
vidual patterns of change in left ventricu-
lar end diastolic volumes at rest, assessed
at each visit using transthoracic echo-
cardiography.
Results—In most patients (n = 43, 66%)
ventricular volumes were unchanged or
reduced. Mean (SEM) treadmill exercise
capacity and peak exercise cardiac index
increased at month 12 by 200 (24) seconds
(p < 0.001 v baseline) and by 0.8 (0.4)
l/min/m2 (p<0.05 v baseline), respectively,
in this group. In patients with limited ven-
tricular dilatation (n = 11, 17%) exercise
capacity increased by 259 (52) seconds
(p < 0.001 v baseline) and peak exercise
cardiac index improved by 0.8 (0.7)
l/min/m2 (NS). In the remaining 11 pa-
tients with progressive left ventricular
dilatation, exercise capacity increased by
308 (53) seconds (p< 0.001 v baseline) and
peak exercise cardiac index similarly
improved by 1.3 (0.7) l/min/m2 (NS).
There were trends towards increased
atrial natriuretic factor (ANF) secretion
at rest and at peak exercise in this group.
Conclusions—Ventricular dilatation after
acute myocardial infarction is a heteroge-
neous process that is progressive in only a
minority of patients. Compensatory
mechanisms, including ANF release, ap-
pear capable of maintaining and improv-
ing exercise capacity in most patients for
at least 12 months, even in those with a
progressive increase in ventricular size.
(Heart 1999;81:33–39)
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Left ventricular volume is a powerful predictor
of survival in patients with ischaemic heart
disease.1 2 Changes in ventricular function and
geometry (“ventricular remodelling”) follow-
ing acute myocardial infarction are heterogene-
ous and poorly understood. Early dilatation of
the left ventricle appears compensatory but
when this process is progressive ventricular
impairment often occurs.3–5 There are few long
term studies of the changes in ventricular
volume following myocardial infarction and
thus the timing of the underlying pathophysi-
ological mechanisms remain unclear. Altera-
tions in the haemodynamic and neurohormo-
nal indices that are known to occur after acute
myocardial infarction are likely to be contribu-
tory factors.

The haemodynamic consequences of ven-
tricular dilatation at rest have been investigated
in previous studies. However, resting haemody-
namic variables are poor predictors of exercise
capacity.6 The impact of ventricular remodel-
ling on haemodynamics during symptom
limited maximum exercise testing has not been
assessed. The significance of long term neuro-
hormonal activation in relation to ventricular
remodelling is unknown. In the early phase fol-
lowing acute myocardial infarction, neurohor-
monal activation is likely to be compensatory
but appears to be deleterious when prolonged.7

Increases in plasma catecholamines, renin
activity, and atrial natriuretic factor (ANF)
after myocardial infarction are all associated
with a poor prognosis.8–10 We have previously
shown that measuring neuroendocrine indices
during exercise after myocardial infarction
gives additional information to measurements
obtained at rest.11

In this study we examined the relation
between patterns of ventricular remodelling and
haemodynamic and neurohormonal indices at
rest and during symptom limited exercise in the
year following acute myocardial infarction.

Methods
PATIENTS

Sixty five patients (five female, 60 male)
entered the study following their first transmu-
ral anterior myocardial infarction. Their mean
age was 64 years (range 39 to 74). Patients over
the age of 75 years were excluded. Baseline
studies were performed a mean (SEM) of 13
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(2) days after admission. Patients were reas-
sessed one, three, six, and 12 months after the
baseline study. Myocardial infarction was
defined by an episode of chest pain associated
with the development of Q waves on the ECG,
and a rise in the plasma creatine kinase to more
than twice the upper limit of normal for our
laboratory (normal range 25 to 200 IU/l).
Creatine kinase was recorded daily for three
days from admission, and the highest value
noted. Patients with severe heart failure or
ongoing ischaemia (defined as anginal pain on
exertion resulting in termination of exercise
testing owing to symptoms or ECG changes)
were excluded.

