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 Objective: Cardiac rehabilitation after coronary artery bypass surgery (CABG) is one of 
the well-known and effective methods in increasing physiologic function and functional 

capacity of patients. In this study, we compared the effects of two short-term (8-session 

and 24-session) cardiac rehabilitation programs accompanied by aerobic exercises on 
cardiac fitness indices after CABG. Methods: This was a quasi-experimental study. Of 

patients who presented to the Research center of Imam Ali Heart Center in Kermanshah, 

24 cases with age range of 45-74 years were selected. They were randomly divided into 
two groups: 12 patients in 8-session group and 12 cases in 24-session group. Before 

rehabilitation and after that echocardiography and exercise tolerance test (ETT) were 

performed and left ventricular ejection fraction (LVEF), diastolic function, and maximal 
oxygen consumption (VO2 max) using the Bruce protocol were calculated and compared 

between the two groups. The data were analyzed by the SPSS software. Results: There 

was no significant difference regarding mean LVEF (P= 0.3) and diastolic function (P= 
0.2) before and after rehabilitation in 8-session group. However, a significant difference 

existed in terms of VO2 max before and after 8-session rehabilitation (P= 0.000). There 

was also significant difference before and after 24-session cardiac rehabilitation in terms 
of mean LVEF (P= 0.001), diastolic function (P= 0.01), and VO2 max (P= 0.000). 

Conclusion: The results indicated that as the duration of exercises is increased, its 

beneficial effects will be more prominent. These effects will be more obvious as time 
passes on both systolic and diastolic functions. 
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INTRODUCTION 

 

 Based on the latest statistics released by the World Health Organization (WHO), coronary artery diseases 

(CAD) was introduced as the most common cause of death worldwide in 2004 [1]. The prevalence of CAD has 

also been reported to be high in Iran [2].
 
Like patients with other heart conditions, those who go under coronary 

artery bypass grafting (CABG) and angioplasty require cardiac rehabilitation [3]. The cost of initial treatment, 

subsequent disability, and mortality resulting from ischemic heart diseases (IHD) are the causes of an enormous 

loss in financial resources as well as loss of human lives in society. Therefore, it is quite evident the necessity in 

finding measures to reduce morbidity and mortality as a result of complications of IHD.  

 Following decline in physical, psychological, and social functions as a result of heart attack, the possibility 

of re-occurrence of acute coronary syndromes (ACS) is increased. This causes repeated hospitalizations, heart 

failure development, and disability. In such cases, most patients require costly and aggressive treatments. 

Patients, who have undergone CABG, despite the relative improvement in symptoms and increased life 

expectancy, suffer from problems such as lack of an ideal increase in beneficial life expectancy, consecutive 

visits to the emergency room, repeated hospitalizations, and occupational disabilities as well as psychological 

and emotional difficulties. 
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 The WHO has declared patient’s relief from the disease and improved quality of life as the goal of modern 

rehabilitation [4]. Sports rehabilitation is a continuous and inseparable part of the cardiac rehabilitation which its 

primary objective is to improve the physical condition of patient by increasing the functional capacity while 

increasing life quality [5].  

 Exercise training, in the form of a comprehensive cardiac rehabilitation program, began for the first time in 

the US about 40 years ago, and with the clarification of its positive effects gradually has spread to other 

countries, in a way that today there are approximately 4,000 rehabilitation clinics are active in the US alone. 

Currently, in Iran there are 5 governmental rehabilitation clinics providing such services. 

 High risk patients must go under the care of a physician, meaning being referred to the cardiac 

rehabilitation center and doing the sports activities. However, low risk patients can indirectly engage in sports 

activities. Other beneficial effects of sports can be attributed to positive weight losses, increased range of 

motion, and increased neuro-muscular balance. The effects of exercise training may reduce ventricular 

arrhythmias induced by activity, but non-programmed exercising without any planning or strenuous exercise 

may be very dangerous for CAD patients. Therefore, medical monitoring and medical supervision is necessary 

during exercise, and this is an important reason for setting up outpatient cardiac rehabilitation centers. 

