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1. ABSTRACT 

Effect of Aerobic Interval Training (AIT) in improving functional capacity and Left 

Ventricle (LV) remodelling in post-Myocardial Infarction (MI) Patients- A 

Randomized Controlled Trial  

1.1 Background: 

Exercise-based cardiac rehabilitation aims to improve cardiac reserve and overall 

functional capacity in patients treated for acute coronary syndrome (ACS). Cardiac 

rehabilitation has been suggested to reverse pathological remodelling and improve LV 

stroke volume and Cardiac output. Over and above a primary Percutaneous Coronary 

Intervention (PCI) and drugs for post-Acute Myocardial Infarction (AMI) cardiac 

recovery, an exercise-based cardiac rehabilitation program has shown to improve 

mortality and morbidity in western studies. However, there is scarcity of data on the 

effectiveness of exercise-based cardiac rehabilitation on Reverse LV remodelling in 

post-MI Patients, in Indian setting. 

1.2 Objectives: 

To measure the effect of Aerobic Interval Training in improving functional capacity 

and LV remodelling in post-MI Patients who are medically stable at discharge 

1.3 Methodology: 

All adult participants who were less than 65 years, hospitalized for treatment of an acute 

coronary syndrome (ACS), once medically stable on optimal medical therapy and fit 

for discharge, were recruited for exercise-based cardiac rehabilitation program after 
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obtaining written consent. Participants were initially stratified based on the LV ejection 

fraction (EF<40%) into two groups and then randomized into intervention group and 

controls. Intervention group received a 12-week supervised AIT in addition to the 

standard post-AMI care whereas the controls received the standard post-AMI care as 

per the current institutional practice. Both the intervention group and the controls were 

assessed at baseline and at 3 months for (1) Functional capacity, as measured by the 

following variables - METS (Metabolic Equivalents), Heart rate recovery at 1 min 

(HRR) and 6min Walk Distance (6MWD) (2) Cardiac function, as measured by ECHO 

parameters  and (3) Cardiometabolic profile, as assessed with the following variables - 

blood pressure, blood sugar, lipid profile, body mass index (BMI) and waist-hip ratio 

(WHR). 

1.4 Results: 119 patients were randomized into 65 to receive AIT and 54 to receive the 

usual care. With a 53.8% drop-out in the AIT group, 30 completed the protocol while 

42 among the control group completed the study. The exercise duration, METs achieved 

and 6-minute walk distance improved significantly in the AIT group. The treadmill-

based Duke prognostic score also improved significantly in this group. The reduction 

in body weight and BMI was also significant among patients who underwent AIT.  LV 

function (LVEF & LVGLS) showed significant improvement among intervention group 

with good compliance as compared to controls. However, the metabolic profile of 

patients did not show any significant difference between the two groups. 
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1.5 Conclusion: In post-MI patients who are medically stable on optimal medical 

therapy, aerobic interval training (AIT) leads to significant improvement in functional 

capacity and contributes to reverse LV remodelling, thus improving the cardiac 

prognosis
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2. INTRODUCTION 

Cardiac rehabilitation (CR), an important component in the continuum of care for 

individuals with cardiovascular disease, is a comprehensive multi-disciplinary 

intervention that is shown to reduce overall mortality and morbidity in patients with 

heart disease.  

 

The main goals of CR are to limit the physiological and psychological effects of cardiac 

illness, reduce the risk for sudden death or re-infarction, control cardiac symptoms, 

stabilize or reverse the atherosclerotic process, and enhance the psychosocial and 

vocational status of selected patients. It achieves this through a multi-pronged strategy 

tailored to meet the individual and cultural needs of the patient and their family.  

 

Core components of CR include medical evaluation followed by (a) participation in a 

structured prescribed exercise program, (b) dietary education to adopt a heart-healthy 

diet, (c) stress management, (d) cardiac risk factor modification, and (e) health 

education and counseling to ensure compliance to medication(1).  

 

At Christian Medical College and Hospital, Vellore, all patients treated for the acute 

coronary syndrome are, educated on their cardiac status, the need for a healthy heart 

diet and the benefits of regular physical exercises. They are encouraged to continue their 

medications and lead a physically active lifestyle. Nevertheless, most post-MI patients 

are often seen to limit their physical activities for fear of a subsequent heart-attack and 

perhaps even death. Unfortunately, this may have a detrimental effect on long-term 
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cardiac prognosis. 

 

The mortality rate among patients treated for ACS remains substantial despite the latest 

pharmacological and interventional therapies. Moller et al reported a mortality rate of 

> 25% among patients with an LVEF of 31-40% and < 15% among patients with LVEF 

> 50%, in the first two years following the MI. (2) Although meta-analysis of studies 

performed in the developed world demonstrated an added benefit with exercise-based 

CR, over and above the standard medical therapy, it is neither widely available nor taken 

up avidly by patients in India. Moreover, a lack of research data among patients in 

Indian settings may have a negative impact on even the physicians recommending an 

exercise-based structured cardiac rehabilitation program. 

In this study effects of a supervised, centre-based, structured exercise-based CR 

program on all medically stable patients treated for an acute coronary syndrome were 

analyzed. 
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3. AIMS 

To study the impact of Aerobic Interval Training (AIT) in improving cardiac 

function in post-MI patients receiving standard medical therapy. 

 

 

 

 

 

 

 

 

 

 

 

 



4 | P a g e  
 

4. OBJECTIVES OF THE STUDY 

To measure the effect of Aerobic Interval Training in (a) improving functional capacity 

and (b) reversing LV remodelling in post-MI patients who are medically stable at 

discharge, on optimal medical therapy. 
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5. Review of Literature 

5.1 What is Cardiac Rehabilitation? 

Cardiac rehabilitation can be primary prevention, which includes risk factor 

modification and education before a cardiac event, or secondary prevention, which is 

cardiac rehabilitation after the onset of the cardiac disease which includes a 

comprehensive approach to improve functional capacity and risk factors reduction(1). 

 

5.2 What are the phases of CR and their respective goals? 

 

Cardiac rehabilitation typically comprises of four phases. The term phase is used to 

describe the varying time frames following a cardiac event. The secondary prevention 

component of CR requires delivery of exercise training, education and counselling, risk 

factor intervention and follow-ups 

 

5.3 Phase I: Acute Phase/In-Hospital Cardiac Rehabilitation (2-5 days) 

Goals: 

 Assist the patient to identify personal Cardiovascular risk factors 

 Prevention of deleterious effects of bed rest 

 Discuss lifestyle modifications of personal risk factors and help provide an individual 

plan to support these lifestyle changes 

 Gain support from family members to assist the patient in maintaining the necessary 

progress 
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 Plan a personal discharge activity programme and encourage the patient to adhere to 

home based exercise program 

 Early mobilization-Passive range of movements, Active assisted ROM, Light activities 

with moderate assistance, ADL activities 

Walking 100 meters etc. 

 Inform patients regarding phase II and phase III programs if available and encourage 

their attendance 

 Pre discharge submaximal/symptom-limited exercise stress test. 

 

5.4 Phase II: Ambulatory exercise training phase 

Goals: 

 Reinforce cardiac risk factor modification 

 Provide education and support to patient and family 

 Promote continuing adherence to lifestyle recommendations 

 Structured exercise training with continual educational and psychological support and 

advice on risk factors 

 Should take a menu-based approach and be individually tailored. 

 Typically lasts at least 12 weeks with patients exercising at least 2-3 days per week. 

 Exercise class will consist of a warm-up, exercise class, cool down – may also include 

resistance training with active recovery stations where appropriate. 

 Target exercise Intensity of 50-85% MPR, which involves graded supervised exercises- 

both aerobic and resistance training 

 Home-based unsupervised exercises of reduced intensity. 
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5.5 Phase III: Maintenance 

Goals: 

 Facilitate long term maintenance of lifestyle changes, monitoring risk factor changes 

and secondary prevention. 

 

5.6 What are the benefits of Cardiac Rehabilitation? 

5.6.1 Mortality reduction: 

A 2011 Cochrane review and meta-analysis of 47 randomised controlled trials that 

included 10,794 patients showed that cardiac rehabilitation reduced overall mortality 

(relative risk 0.87 (95% confidence interval 0.75 to 0.99), absolute risk reduction (ARR) 

3.2%, number needed to treat (NNT) 32) and cardiovascular mortality (relative risk 0.74 

(0.63 to 0.87), ARR 1.6%, NNT 63), although this benefit was limited to studies with a 

follow-up of greater than 12 months(3). 

 

Improvement in cardio-respiratory fitness in 12weeks was associated with decreased 

mortality overall, with a 13% point reduction (hazard ratio [HR], 0.87; 95%CI, 0.79-

0.96) in mortality with each MET increase (P<.001). (4). The higher baseline fitness 

predicted lower mortality. Improvement in fitness during a CR program and 

improvements that persisted at 1 year were also associated with decreased mortality, 

most strongly in patients who start with low fitness.  
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The 2016 Updated Cochrane Systematic Review & Meta-analysis on Exercise for 

Coronary Artery Disease of 63 studies with 14,486 participants with a median follow-

up of 12 months, CR led to a reduction in cardiovascular mortality by 26% and the risk 

of hospital admissions by 18%(5). This demonstrated an absolute risk reduction in 

cardiovascular mortality from 10.4% to 7.6% (NNT 37) for patients after myocardial 

infarction and revascularization who received cardiac rehabilitation compared with 

those who did not. 

 

5.6.2 Reduced Hospital admissions 

Anderson et al also demonstrated that CR reduced risk of hospital admission from 

30.7% to 26.1%, NNT 22.(5). In another Cochrane review of 4740 patients with heart 

failure, exercise-based cardiac rehabilitation reduced the risk of overall hospitalisation 

(relative risk 0.75 (0.62 to 0.92), ARR 7.1%, NNT 15) and hospitalisation for heart 

failure (relative risk 0.61 (0.46 to 0.80), ARR 5.8%, NNT 18). (6)  

5.6.3 Improvement in psychological well-being and quality of life 

Several studies have reported improvement in psychological stress in patients with 

coronary heart disease who have attended cardiac rehabilitation. A meta-analysis of 23 

randomised controlled trials of 3180 patients with coronary heart disease, that evaluated 

the impact of adding psychosocial interventions to standard exercise-based cardiac 

rehabilitation reported a greater reduction in psychological distress (effect size 0.34) 

and improvements in systolic blood pressure and serum cholesterol (effect sizes −0.24 

and −1.54 respectively).(7).  
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A Cochrane review of exercise-based cardiac rehabilitation for heart failure reported a 

clinically important improvement in the Minnesota Living with Heart Failure 

questionnaire (mean difference 5.8 points (95% confidence interval 2.4 to 9.2), 

P=0.0007) in the 13 randomised controlled trials that used this validated quality of life 

measure. (6)  

5.6.4 Improvements in Functional capacity and Cardio-Pulmonary function 

Significant improvements in functional capacity (VO2max, METS achieved, and 

6MWT) and cardio-pulmonary function (VT, VO2max), Increased lean mass and 

improved autonomic functions with CR have been documented in multiple trials. These 

often translate into improved quality of life(8–11). Long-term (over 10 years) survival 

among patients with stable CAD, when stratified based on their baseline fitness levels 

(as low: <5METs, moderate: 5-8METs and high: >8METs) was shown to be best among 

patients with a high baseline fitness level. Greater survival benefit is seen associated 

with a modest increase in physical activity in sedentary persons and the amount of 

mortality reduction decrease progressively at higher levels of exercise.   

5.6.5 Improvement in Cardio-vascular risk Profile 

Cardiac rehabilitation programs provide education and counselling services to help 

increase your physical fitness, reduce cardiac symptoms and lower your risk of future 

heart problems, including a heart attack. Research shows that regular physical activity 

can strengthen your heart and body, improve your energy, boost your mood, and reduce 

the risk of heart problems. (12) 
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5.7 Who will benefit from Cardiac rehabilitation? 

According to multiple international scientific societies, the beneficiaries of CR include 

the following: 

1. Patients with ACS (Acute Coronary Syndrome) – STEMI, NSTEMI and Unstable 

Angina and all patients undergoing revascularization/ reperfusion with Coronary Artery 

Bypass Graft (CABG) or Percutaneous Coronary Angioplasty (PCI). 

2. Patients with Chronic Heart Failure 

3. Patients with a Heart transplant and Ventricular Assist device 

4. Patients with ICD or CRT inserted for reasons other than for heart failure 

5. Patients following heart valve surgeries 

6. Patients with a confirmed diagnosis of chronic stable angina. 

 

In some intervention group, separate programs are provided for people with different 

diagnoses; however, in many instances, the approach adopted will address the differing 

needs of these groups. It may also be appropriate for patients awaiting cardiac 

investigation or intervention to attend inpatient or outpatient cardiac rehabilitation 

programs. 

