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Objective: to study the effects of 6 months exercise training 
on ventricular remodelling and autonomic tone in patients 
with acute myocardial infarction and percutaneous coro-
nary intervention. 
Design: Single-blinded randomized control trial. 
Participants: Sixty patients with acute myocardial infarction 
who had undergone percutaneous coronary intervention. 
Methods: the exercise group followed a 6-month supervised 
exercise programme, while the control group received rou-
tine recommendations. all patients underwent an incremen-
tal cardiopulmonary exercise test and Doppler echocardio-
graphy at baseline and after 6 months.
Results: three patients in the exercise group did not com-
plete the programme. at 6 months follow-up, an improve-
ment was seen in the exercise group compared with the 
control group regarding peak Vo2 (p < 0.01), Powermax 
(p < 0.05), Vo2 at anaerobic threshold (p < 0.01), time to reach 
anaerobic threshold (p < 0.05), heart rate recovery (p < 0.01), 
left ventricular end-diastolic diameter (p < 0.01) and left ven-
tricular ejection fraction (p < 0.05).
Conclusion: Six months exercise training in patients with 
acute myocardial infarction and percutaneous coronary in-
tervention with mild ventricular systolic dysfunction could 
prevent ventricular remodelling to a certain extent, and 
favourable modulating sympatho-vagal balance may be an 
important mechanism.
Key words: exercise training, acute myocardial infarction, ven-
tricular remodelling, autonomic tone.
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INtRoDuctIoN

It has been widely shown that exercise-based cardiac rehabili-
tation in patients with acute myocardial infarction (AMI) and 
percutaneous coronary intervention (PCI) has several beneficial 
effects on cardiovascular functional capacity, quality of life, 
risk factors modification, psychological profile and mortality 
(1). the degree of ventricular remodelling is regarded as an 

important prognostic factor associated with cardiac function 
after AMI, and an increasing number of studies have shown 
that, in patients with AMI with left ventricular dysfunction, 
exercise training does not worsen ventricular remodelling, 
and may even prevent this spontaneous deterioration (2). Sup-
porters of this argument have put forward the hypothesis that 
improvement in impaired sympatho-vagal balance might be 
an important mechanism. Moreover, it has been reported that 
exercise training is associated with an improvement in heart 
rate recovery (HRR), an easily measured and powerful index 
of vagal tone in patients after AMI (3).

the aim of this study was to evaluate the effects of a 6-month 
supervised exercise programme for patients with AMI and PcI 
in terms of exercise capacity, left ventricular geometrical size 
and systolic function and HRR.

MetHoDS
Study population
A total of 71 patients after AMI who were 3–7 days post-primary PcI 
treatment were referred to our centre. of these, 60 were enrolled into 
the study, after taking into account the exclusion criteria listed below, 
and were assigned by alternate randomization in a 1:1 order into 2 
groups, stratified by age and sex. Patients in the exercise group fol-
lowed a 6-month exercise programme, while the other group received 
routine pharmacological therapy and lifestyle education. the 2 groups 
were similar with regard to age, extent of coronary artery disease 
brain natriuretic peptide, left ventricular ejection fraction (LVeF) and 
pharmacological therapy. the exclusion criteria were: post-infarc-
tion residual myocardial ischaemia, severe ventricular arrhythmias, 
atrioventricular block, severe reduction in LVeF (LVeF ≤ 45%), 
hypertrophic cardiomyopathy, valvular disease requiring surgery, 
pericarditis, acute systemic illness or fever, severe renal dysfunction 
(i.e. creatinine > 2.5 mg/dl), severe orthopaedic problems that would 
prohibit exercise, other metabolic problems, such as acute thyroiditis, 
hypokalaemia, hyperkalaemia, and hypovolaemia. 

the study was approved by the local ethics committee. All patients 
gave their written informed consent.