 It has been shown that rehabilitation programs have made improvements in aerobic exercise capacity and 

the quality of life in both young and old cardiac patients. In a study conducted by Alexander et al. [6] on the 

comparison of the effects of rehabilitation at home vs. rehabilitation at special centers, they concluded that the 

effects of rehabilitation at special centers are more effective compared to rehabilitation at home. 

 Given the importance of this approach for cardiac patients, the effects of frequency and duration of training 

sessions in this study (comparison between two groups of 8 and 24 sessions) focuses on the impact of 

rehabilitation and recovery of patients. 

 Considering that there are no rehabilitation centers and medical facilities in all provincial capitals and cities 

of the country, and a number of patients do not have the ability to participate in these programs as three sessions 

per week, and also given that a number of patients have difficulties reaching these centers because of faraway 

distances, we decided to conduct a study on the efficacy of two short-term cardiac rehabilitation programs with 

aerobic exercises on cardiac indices after CABG. 

 Thus we conducted this study to compare the effects of two 8- and 24-session cardiac rehabilitation 

programs by aerobic exercise on left ventricular ejection fraction (LVEF), diastolic function, and VO2 max 

(measured using exercise tolerance test (ETT) or Bruce protocol) after CABG.  

 

MATERIALS AND METHODS 

 

 Given our experimental group in obtaining data from experiments, as well as studies from pre-test and post-

test, and the existence of the independent variable, the current research was conducted as a quasi-experimental 

research type. The study population consisted of patients who were referred to the heart educational and 

therapeutic research center of Imam Ali in the city of Kermanshah, Iran. Twenty-four CABG patients were 

selected randomly as the study sample. The inclusion criteria of the study included male and female CABG 

patients aged between 45 and 74 years old who had voluntarily participated in the rehabilitation program of the 

center and completed all the sessions. The exclusion criteria of the study were set as study of individuals who 

had either were deemed unqualified by the center’s specialist physician as a result of underlying medical 

conditions such as dangerous arrhythmias being prohibited from continuing rehabilitation sessions, or 

themselves refusing to participate through the end of all sessions.  

 The patients were randomly divided into 8-session (12 cases) and 24-session (12 cases) groups. The 

dependent variables of the study included functional capacity (METs= metabolic equivalents), diastolic 

function, ETT or Bruce protocol with treadmill, VO2 max (maximal oxygen consumption during maximal 

physical exercise), and LVEF.  

 After patients completed a medical questionnaire and submitted a consent form, they participated in the 

research by doing ETT and echocardiography two times (before and after exercise activities). The patients 

completed aerobic exercises in three sessions per week for 8 weeks under the controlling supervision of research 

group and the center’s medical specialists when the variables of interest were measured and evaluated. The 

patients were divided into three categories of low risk, moderate risk, and high risk based on the results of 

echocardiography, ETT, and evaluation of their physical conditions and history of any previous illnesses. For 

each patient, given their physical conditions, a specific program was devised. After the end of trial program, and 

in the last session, a questionnaire on living quality, repeated echocardiography and ETT were completed. The 

obtained results were compared to the findings of the individual’s initial echocardiography and ETT as well as 

the information relating to the quality of life before exercising. Also, the obtained information was compared 

with the information which was obtained from the control group and then the results were presented. 

 In the performed pre-CABG echo and post-rehabilitation echo, LVEF and diastolic function were 

determined. LVEF was determined as percentage and diastolic function as qualitative unit in which the patients 
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had shown both a positive or negative diastolic function and being classified in the following three categories of 

mild failure, moderate failure, and severe failure. The qualitative statistical results were assigned numbers which 

then considered them as quantitative statistical units. 

 The stages of ETT (Bruce protocol) were also attained by walking and running on treadmill, in which at 

each advancing stage of exercise, the speed and slope were increased, and each patient was able to complete the 

test based on his/her own physical condition. 

 Aerobic power or VO2 max (maximal oxygen uptake), which was obtained from METs, was calculated 

based on the completed protocol of Bruce protocol on treadmill multiplied by a factor of 3.5. 

 Prior to commencing the test, the patients did a series of stretch exercises and gentle walks as warm ups for 

a period of 10 to 15 minutes. After warm ups exercises, the patients in the experimental group engaged in 

activities under the common practices of rehabilitation program including aerobic exercises which were as 

follows: each patient exercised with the intensity of 60 to 80 percent of his/her maximum heart rate (this 

intensity was determined by the center’s sports medical specialist from the information yielded by the initial 

ETT, tolerance level, and distant covered on the treadmill). 