Drug treatment at baseline was prescribed
independently, at the discretion of the admit-
ting consultant physician responsible for the
patient. All patients were also participating in a
double blind, placebo controlled trial of the
eVects of flosequinan in patients following
myocardial infarction. Drug treatment pre-
scribed at entry comprised â blockers (timolol,
n = 24; atenolol, n = 6) and diuretics (n = 15),
up to 80 mg of frusemide (or equivalent). Diu-
retics and â blockers were not prescribed con-
currently. â Blockers were prescribed for
routine postinfarction prophylaxis or pre-
existing hypertension. Patients taking angio-
tensin converting enzyme (ACE) inhibitors or
nitrates were excluded, as studies published

around the time this study began had shown
that these drugs may influence ventricular
remodelling.12 13 The onset of this study
predated studies showing the beneficial eVects
of ACE inhibitors on mortality after myocar-
dial infarction.14–18 Patients taking other vaso-
active treatment for persisting ischaemia or
heart failure were excluded.

ECHOCARDIOGRAPHIC STUDIES

Measurements of left ventricular volumes were
assessed using cross sectional echocardio-
graphy. Echocardiograms were recorded at
each visit immediately before exercise assess-
ment and recorded on super VHS tape for later
analysis. Patient angulation, transducer posi-
tion, and respiratory phase were noted at base-
line, and every attempt was made to reproduce
these during subsequent follow up assess-
ments. To minimise variability, echocardio-
grams were recorded and analysed for each
patient by the same operator at each visit.

Analyses of the images were performed using
a computer assisted, video overlay, echocardio-
graphic analysis system (Thoraxcenter, Eras-
mus University, Rotterdam, the Netherlands).
An apical four chamber view was used for
imaging and a modified Simpson’s single plane
disc method for analysis. End diastolic and end
systolic frames were selected and the endocar-
dial outline of each traced with a digitising pad.
End diastole was defined as the first frame after
the start of the QRS complex and end systole as
the frame immediately preceding mitral valve
opening. The mean of three consecutive
cardiac cycles was taken from each
examination.12 Left ventricular end diastolic
volume index (LVEDVI) and end systolic index
(LVESVI) were derived by using the body sur-
face area measured at each visit.

DEFINITIONS

Patients were classified according to individual
patterns of change in LVEDVI and LVESVI
over the 12 month period. Normal ranges
within our laboratory were determined from 38
age matched controls. Mean (SEM) values for
LVEDVI were 71.8 (2.7) ml/m2 and for
LVESVI, 39.3 (2.3) ml/m2. The coeYcient of
repeatability determined from 16 control
subjects having repeated echocardiograms at
least one week apart for LVEDVI was 16.4
ml/m2 and for LVESVI, 13.2 ml/m2.

Increases in LVEDVI were defined as an
increase that was greater than the mean
LVEDVI of the control subjects plus the
coeYcient of repeatability—that is, 88.2 ml/m2.
Increased LVESVI was defined as an increase
in LVESVI greater than the mean LVESVI of
the control subjects plus the coeYcient of
repeatability—that is, 52.5 ml/m2. “Progressive
dilatation” was defined as an increase in
LVEDVI greater than the coeYcient of repeat-
ability (16.4 ml/m2) with an additional increase
greater than the coeYcient of repeatability on a
subsequent occasion. Limited dilatation was
defined as an initial end diastolic volume
increase greater than 16.4 ml/m2 at month 1,
but no additional increase thereafter. “No dila-
tation” was defined as no increase in LVEDVI

Table 1 Demographic data for patients at baseline

No dilatation
(n = 43)

Limited dilatation
(n = 11)

Progressive
dilatation (n = 11)

Age (years) 64 (3) 65 (2) 64 (2)
Sex (M:F) 41:2 11:0 8:3
BSA (m2) 2.0 (0.5) 1.92 (0.4) 1.96 (0.6)
Peak CK (IU/l) 4107 (234) 4121 (200) 4192 (200)
Thrombolysis (n) 35 (81%) 10 (91%) 8 (73%)
Diuretic (n) 11 (26) 2 (18) 2 (18)
Flosequinan (n) 20 (47) 6 (54) 6 (54)
â Blocker (n) 21 (49%) 8 (73%) 5 (45%)
Exercise time (s) 1014 (35) 1040 (73) 834 (64)

Values are mean (SEM) unless specified otherwise.
BSA, body surface area; CK, creatinine kinase.