 

People with other presenting problems, such as Type 2 diabetes or multiple cardiac risk 

factors, may also participate in cardiac rehabilitation as many elements have broad 

relevance; however, these recommendations are based around the needs of the above-

mentioned core group 
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5.8 What are the risks and contra-indications for exercise-based CR? 

ESC criteria of risk stratification for cardiac events during exercise training, post-
MI(13): 
  

Low event risk Moderate risk High risk 

In-hospital 
course  

Without 
complications 

Angina Re-infarction 
Clinical CHF 

Functional 
Capacity  

> 7 METs  5 – 7 METs  < 5 METs 

Evidence of 
Ischemia 

 Nil Reversible 
ischemia by the 
stress test 

>2mm ST changes with 
EST 
Hypotensive response to 
EST 

LVEF  > 50%  35-49%  < 35% 

Ventricular 
Arrhythmias 

 Nil  Nil Severe Malignant Ventricular 
arrhythmias 
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Absolute and Relative contraindications for cardiopulmonary exercise testing 

Adopted from ATS/ACCP Statement on Cardiopulmonary Exericse Testing (14) 

Absolute Contraindications for cardiopulmonary exercise testing 

Acute myocardial infarction (3-5 days) 
 
Unstable Angina 
 
Uncontrolled arrhythmias causing symptoms or haemodynamic compromise 
 
Syncope 
 
Active endocarditis 
 
Active myocarditis or pericarditis 
 
Symptomatic severe aortic stenosis 
 
Uncontrolled heart failure 
 
Acute Pulmonary embolus or pulmonary infarction 
 
Thrombosis of lower extremities 
 
Suspected dissecting aneurysm 
 
Uncontrolled asthma 
 
Pulmonary oedema 
 
Room air desaturation at rest ≤ 85% 
 
Respiratory Failure 
 
Acute non-cardiopulmonary disorder that may affect exercise performance or be 
aggravated by exercise (i.e., infection, renal failure, thyrotoxicosis) 
 
Mental impairment leading to inability to cooperate 
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Relative Contraindications for cardiopulmonary exercise testing 

Left main coronary stenosis or its equivalent 
 
Moderate stenotic valvular heart disease 
 
Sever untreated arterial hypertension at rest at rest or haemodynamic compromise 
(>200 mm Hg systolic, >120 mm Hg diastolic) 
 
Tachyarrhythmias or bradyarrhythmia’s 
 
High-degree atrioventricular block 
 
Hypertrophic cardiomyopathy 
 
Significant pulmonary hypertension 
 
Advanced or complicated pregnancy 
 
Electrolyte abnormalities 
 
Orthopedic impairment that compromises exercise performance 
  

 

5.9 What are the Adverse events (AE) related to exercise testing? 

 Incidence (overall) : 7.25events /100,000 tests 

 Life-threatening AE: 0.64/100,000 tests 

 AMI/ Cardiac arrest: 1 /160,000 to 1/250,000 tests 

5.10 What are the barriers to CR especially with respect to India? 

Although an essential component in the prevention & management of cardiovascular 

diseases, CR is still under-utilized worldwide. CR is available in 68.0% of high-income, 

28.2% of middle-income, and 8.3% of low-income countries(15)  
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In India, CR is in a nascent stage. Availability of structured exercise-based CR services 

is minimal. There is a scarcity of data on the proportion of eligible participants receiving 

CR and various factors influencing CR participation. Potential barriers to CR can be 

classified as health-care system barriers (including infrastructure and staffing), health-

care professionals-related barriers, and patient-related barriers. (16)   

 

5.11 How to address these barriers? 

5.11.1 Structured exercise program 

A structured exercise programme has been identified as being central to the success of 

cardiac rehabilitation. Aerobic endurance training is the foundation for the exercise 

component of cardiac rehabilitation. Exercise-based cardiac rehabilitation is an 

effective and safe therapy to be used in the management of clinically stable patients 

following myocardial infarction or percutaneous coronary intervention or who have 

heart failure. (17) 

5.11.2 Aerobic Interval Training (AIT):  

Interval training is a well-known method for improving fitness. Technically, it is 

defined as high-intensity intermittent exercise. In an interval session, high-intensity 

periods of work are interspersed with rest intervals.  

In this way athletes can cover more distance at a high intensity than they could if they 

worked continuously. Because interval training is intense, it is a great method for 

improving both aerobic and anaerobic fitness. 
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Interval-training sessions can be different in composition, as there are three variables 

that can be altered: the intensity (speed), the work period and the rest period 

However, without accurate analysis of the aerobic and anaerobic energy demands of 

each session, it is impossible to say which session is the more effective, or whether the 

sessions place the same demands on the energy systems. 

 With this is mind, Izumi Tabata and his colleagues at the Japanese Institute of Fitness 

and Sport designed an experiment to measure how two different types of interval 

training sessions taxed the aerobic and anaerobic energy systems (18) 

Mitochondrial responses to interval training 

Skeletal muscle mitochondrial density regulates substrate metabolism during 

submaximal exercise, with increased mitochondrial content promoting a greater 

reliance on fat oxidation and a proportional decrease in carbohydrate. As a result, 

exercise training lessens glycogen degradation and lactate production at a given 

intensity, while increasing the lactate threshold and allowing individuals to exercise 

for longer durations and at greater percentages of their V˙O2max .Thus, given its 

central role in exercise performance, there is considerable interest in the factors 

mediating exercise‐induced mitochondrial adaptations(19) 

The role of skeletal muscle recruitment pattern and fiber type 

Skeletal muscle recruitment occurs in proportion to exercise intensity, implying that 

higher intensities of exercise could elicit greater responses in type II fibers relative to 
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lower intensities of exercise. Mitochondrial content would be greater in type II fibers 

following HIIT as compared to MCT. (20) 

Interval training and skeletal muscle capillary density 

Skeletal muscle capillarization requires weeks to months to manifest in response to 

exercise training and changes in capillary density appear to be blunted at higher 

exercise intensities. Low‐volume SIT induced similar or greater increases in the 

expression of several angiogenesis relative to MCT, including greater vascular 

endothelial growth factor (VEGF) expression. In the one comparison of work‐matched 

HIIT and MCT skeletal muscle capillarization increases were greatest following 

MCT.(21) 

Both the high-intensity activity and lower intense activity can be measured as a 

percentage of Maximum Heart Rate (MHR), Volume of maximum oxygen consumption 

(VO2max) or an individual’s Rate of perceived exertion (RPE). (22)Advantages 

 AIT can be effective for improving aerobic capacity and/or calorie burning in less time 

when compared to high-volume, steady-state training.  

 The higher-intensity work intervals of HIIT can be based on an individual’s RPE, 

allowing that individual to start exercising at relatively low intensity (as measured 

objectively) and progress from that initial starting point.  

 Interval training may be an effective strategy for individuals who become easily 

distracted or bored during longer exercise sessions.  

 Can improve the efficiency of type II muscle fibres to produce energy via anaerobic 

glycolysis, resulting in greater metabolic efficiency.  
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 Exercising above the lactate threshold can help stimulate the production of muscle-

building, fat-burning hormones such as testosterone, growth hormone and insulin-like 

growth factor.  

 Increases the effect of EPOC (excess post-exercise oxygen consumption), helping to 

burn calories after the exercise session is completed. 

Disadvantages 

 AIT exercise increases mechanical damage on muscle tissue, which could increase 

soreness and the perception of exercise as “painful” in deconditioned individuals.   

 Anaerobic metabolism results in an accumulation of metabolic stress that limits a 

muscle’s ability to function.  

 The high mechanical stresses of AIT can increase the risk of a muscle strain.  

 The higher exercise intensities required to improve aerobic conditioning with AIT may 

be uncomfortable or painful for some people.  

5.11.3 Moderate Continuous Training (MCT):  

It involves maintenance of consistent speed, level of intensity and work rate during an 

exercise session.  

Advantages 

Exercising below the ventilatory threshold for an extended period of time puts less 

physical stress on the cardiorespiratory system and can be an effective way to prepare 

for an endurance event.  
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 It is an established and proven method for improving cardiorespiratory fitness and 

enhancing aerobic capacity.  

 Increases mitochondrial density in type I (slow twitch) muscle fibres, which can 

improve aerobic metabolism.  

 Increases cardiac efficiency; specifically, elevating stroke volume and cardiac output at 

a lower heart rate.  

 Enhances ability to use fat as an efficient fuel source, which reserves muscle glycogen 

to be used for higher-intensity exercise.  

 Steady-state training to improve aerobic efficiency generates less metabolic waste and 

cellular damage than HIIT workouts. 

Disadvantages 

 If the goal is weight loss, steady-state training may require extended periods of training 

time to achieve the desired level of caloric expenditure.  

 Using steady-state training to improve aerobic capacity may require lengthy exercise 

sessions, which can be a challenge for a busy lifestyle.  

 Extended periods of exercise can increase the risk of repetitive stress injuries.  

 Certain individuals may find it difficult to maintain the focus necessary to train at a 

constant work rate for an extended period. 
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5.11.4 Resistance Training (RT) 

Supervised resistance training (RT) enhances muscular strength and endurance, 

functional capacity and independence, and quality of life while reducing disability in 

persons with and without cardiovascular disease (CVD). These benefits have made RT 

an accepted component of programs for health and fitness 

The potential benefits, not only to cardiovascular health but also to weight management 

and the prevention of disability and falls, are becoming more widely appreciated. For 

persons at low risk for cardiac events, extensive cardiovascular screening is probably 

not necessary, although a graded approach is recommended. For persons at moderate to 

high risk of such events, RT can be safely undertaken with proper preparation, guidance, 

and surveillance.  

Because long-term compliance remains a challenge for adult fitness and exercise-based 

cardiac rehabilitation programs, the incorporation of RT can provide variety in the 

training regimen and can increase the potential for maintenance of interest and 

improved compliance. However, given the extensive evidence of the benefits of aerobic 

exercise training on the modulation of cardiovascular risk factors, RT should be viewed 

as a complement to rather than a replacement for aerobic exercise.(23) 

Recommendations from the American Association of Cardiovascular and Pulmonary 

Rehabilitation AACVPR 2013(23) 

 Minimum of 5 weeks after the date of MI or cardiac surgery, including 4 weeks 

of consistent participation in a supervised CR endurance training program 
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 Minimum of 3 weeks following transcatheter procedures (PCI, other), including 

2 weeks of consistent 

Resistance training within a cardiac rehabilitation system can be a healthy and effective 

alternative to conventional aerobic training. Most cardiac patients that lack the muscle 

strength, cardiovascular and/or muscular endurance and/or self-confidence necessary to 

carry out daily activities involving regular muscle contractions with equal or total effort. 

Therefore, three areas in which resistance training can enhance the rehabilitation 

process are (a) improvements in absolute strength, (b) increased cardiovascular 

endurance, and (c) increased self-confidence in carrying out professional and 

recreational activities where strength is required(24) 

Many daily tasks involve isodynamic or static contractions of the muscles, improving 

strength after a heart event is imperative for the heart patient. Because isodynamic and 

static activities generate predominantly a pressure response, it would seem logical to 

use specific training to strengthen the muscle system. This could then reduce the 

pressure response due to the reduced percentage of maximum voluntary contraction 

after training. This could then reduce the pressure response due to the reduced 

percentage of maximum voluntary contraction after training. 

For the single-arm curl, single-leg press, and single-knee extension, McCartney et 

al(25). experienced an increase of 43, 21, and 24 percent respectively. The results of 

performing repeats to failure using the initial 1RM were more impressive. Combined 

group subjects performed 14, compared to only 4 control group repetitions.  
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These data indicate that resistance training, employing up to 80 percent of 1RM, can 

induce substantial strength gains without adverse consequences for low-risk cardiac 

patients. 

An individual who has experienced a heart event may sometimes be limited by his / her 

mental attitudes and beliefs regarding the performance of certain tasks, not by his / her 

physical abilities. 

People involved in cardiac rehabilitation tend to show improved self-esteem and quality 

of life. Resistance training can play a valuable role in strengthening and influencing the 

self-perception and self-efficacy of a person in the performance of daily tasks requiring 

low to medium strength.(26) 

Nevertheless, the increased self-efficacy is exercise-specific, indicating that it is 

necessary to include a varied approach in the recovery activities. 

5.11.5 Home-based vs Centre based CR  

In several Western Studies and Cochrane systematic review and meta-analysis 2010, 

home and centre-based forms of cardiac rehabilitation seem to be equally effective in 

improving clinical and health-related quality of life outcomes in patients with a low risk 

of further events after myocardial infarction or revascularization. However, we do not 

have any Indian studies to compare the efficacy between Home and centre-based 

cardiac rehabilitation. (27–29) 

Using Home-based CR (HBCR), either alone or in combination with Center-based CR 

(CBCR) is a possible alternative that can enhance CR delivery to eligible patients. 
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HBCR has been incorporated into several countries ' healthcare systems, including 

Australia, Canada, and the UK. The British Heart Foundation recently reported that > 

50% of eligible patients in the United Kingdom now participate in CR following a heart 

event or procedure. 