 Blood pressure was measured and documented during three stages of rest before exercise, while exercising, 

and finally after the end of exercises. Patients rested for 10 to 15 minutes based on their physical condition, and 

then continued their activities on the treadmill. Also, heart rate, distant and duration of exercise covered were 

registered. Then, each patient walked calmly about 3 to 5 minutes in order to cool down. The average time for 

this exercise was 10 minutes. In an event of observing any special difficulties or problems such as ST-segment 

depression or elevation, sudden heart rate increase, blood pressure drop, pallor, sudden chest pain and severe 

arrhythmias, then the exercise was discontinued and necessary care was applied. Patients’ records in each 

session of exercise were reviewed by a physician. In the last session, at the end of the cardiac rehabilitation 

program, echocardiography and ETT on treadmill were completed and the obtained information was compared 

to the obtained data from the initial echocardiography and ETT.  

 The results of the research from two groups of 8-sessions and 24-sessions were analyzed using the SPSS 

software applying descriptive statistics as well as dependent and independent t tests. 

 

Results: 

 Demographic characteristics are presented in Table 1. As shown, 83.3% of cases were male and 16.7% was 

female. About half of patients (50%) were in 8-session group and half (50%) were in 24-session group. The 

most common group regarding coronary artery involvement was seen in 4-vessel group (50%) and the least one 

(8.3%) was seen in 2-vessel group.  

 Table 2 presents frequency, mean and standard deviation of LVEF, VO2 max (maximal oxygen 

consumption during maximal physical exercise and is measured by exercise tolerance test or Bruce test with 

walking on treadmill) and diastolic function of 8-session group. Diastolic function in a healthy person is 

considered good and in patients it is categorized as mild, moderate, or severe dysfunction. In this study, as other 

hypotheses were parametric, diastolic dysfunction was also changed to a parametric variable as discussed later. 

For good function score of 0 was assigned and for mild, moderate, and severe dysfunction scores of 1, 2, and 3 

were respectively assigned. Since for this variable, normalization test and score order was from the minimum to 

maximum, the independent t-test was used. Post-test score showed rise in comparison to pre-test score. In the 

above Table, frequency, mean and standard deviation of LVEF, VO2 max, and diastolic function in 24-session 

group are presented. As shown, for all variables except for diastolic function, post-test score showed rise in 

comparison to pre-test score. Regarding diastolic function, post-test score drop indicates improvement in 

patients’ condition. Also, there was no significant difference regarding mean (±SD) LVEF in 8-session group 

(49.2 ± 5.6) vs. 24-session group (51.7±3.9); P= 0.3, df= 22, t= - 0.9. 

 
Table 1: Frequency, frequency percentage, and cumulative frequency of the subjects based on gender, rehabilitation sessions, and number 

of bypassed coronary arteries. 

Descriptive indices  Frequency Frequency percentage Cumulative frequency 

Gender Female 4 16.67 16.67 

Male 20 83.33 100 

Rehabilitation sessions 8 sessions 12 50 50 

24 sessions 12 50 100 

Bypassed coronary arteries 1 vessel 3 12.5 12.5 

2 vessels 2 8.3 20.8 

3 vessels 4 16.7 37.5 

4 vessels 12 50 87.5 

5 vessels 3 12.5 100 
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Table 2: Pre-test and post-test scores of the subjects with 8- and 24-session cardiac rehabilitation groups. 

Variables   Frequency Mean (SD) 

8-session rehabilitation LVEF (%) Pre-test 12 45.4 (±9.6) 

Post-test 12 49.2 (±5.5) 

VO2 max (mL/min/kg) Pre-test 12 19.8 (±6.9) 

Post-test 12 33.7 (±8.1) 

Diastolic function Pre-test 12 1.2 (±1.2) 

Post-test 12 0.8 (±0.8) 

24-session rehabilitation LVEF (%) Pre-test 12 41.7 (±8.9) 

Post-test 12 51.7 (±3.9) 

VO2 max (mL/min/kg) Pre-test 12 22.6 (±5.7) 

Post-test 12 42.3 (±6.2) 

Diastolic function Pre-test 12 1.3 (±0.8) 

Post-test 12 1.6 (±0.6) 

LVEF= left ventricular ejection fraction; SD= standard deviation; VO2 max= maximal oxygen consumption during maximal physical 
exercise 

 

Table 3: Independent t-test of LVEF, diastolic function, and maximal oxygen consumption during maximal physical exercise (VO2 max) in 
8- and 24-session cardiac rehabilitation groups. 