Table 2 Reasons for patients failing to enter study

No
dilatation

Limited
dilatation

Progressive
dilatation

Angina 1 0 0
Non-compliance 3 0 0
Other illness 0 0 1
Medication change 5 0 1

Table 3 Baseline and changes from baseline in left ventricular volume

No dilatation
(n = 43)

Limited dilatation
(n = 11)

Progressive
dilatation (n = 11)

Baseline LVEDVI (ml/m2) 94.3 (4.8) 83.2 (9.5) 81.4 (7.7)
Ä LVEDVI (ml/m2)

Month 1 −19.2 (4.3)*** 26.8 (8.6)** 3.6 (8.6)
Month 3 −20.5 (4.3)*** 16.0 (8.6) 9.6 (8.6)
Month 6 −18.0 (4.3)*** 9.6 (8.6) 37 (8.6)***
Month 12 −22.1 (4.6)*** −13.7 (8.8) 36.3 (9.0)***

Baseline LVESVI (ml/m2) 62.8 (3.6) 54.1 (6.4) 53.7 (6.3)
Ä LVESVI (ml/m2)

Month 1 −14.1 (3.4)*** 18.1 (6.8)** 5.0 (6.8)
Month 3 −15.4 (3.4)*** 11.6 (6.8) 10.2 (6.8)
Month 6 −11.9 (3.4)*** 7.1 (6.8) 38.4 (6.8)***
Month 12 −13.7 (3.6)*** −8.4 (6.9) 26.3 (7.1)***

Values are mean (SEM).
**p < 0.01; ***p < 0.001 v baseline.
LVEDVI, left ventricular end diastolic volume index; LVESVI, left ventricular endsystolic volume
index.
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of more than 16.4 ml/m2 at any time from
baseline. Increases and changes in LVESVI
were defined in a similar way.

EXERCISE STUDIES

At the start of the study patients underwent
repeated exercise testing until two consecutive

symptom limited exercise times did not in-
crease by more than 5%. Patients were
reassessed one month from baseline and at
three monthly intervals thereafter. Measure-
ments were made after an overnight fast for
morning visits, or after a light early breakfast
for afternoon visits in a temperature controlled
laboratory (24–25°C). All patients completed a
symptom limited exercise test with a modified
Bruce protocol.19 Respiratory gases were con-
tinually monitored using a mass spectrometer
(VG Medicals, Cheshire, UK) as previously
reported.20

CENTRAL HAEMODYNAMICS

Cardiac index was measured at rest and during
exercise by an indirect Fick principle; carbon
dioxide was used as the indicator and respira-
tory gases were continually monitored with the
mass spectrometer.20 Carbon dioxide produc-
tion was calculated from the minute ventilation
and mixed expired carbon dioxide concentra-
tion. The partial pressure of carbon dioxide in
pulmonary venous blood was derived from end
tidal carbon dioxide concentration, and the
partial pressure in mixed venous blood was
measured after a rebreathing manoeuvre.
These three variables were then used to solve
the Fick equation. The coeYcient of repeat-
ability of cardiac index in this group of patients
at rest and during exercise was 0.8 ml/min/m2

and 2.1 l/min/m2 respectively.
Heart rate was measured by continuous

electrocardiography. Mean arterial pressure
and vascular resistance were calculated from
standard formulae using blood pressure read-
ings measured by auscultation with a sphyg-
momanometer.

NEUROHORMONE STUDIES

Measurements of resting neuroendocrine vari-
ables were made with the subject standing
before exercise, from an intravenous cannula

Figure 1 Individual change in left ventricular end
diastolic volume following myocardial infarction.

