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Objective To examine the safety and effectiveness of cardiac rehabilitation on patients resuscitated from cardiac
arrest due to acute myocardial infarction.

Methods The study included 23 subjects, including 8 with history of cardiac arrest and 15 without history of
cardiac arrest. Both groups underwent initial graded exercise test (GXT) and subsequent cardiac rehabilitation for
6 weeks. After 6 weeks, both groups received follow-up GXT.

Results Statistically significant (p<0.05) increase of VO,,.,, and maximal MVO, but significant (p<0.05) decrease of
submaximal MVO, and resting heart rate were observed in both groups after 6 weeks of cardiac rehabilitation. An
increasing trend of maximal heart rates was observed in both groups. However, the increase was not statistically
significant (p>0.05). There was no statistically significant change of resting heart rate, maximal heart rate, maximal
MVO,, or submaximal MVO, in both groups after cardiac rehabilitation. Fatal cardiac complications, such as
abnormal ECG, cardiac arrest, death or myocardial infarction, were not observed. All subjects finished the cardiac
rehabilitation program

Conclusion Improvement was observed in the exercise capacity of patients after aerobic exercise throughout the
cardiac rehabilitation program. Therefore, cardiac rehabilitation can be safely administered for high-risk patients
with history of cardiac arrest. Similar improvement in exercise capacity can be expected in patients without

cardiac arrest experience.
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INTRODUCTION

A cardiac arrest refers to the state when mechanical
heart pumps activity stops and oxygen cannot be deliv-
ered to organs [1]. In adults, the most common causes
of cardiac arrest are coronary artery diseases (CADs) [2],
which are mostly accompanied by ventricular fibrillation
[3]. Due to recent improvements in emergency medical
technology, there has been an increase in the number of
patients resuscitated from cardiac arrest, including those
who received percutaneous coronary intervention with
positive clinical outcomes [4]. Although the survival rate
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after cardiac arrest from myocardial infarction (MI) is
increasing [5,6], the decline in motor and psychological
functions can reduce patients’ quality of life [7]. There-
fore, active cardiac rehabilitation must be accompanied
by treatment for underlying diseases in order to restore
all functions back to the level before the cardiac arrest [8].

Cardiac rehabilitation plays a critical role in the man-
agement of risk factors for CAD [9]. Cardiac rehabilita-
tion is known to decrease the mortality related to cardiac
disease by 20% with the improvement of heart and lung
function, socio-psychological status, and the quality of
life. In addition, it delays the progression of atherosclero-
sis and decreases its severity [9-11].

Recently, the utility of cardiac rehabilitation has been
actively studied in CAD patients [9]. However, no re-
search study has been performed regarding the stability
and effectiveness of cardiac rehabilitation on patients
with severe MI comorbidities, such as cardiac arrest.
Therefore, the objective of this study was to determine
the safety and effectiveness of cardiac rehabilitation on
patients with CAD who have been resuscitated from car-
diac arrest. These subjects are known to have high risk
for cardiac rehabilitation.

MATERIALS AND METHODS

Subjects

The study subjects were patients who visited the Sang-
gye Paik Hospital emergency room between August 2010
and August 2013 due to cardiac arrest. Cardiac arrest
was defined as ventricular fibrillation, pulseless electri-
cal activity, or asystole. Subjects were resuscitated and
received successful percutaneous coronary intervention
(PCI) for acute MI. These subjects were referred as the
cardiac arrest group. Patients who received PCI for acute
MI without cardiac arrest were also included in the study.
These subjects were referred as the non-cardiac arrest
group. In this study, the safety of cardiac rehabilitation
and the effectiveness of aerobic exercise were studied on
these two groups. The exclusion criteria were as follows:
inability to carry out the exercise program, history of
heart failure, valvular heart diseases, left ventricular ejec-
tion fraction (LVEF) less than 40% on echocardiography
(ECG), cerebrovascular diseases, neuromuscular disor-
ders, and musculoskeletal pain. This research was done
retrospectively by analyzing medical records. The study
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was reviewed and approved by the Institutional Review
Board.

Methods

All patients in the cardiac arrest group or the non-
cardiac arrest group were discharged from the hospital
after PCI. They received orientation regarding the neces-
sity and contents of the cardiac rehabilitation program.
Graded exercise test (GXT) was performed on their first
visit at the cardiac rehabilitation clinic.