Variable Groups Mean (SD) t df P 

LVEF 8-session 49.2 (±5.6) - 0.9 22 0.3 

24-session 51.7 (±3.9) 

Diastolic function 8-session 0.8 (±0.8) 0.4 22 0.7 

24-session 1.6 (±0.6) 

VO2 max 8-session 33.7 (±8.1) 1.08 22 0.3 

24-session 42.3 (±6.1) 

LVEF= left ventricular ejection fraction; SD= standard deviation; VO2 max= maximal oxygen consumption during maximal physical 
exercise 

 

Table 4: Dependent t-test of LVEF, diastolic function, VO2 max before and after 8 and 24 sessions of cardiac rehabilitation. 

Variable Test time Mean (±SD) t df P 

LVEF Before 8 sessions 45.4 (±9.6) - 1.9 11 0.08 

After 8 sessions 49.2 (±5.6) 

Before 24 sessions 41.7 (±8.9) - 4.3 11 0.001 

After 24 sessions 51.7 (±3.9) 

Diastolic function Before 8 sessions 1.2 (±1.2) 1.3 11 0.1 

After 8 sessions 0.8 (±0.8) 

Before 24 sessions 1.3 (±0.8) 3.000 11 0.01 

After 24 sessions 1.6 (±0.6) 

VO2 max Before 8 sessions 19.8 (±6.9) - 7.5 11 0.000 

After 8 sessions 33.7 (±8.1) 

Before 24 sessions 22.6 (±5.7) - 11.4 11 0.000 

After 24 sessions 42.3 (±6.1) 

LVEF= left ventricular ejection fraction; SD= standard deviation; VO2 max= maximal oxygen consumption during maximal physical 

exercise 

 

 Regarding information presented in Table 3, there was no significant difference in terms of diastolic 

function of 8-session group (mean= 0.8, SD= 0.8) vs. 24-session group (mean= 1.6, SD= 0.6); P= 0.7, df= 22, t= 

0.4. Also, no significant difference was found with regard to VO2 max between 8-session group (mean= 33.7, 

SD= 8.1) and 24-session group (mean= 42.3, SD= 6.1); P= 0.3, df= 22, t= 1.08. 

 According to Table 4, there was no significant difference regarding mean (SD) LVEF before 8 sessions of 

cardiac rehabilitation (45.4±9.6) and after rehabilitation (49.2±5.6); P= 0.08, df= 11, t= 1.9. However, there was 

a significant difference regarding mean (SD) LVEF before 24 sessions of cardiac rehabilitation (41.7±8.9) and 

after rehabilitation (51.7±3.9); P= 0.001, df= 11, t= - 4.3. There was no significant difference regarding mean 

(SD) diastolic function before 8 sessions of cardiac rehabilitation (1.2±1.2) and after rehabilitation (0.8±0.8); P= 

0.2, df= 11, t= 1.3. But, a significant difference was detected regarding mean (SD) diastolic function before 24 

sessions of cardiac rehabilitation (1.3±0.8) and mean (SD) of this variable after rehabilitation (1.6±0.6); P= 0.01, 

df= 11, t=3. There was a significant difference regarding mean (SD) VO2 max before 24 sessions of cardiac 

rehabilitation (22.6±5.7) and after rehabilitation (42.3±6.1); P= 0.000, df= 11, t= - 11.4. 

 

Discussion: 

 The results of the research show that there was no statistical significant difference between LVEF, diastolic 

function, and aerobic power (VO2 max) between 8- and 24-session rehabilitation groups.  