Figure 2 Changes in mean ventricular volumes after
myocardial infarction. LVEDVI, left ventricular end diastolic
volume index; LVESVI, left ventricular end systolic volume
index. **p < 0.01; ***p < 0.001 v baseline.
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Figure 3 Change in mean exercise time from baseline after
myocardial infarction. ***p < 0.001 v baseline.
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inserted in the antecubital fossa. After the dead
space of the cannula had been discarded, 25 ml
of blood were withdrawn for the assays of
plasma renin activity (PRA),ANF,and the cate-
cholamines noradrenaline and adrenaline.

Samples were similarly obtained immediately
on completion of exercise and analysed using
radioimmunoassay systems and high perform-
ance liquid chromatography with electro-
chemical detection, as previously reported.11

Table 4 Haemodynamic variables and neurohormonal measurements at baseline

No dilatation (n = 43) Limited dilatation (n = 11) Progressive dilatation (n = 11)

Rest Exercise Rest Exercise Rest Exercise

Heart rate (beats/min) 69 (3) 109 (4)) 61 (4) 113 (7) 72 (4) 111 (7)
MAP (mm Hg) 97 (2) 104 (2) 99 (4) 107 (5) 99 (3) 112 (6)
Cardiac index (l/min/m2) 2.35 (0.1) 6.5 (0.3) 2.46 (0.2) 6.68 (0.7) 2.22 (0.2) 5.49 (0.4)
SVI (ml/m2) 36.6 (2) 65.9 (2.8) 43 (3.9) 72.4 (7.9) 32.3 (3.2) 52.3 (4.9)
Oxygen uptake (ml/min/kg) 4.2 (0.2) 17.6 (0.6) 3.87 (0.2) 16.9 (2.1) 4.26 (0.3) 14.2 (0.8)
SVR (dyn.cm-5) 1802 (67) 737 (40) 1721 (143) 706 (75) 2029 (179) 949 (102)
ANF (pg/ml) 3.9 (0.1) 4.7 (0.1) 4.37 (0.1) 5.3 (0.2) 4.15 (0.1) 5 (0.3)

49 110 81 200 67 148
Noradrenaline (pg/ml) 6.6 (0.1) 7.2 (0.1) 6.5 (0.1) 7.2 (0.2) 6.44 (0.1) 7.1 (0.1)

735 1339 665 1339 601 1211
Adrenaline (pg/ml) 4.26 (0.1) 4.9 (0.1) 4.53 (0.2) 5.2 (0.2) 4.04 (0.3) 4.5 (0.2)

74 134 90 185 55 90
Renin (ng/ml/h Ang I) −0.03 (0.2) 0.28 (0.2) −0.57 (0.3) 0.04 (0.3) 0.03 (0.3) 0.3 (0.4)

0.97 1.3 0.57 1.04 1.03 1.34

Values are mean (SEM) (haemodynamics) and log mean (SEM) (neurohormones). Geometric neurohormonal mean values are
shown in bold.
ANF, atrial natriuretic factor; Ang, angiotensin; MAP, mean arterial pressure; SVI, stroke volume index; SVR, systemic vascular
resistance.

Table 5 Changes in haemodynamic variables and neurohormonal values from baseline at rest and during exercise

No dilatation (n = 43) Limited dilatation (n = 11) Progressive dilatation (n = 11)

Rest Exercise Rest Exercise Rest Exercise

Ä Heart rate (beats/min)
Month 1 3 (2) 19 (3)*** 1 (4) 12 (6)* 5 (4) 11 (6)*
Month 3 1 (2) 19 (3)*** 6 (4) 10 (6) 5 (4) 20 (6)***
Month 6 1 (2) 15 (3)*** 6 (4) 11 (6) 8 (4) 21 (6)***
Month 12 3 (2) 19 (3)*** 8 (4) 15 (6)** 4 (4) 12 (6)*