Cardiopulmonary exercise test
All patients underwent an incremental cardiopulmonary exercise test 
(cPet) on a bicycle ergometer. to stabilize respiratory exchange, 
patients were asked to remain still on the ergometer for at least 3 min 
before starting exercise. After a 1-min warm-up period with no added 
work-load, a ramp protocol of 15 W/min was started and continued until 
exhaustion, including a 1-min cool-down period with no added work-
load at the end. A 12-lead electrocardiogram was monitored continuously 
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during the test, and cuff blood pressure was recorded manually every 2 
min. Respiratory gas exchange measurements were recorded breath-by-
breath by computerized metabolic monitoring (Inncor 5.0, Innovision 
cor, Denmark). Peak Vo2 was recorded as the mean value of Vo2 during 
the last 20 sec of the test, and was expressed in ml × kg–1 × min–1. the 
ventilatory anaerobic threshold (At) was assessed mathematically, the 
time of reaching At(tAt) and Vo2 (Vo2At) at At were recorded. HRR 
was defined as the difference between peak heart rate (HR) and HR 1 
min after cPet (4, 5).

Training protocol
the patients in the exercise group attended the exercise training as 
out-patients 3 times per week. training sessions, performed under 
continuous electrocardiogram monitoring, were supervised by a 
cardiologist and a nurse. each session was preceded by a 15-min 
warm-up and followed by a 15-min cooling-down period. exercise was 
performed for 30 min on a bicycle ergometer at Vo2At (using a target 
rate determined by the results of the electrocardiogram) achieved at 
the initial symptom-limited cPet, and the work-load was adjusted 
according to the cPet results at the previous 3 months. 

Doppler echocardiography
All patients underwent a Doppler echocardiographic study (ultasomd 
Vivid 7, General Motor cor., uSA) at the beginning of the study and 
after 6 months. Standard views, including the parasternal long-axis, 
short-axis at the papillary muscle level, and apical 4- and 2-chamber 
views were recorded. Left ventricular end-diastolic (LVD) diameter, 
left ventricular end-systolic (LVS) diameter, and LVeF were measured, 
and left ventrical mass index (LVMI) was calculated according to the 
Devereux formula (6).

Statistics
All the data were normally distributed, and descriptive statistics are 
given in terms of mean value and standard deviation (SD). comparison 
between groups for continuous variables was made using independent 
t-tests where data were interval or ratio level. A p-value of less than 
0.05 was considered statistically significant. Differences between the 
2 groups and changes over time within each group were assessed by 
2-way repeated measures analysis of variance (ANoVA). All statistical 
analyses were performed using the software package SPSS, version 
10.0 (SPSS Inc., chicago, uSA).

ReSuLtS

three patients in the exercise group did not complete the ex-
ercise programme because the timetable was inconvenient or 
they were unable to maintain the exercise regime. No statisti-

cally significant differences were found at baseline between the 
exercise group and the control group in clinical, angiographic 
characteristics and pharmacological therapy.

At the end of 6 months, no change in HRAt, HRrest, LVD 
diameter or LVMI was reported in either group. the exercise 
group demonstrated a greater increase in peak Vo2 (p < 0.01), 
Powermax (p < 0.05), Vo2At (p < 0.01), tAt (p < 0.05), HRR 
(p < 0.01) and LVeF (p < 0.05) (tables I and II, Figs 1a–b). 
Furthermore, LVD diameter decreased in the exercise group 
but increased in the control group (table II, Fig. 1c).

DIScuSSIoN 

To our knowledge, the present study is the first to evaluate the ef-
fects of exercise training on ventricular remodelling in patients 
with AMI adopting HRR, an easily measured and powerful 
indirect index. Some investigators have studied the mechanism 
underlying the HRR after low- or moderate-intensity exercise 
(below the anaerobic threshold). Imai et al. (7) showed that t30 
(HR decay for the first 30 sec after exercise) was prolonged by 
a parasympathetic nerve blockade, but was almost completely 
independent of a sympathetic nerve blockade, and Perini et al. 
(8) reported that the decrease in plasma noradrenaline began  
1 min after the cession of exercise. Both groups concluded that 
HRR immediately after exercise was mediated mainly by the 
reactivation of the vagal nerve.

table I. Cardiopulmonary exercise test parameters at baseline and after 6 months in the exercise training and control groups

exercise group
n = 27

control group
n = 30

p-value
Baseline
Mean (SD)

