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Left ventricular dysfunction (LVD) results in reduced exercise capacity and loss of

skeletal muscle mass, strength, and endurance. Resistance training has been shown to

offset some of these losses in low risk cardiac patients. However, there is a lack of

guidelines and a reluctance to use resistance training in low-moderate risk LVD patients

(30% < ejection fraction (EF) < 49%) due to insufficient data concerning its safety. The

present study was designed to evaluate the safety of strength testing and resistance

exercise in low-moderate risk cardiac patients with LVD. Fifteen LVD patients 65±6.5

years of age were studied during rest, and exercise and recovery from a 1-repetition

maximum (1-RM) test to determine maximal strength using a one-arm biceps curl (BIC)

and bilateral knee extension (KE) exercise. On a separate day, patients performed 10-15



repetitions for each exercise at 20,40 and 60%of 1-RM. Safety was defined by measures

of increased signs and symptoms such as exacerbated blood pressure (BP),

electrocardiographic changes, angina pectoris, arrhythmias and reduced left ventricular

(LV) function using echocardiographic assessment as compared to the results from a

symptom-limited graded exercise test (SL-GXT). Peak rate pressure products were

lower (p<0.05) for both KE and BIC 1-RM resistance exercise at 60% 1-RM compared to

SL-GXT (146, 179 vs. 254 mmHg-min^lO'2, respectively). Echocardiographic evaluation

of LV function during 1-RM strength tests demonstrated a maintenance of LV function.

During resistance exercises, heart rate (HR) and BP responses increased (p<0.05) with

increased work load and with increased active muscle mass (BIC to KE), however, they

remained in the range of 60-85% of SL-GXT values, which is the recommended range for

aerobic exercise prescription for cardiac patients. Left ventricular function demonstrated a

slight increase during both resistance exercises by echocardiographic means. There was a

small but significant decrease in EF values during 60% 1-RM of KE exercise compared to

rest (40 vs. 42%, respectively). Increases in new wall motion abnormalities were similar

for SL-GXT and 1-RM testing (~5%). Knee extension and BIC exercises at 60% 1-RM

showed only a 7.6% and 5.7% increase in new wall motion abnormalities, compared to

SL-GXT; but there were no differences during exercise at 20 and 40% of 1-RM. There

were no adverse effects on LV contractility as suggested by SBP/LV end systolic volume

ratio (2.1 during KE 60% 1-RM vs. 1.5 at rest). The findings of this study suggest that 1-

RM strength testing and resistance exercise (10-15 repetitions) using the KE and BIC

exercises at 20, 40 and 60% of 1-RM are safe for patients with low-moderate LVD.

xiii



CHAPTER 1

INTRODUCTION

Cardiac rehabilitation is a primary treatment modality for patients who have

cardiovascular related diseases. The principal goal of these programs is to restore

physical, psychological and vocational function in cardiac patients. Traditionally, cardiac

rehabilitation programs have mainly emphasized lower extremity aerobic exercise (i.e.,

walking, stationary cycling, stair climbing, etc.) (Goldberg, 1989; Pollock andWilmore,

1990). Resistance exercise was not endorsed since it had been regarded as

hemodynamically hazardous for patients with cardiovascular disease or with high risk

factors for a future cardiac event The primary concern was that resistance training might

cause an excessive burden on the myocardium due to exaggerated blood pressure (BP)

responses, which in turn, could cause higher rate pressure products leading to more

ischemic events and arrhythmias (Atkins et al., 1971; Barnard et al., 1973; Jackson et al.,

1973; Keul et al., 1981; Mullins and Bloqmvist 1973).

Various vocational, recreational and daily living activities such as carrying

groceries, luggage, or doing yard work place demands on the cardiovascular system which

more closely resemble heavy resistance exercise than aerobic exercise. Moreover, many

cardiac patients lack the physical strength or mental confidence to perform these common

daily tasks (Butler et al., 1987; Faigenbaum et al., 1990; Franklin et al., 1991). Therefore,
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it is important to recognize that cardiac patients require a minimum threshold level of

strength for performing daily living activities, equal to those of a healthy individuals

(Sparling and Cantwell, 1989).

During the last two decades ample evidence has been accumulating suggesting that

resistance exercise training in cardiac patients may be less hazardous than was once

presumed, especially in low-moderate risk patients (DeBusk et al., 1978; DeBusk et ah,

1979; Franklin et al., 1986; Franklin et al., 1991; Kerber et al., 1975; McKelvie et al.,

1995; Saldivar et al., 1983; Stewart et ah,1988; Verrill and Ribisl, 1996). The benefits of

resistance training for healthy individuals and for cardiac patients includes improved

muscular strength and endurance, bone mineral density, muscle mass, functional capacity,

metabolism, and improved self-image and self-confidence (Ewart, 1989; Kelemen et al.,

1986; Sparling et al., 1990; Stone, 1988). Increased muscular strength resulting from

resistance training allows a submaximal work load to require a relatively lower effort and

consequently is perceived as less of a strain. Furthermore, the enhanced strength can

lessen the likelihood ofmusculoskeletal injuries which often accompany physical activity.

Consequently, patients who resistance train will be able to perform strenuous daily

activities with lesser percentage of maximal strength, a diminished perception of effort and

decreased risk of injuries, resulting in increased functional capacity, independent life style

and enhanced quality of life (McCartney et al., 1991; Stewart, 1989; Stone et al., 1991).

Resistance training can produce a small increase in aerobic capacity, which is

associated with the increase in strength and muscle mass (Gettman and Pollock, 1981;

Hickson et al., 1980). Exercise capacity of patients with cardiac disease can be limited by
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leg fatigue resulting in the termination of exercise without coexisting evidence of

cardiorespiratroy limitation. Studies conducted in cardiac rehabilitation programs have

demonstrated enhanced treadmill performance in patients who participated in circuit

weight training. Such alterations in performance were not observed in the control group

(Hung et al., 1984; Kelemen et al., 1986; McCartney et al., 1989; McCartney et al., 1991;

Oldridge et al., 1989). In cardiac patients who are severely deconditioned, resistance

exercise can cause muscular changes that can lead to enhanced ability to engage in aerobic

training, thus improving aerobic capacity.

Patients with left ventricular dysfunction (LVD) display varied chronic responses

such as reduced cardiac outputs, compensatory neuroendocrine responses, reduced

exercise capacity with symptoms of dyspnea and fatigue which leads to physical inactivity,

skeletal muscle atrophy and muscle weakness (Curtiss et al., 1978; Drexler et al., 1988;

Drexler et al., 1992; Mancini et al., 1992; Smith et al., 1993; Zelis et al., 1988). Skeletal

muscle alterations, which are found in LVD patients, are similar to those observed with

prolonged deconditioning or immobilization and are related to the duration of myocardial

dysfunction. Therefore, improve the patient’s exercise capacity by including exercise

training into their program will help reverse this abnormal process (Drexler et al., 1992;

Mancini et al., 1989; Mancini et al., 1992). The beneficial effects of aerobic exercise in

LVD patients, have been well documented. The results of these studies demonstrated

increased aerobic capacity through peripheral adaptation (Hanson, 1994; Stratton et al.,

1994; Sullivan et al., 1989). Symptoms such as tiredness, dyspnea with exertion, and

overall weakness are most common in LVD patients. Thus, engaging in resistance training
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may result in muscular changes that can lead to improvements in muscle strength and

endurance and aerobic performance via increasing muscle mass and strength (Hanson,

1994; Massie et al., 1988; McCartney et al., 1989; Wilson et al., 1985).

During the late 80s and early 90s, the conventional inclusion criteria of cardiac

patients for a resistance training program were mainly directed toward low risk patients

who were already participating in a traditional aerobic exercise program for at least 3

months (Franklin et al., 1991; Kelemen, 1989; McKelvie and McCartney, 1990; Sparling

and Cantwell, 1989). Generally, exclusion criteria for resistance training resembled those

used for any outpatient cardiac rehabilitation program. (Franklin et al., 1991; Sparling and

Cantwell, 1989). Patients were excluded for the following reasons: unstable angina,

uncontrolled hypertension (systolic BP (SBP) >160 mmHg or diastolic BP >100 mmHg),

uncontrolled arrhythmias, a recent history of congestive heart failure, a maximal aerobic

capacity of less than 6-7 metabolic equivalents (METs) (1 MET = 3.5 mlkg'l min'l)

during symptom limited graded exercise test (SL-GXT), or poor LV function (ejection

fraction (EF) < 45%) (Franklin et al., 1991; Kelemen, 1989; Sparling and Cantwell, 1989;

Verrill et al., 1992). However, recent studies performed in early outpatient cardiac

rehabilitation settings (phase II) as soon as 2 weeks after acute myocardial infarction

demonstrated no adverse cardiovascular responses in properly selected patients

participating in resistance training at 40% of maximal voluntary contraction (MVC) (Daub

et al., 1996; Squires et al., 1991; Stewart et al., 1995). In light of these findings the

revised Exercise Standards of the American Heart Association (AHA) (AHA, 1995),

American Association of Cardiovascular and Pulmonary Rehabilitation (AACYPR)
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(AACVPR, 1995) and recent American College of Sports Medicine (ACSM) (ACSM,

1995) guidelines for exercise testing and prescription include less conservative contra¬

indications for resistance exercise training for cardiac outpatients. Low-moderate risk

patients who in the past were excluded from the resistance training regimen are considered

now as candidates who can exercise safely with weight using a lighter load, for example.,

20% ofMVC. Such patients include older cardiac patients, patients with LVD

(EF>35%), patients with mitral valve prolapse syndrome and heart transplant patients

(Braith et al., 1993; Braith et al., 1994; Braith et al., 1996; Daub et al., 1996;

Frederickson, 1988; McKelvie et al., 1995; Munnings, 1993; Verrill and Ribisl, 1996).

The current AACVPR, ACSM and AHA recommendations for resistance training for low-

moderate risk cardiac patients consists of 8-10 exercises which train the major muscle

groups of the body, one set of 10-15 repetitions at a load of 30%-50% of the one-

repetition maximum (1-RM) for each exercise, performed 2-3 days per week (AACVPR,

1995; ACSM, 1995; AHA, 1995). Once 15 repetitions can be comfortably completed by

the patient the load can be raised by an additional 5% (ACSM, 1995; AHA, 1995;

Sparling and Cantwell, 1989).

The AACVPR, AHA and ACSM guidelines for resistance exercise in low risk

cardiac patients are based on the guidelines previously developed for healthy adults.

However, training intensity for cardiac patients is lower (moderate fatigue vs. maximal

effort), and the number of repetitions is higher (10-15 vs. 8-12) than is recommended for

healthy adults. Most of previously published studies concerning resistance training in

cardiac patients investigated safety of resistance training in low risk patients. However,
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there are no specific guidelines for strength testing or resistance exercise training for low-

moderate risk cardiac patients with LVD due to insufficient data on safety. Therefore, the

purpose of the present study was to determine the effects of 1-RM strength testing and

resistance exercise (10-15 repetitions at 20, 40 and 60% of 1-RM) in cardiac patients with

moderate LVD (30% < EF < 49%). It is hoped that this information can be used in

helping to prescribe safe resistance training programs in low-moderate risk cardiac

patients.

Purpose of the Study

The present study was designed to appraise the safety of strength testing and

resistance exercise in low-moderate risk cardiac patients with LVD (30% < EF < 49%).

Two specific aims were proposed:

1. to establish the safety of strength testing (1-RM), and

2. to establish the safety of repetitive resistance exercise at various submaximal

intensities using 10-15 repetitions at 20, 40 and 60% of 1-RM.

Safety was defined by measures of signs and symptoms such as exacerbated BP

(auscultation), angina pectoris, electrocardiographic (ECG) changes (ST segment

depression >2 mm), arrhythmias and reduced LV function using echocardiographic

evaluation.
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Hypotheses

The following hypotheses concerning the safety of strength testing and

resistance exercise were proposed:

1. the performance a of 1-RM test is safe and does not impose any apparent

additional risks on cardiac patients with LVD,

2. there are no significant differences in safety between resistance exercise

bouts of 10 to 15 repetitions at 20, 40 and 60% submaximal work loads

based on the 1-RM test than for SL-GXT, and

3. there are no significant safety differences between arm resistance exercise vs.

leg resistance exercise.

Definition of Terms

Low risk patients include cardiac patients with no significant LV dysfunction (EF> 50%)

and no resting or exercise-induced ischemia or arrhythmias; status post uncomplicated

myocardial infarction, coronary artery bypass graft (CABG), angioplasty, or arthrectomy;

and with functional capacity above 6 METs 3 weeks after a cardiac event

Moderate risk patients include cardiac patients with mild to moderately depressed LV

function (30 <EF< 49%); exercise-induced myocardial ischemia; and functional capacity <

5-6 METs 3 weeks or more after a cardiac event.

High risk patients include cardiac patients with severely depressed LV function (EF<

30%); complex ventricular arrhytmias at rest, or appearing or increasing with exercise;

marked exercise-induced myocardial ischemia; exertional hypotension (> 15 rnmHg
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decrease in SBP during exercise); low functional capacity; myocardial infarction

complicated by chronic heart failure, cardiogenic shock and/or complex ventricular

arrhythmias; and survivor of cardiac arrest

Hemodynamics is the study of blood flow regulation in the vascular beds, involves the

interrelationship between pressure, flow and resistance.

Ejection fraction fEF) is the percent of left ventricular diastolic volume that is ejected

during systole.

EF = end diastolic volume - end systolic volume
end diastolic volume

Wall motion is the movement of the left ventricle wall during systole. The assessment of

wall motion is performed by dividing the ventricle wall into regions which are being scored

in respect to their movement.

Isometric exercise is a muscle contraction performed against a fixed resistance, where

tension is developed without change in range of motion.

Isotonic exercise is a muscle contraction against resistance, the load remains constant,

with the resistance varying with the angle of the joint throughout full range of motion, for

example, lifting free weights.

One repetition maximum (T-RM1 is the maximal amount ofweight that can be lifted

during one dynamic repetition throughout full range of motion using a good form and

technique.

Resistance exercise is the method for developing muscle strength and endurance by having

the muscle contract against an opposing load (resistance). This is accomplished by
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performing a certain number of repetitions of weightlifting through a full range of motion

at varying levels of intensity, e.g. 20, 40 or 60% of 1-RM.

Assumption

It is assumed that all patients followed all instructions and provided their best

effort during the SL-GXT and 1-RM strength tests.

Limitations

1. Continuous, intraarterial pressure measurement is the most accurate and reliable

method for measuring BP. However, due to inherent risk of arterial catheterization in

LVD patients, indirect measurements of BP were utilized. While it has been reported

that resting SBP determined by auscultation is on average 13% lower than the values

obtained simultaneously from a brachial catheter (Wiecek et al., 1990), comparative

values demonstrate a high correlation (Sagiv et al.,1995). As for diastolic BP it was

found to be similar using either technique. The error in SBP associated with the

different techniques is constant and maintained during and after either arm or leg

exercise. In order to better approximate and maximize measurement accuracy of BP

during the lifting phase, auscultations were performed at the mid point of each set and

towards the final repetitions of each intensity of exercise, rather than after the exercise.

While absolute values for SBP may be underestimated, indirect BP measurements

should give an accurate measure of the differences observed in BP during the actual lift
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2. Measurements of BP during 1-RM were not taken during the lift but performed only

immediate post exercise due to the short time span of the procedure. In order to

minimize the error between the actual values attained during the lift phase and the

reading at the end of the lift, the cuff was inflated prior to the lift of the weight

3. The estimation of cardiac output from volume measures observed from the

echocardiographic images has a moderately large standard error (approximately ± 2

L-min"1 (Perez-Gonzales et al. 1981)). However, this was minimized because the same

technician collected the data and the same cardiologist analyzed it. Thus, even though

absolute volume may be under/overestimated, the change in volume should be

accurately reflected.

4. Only knee extension and one-arm biceps curl strength test and resistance exercises were

evaluated.

Significance

1. There are no specific guidelines for strength testing or resistance exercise training for

low-moderate risk cardiac patients with LVD due to insufficient data on safety. Thus,

the information obtained from this study will further the understanding of the

cardiovascular responses to strength testing and low to moderate intensities of resistive

exercise in LVD patients (30% < EF < 49%).

2. If the designed proposal as suggested is found effective and positive, it could help

facilitate the weightlifting training guidelines for cardiac patients with LVD.



CHAPTER 2
REVIEW OF LITERATURE

The following review will cover three major topics concerning resistance training

and left ventricular dysfunction patients. The first part of the review will discuss the

pathology and manifestations of reduced left ventricular function. The second part will

cover the hemodynamic aspect of resistance exercise in healthy individuals and in cardiac

patients. The last portion will review the contemporary literature regarding the safety and

efficacy of resistance training in low risk cardiac patients, including the current trends in

exercise guidelines for this patients population.

Pathophysiology of Left Ventricular Dysfunction

Heart failure is defined as the pathological state in which the heart is unable to

pump blood at a rate corresponding to the body’s metabolic demands. The most common

etiologies for the reduced myocardial function are extensive myocardial infarction as a

result of coronary artery disease (CAD) and idiopathic dilated cardiomyopathy. Other

causes such as valvular and congenital heart disease, hypertension, drug toxicity, coronary

emboli and myocardial trauma can also play a significant role in left ventricular

dysfunction (LVD) (Blumenfeld and Laragh, 1994; Codd, 1989; Fozzard et al., 1991;

Francis and Cohn, 1990).

11
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Changes in the mass, volume, and shape of the left ventricle seems to be critical for

the development of the heart failure syndrome once myocardial dysfunction is present

(Blumenfeld and Laragh, 1994; Francis and Cohn, 1990). The increase in chamber size

seen in heart failure patients results in higher wall stress and increased energy demand

which leads to progressive myocyte necrosis, fibrosis, and further chamber dilation

(Hanson,1994; Treasure and Alexander, 1993; Vatner and Huttinger, 1993; Weber et al.,

1985). The primary abnormalities of the ventricular pump performance are impaired

diastolic filling or systolic emptying, which leads to a reduction in left ventricular ejection

fraction (EF) and resulting in an impaired cardiac output (CO) and tissue oxygenation

(Fozzard et al., 1991).

Survival depends on the perfusion pressure of vital organs (Fozzard et al., 1991).

Thus, in order to prevent a fall in blood pressure (BP), due to the reduced left ventricular

(LV) function, compensatory mechanisms must be employed. Consequently, heart failure

is a complex manifestation of chronic responses involving the impaired cardiac function,

autonomic nervous system, endocrine organs, skeletal muscle, kidneys and regional

vascular beds resulting in clinical symptoms of dyspnea and fatigue (Fozzard et al., 1991;

Francis and Cohn, 1990; Hanson, 1994; Smith et al., 1993). Reduced renal sodium and

water excretion which leads to volume overload, elevation of sympathetic nervous system

response resulting in an increased plasma norepinephrine levels, and increased plasma

renin activity are common characteristics of the heart failure syndrome (Bayliss et al.,

1985; Curtiss etal., 1978; Francis and Cohn,1990; Just, 1991; Levine et al., 1982).
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Vascular Dysfunction and Blood Flow in LYD Patients

Due to reduced cardiac function, some circulatory compensatory mechanisms are

used in order to maintain blood supply and perfusion pressure. In acute heart failure,

sympathetic peripheral vasoconstriction, with increased chronotropic and inotropic

responses, is designed to restore circulatory homeostasis. In addition, vascular

constriction is mediated via the renin-angiotensin-vasopressin system, which is being

activated in proportion to the severity of heart failure (Ryden, 1988; Weber et al., 1985;

Zelis et al., 1988). Impairment of the endothelium-mediated flow-dependent vasodilation

may also be responsible for the reduced arterial compliance in chronic congestive heart

failure, by limiting blood flow (BF) to the working organ and maintaining increased

afterload for the diseased ventricle (Just, 1991; Drexler et al., 1988).

The maximal exercise capacity of patients with LVD is frequently reduced (Drexler

et al., 1987; Musch and Terrell, 1992; Wilson et al., 1984). This reduction in exercise

performance is often associated with decreased skeletal muscle BF responses to a given

work load (Drexler et al., 1987; Wilson et al., 1984). Wilson and associates (1984)

studied whether maximal exercise capacity in patients with LVD correlates with the

sufficiency of BF to the working skeletal muscle. The investigators used leg BF, oxygen

extraction, and venous lactate concentration as indices to assess nutritional flow to

skeletal muscle during maximal cycle exercise. Their results demonstrated impaired BF to

skeletal muscle, with a correlation between the severity of exercise intolerance and the

degree of impairment of nutrient BF to the working muscle. Musch and Terrell (1992)
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found a greater deficit in BF to the working muscle in rat hindlimb, as the size of the

myocardial infarction and the amount of left ventricular dysfunction increased.

Alteration of Skeletal Muscle in LYD Patients

Exertional fatigue is the major limiting symptom in heart failure patients. Poor

correlation has been found between exercise performance and state of the reduced left

ventricular function. Moreover, increased CO during exercise, exerted by

pharmacological intervention, failed to increase exercise capacity and peak oxygen

consumption in heart failure patients (Adamopoulos and Coats, 1991; Drexler et al., 1988;

Drexler et al., 1992; Massie, et al., 1988; Wilson et al., 1984; Wilson et al., 1985). Thus,

intrinsic skeletal muscle abnormalities may also play an important role for the reduced

exercise tolerance in patients with chronic heart failure. Studies with 3 Ip nuclear

magnetic resonance in heart failure patients and healthy subjects have demonstrated a

progressive rise in inorganic phosphorus to phosphocreatine (Pi/Pcr) ratio as oxygen

consumption increased during exercise in both groups. However, heart failure patients

demonstrated a steeper slope of Pi/Pcr ratio compared to the healthy subjects.

Accordingly, heart failure patients depleted muscle Per more rapidly and at lower a

workload compared to healthy adults, which might be a characteristic of impaired

oxidative phosphorylation in the exercising skeletal muscle (Adamopoulos and Coats,

1991; Mancini et al., 1989; Mancini et al., 1992; Pierre-Yves et al., 1990; Rajagopalan et

al., 1988; Wiener et al., 1986; Wilson et al., 1985).

Lower pH values, with early onset and increased glycolytic metabolism were

documented in heart failure patients at lower work loads compared to control subjects
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(Adamopoulos and Coats, 1991; Drexler, 1991; Mancini et al., 1989; Mancini et al., 1992;

Massie et al., 1987; Massie et al., 1988; Pierre-Yves et al., 1990; Wiener et al., 1986;

Wilson et al., 1985). Massie and colleague (1988) demonstrated that during low intensity

work load, e.g. 33% of peak maximum work load, subjects with chronic heart failure

exhibit significandy lower pH and higher Pi/Pcr ratios, which indicates an earlier and

higher rate of glycolytic metabolism. Biochemical analysis demonstrated reduced

mitochondrial enzyme concentrations, such as succinate dehydrogenase, citrate synthetase,

and 3-hydroxyacyl-CoA-dehydrogenase, in heart failure patients compared to normals

(Drexler et al., 1991; Drexler et al., 1992; Drexler et al., 1988; Lipkin, 1988; Mancini et

al., 1992; Sullivan et al., 1989). Drexler and associates (1992) showed a reduction of

20% in mitochondrial volume density, and surface density of mitochondrial cristae in

chronic heart failure patients. The investigators also found a significant decrease in

cytochrome oxidase activity, which indicates reduced oxidative capacity of the working

muscles.