For GXT, the symptom limited method by modified
Bruce protocol was used according to the American As-
sociation of Cardiovascular and Pulmonary Rehabilitation
(AACVPR) guidelines. GXT measures VO
exercise, and submaximal rate pressure product (RPP,,....)-

hmaw duUration of
The maximal oxygen uptake (VO,,,,,) was defined as the
highest value or the plateau of directly measured oxygen
consumption using a respiratory gas analyzer (QMC;
Quinton Instrument Co., Boston, MA, USA). The duration
of exercise was defined as the maximal exercising time
during GXT. The RPP,,, .. was calculated by multiplying
the heart rate and systolic blood pressure values obtained
at the second minute of the third stage of modified Bruce
protocol. The target heart rate was calculated according
to the Karvonen formula: [(maximal heart rate - resting
heart rate x %exercise intensity) + resting heart rate]. The
target heart rate was calculated at 60% of the maximal
heart rate during the first two weeks, at 70% during the
third and fourth weeks, and at 85% during the fifth and
sixth weeks. A wireless ECG monitoring system (Q-Tel
ECG telemetry system, Quinton Instrument Co.) was used
to monitor possible abnormal ECG (myocardial ischemia
or arrhythmia) and heart rates. Patients were subjectively
rated on Borg’s rate of perceived exertion (RPE). Patients
participated in 50-minute exercise programs three times
a week for 6 weeks for a total of 18 exercises. Each ses-
sion consisted of 10 minutes warm-up, 30 minutes main
exercise, and 10 minutes cool down. The main exercise
consisted of 15 minutes of treadmill and 15 minutes of
ergometer. After completion of 6 weeks’ hospital-based
cardiac rehabilitation training, exercise was continued at
home according to the instruction with the intensity of
60% of the heart rate reserve in both groups. As CAD risk
factor control, patients got diet therapy education, nutri-
tion consultation and smoking cessation lecture. They
also received drug treatment from a cardiologist for their
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high blood pressure, diabetes, or dyslipidemia. CAD risk
factors were continuously evaluated through follow-up in
outpatient clinic and strictly controlled through educa-
tion for lifestyle modification. After 6 weeks of cardiac re-
habilitation program, patients in both groups underwent
exercise test to evaluation the exercise capacity improve-
ment.

Statistical analysis

To compare age, diagnosis, and early VO, between
both groups, Mann-Whitney U test was used. To compare
sex, smoking history, location of stent insertion, cur-
rently taking medications, and risk factors for CAD, Pear-
son chi-square test and Fisher exact test were used. To
compare the effects of exercise between the two groups,
Wilcoxon signed-rank test and Mann-Whitney U test
were used to compare the amount of changes in VO,,.,,
HR.., HR,.,, and RPP between the two groups. SPSS ver.
18 (SPSS Inc., Chicago, IL, USA) was used for all statistical
analysis. Statistical significance was defined as p<0.05.

RESULTS

Characteristics of the study subjects

The study included 23 subjects consisting of 8 patients
with history of cardiac arrest and 15 patients without such
history. The cardiac arrest group consisted of 7 males and
1 female. The non-cardiac arrest group consisted of 13
males and 2 females. There was no difference regarding
the distribution of sex in the two groups. The average age
of the patients in the cardiac arrest group and the non-
cardiac arrest group was 46.7 and 51.2 years, respectively,
which were not significantly different. The cardiac arrest
group visited the cardiac rehabilitation clinic for the first
time on average of 25.6 days after the PCI to undergo the
exercise test. The non-cardiac arrest group visited the
cardiac rehabilitation clinic for the first time on average
of 15 days after the PCI to undergo the exercise test. No
statistically significant differences were found in the dis-
tribution of this classification or the numbers of blood
vessels with stent insertion. Furthermore, there were no
statistically significant differences in LVEF, risk factors
(hypertension, diabetes, dyslipidemia, smoking status,
and body mass index), or drug taken (Table 1).

Table 1. Demographic data of study subjects

Arrest (+) Arrest(-) p-value

Gender (male:female) 7:1 13:2 0.955
Age (yr) 46.75+£11.08 51.20+£11.97 0.605
Clinical diagnosis 0.685
NSTEMI 4(50.0)  6(40.0)
STEMI 4(50.0)  9(60.0)
Number of involved vessel
1 5(62.5) 10 (66.6) 0.596
z 3(37.5)  4(26.6) 0.467
3 0 (0) 1(6.7) 0.652
Duration of CR (hr) 18 18 1
Hypertension 4(50.0)  8(53.0) 0.879
Diabetes 4(50.0) 5(33.0) 0.657
Dyslipidemia 6(75.0) 12(80.0) 0.782
History of smoking
Never 3(37.5) 6 (40.0) 0.633
Current smoker 5(62.5) 6(40.0) 0.278
Ex-smoker 0 3(20.0)  0.2257
BMI (kg/m?) 23.58+2.20 25.28+3.55 0.186
LVEF 51.50+£7.57 45.85+9.97 0.114
VO,pea 25.57+9.69 30.63+6.10 0.210
hsCRP 0.26£0.25 0.38+0.75 0.846
HbAlc 6.35£0.81 6.74t1.73 0.974
Current medication
ACEi 4(50.0)  4(26.0) 0.371
ARB 1(12.5)  2(13.3) 0.955
+CCB 0 2(13.3)  0.526
A,B-blocker 3(37.5)  7(46.7) 0.673
B-blocker 4(50.0)  2(13.3) 0.056
Statins 7(87.5) 14(93.3)  0.955
Diuretics 2(25.0) 3(20.0) 0.782
Nitrates 5(62.5)  8(53.3) 0.673
Aspirin 8(100) 15 (100) 1
Clopidogrel 8(100) 15 (100) 1