HBCR has the potential to expand the scope and depth of patient education, counseling 

and monitoring options as HBCR services can potentially be used 24 hours a day, 7 

days a week, while most CBCR programs are usually limited to 3 to 4 hours of weekly 

in-person contact between patients and employees. 

Although home-based exercise learning is widely recommended to their clients by 

CBCR staff on days when they are not physically present at the CBCR clinic, "stand-

alone" HBCR programs are still in their infancy. 

Considering that severe cardiovascular events are uncommon even in CBCR studies, 

including a mix of patients at lower and higher risk, HBCR studies are currently 

underpowered to assess the risk of severe cardiovascular events, particularly in patients 

at higher risk. 

Because of this limitation, in the studies we reviewed of HBCR versus CBCR, the safety 

results are comparable, at least in the low to moderate-risk patients included in most 

studies. For earlier studies, studies involving higher-intensity training, and those 

involving older patients, a focus on health was mostly apparent. 
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At a time when CVD patients are more likely to be older and frail, have more 

comorbidities, and are at higher cardiovascular risk, HBCR's clinical safety and efficacy 

assumptions for these patients deserve more scrutiny.(28,29) 

Advantages and Disadvantages of HBCR compared with CBCR 

Advantages Disadvantages 

Reduced Enrollment delays Lack of reimbursement 

Expanded fitness capacity Less intense exercise training 

Individually tailored programs Less social support 

Flexible, convenient scheduling Less patient accountability 

Minimal travel barriers Lack of published standards 

Greater privacy while receiving CR 
services 

Less face to face monitoring and 
communication 

Integration with regular home routine Safety concerns for patients a higher risk 

Adopted from Scientific Statement From the American Association of Cardiovascular 
and Pulmonary Rehabilitation, the American Heart Association, and the American 
College of Cardiology 
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5.12 Primary Outcome measures of the study: 

 5.12.1 Functional capacity as assessed with METS, Vo2 max, 6MWT: 

Functional capacity can be measured directly by determining V̇O2max using cardio-

pulmonary testing or estimated from the highest treadmill or cycle work rate achieved. 

In these settings, V̇O2max can be estimated from published nomograms. It must be 

recognized, however, that there may be a sizeable discrepancy between estimated and 

measured V̇O2max because of the use of handrail support, differences in gait, different 

degrees of familiarity with treadmill exercise, and differences between the populations 

being tested and that from which the formula for estimating V̇O2max was derived. For 

these reasons, when an accurate and reproducible objective assessment of aerobic 

capacity is needed, V̇O2max should be measured directly. 

The selection of an appropriate protocol for assessing functional capacity is of critical 

importance. When aerobic capacity is to be estimated from exercise time or peak work 

rate, protocols with large stage-to-stage increments in energy requirements should be 

avoided because of their weaker relationship between oxygen uptake and work rate. The 

Balke and Naughton protocols, which involve only modest increases in treadmill 

elevation at a constant speed, are preferable for this purpose.  

Regardless of the specific protocol chosen, the protocol should be tailored to the 

individual to yield a fatigue-limited exercise duration of ≈10 minutes. Shorter durations 

may produce a nonlinear relationship between V̇O2 and work rate, whereas durations 
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>12 minutes may cause subjects to terminate exercise because of muscle fatigue or 

orthopaedic factors. 

5.12.2 METS by Treadmill testing: 

Among men with and without cardiovascular disease who were referred for treadmill 

exercise testing, peak exercise capacity measured in metabolic equivalents (METs) was 

the strongest predictor of the risk of death, during an average of 6.2 years follow-up. 

For each 1-MET increase in exercise capacity, there was a 12 per cent improvement in 

survival. (30). Similarly, exercise capacity was shown to be an independent predictor 

of death in asymptomatic women. (31)  

In the Research on Instability in Coronary Artery Disease study, the major predictors 

of 1-year infarction free survival in 740 men with unstable angina or non–Q-wave 

myocardial infarction who underwent pre-discharge cycle ergometer exercise testing 

were the number of leads with ischemic ST-segment depression and peak workload 

attained(32)  

 

In a total of over 15,000 patients from 39 countries with stable CHD, more physical 

activity was associated with lower mortality. The largest benefits occurred between 

sedentary patient groups and between those with the highest mortality risk(33)  
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TMT Bruce Protocol 

A trained cardio technician performs and supervises TMT. ECG electrodes are linked 

to the body attached to the ECG system which tracks the heart's electrical activity 

throughout the operation. Resting ECG, heart rate and blood pressure are collected 

before the exercise routine is initiated. 

When the baseline recordings are complete, the patient begins to walk slowly (less than 

2 miles an hour) on the treadmill. Bruce's protocol is divided into successive 3-minute 

stages, each requiring the patient to walk more quickly and steeper. The test protocol 

could be adjusted to the tolerance of a patient for a duration of exercise of 6 to 12 

minutes.  

For those who cannot exercise regularly, there is a revised Bruce protocol which 

introduces two lower stages of workload to the end of the regular Bruce protocol, both 

of which require less effort than Stage 1. Upon reaching the target, walk slowly for a 

few minutes to cool down and then stand or sit still for another 15 minutes or so while 

your heart returns to its state of rest. 

Before starting the exercise portion of the test, the baseline ECG should be evaluated 

closely. The rest ECG is usually obtained both standing and standing, as the position of 

the patient can influence the QRS and T axes of the wave. 

During the exercise test, data should be obtained at the end of each stage on heart rate, 

blood pressure and ECG changes and an abnormality should be detected with cardiac 

monitoring at any time. With each exercise phase, heart rate and systolic blood pressure 

must increase until a plateau is reached. Patients should be asked about any symptoms 
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during exercise. During the recovery period, all patients should be closely monitored 

until the heart rate, and ECG is back to baseline as arrhythmias and changes in the ECG 

may still occur. 

At the onset of mild symptoms, exercise should not be interrupted if there are no known 

ECG irregularities and the patient is hemodynamically stable. Test termination signs 

include when the patient requests to stop due to severe symptoms (e.g. chest pain, 

shortness of breath and fatigue), serious exercise-induced hypotension or hypertension, 

horizontal or downward ST depression or new bundle branch block, AV block, 

ventricular arrhythmia, if patients achieve their maximal heart rate or all stages have 

been completed. 

A report should be included at the end of the test. This report should outline the basic 

ECG interpretation, baseline heart rate and blood pressure, ECG changes during 

exercise including the presence and onset of arrhythmia / ectopia, maximum heart rate 

and blood pressure during exercise, estimated MET exercise capacity, duration of 

exercise and completed stage and the reason for terminating the test. 

A normal test is when there is an appropriate increase in patient blood pressure and 

heart rate for graded exercise. During screening, there should be no possible ECG shifts 

of ischemia and no arrhythmias.  There is a strong prognostic indicator that blood 

pressure does not increase or decrease with signs of ischemia. 

Before completing stage 2 of the Bruce protocol a ST depression that persist in recovery 

for more than 5 minutes, angina or significant ST depression (greater than 2 mm) 

suggest severe ischemia and high risk of coronary events. If there is a limiting factor 
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such as heart rate, exercise analysis will be either positive, negative, deceptive or 

uninterpretable.(34) 

Stage Minutes % Grade Kmph Mph METS 

1 3 10 2.7 1.7 5 

2 6 12 2.5 2.5 7 

3 9 14 5.4 3.4 10 

4 12 16 6.7 4.2 13 

5 15 18 8.0 5.0 15 

6 18 20 20 5.5 18 

7 21 22 22 6.0 20 

Stages of Bruce Protocol 

 

5.12.3 6MWT (6-minute walk test) 

Assessment of exercise capacity by means of the 6MWT is most frequently used in 

pulmonary and cardiac diseases. This measure the distance a person can quickly walk 

on a flat, hard surface in 6 minutes (the 6MWD). The 6MWT requires a 30-meter (100 

ft) corridor, stopwatch, two small cones to mark the turnover points, one chair that can 

be easily moved along the walking course to support the patient, an available source of 

oxygen, a sphygmomanometer or other validated blood pressure measuring devices, 

and a defibrillator.  

The length of the hallway should be marked every 3 meters with a cone, and the starting 

line should be marked on the floor using brightly coloured tape. In the case of repeating 



29 | P a g e  
 

the test, it is important that it should be performed at the same time of the day and 

without any “warmup.” The patient should rest seated on a chair located near the starting 

line for at least 10 minutes before the test starts. (35) 

Indications and limitations  

The best reason for the 6MWT is to evaluate the reaction in moderate to severe heart 

and lung disease patients to medical interventions. 

The 6MWT does not determine peak oxygen intake, diagnose the cause of exertional 

dyspnea, or assess the causes or mechanisms of limiting exercise. The information 

provided by a 6MWT should be considered complementary to, and not a replacement 

for, cardiopulmonary exercise testing 

Despite the difference between these two functional tests, there have been reports of 

some good correlations between them. For example, patients with end-stage lung 

diseases have been reported to have a significant correlation between 6MWD and peak 

oxygen intake 

In some clinical situations, the 6MWT provides information that may be a better index 

of the patient's ability to perform daily activities than peak oxygen absorption; for 

example, 6MWD is better correlated with formal quality of life measures. 

Absolute 6MWT contraindications include unstable angina in the preceding month and 

myocardial infarction in the preceding month. 

Relative contraindications include a more than 120 resting heart rate, a more than 180 

mm Hg systolic blood pressure, and a higher than 100 mm Hg diastolic blood pressure. 
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Stable exertional angina is not an absolute contraindication for a 6MWT, but patients 

with these symptoms should take the test after using their antianginal medication, and 

nitrate rescue medication should be readily available 

 

5.12.4 Vo2 Max 

Peak VO2 is a strong indicator of heart failure severity and is an important factor in the 

timing of heart transplantation, and the 6MWT distance is strongly correlated with peak 

VO2 in HF patients with reported correlation coefficient in the range from 푟 = 0.56 to 

푟 = 0.88. The correlation between 6MWT and peak VO2 in patients with heart failure 

is stronger in patients with low 6MWT and low peak VO2; then, 6MWT becomes less 

predictive as peak VO2 value becomes higher. The 6MWT is reliable, valid, and 

predictive for patients with heart failure who do not walk greater than 490 meters.(36) 

} However, other studies suggest that VO2 peak is a better predictor of survival, 

particularly over longer follow-up periods. 

In 133 elderly patients undergoing cardiac surgery, Afilalo et al. reported that slow gait 

speed defined as the time taken to walk 5 meters in >6 seconds was associated with a 

higher risk of in-hospital complications from surgery. (37) 
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Indications for exercise Termination 

Indications for exercise Termination 

Chest pain suggestive of ischemia 
 
Ischemic ECG changes 
 
Complex ectopy 
 
Second- or third-degree heart block 
 
Fall in systolic pressure >20mm Hg from the highest value during the test 
 
Hypertension (>250mm Hg systolic: >120 mmHg diastolic) 
 
Severe desaturation: SPo2<80% when accompanied by symptoms and signs of 
severe hypoxemia 
 
Sudden pallor 
 
Loss of coordination 
 
Dizziness or faintness 
 
Signs of respiratory failure 
 
Mental confusion  

Adopted from ATS/ACCP Statement on Cardiopulmonary Exericse Testing(14) 

 

 

 

 

 



32 | P a g e  
 

Cardiopulmonary Exercise Test Parameters Used to Differentiate Cardiac And 
Pulmonary Causes Of Exertional Dyspnoea 

 
Cardiac pulmonary 

Vo2 Max Achieved but low Not achieved 

Peak Vo2 Reduced Reduced 

VT Yes, But low Rarely achieved 

VEmax <50% True MVV >50% True MVV 

SaO2 Normal May drop to <90% 

CO Normal or low Normal 

VT - ventilatory threshold; MVV-maximal voluntary ventilation, SaO2- arterial 
oxygen saturation 

 

5.12.5 LV Remodelling 

Reverse LV remodelling as assessed with echocardiographic parameters - ESV, LVEF, 

LV-GLS, LV septal e/e’ 

Following an MI, changes occurring in LV geometry are well documented.  LV 

remodelling historically refers to the maladaptive change in cardiac geometry that 

occurs following an MI. The characteristic feature is LV cavity enlargement. A chamber 

enlargement and poor LV function lead to elevated wall stress, increasingly spherical 
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geometry and development of functional mitral regurgitation, all of which contribute to 

further remodelling. Re-modelling is defined as the changes in LV end-diastolic volume 

(LVEDV) and/or end-systolic volume (LVESV) between discharge and late follow-up 

measurements. Adverse remodelling refers to a clinically significant increase in 

LVEDV whereas reverse remodelling is defined as a clinically significant decrease in 

LVESV or improvement in LV ejection fraction (LVEF). 