Patients with heart failure exhibit muscle fiber type alterations, such as a shift in

fiber type distribution, fiber atrophy, reduced skeletal muscle capillary density, and

decreased capillary to muscle fiber ratio (Adamopoulos and Coats, 1991; Caforio et al.,

1989; Drexler et al., 1988; Drexler et al., 1992; Yancy et al., 1989). Sabbah et al. (1993),

induced heart failure in 17 dogs, for a period of 3-4 months by sequential intracoronary

microembolism. The progressive decline in left ventricular function was accompanied by a

progressive decrease in the proportion of type I fibers and a progressive increase in the

proportion of type II fibers. In addition, cross sectional area of both fiber types decreased
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gradually during the developing heart failure with no preferential atrophy of either muscle

fiber types. Mancini et al. (1992) obtained muscle biopsies from the gastrocnemius muscle

of 22 heart failure patients, the results showed a shift in fiber type distribution with a

reduction in type I and type Ela fibers and a significant 33% increase in the proportion of

type lib fibers. Since lib type have less oxidative capacity than type I and Ha fibers, the

reduced aerobic tolerance in heart failure patients could be attributed partly to the shift in

the ratio of skeletal muscle type I to type II fibers (Drexler et al., 1992; Sabbah et al.,

1993; Yancy et al., 1989). Muscle atrophy seen in patients with heart failure, may

contribute to their exercise intolerance and muscle metabolic abnormalities. Jondeau et al.

(1992), demonstrated an increase in peak oxygen consumption in severe chronic heart

failure patients during exercise while combining both upper and lower limb exercise,

compared to lower limb exercise alone.

Effect of Aerobic Exercise Training in LVD Patients

The skeletal muscle alterations seen in heart failure patients are similar to those

observed with prolonged deconditioning or immobilization and are related to the duration

of the reduced myocardium function (Drexler et al., 1992). Since these muscle alterations

contribute to exertional fatigue, improving the exercise capacity of LVD patients, by

aerobic exercise training, may reverse this abnormal process (Drexler et al., 1992; Mancini

et al., 1989; Mancini et al., 1992).

The biochemical and histological changes demonstrated in heart failure patients

resemble those that occur due to training cessation. Endurance exercise training induces
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adaptations in skeletal muscle, such as increased mitochondrial volume and mitochondrial

content, and increased capillary supply. This is accompanied by metabolic changes, such

as slower utilization of glycogen, a greater reliance on fat oxidation, and less lactate

production during exercise at a given work load (Drexler et al., 1992; Sullivan et al.,

1989). Therefore, aerobic exercise training appears to help reverse the intrinsic muscle

alteration and enhance exercise tolerance in heart failure patients.

Endurance exercise training in LVD patients results in lower resting and

submaximal heart rates at standard relative work loads. Furthermore, submaximal, as well

as, maximal exercise performance increases due to training (Stratton et al., 1994; Sullivan

et al., 1989). Significant decreases and delays in blood lactate accumulation, during

submaximal exercise coupled with increased peak lactate production, due to improved

functional capacity, were documented in heart failure patients who engaged in endurance

training (Hanson, 1994; Sullivan et al., 1989). Sullivan et al. (1989) demonstrated that

blood lactate levels at submaximal exercise were reduced without improvements in CO.

Thus, peripheral metabolism is important in determining the onset of lactate production

and appears to be independent of central hemodynamics. The impaired oxidative capacity

of skeletal muscle in heart failure patients can be improved by endurance exercise training

(Adamopoulos and Coats, 1991; Drexler et al., 1992, Hanson, 1994; Stratton et al.,

1994). Stratton et al. (1994) demonstrated increased rate of Per resynthesis, increased

maximal rate ofmitochondrial ATP synthesis, and higher submaximal levels of pH with

increased duration of endurance exercise, following one month of forearm exercise.
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In summary, insufficient active muscle mass and intrinsic alterations in skeletal

muscle metabolism can act as predominant limiting factors for exercise intolerance in

patients with reduced myocardial function. Therefore, the functional capacity of patients

with LVD is limited not only by the capacity of the oxygen transport system, but also by

the oxidative capacity of the working muscle. Nevertheless, part of the abnormal changes

in skeletal muscle in this patient population may be reversed as a result of aerobic exercise

training.

Hemodynamic Responses to Dynamic and Static Exercise

Muscular activity is associated with changes in cardiovascular function leading to

an increase in BF through the active muscles. Static (isometric) and dynamic (isotonic)

exercise produce different metabolic, hormonal and cardiovascular responses. Therefore,

the mode of muscle contraction (dynamic or static) is a specific determinant of the

cardiovascular response (Asmussen, 1981; Blomqvist and Saltin, 1983; Crawford et al.,

1979; Keuletal., 1981).

Dynamic or rhythmic muscle activity causes large increases in CO and heart rate

(HR), while mean arterial pressure (MAP) changes very little. Generally, systolic blood

pressure (SBP) increases with an increase in the workload, closely mimicking changes in

CO, while diastolic pressure remains unchanged or is slightly decreased (Blomqvist et al.,

1981; Crawford et al., 1979; Keul et al., 1981). The increased muscle activity generates

an enhanced metabolic demand, which is met by a local response of vasodilation resulting

in an increase in muscle BF. Thus, during dynamic exercise peripheral resistance
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decreases as a result of dilation of the vascular bed in the active muscles (Perez-Gonzaiez,

1981). The extent to which HR, CO, and SBP increase during dynamic exercise depends

on the muscle group being used and the intensity of work performed (Blomqvist and

Sal tin, 1983; Clausen, 1977).

Acute circulatory adaptation to static exercise is regulated by both central and

peripheral mechanisms (Asmussen, 1981; Helfantet al., 1971; Perez-Gonzalea, 1981;

Seals et al., 1983). The central mechanism involves the irradiation of impulses from the

motor cortex to the medullary cardiovascular center. It is associated with an abrupt

pressor response, a significant increase in SBP, DBP, and MAP resulting in an intense

afterload on the left ventricle (LV), coupled with an augmented HR and CO response

(Asmussen, 1981; Helfant et al., 1971; Perez-Gonzalea, 1981; Seals etal., 1983). The

pressor response serves to increase the perfusion pressure in the active muscles, in which

BF is impeded by muscular mechanical compression (Helfant et al., 1971; MacDougall et

al., 1985). The peripheral mechanism consists of a reflex pathway originating in the

contracting muscle. Release of metabolites from the active muscles and/or increase in the

osmolarity of the interstitial fluid can activate nerve endings, which in turn provide

feedback to the medullary cardiovascular center (Misner et al., 1990; Seals et al., 1983).

During isometric exercise the rise in BP and HR depend on the duration, intensity

(percent of maximal voluntary contraction (MVC)), and the total of active muscle mass

involved (Blomqvist et al., 1981; Lewis et al., 1983; Mitchell et al., 1980; Perez-Gonzaiez,

1981; Seals et al., 1983; Tesch et al., 1988). Peripheral resistance increases as a

consequence of the mechanical compression of the blood vessels due to increased
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intramuscular pressure, which is proportional to the MVC (Helfant et al., 1971;

MacDougall et al., 1985). During maximal static contractions the BF may be impeded or

even completely blocked (Asmussen, 1981; Keul et al., 1981). Thus, to overcome the

increased resistance of the vascular bed (afterload), the heart must increase contractility

and HR in order to maintain an appropriate CO. Echocardiographic studies have

demonstrated that in spite of the expected increase in BP, HR, and CO, ejection indices

did not change significantly in both normal (Crawford et al., 1979; Keul et al., 1981;

Laired et al., 1979; Perez-Gonzales et al., 1981; Stefadouros et al., 1974) and cardiac

patients (Kivowitz et al., 1971; Sagiv et al., 1985), suggesting an enhanced cardiac

contractility.

Echocardiographic studies during submaximal dynamic exercise have shown

increases in end-diastolic volume (EDV) and LV shortening velocity, with decreased end-

systolic volume (ESV). This produces a more complete systolic ejection resulting in an

increased stroke volume (SV) (Crawford et al., 1979; Effron, 1989; Keul et al., 1981).

However, The hemodynamic responses to submaximal static exercise vary from those

observed during dynamic exercise. Studies have shown a decrease or no change in LV

shortening velocity and small increase in ESV, where EDV and SV did not change

(Crawford et al., 1979; Effron, 1989; Keul et al., 1981). The latter resulted in a pressure

overload as opposed to the volume overload which was associated with dynamic exercise.
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Hemodynamic Responses to Static-Dynamic Exercise

Hemodynamic responses during resistance training exercise (weightlifting) differ

from those observed during static exercise. Weightlifting consists of three different

phases: the concentric contraction phase, the lockout phase, where the joint is almost fully

extended, and finally, the eccentric contraction phase (Lentini et al., 1993; MacDougall et

al., 1985). The exercise involves both static (concentric and eccentric contractions) and

dynamic (overcoming the inertia of the weight along the full range ofmotion)

components. Each component results in a different hemodynamic response, therefore,

resistance training can be described as a static-dynamic form of exercise (Lentini et al.,

1993; MacDougall et al., 1985).

Direct BP measurement during weightlifting exercise demonstrates a profound

elevation in both SBP and DBP with the initiation of the concentric muscle contraction.

During the eccentric phase, SBP and DBP pressure are still elevated, however they are

lower than those observed during the concentric phase (Lentini et al., 1993; MacDougall

et al., 1985; MacDougall et al., 1992). The amount of force which can be developed

during maximal concentric contraction is less than the force which can be produced during

maximal eccentric contraction. Therefore, for a given absolute load, more effort will be

exerted during the concentric phase, resulting in higher BP values than during the

eccentric phase (Lentini et al., 1993; MacDougall et al., 1985). Lentini et al. (1993), have

reported average direct BP values of 270 mmHg of SBP and 183 mmHg DBP in young

healthy adults while performing the concentric phase of heavy (high intensity) leg press

exercise. In contrast, during the eccentric phase, values decreased for SBP to an average
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of 207 mmHg and 116 mmHg for DBP. Further significant reductions in SBP and DBP

were seen during the lockout phase (Lentini et al., 1993).

MacDougall and associates (1985) demonstrated progressively higher levels of BP

with each subsequent repetition while performing a heavy leg press exercise. As exercise

proceeded and more repetitions were performed, additional motor units were recruited

with increasing involvement of accessory muscles in order to offset fatigue. This resulted

in a gradual increase in active muscle mass, which in part accounted for the progressive

increase in BP (Lentini et al., 1993; MacDougall et al., 1985; Misner et al., 1990).

Furthermore, as subsequent repetitions were performed, there was a progressive increase

in CO due to an increased HR. This also contributed to the progressive rise in BP

(MacDougall et al., 1992).

The Valsalva maneuver is an integral part of heavy resistance training and

responsible for a large portion of the rise in BP that occurs with this mode of exercise.

The Valsalva maneuver is a forceful expiration against a closed epiglottis, resulting in

increased intrathoracic pressure and thereby impeding venous return and CO. The

augmentation in intrathoracic pressure is transmitted through the aorta into the arterial

tree, causing an abrupt rise in BP (Ewing et al., 1976; Lentini et al., 1993; MacDougall et

al., 1992; Smith and Kampine, 1990). The BP rise is cyclic and brief and returns to

normal values within 5 to 15 seconds after completing the maneuver. In order to avoid

the hemodynamic strain on the circulatory system due to the Valsalva maneuver, subjects

should be instructed to continue breathing while performing weightlifting. However,

during heavy weight lifting, the Valsalva maneuver affords a mechanical advantage by
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stabilizing the trunk and consequently, cannot be avoided when subjects perform maximal

or near-maximal repeated contractions to failure (Lentini et al., 1993; MacDougall et al.,

1985; MacDougall et al., 1992).

In summary, the increased BP seen while performing resistance training exercise is

the result of the mechanical compression of blood vessels with each muscle contraction

often incorporating a powerful pressor response and Valsalva maneuver. In healthy

subjects, the pressor response is associated mainly with elevated BP, HR and CO, and to a

lesser extent to vasoconstriction in the non-exercising vascular beds (Bezucha et al., 1982;

Ewing et al., 1976; MacDougall et al., 1985; Misner et al., 1990).

Hemodynamic Responses to Resistance Exercise in Cardiac Patients

Resistance exercise has been previously regarded as hemodynamically hazardous

for patients with cardiovascular disease and for those who are at high risk for a future

cardiac event. The primary concern is that resistance training may cause an excessive

burden on the myocardial due to an exaggerated BP response, resulting in higher

myocardial oxygen demand which may lead to more ischemic events and arrhythmias

(Atkins et al., 1971; Barnard et al., 1973; Jackson et al., 1973; Keul et al., 1981; Mullins

and Blomqvist, 1973). Keul et al. (1981) studied the effect of static and dynamic exercise

on heart volume, contractility and LV dimensions in healthy subjects and in patients with

hypertension and cardiomyopathy. The researchers concluded that in patients with

myocardial infarction and/or coronary insufficiency, training programs including static

exercise, are not recommended due to the associated circulatory strain. Mullins and
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Blomqvist (1973) documented a large increase in LV end-diastolic pressure and the

occurrence of ventricular arrhythmia with isometric handgrip exercise in cardiac patients.

Consequently, static or combined static-dynamic exercise has been traditionally

discouraged in cardiac rehabilitation programs. Nevertheless, many recreational and

vocational activities require that patients with cardiac disease perform tasks that involve

lifting and straining (Franklin et al., 1991; Sparling and Cantwell, 1989). Therefore, it is

important to recognize that many cardiac patients require a minimum threshold level of

strength for occupational activities and activities of daily living equal to those of healthy

individuals (Sparling and Cantwell, 1989).

For more than a decade, ample evidence has accumulated suggesting that

resistance exercise may be less hazardous than was once presumed, especially in low risk

cardiac patients with normal LV function (DeBusk et al., 1978; DeBusk et al., 1979;

Froelicher et al., 1984; Haissly et al., 1974; Kerber et al., 1975; Saldivar et al., 1983;

Sparling and Cantwell, 1989, Stewart et al., 1988). DeBusk and associates (1978),

compared cardiovascular responses during leg ergometry exercise to those observed

during static exercise (sustained contraction at 50% ofmaximal forearm lifting capacity) in

patients seven weeks after myocardial infarction. Ischemic ST segment depression was

absent during combined static-dynamic exercise, while about 25% (e.g. 10/40) of the

patients demonstrated ST depression during dynamic exercise (leg ergometer).

The rate pressure product (RPP) (HR multiplied by SBP) correlates highly with

myocardial oxygen consumption and coronary BF (DeBusk et al., 1978; DeBusk et al.,

1979; Gobel et al., 1977; Nelson et al., 1974). In the DeBusk et al. study (1978), maximal
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RPP values during static exercise were significantly lower compared to those at which

ischemic ST segment depression occurred during dynamic exercise. This was due to a

lower peak HR and SBP (DeBusk et al., 1978; DeBusk et al., 1979). In another study by

DeBusk et al. (1979), cardiac patients performed a treadmill test while carrying a weight

of 20%, 25% or 30% of maximum forearm lifting capacity (static-dynamic exercise), and a

treadmill test in which no weight was carried. Data demonstrated no worsening of the

ischemic response while performing static-dynamic exercise. The RPP at the onset of

ischemic ST-segment depression or angina pectoris were significantly higher during the

static-dynamic exercise than during the dynamic exercise alone (DeBusk et al., 1979).

These data are in agreement with other studies indicating that despite the higher RPP

during combined static-dynamic exercise, cardiac patients had less anginal responses than

during dynamic exercise alone (Haissly et al., 1974; Kerber et al., 1975). An important

point is that the increased DBP seen during static or static-dynamic exercise provides a

protective effect by increasing coronary perfusion pressure. This increase in coronary

perfusion pressure improves subendocardial BF, resulting in a reduction of the

development of myocardial ischemia (Bertagnoli et al., 1990; Debusk et al., 1979; Kerber

et al., 1975). The rate of oxygen utilization by the myocardium is the main factor which

controls coronary BF. Braunwald et al. (1958) demonstrated that a rise in arterial BP

resulted in an increased myocardial oxygen demand with much greater increase in

coronary BF compared to the increase in BF seen by augmenting CO. Nelson et al.

(1974) demonstrated a significantly greater myocardial BF during combined static-
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dynamic exercise coupled with a significant increase in RPP, than found during either

dynamic and static exercise alone.

Studies evaluating LV function in low risk cardiac patients during isometric

contractions of both small and large muscle groups demonstrated stable global LV

function (Kivowitz et ah, 1971; Sagiv et al., 1985). Sagiv and colleagues (1985) studied

LV responses to isometric handgrip and deadlift exercise at 30% of MVC in well trained

cardiac patients. Left ventricular EF showed no significant difference from resting values

for either the handgrip or deadlift exercise in both healthy adults and cardiac patients.

Also, during exercise rates of systolic ejection, diastolic filling and relative ESV and EDV

were statistically insignificant compared to resting values in both groups. Kivowitz et al.

(1971) found that while performing handgrip exercise at 25% of MVC for 5 minutes,

patients classified by the New-York Heart Association (NYHA) classification as class I

and class II demonstrated an increase in LV stroke work index with small or no increase in

LV end diastolic pressure. The occurrence of increased BP during isometric exercise in

these patients resulted from a rise in both systemic vascular resistance and CO. However,

patients classified as class III had a slight decrease in LV stroke work which was

associated with a larger increase in LV end diastolic pressure. Therefore, in these patients

arterial pressure increased mainly via marked elevation in systemic vascular resistance

(Kivowitz et al., 1971). Nevertheless, in a recent study by McKelvie et al. (1995), LV

function was found to be well-maintained in patients with congestive heart failure (CHF)

(EF 27 ± 2%) while performing 2 sets of 10 repetitions at 70% of one-repetition

maximum (1-RM) during unilateral leg press exercise. No significant differences were
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found in EDV and ESV between rest and exercise, and CO increased mainly through

increased HR.

As previously discussed, the Valsalva maneuver gives a mechanical advantage by

stabilizing the trunk and cannot be avoided while performing maximal or near-maximal

repeated contractions to failure. (Lentini et al., 1993; MacDougall et al., 1985;

MacDougall et al., 1992). Pepine and Nichol (1988) demonstrated that an increase in

intrathoracic pressure caused by the Valsalva maneuver alleviated acute anginal symptoms

in cardiac patients. During the maneuver, after an initial increase in intrathoracic pressure,

determinants of myocardial wall tension decreased almost instantaneously, which resulted

in a reduction ofmyocardial oxygen demand.

In summary, despite the higher RPP found during combined static-dynamic

exercise, cardiac patients have less anginal responses than during maximal dynamic

exercise alone (Haissly et al., 1974; Kerber et al., 1981). The increased DBP seen during

isometric exercise provides a protective effect by increasing coronary perfusion pressure

which improves subendocardial BF which in turn reduces the development ofmyocardial

ischemia (Bertagnoli et al., 1990; DeBusk et al., 1979; Kerber et al., 1975). Cardiac

patients with normal LV function have an increased or unchanged SV stroke work index

with a small rise in the cardiac index, suggesting enhanced LV function during isometric

exercise. Patients with abnormal LV function demonstrate a decrease in LVEF, no change

or even reduced SV stroke work index and cardiac index, with significantly increased LV

end diastolic pressure during this type of exercise (Elkayam et al., 1985; Kivowitz et al.,

1971; Painter and Hanson, 1984; Reddy et al., 1988; Sagiv et al., 1985). However, there
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was considerable individual variations in the hemodynamic responses among these

patients, which could not be predicted by resting hemodynamics, LVEF or functional

classification (Elkayam et al., 1985; MeKelvie et al. 1995).

Safety of Resistance Training in Cardiac Rehabilitation Programs

Haslam and associates (1988) assessed electrocardiographic (ECG) and direct

arterial BP responses during single-arm, single-, and double-leg lifting at 20, 40, 60 and

80% of 1-RM in low risk cardiac patients with normal LV function (EF > 50%). None of

the weightlifting exercises resulted in clinically significant ST-segment depression, angina

or ventricular arrhythmias. Only single-leg lifting at 80% of 1-RM, and double-leg lifting

at 60% and 80% of 1-RM produced RPP values that exceeded those attained during cycle

ergometer testing at 85% of maximal aerobic capacity. The values demonstrated higher

HR and BP responses during lower body resistance exercise compared to upper body

exercises, due to the larger muscle mass (Gobel et al., 1977; MacDougall et al., 1985;

MacDougall et al., 1992; Misner et al., 1990; Verrill and Ribisl, 1996). It should be noted

that although the RPP at high weightlifting intensities can rise to higher levels than during

aerobic exercise at 85% of V02max, the increased myocardial oxygen demand is usually

maintained for less than 30 seconds during weightlifting compared with aerobic exercise

where the demand lasts for several minutes. Therefore, light to moderate weightlifting

exercise can be considered safe for low risk cardiac patients, who have a low risk for the

development of LV dysfunction (Haslam et al., 1988).
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Circuit weight training (CWT) is an exercise method for strength development It

incorporates a series of selected weight training exercises that are performed in a sequence

or in a "loop". With circuit training, one performs approximately 12-15 repetitions using

about 40-60% of 1-RM, on specialized weight machines. The individual moves from one

weight machine to another with short rest periods between stations (15-30 seconds)

(Butler et al., 1987; Gettman et al., 1978; Gettman and Pollock, 1981; Pollock and

Wilmore, 1990). The fact that CWT can improve strength, body composition, and also to

a lesser extent cardiorespiratory endurance, makes this form of exercise an appealing

addition to a cardiac rehabilitation program (Butler et al., 1987; Gettman and Pollock,

1981).

A large amount of evidence on the safety and efficacy of CWT, in stable cardiac

patients previously participating in cardiac rehabilitation programs, has been gathered in

the past two decades (Butler et al., 1987; Faigenbaum et al., 1990; Saldivar et al., 1983;

Sparling and Cantwell, 1989; Stralow et al., 1993; Vander et al., 1986). Butler and

associates (1987) compared LV wall motion responses in CWT (two circuits at 40-60% of

1-RM) with aerobic exercise (35 minutes of treadmill exercise at 85% of maximal HR). A

decline in segmental wall motion was demonstrated in five of 61 LV wall segments during

aerobic exercise, but only in one segment during CWT. Faigenbaum and coworkers

(1990) demonstrated that HR values attained during 1-RM testing and circuit weight trials

at 75% ofMVC, were 54% and 58% lower, respectively, than the HR values attained

during the maximal graded exercise test (GXT). Moreover, the mean peak RPP values

recorded during the GXT were significantiy higher compared to the RPP achieved during
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the 1-RM testing and CWT. The data of Stralow et al. (1993) are in agreement with

previous studies which found lower mean peak HR, SBP and RPP during strength training

compared to their respective responses at 85% of maximal aerobic capacity during a

treadmill GXT. Crozier-Ghilarducci and colleagues (1989) studied the effect of high

resistance training intensity in stable cardiac patients. The investigators showed that

weight training at 80% ofMVC was safe and efficacious in this low risk patient

population. Even though the program consisted of high intensity resistance training, the

HR attained ranged from 45 to 64% of the maximal treadmill HR. Furthermore, subjects

did not show ST-segment abnormalities nor angina pectoris during exercise (Crozier-

Ghilarducci et al., 1989). Thus, the above studies provide evidence that CWT can be

safely performed by stable low risk cardiac patients (Butler et al., 1987; Crozier-

Ghilarducci et al., 1989; Faigenbaum et al., 1990; Haslam et al., 1988; Sparling et al.,

1990; Stewart et al., 1995).

Blood pressure measurements in cardiac patients which were collected before,

during, and after CWT, demonstrated a slight increase or no change compared to resting

values (Crozier-Ghilarducci et al., 1989; Saldivar et al., 1983; Sparling et al., 1990).