Values are presented as meantstandard deviation or
number (%).

NSTEMI, non-ST elevation myocardial infarction;
STEMI, ST elevation myocardial infarction; CR, cardiac
rehabilitation; BMI, body mass index; LVEEF, left ventricle
ejection fraction; VO,,.,, peak oxygen consumption;
hsCRP, high sensitivity C reactive protein; HbAlc, hemo-
globin Alc; ACEi, angiotensin converting enzyme inhibi-
tor; ARB, angiotensin receptor blocker; CCB, calcium
channel blocker.
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Table 2. Comparison before and after the cardiac rehabilitation program

Arrest (+) Arrest (-)

Before CR After CR Before CR After CR
VO,eq (ML/kg/min) 25.5+9.6 32.9+8.4% 30.616.1 35.0+8.7*
RPP, .. 23,776.015,715.8 26,934.4+45,171.1* 22,577.0+5,733.8 25,407.5+5,017.8
RPP,pmax 13,624.1+3,245.9 11,382.1+1,679.1*% 14,534.6%3,201.9 11,429.2+2,859.3*
HR,. 74.849.4 68.2+9.6* 74.3£10.7 67.0+11.6*
HR,.. 138.2+12.3 151.8+5.9 157.6£16.0 150.2+10.5
Exercise duration 13.7£2.9 18.5+0.7* 15.0£2.2 19.3+£9.9*

Values are presented as meantstandard deviation.
CR, cardiac rehabilitation; HR,_. , maximal heart rate; HR

max:

, resting heart rate; RPP

Test’

, maximal rate pressure product;

max.

RPP, ..y Submaximal rate pressure product at stage 3; VO,,.,, peak oxygen consumption.

*p<0.05 before vs. after cardiac rehabilitation.

Cardiovascular-related complications during exercise mo-
nitoring

According to AACVPR guidelines on risk classification
for exercise training, all subjects in the cardiac arrest
group were in the high risk group [12,13]. In contrast,
none of the subjects from the non-cardiac arrest group
belonged to the high risk group. In this study, only two
patients with intermittent ventricular premature contrac-
tion (VPC) were observed in the cardiac arrest group dur-
ing exercise monitoring. However, it did not lead to any
dangerous or critical condition. They were relieved with-
out special treatment. No fatal cardiac complications,
such as abnormal ECG, hemodynamic response, cardiac
arrest, death or myocardial infarction, were observed. All
23 subjects finished the cardiac rehabilitation program.

Data comparison before and after the cardiac rehabili-
tation program

After 6 weeks of aerobic exercise according to the car-
diac rehabilitation program, the VO,,.,, increased from
the average of 25.5 to 32.9 mL/kg/min in the cardiac ar-
rest group and from 30.6 to 35.0 mL/kg/min in the non-
cardiac arrest group. The increase was statistically sig-
nificant (p<0.05) in both groups. Submaximal myocardial
oxygen demand (MVO,) and the resting heart rate were
significantly (p<0.05) decreased in both groups. However,
maximal MVO, values were significantly (p<0.05) in-
creased in both groups. Although the maximal heart rate
showed an increasing trend, the increase was not statisti-
cally significant (p>0.05) (Table 2).
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Table 3. Rate of change comparison between the two
groups before and after the cardiac rehabilitation pro-
gram (unit, %)

Arrest (+) Arrest (-)  p-value*
VO,pea 35.4+25.2 12.1+20.9 0.056
HR,, -8.7+9.8 -9.8+11.3 0.630
HR,_ ., 10.4%£8.9 4.2+11.1 0.267
RPP,,.. -17.0£16.4  -20.2+16.3 0.581
RPP 12.319.8 16.9+25.9 0.972

max

Values are presented as meantstandard deviation.
VO,,..c peak oxygen consumption; HR,,,,, maximal heart
rate; HR,,, resting heart rate; RPP,, ..., submaximal rate
pressure product at stage 3; RPP, ., maximal rate pres-
sure product.

