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Objective To determine if an early regular cardiac rehabilitation program would have an adverse effect on
myocardial function after acute myocardial infarction (AMI).

Method Patients who received percutaneous coronary intervention (PCI) after AMI were divided into the exercise
group and control group in accordance with their willingness to participate. Patients in the exercise group (n=18)
received ECG monitored exercise for six weeks and were instructed to maintain self exercise in their communities
for four months. The control group (n=16) patients were just instructed of risk factor control. All the subjects
underwent echocardiography at the time of the AMI as well as six months later. The echocardiography parameters,
including the left ventricular ejection fraction (LVEF), stroke volume (SV), left ventricular end-diastolic diameter
(LVEDD) and end-systolic diameter (LVESD), were measured.

Results In the exercise group, the LVEF increased to 59.58+9.24% and 61.58+9.63% after six weeks and six months,
respectively (p<0.05), but SV, LVEDD and LVESD did not change (p>0.05).

Conclusion Active participation in the cardiac rehabilitation program approximately two weeks after AMI did not

have an adverse effect on the size of the left ventricle and myocardial function.
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INTRODUCTION

Cardiac rehabilitation is known to improve motor re-
covery of patients quickly and reduce recurrence, reper-
fusion, and death rate for mid- and long-term patients
with acute myocardial infarction (AMI)."* However,
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because of concern that exercise of AMI patients may
adversely affect myocardial remodeling, regular cardiac
rehabilitation program begins to be applied three or four,
or even six to eight weeks after onset. Gaudron et al.’
reported that, in a follow-up observation of 70 patients
diagnosed with AMI from the fourth day of onset for
three years, 14 (20%) showed widening in diameter of the
left ventricle, a phenomenon that may ultimately cause
severe left ventricular failure. Jugdutt et al.’ reported
that 12-week cardiac rehabilitation exercise on 13
patients with AMI of around 16 weeks after onset showed
reduction in motility of the myocardial wall and left
ventricular ejection fraction (LVEF) in echocardiography.
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On the other hand, many later studies report that a
cardiac rehabilitation program may not have adverse
effects on myocardial remodeling after AMI. Dubach et
al.” reported that one-hour daily cardiac rehabilitation
exercise for two months on patients with AMI of around
35 days after onset did not induce adverse changes in
left ventricular end diastolic diameter (LVEDD), left
ventricular end systolic diameter (LVESD), left ventricular
ejection fraction, and wall thickness of infracted area
in magnetic resonance imaging (MRI). Cannistra et
al.’ reported that cardiac rehabilitation training did
not have adverse effects on myocardial remodeling in
echocardiography when 12-week cardiac rehabilitation
training was conducted for 68 patients who were three
months (mean 8.314.8 weeks) after the first diagnosis
of AMI. Recently, cardiac rehabilitation exercise was
conducted earlier than before because duration of
admission for AMI has dramatically reduced and many
patients return to their daily life immediately after early
discharge.’

In this context, the authors in this study investigated
the effects of regular cardiac rehabilitation program
on myocardial remodeling that began from the 14th
day (mean) after AMI onset by reviewing the results of
echocardiography.

MATERIALS AND METHODS

Subjects

The subjects of this study were patients with AMI who
entered the Cardiac Vascular Center of this hospital to
undergo percutaneous coronary intervention (PCI).
Those who already had cardiovascular, systemic inflam-
matory, and nervous musculoskeletal diseases and
may cause inconvenience in the exercise program were
excluded from this study.

The eighteen patients in the exercise group included
fifteen males and three females with 57.2+11.8 years
old. It took 14.4+8.5 days between the onset of AMI and
the beginning of the cardiac rehabilitation program.
The control group included sixteen patients (all males)
that were 63.4+11.4 years old. There were no significant
differences between the two groups in sex, age, diabetes,
high blood pressure, and dyslipidemia (Table 1).
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Table 1. Demographic Data of Subjects

Exercise group Control group

(n=18) ooy | I
Sex (M/F) 15/3 16/0 0.23
Age (yrs) 57.2+11.8 63.4+11.4 0.13
Time to start 14.4+8.5 - -
exercise (days)
Diabetes 1 2 0.59
Mellitus
Hypertension 16 16 0.49
Dyslipidemia 15 12 0.68
LVEF (%) 55.47+7.80  51.25+8.54  0.14
SV (ml) 73.94+14.35 78.22+14.96 0.40
LVEDD (cm) 5.03£0.83 5.27+0.69 0.38
LVESD (cm) 3.58+0.36 3.85+0.64 0.14