Ä Mean arterial pressure (mm Hg)
Month 1 1.3 (1.9) 3.2 (2.4) 0.7 (3.7) 6.4 (4.8) 2.4 (3.7) −1.2 (4.8)
Month 3 1.9 (1.9) 5.1 (2.5)* 4.6 (3.7) 2.3 (4.8) 0.1 (3.7) 0.2 (4.8)
Month 6 1.6 (1.9) 3.6 (2.4) 3.8 (3.7) 3.5 (4.8) 3.2 (3.7) 2.3 (4.8)
Month 12 3.6 (2.0) 8.3 (2.6)** 1.6 (3.8) 6.4 (4.9) 7.1 (4.0) 0.4 (5.2)

Ä Cardiac index (l/min/m2)
Month 1 0.04 (0.1) 0.6 (0.3) 0.35 (0.2) 0.53 (0.7) 0.3 (0.2) 0.4 (0.7)
Month 3 0.09 (0.1) 1.1 (0.4)** 0.01 (0.2) 0.15 (0.7) 0.1 (0.2) 0.8 (0.7)
Month 6 0.11 (0.1) 0.8 (0.3)* −0.01 (0.2) 0.6 (0.7) 0.2 (0.2) 0.7 (0.7)
Month 12 0.02 (0.1) 0.8 (0.4)* −0.02 (0.1) 0.8 (0.7) 0.4 (0.2)* 1.3 (0.7)

Ä Stroke volume index (ml/m2)
Month 1 −2.5 (1.7) −0.1.7 (3.2) 3.0 (3.4) −1.4 (6.5) 2.4 (3.2) 2.6 (6.2)
Month 3 −0.6 (1.7) 2.6 (3.2) −5.7 (3.4) −5.9 (6.5) 1.2 (3.3) 8.1 (6.4)
Month 6 0.2 (1.7) 3.4 (3.2) −6.3 (3.4) −0.02 (6.5) 1.1 (3.2) 1.4 (6.2)
Month 12 −2.6 (1.8) 0.9 (3.4) −6.4 (3.5) −3.0 (6.7) 4.1 (3.5) 16.7 (7)*

Ä Stroke volume resistance (dyn.cm-5)
Month 1 16 (73) −33 (43) −230 (150) −8 (89) −230 (142) −67 (84)
Month 3 −35 (74) −99 (44) 15.7 (150) 30 (89) −58 (146) 32 (84)
Month 6 −104 (73) −83 (44) 62.7 (150) −63 (89) −163 (142) −73 (85)
Month 12 −118 (78) −66 (47) 19.4 (153) −66 (85) −256 (155) −195 (94)*

Ä Oxygen uptake (ml/min/kg)
Month 1 −0.3 (0.2) 3 (0.9)*** 0.25 (0.4) 5 (1.8)** 0.12 (0.4) 4.5 (1.7)**
Month 3 −0.1 (0.1) 4 (0.9)*** 0.34 (0.4) 7 (1.8)*** 0.09 (0.4) 3.4 (1.7)*
Month 6 −0.3 (0.2) 3 (0.8)*** 0.03 (0.4) 6 (1.8)*** −0.02 (0.4) 3.8 (1.7)*
Month 12 −0.2 (0.2) 3 (0.9)** 0.05 (0.4) 6 (1.8)*** −0.16 (0.4) 4.3 (1.8)*

Ä Atrial natriuretic factor (pg/ml)
Month 1 −0.21 (0.1)* −0.23 (0.1)* −0.33 (0.2)* 0.13 (0.2) −0.01 (0.2) 0.07 (0.2)
Month 3 −0.28 (0.1)*** −0.20 (0.1)* −0.42 (0.1)** −0.46 (0.2)* −0.15 (0.2) 0.04 (0.2)
Month 6 −0.23 (0.1)** −0.13 (0.1) −0.65 (0.2)*** −0.42 (0.2) 0.07 (0.2) 0.1 (0.2)*
Month 12 −0.36 (0.1)*** −0.40 (0.1)*** −0.63 (0.2)*** −0.66 (0.2)** −0.22 (0.2) −0.28 (0.2)**