Circuit weight training BP values were lower (Buder et al., 1987; Faigenbaum et al., 1990;

Saldivar et al., 1983) or slightly higher (Crozier-Ghilarducci et al., 1989; Sparling et al.,

1990; Squires et al., 1991; Stralow et al., 1993) compared to dynamic exercise at 85% of

maximal aerobic capacity BP measurements. However, these data should be interpreted

with caution since BP, which was measured (auscultation method using bladder cuff)

immediately after each set of exercise, could not have reflected the BP attained during the
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actual exercise set, when the BP value is much higher (Haslam et al., 1988; MacDougall et

al., 1985; Wiecek et al., 1990). Wiecek and associates (1990) compared direct and

indirect measures of systemic arterial BP during weightlifting in CAD patients. Indirect

SBP both at rest and during leg press resistance exercise were 13% less than the SBP

recorded directly. Mean indirect SBP recorded immediately after exercise was 31% lower

than values recorded directly during the actual lift. Diastolic BP at rest and during lifting

was similar using either method. The highest direct pressure value was measured during

the final repetition. Both DBP and SBP rapidly decreased to resting values (within 5-15

seconds) after completing the lift (Wiecek et al., 1990). Therefore, because of the rapid

drop in BP that occurs after weightlifting exercise, indirect measurements immediately

after resistance exercise do not represent accurate information regarding the arterial BP

generated during lifting.

Ehsani et al. (1982) demonstrated that cardiac patients who participate for a long

time in a Phase IV community based cardiac rehabilitation program can engage safely in

moderate to heavy resistance training in addition to their aerobic activity. The authors

studied the effects of intense and prolonged aerobic exercise training on LV function in

patients with CAD. Training consisted of endurance exercise three times per week at 50-

60% of V02max for 3 month, followed by aerobic exercise 4-5 days per week at 70-80%

of VC>2max for 9 months. Echocardiographic examination during isometric exercise at

40% and 60% of MVC were performed before and after the training period. Before

training, LV fractional shortening and mean velocity of circumference of shortening

decreased progressively in response to isometric handgrip exercise, suggesting a decline in
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LV function. Such reduction in LV fractional shortening and mean velocity of

circumference shortening was not observed in the post training period. At comparable

levels of mean BP, mean velocity of circumference shortening was significantly higher

after training, suggesting improvement in LV function during isometric exercise (Ehsani et

al., 1982). One needs to take into account that these data were obtained from a small

selected group of highly motivated patients; an equivalent response may not be

demonstrated by the general population of cardiac patients. However, the results indicate

that prolonged and vigorous endurance exercise results in peripheral and central

adaptations which are characterized by an improvement in LV performance.

With the increased documentation of the safety and efficacy of CWT found with

cardiac patients participating in phase III outpatients cardiac rehabilitation programs,

attempts were made to determine the hemodynamic responses and feasibility of low level

weight training during early outpatient (phase II) cardiac rehabilitation programs (Daub et

al., 1996; Squires et al., 1991; Stewart et al., 1995). These studies included patients with

reduced LV function, i.e. EF > 35%. Stewart et al. (1995) studied 2-D Echo/Doppler and

clinical responses in men starting cardiac rehabilitation as soon as 2 weeks after acute

myocardial infarction. After 2 weeks of usual care, patients were randomly assigned to

either a control or to a CWT group. The control group continued usual care that

consisted of cycling exercise 20-25 minutes 3 days per week. The CWT group exercised

at 40% of MVC in addition to 10 minutes of cycling for 10 weeks and performed 2 sets of

6 exercises. Mean wall motion scores for 130 segments did not differ between the two

groups at baseline or after training. In another study no evidence of clinical complications
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or ECG signs of ischemia were found in patients participating in weight a training program

38 ± 13 days after a cardiac event (Squires et al., 1991). Thus, no adverse cardiovascular

responses have occurred in properly selected patients participating in weight training in

addition to aerobic exercise training soon after myocardial infarction (Daub et al., 1996;

Squires et al., 1991; Stewart et al., 1995). However, data is lacking regarding the

hemodynamic responses during resistance exercise in many subgroups of LVD patients.

Furthermore, there is no sufficient information comparing cardiovascular response during

upper body vs. lower body resistance exercises in LVD patients.

Health Benefits of Resistance Training for Cardiac Patients

Resistance exercise contributes to better health by preventing musculoskeletal

disorders, increasing muscle strength and bone mineral density, helping to maintain

desirable body composition, and improving self image and self efficacy (Stewart, 1989;

Stone et al., 1991). For the last two decades evidence has emerged illustrating that

resistance training has a beneficial effect on some CAD risk factors comparable to the

effect of endurance training (Hurley and Kokkinos, 1987; Hurley et al., 1988).

Several studies demonstrated that strength training, in the form of CWT, seems to

produce similar beneficial effects on BP as endurance training (Harris and Holly, 1987;

Kelemen et al., 1986; Kelemen et al., 1989; Stewart et al., 1989). Notwithstanding, the

results are controversial. Smutok et al. (1993) compared the effect of strength against

aerobic training program in middle-aged men with risks for CAD. No change was found

in resting BP in both groups. Nevertheless, none of the CWT studies resulted in a
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exacerbation of resting BP (Cononie et a1., 1991; Harris and Holly, 1987; Kelemen et al.,

1986; Kelemen et al., 1989; Smutok et al., 1993; Stewart et al., 1989). Therefore, it can

be concluded that CWT can be performed safely by patients with mild hypertension.

It appears that resistance training may improve some risk factors for CAD such as:

increasing HDL-cholesterol, lowering LDL-cholesterol, improving glucose regulation, and

increasing insulin sensitivity. Despite the reports of an improved lipid profile from

resistance training, many design limitations prevent consistent conclusions regarding the

use of resistance training as a tool for this specific risk factor intervention. Some of the

studies above lacked a control group (Goldberg et al., 1984; Ulrich et al., 1987), pre- and

post-training blood samples (Goldberg et al., 1984; Ulrich et al., 1987), diet monitoring

(Ulrich et al., 1987), measurement of change in body composition (Goldberg et al., 1984;

Ulrich et al., 1987), or used subjects with a low lipid risk profile for the development of

CAD (Goldberg et al., 1984; Hurley, 1989; Ulrich et al., 1987).

Studies in young and middle-aged healthy subjects (Fluckey et al., 1994; Hurley et

al., 1988; Miller et al., 1994), subjects considered at high risk for CAD (Smutok et al.,

1993), and non-insulin-dependent diabetes mellitus patients (Fluckey et al., 1994) have

demonstrated an improvement in glucose tolerance and insulin sensitivity after engaging in

resistance training exercise. However, more controlled resistance training studies are

needed in order to establish these potential benefits especially in the cardiac population.

Information regarding training thresholds necessary to evoke changes in risk factors, the

optimal degree of resistance weight, number of repetitions, number of sets of exercise and

the length of the rest interval between sets are not well known. Although aerobic training
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has been clearly proven to improve CAD risk factors in cardiac patients, the magnitude of

the direct effect of resistance training on CAD risks factor is less well defined.

Progressive resistance exercise increases strength and muscle mass, consequently,

individuals who participate in long-term weightlifting exercise display muscle hypertrophy

(Gettman et ah, 1978; Partely et al., 1994; Tesch, 1988; Wilmore et al., 1976). Studies in

cardiac patients have demonstrated increased muscle mass with no significant change in

body weight or percentage of body fat (Crozier-Ghilarducci et al., 1989; Sparling et al.,

1990; Stewart et al., 1988). Crozier-Ghilarducci et al. (1989) showed an 11% increase in

quadriceps girth in cardiac patients following 10 weeks of resistance training at 80% of 1-

RM, however, body weight and body fat remained unchanged.

Pronounced loss of the mineral and collagen matrices of bone occur around the

fifth decade in both genders, resulting in enhanced bone susceptibility to fractures

(Marcus, 1991; Menkes et al., 1993). Cross-sectional studies have demonstrated an

increase in bone mineral density (BMD) and in bone mass in physically active subjects

compared to sedentary age matched persons (Block et al., 1989; Bouxsein and Marcus,

1994; Dalen and Olson, 1974; Helela, 1969). However, it seems that different modes of

exercise produce different adaptation responses. Hamdy et al. (1994) demonstrated

greater gain in upper limb bone mass in adults engaging in weight-lifting exercise

compared to individuals performing endurance activities such as running and recreational

exercises. Furthermore, studies have shown that resistance exercise training appears to

attenuate the normal bone loss associated with aging and can even lead to small increases

in BMD and bone mass (Hughes et al., 1995; Hurely, 1994; Menkes et al., 1993; Wilmore,
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1991). The increase in BMD is associated with increased muscular strength (Hughes et

ah, 1995), which in return, can improve the capacity to perform activities of daily living

(Frontera et al., 1990).

Effects of Resistance Training on Muscular Strength

It is well known that participating in a weight training program results in an

increase in muscular strength and endurance (Gettman et al., 1978; Kass and Castriotta,

1994). A stronger musculature may reduce the relative stress imposed by occupational

and recreational activities of daily living (Stone et al., 1991). Furthermore, increased

muscular strength results in increased absolute muscle force output, and increased tissue

strength such as tendons and ligaments (Stone, 1988; Stone et al., 1991). This

strengthening effect can lessen the likelihood ofmusculoskeletal injuries which often

accompany physical activity. Therefore, improved muscle strength results in increased

functional capacity, which can lead to more independent living and to enhanced quality of

life.

Healthy individuals and athletes have been shown to improve their muscular

strength and endurance after engaging in CWT programs (Gettman et al., 1978; Wilmore

et al., 1978). Studies have demonstrated increases in strength ranging from 20-45%.

Comparable results have been seen in stable cardiac patients who participated in CWT

during cardiac rehabilitation programs (Crozier-Ghilarducci et al., 1989; Kelemen et al.,

1986; McCartney et al., 1991; Sparling et al., 1990; Stewart et al., 1988). Kelemen et al.

(1986) documented a 24% increase in muscular strength in the CWT group while no
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change was observed in muscle strength in the control patients. Sparling et al. (1990)

found a 22% increase in strength for all 12 exercises in cardiac patients after 6 months of

weight training at 30% to 40% of 1-RM.

Along with the increase in muscular strength and endurance following resistance

training, any absolute submaximal work load would require a lower comparable effort and

consequently be perceived as less strenuous (McCartney et al., 1991). Since most

activities of daily living require less than a maximal effort, patients who weight train will

be able to perform strenuous daily activities at a diminished percent of maximum and

perception of effort. This improvement will result in enhanced quality of life and

decreased risk for musculoskeletal injuries (McCartney et al., 1991; Stewart, 1989).

Effects of Resistance Training on Aerobic Performance

Resistance training can produce a small increase in aerobic capacity in healthy

adults of all ages including the elderly. This increase is primarily associated with an

increase in muscle mass, but not necessarily improved cardiorespiratory central function

(Fiatarone et al., 1990; Frontera et al., 1990; Hickson et al., 1980; Kass and Castriotta,

1994). A study in frail deconditioned elderly demonstrated lower extremity muscle

adaptations (strength and size) to high intensity strength training. The increase in strength

ranged from 61 to 374% over baseline, which was coupled with a 48% improvement in

tandem gait speed (Fiatarone et al., 1990). Moreover, Frontera et al. (1990) showed an

increase in maximal aerobic capacity during leg cycle ergometry testing in elderly subjects

involved in a high intensity resistance training program for the lower body. The increased
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aerobic capacity was due to local adaptation in the trained muscle (i.e. increased muscle

strength and mass, increased oxidative enzyme concentrations and greater capillary

density), since such a phenomenon was not observed during arm cycle ergometry.

Aerobic performance of patients with cardiac disease and elderly persons can be

limited by leg fatigue resulting in termination of exercise without coexisting evidence of

cardiorespiratory limitations (Hung et al., 1984; McCartney et al., 1989; McCartney et al.,

1991; Oldridge et al., 1989). Therefore, patients with weak leg muscles will gain

additional benefits if resistance training is coupled with their conventional endurance

training program. Increased leg muscle strength will allow patients to engage in aerobic

modalities for longer periods of time. McCartney et al. (1991) reported an average

increase of 29% in 1-RM strength in stable cardiac patients who engaged in combined

aerobic and resistance training, compared to an average increase of 8% in the group that

performed aerobic training alone. The cycling time at 80% of initial maximal power

output before attaining a Borg rating of very severe, increased by only 11% in the aerobic

training group compared to 109% in the combined training group. In addition, maximal

exercise capacity on the cycle ergometer increased by 15% in the combined group

compared with a 2% increase in the aerobic control group. Therefore, in stable low risk

cardiac patients, combined aerobic and resistance exercise is a more effective method of

increasing aerobic performance and strength than traditional endurance training alone

(Kelemen et al., 1989; McCartney et al., 1991).

Increased muscular strength and endurance result in improved performance of

endurance activities (such as walking or climbing up stairs), thus, facilitating some
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everyday physical activities. In cardiac patients who are severely deconditioned, resistance

training can cause muscular changes that may lead to enhanced ability to engage in aerobic

exercise, which consequently will result in improved aerobic performance.

In summary, resistance training can produce several beneficial adaptations that

result in favorable changes in CAD patient’s risk profile. Some of the data are more

conclusive such as the beneficial effect of resistance training on glucose metabolism.

However, more controlled studies on the effect of resistance training on blood lipid profile

or resting BP are warranted, mainly in the cardiac population. Nevertheless, the beneficial

effect of resistance training on promoting independent lifestyle and enhanced quality of life

via increased muscle mass and strength is well documented, emphasizing the importance

of this type of exercise in cardiac rehabilitation programs.

Patient Screening and Consideration

During the late 80s and early 90s, the conventional inclusion criteria of cardiac

patients for a resistance training program were mainly directed toward low risk patients

already participating in a traditional aerobic exercise program for at least 3 months

(Franklin et al., 1991; Kelemen, 1989; McKelvie and McCartney, 1990; Sparling and

Cantwell, 1989). In addition, patients were at least 4 months post myocardial infarction or

coronary artery surgery before they were allowed to participate in a resistance training

program (Kelemen, 1989; Sparling and Cantwell, 1989).

Generally, exclusion criteria for resistance training resembled those used for any

outpatient cardiac rehabilitation program, i.e. phase in-TV. In many cardiac rehabilitation
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programs the exclusion for CWT were similar to those of aerobically oriented activities

(Franklin et al., 1991; Sparling and Cantwell, 1989). Patients were excluded for the

following reasons: unstable angina, uncontrolled hypertension (systolic BP > 160 mmHg

or diastolic BP >100 mmHg), uncontrolled arrhythmias, a recent history of congestive

heart failure, a maximal aerobic capacity of less than 6-7 metabolic equivalents (METs) (1

MET = 3.5 mlkg'^mhr1) during symptom limited GXT, or LV dysfunction (EF < 45%)

(Franklin etal., 1991; Kelemen, 1989; Sparling and Cantwell, 1989; Verrill et al., 1992).

Both the cardiac rehabilitation program director and the patient's personal physician

should assess and approve the patient's participation in the resistive training program

(Franklin et al., 1991; Verrill et al., 1992); persons qualifying for resistance training should

begin exercise in a supervised setting.

However, recent studies performed in early outpatient cardiac rehabilitation

settings (phase II) as soon as 2 weeks after acute myocardial infarction demonstrated no

adverse cardiovascular responses in properly selected patients participating in CWT at

40% ofMVC (Daub et al., 1996; Squires et al., 1991; Stewart et al., 1995). In light of

these findings the revised Exercise Standards of the American Heart Association (AHA)

(AHA, 1995), American Association of Cardiovascular and Pulmonary Rehabilitation

(AACVPR) (AACVPR, 1995) and recent American College of Sports Medicine (ACSM)

(ACSM, 1995) guidelines for exercise testing and prescription include much less

conservative indications for resistance exercise training for cardiac outpatients. Initial

resistance training activities can be introduced to patients during the first 2 weeks of an

outpatient program. Later in the program if the patients are medically stable they can be
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allowed to participate in a regular resistance training program. ACSM published specific

indications for resistance training for cardiac outpatients for the first time in 1995 (ACSM,

1995). The inclusion criteria consists of:(a), minimum of 4 to 6 weeks after myocardial infarction (MI) or coronary artery surgery,(b). minimum of 4 to 6 weeks in supervised aerobic program or completion of Phase II,

(c.) minimum 1 to 2 weeks following PTCA or other revascularization procedures

without MI,(d). diastolic pressure <105 mmHg,(e). peak exercise > 5 METs, and(f). not compromised by CHF, unstable symptoms, or arrhythmia.

Low to moderate risk patients who in the past were excluded from a resistance

training regimen are capable of exercising safely with resistance using lighter load. Such

patients include older cardiac patients, patients with reduced left ventricular function (EF

> 35%), patients with mitral valve prolapse syndrome and heart transplant patients (Braith

et al., 1993; Braith et alM 1994; Braith et al., 1996; Daub et ah, 1996; Frederickson, 1988;

McKelvie et al., 1995; Munnings, 1993; Verrill and Ribisl, 1996).

Exercise Guidelines

In recent years, the AHA (AHA, 1995) ACSM (ACSM, 1990; ACSM, 1995) and

AACVPR (AACVPR, 1995) have emphasized the importance of a comprehensive training

program. They espouse an overall exercise program for developing and maintaining
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cardiorespiratory fitness, body composition, and muscular strength and endurance in both

the healthy adult and in the majority of subjects with heart disease.

Before entering a resistance training program, each patient should be briefed on

the proper technique and safety rules of resistive training. Instruction and demonstration

should include correct body position, speed ofmovement, range of motion and proper

breathing pattern (Franklin et al., 1991; Sparling and Cantwell, 1989). Initial resistance

training activities can be introduced to the patients during the first 2 weeks of an

outpatient program, which may include the use of 1-3 kg dumbbell weights, light hand

weights, and/or resistive tubing. Six weeks into the program, functional capacity

assessment (i.e. symptom limited GXT) and risk stratification of the patients are made.

Thereafter into the program, the patients can be allowed to engage in a regular weight

training program, e.g., weight machines used as a single station or CWT.

In order to establish the initial weight load, 1-RM testing is recommended. This

type of strength testing is most efficacious for evaluating maximal strength (AACVPR,

1995; ACSM, 1995; Franklin et al., 1991). Injuries related to 1-RM strength testing are

rare and derive primarily from previous orthopedic problems (Pollock et al., 1991). Shaw

et al. (1995) evaluated injuries associated with 1-RM testing in the elderly. Out of 83

subjects (65.8 ± 6.2 years) only 2 subjects sustained an injury (2.4% of total subjects),

whereas 81 subjects (97.6% of total) completed the 1-RM assessment without harm.

One-repetition maximum tests have been found hemodynamically safe in healthy adults.

Of 6,653 subjects none experienced a clinically significant, nonfatal or fatal cardiovascular

event in association with 1-RM strength testing (Gordon, 1995). In addition, 1-RM
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strength testing was found to be safe in low risk cardiac patients as HR and mean peak

RPP values attained during 1-RM testing were significantly lower compared to those

achieved during GXT (39, 42). However, a more conservative approach for initial weight

establishment can be applied by determining the maximal load that the patients can lift

twice. This method of testing is assumed to be 90% of 1-RM. Using this 90% value, a 1-

RM is calculated and used to establish the training weights (AACVPR, 1995; Franklin et

al., 1991; Kelemen, 1989; Sparling et al., 1990).

ACSM, AACVPR and AHA recommendations for resistance training consist of 8-

10 exercises which train the major muscle groups of the body, one set of 10-15 repetitions

at a load of 30%-50% of the 1-RM for each exercise, performed 2-3 days per week

(AACVPR, 1995; ACSM, 1995; AHA, 1995). Once 15 repetitions can be comfortably

completed by the patient the load can be raised by an additional 5% (ACSM, 1995; AHA,

1995; Sparling and Cantwell, 1989). Cardiac rehabilitation settings that do not use 1-RM

as a prescribing reference, should initially choose a weight load that will allow cardiac

patients to exercise at RPE level of 12-13, and later on to increase weight load until

reaching RPE sensation of 15. These guidelines are based on the literature that supports

prescribing single set of exercise to fatigue for developing muscular strength (Feigenbaum

and Pollock, 1997; Messier and Dill, 1985; Starkey et al., 1996; Stowers et al., 1983).

Starkey and associates (1996) demonstrated that 1 set performed to volitional fatigue (8-

12 repetitions) was as effective as 3 sets for increasing knee extension and knee flexion

strength and muscle thickness in previously untrained adults. In another study Braith et al.

(1989) evaluated the effectiveness of resistance training performed either 2 days per week
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or 3 days per week. The authors found that adult exercisers who perform a single set of

bilateral knee extension to volitional fatigue 2 days per week can derive approximately

80% of the benefits achieved by training 3 days per week. Based on these data, a well

rounded training program can be attained encompassing cardiorespiratory fitness, and

muscular strength and endurance, that is cost efficient and not highly time-consuming.

An important element of exercise safety in cardiac rehabilitation programs is the

stratification of patients according to their risk for acute cardiovascular complications

during exercise and overall prognosis. Risk status is related to the type and

pathophysiologic severity of the cardiovascular disease, the degree of LV dysfunction and

exercise-induced myocardial ischemia as manifested by ST segment depression and/or

angina pectoris (AACVPR, 1995; ACSM 1995). Stratifications criteria for cardiac

patients based on AACVPR (1995) and ACSM (1995) are as follows:

Low risk patients. No significant LV dysfunction (EF> 50%). No resting or

exercise-induced ischemia or arrhythmias. Uncomplicated myocardial infarction, coronary

artery bypass graft (CABG), angioplasty, arthrectomy. Functional capacity above 6 METs

3 weeks after cardiac event.

Moderate risk patients. Mild to moderate depressed LV function (31 <EF< 49%).

Exercise-induced myocardial ischemia. Functional capacity < 5-6 METs 3 weeks or more

after cardiac event.

High risk patients. Severely depressed LV function (EF< 30%). Complex

ventricular arrhythmias at rest, or appearing or increasing with exercise. Marked exercise-

induced myocardial ischemia. Exertional hypotension (> 15 mmHg decrease in SBP
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during exercise. Myocardial infarction complicated by CHF, cardiogenic shock, and/or

complex ventricular arhythmias. Survivor of cardiac arrest

Summary

Reduced myocardial function results in a complex manifestation of chronic

responses involving autonomic nervous system, endocrine organs, skeletal muscle, kidneys

and regional vascular beds; resulting in clinical symptoms of fatigue and dyspnea. The

latter is followed by physical inactivity leading to skeletal muscle atrophy and weakness.

Endurance training in LVD patients, results in increased aerobic capacity through

peripheral adaptation. The improvement in functional capacity in these patients can result

in a major impact on their quality of life. Since LVD patient’s symptoms, such as

tiredness, dyspnea with exertion, and overall weakness are most common, engaging in

resistance training may result in muscular changes that can lead to improvement in their

aerobic performance via increasing muscle mass and strength.

Resistance exercise has been previously regarded as hemodynamically hazardous

for patients with cardiovascular disease or for those with high risk factors for a future

cardiac event. Consequently, resistance exercise has been traditionally discouraged in

cardiac rehabilitation programs due to the assumption that the increased BP response seen

in this form of exercise, imposes an additional risk to cardiac patients. However, many

daily and vocational activities require that patients with cardiac disease perform tasks that

involve lifting and straining. Therefore, it is important to recognize that the cardiac
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patient requires a minimum threshold level of strength for daily living activities, equivalent

to those of a healthy individual.