Values are given as meantstandard deviation

LVEEF: Left ventricular ejection fraction, SV: Stroke vol-
ume, LVEDD: Left ventricle end-diastolic diameter,
LVESD: Left ventricle end-systolic diameter

Methods

The patients were induced to participate in the cardiac
rehabilitation program by sufficient in-advance educa-
tion on necessity and contents of the program, and those
who decided to participate in the program were classified
into the exercise group and those who did not into the
control group (non-exercise group).

The patients in the exercise group visited the outpatient
cardiac rehabilitation clinic at the 10" day (mean) of
the onset to undergo in-advance tests such as graded
exercise test (GXT) and began a regular cardiac
rehabilitation program in the hospital from the 14th day
(mean) of the onset. For the GXT, a symptom limited
method was used by modified Bruce protocol. In order to
assess changes in cardiopulmonary motor ability in the
GXT, indicators were measured such as maximal oxygen
consumption (VO,,,,,), maximal rate pressure product
(RPP
(RPP,;;), submaximal rate of perceived exertion at stage 3
(RPE,;), resting and maximal heart rate (HR,, & HR,,.,),
and resting systolic and diastolic blood pressure (SBP,,,
&DBP,..).

Based on the resting and maximal heart rate of each
patient obtained by the GXT, heart rate reserve was
calculated and target heart rate was set up between

), submaximal rate pressure product at stage 3

max

40% and 85% of the reserve as exercise intensity, which
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was increased gradually. The subjects were asked to
participate in one-hour monitoring exercise, which
consisted of 10 minutes of warm-up, 40 minutes of main
exercise, and 10 minutes of cool-down in the hospital
three times per week for a total six to eight weeks (or
18 to 24 sessions). After the six-to-eight week exercise
program in the hospital, they were instructed to maintain
self exercise in their communities until the sixth month
after the onset based on their exercise prescription. The
patients in the exercise group underwent echocardio-
graphy immediately before the exercise program, after six
to eight weeks of the performance, and six months later,
and underwent GXT immediately before the exercise
program and six months later. The echocardiography was
conducted by a cardiologist, measuring left ventricular
ejection fraction (LVEF), stroke volume (SV), left
ventricular end diastolic diameter (LVEDD), and left
ventricular end systolic diameter (LVESD). The subjects
were prescribed drugs and were under medical follow-
up observation until approximately six months after the
onset as outpatients.

Meanwhile, the control group that did not participate
in the cardiac rehabilitation program underwent basic
education on management of risk factors after AMI,
but was instructed to do the management and exercise
themselves. The subjects in the control group were
prescribed drugs and were under follow-up observation
until approximately six months after the onset as
outpatients of cardiology, and underwent echocardio-
graphy immediately after the onset as well as six months
later.

Statistical analysis

The differences in the LVEF, SV, LVEDD, and LVESD
of the exercise group and the control groups measured
at the early part and six months later in order to assess
adverse myocardial remodeling based on the cardiac
rehabilitation program from the 14™ day (mean) were
compared and analyzed by independent samples t-test.
The differences in the indicators of the GXT measured
at the early part and six months later in order to assess
changes in cardiopulmonary motor ability of the exercise
group were compared and analyzed by paired samples
t-test. For statistical significance level, p-value was less
than 0.05.

RESULTS

Results of echocardiography at the onset of AMI

According to the results of early echocardiography
conducted at the onsets of AMI, no significant difference
was shown in the LVEF between the exercise group
(55.47+7.80%) and the control group (51.25+8.54%). Also,
there were no significant differences in the SV, LVEDD,
and LVESD between the two groups (Table 1).

Results of echocardiography after the six-week cardiac
rehabilitation program

The LVEF significantly increased from 55.47+7.80% at
the onset of AMI to 59.58+9.24% at six to eight weeks later
after cardiac rehabilitation (p<0.05), while no significant
changes were shown in the SV, LVEDD, and LVESD when
compared between those at the onset and those at six to
eight weeks after rehabilitation (Table 2).