Adverse LV remodelling is often described as an increase in LVEDV and/or LVESV 

by 15 to 20%. Reverse LV remodelling is described with myocardial recovery. This is 

often assessed by improvement in LVEF greater than 5% or a decrease in LVESV 

greater than 15%. Despite the high success rate of percutaneous coronary 

revascularization in acute MIs, adverse LV remodelling occurs in one-third of patients 

(12 - 44%) with a rate of LV recovery ranging from 12 - 54%. 

In a Systematic Review & Meta-analysis, Huttin et al reported an association between 

pre-discharge Global Longitudinal Strain (GLS) and degree of LV remodelling.  They 

described that the most accurate cut-off value of GLS to predict adverse LV remodelling 

and reverse remodelling ranged from -12.8% to -10.2% and from -13.7% to -9.5%, 

respectively. In the multivariate-adjusted analysis, GLS provided significant 

incremental value over clinical and conventional echocardiographic variables in 

predicting global LV function improvement or LV remodelling. (38) 

Evidence on the importance of reverse LV remodelling in HF prognosis is steadily 

growing. Patients who present regression of ventricular dilation or increased ejection 

fraction after treatment have a better quality of life. At follow-up, Cioffi et al. 
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demonstrated that patients with reverse cardiac remodelling had lower mortality (3%) 

compared with those who did not present reversal (22%)(39).  Hoshikawa et al. 

observed that prognosis is related to the reversal of cardiac dilation. They divided their 

patients into three groups: those with full reverse cardiac remodelling, with LV diameter 

< 55 mm and Delta D fraction > 25%; those with partial reversal; and those who did not 

present reversal. They observed that those with no reversal of cardiac dilation died 

during follow-up, which lasted an average of 5 years. All patients who had some 

reversal survived. In that study population, all patients were treated with neurohormonal 

blockers; 78% showed a reversal of cardiac dilatation and, of these, 57% showed a 

complete reversal. (40)  

Cardiac dilation is not reversed in all patients with HF and ventricular dysfunction. In 

patients with lesser involvement, reversal is not generally observed; it is more 

frequently identified in intervention group of moderate to intense involvement, with 

greater magnitude in the former(41). Studies have shown a reversal of cardiac dilation 

in approximately 30%–60% of the intervention group treated with neurohormonal 

blockers. Adrenergic activity actually plays an important role in ventricular 

remodelling, greater than that of the renin-angiotensin system, at least in the most 

symptomatic forms of the disease. (42) ACE inhibitors are shown to prevent cardiac 

dilation and beta-blockers reverse it. (43)  
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McGregor et al demonstrated that 10weeks of cardiac rehabilitation exercise training 

improved functional capacity and resulted in reverse LV remodelling in a population of 

post-MI patients with preserved LVEF.(44). Exercise training has beneficial effects on 

LV remodelling in clinically stable post-MI patients, with greatest benefits occurring 

when training starts earlier following MI (from one week) and lasts longer than 3 

months. (36)   Aerobic exercise training, especially long-term duration (≥6 months) 

reverses left ventricular remodelling in clinically stable patients with heart failure. 

Strength training (alone or with aerobic training) did not improve or worsen ventricular 

remodelling. (7)   
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Right Ventricle tricuspid annular plane systolic excursion (TAPSE): 

Right ventricular (RV) function is an important predictor of outcome in several 

cardiovascular diseases and a precise evaluation of RV function is therefore necessary. 

Nevertheless, the right ventricle's peculiar geometry raises volume and therefore 

ejection fraction assessments in both normal and disease states by two-dimensional 

(2D) echocardiography. 

Due to the lack of any widely accepted 2D echocardiographic methods for assessing 

RV systolic function (RVSF), an objective assessment of the RV function remains 

difficult in clinical practice. 

RV ejection fraction (RVEF) typical echocardiographic surrogates include tricuspid 

annular systolic plane excursion (TAPSE) and fractional area shift (FAC). TAPSE is a 

one-dimensional RVSF measure and assumes that the displacement of basal and 

adjacent RV segments is the whole RV feature.(45) 

 

5.12.6 Heart Rate Recovery @ 1minute 

HRR, an index of vagal activity, is an independent predictor of cardiovascular events 

and mortality, and patients after AMI usually present a delayed HRR. Over-activation 

of the sympathetic system is harmful to patients’ ventricular remodelling, clinical 

symptoms and long-term survival.  

The value for the recovery of heart rate is defined as the decrease in the heart rate from 

peak exercise to one minute after the cessation of exercise. Reduction of 12 beats per 

minute or less from the heart rate at peak exercise is considered abnormal. A delayed 
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decrease in the heart rate during the first minute after graded exercise, which may be a 

reflection of decreased vagal activity, is a powerful predictor of overall mortality, 

independent of workload, the presence or absence of myocardial perfusion defects, and 

changes in heart rate during exercise. (46)  

Heart rate recovery (HRR) is characterized as the speed at which the heart rate decreases 

within minutes of physical exercise cessation and represents the complex balance and 

coordination between parasympathetic reactivation and sympathetic withdrawal.(46) 

As a simple and non-invasive assessment of autonomous nervous system function 

which can indicate one's ability to adapt to exercise stimuli, HRR has received 

considerable interest and is commonly used as a tool for tracking improvements in 

physical fitness and training status 

There has been a wide range of epidemiological evidence in recent years that HRR may 

also be a possible prognostic marker for predicting health outcomes like cardiovascular 

disease (CVD), as it has been proposed that autonomic dysfunction as attenuated HRR 

is a precursor to hyperglycemia as well as a predictor of cardiovascular 

dysfunction.(47)It is biologically plausible that a decreased HRR may result in a 

continuum of poor health outcomes as shown in our research, although the exact 

underlying mechanisms remain unclear. 

1. First, evidence suggests a clear and specific dose-response correlation between 

HRR and cardiorespiratory health, whereas the latter has been shown to be 

closely linked to the risk of cardiovascular events and all-cause mortality. 

2. Secondly, it is well recognized that the autonomous nervous system is essential 

in maintaining glycemic homeostasis, where parasympathetic fibers stimulate 
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the β cells to release insulin in response to high levels of glucose, and 

sympathetic activation inhibits insulin secretion. Dysfunction of the autonomic 

nervous system as a result of attenuated HRR would result in reduced insulin 

secretion but increased levels of glucose, leading to the development of diabetes 

mellitus and disorders such as CVD through multiple mechanisms including 

glucose toxicity, inflammation and endothelial dysfunction.(47) 

3. Third, a recent cross-sectional study by Kuo et al found that chronic 

inflammation and insulin resistance were inversely related to HRR, while both 

factors were CVD characteristics.(48) 

4. Finally, since HRR may reflect the function of the parasympathetic nervous 

system and given that increased parasympathetic tone has antiarrhythmic effects, 

it is conceivable that attenuated HRR would predict death due to the potential 

increased risk of cardiac arrhythmias(49) 

 

 

5.13 What are the possible mechanisms of reverse LV Remodelling? 

From pharmacological trials, we now know that suppression of neurohormonal and 

autonomic responses can minimize LV remodelling following MI. Exercise training in 

heart failure is also shown to cause attenuation of the negative neurohormonal and 

autonomic responses associated with LV remodelling. Apart from these, the vascular 

adaptation to exercise help normalize LV afterload. (50)  
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In both humans and animals, heart remodeling also represents a maladaptation for 

response to infection or underlying pathology. The expansion of the ventricular cavities 

or increase in the thickness of the myocardial wall occurs in response to increased 

volume or wall stress. Thus, heart disease-related altered hemodynamics, such as 

valvular regurgitation or aortic stenosis, result in adverse cardiac pathological 

remodeling. However, physiological changes in the hemodynamic loading of the heart 

during exercise are also inevitable The heart can feel an increased volume load, an 

increased "stress" afterload, or indeed a combination of both, depending on the specific 

exercise stimulus. Therefore, when exercise is performed frequently in a structured 

manner over a prolonged period, like that recommended for competitive athletes, there 

are strong reasons for cardiovascular adaptation and remodelling. 

Athlete’s Heart:  

Cardiac remodeling is a well-described phenomenon in humans in response to physical 

training. As early as the 1890s, doctors in Sweden and the USA showed increased 

cardiac dimensions in elite cross-country skiers and rowers, respectively, using 

auscultation and percussion.(51,52). The first findings of cardiovascular bradycardia in 

Boston Marathon runners preceded these data.(53) Subsequently, many studies have 

characterized the structural and functional adaptations observed in the human heart in 

response to athletic training with improved imaging. 

The sport has been guided by a dichotomous interpretation of the heart of the athlete 

since the mid-1970s. Specifically, it was proposed that endurance athletes pose with 
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cardiac adaptations caused by increased "size" load, while power-based athletes have a 

cardiac phenotype formed by a lower "stress" load. 

Simplistically, endurance athletes have broad, eccentrically remodeled hearts - large 

ventricular volumes, moderate wall thickening, and low relative wall thickness - with 

reduced heart rate, whereas power athletes with concentrated remodeling - thick 

ventricular walls, relatively small ventricular volumes, and high relative wall thickness 

with limited heart rate change. In systemic blood pressure, the latter is postulated to be 

caused by peaks, and hence ventricular wall stress associated with repeated strength / 

power-based activities. Morganroth initially made this dichotomous distinction between 

strength and power athletes and was later called the "Morganroth hypothesis."(54). This 

view has been widely accepted in the literature on sports cardiology until recently. 

While this hypothesis is attractive from a physiological basis, however, in response to 

athletic training, it is probably an over-simplistic representation of cardiac remodeling. 

Acute Exercise and Cardiac Loading 

Increased metabolic and thermoregulatory demand is associated with aerobic exercise. 

Such conflicting demands must be met by improved blood supply to both the working 

muscle and the capillary beds responsible for heat exchange for exercise to proceed for 

any time beyond a few seconds. This apparent need for increased blood flow during 

exercise explains the close relationship between cardiac and the quantity of oxygen 

absorbed per minute(55) 

In humans, heart rate and stroke volume increase in dynamic (isotonic) aerobic exercise, 

along with a modest decrease in overall systemic vascular resistance; the net result is a 
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significant increase in cardiac output. In contrast, a more modest increase in cardiac 

output is observed during resistance or static (isometric) exercise, driven primarily by 

an increase in HR, but also accompanied by a more pronounced increase in systemic 

blood pressure than during dynamic aerobic exercise. Therefore, the heart-imposed 

hemodynamic load depends on the frequency, length, and modality of the exercise. 

Importantly, exercise is rarely either dynamic or static in isolation, but most sports fall 

somewhere along a continuum involving both elements. 

To better characterize the relative load of individual sports, Mitchell and colleagues 

proposed an extended matrix, which provides a much better representation of the 

cardiovascular "mixed" load to which athletes ' hearts are exposed. Despite this, in the 

context of either an exercise-induced pressure or volume stimulus, much of the available 

literature on cardiac remodeling in human athletes due to exercise was presented. 

Right ventricle remodelling 

To date, most work has focused on the LV to examine the heart of the athlete. This is 

probably a consequence of the important role that the LV plays in generating the cardiac 

output needed to meet the exercise demands but is also likely to be related to the relative 

ease associated with the left side of the heart imaging. Nevertheless, a growing body of 

work has been completed to explore the capacity of the right ventricle, atria, and aorta 

for remodeling in response to human athlete practice. Since exercise requires an 

increase in the volume of the stroke in both the left and right ventricles, and there is 

clear evidence of LV remodeling in endurance athletes, it should not be surprising that 

the RV also remodels 
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If there was no proportionate rise in RV volume, then there would be a non-sustainable 

mismatch in what is essentially a closed-loop model. Scharhag and his colleagues 

provided evidence of balanced bi-ventricular remodeling in elite endurance athletes 

using MRI images. Although the RV's resting afterload is considerably less than the LV 

in absolute terms, the increase in exercise pulmonary artery pressure is comparatively 

higher than the increase in systemic arterial pressure.(56,57).This increase in RV 

afterload is associated with both the pulmonary artery's inelastic properties and a 

relative lack of pulmonary circulation vasodilatation. Accordingly, like the LV, in 

athletes performing large volumes of endurance training, there is a major incentive for 

RV enlargement. Actually, in resistance-trained athletes, less is known about RV 

remodeling and this needs more study.(58) 

Exercise in healthy populations may also be an important determinant of RV function. 

Complex ventricular arrhythmias are commonly associated with RV structural and 

functional abnormalities in elite endurance athletes, but not with the left ventricle (LV) 

This syndrome occurs mainly in those who conduct the most strenuous exercise 

intensity and is not clarified by family predisposition, indicating that exercise may play 

a direct role in RV remodeling (26). Nonetheless, earlier accounts of athletic cardiac 

remodeling, called the heart of athletes, focused mainly on LV.(57,59) 

Aaron et al.(60) demonstrated in a broad nonathletic population that end-diastolic 

volumes of RV mass and RV increased with the level of physical activity, independent 

of LV measurements. This is consistent with some animal studies where intensive 

exercise contributed to a disproportionate increase in RV mass relative to LV. In 

endurance athletes, when evaluated immediately after intense prolonged exercise, acute 
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changes in RV structure and function are more prevalent and deeper than for the LV. 