Recent evidence suggests that resistance exercise may be less hazardous than was

once presumed, especially in low risk cardiac patients. Investigators have been able to

demonstrate that light to moderate weightlifting exercise can be considered safe for these

cardiac patients and that the risk of developing compromised LV function is less during

weightlifting compared to conventional clinical aerobic exercise tests. Furthermore, the

increased DBP seen during resistance exercise provides a protective effect by increasing

coronary perfusion pressure. This increase in coronary perfusion pressure improves

subendocardial BF, resulting in a reduction of the development of myocardial ischemia

Resistance exercise contributes to better health by preventing musculoskeletal disorders,

helping to maintain desirable body composition, and improving self image and self

efficacy. With the increase in muscle strength after training, daily tasks will be perceived

as less strenuous, resulting in a more independent lifestyle and enhanced quality of life.

The increased leg muscle mass and strength due to resistance training may improve

aerobic capacity. In cardiac patients who are severely deconditioned, resistance training

can cause muscular changes that can lead to the enhanced ability of these fragile patients

to engage in aerobic exercise, thus improving their aerobic capacity.

In recent years, current trends have emphasized the importance of a comprehensive

exercise training program for developing and maintaining cardiorespiratory fitness, body

composition, and muscular strength and endurance in the healthy adult and the majority of

subjects with heart disease. AHA, AACVPR and ACSM have developed guidelines for
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resistance training in low risk cardiac population. The recommendations include the

following: 1-RM as the testing procedure, training consisting of 8-10 exercises which train

the major muscle groups of the body, 10-15 repetitions at a load of 30%-50% of the 1-

RM for each exercise, and a frequency of 2-3 days per week. Once 15 repetitions can be

accomplished, the weight can be increased by an additional 5%.

The AACVPR, AHA and ACSM guidelines for resistance exercise in low risk

cardiac patients are based on the guidelines previously developed for healthy adults.

However, the training intensity for cardiac patients is lower (moderate fatigue vs.

maximal effort), and the number of repetitions are higher (10-15 vs. 8-12) than is

recommended for healthy adults. There are no specific guidelines for strength testing or

resistance exercise training for low-moderate risk cardiac patients with LVD due to

insufficient data on safety. Therefore, the importance of the present study is to add more

information that could help in prescribing a safe resistance training exercise program to

low-moderate risk cardiac patients.



CHAPTER 3
METHODS

Subject’s Characteristics

Fifteen patients (n=15 males) (from two cardiac rehabilitation programs)

volunteered to participate in the study: the Zinman College Cardiac Rehabilitation

Program at Wingate Institute and from the Cardiac Rehabilitation Center in Tel Aviv,

Israel. All patients had documented coronary artery disease (CAD) determined by at least

one of the following: 1) history of prior myocardial infarction (MI); 2) history of coronary

artery bypass graft surgery (CABG); and 3) demonstration on angiography of CAD

determined by a minimum stenosis of 70% in at least one vessel. Each subject had been

previously diagnosed with left ventricular dysfunction (LVD) with an ejection fraction

(EF) range between 30 to 49% by means of echocardiography or angiography procedures.

The patient’s age averaged 65±6.5 years (meaniSD) (range 50-74 years). All subjects

had been participating in a cardiac rehabilitation program, training aerobically a minimum

of twice a week between 3 months up to 6 years (2.5 ±0.8 yrs).

Prior to taking part in the study, patients underwent preliminary screening by the

cardiologist of the Cardiac Rehabilitation Program at the Zinman College. Inclusion

criteria for participating in the study included: 1) age 50 to 75 years; 2) stable medical

condition; 3) New York Heart Association (NYHA) classification I and II: CAD without

48
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symptoms at rest and with/without symptoms during ordinary activity; 4) functional

capacity > 5 METs; and 5) optional drug therapy (digoxin, diuretics, ACE-inhibitors,

beta-blockers, anti-anginal agents, etc.). Contraindication to participation in the study

included: 1) acute unstable myocardial ischemia; 2) angina at rest/ or exercise < 5 METs;

3) cardiac event within past 3 months; 4) other diseases that would interfere with the

completion of the study (i.e. thyrotoxicosis, uncontrolled hypertension or diabetes

mellitus, anemia, lung diseases or renal failure, primary valvular heart disease; 5) patients

with a recent (within 6 month) cerebral vascular event; 6) patients with orthopedic

problems and/or peripheral vascular disease that would limit exercise; and 7) resting

blood pressure (BP) 160/100 mmHg or above. All patients continued taking their usual

daily prescribed medications during the study and on days of the experiment. Medications

included: nifedipine (4 pts), dilitiazem (2 pts), verapamil (2 pts), atenolol (3 pts),

propranolol (1 pt), metoprolol (1 pt), captopril (5 pts), enalopril (2 pts), isosorbide (6 pts),

furosemide (4 pts), hydrochlorothiazide (2 pts), digoxin (2 pts) and amiodarone (1 pt).

All experiments took place in the Cardiac Rehabilitation Program Laboratories at

the Zinman College, Wingate Institute, Israel. In order to avoid diurnal effect, all subjects

completed experimental procedures at the same time of the day. All experiments were

performed in an air conditioned room at 24C°-25C°, 60% to 63% relative humidity and

758-763 mmHg barometric pressure. All subjects were asked to refrain from any exercise

training for at least 24 hours before experiments, abstain from drinking alcohol 48 hours

prior to testing, and report to the laboratory at least 4 hours post caffeine consumption

and 2 hours postprandial. To help verify these standardized conditions subjects were
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(Appendix A).

50

Study Design

The study consisted of five visits lasting 1-1.5 hours in which patients perform two

separate experiments. Experiment 1 assessed cardiovascular hemodynamic and left

ventricular physiologic responses to strength testing in LVD patients. Experiment 2

assessed cardiovascular hemodynamic and left ventricular physiologic responses to a

single bout of resistance exercise performed at varying intensities of effort. The sequence

of tests on the first visit (visit 1) included: medical evaluation, body composition, resting

and diagnostic echocardiography combined with a treadmill symptom limited graded

exercise test (SL-GXT). During visit 2 peak oxygen consumption (VC^peak) was

determined during treadmill SL-GXT. During the third visit (visit 3) subjects performed

one-repetition maximum (1-RM) of one-arm biceps curl (BIC) and knee extension (KE)

tests. For the 4th and 5th visits, subjects were assigned to perform exercise bouts of 10-15

repetitions at 20%, 40%, and 60% submaximal work loads based on their previously

determined 1-RM testing protocol. Patients rested 5 days between visits.

Visit 1: Experimental Protocol

All patients received a comprehensive explanation of the proposed study, its

benefits, inherent risks and expected commitment with regard to time. Following

explanation of the proposed study, all patients were allowed a period of questioning. For
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the protection of human subjects, the protocol of the study was approved by the

Institutional Review Board at the University of Florida, USA and by the Human Research

Committee of the Zinman College at Wingate Institute, Israel. Those patients who agreed

to participate were required to sign an informed consent (Appendix B). The subjects then

completed a medical evaluation by the cardiologist of the Cardiac Rehabilitation Program

at the Zinman College, and those patients who were included in the study then continued

with their first visit testing.

Body Composition

Body composition was assessed from the sum of four skinfold sites: biceps,

triceps, subscapular and iliac crest (Dumin and Womersley, 1974), utilizing a

Skyndex®/System I Electronic Body Fat Calculator caliper (Caldwell, Justiss & Co. Inc.,

Fayetteville, AR). Subcutaneous fat was measured by grasping a skinfold of fat with

moderate pressure by the thumb and the forefinger. The caliper was placed

approximately 1 cm perpendicular to the fold, then the caliper tips were released over the

skinfold. The value of the skinfold thickness was entered into the calculator memory

where it was automatically recorded and calculated. Body density (Db) was predicted for

males over the age of 50 using the Dumin-Womersley equation (Dumin andWomersley,

1974):

Db = 1.1715 - 0.0778 log(I skinfolds).

Following the calculation of Db the Siri equation (Siri, 1961) was used to estimate body

fat percentage:

% fat = 495/ Db - 450
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Weight to the nearest 0.1 kg was measured on a digital weight scale Shekel TCS

155 (Shekel, Beit Keshet, Israel). Height to the nearest 0.1 cm was measured with a wall

mounted meter scale Shekel TCS 155 (Shekel, Beit Keshet, Israel).

Echocardiographic Measurements

Resting and diagnostic echocardiography were performed in order to verify the

LVEF and screen for potential exclusionary factors. For each echocardiography

evaluation, complete two-dimensional (2-D) echocardiography was performed using

standardized methodology and commercially available equipment (Vingmed 800 A

Sonotron and Interspec AT Apogee transducer 2.25 and 3.25 MHz, Horten, Norway).

Two-dimensional and motion (M)- mode echocardiographic measurements were

performed at rest with subjects in the left lateral decubitus position in order to obtain

images in multiple cross-sectional planes for assessment of chamber sizes and left

ventricular systolic function, using the following views 1) parasternal long-axis; 2)

parasternal short axis; 3) apical 4- and 5-chamber view and 4) apical 2-chamber view.

Complete pulsed and high repetition frequency and/or continuous wave, when required,

Doppler examination was also performed to determine the presence and severity of

valvular disease. Following a review of the images for exclusion criteria (such as

hemodynamically significant primary valvular heart disease), each subject completed a

treadmill SL-GXT (as detailed below). Following the SL-GXT, the patient immediately

resumed the left lateral decubitus position and echocardiographic images were obtained

within 30 seconds of cessation of exercise (Robertson et al, 1983).
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Left ventricular end diastolic dimensions (LVEDD) were determined as the

distance from the leading edge of the left side of the interventricular septum to the leading

edge of the posterior endocardium of the left ventricle, at the peak of the R wave on the

simultaneously recorded electrocardiogram (ECG). Left ventricular end systolic

dimensions (LVESD) were taken as the vertical distance from the maximal excursion of

the left ventricular endocardium echocardiography during systole to the interventricular

septum. Left ventricular end diastolic volume (LVEDV) and LV end systolic volume

(LVESV) were obtained from the 2-D echocardiographic images in the apical, four

chamber view using the modified Simpson’s rule algorithm (Albin and Ranko, 1990).

Calculations. Stroke volume (SV), cardiac output (CO) and EF were calculated

with the following equations: SV = left diastolic volume - left systolic volume, CO = heart

rate (HR) x SV and EF = SV divided by LVED. Rate pressure product was derived from

the product of HR times the SBP. Mean arterial blood pressure (MAP) was calculated as

DBP plus one-third of pulse pressure. Total peripheral resistance (TPR) was calculated by

dividing MAP by CO. Peak SBP/LVESV ratio was determined by SBP divided by

LVESV.

For analyzing regional LV function the LV wall was divided into seven segments

as follows: apex, basal, septal, anterior, posterior, lateral and inferior. Each segment was

given a numeric value that indicated a wall motion pattern. The wall motion scores

included: 0 = normal, 1 = hypokinesis, 2 = akinesis and 3 = dyskinesis. The apical 4-

chamber view was divided into 4 segments; apex, septum, basal and lateral wall. Long-

axis view was divided into septum, basal and posterior wall. Short-axis was divided into
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septum, lateral and inferior wall and 2-chamber view was used to assess the anterior wall

region (Appendix C). The echocardiographic views for each patient were placed onto a

quad-screen format for simultaneous viewing, after which they were transferred onto a

videotape in a continuous sequence for viewing during the rating process. The wall

motion scores were assigned to each LV segment by a cardiologist

Diagnostic Graded Exercise Test

Upon finishing the resting echocardiographic measurements the subjects were then

prepared to perform a SL-GXT on a Quinton Club Track 3.0 treadmill (Quinton®,

Seattle, WA). All SL-GXTs were supervised by the cardiologist of the Zinman College

Cardiac Rehabilitation Program. A crash cart with all essential emergency medications,

supplemental oxygen and a defibrillator were stationed near the treadmill during every

test.

The modified Naughton protocol was used for the treadmill SL-GXT. The

protocol involves a constant speed of 2 mph, beginning at 0% grade, increasing 1 MET

(3.5% grade) every 2 minutes (Pollock and Wilmore, 1990). A 12-lead ECG and HR

were recorded at one minute intervals using Cardiofax model 3353/D/F/L (Nihon Kohden,

Tokyo, Japan), and was monitored continuously at rest, exercise and recovery periods of

each test. Blood pressure (BP) was measured by auscultation using Aneroid

Sphygmomanometer (Nihon Kohden, Tokyo, Japan) during rest, 30 seconds prior to the

end of each 2 minute stage of exercise, at peak exercise, 1, 3, 5 and 7 minutes of recovery.

The HR and BP values which were measured standing prior to mounting the treadmill

were considered as baseline value criteria.



55

Subjects were verbally encouraged to continue exercise as long as they could.

Rating of perceived exertion (RPE) using the Borg scale (Borg, 1978) was recorded

during each minute of exercise. The SL-GXT was terminated upon subject’s request, or if

one of the following clinical indications appeared prior to volitional fatigue: 1)

progressive angina 2+ level on the 4 point Angina Scale; 2) > 2 mm horizontal or

downslope ST-segment depression from resting ECG or ST-segment elevation; 3)

development of new wall motion abnormalities; 4) drop in systolic SBP of > 20 mmHg

below baseline despite an increase in work load; 5) complex ventricular ectopy; 6)

chronotropic impairment; 7) exercise-induced left bundle branch block; 8) onset of

second or third degree A-V block; and 9) severe shortness of breath, wheezing, pallor, or

signs of severe peripheral circulatory insufficiency. Immediately post-exercise the subject

returned to left lateral decubitus position and echocardiographic images were obtained

within 30 seconds of SL-GXT termination.

Visit 2: Experimental Protocol

During the second visit subjects reported to the laboratory to perform an additional

SL-GXT. The objectives of this test were to determine measured peak oxygen

consumption and to serve as a supplementary screen for contraindication to participation

in the study. Pre-test BP and ECG recordings were obtained. Electrocardiographic

monitoring, HR and RPE were recorded each minute throughout the test and recovery.

Blood pressure was measured during each 2 minute stage of exercise, at peak exercise,

immediate post exercise, 1, 3, 5 and 7 minutes of recovery.
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During the test, subjects breathed through a mouthpiece attached to a low-

resistance breathing valve. A nose-clip was attached to the nose and expired air was

analyzed for fracdonal oxygen (02), carbon dioxide (C02) gas concentration and

expiratory minute volumes (VE) using the Medical Graphic Cardiopulmonary Exercise Gas

Analyzer CPX (Medical Graphics ™, St. Paul, MN). Exercise progressed until subject

requested to stop the test or until symptoms or cardiovascular abnormalities (as outlined

above) warranted termination of the test.

Visit 3: Experimental Protocol - Maximal

Strength Evaluation (^Experiment 1)

Maximal strength evaluations were performed on two exercises: 1) BIC

incorporating the upper body, mainly the arm, using dumbbells (Sports World, Ashdod,

Israel), and 2) bilateral KE utilizing the lower body, mainly thighs, using a knee

extension machine (Sports World, Ashdod , Israel). The resistance apparatus utilized in

this study are representative of equipment used in cardiac rehabilitation programs phases

II and HI.

Each testing evaluation started with a dynamic warm-up of 6 to 8 repetitions with

a light weight One-repetition maximum was determined by having the subject perform a

single repetition with progressively heavier weights. Subjects started with a light weight

Upon successful completion, 2.5-10 kg were added for the next repetition. Exactly how

much weight was added depended on how easy the previous repetitions were rated using

the Borg scale. Subjects rested between attempts for a minimum of 3 minutes, or until HR
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and BP values returned to near baseline, regardless of whether the subject felt recovered

sooner. Between the two different tests, i.e. KE and BIC the subject rested nearly 10

minutes. Maximal strength was defined as the maximum weight that could be lifted for

one repetition through a full range of motion using good form. The test usually required

4-5 trials to complete. During each attempt the subjects were instructed to exhale while

performing the concentric part of the lift A verbal cadence was given in order to perform

the maneuver for 6 seconds duration; 2 seconds for the concentric phase and 4 seconds for

the eccentric phase. The KE and BIC tests were randomized to prevent an order effect.

Echocardiographic (see section entitled “Echocardiographic Measurements”') and

ECG measures were made throughout rest, exercise, and at the end of each minute of

recovery from each trial. The principal echocardiographic images that were taken during

strength tests were parasternal long- and short-axis views. Blood pressure measurements

were made prior to, immediately post the lifting phase of each 1-RM trial, and during

recovery.

Blood pressure measurement during maximal strength evaluation. For testing on

BIC and KE, BP was measured by arm auscultation. A sphygmomanometer was

positioned on the upper arm opposite the exercising arm. The bladder of the cuff was

placed over the medial aspect of the upper arm. The stethoscope was positioned on the

brachial artery in the antecubital region. Since BP measures are known to return to

baseline values within 5-10 seconds following a lift (Wiecek et al., 1990), the cuff was

inflated prior to the initiation of the lift and bled off during the lift, thus, measurement

was taken immediate post the exercise (lift trial).
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Exercise Evaluation (Experiment 2)
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For experiment 2, subjects performed repetitive resistance exercise with both BIC

and KE exercises. To systematically evaluate the effect and safety of varying resistance

exercise intensities on the subjects, work loads were started at a low intensity (20% of 1-

RM testing) for 15 repetitions and increased progressively. Resistance exercise

intensities progressed to 40% for 12 repetitions and 60% for 10 repetition based on 1-RM

testing. Subjects rested between bouts for at least 3 minutes, or until HR and BP had

returned to resting values and/or if the subject felt recovered. Then the next bout (next

intensity) was performed. Exercise progressed until all three bouts were completed or

until symptoms or cardiovascular abnormalities as outlined in “Diagnostic Graded

Exercise Test” section warranted cessation of exercise. Echocardiographic, ECG and BP

measures were performed during rest, throughout exercise, immediate post exercise and

recovery minutes. To help avoid the Valsalva maneuver, the subjects were instructed to

not hold their breath but rather to exhale at the beginning of each lift. A cadence of 6

seconds was given verbally for each repetition. One-arm biceps curl and KE exercise

were randomized to prevent an order effect. Between the two different exercises, i.e. KE

and BIC the subject rested about 10 minutes.

Echocardiographic (see section entitled “Echocardiographic Measurements”') and

ECG measures were made throughout rest, exercise, and at the end of each minute of

recovery from each set. The echocardiographic images that were taken during strength

tests were parasternal long- and short-axis and apical 2- and 4- chamber views.
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Blood pressure measurement during resistance exercise. To evaluate BP during

resistance exercise, BP measurements were made twice during each intensity set. The first

measurement was taken close to the mid point of the set, while the second measurement

was performed toward the final repetitions. For a specific technique description see

section entitled “Blood Pressure Measurement During Maximal Strength Evaluation”.

Visit 5: Experimental Protocol

Visit 5 was intended to evaluate test re-test reliability. All the procedures

described in “Visit 4: Experimental Protocol” sections were repeated exactly the same

during visit 5.

Data Analysis

Data were tabulated and basic descriptive statistic determination for most variables

(mean ± SD) was performed. Comparisons of echocardiographic, wall motion scores,

indirect BP, HR, SV and CO measurements during rest, exercise and recovery were made

as follows: Experiment 1 - An analysis of variance (ANOVA) with repeated measures

was used to test for differences in response to strength testing. Experiment 2 - An

analysis of variance with repeated measures was used to test the differences within and

between intensity bouts.

Descriptive statistics were used to report wall motion changes during exercise tests

and submaximal resistance exercise bouts.
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To evaluate the reliability of the procedures correlation test and paired r-test

between the results of the 4th and 5th visits were performed.

Significant F-ratio's were evaluated by defining relevant contrasts. Alpha levels

were initially set at 0.05.



CHAPTER 4
RESULTS

Descriptive Characteristics

Physical characteristics and mean descriptive data of the patients are presented in

table 4-1. The subjects’ ages ranged from 50 to 74 years, height and weight ranged from

155.0 - 176.0 cm and 63.0 - 97.0 kg respectively. The highest body fat percentage was

32.7% while the lowest was 20.1%. Peak aerobic capacity values (VC^peak) are presented

in milliliter per kilogram body weight per minute (ml kg'1-min'1), with values ranging from

17.5 to 29.3 ml-kg '-min1. Ejection fraction values ranged from 31 to 48%. Clinical

descriptions of the patients are summarized in table 4-2.

Values of 1-RM strength tests are also listed in table 4-1. The one-arm biceps

curl (BIC) represents upper body strength involving mainly the biceps brachii, brachialis

and brachioradialis muscles. The knee extension (KE) exercise depicts lower body

strength, primarily thighs (quadriceps). Values for KE 1-RM ranged from 17.5 to 74.0

kg, while for BIC the weight ranged from 6.0 to 16.0 kg. The 1-RM strength of the KE

test was significantly (p<0.05) higher than that observed while performing the BIC

strength test.

61
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Qinicai Symptoms

During SL-GXT six patients (40%) demonstrated down sloping ST segment

depression that ranged from 1.5 to 2 mm and continued for 5 minutes into recovery. One

of the patients had in addition to his ST segment depression, an inverted T wave that

rotated upward during SL-GXT and the KE 1-RM test. Such ST segment changes were

not observed during both 1-RM strength tests. Two patients complained of angina

symptoms during the last 2 stages of the SL-GXT, which for one was coupled with a

headache. Similar complaints were not expressed during strength tests.

One patient demonstrated premature ventricular and atrial contractions (PVC’s and

PAC’s) during SL-GXT, whereas, three patients demonstrated PVC’s and PAC’s during

recovery. Arrhythmias were not seen during KE and BIC 1-RM tests.

When performing submaximal resistance exercise bouts, only two patients

demonstrated ischemic changes on the ECG. One patient had T wave changes, i.e. turning

from negative to positive at 60% 1-RM KE resistance exercise, but with no ST segment

depressions which was seen during SL-GXT. The other patient exhibited down sloping

ST segment depression during the final repetitions of 60% 1-RM KE resistance exercise.

However, the depression depth was only 0.5 mm during resistance exercise as compared

to 2 mm depression during SL-GXT.

During the 60% 1-RM KE resistance exercise bout, the same two patients that

reported chest pain (2+ on the 4 point Angina Scale) during SL-GXT also reported pain at

the back of the neck (1 pt) and a light headache (1 pt). According to them, these signs

usually appear before they get true angina pain. Nevertheless, none of them had genuine
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chest pain during the exercise bout, and the complaints were not followed by ischemic

changes on the ECG.

Occasional arrhythmias were seen during submaximal resistance exercise. Three

patients had some PVC’s and PAC’s during the recovery periods but not during exercise

bouts. One patient had PAC’s during 20% and 60% of 1-RM BIC resistance exercise

work loads. Another patient had PVC’s and PAC’s during KE resistance exercise at 60%

1-RM. One patient had a drop of 20 mmHg (from 182 to 162 mmHg) in SBP during 60%

of 1-RM KE resistance exercise.

Responses During Symptom Limited Exercise Test and Strength Tests

Hemodynamic Responses During Exercise Tests

Resting and peak exercise values for HR, systolic BP (SBP), diastolic BP (DBP)

and RPP during strength tests and treadmill test are shown in table 4-3. A significant

increase in HR was seen during each exercise mode compared to resting values (p<0.05).

Peak HR values during SL-GXT increased significantly (p<0.05) compared to baseline

values and was significantly higher (p<0.05) compared to HR values attained during BIC

and KE strength tests (136.4 vs. 84.0 and 84.3 beat-min'1 respectively). There were no

significant differences (p>0.05) in mean HR values between KE and BIC strength tests.