Results of the graded exercise test (GXT) and echocardio-
graphy after six-month cardiac rehabilitation program
In the GXT conducted after the six-month cardiac
rehabilitation program after AMI, the maximal oxygen
consumption (VO,,.,,) significantly increased from
28.0+5.6 ml/kg/min at early period to 30.3+7.2 ml/kg/
min six months later (p<0.05). The submaximal rate
pressure product at stage 3 (RPPIII), submaximal rate
of perceived exertion at stage 3 (RPEIII), and resting
heart rate significantly decreased six months later when
compared to those at an early period (p<0.05) (Table 3).
As for the exercise group, the LVEF six months later was
61.58+9.63%, significantly increased when compared
to that of early period (p<0.05), but the SV, LVEDD,

Table 2. Changes of Echo-parameters in the Exercise
Group after 6 Weeks

Initial 6 weeks

(n=18) ey P
LVEF (%) 55.47+7.80 59.581+9.24 0.02*
SV (ml) 73.94+14.35 75.20+11.92 0.64
LVEDD (cm) 5.03+0.83 5.09+0.38 0.78
LVESD (cm) 3.58+0.36 3.44+0.56 0.29

Values are given as meantstandard deviation

LVEEF: Left ventricular ejection fraction, SV: Stroke vol-
ume, LVEDD: Left ventricle end-diastolic diameter,
LVESD: Left ventricle end-systolic diameter

*p<0.05
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Table 3. Changes of Graded Exercise Test in Exercise
Group after 6 Months

Table 5. Echo-parameters between Exercise and Control
Groups after 6 Months

Initial 6 months Exercise group Control group

(n=18) ey O (n=18) ey U
VO, 28.0+5.6 30.3+£7.2 0.04* LVEF (%) 61.58+9.63 54.65+13.69 0.09
(ml/kg/min) SV (ml) 79.02+11.07  86.07+12.91  0.10
RPP, .. 25,222.4+4,507.5 25,655.4+4,753.6 0.74 LVEDD (cm) 5.18+0.37 5.30+0.64 0.48
RPP, 15,014.3£3,190.1 13,548.4+3,364.5 0.02* LVESD (cm) 3.45+0.56 3.67+0.71 0.32
RPE, 10.5+2.4 8.9+2.2 0.02*  Values are given as meanz+standard deviation
HR,. 73.3x12.3 65.4+10.1 0.02* LVEEF: Left ventricular ejection fraction, SV: Stroke vol-
HR,,, 140.7+17.5 145.4+19.9 0.19 ume, LVEDD: Left ventricle end-diastolic diameter,
SBP,., 119.6+15.1 121.3+11.6 0.64 LVESD: Left ventricle end-systolic diameter
DBP 76.8%£7.0 77.618.9 0.73

rest

Values are given as meantstandard deviation

VO,,..: Maximal oxygen consumption, RPP,_, : Maximal
rate pressure product, RPP;;: Submaximal rate pressure
product at stage 3, RPE;;;: Submaximal rate of perceived
exertion at stage 3, HR,,: Resting heart rate, HR:
Maximal heart rate, SBP,: Resting systolic blood pre-
ssure, DBP,: Resting diastolic blood pressure

*p<0.05

Table 4. Changes of Echo-parameters in Exercise Group
after 6 Months

Initial 6 months

(n=18) ey DRI
LVEF (%) 55.47+7.80 61.58+9.63 0.01*
SV (ml) 73.94+£14.35 79.02+£11.07 0.14
LVEDD (cm) 5.03+£0.83 5.18+0.37 0.52
LVESD (cm) 3.58+0.36 3.45+0.56 0.36

Values are given as meantstandard deviation

LVEF: Left ventricular ejection fraction, SV: Stroke vol-
ume, LVEDD: Left ventricle end-diastolic diameter,
LVESD: Left ventricle end-systolic diameter

*p<0.05

and LVESD did not show significant changes (Table
4). Meanwhile, no significant changes in the LVEF, SV,
LVEDD, and LVESD six months later between the exercise
group and the control group (Table 5).