 These results are not consistent with the findings of Hoovie et al. [7] conducted in 2007. They realized that 

there was a significant difference between 4-week and 10-week exercise programs. They selected 60 

participants in a random order and divided them in two groups of 4-week (20 sessions), and 10-week (30 

sessions) programs. In the mentioned research, ETT was conducted with Bruce protocol on treadmill, then after 

6 months a quality of life questionnaire was completed by the patients. The aerobic and resistance exercises 
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were done in 50 minutes periods in a hospital outpatient environment. Additionally, the patients’ diet and 

medications were also monitored. Hoovie et al. contributed their finding of lack of difference to the attendance 

rate of the patients during the sessions. Their study logged a participation rate of 96% for the 4-week program, 

while logging 84% attendance for the 10-week program. The other defect in their research was contributed to 

high degree of fitness of their subjects who were considered as low risk patients. Therefore, another limitation 

with that research was the lack of classification of patients from the physical point of view, despite having 

controlled the patients prior to tests. Also, the results of the quality of life test showed that the 10-week program 

patients suffered from higher levels of anxiety and depression which indicates that short-time sessions were 

more acceptable for patients. 

 Our study is consistent with the results of the study conducted by Maaroos et al. [8] which concentrated on 

the comparison of the effects of home rehabilitation compared to rehabilitation centers and concluded that the 

effects of rehabilitation done at the specialized centers are more effective than rehabilitation done at home.  

 In our study, there was no significant difference between mean LVEF and diastolic function prior to the 8-

session rehabilitation and mean of this variable after 8 sessions. 

 There were significant differences between mean LVEF values, diastolic function, and VO2 max prior to 

24-session rehabilitation and mean values of these variables after 24-session rehabilitation as well as VO2 max 

prior and after 8-session rehabilitation. 

 The findings indicate that with any increase in the amount of time of exercises then the effects lend to be 

more positive. The results of our hypotheses are consistent with the results obtained by Alexander et al. [6]
 

conducted in 2006. They realized that the effects of heart rehabilitation on patients for a period of 12 weeks 

resulted in clear recovery in the quality of life in both short and long terms.  

 In a study conducted by Sharma et al. [9] on 150 patients who underwent the CABG, mean values for 

METs and VO2 max increased in 88% of the patients.  

 Our research is also consistent with the results obtained by Pourhousiney et al. [10] in Tehran conducted in 

2009. They indicated that 18 rehabilitation sessions for the purposes of change in recovery of diastolic function 

is not sufficient and the number of sessions should be increased. 

 In another study conducted by Stakie Ghashghaie et al. [11] in the city of Isfahan on 32 patients who 

underwent CABG, in two groups of 15 and 17 patients for a period of 2 months at a rehabilitation center showed 

that a clear recovery was evident in reducing blood pressure and heart rate at rest levels, and also EF increased 

which are consistent with the obtained results in our study. 

 Also, with the study conducted by Hasan Safi Khani et al. [12] in the city of Kermanshah on 32 patients 

who underwent CABG, in two groups of 16 patients for a period of 2 months at a sports rehabilitation center 

show a clear increase in METs and VO2 max values which are also consistent with the obtained results in our 

study. 

 The current findings are in agreement with results reported by Hadad-Zadeh et al. [13] They studied 84 

patients with cardiac conditions and divided them into two groups of 42 patients for a period of 12 weeks at a 

sports rehabilitation center and showed a significant increase in EF of the patients. 

 The improved heart performance during the heart rehabilitation sessions as a result of rehabilitation 

exercises is caused by the increase in the amount of sports exercise time and physical activities which allow the 

patient to cover more distances with less pain and physical difficulties, and because of increased blood flow, the 

patients feels less fatigue. We can achieve with any increased number of sessions an ideal weight loss, improved 

body mass index (BMI), and ultimately reduction in the risk of diabetes and hyperlipidemia.  

 Again, we emphasize that as we increase the duration of exercise sessions, the efficiency levels increases on 

patients. It is evident that any increases in duration of exercises will result in greater beneficial effects. In 

general, since the long-term effects of cardiac rehabilitation and exercises do not remain constant, therefore to 

increase physical activity a number of prolonged workouts such as improved exercise habits and productivity 

from the benefits of training programs are highly recommended. 

 

Suggestions: 

1. If possible, for patients who are unable to come to a rehabilitation center because of faraway distances or 

other problems, conditions should be created that the exercises can be done at home. 