By contrast, the few studies that have chronic structural RV remodeling in athletes have 

shown volume and mass increases proportional to those of the LV (56,61) 

Cardiac Mechanics 

Recently, new technology has made it possible to determine the dynamics underlying 

LV function (e.g. deformation of the myocardium in the longitudinal, radial and 

circumferential planes, and counter directional rotation of the ventricular base and 

apex).Cardiac mechanics are intimately linked to the underlying myocardial 

architecture, which in response to exercise training, as outlined above, significantly 

remodels. Consequently, authors have sought to investigate the effect of exercise 

training on LV mechanics. This is an emerging field, but early data indicate a lower 

resting mechanics for highly fit individuals.(62,63) 

Compared to the bradycardia caused by endurance training, a lower degree of 

myocardial deformation in rest is likely to make it easier to draw on a greater reserve 

during exercise. Recent work has shown that this adaptation is likely to rely on the 

length of the training experience in ventricular mechanics. LV rotational mechanics 

appear to increase during the initial phase of athletic training, possibly related to an 

increased blood volume, which is then accompanied by normalization, or even 

reduction, of mechanics once the myocardium itself has been remodeled.(64) 
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6. METHODOLOGY 

6.1 Study Design 

Following treatment for an acute coronary syndrome (ACS), once medically stable on 

optimal medical therapy and fit for discharge, patients were recruited for a cardiac 

rehabilitation program. All adult patients who were 65 years old and below, presenting 

to our institution with ACS and willing to undergo cardiac rehabilitation were enrolled 

in the study after obtaining written consent. Participants with contraindications to 

exercise testing and training were excluded from the study.  

6.2 Baseline pre-randomization assessment: 

All enrolled participants and their caretakers or immediate family members were 

educated on their patient’s cardiac status, the coronary risk factors that predispose them 

to acute coronary events and how to modify them positively to prevent a recurrence.  

All patients underwent baseline echocardiographic and functional assessments between 

week zero and week one. Based on LV ejection fraction, assessed by transthoracic 

echocardiogram done pre-discharge, these participants were initially stratified, into two 

groups – those with LVEF >40% and those with LVEF < 40%. All patients then 

underwent a symptom-limited pre-discharge Bruce protocol exercise stress test and/ 

6minute walk test, to have baseline documentation of their functional capacity.  

6.3 Randomization followed by an active phase of the study 

They were then randomized into intervention group and controls by block 

randomization using a concealed envelope method. During the active phase, both the 

intervention group and the controls were advised to lead a physically active lifestyle 
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with graded exercises. Intervention group received a 12-week structured exercise 

program of 2-3 sessions per week of supervised AIT in addition to the standard post-

AMI care whereas the controls received the standard post-AMI care as per the current 

institutional practice. Controls were encouraged to walk daily for at least half an hour 

with an aim to achieve a consistent walking speed of 3-4kms in half an hour by 12 

weeks. 

6.4 Exercise protocol for the intervention group: 

The exercise protocol followed for the intervention group were supervised, centre-

based, thrice-weekly sessions of Aerobic Interval Training (AIT) with a target goal of 

completing 36 sessions in 3-4 months’ time. Each session consists of 10 minutes of 

warm followed by AIT for 30-45 minutes followed by 10 mins of cool down. 

AIT was administered in two modes: -  

 Treadmill Based Aerobic Interval Training  

 Step Aerobics based Interval Training.  

AIT protocol consisted of a warm-up period of 10 minutes followed by 30-45 minutes 

of Interval training consisting of 1-2 minutes of high-intensity exercise alternating with 

1 minute of active recovery culminating with a cool-off period of 3-5 minutes. Resting 

heart rates and blood pressures were measured at the beginning and end of each exercise 

session. Heart rates were measured via the treadmill machine and using a heart rate 

sensor on the chest and its monitor worn as a wristwatch. The targets for warm-up, 

active exercise, active recovery and cool-off period were 60-70% Maximum Peak Heart 

Rate (MPR), 90-95%MPR, 50-70%MPR and 50-70% MPR respectively. (MPR was 

calculated for all the intervention group using the formula, MPR = 220 - age.) These 
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targets were achieved in a graded fashion within the three-month period, tailored 

according to the baseline exercise capacity of each patient. After completion of the 12-

week AIT, an endurance test was performed on all intervention group.  

6.5 Final assessments: 

Both the intervention group and the controls were assessed at baseline and at 3 months 

for the following parameters.  

1) Functional capacity, as measured by the following variables – Resting heart rate, 

Exercise duration, Metabolic Equivalents (METs), Heart rate recovery at 1 min (HRR) 

assessed by Bruce protocol exercise stress test and 6min Walk Distance (6MWD)  

2) Cardiac function, as measured by ECHO parameters – (a) LV volumes, LV ejection 

fraction, LV global longitudinal strain (GLS), LV septal E/e’ and LV wall motion score 

index and (b) RV function parameters TAPSE and RVS’. The echocardiogram was 

performed using GE-VIVID E9 echo machine, by experienced staff 

echocardiographers, who were blinded to the patient’s randomization group.  

3) Cardiometabolic profile, as assessed with the following variables - blood pressure, 

blood sugar, lipid profile, body mass index (BMI) and waist-hip ratio (WHR). 

Hence a randomized controlled trial to assess the differential benefit of AIT on post-

AMI patients stable on optimal medical therapy and stratified based on a baseline LV 

ejection fraction was conducted. 
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6.6 Setting:  

The study was conducted from March 2018 to July 2019, in the Department of 

Cardiology, Christian Medical College, Vellore.  
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6.7 Flow Chart Of Study Design 
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Intervention group: Group A&C  
 

Baseline Assessment at Week 1-2 
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6.8 Participants 

6.8.1 Inclusion criteria:  

All adult participants who are 65 years of age or below, treated for acute coronary 

syndrome and medically stable on optimal medical therapy at discharge and willing to 

consent to participate in an exercise-based cardiac rehabilitation program were eligible 

for the study. 

6.8.2 Exclusion criteria: 

Patients with the following criteria were excluded from the study 

1. Participants with cardiac contraindications to treadmill testing - Unstable angina, 

Uncontrolled HTN (SBP >160 &/or DBP >100mmHg), Uncontrolled 

dysrhythmias, Decompensated heart failure (not evaluated or effectively 

treated), Severe stenotic or regurgitant valvular disease and Hypertrophic 

cardiomyopathy  

2. Participants who are physically unable to walk - suffering from injuries or 

arthritis of the lower limb and spine, and myoneuropathies 

3. Acute infection or related symptoms  

4. Living more than 30kms away from the hospital 

5. Not willing to attend follow up clinics. 
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6.9 Outcome Measures: 

Primary Outcome: 

1. Functional capacity as measured by (a) METS (Metabolic Equivalents) (b) Heart 

rate recovery at 1 min (HRR) and (c) 6min Walk Distance (6MWD)  

2. Cardiac function, as measured by echocardiographic parameters (a) LV volumes 

and LV ejection fraction, (b) LV global longitudinal strain (GLS), (c) LV Septal 

E/e’ and (d) RV function parameters TAPSE and RVS’.  

Secondary Outcome/s: 

1. Improvement in cardio-metabolic profile (blood sugars, lipid profile) 

2. Improvement in Waist to Hip Ratio (WHR) and or Body Mass Index (BMI) 

3. Decreased resting heart rate and blood pressure 

6.10 Statistical Analysis:  

6.10.1 Calculation of Sample size: 

From the reference, the study cited, the change from pre to post EF in the exercise group 

and control group was calculated([post-pre]/pre). The exercise group had a 20% 

increase from baseline, whereas the control had a 10% increase from baseline. Thus 

considering a difference of 10% among the two groups with an assumed standard 

deviation(SD) of 20%, with a power of 80 and 5%  alpha error, we need a sample of 64 

in each group i.e., a total of 256.  

6.10.2 Statistical Methods:  

Categorical variables were summarized using counts and percentages. Quantitative 

variables were summarized using mean and standard deviation or median and IQR. Chi-
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square test was used to compare the proportions of the categorical variables among the 

groups. Two sample t-test/Mann-Whitney U tests were used to compare the continuous 

variables between the two groups. The pre-post change was calculated for both primary 

and secondary outcomes. The change was compared using Independent-t-test among 

the two groups. The difference in change among the two groups was presented with 

95% CI to show the effect 
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7. RESULTS 

712 patients were screened for enrollment into the study and 119 patients who fulfilled 

the inclusion and exclusion criteria were recruited into the study. 581 screened patients 

were excluded for reasons of age more than 65, usual residence in a different state, 

remote location of the home within the state, work commitments, not medically stable, 

planned for CABG or not willing to participate.  

The recruited patients were then stratified based on LVEF and subsequently randomized 

into 65 intervention group and 54 controls. But 35 patients from the intervention group 

(intervention group) and 12 patients from the control group (controls) dropped out of 

the study. Of the 35 patients, 3 dropped out even before the start of the active phase. 

Among the remaining 32, six dropped out within 1 or 2 exercise sessions and 13 within 

2 weeks.  

Sheer unwillingness to be involved any further in the study was the cited reason for 

most of them. 18 participants withdrew from the study because of noncardiac medical 

reasons. Thus 30 intervention group and 42 controls completed the 12-week 

intervention study and the pre and post-intervention data were analyzed for them.  
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7.1 Flow Chart of Study Protocol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Excluded (n=581) 
   Not meeting inclusion criteria (n=254) 
   Declined to participate (n=125  ) 
  Other reasons (n=214  ) 

Allocated to AIT (n=65) 

               

Allocated to unsupervised exercises as part of 
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Enrollment @ Week 0 

Allocation 

Randomized (n=119) into Groups A, B, C, D 

Assessed for eligibility (n=712) 

Analysed (n=30) 

  

 

Analysis 

Analysed (n=42) 

     

Discontinued from Study (n=12) 

Discontinuation from the study: 
Reasons for discontinuation from the study: 
Non-cardiac medical reasons (n= 5) 
Change of residence/ place of work (n=1) 
Joined back to work (n=10) 
Not interested anymore in the study (n=17) 
 
Timing of discontinuation: 
Before starting the AIT protocol (n=3) 
Within 4 weeks (n=18), {After 1-2 exercise sessions (n=6)} 
Between 5-8 weeks (n=10) 
Between 9-12 weeks (n=4) 
 

   Group A (n=7)    Group C (n=58) 
Group B (n=5) Group D (n=49) 

Group A (n=2) + Group C (n=28) Group B (n=5) + Group D (n=37) 
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Week 1 

 

Started AIT protocol (n = 63) 
Discontinued from the study (n= 33) 

Completed the AIT protocol (n= 30) Completed study protocol (n= 42) 

Week 1-2:  Start active phase of the study protocol 

Stratified based on LVEF: (n= 119) 
 as Group 1 (LVEF≤ 40%) & Group 2 (LVEF>40%) 
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7.2 Baseline characteristics 

The mean age of patients was 50.72 (9.83) among intervention group and 54.15 (9.59) 

among controls, (P=0.06).  The sex ratio was skewed in favour of men in both the groups 

– 59 men, 6 women among intervention group and 46 men, 8 women among controls. 

Over 90% of these patients were non-vegetarians. There were more smokers and 

hypertensives among the intervention group than among the controls, but the 

distribution of diabetics had a contrary pattern.  59% among intervention group and 

76% among controls were diabetics. Regression analysis suggested no significant 

influence on the outcome data. Among the various traditional coronary risk factors, we 

found that dyslipidemia and diabetes mellitus was seen in 73% and 66% respectively of 

the participants whereas hypertension was seen in 37% and chronic smoking among 

32%. None of them reported a family history of premature coronary artery disease. The 

average baseline weight was 71.45kg among intervention group and 67.8kg among 

controls.  

79% of participants had ST elevation myocardial infarction (STEMI), whereas 21%, 

had Non-ST elevation myocardial infarction (NSTEMI). Coronary artery disease 

(CAD) among the participants had a distribution as given - single vessel disease (SVD) 

was seen in 54%, double vessel disease (DVD) in 31%, triple vessel disease (TVD) in 

9% and minor coronaries in 6%. Coronary angioplasty was performed in over 90% of 

participants (90% in controls and 89% in intervention group) whereas 7% had just 

medical management.  