The pattern of HR response across exercise tests is illustrated in figure 4-1.

Blood pressure measurements during the SL-GXT were performed during the final

stage, however, BP during 1-RM tests were taken immediately post exercise, whereas the

cuff was inflated prior to the maneuver and deflation started as the movement was
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completed. During the three types of exercise there were significant differences (p<0.05)

between resting and peak SBP values. Significantly higher (p<0.05) SBP values were

obtained during peak SL-GXT compared to KE and BIC strength tests. Between KE and

BIC 1-RM strength tests there were no significant differences in SBP values (p>0.05).

Significant differences (p<0.05) between rest and peak DBP values were found

only in SL-GXT and BIC tests values. Among the three different test modes, there was

no significant difference (p>0.05) in DBP values during SL-GXT compared to BIC values

with a trend for higher (p<0.056) values during SL-GXT compared to KE. Significant

differences in DBP values were seen between KE and BIC strength tests (p<0.05). Peak

RPP values increased significantly (p<0.05) from rest to exercise and were significantly

higher (p<0.05) during SL-GXT compared to KE and BIC strength tests. The pattern in

BP response during the three exercise modes is shown in figure 4-2.

Values for MAP and TPR during rest and the peak exercise test modes are listed in

table 4-4. Compared to rest there was a significant increase (p<0.05) in MAP values

during all test modes. During SL-GXT significandy higher peak MAP values were seen

compared to both KE and BIC (p<0.05) and between KE vs. BIC strength tests ((p<0.05).

Total peripheral resistance decreased significantly from rest to exercise across all test

types. During both KE and BIC strength tests, TPR values were significantly (p<0.05)

higher compared to SL-GXT. There was a trend for higher TPR value during BIC

compared to a KE strength test (p<0.06).
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Echocardiographic Evaluations During Exercise Tests

Echocardiographic images for two of the patients had a lower quality but were

acceptable compared to the rest of the patient group, nevertheless, echocardiographic

analyses were performed on all 15 patients during strength tests and submaximal resistance

exercise. Echocardiographic evaluations of left ventricular end-diastolic and systolic

dimensions and left ventricular end-diastolic and systolic volumes at rest and during the

three different tests modes are listed in table 4-5. Peak LVEDD during SL-GXT was

significantly higher (p<0.05) compared to resting values. However, peak LVEDD during

both strength tests did not differ significantly from rest (p>0.05). There were significantly

higher (p<0.05) LVEDD values during SL-GXT compared to both the 1-RM tests and

between KE vs. BIC (p<0.05). No significant changes (p>0.05) from rest to exercise and

between the exercise modes were observed for LVESD.

Left ventricular-end diastolic volume increased significantly (p<0.05) from rest to

SL-GXT and KE exercise only. Values during SL-GXT were significantly higher

(p<0.05) compared to KE and BIC 1-RM (183.98 vs. 171.94 and 166.01 ml respectively)

and significantly higher (p<0.05) during KE compared to BIC strength test. For LVESV

values there were no significant differences (p>0.05) across all conditions.

Changes in EF, SV, CO and SBP/LVESV ratio values from rest toward peak

exercise tests are presented in table 4-6. Peak EF values during SL-GXT were

significantly greater (p<0.05) compared to the resting value (49 vs. 42% respectively) and

to both KE and BIC 1-RM tests (49 vs. 42 and 43% respectively). However, there were
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no significant changes (p>0.05) in EF values from rest to exercise during both strength

tests.

Compared to rest, significandy higher (p<0.05) SV values were seen during SL-

GXT and a trend (p<0.07) toward higher values were noticed during the KE test.

Between the two strength tests a trend was depicted (p<0.06) for a higher SV value

during the KE strength test compared to BIC test. Significantly higher (p<0.05) SV

values were observed during SL-GXT compared to both the KE and BIC 1-RM tests.

Cardiac output changed significantly (p<0.05) from rest to exercise demonstrating

higher values during all exercise modes. Among tests, significandy higher CO values were

attained during SL-GXT vs. strength tests (p<0.05). There were no significant differences

found (p>0.05) between the strength tests

Values of SBP/LVESV ratio increased significandy (p<0.05) from rest to exercise

across test modes. During the SL-GXT values were significandy higher compared to both

strength tests (p<0.05). For BIC 1-RM test the SBP/LVESV value ratio was significantly

higher (p<0.05) compared to KE strength test.

Responses During Resistance Exercise Bouts

Submaximal resistance exercise intensities were calculated as percentages of the 1-

RM test protocol. For each exercise mode, i.e., KE and BIC, the calculated intensities

were 20%, 40% and 60% of the 1-RM and performed with 15, 12, and 10 repetitions

respectively for each exercise bout. The mean ± SD of work load for each intensity and

the RPE are shown in table 4-7. The work load ranged for KE at 20% of 1-RM from 3.5
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to 15.0 kg, and ranged from 7.0 - 30.0 and 10.5 - 44 kg for 40 and 60% 1-RM

respectively. For the BIC the exercise work load ranged from 1.0-4.0, 2.0-6.0 and 4.0-

10.0 kg at 20, 40 and 60% of 1-RM respectively.

Responses During Knee Extension Resistance Exercise

The HR and BP responses during KE resistance exercise bouts are presented in

table 4-8. The changes in the hemodynamic responses are illustrated in figures 4-3 and 4-

4.

Heart rate. During exercise bouts HR increased significantly (p<0.05) above

resting values at the set’s mid point (repetitions 5 through7) and at the final repetitions of

the set, across intensities. As exercise bouts proceeded, significantly higher HR values

were observed at the final repetitions compared to repetitions 5-7 (p<0.05) during all

work loads. Among intensities there were significant differences (p<0.05) in the HR

response as the work loads increased from 20% to 40% and 60% at the mid point of the

set (85, 88, 91 beat-min'1 respectively) and towards the end of the set (92, 97 and 99

beat min'1 respectively). Immediate post exercise HR values were significantly lower

(p<0.05) from the HR values found during the final repetitions at sets of 20 and 40% of 1-

RM.

Systolic blood pressure. Due to missing data, statistical analysis on BP values

during KE resistance exercise included 11 subjects. During the KE exercise SBP

increased significantly (p<0.05) above resting values at all work loads. For all intensities,

SBP values during final repetitions were significantly higher (p<0.05) than at the set’s mid

point (repetitions 5-7) SBP values. However, values among the sets were significantly
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different (p<0.05) only between 60% 1-RM compared to 20% 1-RM (178 vs. 172 mmHg,

respectively). Immediate post exercise SBP values were significantly lower (p<0.05)

compared to the final repetitions.

Diastolic blood pressure. During KE resistance exercise DBP values were

significantly higher (p<0.05) compared to rest for all exercise bouts. When comparing

DBP values during repetitions 5-7 within intensities, significant differences were seen only

between 20% vs. 40 and 60% of 1-RM (90 vs. 101 and 103 mmHg, respectively).

Significantly higher DBP values were noted during the final repetitions compared to

repetitions 5 through 7 (p<0.05) for the 20 and 60% 1-RM work loads. There was a trend

(p<0.08) for higher DBP values at the final repetitions compared to repetitions 5-7 at 40%

1-RM. As work load intensities increased from 20% to 40% and 60% 1-RM there were

significantly higher (p<0.05) DBP values (98,107 and 120 mmHg, respectively) at the

final repetitions of the sets. Significantly lower DBP values (p<0.05) were obtained at

immediate post exercise compared to the final repetitions at all intensities.

Rate pressure product. The rate pressure product (RPP) values increased

significantly during resistance exercise (p<0.05) compared to rest. The rate pressure

product (RPP) values increased significantly during exercise bouts (p<0.05) from

repetitions 5-7 toward the final repetitions of the set, in all intensities. Among intensities

during repetitions 5-7 significant differences (p<0.05) were observed between 20% vs. 40

and 60% 1-RM (126 vs. 136 and 142 mmHg-min'1, respectively), whereas, significant

differences (p<0.05) in RPP values were seen between all intensities during the final

repetitions of the set Significantly lower (p<0.05) RPP values were observed in the
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immediate post exercise values compared to the final repetitions of the set for all work

loads.

Mean arterial blood pressure and TPR values during rest and submaximal

resistance exercise are shown in table 4-9.

Mean arterial blood pressure. There was a significant increase (p<0.05) in MAP

values from rest to exercise in all exercise bouts. Final repetitions MAP values were

significantly higher (p<0.05) compared to the set’s mid point in all intensities. Among

intensities during repetitions 5-7 significant differences were shown only between the 20%

vs. 40 and 60% 1-RM values (p<0.05). However, at the final repetitions there were

significant differences (p<0.05) among all the intensities (126,135 and 141 mmHg for

20%, 40% and 60% 1-RM respectively). Immediate post exercise MAP values were

significantly lower (p<0.05) compared to final repetition values.

Total peripheral resistance. Data demonstrated no significant (p>0.05) changes in

TPR from rest to KE resistance exercise. There were no significant differences in TPR

among sets (p>0.05). Significant decreases (p<0.05) in TPR were seen in immediate post

exercise compared to the end of the set (final repetitions) under all conditions.

Responses During One-Arm Biceps Curl Resistance Exercise

Responses of HR and BP during BIC resistance exercise bouts are presented in

table 4-10. Temporal changes of HR and BP during the exercise bouts are portrayed in

figures 4-5 and 4-6.

Heart rate. For all intensities during BIC resistance exercise, there were significant

increases in HR values (p<0.05) from rest to repetitions 5-7. There was a further
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significant increase in HR values between repetitions 5-7 compared to the final repetitions

(p<0.05), for all intensities. The comparison among work loads showed significant

differences (p<0.05) between HR values for repetitions 5-7 and final repetitions for each

set Among and within all workloads there were significant differences between

immediate post exercise HR values compared to final repetitions HR values (p<0.05).

Systolic blood pressure. Statistical analyses of BP values during BIC resistance

exercise were done on 13 subjects. During BIC resistance exercise SBP increased

significandy (p<0.05) from rest to exercise in all three sets. As the sets progressed a

further significant increase (p<0.05) was observed between repetitions 5-7 compared to

final repetitions. Among intensities during repetitions 5-7, significant differences (p<0.05)

were noted between 20% 1-RM compared to 40 and 60% 1-RM. During the final

repetitions significant differences (p<0.05) were shown among all intensities (149,154 and

161 mmHg for 20, 40 and 60% 1-RM respectively). Immediate post exercise SBP values

were significantly lower (p<0.05) compared to SBP values at the final repetitions of the

set for all intensities.

Diastolic blood pressure. Compared to rest DBP values increased significantly

(p<0.05) during BIC resistance exercise in all exercise bouts. For 20 and 60% 1-RM

work loads only significantly higher DBP values were observed during the final repetitions

compared to repetitions 5-7. Significant differences (p<0.05) among all three intensities

were seen in repetitions 5-7, whereas, values differed significantly (p<0.05) only between

work loads 60% vs. 20 and 40% at the final repetitions stage. However, among

workloads 20 and. 40% there was a trend towards higher DBP values at 40% (p<0.08)
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compared to 20% 1-RM during the final repetitions. The values of DBP at the end of the

set were significantly higher (p<0.05) compared to immediate post values in all intensities.

Rate pressure product. During BIC resistance exercise RPP increased significantly

(p<0.05) from repetitions 5-7 toward final repetitions of the set in all resistance exercise

bouts. Among intensities, significant differences (p<0.05) were observed in RPP values

between 20% vs. 40 and 60% 1-RM for repetitions 5-7 (109 vs. 120 and 125 mmHg-min4

respectively). Final repetitions differed significantly (p<0.05) within all work loads (118,

132, 145 mmHg-min1, respectively). As for immediate post exercise RPP values, there

was a significant reduction (p<0.05) compared to final repetition values.

Changes in MAP and TPR values from rest to submaximal BIC resistance exercise

are shown in table 4-11.

Mean arterial pressure. Rest and exercise MAP values differed significantly

(p<0.05) during BIC resistance exercise in all intensities. Among intensities, MAP values

during repetitions 5-7 were significantly different between 20% vs. 40 and 60% 1-RM.

There were significant increases (p<0.05) in MAP values from repetitions 5-7 toward the

final repetitions of the set in all intensities. For the final repetitions MAP values, there

were significant differences among all work loads (p<0.05) (111, 115, and 121 mmHg,

respectively). There was a significant reduction (p<0.05) from the final repetitions MAP

values compared to immediate post values for all work loads.

Total peripheral resistance. There were no significant difference (p>0.05) in TPR

values from rest to exercise across all intensities. Among all intensities there were
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significantly lower TPR values during immediate post exercise compared to the final

repetitions of the set (p<0.05).

Comparison between KE and BIC resistance exercise. Figures 4-7 through 4-9

demonstrate the comparison of HR, SBP, DBP, MAP and RPP, respectively between KE

vs. BIC during the exercise resistance bouts. For each intensity (20%, 40% and 60% 1-

RM), for both measurements (repetitions 5-7 and final repetitions) there were significant

differences (p<0.05) between KE compared to BIC in all hemodynamic variables except

for DBP values at the first work load (20% 1-RM) (p>0.05). The figures show

significantly higher values for all tests during KE exercise compared to BIC (p<0.05).

Peak values of RPP during SL-GXT, strength tests and during KE and BIC

resistance exercise work loads are illustrated in figure 4-10. Peak RPP values during the

KE and BIC strength tests were significantly lower (p<0.05) during the 1-RM tests

compared to all three submaximal KE work loads. Peak RPP values were significantly

lower (p<0.05) during resistance exercise compared to SL-GXT. There were significant

differences (p<0.05) among intensities for both KE and BIC demonstrating significant

increase (p<0.05) in RPP values with the increment of workloads. Comparison between

peak RPP values during BIC resistance exercise vs. strength tests demonstrated

significantly (p<0.05) higher peak RPP values during 60% of 1-RM compared to both 1-

RM tests.

Echocardiographic Evaluations During Knee Extension Resistance Exercise

Echocardiographic evaluations during KE resistance exercise bouts for left

ventricular dimensions and volumes are presented in tables 4-12.



73

Left ventricular-end diastolic dimension. Significant increases (p<0.05) in LVEDD

were observed for both 40 and 60% of 1-RM work loads at the final repetitions of the set

compared to rest. In addition, significantly higher (p<0.05) LVEDD values were found at

the set’s mid point compared to rest during the last set (60% of 1-RM). Among

intensities significantly larger (p<0.05) LVEDD values were observed at the set’s mid

point during the last set (60% of 1-RM) compared to the first set (20% 1-RM). There

were significant differences (p<0.05) between the final repetitions LVEDD values

compared to repetitions 5-7 values only at the second work load. There were no

significant differences (p>0.05) in final repetitions LVEDD values among intensities.

There were no significant differences (p>0.05) between immediate post exercise LVEDD

values compared to the final repetitions values for both 20 and 40% of 1-RM work loads.

During the last set a trend (p<0.054) for an increase in LVEDD was found immediately

post exercise compared to final repetitions.

Left ventricular-end systolic dimension. There were significantly lower (p<0.05)

LVESD values during 20% 1-RM exercise bout compared to rest. During the final set the

LVESD values were significantly larger (p<0.05) at the final repetitions compared to rest.

Among intensities significant differences (p<0.05) in LVESD values were observed

between 60% vs. 20 and 40% submaximal work loads at repetitions 5 through 7.

Significantly larger LVESD values were observed during intensities 40 and 60% of 1-RM

compared to the first intensity at the final repetitions. Significant differences (p<0.05)

between final repetitions compared to repetitions 5-7 were observed during the second

work load (40% 1-RM). There was a trend (p>0.07) for larger LVESD values during the
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final repetition compared to the set’s mid point during the last set. Immediate post

exercise LVESD values did not differ significantly from final repetitions values (p>0.05)

across intensities. Among immediate post exercise LVESD values, significant differences

(p<0.05) were obser/ed between 20 vs. 40 and 60% of 1-RM

Left ventricular-end diastolic volume. Significant changes (p<0.05) in LVEDV

from rest to exercise were observed during 60% 1-RM for both the set’s mid point and the

final repetitions of the set and during the final repetitions of the second set (40% 1-RM).

Among intensities there were significant differences (p<0.05) in LVEDV values during

repetitions 5 to 7 between 60% 1-RM compared to 20 and 40%. Significant differences

(p<0.05) between final repetition vs. repetitions 5-7 were observed during the second set.

During the last set there was a trend (p<0.052) for larger LVEDV values during the final

repetitions compared to mid point of the set. Significant differences (p<0.05) were

observed between 20% vs. 40 and 60% of 1-RM during the final repetitions. A trend

(p<0.06) for an increase in mean LVEDV values was found at the highest intensity (60%

1-RM) between immediate post exercise values compared to the final repetitions of the

set. Among intensities, immediate post exercise LVEDV values were significantly

different (p<0.05) between 60% vs. 20 and 40% of 1-RM.

Left ventricular-end systolic volume. A significant reduction (p<0.05) in LVESV

was found during the first set when comparing rest to both the set’s mid point and the final

repetitions. There were significantly higher LVESV values (p<0.05) during the final

repetitions at 60% of 1-RM compared to rest. Significant differences (p<0.05) between

the final repetitions vs. repetitions 5 through 7 were seen during the second and the third
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sets. Among intensities there were significantly higher (p<0.05) LVESY values at 60% 1-

RM work load compared to 20% during repetitions 5-7. Significant differences (p<0.05)

in LVESV values were found across intensities during the final repetitions. There were no

significant differences (p>0.05) between immediate post exercise values compare to final

repetitions across intensities. Among intensities there were significant differences

(p>0.05) in LVESV values immediately post exercise.

Values of EF, SV, CO and SBP/LVESV ratio during KE submaximal resistance

exercise are illustrated in table 4-14.

Ejection fraction. During the first two sets there were no significant changes

(p>0.05) in EF values from rest to exercise for both the mid point of the set (repetitions 5-

7) and the final repetitions. Significantly lower (p<0.05) EF values were observed during

repetitions 5-7 and the final repetitions of the last set (60% 1-RM) compared to rest.

There was a significant (p<0.05) reduction in EF values between the final repetitions

compared to the set’s mid point during the last set. Among intensities significantly lower

(p<0.05) EF values were noticed during 60% 1-RM compared to both 20 and 40% 1-RM

sets for both measurements. There were no significant differences (p>0.05) in EF values

immediately post exercise compared to the final repetitions across intensities. Immediately

post exercise EF values were significantly lower (p<0.05) during the last set compared to

both 20 and 40% 1-RM.

Stroke volume. There was a significant increase (p<0.05) in SV from rest to

exercise in all exercise bouts, for both measurements. Significantly higher (p<0.05) SV

values were attained during the final repetitions compared to repetitions 5-7 during the
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first intensity (20% 1-RM). There was a trend (p<0.06) for increased SV values during

the final repetitions compared to repetitions 5-7 at the second set (40% 1-RM). Among

intensities significantly higher (p<0.05) SV values were found during 60% 1-RM

compared to 20% 1-RM at the set’s mid point. Immediate post exercise SV values did

not differ significantly (p>0.05) compared to the final repetitions in all intensities. During

the last set immediate post SV values were significandy higher (p<0.05) compared to the

two previous sets.

Cardiac output. Significant increases in (p<0.05) CO values from rest to the

middle of the set were observed in all three submaximal work loads (4.48, 6.18, 6.55 and

7.06 1-miri1 respectively). As exercise proceeded there were significantly higher (p<0.05)

CO values during the final repetitions compared to repetitions 5 through 7 across

intensities. Among sets significandy higher (p<0.05) CO values were achieved during

60% 1-RM compared to 20 and 40% 1-RM at repetitions 5-through 7. During the final

repetitions significant differences (p<0.05) were seen in all work loads. There were

significant reductions (p<0.05) in CO values from rest to immediate post exercise in all

intensities and between the intensities.

Systolic BP/LVESV ratio. For all submaximal work loads there were significant

increases (p<0.05) in SBP/LVESV ratio values during exercise compared to rest. As

exercise continued a further significant increase (p<0.05) in SBP/LVESV values was seen

compared to mid point of the set. No significant (p>0.05) differences were depicted

among intensities. Immediate post SBP/LVESV values differed significandy (p<0.05)

from values attained toward the end of the set across intensities.
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Echocardiographic Evaluations During One-Arm Biceps Curl Resistance Exercise

Echocardiographic evaluation of left ventricular dimensions and volumes during

BIC submaximal exercise bouts are illustrated in tables 4-13.

Left ventricular-end diastolic and systolic dimensions. Left ventricular end-

diastolic dimension did not differ significantly (p>0.05) between and within intensities.

For the LVESD values there were significant reductions (p>0.05) during exercise

compared to rest in all submaximal work loads. There were no significant differences

(p>0.05) in LVESD values among intensities.

Left ventricular-end diastolic and systolic volumes. There were no significant

changes (p>0.05) in LVEDV and LVESV from rest to exercise during BIC resistance

exercises for all work loads. Also among intensities there were no significant (p>0.05)

differences in LVEDV and LVESV values.

Changes in EF, SV, CO and SBP/LVESV ratio values from rest to BIC resistance

exercise are presented in table 4-15.

Ejection fraction. There were no significant differences (p>0.05) between rest to

exercise in all 3 exercise bouts for all intensities. However there was a trend (p<0.058) for

lower EF values during the final set (60% 1-RM) vs. the first set (20% 1-RM).

Stroke volume. Stroke volume values increased significantly (p<0.05) from rest to

exercise across intensities. Among intensities and within intensities there were no

significant differences (p>0.05).

Cardiac output. Cardiac output increased significantly (p<0.05) from rest to

exercise across intensities. Among intensities there were significant differences (p<0.05)
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during repetitions 5-7 across intensities (5.98, 6.26 and 6.48 1-min'1 for 20, 40 and 60% 1-

RM, respectively). There were significantly higher (p<0.05) CO values during the final

repetitions compared to set’s mid point across intensities. Among work loads significant

differences (p<0.05) for CO values were observed during the final repetitions.

Immediately post exercise CO values were significantly lower (p<0.05) compared to final

repetition values across intensities.

Systolic BP/LVESV ratio. Significant increases (p<0.05) from rest to exercise in

SBP/LVESV ratio values were observed in all three submaximal work loads. No

significant differences (p>0.05) were noticed between the final repetitions compared to the

set’s mid point. Immediate post exercise SBP/LVESV ratio values decreased significantly

(p<0.05) compared to values depicted at the end of the set.

Comparison between KE and BIC resistance exercise. Differences of

echocardiographic evaluation between KE and BIC are illustrated in figures 4-11 through

4-13. A comparison of LVEDD values during resistance exercise (figure 4-11)

demonstrated significant differences (p<0.05) between the two exercise modes at the last

set (60% 1-RM) and during the final repetitions of 40% 1-RM work load. There were

significantly larger (p<0.05) LVESD values during KE resistance exercise compared to

BIC with increasing repetitions throughout the second and the third sets (figure 4-11).

Significantly larger (p<0.05) LVEDV values were observed during KE compared

to BIC resistance exercise at the final se (figure 4-12) t. During work load of 40% 1-RM

significantly higher values were attained only during the last repetitions of KE exercise

compared to BIC. Left ventricular ESV (figure 4-12) were significantly larger (p<0.05)
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during KE resistance exercise compared to BIC during the second and the third work

loads.