Ä Noradrenaline (pg/ml)
Month 1 0.21 (0.1) 0.39 (0.1)*** 0.21 (0.2) 0.44 (0.2)* 0.20 (0.2) 0.13 (0.2)
Month 3 0.22 (0.1) 0.36 (0.1)*** 0.38 (0.2) 0.33 (0.3) 0.07 (0.2) 0.40 (0.2)*
Month 6 0.12 (0.1) 0.23 (0.1)** 0.22 (0.2) 0.59 (0.2)** 0.06 (0.2) 0.20 (0.2)
Month 12 0.25 (0.1) 0.30 (0.1)** 0.10 (0.2) 0.39 (0.2)* 0.31 (0.2) 0.40 (0.2)

Ä Adrenaline (pg/ml)
Month 1 −0.11 (0.2) 0.12 (0.1) 0.02 (0.3) 0.27 (0.3) 0.38 (0.4) 0.48 (0.3)
Month 3 −0.15 (0.2) 0.04 (0.1) −0.04 (0.3) 0.33 (0.3) 0.61 (0.4) 0.71 (0.3)*
Month 6 −0.1 (0.2) 0.20 (0.1) −0.53 (0.4) −0.10 (0.3) 0.49 (0.4) 0.33 (0.3)
Month 12 −0.13 (0.2) 0.13 (0.2) −0.1 (0.4) 0.47 (0.3) 0.29 (0.4) 0.43 (0.3)

Ä Renin (ng/ml/h angiotensin I)
Month 1 −0.02 (0.1) −0.02 (0.1) 0.24 (0.3) 0.11 (0.2) 0.10 (0.3) 0.08 (0.3)
Month 3 −0.04 (0.1) −0.08 (0.1) 0.19 ( (0.2) −0.08 (0.2) 0.01 (0.3) −0.08 (0.3)
Month 6 −0.14 (0.1) −0.15 (0.1) 0.01 (0.3) 0.04 (0.3) −0.02 (0.3) 0.01 (0.3)
Month 12 −0.04 (0.1) 0.02 (0.1) 0.29 (0.3) 0.26 (0.3) 0.04 (0.3) −0.01 (0.3)

Values are least square mean (SEM) (haemodynamics) and log least square mean (SEM) (neurohormones).
*p < 0.05; **p < 0.01; ***p < 0.001, all v baseline.
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The intra-assay coeYcient of variation for ANF
was 8.6% and the interassay coeYcient of vari-
ation 16.8%. The intra-assay and interassay
coeYcients of variation for renin, noradren-
aline, and adrenaline were all less than 10%.

All subjects gave written informed consent
and the study received local ethics approval.

STATISTICAL ANALYSIS

A repeated measures analysis of change from
baseline from all patients was used to assess the
data up to month 12. This comprised a mixed
model analysis of variance, with factors for
ventricular volume group, period of study, and
interaction of ventricular volume group with
time. This random eVects model permits
estimation of treatment eVects using both
within patient and between patient infor-
mation, and therefore allows the estimation of
treatment eVects for patients with incomplete
profiles on the assumption that the data are
missing at random (that is, they are not
treatment related). Estimates and within group
tests were obtained using residual maximum
likelihood (REML). A separate analysis of the
eVects of all baseline drug treatment on
ventricular volume changes was performed; as

the 95% confidence intervals ruled out the
possibility of a clinically significant eVect, a
factor for drug treatment was not considered in
subsequent analyses.

In all cases the broad applicability of the sta-
tistical model used was assessed by inspection
of residual and normal probability plots. Data
for the neurohormones were subjected to a
logarithmic transformation before analysis.
Taking exponents of the least square neurohor-
monal means from each analysis gives the ratio
of the geometric means of post-baseline and
baseline values (post-baseline geometric mean/
baseline geometric mean). All statistical tests
were two sided and the level of significance was
taken to be 5%.