The baseline data on demography, clinical characteristics, functional capacity and 

echocardiographic parameters are as shown in Table1  
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7.3 Study Results: 

7.3.1 Exercise Targets achieved: Through the patient-tailored graded AIT program, all 

30-intervention group consistently achieved 80% MPR whereas 67% achieved 95% 

MPR or more while 13 of them achieved 100% of MPR. (Table 2) 

7.3.2 Compliance: The study protocol suggested completing 36 exercise sessions in 3-4 

months. 80% of intervention group (n=24) completed the study with good compliance, 

in 3 to 5 months’ time and the remaining 20% completed 36 sessions in 6-7 months’ 

time. (Table 3). Based on this, the intervention group (n = 30) were further classified as 

good compliance group (n=24) and a poor compliance group (n=6) (Table 3) 

7.3.3 Endurance test: At the end of 36 sessions, an endurance of each patient was 

measured in terms of ability to run continuously a distance from 3kms up to 10kms at 

speeds varying from 4.5kmph to 8kmph. All the 30 patients in the intervention group in 

the AIT  (100%) were able to run 3kms,  77%  were able to run 5kms and 20% ran up 

to 10kms. (Table 4) 

7.3.4 Functional Capacity:  

6min Walk Distance (6-MWD), Resting heart rate, Treadmill Test (TMT) variables – 

exercise duration, metabolic equivalents (METs) achieved and Heart Rate Recovery 

(HRR) at 1 minute on a Bruce exercise protocol were measured as indicators of 

functional capacity both at baseline and at the end of the 12 week program, both among 

the intervention group and controls. A comparison was then made between the mean 
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difference in functional capacity among intervention group and controls which are as 

shown in Table 5.  

Both intervention group and controls demonstrated an improvement in functional 

capacity at the end of 3 months, however, the magnitude of improvement was much 

more among the intervention group and this was statistically significant. The resting 

heart rate dropped by 16 beats per minute among the intervention group, whereas it 

showed a slight rise among the controls. This was a statistically significant difference.  

6-minute walk distance among the interventional group rose to a mean of 104 meters 

whereas it only rose to 50 meters among the controls.  

Heart rate recovery at 1 minute improved in both intervention group and controls - a 

mean improvement of 6.4 beats per minute in intervention group against a mean 

improvement of 3.4 beats per minute among controls. Although this was numerically 

higher among intervention group, the difference between intervention group and 

controls were not statistically significant.  

The exercise duration and METs achieved improved by a mean of 3.5 among 

intervention group whereas it improved only by a mean of 1 among the controls.  

Duke Treadmill Score (DTS) also showed a remarkable improvement among 

intervention group as compared to the controls.  
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7.3.5 Echo Parameters:  

Multiple echo parameters were measured to assess the impact of AIT on reverse LV 

remodelling. Indices of LV function - LVEF, LVESV and LV-GLS and marker of RV 

function – Tricuspid annular plane systolic excursion (TAPSE) improved in all patients. 

This improvement was more among the intervention group than controls but was 

statistically not significant. However, when the intervention group with good 

compliance to AIT protocol (n=24) were compared against the controls (n=42), LVEF, 

LV-GLS and RV-TAPSE were statistically significantly better among the intervention 

group.  

LVEF improved by 6.5% among controls, 10.6% among intervention group and 13.6% 

among intervention group with good compliance. The more sensitive index of LV 

function – LVGLS improved by 9.2%, 14% and 18% among controls, intervention 

group and intervention group with good compliance respectively. TAPSE, a marker of 

RV function showed a similar finding. It improved by 3.2%, 12.5% and 15.1% among 

controls, intervention group and intervention group with good compliance respectively. 

LV WMI (LV wall motion index) reduced in both the groups.  The scoring index 

showed a reduction of 1.7% among controls, 10% among intervention group and 12.2% 

among good compliance group. Although not statistically significant, LVWMI showed 

a trend towards improvement in the AIT group.  

LV septal E/e’, an indirect measure of LV filling pressures and therefore diastolic 

function, decreased in both controls and intervention group and the change was not 
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statistically significant. Other echocardiographic parameters also showed no significant 

difference between the two groups (Table 6).  

7.3.6 Cardio-metabolic profile:  

With AIT, all participants achieved a reduction in anthropometric parameters – body 

weight, BMI and waist circumference. The reduction in weight and BMI were 

significantly lower among intervention group than controls. The reduction was far more 

pronounced in patients who underwent AIT with good compliance. While the 

intervention group lost a mean of 1.52kgs through the AIT, the controls gained a mean 

of 0.7kgs. This corresponded to a reduction in BMI among intervention group by 0.55 

and increase by 0.27 among controls.  

Waist circumference decreased by 1.20cms among intervention group while it increased 

by 0.56cms among controls.  In both groups, there is a improvement in glycemic control 

among diabetes as measured by HbA1c and Lipid profile. However, there was no 

statistical significance between intervention group and controls. 
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Tables and Graphs 

7.3.7 Table 1: Demography and Clinical Characters  

Baseline Variable intervention group  
n (%) 

Controls  
n (%) 

P 
Value 

GENDER    
Male 59 (91) 46 (85) P=0.347 
Female 6 (9) 8 (15) 

RISK FACTORS    
Non vegetarian 58(91) 52(96) P=0.222 
vegetarian 6(9) 2(4) 
    
Smokers 24(38) 14(26) P=0.350 
Nonsmokers 33(52) 35(65) 
Ex-smokers 6(10) 5(9) 
    
Alcoholics 15(24) 13(24) P=0.994 
Non-Alcoholics 43(68) 37(69) 
Ex-alcoholics 5(8) 4(7) 
    
Diabetes 38(59) 41(76) P=0.057 
Non-Diabetes 26(41) 13(24) 
    
Hypertension 26(40) 18(33) P=0.453 
Non-Hypertension 39(60) 36(67) 
    
Dyslipidemia 47(72) 40(74) P=0.829 
Non-Dyslipidemia 18(28) 14(26) 

DIAGNOSIS    
NSTEMI 16(25) 9(17) P=0.270 
STEMI 48(75) 45(83) 
NO OF VESSELS    

SVD 34(53) 29(55) P=0.367 
DVD 19(30) 17(32) 
TVD 5(8) 6(11) 
Minor Coronary 6(9) 1(2) 

TREATMENT    
Angioplasty 58(89) 50(92) P=0.032 
Thrombolysis 1(2) 2(4) 
Medical Rx  6(9) 2(4) 
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Baseline Variable intervention group 
Mean (SD) 

Controls  
Mean (SD) 

P 
Value 

Age 50.72(9.83) 54.15(9.59) 0.06 
    

Working days 5.75(1.26) 5.27(2.24) 0.15 
    

No of Tea/coffee per day 3.42(2.04) 3.23(2.51) 0.64 
    

No of days Eating Non-Veg per 
week 

1.67(1.63) 1.20(0.79) 0.02 

ANTHROPOMETRY    
Weight 71.45(11.35) 67.8(12.40) 0.10 

    
Body mass Index (BMI) 25.59(3.80) 24.85(3.71) 0.30 

    
Waist Hip Ratio (WHR) 0.98(0.07) 0.99(0.06) 0.40 

ECHO PARAMETERS    
LV EF 54.12(10.01) 52.46(8.33) 0.33 

    
LV ESV 29.30(10.5) 30.00(11.43) 0.72 

    
LV EDV 63.87(18.17) 62.61(17.56) 0.70 

    
LV e/e' 11.43(3.12) 12.77(4.71) 0.07 

    
LV WMSI 1.18(0.29) 1.20(0.23) 0.65 

    
LV GLS 15.59(3.54) 14.89(3.59) 0.29 

    
RV S’ 11.23(2.02) 11.39(2.07) 0.66 
    
RV TAPSE 19.72(2.98) 19.46(3.70) 0.67 

    
TR grdt Peak 12.13(6.2) 12.36(5.25) 0.83 

TREADMILL PARAMETERS    
Exercise duration 6.25(2.36) 5.36(2.16) 0.04 

    
METs achieved 8.38(2.34) 7.53(2.06) 0.04 

    
TMT Duke score 7.09(2.54) 6.38(2.18) 0.11 

    
Heart Rate recovery at 1 min 26.56(16.13) 2.92(8.28) 0.14 

    
6-Min walk test distance 400.14(86.34) 403.61(79.05) 0.82 

    
Resting Heart rate 84.30(11.84) 86.98(12.68) 0.24 
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7.3.8 Table 2: Exercise targets achieved  

Percentage MHR intervention group (A and C) 
n (%) 

80% 30(100) 
90% 26(87) 
95% 20(67) 

100% 13(43) 
 

 

7.3.9 Table 3: Compliance to 36 exercise sessions: 

No of 
Months to 
complete 

AIT 

Intervention 
group  
n (%) 

 

3 14(47) Good Compliance (80%) 
                                 (n=24) 4 6(20) 

5 4(13) 
6 2(7) Poor Compliance (20%) 

(n=6) 7 4(13) 
 

 

7.3.10 Table 4: Results of endurance test: 

Distance in kms Intervention group  
n (%) 

3 30 (100) 
4 28 (93) 
5 23 (77) 
8 8 (27) 

10 6 (20) 
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7.3.11 Table 5: Change in functional capacity among intervention group and controls 

 
 

Variables 

All Intervention group 
(n=30) 

Mean Difference (SD) 

Controls  
 (n=42) 

Mean Difference (SD) 

 
 

P-Value 

Resting Heart rate 
 

-16.23(8.26) +0.51(11.49) <0.01 

Exercise duration 
(TMT) 

+3.46(1.85) +1.14(1.64) 0.04 

METS achieved (TMT) +3.57(2.16) +1.24(1.62) <0.01 
 

Duke score (TMT) 
 

+3.53(2.29) +0.49(1.64) <0.01 

Heart Rate Recovery at 
1 min (HRR) 

+6.43(10.94) +3.36(9.68) 0.22 

6-Min walk distance(m) +104.70(85.29) +50.40(62.96) 0.0031 
 

 
 
 

Post-intervention 
Variables 

Intervention group 
with good compliance 

 (n=24) 
Mean Difference (SD) 

Controls  
 

 (n=42) 
Mean Difference (SD) 

 
 

P-Value 

Resting Heart rate -17.21(8.31) +0.51(11.49) <0.01 
 

Exercise duration +3.65(1.91) +1.14(1.64) <0.01 
    

METs achieved (TMT) +3.78(2.26) +1.24(1.62) <0.01 
    

Duke score (TMT) 
 

+3.79(2.34) +0.49(1.64) <0.01 

Heart Rate Recovery at 
1 min (HRR) 

+7.25(11.49) +3.36(9.68) 0.15 

6-Min walk test 
distance 

+109.38(92.37) +50.40(62.96) 0.0034 
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7.3.11 Table 6: Change in echo parameters among intervention group and controls 

 
Baseline 
Variable 

Controls 
(n=42) 
 B&D 
Mean 

Difference 
(SD) 

Intervention 
group 
(n=30) 
A&C 
Mean 

Difference 
(SD) 

P Value Intervention 
group 
(n=24) 
A&C 
Mean 

Difference 
(SD) 

P Value 

LV EF +3.41(6.27) +5.79(6.34) 0.33 +7.19(6.11) 0.0231 
      
LV GLS +1.38(2.38) +2.17(2.51) 0.29 +2.70(2.27) 0.0328 
      
RV TAPSE +0.62(3.42) +2.47(3.89) 0.67 +2.93(3.94) 0.0157 
      
LV ESV -2.97(8.30) -3.62(8.61) 0.72 -4.09(9.24) 0.6166 
      
LV EDV -3.00(12.33) +0.32(18.99) 0.70 +1.25(20.38) 0.2979 
      
LV WMSI -0.02(0.26) -0.12(0.21) 0.65 -0.15(0.23) 0.0608 
      
LV e/e' -0.22(3.05) -0.07(2.55) 0.07 +0.02(2.75) 0.7559 
      
RV S’   -0.21(2.25) +0.29(2.08) 0.66 +0.68(1.79) 0.1056 
      
TR grdt Peak -0.22(6.75) +1.14(6.41) 0.83 +1.94(6.69) 0.2242 
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7.3.12 Table 7: Changes in cardiometabolic parameters among intervention group and 

controls 

 
 
 

Post intervention 
Variables 

Intervention group 
 (n=30) 

Mean Difference (SD) 

Controls  
 (n=42) 

Mean Difference (SD) 

 
 

P Value 

Weight -1.52(2.48) +0.69(3.45) 0.0038 
    

Body mass Index (BMI) -0.55(0.92) +0.27(1.32) 0.0046 
    

Waist Circumference -1.20(4.82) +0.56(3.18) 0.0678 
 
 
 
 
 

 
 

Post-intervention 
Variables 

Intervention group 
with Good 
compliance  

 (n=24) 
Mean Difference (SD) 

 
Controls  
 (n=42) 

Mean Difference (SD) 

 
 

P Value 

Weight -1.74(2.69) +0.69(3.45) 0.0043 
    

Body mass Index (BMI) -0.63(1.00) +0.27(1.32) 0.0053 
    

Waist Circumference -1.71(5.13) +0.56(3.18) 0.0310 
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7.3.13 Table 8: Changes in cardiometabolic parameters among intervention group and 

controls 

 
 
 

Post intervention Variables 

Intervention 
group 
A&C 

(n=30) 
Mean Difference 

(SD) 

Controls  
B&D 

(n=42) 
Mean Difference 

(SD) 

 
 

P Value 

Total Cholesterol -59.17 (37.54) -63.95(42.19) 0.62 
    
Triglycerides  -45.13 (82.84) -54.39(109.79) 0.69 
    
High density lipoprotein (HDL) -2.10(6.00) -2.05(6.58) 0.97 
    
Low density lipoprotein (LDL) -54.53(27.61) -59.90(38.71) 0.51 
    
HbA1c -0.65(1.30) -0.98(2.10) 0.46 

 

 
 
 

Post intervention Variables 

Intervention 
group with Good 

compliance  
A&C 

(n=24) 
Mean Difference 

(SD) 

Controls  
B&D 

(n=42) 
Mean Difference 

(SD) 

 
 

P Value 

Total Cholesterol -66.29(35.62) -63.95(42.19) 0.82 
    
Triglycerides  -48.33(80.57) -54.39(109.79) 0.81 
    
High density lipoprotein (HDL) -3.00(4.99) -2.05(6.58) 0.54 
    
Low density lipoprotein (LDL) -56.96(27.69) -59.90(38.71) 0.74 
    
HbA1c -0.86 -0.98(2.10) 0.80 
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7.3.14 Figure 1:  Change in Functional capacity with AIT on 6MWT   

 

 

Figure 1 Showing 

 In Intervention groups (A&C) mean 6MWT before and after is 408 meters 

and 512 meters respectively.  Improvement of 104 meters was observed. 