6 months 
Mean (SD)

Baseline
Mean (SD)

6 months
Mean (SD)

Peak Vo2, ml × kg–1 × min–1 12.6 (1.5) 15.7 (2.3) 11.7 (1.9) 12.0 (1.6) 0.008
Powermax, W 64 (8) 80 (6) 65 (5) 65 (4) 0.021
Vo2At, ml × kg–1 × min–1 9.2(2.9) 12.7 (2.1) 8.8 (2.6) 9.0 (1.9) 0.007
HRAt, beats/min 88 (4) 86 (6) 81 (3) 81 (4) NS
tAt, min 6.8 (0.7) 8.1 (1.0) 7.1 (0.6) 7.0 (0.9) 0.011
HRrest, beats/min 74 (4) 72 (3) 70 (3) 73 (2) NS
HRR, beats/min 12.1 (1.8) 16.7(2.3) 11.8 (2.0) 12.4 (1.6) 0.005

Peak Vo2: peak oxygen consumption; Powermax: maximal work-load; Vo2At: oxygen consumption at anaerobic threshold; HRAt: heart rate at 
anaerobic threshold; tAt: time from beginning to anaerobic threshold; HRrest: heart rate at rest; HRR: heart rate recovery, the difference between 
peak heart rate and heart rate one min after cardiopulmonary exercise test; NS: no significance; SD: standard deviation.

table II. Doppler echocardiographic parameters at baseline and after 
6 months exercise training

exercise group
n = 27

control group
n = 30

p-value
Baseline 
Mean (SD)

6 months
Mean (SD)

Baseline
Mean (SD)

6 months
Mean (SD)

LVDd, mm 48.7(0.6) 46.1 (0.8) 49.2 (0.5) 49.9 (0.9) 0.018
LVSd, mm 34.2(1.1) 33.9 (0.7) 33.9 (1.2) 34.1 (1.0) NS
LVMI, g/m2 99.4 (1.8) 99.0 (2.1) 98.9 (2.0) 99.4 (1.6) NS
LVeF, % 50.8 (4.0) 53.0 (3.1) 51.1 (2.9) 50.9 (3.4) 0.002

LVDd: left ventricular end-diastolic diameter; LVSd: left ventricular 
end-systolic diameter; LVMI: left ventrical mass index; LVeF: left 
ventricular ejection fraction; NS: no significance; SD: standard 
deviation.
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Almost all the studies of exercise training in patients after 
AMI show an improved peak Vo2, which is considered to be the 
best measure of cardiovascular fitness and exercise capacity. 
Giannuzzi et al. (9) investigated 126 patients after AMI, who 
were divided into 3 groups according to LVeF at the beginning 
of the study (≤ 35%, ≥ 45%, and between 35% and 45%), and 
there was a similar magnitude of improvement in exercise ca-
pacity in the 3 groups at the end of 3 months exercise training. 
In our study, we found that the exercise group patients’ peak 
Vo2 and Powermax increased more than controls. Furthermore, 
we found that Vo2At and tAt increased, which suggested that 
aerobic metabolism was improved, because At represents the 
point at which anaerobic metabolism starts, with production 
of lactic acid. Several previous studies have reached similar 
conclusions. Adamopoulos et al. (10) studied the effects of 
exercise on skeletal muscle metabolism in patients with heart 
failure classified as New York Heart Association (NYHA) 
class II–III. After 8 weeks of bicycle training, phosphocreatine 
depletion was reduced, adenosine diphosphate concentrations 
were increased, and phosphocreatine recovery time was shorter. 
these results suggest that moderate exercise training can im-
prove the oxidative capacity of skeletal muscle. 

Pooled data from clinical trials have shown significant 
improvement in LVeF after exercise training in patients after 
AMI. the exercise in Left Ventricular Dysfunction (eLVD) 
study (11) reported that 6 months exercise training improved 
LVEF significantly in patients after AMI (34% (5%) vs 38% 
(8%) in controls), and this result was confirmed by Koizumi 
et al. (12) who found that after 3 months exercise in patients 
after AMI who had undergone successful PcI, LVeF during 
exercise was significantly improved compared with at rest 
in the trained group, whereas no difference was observed in 
the control group. In our study, 6 months exercise training 
increased LVeF more than controls.