Results
The demographic data on the patient groups at
baseline are shown in table 1. The numbers of
patients receiving thrombolysis and patients
with postinfarct angina were equally distrib-
uted. A further 11 patients were not included in
the study, mainly because of non-compliance
or change in concomitant drug treatment
(table 2). The baseline characteristics of these
patients were not diVerent from those entering
the study. Drug treatment at baseline was simi-
lar in all patient groups, except for increased
use of â blockers in patients with limited
dilatation (table 1). Analysis of the eVects of
drug treatment revealed no significant eVect on
ventricular volumes or haemodynamic and
neurohormonal variables.

VENTRICULAR VOLUMES

Ventricular volumes at baseline are shown in
table 3. Thirty one patients (48%) had high
LVEDVI at baseline, but 34 values (52%)
remained in the normal range. Thirty two
patients (49%) had high LVESVI at baseline,
but 33 patients (51%) had values within the
normal range. Changes in individual and mean
ventricular volumes are shown in figs 1 and 2.
Progressive dilatation was seen in 11 patients
(17%) and limited dilatation in a further 11 at
month 12. In 43 patients (66%), ventricular
volumes were stable or decreased by month 12
(table 3).

EXERCISE STUDIES

Symptom limited exercise times were shorter at
baseline in patients with progressive dilatation
(table 1). Mean exercise capacity increased
from baseline in all groups, but there were no
significant diVerences between groups up to
month 12 (fig 3). All patients were limited by
dyspnoea or fatigue; no study was terminated
by symptomatic angina.

RELATION BETWEEN VENTRICULAR DILATATION

AND HAEMODYNAMIC AND NEUROHORMONAL

INDICES

Baseline central haemodynamics, oxygen con-
sumption, and neurohormones are shown in
table 4. In patients with no ventricular
dilatation, cardiac index at peak exercise
increased significantly but remained un-
changed at rest (table 5). Stroke volume and

Figure 4 Change in resting and peak exercise log mean
atrial natriuretic factor (ANF) after myocardial infarction.
*p < 0.05; **p < 0.01; ***p < 0.001, all v baseline.
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cardiac index were initially lower in patients
with progressive dilatation at rest and during
exercise, but these improved over the period of
study.

There were trends towards higher levels of
ANF at rest and at peak exercise in patients with
progressive dilatation (fig 4). ANF concentra-
tions were significantly reduced from baseline
in patients with no and limited dilatation.
Plasma noradrenaline increased at peak exer-
cise in patients with no and limited dilatation,
although there were no significant changes
between groups. Plasma adrenaline and renin
activity remained unchanged (table 5).

Maximum heart rate increased in all patients
but remained unchanged at rest. Mean arterial
pressure was similarly stable during exercise
and at rest. There were trends towards higher
vascular resistance at baseline in patients with
progressive dilatation although this fell during
the study. Oxygen consumption at rest was
unchanged but increased at peak exercise in all
three groups (table 5).

Discussion
Patterns of ventricular dilatation after acute
myocardial infarction are heterogeneous. This
is the first study to describe the relation
between haemodynamic and neurohormonal
indices and ventricular volumes at rest and
during symptom limited exercise in the year
following acute myocardial infarction. In the
majority of patients after myocardial infarction
compensatory mechanisms preserve exercise
capacity, and ventricular function progressively
improves. These changes are associated with a
fall in plasma ANF. We have shown that not all
patients are susceptible to limited or progres-
sive dilatation, confirming a need for targeted
therapeutic intervention after myocardial inf-
arction.

The reasons for the diVerent patterns of
ventricular dilatation are unclear. Nearly 50%
of our patients had dilated left ventricles at
baseline, although none had severe heart
failure. In two thirds of the patients left
ventricular volumes remained static or de-
creased over the first six months of the study.
Interestingly these changes were observed in
the absence of ACE inhibitors. In approxi-
mately one fifth there was either progressive or
limited dilatation. It appears diYcult to predict
which patients will develop progressive dilata-
tion from an assessment of left ventricular size
soon after infarction; somewhat surprisingly
the patients who went on to develop progres-
sive left ventricular dilatation had smaller ven-
tricles at baseline than those in whom the ven-
tricles did not dilate.