 Among Control Groups (B&D) mean 6MWT before and after is 400 

meters and 450 meters. Improvement of 50 meters was observed 
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7.3.15 Figure 2: Change in Functional capacity with AIT on 6MWT   

 

Figure 2 Showing 

 In Intervention groups (A&C) the mean TMT duration before and after is 

6.22 minutes and 9.68 minutes respectively.  Improvement of 3.46 

minutes was observed. 

 Among Control Groups (B&D) mean TMT duration before and after is 

5.42 minutes and 450 meters. Improvement of 6.61 minutes was observed 
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7.3.16 Figure 3: Change in Duke prognostic score with AIT 

 

Figure 3 Showing 

 In Intervention groups (A&C) the mean Duke prognostic score before and 

after is 7.37 and 10.90 respectively.  Improvement of 3.53 score was 

observed. 

 Among Control Groups (B&D) mean Duke prognostic score before and 

after is 6.53 and 7.0 respectively. Improvement of 0.49 score was 

observed 
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7.3.17 Figure 4: Change in LV EF with AIT 

 

 

Figure 4 Showing 

 LV Ejection fraction improvement by 13.6 % In the Intervention groups 

with good compliance (A&C). The mean EF before and after were 

52.84% and 60.02% respectively 

 Among Control Groups (B&D) mean EF improved by 6.5%. The mean 

EF before and after were 52.48% and 55.95% respectively. 
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7.3.18 Figure 5: Change in LV Global Longitudinal Strain with AIT 

    

 

Figure 5 Showing 

 LV Global longitudinal strain has increased by 18 % In the Intervention 

groups with good compliance (A&C). The mean LV GLS before and after 

were 14.98 and 17.68 respectively 

 LV GLS among controls improved by 9.2%. The mean LV GLS before 

and after were 15.03 and 16.44 respectively 
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7.3.19 Figure 6: Change in End Systolic with AIT 

 

 

Figure 6 Showing 

 There is a Reduction in End Systolic volume in both Intervention groups 

with good compliance (A&C) and Control Groups (B&D). 13.28% 

reduction is seen in Intervention Groups, while controls had a reduction 

by 10% 
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7.3.20 Figure 7: Change in End Diastolic Volumes with AIT 

 

 

Figure 7 Showing 

 In Intervention groups with good compliance (A&C) there is increase in 

End diastolic volume after the intervention by 1.93%. In controls there is 

a reduction by 4.8% 
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8. DISCUSSION 

Exercise-based cardiac rehabilitation has shown to improve mortality and long-term 

cardiac prognosis in server earlier studies. Cochrane systematic review and meta-

analysis in 2016 demonstrated that an exercise-based cardiac rehabilitation for patients 

with coronary artery disease resulted in a 26% reduction in cardiovascular mortality and 

a 18% reduction in hospitalization. Among patients with coronary artery disease, high-

intensity interval training (AIT) in comparison to moderate-intensity continuous 

training, has shown to result in higher cardio-respiratory fitness among patients from 

the developed world.  

However, data on its effects on LV reverse remodelling following an MI is limited. 

Hence this study was conducted to observe if AIT can produce a higher 

cardiorespiratory fitness among patients post-MI and if this would translate into a better 

reverse remodelling of LV after a myocardial insult. 

119 patients who fulfilled the criteria were randomized into the two main arms of the 

trial – the one which received a supervised, aerobic interval training (65 participants) 

and another which received an unsupervised exercise training (54 participants). The 

distribution of baseline parameters was similar in both these groups. Mean age was 

50.72 (9.83) among intervention group and 54.15 (9.59) among controls. Women in 

both groups were equally distributed (6 in intervention group, 8 in controls).  

Culturally, middle-aged and older women in India tend to present less often than men 

to the hospital with any illness, and this is more pronounced among the rural population. 

Moreover, they generally tend to be unwilling to participate in any interventional trial 



74 | P a g e  
 

which requires them to do regular physical exercises while being supervised by others. 

A commitment to attend the hospital 2-3 times a week for consecutive 12 -14weeks, 

during work hours was probably the greatest impediment for our patients to consistently 

participate in this trial as this would mean loss of that day’s wages/ income.   

About 71% of participants have not completed higher secondary education. 3% had no 

formal education, 15% higher secondary education, 22% were graduates, only 5% were 

postgraduates and 1% studied up to PhD 

93% were non-vegetarians while 7% were vegetarians. This could raise the possibility 

that acute coronary syndrome is much less common among pure vegetarians. This could 

also be reflective of the changes seen in modern India, as a lesser number of people 

remain pure vegetarians.  

Dyslipidemia and diabetes mellitus were the most common traditional coronary risk 

factors of coronary artery disease (CAD) identified among the participants – in over 

two thirds, whereas hypertension and chronic smoking were seen among only one-third 

of participants.  Thus, this identifies the two main targets for population-based strategies 

to prevent coronary artery disease among even the rural Indians. It was also reassuring 

to see that smoking was seen only among one-third of the study population. This could 

be reflective of the benefits of various health education measures that are being carried 

out for several years, to reduce/ avoid smoking. 
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Functional Capacity: 

Functional capacity is a measure of cardio-respiratory fitness. Randomised trials of 

exercise training after an MI have suggested that increasing exercise lowers 

cardiovascular risk. It has been shown that every MET increase in cardio-respiratory 

fitness translates into improved cardiovascular outcome. Improvement in fitness after 

12 weeks of cardiac rehabilitation is shown to be associated with decreased overall 

mortality - a 13%-point reduction with each MET increase and a 30%-point reduction 

in those who started with low baseline fitness levels have been demonstrated.  

In this study, both intervention group and controls improved in their functional capacity 

as compared to the baseline, but the improvements in intervention group were 

significantly more profound than controls. A net gain of 3.57 METs was seen among 

intervention group while controls had a gain of only 1.24 Mets. This would, therefore, 

translate into a significant long-term mortality benefit among those who underwent a 

consistent exercise training. 6-minute walk tests brought out a similar improvement in 

the functional capacity of patients. There was a 26% improvement in 6-minute walk 

distance among intervention group whereas the improvement among controls was only 

13%.  

Duke treadmill score (DTS) is a point system to predict 5-year mortality among patients, 

using a standard Bruce protocol treadmill testing. It is calculated using the formulae: 

DTS = Exercise duration (in minutes) – (5x ST deviation in mm) – (4x angina index). 

ST deviation refers to maximum ST change – either elevation or depression, in 

millimetres measured in any lead except aVR. Angina index gives 0 points for no angina 

during the test, 1 point for non-limiting angina and 2 points for limiting angina. A score 
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> 5 indicates a 5-year survival of 97%, a score between 4 and -11 indicate 5-year 

survival of 90% and a score < -11 indicate a 5-year survival of 65%. In our study, the 

Duke treadmill score improved by 48% in intervention group, 7% in controls. This 

indicates a better 5-year survival rate among patients who underwent AIT compared to 

those who did not.  

 

Cardio-metabolic profile: 

With AIT, all participants achieved a reduction in anthropometric parameters of body 

weight, BMI and waist circumference. The reduction in weight and BMI were 

significantly lower among intervention group than controls. This confirms the well-

known benefit of consistent exercise on weight reduction and therefore improve 

cardiovascular health.  

Lipid profile of both patients and controls improved at the end of 3 months of the study 

and there was no statistically significant difference seen between the two groups. All 

patients received statin therapy and most of them at high doses, which probably explains 

the lack of significant difference between the groups. In this study the extended lipid 

profile of these patients who has dyslipidemia (20 intervention group vs 33 controls), 

however, both groups did not show any statistical significance. This can be explained 

by the impact on statin therapy 

Among the diabetes patients, HbA1c of 14 intervention group and 34 controls were 

analyzed, however, both groups had a marginal reduction of 10% in intervention group 
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and 13% in controls. As both groups are under the influence of diabetes drugs, there is 

no statistically significance at the end of the study. 

 

Reverse LV Remodeling:  

Reverse LV Remodelling is a term used more often in heart failure or cardiomyopathy, 

to indicate improvement in cardiac geometry and function. It is classically measured as 

a reduction in End Systolic Volume (ESV) and an increase in LV Ejection Fraction 

(LVEF). LV GLS (Global Longitudinal Strain) is one of the recently identified more 

sensitive indexes of LV function. Hence improvement in LV-GLS would also reflect 

reverse remodelling of the LV.  

In this study, a significant increase in LV-GLS, LVEF, and TAPSE were shown in 

patients who were compliant to an AIT protocol. However, when all patients who 

underwent AIT were taken together and compared against the controls, the change was 

not significant and only a trend towards benefit could be seen. Thus, improvement in 

the above parameters of biventricular function among intervention group with good 

compliance may be indicative of the potential of regular AIT to achieve a reversal of 

LV remodelling following an MI. 
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9. LIMITATIONS OF THE STUDY 

1. The sample size predetermined for the study (n=256) could not be achieved 

within a limited time period. This may affect the strength of the study. Hence the 

study should be continued for a longer period to ensure we achieve the sample 

size and therefore be a better representation of the general population.  

2. Although in this study stratification in the intervention group was based on 

LVEF, only 12 patients with an LVEF < 40% could be recruited into the study. 

Hence it was not feasible to assess the differential effects of AIT among patients 

with an LVEF < 40%. 

3.  Forty-seven participants (39.4%) dropped out of the study – contributing to 

53.8% among intervention group and 22.2% among controls. Unfortunately, this 

may influence the final outcomes of the study. 

4. Compliance to AIT was varied among patients, some took 6-7 months to 

complete the 12-week programme, influencing the results of the group.  

10. CONCLUSION: 

1. Aerobic Interval Training (AIT) improves the functional capacity and aids to 

improve the cardiac function in patients post-myocardial Infarction. 