Differences in EF between exercises were noted during the final repetitions of the

last set in which significant decreases (p<0.05) in EF were observed during KE resistance

exercise compared to BIC (figure 4-13). Stroke volume values demonstrated significant

differences between KE resistance exercise compared to BIC during the final repetitions of

the last set (figure 4-13). Significantly lower (p<0.05) SV values were found during KE

resistance exercise compared to BIC at the midpoint of the first set. Significantly higher

(p<0.05) CO values were observed during KE resistance exercise bouts compared to BIC

across conditions.

Wall Motion Abnormalities

In evaluating segmental wall motion during rest, 65% of the total segments (69

segments out of 105) demonstrated wall motion abnormalities (figure 4-14). Abnormal

wall motion scores ranged between 1.0 (i.e. hypokinesis) to 2.0 (i.e. akinesis). During SL-

GXT an additional 5 segments demonstrated new wall motion abnormalities (increase of

4.8% , i.e. 74/105). Similarly BIC 1-RM test resulted in 4.8% increase in wall motion

abnormalities. Knee extension strength testing resulted in 7 additional segments with new

wall motion abnormalities (6.7% increase) (figure 4-14).

Wall motion abnormalities during submaximal resistance exercise are summarized

in figure 4-15. The lowest intensity KE exercise bout (20% 1-RM) did not produce any

new wall motion abnormalities. The 40% 1-RM work load resulted in new wall motion

abnormalities throughout the set (3/105 or 2.8% increase during repetitions 5-7; 5/105 or
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4.8% increase during the final repetitions). The highest work load (60% 1-RM) elicited

the greatest increase in new wall motion abnormalities (11/105 or 10.5% increase during

repetitions 5-7; 13/105 or 12.4% increase during final repetitions).

The type of wall motion abnormalities during resistance exercise are presented in

table 4-16. During SL-GXT 3 of the wall motion changes were from normal wall motion

to hypokinesis. The other new wall motion abnormalities were akinesis (1/5) and

dyskinesis (1/5). During KE 1-RM test 4 out of 7 of the new wall motion abnormalities

were hypokinesis while the remaining 3 were dyskinesis. For BIC 1-RM test 3/5 were

hypokinesis and the rest were dyskinesis.

During submaximal KE resistance exercise at 40% 1-RM 3 of the new wall motion

abnormalities were hypokinesis and 2 progressed from hypkineasis to akinesis. During the

last set (60% 1-RM) 7/13 of the new wall motion abnormalities were of the type

hypkinesis, 3/13 akinesis and 3/13 dyskinesis. Only hypokinesis changes (2/2) were seen

during 20% of 1-RM for BIC. The second work load of BIC (40% 1-RM) elicited

hypokinesis in 2 out of 3 new wall motion abnormalities and akinesis in 1 out of 3.

Finally, at the last set of BIC (60% 1-RM) 4/11 of the new wall motion abnormalities

were of the type hypkinesis, 5/11 akinesis and 2/11 dyskinesis

Correlation Between Visit 4 and Visit 5

Correlation between Visit 4 and Visit 5 variables are summarized in table 4-17 and

table 4-18, demonstrating high correlation values. The r-test for HR and BP variables

demonstrated 12% significant differences (p<0.05). Most of the significant differences

were observed for DBP values during BIC resistance exercise, demonstrating pattern of



81

lower values during Visit 5. The r-test for echocardiographic data showed 9% significant

difference (p<0.05) with no specific pattern.



Table 4-1. Descriptive data of the study participants (mean ± SD).

Variable Values

N 15

Age (yrs) 65.0 ±6.5

Height (cm) 165.8 ±5.3

Weight (kg) 73.9 ±9.2

Body fat (%) 27.3 ±4.0

EF (%) 42.1 ±5.8

V02peak (ml-kg ^min'1) 21.48 ±4.3

METs 6.1 ±1.2

1-RM knee extension (kg) 45.6 ± 14.2

1-RM one-arm biceps curl (kg) 10.1 ±2.3

V02pcak - Peak oxygen consumption
MET - Metabolic equivalent
1-RM - One Repetition Maximum
EF - Ejection Fraction
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Table 4-2. Clinical characteristics of the subjects.

Patient Event Number of vessels

1 Ant. MI 3

2 Inf. MI, CABG 2

3 Ant. MI 1

4 Inf. MI x 2 2

5 Ant-Inf. MI. CABG 3

6 Post. MI, CABG 3

7 Ant. MI x 2, CABG x 2 3

8 Ant-Inf. MI, CABG 2

9 Ant. MI, PTCA x2, CABG 3

10 AP, PTCA 1

11 Ant. MI x 2, PTCA x 2, CABG 3

12 Ant. MI 1

13 CABG 3

14 Inf.-Post. MI, PTCA + stent x 2 3

15 Ant. MI, PTCA 2

MI - Myocardial Infarction
Ant. - Anterior
Inf. - Inferior
Post. - Posterior
CABG - Coronary Artery Bypass Graft
PTCA - Precutaneous Transluminal Coronary Angioplasty
AP - Angina Pectoris



Table 4-3. Heart rate and blood pressure values at rest, peak strength and treadmill symptom-limited graded exercise testing(mean ± SD).

Variable Rest SL-GXT 1-RM KE 1-RM BIC

Heart rate

(beat-min'1)
67.9 ± 14.8 136.4 ± 13.4** 84.3 ± 15.7* 84.0 ± 13.9*

Systolic pressure
(mmHg)

127.8 ± 16.8 185.9 ± 30.9** 141.7 ± 26.3a * 145.1 ± 19.3a*

Diastolic pressure
(mmHg)

76.1 ±9.7 85.3 ± 12.5* 80.0 ± 11.9a
A

85.5 ± 12.2a *

Rate pressure productb
(mmHg-min'1)

85.9 ±24.1 254.4 ± 54.7** 120.2 ±33.5* 122.2 ±27.6*

SL-GXT - Symptom-Limited Graded Exercise Test, 1-RM - One Repetition Maximum, KE - Knee Extension,BIC - One-Arm Biceps Curl,
a

Measurement taken immediate post exercise
b Peak heart rate x peak systolic pressure x 10"2
#
(p<0.05) Exercise vs. rest

*

(p<0.05) SL-GXT vs. 1-RM test for both KE and BIC
A

(p<0.05) BIC vs. KE

oo
4^
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Table 4-4. Comparison between peak mean arterial pressure and total peripheral
resistance values at rest, peak strength and graded exercise testing (mean ± SD).

Variable Rest SL-GXT 1-RM KE 1-RM BIC

MAP

(mmHg)
92.2 ±
13.6

118.5± #*
15.5

100.4 ± #
14.7

105.1 ±#A
11.4

TPR

(mmHg-L^-miri1)
20.2 ±
4.5

10.2 ±# *
2.6

15.8 ± *
4.7

17.3 ±#
5.6

SL-GXT - Symptom-Limited Graded Exercise Test
1-RM - One Repetition Maximum
KE - Knee Extension
BIC - One-Arm Biceps Curl,
MAP - Mean Arterial Pressure
TPR - Total Peripheral Resistance
#
(p<0.05) Exercise vs. rest

*

(p<0.05) SL-GXT vs. 1-RM test for both KE and BIC
A

(p<0.05) BIC vs. KE
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Table 4-5. Left ventricular end-diastolic and systolic dimensions and volumes at rest, peak
strength and treadmill symptom-limited graded exercise testing (mean ± SD).

Variable Rest SL-GXT 1-RM KE 1-RM BIC

LVEDD

(cm)
5.8 ±0.5 6.0 ± 0.6#* 5.9 ±0.6* 5.6 ±0.6

LVESD

(cm)
4.5 ±0.5 4.5 ± 0.6 4.4 ±0.6 4.4 ±0.6

LVEDV

(ml)
165.8 ±34.4 183.9 ±43.6#’ 171.9 ±40.4#* 166.0 ±37.5

LVESV

(ml)
92.7 ± 26.0 92.9 ±30.3 91.7 ±28.3 89.5 ±28.3

SL-GXT - Symptom-Limited Graded Exercise Test
1-RM - One Repetition Maximum
KE - Knee Extension
BIC - One-Arm Biceps Curl
LVEDD - Left Ventricular End Diastolic Dimension
LVESD - Left Ventricular End Systolic Dimension
LVEDV - Left Ventricular End Diastolic Volume
LVESV - Left Ventricular End Systolic Volume,
*
(p<0.05) Exercise vs. rest

*

(p<0.05) SL-GXT vs. 1-RM test for both KE and BIC
*

(p<0.05) KE vs. BIC
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Table 4-6. Ejection fraction, stroke volume, cardiac output and systolic blood pressure to
left ventricular-end systolic volume ratio values at rest, peak strength and graded exercise
testing (mean ± SD).

Variable Rest SL-GXT 1-RM KE 1-RM BIC

EF (%)

SV (ml)

CO (1-min'1)

SBP/LVESV

42.1+5.8

73.1 ± 12.9

4.5 ± 1.2

1.5 ±0.4

49.3 ±5.1

91.0 ± 16.7

12.2 ± 2.8*

2.2 ± 0.7#

# *

# *

42.1 ±7.1

80.2 ± 15.1

6.7 ± 1.5#

1.7 ± 0.5#

42.9 ±7.2

76.5 ± 12.7

6.5 ± 1.6#

1.8 ± 0.6#a

SL-GXT - Symptom-Limited Graded Exercise Test
1-RM - One Repetition Maximum
KE - Knee Extension
BIC - One-Arm Biceps Curl
EF - Ejection Fraction
SV - Stroke volume
CO - Cardiac Output
SBP/LVESV - Systolic Blood Pressure to Left Ventricular End Systolic Volume ratio
#
(p<0.05) Exercise vs. rest

*

(p<0.05) SL-GXT vs. 1-RM test for both KE and BIC
A

(p<0.05) BIC vs. KE
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Table 4-7. Work loads and rating of perceived exertion for the different intensity bouts
(mean ± SD).

Variable 20% 1-RM 40% 1-RM 60% 1-RM

KE (kg) 9.1 ±2.9 18.3 ±5.7 27.3 ± 8.4

RPE 11.7 ± 1.5 14.5 ± 1.9 15.6 ±2.1

BIC (kg) 2.0 ±0.6 3.9 ±0.9 6.0 ± 1.3

RPE 9.9 ±2.6 12.3 ± 1.8 13.9 ± 1.7

1-RM - One Repetition Maximum
KE - Knee Extension
BIC - One-Arm Biceps Curl
RPE - Rate of Perceived Exertion



Table 4-8. Heart rate and blood pressure responses during knee extension resistance exercise
(mean ± SD).

20% I-RM 40% 1-RM 60% 1-RM

Variable Rest Reps. 5-7 Final Reps IP Reps. 5-7 Final Reps IP Reps. 5-7 Final Reps IP

HR

(beatmin"1)
(n=15)

69.6 ±

15.6
84.8 ±“

17.5
92.4 ±“

19.5

V

90.5 ± ‘
19.6

87.8 ± •*
18.4

#

96.7 ± **
19.7

0)

94.3 ±*
18.7

91.4 ± **
17.8

#

98.9 ±*‘
20.8

97.7 ±‘
21.2

SBP

(mmHg)
(n=l 1)

132.4 ±
21.5

152.5 ± *
16.8

H

171.8 ± *
20.4

V

152.6 ±
16.3

153.6 ±*
22.0

173.4 ±*
19.3

1)

153.6 ±
25.5

155.4 ± *
24.6

u

177.9 ±*v
23.8

V

153.5 ±
26.7

DBP

(mmHg)
(n=l 1)

76.6 ±
11.9

90.0 ± *+
11.9

#

98.1 ±*‘
17.7

74.6 ±
11.2

100.7 ± *
19.5

106.9 ±“
21.4

M

73.8 ±
13.6

102.7 ±*
14.2

#

120.0 ±*‘
18.4

•u

77.3±
10.9

RPP

(mmHgmin1)
(n=ll)

86.1 ±

19.8
126.3 ±,+

32.1

#

160.2 ±“
41.9

138.9 ±
37.5

135.5 f
37.9

H

169.4 ±“
42.7

D

149.4 ±*
44.0

141.7 ±*
30.5

«

179.8 ±4*
45.1

\)

154.6 ± *
49.2

1-RM - One Repetition Maximum, Reps - Repetitions, IP - Immediate Post, RPP - Rate Pressure Product (HR SBP10'2)
*

(p<0.05) Exercise vs. rest
(p<0.05) Difference between intensities
(p<0.05) Final repetitions vs. repetitions 5-7

+

(p<0.05) Difference between 20% vs. 40 and 60% of 1-RM
v (p<0.05) Difference between 60% vs.20% 1-RM
u
Immediate post exercise vs. final repetitions

OO
kO



Table 4-9. Mean arterial pressure and total peripheral resistance responses during knee extension resistance exercise (mean ± SD).

20% 1-RM 40% 1-RM 60% 1-RM

Variable Rest Reps. 5-7 Final Reps IP Reps. 5-7 Final Reps IP Reps. 5-7 Final Reps IP

MAP

(mmHg)
(n=ll)

94.9 ±

2.6
111.5 ±* +

9.9

#

124.4 ±*‘
16.8

99.5±
11.4

118.6 ± ’
17.8

130.9 ±*‘
19.3

1)

100.5 +
14.9

119.3 ± ’
15.3

#

141.9±* *
20.5

V

102.1 ±

14.1

TPR

(mmHgL^min1)
(n=ll)

19.5 ±
5.3

18.7 ±
6.5

18.5 ±

6.0

t)

13.8 ±
4.3

18.9 ±

7.5
18.1 ±
6.9

V

13.5 ±

5.2
18.0 ±
6.7

18.98±
7.4

12.8 +

4.9

1 -RM - One Repetition Maximum
Reps - Repetitions
IP - Immediate Post,
MAP - Mean Arterial Pressure
TPR - Total Peripheral Resistance
*

(p<0.05) Exercise vs. rest
*

(p<0.05) Difference between intensities
*
(p<0.05) Final repetitions vs. repetitions 5-7

+

(p<0.05) Difference between 20% vs. 40 and 60% of 1-RM
u
Immediate post exercise vs. final repetitions

o



Table 4-10. Heart rate and blood pressure responses during one-arm biceps curl resistance exercise (mean ± SD).

Variable Rest Reps. 5-7

20% 1-RM

Final Reps IP Reps. 5-7

40% 1-RM

Final Reps IP Reps. 5-7

60% 1-RM

Final Reps IP

HR

(beat min"1)
(n= 15)

71.1 ±
15.3

77.6 ± * *
14.6

#

79.7 ±*‘
15.5

V

77.2 ±*
15.9

81.8 ± * *
15.1

84.1 ± **
16.2

82.61*
16.9

84.21**
16.1

»

88.61**
17.0

86.81*
17.9

SBP

(mmHg)
(*=13)

124.0 ±
17.2

142.0 i*+
17.7

#

149.21**
18.9

132.8 ±

22.3
147.2 ± *

15.7

n

154.71**
20.0

V

127.8 ±
18.8

148.51*
16.1

n

161.21**
17.1

■u

132.11
21.9

DBP

(mmHg)
(n=13)

74.1 ±

9.5
88.11**

8.8
93.5 i“

12.7

1)

77.8 ±
8.9

94.2±**
11.5

96.1 ±“
13.3

V

75.0 ±

8.5
98.5 1**

9.4

#

103.01*°
13.3

D

76.81
11.3

RPP

(mmHg min'1)
(n=13)

86.0 ±
19.9

109.8 i* +
21.7

H

118.8 ± * *
29.4

101.4 ± *
31.0

120.41*
25.0

»

132.1 ±‘*
32.3

1)

107.21*
30.7

125.41*
27.4

#

145.81“
34.5

V

117.01*
40.3

1-RM - One Repetition Maximum, Reps - Repetitions, IP - Immediate Post, HR - Heart Rate, RPP - Rate Pressure Product
(HRSBP10'2)
*

(p<0.05) Exercise vs. rest
(p<0.05) Difference between intensities

#
(p<0.05) Final repetitions vs. repetitions 5-7

+

(p<0.05) Difference between 20% vs. 40 and 60% of 1-RM
0
(p<0.05) Difference between 60% vs.20 and 40% 1-RM

v Immediate post exercise vs. final repetitions



Table 4-11. Mean arterial pressure and total peripheral resistance responses during one-arm biceps curl resistance exercise (mean ±
SD).

20% 1-RM 40% 1-RM 60% 1-RM

Variable Rest Reps. 5-7 Final Reps IP Reps. 5-7 Final Reps IP Reps. 5-7 Final Reps IP

MAP

(mmHg)
(n=13)

90.9 ±
10.6

105.9 1* +
9.4

111.71 **
13.0

V

94.2 +
11.1

112.41*
11.5

#

115.81**
14.9

X)

92.81
10.1

115.71*
11.2

»

121.41**
13.3

D

94.01
14.4

TPR

(mmHg-L1 miri1)
(n=13)

19.5 ±
5.3

18.8 ±
5.7

19.3 ±
6.6

•o

15.8 ±
5.3

18.91
6.1

18.91
6.8

•u

15.41
5.1

19.01
6.1

19.01
6.2

-V)

14.51
4.6

1-RM - One Repetition Maximum
Reps - Repetitions
IP - Immediate Post
MAP - Mean Arterial Pressure
TPR - Total Peripheral Resistance
*

(p<0.05) Exercise vs. rest
*

(p<0.05) Difference between intensities
*
(p<0.05) Final repetitions vs. repetitions 5-7

+

(p<0.05) Difference between 20% vs. 40 and 60% of 1-RM
u
Immediate post exercise vs. final repetitions



Table 4-12. Changes in left ventricular end diastolic and systolic dimensions and volumes during knee extension resistance exercise
(mean ± SD).

20% 1-RM 40% 1-RM 60% 1-RM

Variable Rest Reps. 5-7 Final Reps IP Reps. 5-7 Final Reps IP Reps. 5-7 Final Reps IP

LVEDD

(cm)
5.7 ±
0.

5.7 ±
0.5

5.7 ±
0.5

5.7 ±
0.5

5.7 ±

0.5
5.8 ±*
0.6

5.8 ±
0.6

5.8 ± *¥
0.5

5.8 ±*
0.6

5.8 ±
0.6

LVESD

(cm)
4.5 ±
0.5

4.4 ±*
0.5

4.4 ± *+
0.5

4.4 ± +
0.5

4.5 ±
0.6

H

4.6 ±

0.5
4.6 ±
0.6

4.5 ± *
0.6

4.6 ±*
0.6

4.6 ±

0.6

LVEDV

(ml)
165.7±
34.3

165.4 ±

36.3
167.2 ± * +

36.8

167.6 ±
36.6

168.2 ±
38.5

#

171.9 ±*
40.2

171.7 ±
40.2

171.8 ± * ^
39.2

173.8 ±*
41.2

175.1 ± *
41.5

LVESV

(ml)
92.6±
26.0

90.3 ±*
27.8

90.1 ±* *
28.4

89.8 ±*
28.6

91.4 ±

29.2

#

93.3 ± ’
29.1

93.2 ±*
30.4

93.8 ±v
30.0

#

95.3 ± ‘
31.0

96.1 ±*
32.4

1-RM - One Repetition Maximum, Reps - Repetitions, IP - Immediate Post, LVEDD - Left Ventricular End Diastolic Dimension,
LVESD - Left Ventricular End Systolic Dimension, LVEDV - Left Ventricular End Diastolic Volume, LVESD - Left Ventricular End
Systolic Volume,
*

(p<0.05) Exercise vs. rest
*

(p<0.05) Difference between intensities
*

(p<0.05) Final repetitions vs. repetitions 5-7
¥ (p<0.05) Difference between 60% vs.20% 1-RM
+

(p<0.05) Difference between 20% vs. 40 and 60% of 1-RM
®
(p<0.05) Difference between 60% vs. 20 and 40% of 1-RM

u
Immediate post exercise vs. final repetitions

\D
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Table 4-13. Changes in left ventricular end diastolic and systolic dimensions and volumes during one-arm biceps curl resistance exercise
(mean ± SD).

Variable Rest Reps. 5-7

20% 1-RM

Final Reps IP Reps. 5-7

40% 1-RM

Final Reps IP Reps. 5-7

60% 1-RM

Final Reps IP

LVEDD 5.7 ± 5.7 + 5.7 ± 5.8 ± 5.7 ± 5.7 ± 5.7 ± 5.7 ± 5.8 + 5.8 ±

(cm) 0.5 0.5 0.6 0.6 0.5 0.5 0.5 0.5 0.6 0.6

LVESD 4.4 ± 4.4 ±* 4.4 ±* 4.3 ± 4.4 ± * 4.4± ° 4.4 ± 4.4 ± * 4.4 ±* 4.4 ±

(cm) 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

LVEDV 165.7 ± 167.4 ± 168.4 ± 169.2 ± 166.6± 169.2 ± 167.9 ± 167.8 ± 169.3 ± 170.2 ±

(ml) 34.3 38.9 39.5 39.6 38.7 38.1 39.1 39.1 40.3 40.8

LVESV 92.6 ± 90.4 ± 90.2 ± 89.7 ± 90.1± 90.4 ± 91.4 ± 90.9 ± 91.5 ± 92.5 ±

(ml) 26.0 30.1 30.9 31.4 29.8 30.6 31.0 29.9 31.0 31.8

1-RM - One Repetition Maximum, Reps - Repetitions, IP - Immediate Post, LYEDD - Left Ventricular End Diastolic Dimension,
LVESD - Left Ventricular End Systolic Dimension, LVEDV - Left Ventricular End Diastolic Volume, LVESD - Left Ventricular End
Systolic Volume,

*

(p<0.05) Exercise vs. rest

4^



Table 4-14. Changes in ejection fraction, stroke volume, cardiac output and systolic blood pressure to left ventricular-end systolic
volume ratio during knee extension resistance exercise (mean ± SD).

Variable Rest Reps. 5-7

20% 1-RM

Final Reps IP Reps. 5-7

40% 1-RM

Final Reps IP Reps. 5-7

60% 1-RM

Final Reps IP

EF 42.7 ± 42.8 ± 42.4± 42.6 ± 42.9 ± 42.4 ± 42.5± 41.1 f®
#

40.0 + '® 40.4 ± ®
(%) 6.7 7.1 7.8 8.0 7.3 7.6 7.7 7.6 8.7 8.9

SV 73.1 ± 75.9 ±*
#

77.6 ±# 77.7+ 76.7 ± * 78.5 ±* 77.8± 78.3 ±*v 78.8 ±* 79.3± v
(ml) 12.9 12.4 12.3 11.9 13.1 14.8 13.8 11.9 12.8 12.3

# H V
CO 4.8 ± 6.1± * 6.9 ± * ‘ 6.9 ±* 6.5 ±* 7.6± 7.3 ±* 7.0 ± ’® 7.7 ± ’ * 7.7 ±*
(lmin1) 1.2 1.5 1.8 1.8 1.8 2.1 1.9 2.0 2.2 2.2

# # #SBP/LVESV 1.5 ± 1.8 ± * 2.1 ±* 1.8 ± u 1.8 ±* 2.1 ±* 1.8 1.8 ±* 2.1 + * 1.8 ±”
(n=l 1) 0.4 0.6 0.7 0.5 0.6 0.6 0.5 0.6 0.7 0.6

1-RM - One Repetition Maximum, Reps - Repetitions, IP - Immediate Post, EF - Ejection Fraction, SV - Stroke Volume, CO-
Cardiac Output, SBP/LVESV - Systolic Blood Pressure to Left Ventricular End Systolic Volume ratio
*

(p<0.05) Exercise vs. rest
*

(p<0.05) Difference between intensities
Y (p<0.05) Difference between 60% vs.20% 1-RM
®
(p<0.05) Difference between 60% vs. 20 and 40% of 1-RM

*
(p<0.05) Final repetitions vs. repetitions 5-7

u Immediate post exercise vs. final repetitions



Table 4-15. Changes in ejection fraction, stroke volume, cardiac output and systolic blood pressure to left ventricular-end systolic
volume ratio during one-arm biceps curl resistance exercise (mean ± SD).