During the six-month cardiac rehabilitation program
in this study, no cardiovascular complications such as
angina pectoris, AMI, or death in the exercise group and
the control group.
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DISCUSSION

According to the statistics by the Korea Centers for
Disease Control and Prevention in 2005, acute myocardial
infarction occurred 1.05 out of 1,000 people with
prevalence of 3.39 people and was gradually increasing
annually.'’ Acute myocardial infarction is classified as
a main disease cause of death because of its death rate
of 19.7 out of 100,000 people,'’ and patients would have
lower quality of life because the ones who survive find
it hard to live daily life due to general deterioration
in cardiopulmonary function."' Therefore, it is most
important to improve cardiopulmonary function and
prevent recurrence of myocardial infarction after AMI,
and cardiac rehabilitation improves both effectively.**
Furthermore, as the period of hospitalization for
myocardial infarction becomes shorter and many
patients return to their daily life immediately after early
discharge, several studies are investigating methods to
maximize effects of cardiac rehabilitation programs by
applying the programs as early as possible.*"

In this study, when the six-month regular cardiac
rehabilitation program including six-to-eight week
monitoring exercise actively starting at the 14™ day
(mean), when AMI was applied, the maximal oxygen
consumption (VO,,,,) significantly increased, and
maximal rate pressure product (RPP,,,), perceived
exertion, and resting heart rate significantly decreased.
However, the cardiac rehabilitation program after
AMI was not applied early because of concern that
early exercise may have adverse effects on myocardial
remodeling such as increase in left ventricular diameter
and decrease in LVEE.”° Recently studies showed that
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cardiac rehabilitation programs did not have adverse
effects on myocardial remodeling,”*"* but the controversy
is still unsettled.

The results of the echocardiography in this study
showed that six months after AMI onset the LVEF of
the exercise group was 61.58+9.63%, which was higher
than that of the control group, 54.65+13.69%, but not
statistically significant. Such results indicate that the
program did not have adverse effects on myocardial
remodeling, but rather, higher LVEF may suggest that
the cardiac rehabilitation program recovered myocardial
function. However, large-scaled studies are needed to
validate this observation because the number of subjects
in both groups used in this study was insufficient to
make conclusions about such a tendency. Based on the
results of the echocardiography of the exercise group
with consistent exercise for six months from the 14" day
(mean) of AMI onset with regular cardiac rehabilitation
program, the LVEF significantly increased but the SV,
LVEDD, and LVESD did not show significant changes,
indicating that early cardiac rehabilitation exercise did
not have adverse effects on myocardial remodeling six to
eight weeks later or six months later.

Such results are consistent with those of Dubach et
al.” and Cannistra et al.,’ reporting that relatively early
cardiac rehabilitation exercise after AMI did not have
adverse effects on myocardial remodeling.

This study had some limitations. First, because all the
AMI patients as the subjects were asked to participate
in the cardiac rehabilitation program and those who
did not were classified into the control group, no
random classification was applied to the selection of
the exercise group and the control group. Second, the
control group was not conducted of graded exercise
test because they did not offer consent to participation
in the cardiac rehabilitation program. Thus, it was not
possible to ensure whether the significant increase in
motor cardiopulmonary function of the exercise group
participating in the six-month cardiac rehabilitation
program was caused by the cardiac rehabilitation exer-
cise or by natural recovery, a comparison that requires
further studies. Third, the mean LVEF of the subjects
was relatively favored, at least 50% and over. The adverse
myocardial remodeling by exercise is known to occur
more frequently when the size of ventricular wall
infarction was larger and the LVEF was lower.""” Thus,

further studies are needed for patients for whom LVEF
was lower (30 to 50%). Also, it was not clearly assessed
whether the control group managed risk factors well,
which also needs further studies. Fourth, the number of
subjects in this study was low and female subjects were
too few, and further studies are needed to address this.

Traditionally, cardiac rehabilitation programs were
carefully conducted after early four-to-six-week period
for stability, but nowadays the initiation time is being
advanced. In this study, during the early regular cardiac
rehabilitation program conducted from the 14™ day
(mean) of AMI onset, there were no adverse changes
in myocardial remodeling that was expected, and
cardiovascular complications were not observed. Such
results may ensure the safety of an early regular cardiac
rehabilitation program, and further studies are needed to
assess safety continuously.

CONCLUSION

The six-month cardiac rehabilitation program that
started from the 14th day (mean) of the onset of AMI
did not have adverse effects on myocardial function nor
cause severe cardiovascular complications. Therefore,
early regular cardiac rehabilitation program after AMI
may be relatively safe.
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