2. Good compliance to a 12-week AIT based cardiac rehabilitation, in addition to 

optimal medical therapy, can result in reverse LV remodelling following 

myocardial infarction. 
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12. APPENDIX 

12.1 Supervised Exercise Session Report (IP/OP) 

Study ID _________Hospital ID_____________ Patient Name __________________ 

Previous Record (Walk/Run): Work speed: _________Rest Speed: _______________  

Avg Peak HR: ______ Avg Resting HR_____ 

Session #: ____ Age____ MHR______THR/RPE: ______Session Date: ___________ 

Phase       1. Reducing Exercise Related Anxiety     2. Optimizing Exercising Capacity                       
                 3.  Physically Active lifestyle                    4. Work resumption 

Resting HR____________, Resting BP _________________ Warm Up ( 5 to 10 min)  
 Work 

Interval 
Speed 

RPE Work 
interval 
Duration 

Blood 
pressure 

Average 
Peak HR 

 Rest 
Interval  
Speed 

Rest 
Interval 
Duration 

Blood 
pressure 

Average 
Resting 
HR 
 

Rep 1              
Rep 2           
Rep 3          

 
Resting minutes __________Resting HR______ 

Rep4               
Rep5           
Rep6          
 

Resting minutes __________Resting HR______ 
Rep 7               
Rep 8           
Rep 9          
 

Resting minutes __________Resting HR______ 
Rep 10              
Rep 11          
Rep 12           
 

Resting minutes __________Resting HR______ 
Rep 13              
Rep 14          
Rep 15           

 
Resting minutes __________Resting HR______ 

Rep 16               
Rep 17           
Rep 18          

Cooldown ( 10 mins)   
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12.2 Endurance Test 

Study ID _________Hospital ID_________ Patient Name __________________ 

Session #:_______ Age_______ MHR__________ THR: ____________ Session 
Date: _______________ 

Resting HR____________ Resting BP___________ 

Warm up 

 1 2 3 4 5 6 7 8 9 10 
SPEED (mph)  Mins Mins Mins Mins Mins Mins Mins Mins Mins Mins 
Speed 1           
Speed 2           
Speed 3           
Speed 4           

HR           
 
Cool Down 
HRR@1 min: ________ 
Resting Bp     ________ 
 
Total Distance Covered:  
Speed 1 ______*1.6*__________(repetitions)= 
Speed 2 ______*1.6*__________(repetitions)= 
Speed 3 ______*1.6*__________(repetitions)= 
Speed 4 ______*1.6*__________(repetitions)= 
                                                           Total distance=______________________ 
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12.3 Target Progress Record 

Study ID __________Hospital ID_____________ Patient Name _______________ 

80% Target reached on week No_________________ Session No______________ 

90% Target reached on week No_________________ Session No______________ 

95% Target reached on week No_________________ Session No______________ 

100% Target reached on week No ________________Session No_______________ 

Above 100% Target reached on week No___________ Session No______________ 

Endurance Progress Record 

Endurance Test 1:   Distance covered in Kms _______in _____ (mins) Speeds____  

Endurance Test 2:   Distance covered in Kms _______in _____ (mins) Speeds ____  

Endurance Test 3:   Distance covered in Kms _______in _____ (mins) Speeds ____  

Endurance Test 4:   Distance covered in Kms _______in _____ (mins) Speeds____  

Endurance Test 5:   Distance covered in Kms _______in _____ (mins) Speeds____  

Endurance Test 6:   Distance covered in Kms _______in _____ (mins) Speeds ____  

Endurance Test 7:   Distance covered in Kms _______in _____ (mins) Speeds ____  

Endurance Test 8:   Distance covered in Kms _______in _____ (mins) Speeds____  

Endurance Test 9:   Distance covered in Kms _______in _____ (mins) Speeds____  

Endurance Test 10: Distance covered in Kms _______in _____ (mins) Speeds ____  
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12.4 Compliance Record 

Sl 
No 

Name Study ID Hospital Number Date of 1st session 

     
No of weeks Session No Session No Session No Total 

Week 1 /01 /02 /03 /3 
Week 2 /04 /05 /06 /3 
Week 3 /07 /08 /09 /3 
Week 4 /10 /11 /12 /3 

    Total=      /12 
Week 5 /13 /14 /15 /3 
Week 6 /16 /17 /18 /3 
Week 7 /19 /20 /21 /3 
Week 8 /22 /23 /24 /3 

    Total=       /24 
Week 9 /25 /26 /27 /3 

Week 10 /28 /29 /30 /3 
Week 11 /31 /32 /33 /3 
Week 12 /34 /35 /36 /3 

    Total=       /36 
Week 13 /37 /38 /39 /3 
Week 14 /40 /41 /42 /3 
Week 15 /43 /44 /45 /3 
Week 16 /46 /47 /48 /3 

    Total=       / 
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    12.5 Exercise Modes:  AIT in Step Aerobics mode and Treadmill mode 
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      13. ANNEXURES 

13.1 Patient Information sheet 

Title of the Study: Reversal of LV remodelling with Aerobic Interval Training (AIT) 
in post-MI patients-RCT  
 
Aim: The aim of the study is to increase the Maximum amount of oxygen 
consumption (VO2 max) and left ventricular (LV) ejection fraction with Aerobic 
interval training. (AIT) 
 
Methods: Individuals who are treated for acute coronary syndrome in cardiology and 
who are stable at discharge will be given the option to join the study. History, clinical 
examination, baseline assessment of functional capacity and Heart reserve will be 
done by the chief investigator. Each patient undergoes 3 months of exercise-based 
cardiac rehabilitation programme. At the end of the study the data collected will be 
analyzed. 
 
Purpose and Explanation of Cardiac Rehabilitation 

The cardiac rehabilitation program includes cardiovascular monitoring, 
physical exercise, dietary counselling, smoking cessation, stress reduction, and health 
education activities. The levels of exercise that you will perform will be based on the 
condition of your heart and circulation as determined by the Chief investigator. You 
will be given exact instructions regarding the amount and kind of exercise you should 
do. You are advised to participate three times per week in the rehabilitation program.  
Professionally trained clinical personnel will provide leadership to direct your 
activities and monitor your electrocardiogram and blood pressure to be certain that 
you are exercising at the prescribed level. You are expected to attend every session 
and to follow Chief investigator and staff instructions with regard to any medications 
that may have been prescribed. 

 
You will be asked to complete the activities unless such symptoms as fatigue, 

shortness of breath, chest discomfort, or similar occurrences appear. At that point, you 
will be advised to stop the exercise and inform the program personnel of your 
symptoms. During the programme, a trained observer will periodically monitor your 
performance and perhaps take electrocardiogram, pulse, blood pressure, or make other 
observations for the purpose of monitoring your progress and/or condition. The 
observer may reduce or stop your exercise program when findings indicate that this 
should be done for my safety and benefit 
 
Risks 

During the Cardiac rehabilitation programme there is the possibility of adverse 
changes including abnormal blood pressure; fainting; disorders of heart rhythm and 
very rare instances of heart attack and stroke. Death during cardiac rehab program is 
even rarer. Every effort will be made to minimize these occurrences by proper staff 
assessment of your condition before each exercise session, staff supervision during 
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exercise, and you own careful control of exercise effort. Emergency equipment and 
personnel are readily available to deal with unusual situations should these occur. 

 
 

 
Benefits  

Only medical treatment may or may not benefit my health status or physical 
fitness. Generally, participation in Cardiac Rehabilitation will help determine what 
recreational and occupational activities you can safely and comfortably perform. 
Many individuals in such programs also show improvements in their capacity for 
physical work. For those who are overweight and able to follow the physician’s and 
dietitian’s recommended dietary plan, this program may also aid in achieving 
appropriate weight control. 
 
Compensation for participation: 

Since there is no direct or indirect chance of risk causing an increase in 
disability or death, there is no such provision for compensation. 

 
What happens if you choose to withdraw from study participation? 

Participation in the study will be voluntary. There will be no change in 
treatment or future management even if the person involved withdraws from the 
study. The information gained will not be used for any publication or study purpose. 

 
Confidentiality: 

All the data collected will be stored in the computer in a separate folder which 
will be password protected. This computer will only be accessed by the primary 
investigator. Each participant will be assigned a unique ID while filling the proforma 
and data entry and further reference will be in relation to this number. Proforma 
containing the patients’ identification details will be kept safe in a locker accessed 
only by the principal investigator. 

 
Privacy: 

Your identity will not be revealed to anyone else as study Id will be the one 
which will be shared with coinvestigators. Personal identifiers will be removed before 
the data is sent for publication. However, data of the study may be shared with the 
Institutional Review Board of Christian Medical College. 

 
Contact information: 
If you have any questions about this research study or possibly, please contact:  
Dr.Muralidhar B, PG Registrar, Department of PMR, CMC, Vellore- 632004 
Phone no: +91- 9390123451, Email: doctor.murali@yahoo.com 
 

 



91 | P a g e  
 

13.2 Informed Consent form to participate in a research study 

 

1. Study Title: : Effect of Aerobic Interval Training (AIT) in improving functional capacity and  

LV remodelling  in post-MI patients-RCT 

Study Number: ____________ 

Subject’s Initials: __________________ Subject’s Name: _________________________________________ 

Date of Birth / Age: ___________________________ 

(Subject) 

(i)  I confirm that I have read and understood the information sheet dated ____________ 

for the above study and have had the opportunity to ask questions. [  ] 

(ii)  I understand that my participation in the study is voluntary and that I am free to 

withdraw at any time, without giving any reason, without my medical care or legal 

rights being affected. [  ] 

(iii)  I understand that the Ethics Committee and the regulatory authorities will not 

need my permission to look at my health records both in respect of the current 

study and any further research that may be conducted in relation to it, even if I 

withdraw from the trial. I agree with this access. However, I understand that my 

identity will not be revealed in any information released to third parties or 

published. [  ] 

(iv)  I agree not to restrict the use of any data or results that arise from this study 

provided such use is only for the scientific purpose(s). [  ] 

(v)  I agree to take part in the above study. [  ] 

(vi) I am aware of the Audio-visual recording of Informed Consent.  [  ] 

(Click here for Audio Visual guidelines) 

 

Signature (or Thumb impression) of the Subject/Legally Acceptable  
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Date: _____/_____/______ 

Signatory’s Name: _________________________________         Signature:  

Or 

 

 

 

 

Representative: _________________ 

Date: _____/_____/______ 

Signatory’s Name: _________________________________ 

Signature of the Investigator: ________________________ 

Date: _____/_____/______ 

Study Investigator’s Name: _________________________ 

Signature or thumb impression of the Witness: ___________________________ 

Date: _____/_____/_______ 

Name & Address of the Witness: ______________________________ 
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13.3 Proforma 

 

Study ID                                                                                
Date: 

Hospital Number  

Name 
_____________________________________________________________________ 

Sex (Male =1, Female=2)   

Date of Birth _____ (dd) ______(mm)________(yyyy)________, Age (Completed 
Years)        Years 

Address: 

_____________________________________________________________________ 

Phone (Mobile or Landline) 
___________________________________________________________________ 

Demographic Questionnaire 

Religion (Hindu=1, Muslim=2, Christian=3, Others=4)  

Education in Completed years (No Education=1, Up to 4th Class=2, Up to 10th 
Class=3, Intermediate=4, Degree=5, PG=6, PhD=7)  

Occupation ______________________________________________________ 

Working days in a Week  

Food Habits 

Number of Meals (Including Breakfast) per day  

Number of Snacks Per day  

Number of Tea/Coffee Per day  

Food Habits (Non Vegetarian=1, Vegetarian=2)  

For how many days, do you eat Non Veg food in a Week?   
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Tobacco and Alcohol Use (For the last 6 Months) 

Do you smoke or Chew or Snuff tobacco? (Yes=1, No=2, Ex-smoker=3)  

If yes, do a Fagerstrom Test Questionnaire  

Do you consume Alcohol? (Yes=1, No=2, Ex-alcoholic=3)  

If yes, do a Severity of Alcohol Dependence Questionnaire (SADQ) 

Exercise History 

Did you do any kind of exercises or sports activity in the last 6 Months? (Yes=1, 
No=2)  

If yes, how many days a week  

What kinds of exercise do you do 
_________________________________________________ 

Sleep Questionnaire (For the last 6 Months) 

How many hours do you usually sleep (both day and night) on a working day? 
 

How many hours do you usually sleep (both day and night) on a Non-working day? 
 

(Present=1, absent=2) 

Anthropometry 

Height ______________( cms)  Weight __________________(kgs)   
BMI________________________________ 

Waist Circumference____________________ Hip Circumference 
__________________WHR_______________ 

Medical History 

Current Diagnosis:  

Procedure Date: 

Surgeon/Physician: 

Summary: 

Do you suffer from any other Medical Disorders? 
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If yes, what is the Problem 
_____________________________________________________ 

Name the Medicines you 
consume_________________________________________________________ 

  

 

Clinical Measures At Discharge @ week 12 

Electrocardiographic Parameters 

Rhythm   

Qs   

ST changes   

      Elevation   

      Depression   

Old AWMI   

Old  IWMI   

Old  LWMI   

Old  PWMI   

Old  RVMI   

   

Echocardiographic Parameters 

LV EF   

LV ESV   

LV EDV   

LVEF   

LV e/e’   

LV WMSI   

LV GLS (medial)   

RSV’   
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RV TAPSE   

TR grdt. Peak   

RWMA   

Metabolic Profile 

Blood Sugars- HbA1C   

Lipid Profile   

   Total Cholesterol   

   Serum Triglycerides   

   HDL -Cholesterol   

   LDL - Cholesterol   

ApoB/ApoA1   

BMI   

WHR   

Exercise Outcome Variables 

TMT Protocol    

HR achieved /THR   

Exercise duration ( 
mins)   

METS achieved   

Duke score   

HR recovery @ 1 min 

(HRR) 
  

6 MWD ( meters)   

Cardiopulmonary exercise test (CPET) variables 

VE/VCO2 Slope   

Peak VO2   

EOV   
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PET CO2   

      Resting   

      Peak exercise   

 

 

 

Adverse Events During Exercise   ( For Groups A and C) 

   Events Baseline During AIT At home At 12 weeks 

Atrial 
Tachycardia     

VT/VF     

Syncope     

Acute MI     

     

     

 

 

Adverse Events During Exercise   ( For Groups B and D) 

   Events Baseline At home At 12 weeks 

Atrial 
Tachycardia    

VT/VF    

Syncope    

Acute MI    
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13.4 Irb Approval Letter 
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13.5 Dissertation Data 
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