Variable Rest Reps. 5-7

20% 1-RM

Final Reps IP Reps. 5-7

40% 1-RM

Final Reps IP Reps. 5-7

60% 1-RM

Final Reps IP

EF 42.7 ± 42.8 ± 42.6 ± 42.7 + 42.6 ± 41.4 ± 41.9 + 41.4 ± 41.2 ± 41.4 ±
(%) 6.7 7.4 8.1 8.7 7.4 8.1 8.4 7.7 8.3 8.2

SV 73.1 ± 77.5 ± ’ 78.1 it * 79.5 ± 76.5 ± * 76.9 ±‘ 76.4 ± 76.9 ± * 77.8 ±* 77.7 ±
(ml) 12.9 12.8 12.4 12.2 12.4 11.9 12.3 12.2 12.8 12.1

# # #

CO 4.8 + 5.9 ± ** 6.2 ± ‘ ’ 6.1 ± 6.2 ±“ 6.4 ±“ 6.2 ± 6.4 ±‘* 6.8 ±‘* 6.7 ±*
(1-min1) 1.2 1.4 1.5 1.6 1.5 1.5 1.6 1.0 1.6 1.7

SBP/LVESV 1.4 ± 1.7 ±* 1.8 ±* 1.6 ±') 1.7 ±* 1.8 ± * 1.5 ±u 1.7 ±*
H

1.9 ± * 1.5 ±u
(n=13) 0.3 0.5 0.6 0.5 0.5 0.6 0.5 0.5 0.8 0.5

1-RM - One Repetition Maximum, Reps - Repetitions, IP - Immediate Post, EF - Ejection Fraction, SV - Stroke Volume, CO-
Cardiac Output, SBP/LVESV - Systolic Blood Pressure to Left Ventricular End Systolic Volume ratio
*

(p<0.05) Exercise vs. rest
*

(p<0.05) Difference between intensities
^
(p<0.05) Difference between 60% vs. 20 and 40% of 1-RM

*

(p<0.05) Final repetitions vs. repetitions 5-7
u Immediate post exercise vs. final repetitions

MD
0\
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Table 4-16. Prevalence of wall motion abnormalities induced by exercise

Exercise Hypokinesis Akinesis Dyskinesis

SL-GXT 3/5 1/5 1/5

KE 1-RM 4/7 3/7

BIC 1-RM 3/5 2/5

KE 20% 1-RM

40% 1-RM 3/5 2/5

60% 1-RM 7/13 3/13 3/13

BIC 20% 1-
RM

2/2

40% 1-RM 2/3 1/3

60% 1-RM 4/11 5/11 2/11

SL-GXT - Symptom Limited Graded Exercise Test
1-RM - One Repetition Maximum
KE - Knee Extension
BIC - One Arm Biceps Curl
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Table 4-17. Correlation values of Visit 4 and Visit 5 hemodynamic responses and
echocardiographic variables during knee extension resistance exercise (n = 11).

Variable r

Heart rate (beat-min1) 0.94

Systolic blood pressure (mmHg) 0.78

Diastolic blood pressure (mmHg) 0.79

Left ventricular-end diastolic dimension (cm) 0.97

Left ventricular-end systolic dimension (cm) 0.98

Left ventricular-end diastolic volume (ml) 0.97

Left ventricular-end systolic volume (ml) 0.98

Ejection fraction (%) 0.92

Stroke volume (ml) 0.91

Cardiac output(timin'1)0.87

All correlation were set at most at p<0.05
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Table 4-18. Correlation values ofVisit 4 and Visit 5 hemodynamic responses and
echocardiographic variables during one-arm biceps curl resistance exercise (n = 13).

Variable r

Heart rate (beat-min'1) 0.92

Systolic blood pressure (mmHg) 0.79

Diastolic blood pressure (mmHg) 0.76

Left ventricular-end diastolic dimension (cm) 0.98

Left ventricular-end systolic dimension (cm) 0.98

Left ventricular-end diastolic volume (ml) 0.95

Left ventricular-end systolic volume (ml) 0.98

Ejection fraction (%) 0.97

Stroke volume (ml) 0.88

Cardiac output(1-min'1)0-81

All correlation were set at most at p<0.05
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Figure 4-1. Peak heart rate (HR) values during symptom-limited exercise test (SL-GXT),
knee extension (KE) and one-arm biceps curl (BIC) strength tests.
* p<0.05 SL-GXT vs. KE and BIC
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Recovery

Figure 4-2. Peak systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean
arterial pressure (MAP) during symptom-limited exercise test (SL-GXT), knee extension
(KE) and one-arm biceps curl (BIC) strength tests.
* p<0.05 SL-GXT vs. KE and BIC
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• 20% 1-RM

55
Rest Reps. 5-7 Final reps. IP r 3'

Recovery

Figure 4-3. Heart rate (HR) response at rest, knee extension resistance exercise and
recovery during 20, 40 and 60% of 1-RM. (mean ± SE)
* p<0.05 between intensities



103

00

X
6

cu
CQ
00

180

160

140

120

100

80

• 20% 1-RM

a 40% 1-RM

A 60% l-RM.-

140 t

120 -
'oo
X
£ 100 --
,E_
cu
CQ
Q

80 --

60 --

Af\ --40

Recovery

Figure 4-4. Systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean
arterial pressure (MAP) responses at rest, knee extension resistance exercise and recovery
during 20, 40 and 60% of 1-RM. (mean ± SE)
* p<0.05 between intensities
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Figure 4-5. Heart rate (HR) response at rest, one-arm biceps curl resistance exercise and
recovery during 20, 40 and 60% of 1-RM. (mean ± SE)
* p<0.05 between intensities
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Figure 4-6. Systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean
arterial pressure (MAP) response at rest, one-arm biceps resistance exercise and recovery
during 20, 40 and 60% of 1-RM. (mean ± SE)
* p<0.05 between intensities
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105

Repetitions 5-7 Final repetitions

■ KE20%1-RM

□ BIC 20% 1-RM

■ KE40%1-RM

□ BIC 40% 1-RM

■KE60% 1-RM

□ BIC 60% 1-RM

Figure 4-7. Comparison of heart rate (HR) response between knee extension (KE) and
one-arm biceps curl (BIC) resistance exercise at different work load levels, (mean ± SE)
* p<0.05 KE vs. BIC
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HKE20%1-RM

□ BIC 20% 1-RM

□ KB 40% 1 - R.M

□ BIC 40% 1-RM

SKE60% 1-RM

□ BIC 60% 1-RM

Figure 4-8. Comparison of systolic blood pressure (SBP), diastolic blood pressure (DBP)
and mean arterial pressure (MAP) responses between knee extension (KE) and one-arm
biceps curl (BIC) resistance exercise at different work load levels.
(mean ± SE)
*p<0.05 KE vs. BIC
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ÜKE209Ó1-RM

□ BIC 20% 1-RM

■ KE40%1-RM

□ BIC 40% 1-RM

□ KE60% 1-RM

□ BIC 60% 1-RM

Figure 4-9. Comparison of rate pressure products (RPP) response between knee
extension (KE) and one-arm biceps curl (BIC) resistance exercise at different work load
levels, (mean ± SE)
* p<0.05 KE vs. BIC
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□ SL-GXT

HKE1-RM

Ü BIC 1-RM

■ KE20% 1-RM

□ KE40% 1-RM

□ KE60% 1-RM

■ BIC 20% 1-RM

□ BIC 40% 1-RM

□ BIC 60% 1-RM

Figure 4-10. Comparison between peak rate pressure product (RPP) values during
symptom-limited exercise test (SL-GXT), knee extension (KE) and one-arm biceps curl
(BIC) strength tests and resistance exercises, (mean ± SE)
* p<0.05 between intensities
** p<0.05 SL-GXT vs. KE and BIC
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Figure 4-11. Changes in left ventricular end diastolic dimension (LVEDD) and left
ventricular end systolic dimension (LVESD) from rest to exercise during knee extension
(KE) and one-arm biceps curl (BiC) resistance exercise at different levels of submaximal
work loads, (mean ± SE)
* p<0.05 KE vs. BIC
** p<0.05 final repetitions vs. repetitions 5-7
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Figure 4-12. Changes in left ventricular end diastolic volume (LYEDV) and left
ventricular end systolic volume (LVESV) from rest to exercise during knee extension
(KE) and one-arm biceps curl (BIC) resistance exercise at different levels of submaximal
work loads, (mean + SE)
* p<0.05 KE vs. BIC
** p<0.05 final repetitions vs. repetitions 5-7
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Figure 4-13. Changes in ejection fraction, stroke volume and cardiac output during knee
extension (KE) and one-arm biceps curl (BIC) resistance exercise at different levels of
work loads. (Mean ± SE).
* p<0.05 KE vs. BIC
** p<0.05 final repetitions vs. repetitions 5-7
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REST

WAB = 65%

(69/105)

Exercise Tests

SL-GXT KE 1-RM BIC 1-RM

NAB = 4.8% NAB = 6.7% NAB = 4.8%

(5/105) (7/105) (5/105)

Figure 4-14. Prevalence of resting and exercise-induced wall motion abnormalities.
WAB - Wall Abnormality
SL-GXT - Symptom Limited Graded Exercise Test
KE - Knee Extension
BIC - One-arm Biceps Curl
1-RM - One Repetition Maximum
NAB - New Abnormality
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Figure 4-15. Prevalence of resting and exercise-induced wall motion abnormalities at submaximal resistance exercise.
WAB - Wall Abnormality
SL-GXT - Symptom Limited Graded Exercise Test
KE - Knee Extension
BIC - One-arm Biceps Curl
1-RM - One Repetition Maximum
Reps. - Repetitions
NAB - New Abnormality



CHAPTER 5
DISCUSSION

Currently, cardiac patients are being introduced to resistance activities during the

first weeks of an outpatients rehabilitation program. Moreover, low-moderate risk

patients (e.g. older cardiac patients, patients with moderate LVD and patients with mitral

valve prolapse syndrome), who in the past were excluded from resistance training, are

now being considered to engage in weightlifting exercise programs. In light of the recent

trend towards expanding the cardiac population that can participate in resistance training,

the issue of safety of strength testing and resistance exercise becomes a concern.

Therefore, the main objectives of this study were to evaluate the safety of strength testing

and resistance exercise in low-moderate risk cardiac patients with LVD (30%<EF<49%).

Responses During Strength Testing

A primary purpose of the present study was to establish the safety of strength

testing. Maximal strength testing techniques are now recommended for evaluating

baseline strength levels, establishing initial weight loads for training and tracking changes

in strength over time (AACVPR, 1995; ACSM 1995). Most of the studies previously

published on resistance training in cardiac patients used 1-RM tests as the methodology to

evaluate muscle strength pre and post resistance training intervention (Butler et ah, 1987;

115
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Crozier-Ghilarducci 1989; Daub et al., 1996; Kelemen et al., 1986; McCartney et al.,

1991; Stewart et al., 1988; Wilke et al., 1991), or to determine submaximal work loads in

order to evaluate cardiovascular responses during resistance exercise (Faigenbaum et al.,

1990; Featherstone et al., 1993; Haslam et al., 1988; McKelvie et al., 1995, Stralow et al.,

1993; Wiecek et al., 1990). However, few studies have evaluated cardiovascular

performance during the 1-RM maneuver (Crozier-Ghilarducci 1989; Daub et al., 1996;

Faigenbaum et al., 1990; Featherstone et al., 1993). MacDougall et al. (1985)

demonstrated mean BP values of 320 mmHg for SBP and 250 mmHg for DBP during

heavy leg press resistance exercise. Thus, due to the abrupt increase in the pressor

response with heavy weightlifting (MacDougall et al., 1985; Haslam et al., 1988), it is

surprising that so few investigators have measured the hemodynamic responses in cardiac

patients while performing 1-RM tests.

Safety ofOne-Repetition Maximum Test

In agreement with other studies (Daub et al., 1996; Faigenbaum et al., 1990;

Featherstone et al., 1993), none of our patients complained of angina, developed

myocardial ischemia or demonstrated rhythm abnormalities during and after 1-RM

strength tests for both KE and BIC exercise. However, during the SL-GXT six patients

(40%) demonstrated ST segment depression that lasted for 5 minutes into recovery. For

two of the patients the ischemic changes were coupled with chest pains (2+ on the 4 point

Angina Scale). An additional four patients, showed ventricular and atrial ectopies during

SL-GXT and into recovery.
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We assume that the absence of ischemic changes during the 1-RM test of this

study may be the result of lower mean peak RPP values (table 4-3) attained during both 1-

RM strength tests as compared to mean RPP values measured during the SL-GXT.

Changes in RPP are associated with parallel changes in myocardial oxygen consumption

(MV02) and coronary BF (Braunwald et al., 1958; Gobel et al., 1977; Nelson et al.,

1974). Nelson and associates (1974) examined MV02 during dynamic, static and

combined static-dynamic exercise in healthy subjects. The authors found that MV02 was

highly correlated to the products of HR and SBP regardless of whether the BP was

obtained by a central aortic catheter (r = 0.88) or by indirect BP measurements (r = 0.85).

In the present study, the low mean peak RPP values were the result of both lower peak

HR and SBP values (table 4-3) during 1-RM test, suggesting a lower MV02 compared to

SL-GXT, probably owing to the limited time for HR and BP to respond during a single

movement. However, there is a need to emphasize that the BP values were obtained

immediately post exercise, therefore, they do not reflect the real BP values attained during

1-RM maneuver. In addition patients in the current study were taking (3-blockers

medication that resulted in diminished HR response. Values comparable to those attained

in our study were presented by Featherstone et al. (1993) who reported on mean RPP

values of 120 mmHg-min'MO"2 during both BIC and KE resistance exercise compared to

250 mmHg-min'MO'2 achieved during SL-GXT.

The Valslava maneuver is an integral part of heavy weightlifting, it stabilizes the

trunk, and during very heavy lifts, i.e., above 85% of MVC, subjects find it necessary io

carry out the maneuver or part of it in order to attain the desired force production.
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Previous studies have shown that intrathoracic pressure induced by the Valsalva maneuver

immediately relieves myocardial ischemia in cardiac patients (Ewing et ah, 1976; Pepine

and Wiener, 1979; Pepine and Nichols, 1988). After the initial increase in intrathoracic

pressure, LV dimensions remain relatively constant for several beats, while the developed

pressure decreases rapidly. With the continued straining the reduced venous return

diminishes ventricular size with an additional decrease in the developed pressure. Thus,

the increase in intrathoracic pressure results in a decline of some of the hemodynamic

determinants (e.g.. pressure and volume) ofMVO2 (Pepine and Nicholas, 1988).

Furthermore, the added intrathoracic pressure due to the Valsalva maneuver is

instantly transmitted to the cerebrospinal fluid, so that the cerebrospinal pressure increases

to match the pressure in the thorax and abdomen. This may represent a protective

mechanism by reducing transmural pressures across cerebral vessels, consequently

reducing the risk of vascular damage under the high pressures being elicited from this type

of exercise (Lentini et al., 1993; MacDougall et al., 1985; MacDougall et al., 1992).

Although the subjects in the present study were instructed to exhale during the initiation of

the lift, some degree of increased intrathoracic pressure probably developed as a result of

tension development needed for lifting weights at their maximal capacity. However, if

indeed such increase in intrathoracic pressure occurred it lasted for very short period of

time and did not cause any deleterious effects.

Hemodynamic Responses During Strength Test

It is worth noting that BP measurements during 1-RM tests were taken

immediately post exercise. Thus, the genuine BP values reached during the lift were not
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recorded. Several investigators demonstrated a rapid decline of SBP and DBP

immediately at the completion ofweightlifting exercise (Haslam et al., 1988; MacDougall

et al., 1985; Wiecek et al., 1990). As for the present study, in order to minimize the

differences in BP values at the time of measurement compared to the actual values during

the lift, the BP cuff was inflated prior to initiation of the test. Faigenbaum et al. (1990)

reported significantly lower mean SBP values immediately post resistance exercise (132 ±

14 mmHg) using both lower and upper body exercise, compared to values recorded in the

present study for both KE and BIC exercise (table 4-3). The differences between the

values can be explained by the different methods in measuring BP. Since both systolic and

diastolic BP decline rapidly to resting values within 5-10 seconds post exercise, the

inflation time that was saved in the present study may have resulted in higher mean SBP

values. Nevertheless, BP measurements were still performed immediately post exercise,

therefore, values were considerably low compared to the genuine values attained during

the 1-RM maneuver.

An additional procedure used in cardiac rehabilitation settings for muscle strength

assessment is the 90% of 1-RM method. This method considers the maximal weight load

that can be lifted twice (i.e. 2-RM) as 90% of 1-RM. Using this 90% score, a 1-RM is

calculated and used to establish training weights (AACVPR, 1995; Franklin et al., 1991;

Kelemen et al., 1989; Sparling et al., 1990). Fleck and Dean (1987) measured intra¬

arterial BP and cardiovascular responses in young adults during one-arm overhead press

and KE resistance exercise at 1-RM and at numerous submaximal loads. The authors

demonstrated a significantly greater pressor response during sets carried out to fatigue at
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various percentages of 1-RM (e.g. 90, 80, 70 and 50% ) than that at 1-RM. Therefore, 1-

RM tests may impose less of a strain on the heart than was previously presumed,

suggesting this method as more favorable compared to other procedures for muscle

strength assessment (i.e. 2-RM or 5-RM).

Cardiovascular safety during maximal strength testing performed by 6,653 healthy

adults was documented by Gordon and associates (1995). None of the subjects

experienced a clinically significant cardiovascular event during the 1-RM test.

Accordingly, the findings suggests that the 1-RM strength test is a safe procedure for both

KE and BIC exercises in healthy adults and low-moderate risk cardiac patients with LVD.

Left Ventricular Function During Strength Testing

Deterioration in LV function is a more sensitive marker ofmyocardial ischemia

during exercise than is ST segment depression. Echocardiography is a noninvasive

reproducible method for estimating LV performance at rest and during exercise. Two-

dimensional echocardiography has been found to accurately assess global LV function in

patients with regional and diffuse wall motion abnormalities (Albin and Ranko, 1990;

Feigenbaum, 1994; Ginzton et al., 1984; Maurer and Nanda, 1981; Robertson et al.,

1983).

In accordance with previous data, our patients demonstrated an increase in mean

LVEDV during the SL-GXT compared to rest (table 4-5). Comparable changes were

observed in both normal subjects (Crawford et al., 1979; Effron, 1989; Keul et al., 1981)

and in LVD patients (Donckier et al., 1991; Konstam et al., 1992) demonstrating

increased diastolic filling. Previous studies published on LVD patients found no change in
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mean LVESV values during dynamic exercise compared to rest (Donckier et al., 1991;

Konstam et al., 1992; McKelvie et al., 1995). The same was observed in the present study

(table 4-5). A Reduction or maintenance of LVESV during dynamic exercise

demonstrates that there is a sufficient augmentation in the myocardial inotropic state to

overcome the exercise-associated increase in afterload resulting in increased SV and EF

(table 4-6) (Crawford et al., 1979; Effron, 1989; Keul et al., 1981; Konstam et al., 1992).

Consequently, the increased CO seen in the present study was the result of an increase in

both the inotorpic and chronotropic responses.

We are unaware of any published data available on LV function evaluation during

1-RM strength testing in CAD patients. In earlier investigations were hemodynamic and

LV function evaluation during static exercise was performed, used MVC solely for

determination of submaximal work loads in both healthy and CAD subjects (Crawford et

al., 1979; Fisman et al., 1992; Painter and Hanson, 1984; Perez-Gonzales et al., 1981;

Sagiv et al., 1985; Seals et al., 1983). Only one review by Keul et al. (1981) on the effect

of static and dynamic exercise on LV dimensions, volume and contractility mentioned a

decrease in LVEDV during a maximal static contraction. However, the review did not

specify on which population the study was performed and which muscle group was

involved during the contraction.

In the present study the mean LVEDV values during the KE strength test exhibited

a significant increase compared to rest (table 4-5). A comparable response was not

observed during the BIC 1-RM test. The difference between the results of the two tests

can be explained by the difference in the volume of muscle mass used. The role of the
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muscle pump was much more extensive during KE 1-RM resulting in an increased

preload. Our patients demonstrated no change in LVESV (table 4-5) during both strength

tests suggesting an augmented LV function against an increased pressure load.

The trend for increased (during KE 1-RM) or maintenance (during BIC 1-RM) in

mean SV values in our patients coupled with no change in mean EF values (table 4-6)

suggests an increase in myocardial contractility. In addition the increase in intrathoracic

pressure due to a Valsalva maneuver may assist in cardiac compression resulting in

maintenance of SV despite the profound increase in afterload. Therefore, the increase in

CO was mediated solely due to an increase in the chronotropic state.

The left ventricular end-systolic pressure-volume relation is used to assess LV

contractile performance (Ginzton et al., 1984; Takeuchi et al., 1991). Non invasive

evaluation of the LVES pressure/volume ratio was first proposed by Sagawa et al. (1977).

The investigators demonstrated that ultrasonic LVD could be an estimate of LVESV and

proposed that peak carotid pressure could be an estimate of substituted LVES pressure.

Reichek et al. (1982) demonstrated a close correlation between sphygmomanometric SBP

and LVES pressure. With the assistance of 2-D echocardiographic analysis for LVESV

and sphygmomanometric SBP evaluation during peak dynamic exercise Ginzton et al.

(1984) established the accuracy of SBP/LVESV ratio for measuring LV contractility

compared to EF in distinguishing between normal subjects and CAD patients. In the

present study for both SL-GXT and the KE and BIC 1-RM tests mean SBP/LVESV ratios

demonstrated an increase compared to rest, suggesting an increase in LV contractility.
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Thus, during the 1-RM maneuver for both upper and lower body exercise the global

myocardial function remained stable and no LV deterioration was found

Responses During Resistance Exercise

Safety of Submaximal Resistance Exercise

The second part of the study was designed to answer the question of how safe for

patients with LVD to do low-moderate (20, 40, and 60% using the 1-15 repetition model)

resistance exercise? The clinical symptoms manifested in the present study during

submaximal resistance exercise were comparable to those previously reported (Crozier-

Ghilarducci 1989; Daub et al., 1996; Faigenbaum et al., 1990; Kelemen et al., 1986;

Vander et al. 1986). These studies assessed cardiovascular complications that were

precipitated during aerobic exercise and found that they occurred as often or more than

that were found in resistance exercise. In the present study, only two patients exhibited

ischemic changes during resistance exercise compared to six during the SL-GXT. These

changes were observed only at the highest intensity (i.e. 60% 1-RM) during ICE exercise

and were of less magnitude compared to those observed during the SL-GXT. The

prevalence of ventricular arrhythmias was not greater during resistance exercise than

found during the SL-GXT (five patients vs. four patients, respectively). As previously

reported by other investigators, the PVC’s and PAC’s seen in the present study were

found during both the recovery period immediately post exercise (three patients) and the

exercise period (two patient) (Daub et al., 1996; Faigenbaum et al,. 1990; Kelemen et al.,

1986; Vander etal. 1986).
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Attenuation of exercise induced ST depression during combined static-dynamic

exercise compared to dynamic exercise alone has been documented by earlier studies.