Ventricular remodelling post-AMI is a process characterized 
by increased left ventricular wall thickness of non-infarcted 

left ventricular segments and enlargement of the left ventricu-
lar cavity, which is also a vital patho-progression from AMI 
to heart failure. therefore, considerable attention has been 
directed to determine whether exercise training in the chronic 
phase of myocardial infarction could affect the process of 
ventricular remodelling. However, the influence of exercise 
training remains controversial. Jugdutt et al. (13) reported that 
patients with left ventricular asynergy of 18% or more showed 
topographic deterioration with low-level exercise training in 
the chronic phase of myocardial infarction. they hypothesized 
that the haemodynamic stress of exercise might precipitate 
further stretching of the scar, with chamber dilatation and 
aneurysmal bulging, in patients with an incompletely healed, 
large transmural infarction. Kubo et al. (14) investigated the 
effects of 3 months exercise training on ventricular remodelling 
after extensive anterior AMI with LVeF < 45% and found that 
control group patients' LVD volume index and LVS volume 
index improved, but there was no change in the rehabilita-
tion group. conversely, otsuka et al. (15) reported that early 
exercise training did not deteriorate ventricular remodelling 
in mild, moderate and severe left ventricular dysfunction in 
patients. A similar study (16) reported that LVD diameter 
increased in the control group, but not in the exercise group, 
after 3 months' exercise training.

In our study, we found that 6 months' exercise reduced 
LVD diameter in the exercise group, which suggested that, to 
a certain extent, exercise could prevent ventricular remodel-
ling in patients after AMI. As we know, 2 primary stimulating 
factors are mechanics overload (pressure or volume overload) 
and activation of neurohormones. the favourable contribution 
of exercise training on remodelling must be combined effects: 
such as autonomic tone adjustment (17), decreased left ven-
tricular wall stress during exercise, and improved endothelial 
function (18). 

A few recent controlled studies have been conducted to 
examine the influence of exercise on the autonomic regu-

Fig. 1. (a) Values of peak oxygen consumption (Vo2 ml × kg–1 × min–1). (b) Values of heart rate recovery (HRR, beats/min). (c) Values of left ventricular 
diastolic diameter (LVD, mm) in the exercise group and at baseline and 6 months later. NS: no significance.
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lation of cardiovascular function in patients with chronic 
heart failure. Pietilä et al. (19) reported beneficial changes 
in cardiovascular autonomic nervous control, evaluating the 
effects of exercise training on autonomic tone by baroreflex 
sensitivity, HR variability and cardiac pre-synaptic innervation 
by 11c-hydroxyephedrine positron emission tomography in 13 
patients with heart failure. Given the hypothesis that moderate 
exercise could restore autonomic imbalance in patients with 
heart failure, we adopted HRR, an easily measured and power-
ful index, to clarify whether this beneficial effect could also 
be applied in patients after AMI. our study demonstrated that 
HRR (beats/min) in the exercise group increased more than 
in the control group.

Recent data (20, 21) have demonstrated that HRR, an index 
of vagal activity, is an independent predictor of cardiovascular 
events and mortality, and patients after AMI usually present a 
delayed HRR. As we know, over-activation of the sympathetic 
system is harmful to patients’ ventricular remodelling, clinical 
symptoms and long-term survival, which is why beta-block-
ers are included as standard drug treatment for heart failure 
patients. In addition, several controlled trails (22–24) have 
confirmed that exercise training could produce a partial reversal 
of the autonomic imbalance in stable heart failure patients, with 
a reduction in sympathetic over-activation, and an enhancement 
of chronotropic responsiveness.

In conclusion, 6 months exercise training in patients with 
AMI and PcI with mild ventricular systolic dysfunction could 
prevent ventricular remodelling to a certain extent and favour-
able modulating sympatho-vagal balance evidenced by HRR 
may be an important mechanism.
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