*p<0.05 Arrest (+) vs. Arrest (-).

Changing rate = (B-A)/A x 100; A, baseline before car-
diac rehabilitation; B, result after cardiac rehabilitation.

Rate of change comparison between the two groups be-
fore and after the cardiac rehabilitation program

No statistically significant (p>0.05) differences were ob-
served in resting heart rate change, maximal heart rate,
maximal MVO,, or submaximal MVO,. The rate of change
in VO, was 35.4 in the cardiac arrest group which was
higher than the result of 12.1 in the non-cardiac arrest
group. However, this difference was not statistically sig-
nificant (p>0.05) (Table 3).

DISCUSSION

CAD with the inclusion of acute MI has a high preva-
lence and mortality rate worldwide. Although the mortal-
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ity rate is decreasing due to recent improvement in medi-
cal technology, the prevalence rate is steadily increasing
[14,15]. Patients who are resuscitated from cardiac arrest
show a decrease in exercise capacity and reduced quality
of life as well as mental distress as a possible complica-
tion of acute MI, making it difficult to control the risk
factors. It was reported in several previous studies that
cardiac rehabilitation after acute MI plays an important
role in the increased exercise capacity, the management
of the risk factors, and the secondary prevention of CAD
[16,17]. Cardiac rehabilitation is known to restore physi-
cal, mental, and social capabilities to the level prior to
disease occurrence [16,17].

This study revealed that the values of VO,,., and MVO,
at stage 3 were significantly increased and the resting
heart rate were significantly decreased in both groups af-
ter cardiac rehabilitation, suggesting that exercise capac-
ity can be increased after exercise training and cardiac
rehabilitation program, even in high risk patients, such
as patients from the cardiac arrest group. Particularly,
the high increase of VO,,.,, which is closely related to the
survival rate may be of great benefit for high risk patients.
This result supports the beneficial effects of cardiac reha-
bilitation program for both groups.

Although there were no statistically significant differ-

ences in the change rates of VO the change rate was

2peak’
35.4% in the cardiac arrest group, which was much higher
than 12.1% in the non-cardiac arrest group. Even though
this difference was not significant, it may be due to a low-
er initial VO,,., of cardiac arrest group compared to that
of the non-cardiac arrest group. This result is in consis-
tent with previous studies that showed a higher increase
in rate of in VO,,,,, was achieved after cardiac rehabilita-
tion program when the initial VO,,.,, was low [18].

In this study, similar results were obtained for other
variables except the maximum heart rate which was af-
fected by age. In both groups, the resting heart rate and
the submaximal MVO, decrease indicated that the whole
body circulation was required to carry out the same in-
tensity of exercise which consequently led to a decreased
stress on the heart. In addition, maximal myocardial oxy-
gen consumption increased after the cardiac rehabilita-
tion program, indicating that the maximum intensity of
exercise tolerated by patients has increased.

The cardiac arrest group was considered to have a high
risk of cardiovascular complication during exercise in

this study. However, during the monitoring exercise, only
3 events of intermittent VPC were observed out of 144
hours. They were relieved without additional treatment.
No fatal cardiovascular complication was observed, sug-
gesting that careful monitoring during exercises and pre-
scription of suitable exercise program can effectively de-
crease the risk and fear of exercise related complications.
Therefore, cardiac rehabilitation can be actively applied
to high risk patients.

The limitations of this study were as follows. Firstly, the
number of subjects was too small. Secondly, there were
more males than females in both groups. In previous
studies, the proportion of female participants in cardiac
rehabilitation after PCI was about 7%-20% [19]. In this
study, a similar rate of participation was observed in both
genders. Further studies comparing male and female
patients may be needed by inclusion of more female sub-
jects. Thirdly, this study did not conduct a longer follow-
up after 6 weeks. Therefore, long-term improvement in
exercise capacity after the 6 weeks of cardiac rehabilita-
tion program could not be confirmed.

Despite these limitations, this study safely implement-
ed aerobic exercise in patients of the cardiac arrest group
in the cardiac rehabilitation program. Appropriate moni-
toring was conducted. Strong improvement in exercise
capacity was observed in both groups.

In conclusion, the exercise capacity in both study
groups was increased after the aerobic exercise in the
cardiac rehabilitation program. There were no statisti-
cally significant differences between the two groups in
the rate of improvement. Considering this result, the car-
diac rehabilitation program can be safely implemented
in cardiac arrest group which is considered at a high risk
group. The exercise capacity can be improved in non-car-
diac arrest group with appropriate monitoring. Further
study is needed with a larger number of cardiac patients
who were resuscitated from cardiac arrest to determine
whether our results are universal or conclusive.
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