2. Exercise books or videos should be used at home for patients who are unable to attend cardiac rehabilitation 

centers, so they do not reduce their number of sessions. 

3. More cardiac rehabilitation centers should be established at smaller cities so that patients can benefit from 

their services. 

4. A greater level of involvement of physicians at county levels on supervision of sports sessions outside of 

the rehabilitation centers should be considered.  

5. Use of physical therapy centers for cardiac rehabilitation sports should be considered. 

 

 



205                
               

Ahmad Hematfar et al, 2014 

Advances in Environmental Biology, 8(11) Special 2014, Pages: 200-205 

REFERENCES 

 

[1] WHO Media Centre. The top ten causes of death. Updated October 2008 (310).Availablefrom: 

http://www.who.int/mediacentre/factsheets/fs310/en/ind ex.html. Accessed October 15, 2010. 

[2] Hatmi, Z.N., S. Tahvildari, A. Gafarzadeh-Motlag and A. Sabouri-Kashani, 2007. Prevalence of coronary 

artery disease risk factors in Iran: A population based survey. BMC Cardiovasc Disord., 32(7): 1-5. 

[3] Karapolat, H., E. Demir, T. Bozkaya, et al., 2009. Comparison of hospital-based versus home-based 

exercise training in patients with heart failure: Effects on functional capacity, quality of life, psychological 

symptoms, and hemodynamic parameters. Clin. Res. Cardiol., 98(10): 635-642.  

[4] Lie, I., H. Arnesen, L. Sandvik, et al., 2010. Predictors for physical and mental health 6 months after 

coronary artery bypass grafting. Eur. J. Cardiovasc. Nurs., 9(4): 238-43. 

[5] Karapolat, H., E. Demir, T. Bozkaya, et al., 2009. Comparison of hospital-based versus home-based 

exercise training in patients with heart failure: Effects on functional capacity, quality of life, psychological 

symptoms, and hemodynamic parameters. Clin Res Cardiol., 98(10): 635-642. 

[6] Alexander, J.L., C.L. Wagner, 2006. How cardiac rehabilitation relates to quality of life. Rehabil Nurs., 

31(4): 155-7. 

[7] Hevey, D., A. Brown, A. Cahill, H. Newton, M. Kierns, J.H. Horgan, 2003. Four-week 

multidisciplinarycardiac rehabilitation produces similar improvements in exercise capacity and quality of 

life to a 10-week program. J. Cardiopulm. Rehabil., 23(1): 17-21. 

[8] Maaroos, J., Arak-Lukmanni Akh, A.P. Landyr, A comparative analysis of the efficacy of rehabilitative 

treatment after a surgical intervention in ischemic heart disease patients at a rehabilitation center and under 

home condition. 

[9] Sharma, R., A.A. McLeod, 2001. Cardiac rehabilitation after coronary artery bypass graft surgery: its 

effect on ischaemia,functional capacity and a multivariate index of prognosis. Coronary health care, 5(4): 

189-193. 

[10] Pourhoseini, H.R., K. Hoseini, A. Nouri, A. Sharafi, 2010. The effect of cardiac rehabilitation on diastolic 

function in patients underwent CABG in Tehran Heart center. Journal of Saudi Heart Association, 22(2): 

97. 

[11] Esteki Gh. F., M. Sadeghi, S.M. Matandi, Gh. S. Esteki, 2011. Exercise – based rehabilitation improves 

hemodynamic responses after coronary artery by pass graft surgery . A R Y A Atheroschlerosis Journal. 

2011 (winter), 7: 4. 

[12] Safikhani, H., N. Bagheli, N. Behpoor, B.T. Tengku Fadilah, 2011. Effect of cardiac rehabilitation 

(resistance training) in CABG' s patients.Australian Journal of Basic and Applied sciences, 5(12): 534-

540. 

[13] Hadadzade, M.H., G. Arun, R. Maiya, Padmakumar, B  Shad, J. Mirbolouk, 2011. Effect of exercise-

Based cardiac rehabilitation Ejection fraction in coronary Artery disease patient : A Randomized 

controlled trial. Heart views, 12(2): 51-57.  