Although it may be argued that these
findings reflect regression towards the mean,
the use of repeatability coeYcients to account
for measurement error and intrinsic within
subject variability reduces the influence of this
phenomenon. Therefore only a small minority
of patients with anterior transmural infarction,
thought previously to be at high risk of
ventricular dilatation, appear to develop signifi-
cant increases in left ventricular size. These
findings confirm those of a similar study in

which 20% of patients developed progressive
ventricular dilatation following acute myocar-
dial infarction,5 raising the possibility that
patients have been treated unnecessarily in
some of the recent postinfarction ACE inhibi-
tor trials.16 17 This might also explain the large
numbers of patients required in these studies to
show a small mortality benefit.

In the patients with progressive dilatation,
cardiac index improved over the period of
study, as in the other patient groups. However,
the exercise capacity of the patients with
progressive dilatation was lower at baseline,
with trends towards lower cardiac index and
higher vascular resistance. Ventricular dilata-
tion alone acts to restore cardiac function dur-
ing the early recovery phase of acute myocar-
dial infarction but beyond this period there are
limited data.5 21–28 The late increase in ventricu-
lar volumes in patients with progressive dilata-
tion was associated with a further increase in
stroke volume and cardiac index, suggesting a
late compensatory response and preservation
of Frank-Starling mechanisms. Late ventricu-
lar dilatation, at least up to 12 months, follow-
ing acute myocardial infarction therefore ap-
pears to be beneficial and may be an entirely
appropriate physiological response to impaired
haemodynamics and reduced exercise capacity.
These findings are in keeping with several pre-
vious studies,21 25 26 28–30 although they contrast
with the reports from others of impaired
haemodynamics and exercise capacity beyond
a 12 month period.5 21 27 This transition from
compensated to decompensated left ventricu-
lar dilatation warrants further study.

There were no diVerences in neurohumoral
markers at baseline to account for the diVer-
ences in haemodynamics. Not surprisingly,
however, there were trends towards higher lev-
els of ANF in patients with progressive dilata-
tion over the study, both at rest and during
exercise. As ventricular volume regressed, ANF
concentrations fell in all groups of patients,
particularly in those with limited dilatation.
Although plasma noradrenaline concentrations
increased in patients with no and limited dila-
tation, catecholamine concentrations were not
diVerent between the groups. There are clearly
diYculties in interpreting single venous sam-
ples of catecholamines but as a marker of sym-
pathetic activation this seems to play little part
in the haemodynamic changes observed. Simi-
larly long term activation of the renin–
angiotensin system, measured by plasma renin
activity, appeared unimportant.

This study has some important limitations.
First, the patients studied were selected; those
with severe heart failure, limiting angina, or
positive exercise tests were excluded. Second,
the influence of infarct related vessel patency
was not directly considered. A patent blood
filled vessel is associated with early reperfusion
and appears to limit progressive increases in
ventricular size.31 32 In the patients in this study
with progressive dilatation there were trends
towards a lower rate of thrombolysis, although
this was not statistically significant. Finally the
significance of our results is limited by the rela-
tively small number of patients overall and
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therefore, by extension, the small numbers of
patients in each echocardiographic category.

Despite these limitations, however, our find-
ings suggest that ventricular function improves
independently of intervention in the majority
of patients following acute myocardial infarc-
tion and that progressive dilatation is seen in
only a minority. Even in the absence of
pharmacological intervention compensatory
mechanisms, including ANF release and an
increase in ventricular volume, appear capable
of maintaining and improving exercise capacity
in most patients for at least a 12 month period
after acute myocardial infarction.

We thank Dr B Byrom for the statistical analysis and J Richard-
son and A Felden who performed the echocardiography.
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