Moreover, mean RPP values at the onset of ST segment changes were statistically higher

during static-dynamic exercise than during the dynamic exercise alone (Bertagnoli et al.,

1990; DeBusk et al., 1978; DeBusk et al., 1979; Kerber et al., 1975). The hemodynamic

responses during weightlifting are considerably different from the responses observed

during treadmill exercise. During resistance exercise there is a modest increase in HR

response coupled with a substantial rise in SBP, DBP and MAP values. During the SL-

GXT, HR and SBP increase substantially with no significant change in DBP values

compared to rest. Mean arterial pressure increases relatively little due to an extensive

metabolic drive causing vasodilatation (Bezucha et al., 1982; Lewis et al., 1983; Lewis et

al., 1985). In the present study hemodynamic responses demonstrated a comparable

pattern as found in other studies using resistance exercise (tables 4-3, 4-8, and 4-10).

Previous studies have suggested that the increase in diastolic BP may serve as a protective

mechanism through an increase in subendocardium perfusion (DeBusk et al., 1979; Kerber

et al., 1975; Lowe et al., 1975).

In an in situ heart preparation Braunwald et al. (1958) induced a 196% increase in

coronary BF and a 164% increase in MV02 by increasing heart work through elevating

aortic pressure. However, increasing the heart work through augmenting CO resulted in

elevation of only 35% in coronary flow and 62% increase in MV02. Furthermore, during

the course of the CO elevation the DBP decreased, but a rise in diastolic BP was found

when the aortic pressure was increased. Nelson et al. (1974) demonstrated higher systolic
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and DBP, MVO2 and coronary BF with an addition of static load to dynamic exercise

compared to dynamic exercise alone. This suggests an improved myocardial perfusion

pressure during exertion associated with an increased pressure load.

In accord with previous studies, mean RPP values during the present study were

significantly lower during submaximal resistance exercise compared to treadmill exercise

(figure 4-10), suggesting a lower MV02 (Faigenbaum et al., 1990; Featherstone et al.

1993; Haslam et al. 1988). The lower mean RPP data were mainly the result of a

moderate elevation in HR response during resistance exercise. Barnard et al. (1973)

emphasized the importance of HR and DBP duration (diastolic pressure-time index ) as a

major determinant ofmyocardial BF and ischemia during sudden exercise in healthy

adults. The diastolic pressure-time index is the product of DBP, HR and diastolic time

interval. The diastolic time interval can be determined from an ECG tracing by measuring

the distance from end of the T wave to the onset of the next QRS complex (Buckberg et

al., 1972). Featherstone and associates (1993) demonstrated a higher diastolic pressure¬

time index with resistance exercise compared to treadmill exercise. The authors used the

diastolic pressure-time index to RPP ratio as an indirect estimate of the balance between

myocardial oxygen supply-demand. The mean diastolic pressure-time index to RPP ratio

values were significantly higher during resistance exercise than found during aerobic

exercise. Consequently, improved myocardial oxygen balance during weightlifting may

result from a longer diastolic filling time due to a lower HR coupled with a higher DBP.
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Hemodynamic Responses During Resistance Exercise

The increased hemodynamic responses seen during weightlifting exercise are the

result of a mechanical compression of the blood vessels with each muscle contraction

coupled with a pressor response. The pressor response is associated primarily with an

elevated SBP, DBP, HR and CO, and to a lesser extent to vasoconstriction in the non¬

exercising vascular beds (Bezucha et al., 1982; Ewing et al., 1976; Helfant et al., 1971;

MacDougall et al., 1985; Misner et al., 1990). The cardiovascular response to resistive

exercise is regulated by both central and peripheral mechanisms. The central drive is the

trigger for the increased pressor response seen at the initiation of exercise and is also

involved in determining the magnitude of the cardiovascular response achieved during

exercise. The peripheral mechanism involves activation of nerve endings in the

contracting muscles, which in turn activate the medullary cardiovascular center. The rise

in BP and HR depend on the duration, relative intensity (percent of MVC), and the total

of active muscle mass involved in the exercise (Blomqvist et al., 1981; Lewis et al., 1983;

Mitchell et al., 1980; Perez-Gonzalez, 1981; Seals et al., 1983; Tesch et al., 1988).

Mean BP values attained in the present study during KE and BIC submaximal

resistance exercise were relatively high compared to those observed in previous studies

(tables 4-8 and 4-10). Sparling and colleagues (1990) found no significant differences in

mean SBP and DBP values immediately post resistance exercise compared to rest

Accordingly, Crozier-Ghilarduci et al. (1989) reported no change in mean BP values when

performing heavy resistance exercise training (80% 1-RM). Kelemen et al.(1986) showed

mean values of only 141±20 mmHg during circuit weight training at 40% of 1-RM.
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However, these measurements of BP most likely did not reflect the true values generated

during the set, since BP data were collected immediately post exercise. Studies using

direct BP evaluation demonstrated a rapid decrease in SBP and DBP toward resting

values within 5-15 seconds immediately post resistance exercise (Haslam et al., 1988;

MacDougall et al., 1985; Wiecek et al., 1990), thus, interpretations of these data should

be made with caution.

Wiecek et al. (1990) compared direct and indirect measures of arterial pressure

during weightlifting in CAD patients. Indirect mean SBP values both at rest and during

leg press exercise was 13% less than the mean SBP recorded directly. Mean indirect SBP

recorded immediately post exercise was 31% lower than values attained directly during

the actual lift Mean DBP at rest and during lifting was similar using either method.

During the present study even though an indirect BP evaluation technique was used, a

tendency comparable to that of the direct method was observed (tables 4-8 and 4-10).

Blood pressure measurements were performed Twice during each set - at the

midpoint of the set and during the final repetitions of the set - and immediately post

exercise. There was a significant reduction in mean SBP and DBP values obtained

immediately post exercise compared to the end of the exercise bout for both KE and BIC

resistance exercises (figures 4-4 and 4-6, respectively). Thus, for BP response follow-up

of cardiac patients during a resistive training session, it is necessary to evaluate BP during

the actual exercise bout and not immediately post exercise.

The rapid drop in BP immediately post resistance exercise is most likely caused by

the sudden perfusion of vasodilated muscle mass, which was previously occluded, and as a
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result of a transient pressure undershoot initiated by baroreceptor and cardiopulmonary

reflexes responding to the profound increase in BP during exercise (MacDougall et al.

1985). This might cause a sensation of faintness or dizziness, thus, cardiac rehabilitation

personnel should instruct patients to recover for several seconds before continuing to their

next prescribed exercise. However, our patients did not experience this sensation due to

the lower work loads used in the current study compared to MacDougall et al. (20, 40 and

60% 1-RM vs. 90% to fatigue, respectively).

For both KE and BIC resistance exercise the HR and BP responses showed

significant increases throughout the set across all submaximai work loads (tables 4-8 and

4-10, respectively). This response was in agreement with previous findings observed in

healthy and CAD subjects (Fleck and Dean, 1987; MacDougall et al., 1985; Wiecek et al.,

1990). MacDougall et al. (1985) performed direct BP measurements in young healthy

adults performing both upper and lower body heavy weightlifting exercises. The

cardiovascular responses demonstrated a progressive increase in mean HR, SBP and DBP

values with each subsequent repetition. Fleck and Dean (1987) found that mean peak HR

was achieved during the last two to three repetitions of the set. Wiecek et al. (1990) also

reported that the highest intra-arterial pressures were found during the final repetitions of

the set.

As the subject performs more repetitions and begins to fatigue, there is additional

motor unit recruitment and increasing involvement of accessory muscles. This results in

increasing active muscle mass generating a mechanical compression on the vascular bed in

the exercising limbs, consequently leading to an increased BP. In addition to the increased
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BP values seen over ame, there is a corresponding increase in CO mainly due to the

increase in HR throughout the set since changes in SV are very small (tables 4-14 and 4-

15) ( Bezucha, et al., 1982; Lewis et al., 1985; MacDougall et al., 1992).

Our data demonstrated significant differences in the hemodynamic responses in KE

vs. BIC resistance exercise. Submaximal KE resistance exercise resulted in higher

hemodynamic values compared to those attained during submaximal BIC resistance

exercise (figures 4-7 through 4-9). Previous studies have demonstrated that the

magnitude of BP and HR responses were related to the muscle mass involved during static

and dynamic resistance exercise (Lewis et al., 1985; MacDougall et al., 1985; MacDougall

et al., 1992; Misner et al., 1990; Seals et al., 1983). Seals et al. (1983) demonstrated a

positive relationship between the magnitude of the increase in BP and HR response and

the size of active muscle mass at the same relative percentage of MVC.

As previously described the cardiovascular responses to resistance exercise are the

product of the mechanical compression and the pressor response. Since contraction of a

larger muscle mass exerts compression on a greater portion of vasculature, therefore, the

BP elevation produced entirely by mechanical compression is proportional to the active

muscle mass. In addition, the central and peripheral mechanisms are linked to increased

BP and HR and elicits a greater response with a larger muscle mass involvement. The

greater the contracting muscle size, the greater is the number ofmotor units being

activated by the central command. The large contracting muscle mass also elicits greater

peripheral input from skeletal muscle nerve endings (MacDougall et al. 1985; Mitchell et

al. 1981; Seals etal. 1983).
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Previous studies (Haslam et al. 1988; Featherstone et al. 1993; Stralow et al.,

1993) compared the hemodynamic responses during different submaximal workloads in

CAD patients. Our data, using three different work loads, demonstrated a significant

increase in mean peak values for HR, SBP and DBP measured during BIC submaximal

resistance exercise at 20, 40 and 60% of 1-RM (table 4-10). These data are in agreement

with the Haslam et al. (1988) investigation. Using the direct BP measurement technique

Haslam et al. demonstrated a significant increase in mean SBP and DBP values for single-

and double-leg press and BIC resistance exercises across 20, 40 60 and 80% of 1-RM.

However, our hemodynamic data for KE submaximal resistance exercise (table 4-8) are

inconsistent with Haslam et al. (1988), which demonstrated no significant difference in

mean peak SBP values for 40 and 60% of 1-RM (173 and 177 mmHg, respectively).

On the other hand, our KE resistance exercise data were in agreement with the

Featherstone et al. (1994) study. The investigators using the indirect BP measurement

technique, did not demonstrate a consistent increase in hemodynamic values for KE

resistance exercise from 60% to 80% 1-RM. Since during weighdifting the magnitude of

BP response is related to the intensity of the effort, thus, an increase in BP values would

be expected with the increase in work load for each resistance exercise bout. It can be

speculated that the different measuring techniques used in during the studies, i.e. the direct

method in Haslam et al. (1988) vs. the indirect BP measurement in the present study

produced the discrepancy between the results.

Our mean TPR values for both resistance exercises and treadmill exercise (tables

4-3, 4-9 and 4-11) correspond with the mean TPR data obtained from healthy subjects
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(Bezucha et al., 1982; Lewis et al., 1983; Lewis et al., 1985). During dynamic exercise

TPR decreases compared to rest due to local metabolic mediated vasodilatation.

However, during resistance exercise mean TPR does not differ from resting values, since

the metabolically vasodilatation has a minor impact on systemic resistance when the active

muscle mass is small (Bezucha et al., 1982; Lewis et al., 1983; Lewis et al., 1985). In the

present study, the mean TPR values immediately post exercise showed a significant

reduction in TPR compared to rest at each submaximal exercise bout exhibited. This

reduction was mediated by the sudden perfusion of the vasodilated muscle mass, which

was previously occluded during the set This might explain the lower mean TPR values

seen during the KE and BIC 1-RM test compared to rest (table 4-3). Due to the fact that

the BP values were ootained immediately post exercise, thus, withdrawal of the mechanic

vessels compression and reperfusion of vasodilated muscle mass resulted in reduction in

systemic resistance.

Mean MAP values for both KE and BIC resistance exercise (table 4-9 and 4-11,

respectively) also increased with the increase in relative intensity and with the increase in

muscle mass (figure 4-8). These changes in mean MAP are comparable to data obtained

in previous studies in both healthy and CAD patients (Bezucha et al., 1982; Haslam et al.,

1988; Lewis et al. 1985; Miles et al., 1987; Pianter and Hanson, 1984). During dynamic

exercise which involves a large muscle mass, the metabolic vasodilatation is extensive

resulting in increased systemic conductance. In contrast, in small muscle mass exercise

local vasodilatation has a small effect on systemic conductance resulting in pronounced

increase in MAP. Mean arterial pressure response is proportional to the product of CO
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and TPR. Consequently it can be concluded that the increase in mean MAP values seen in

our patients resulted mainly from the increase in CO and not by an increase in total

peripheral resistance (tables 4-9, 4-11, 4-14, 4-15).

Left Ventricular Function During Resistance Exercise

Documentation of LV function during resistance exercise in the LVD patients is

limited (Chang et al., 1994; McKelvie et al., 1995). However, during the 70s and early

80s a large number of investigators performed assessments of LV performance during

static exercise in normal and CAD patients (Crawford et al., 1979; Ewing et al., 1976;

Kivowitz et al., 1971, Perez-Gonzales et al., 1981; Sagiv et al., 1985; Seals et al., 1983)

During KE resistance exercise our patients exhibited an increase in mean LVEDV

values during the final repetitions of both 40 and 60% of 1-RM (table 4-12). These

findings are consistent with the previous studies performed in LVD patients during

dynamic exercise (Donckier et al., 1991; Konstam et al., 1992). Weightlifting consists of

both dynamic (overcoming the inertia of the weight along the full range ofmotion) and

static components (Lentini et al., 1993; MacDougall et al., 1985). Therefore, the

hemodynamic responses to resistance exercise corresponds to both types of exercise.

None of the previous studies assessed LV function during upper body exercise.

Since most of daily living activities involve upper body exertion such as pushing, pulling

and carrying, it is important to obtain information during upper body resistance exercise.

Mean LVEDV values during BIC resistance exercise were significantly lower compared to

KE resistance exercise (table 4-13, figure 4-12). Since BIC exercise involved a single

small muscle group, it placed a lower demand on cardiovascular system compared to the
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KE exercise. Moreover, during the KE exercise, the muscle’s contraction and relaxation

resulted in an increased venous return due to a larger muscle pump compared to the BIC

resistance exercise.

In the present study changes in mean LVESV values during KE submaximal work

loads exhibited a pattern resembling a submaximal static exercise (table 4-12). Mean

LVESV decreased significantly during light resistance exercise (20% 1-RM). As the work

load increased to 40 and 60% 1-RM there was an increase in mean LVESV values.

Previous studies using a submaximal static exercise in healthy subjects demonstrated

comparable findings. Keul et al. (1981) found a decrease in LVESV during tight static

exercise (handgrip (HG) performed at 30% of MVC). While, Crawford et al. (1979)

found an increase in LVESV in healthy subjects performing HG at 50% ofMVC to

fatigue. The increase in mean LVESV values can be explained on the account of

increased afterload, which is related to the increase in exercise intensity and muscle mass

involved. In the present study mean LVESV values during BIC resistance exercise did not

alter throughout the set and among the sets (table 4-13, figure 4-12). It seems that the

magnitude of hemodynamic strain opposing the heart during BIC resistance exercise did

not show the same response as found in static exercise.

McKelvie et al. (1995) did not find changes in mean LVEDV and LVESV values

in LVD patients performing a single leg press at 70% of 1-RM. The differences between

the studies can be attributed to differences in the patient population. In the current study

the patients were classified as class I and class II by the New York Heart Association, i.e.

patients without symptoms at rest and with or without symptoms during ordinary activity.
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Whereas, in McKelvie et al. study, the patients were classified as class II and class in with

a higher degree of LVD compare to our patients (mean EF values were 27 and 42%,

respectively). The same variance in LV function was documented by other studies

demonstrating enhanced cardiac reserve during exercise in patients with mild LVD (Chang

et al., 1994; Elkayam et al. 1985; Kivowitz et al., 1971; Konstam et al. 1992).

In the present study, a small increases in mean SV were observed for both KE and

BIC resistance exercise across all intensities (tables 4-14 and 4-15). These results are in

agreement with previous studies of patients with LVD performing static and resistance

exercise (Chang et al., 1994; Kivowitz et al. 1971). Both studies divided thier patients

into two categories; patients with mild and severe disease. Chang and associates (1994)

demonstrated an increase in SV in patients with mild LVD during KE resistance exercise

at 70% of 1-RM whereas patients with severe LVD demonstrated a reduction in SV.

Kivowitz et al. (1971) found that while performing HG exercise at 25% of MVC for 5

minutes, patients classified as class I and class II by the New-York Heart Association

demonstrated an increase in LV stroke work index with a small or no increase in LV end

diastolic pressure.

The utility of using EF as a measure of ventricular function has been questioned

since it is dependent on both preload and afterload. In contrast, the LV pressure/volume

relation at the end of systole has been demonstrated to have the advantage of being

minimally influenced by preload and afterload over a wide range of preload and afterload

conditions (Ginzton et al., 1984; Grossman, et al., 1977; Sagawa et al., 1977).

Noninvasive determination of the LV volume/pressure relation by using SBP and LVESV
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was found to accurately assess LV function (Ginzton et al., 1984; Grossman, et al., 1977;

Reichek et al., 1982; Sagawa et al., 1977). This might explain the discrepancy seen in the

present study between mean EF values and mean SBP/LVESV ratios (table 4-14). There

was a small but significant reduction in mean EF values during the last set (60% 1-RM) in

KE resistance exercise suggesting a reduction in LV function. Whereas, mean EF values

during BIC resistance exercise did not demonstrate significant changes between and within

work oads (table 4-15, figure 4-13). In contrast to this observation our patient’s mean

SBP/LVESV ratio demonstrated a significant increase throughout the whole set (tables 4-

14 and 4-15). Theses findings are in agreement with Mckelvie et al. (1995) who found an

increase in mean SBP/LVESV with no change in mean LVEDV, LVESV and EF values

during one leg-press at 70% 1-RM in LVD patients, suggesting that resistance exercise

did not adversely affect LV function.

In accordance with previous studies performed in both healthy subjects (Lentini et

al.; 1993; MacDougall et al., 1985; Miles et al.,1987) and CAD patients (Mckelvie et al.

1995; Sagiv et al. 1985) the mean CO values increased significantly during both modes of

resistance exercise (tables 4-14 and 4-15). The increase was primarily mediated by an

increase in HR since the increase in SV was relatively small. Corresponding with to the

changes in HR during the exercise bouts differences in CO (figure 4-13) were found

between KE and BIC exercise and among intensities.

Exercise-Induced Wall Motion Abnormalities

To the best of our knowledge, none of the previous studies performed

echocardiographic wall motion assessment during 1-RM strength testing and resistance
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exercise. Butler et al., (1987) evaluated segmental wall motion in low risk cardiac patients

immediately post circuit weight training. Fisman and colleagues (1992) used isometric

exercise (50% ofMVC exerted on 175-pound Bullworker telescopic dynamometer bar)

for assessing LV wall motion patterns.

One of the advantages of 2-D echocardiography is that the technique provides a

noninvasive method for assessing regional LV function. This technique is able to visualize

portions of the LV that are hidden from view by means of contrast arteriography (Agati et

al., 1991; Feigenbaum, 1994; Maurer et al., 1981; Sheilkh et al., 1990).

In the present study, prevalence of new wall motion abnormalities during both KE

and BIC 1-RM strength testing were comparable to those observed during SL-GXT (4.8,

6.7 and 4.8% increase in new wall motion abnormality, respectively) (figure 4-14).

During submaximal resistance exercise a moderate increase in new wall motion

abnormalities was observed with the increase in exercise intensity (figure 4-15). Similar

patterns were observed for both KE and BIC exercises. However, the occurrence of new

wall motion abnormalities was slightly higher during KE resistance exercise compared to

BIC (12.4 and 10.5% increase in new wall motion abnormality during 60% 1-RM,

respectively). This can be explained by the higher active muscle mass involved during KE

exercise compared to BIC resulting in greater hemodynamic responses. Our data are in

agreement with Sagiv et al. (1985) who used the radionuclide angiography technique and

demonstrated an increase in new wall motion abnormalities during isometric exercise with

an increase in active muscle mass in CAD patients. During 30% MVC of HG exercise
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new wall motion abnormalities developed in two patients out of 14, whereas during the

deadlift exercise new wall motion abnormalities occurred in 13 patients.

Fisman et al. (1992) compared isometric exercise (50% ofMVC) with SL-GXT

performed on a cycle ergometer in eliciting LV wall motion abnormalities in low risk

cardiac patients post myocardial infarction (EF > 55%). The authors found that the

isometric exercise-induced wall motion abnormalities were of a severity proportional to

the degree of coronary narrowing. Moreover, the isometric exercise modality was

comparable to dynamic exercise in identifying obstructions in a specific vessel.

Contrast findings were demonstrated by Butler et al. (1987). The investigators

found in CAD patients a worsening of wall motion in 5 out of 61 segments during aerobic

training (85% ofmaximal HR) compared to only one segment immediately post circuit

weight training at 40-60% of 1-RM. Echocardiographic evaluations were begun within 1

minute post exercise and were completed within 5 minutes. The contrast findings between

the present study compared to those observed in Butler et al. investigation may be due to

the different time frame of data collection (during resistance exercise vs. immediate post

exercise) and differences in the patient populations (LVD patients vs. low risk patients,

respectively).

Summary

Since the beginning of the 90s there has been an increasing awareness of the

favorable effects of resistance training as a tool for promoting public health. Studies have

shown health benefits associated with the use of resistance training for both the healthy
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and diseased populations. Furthermore, data have demonstrated the safety and efficacy of

resistance training in low risk cardiac patients. Consequently, the recent guidelines of the

AHA, ACSM and AACVPR published in 1995 included specific guidelines for strength

training prescription for low risk cardiac patients.

In the present study, the safety of strength testing and resistance exercise was

evaluated for both upper and lower body exercise in low-moderate risk cardiac patients.

Our patients demonstrated no angina or electrocardiographic ischemic changes during 1-

RM strength testing compared to the SL-GXT. These absences in ischemic signs and

symptoms were due to significantly lower mean peak RPP values attained during both 1-

RM strength tests as compared to mean RPP values measured during the SL-GXT,

suggesting a lowerMV02. The lower RPP values seen in the present study were the

result of lower mean values of both HR and SBP attained during 1-RM tests compared to

the SL-GXT. However, there is a need to emphasize that the BP values were obtained

immediately post exercise, therefore, they do not reflect the real BP values attained during

1-RM maneuver. In addition patients in the current study were taking [3-blockers

medication that resulted in diminished HR response.

Echocardiographic evaluation of LV function during 1-RM strength testing

demonstrated a maintenance of global LV function. The increased percentage in new wall

motion abnormalities were similar across all exercise tests, suggesting that the 1-RM test

did not cause higher cardiac stress when compared to the SL-GXT, which is contrary to

what has been previously presumed.
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Resistance exercise performed at different submaximal work loads (20,40 and

60% of 1-RM) appeared to be safe in our specific patient group. Hemodynamic responses

(i.e. HR, BP and RPP) were within the range of 60 to 85% of their peak values attained

during SL-GXT. These values are in the range that is recommended for aerobic exercise

prescription for cardiac patients. Moreover, the increase in BP seen in our patients

appeared to be largely the result of increased CO and not due to an increase in peripheral

resistance.

Left ventricular function demonstrated a slight increase during both resistance

exercises by echocardiographic means. There was a small but significant decrease in EF

values during the final set (60% 1-RM) of KE exercise compared to rest (40 vs. 42%,

respectively). In addition a moderate increase in the occurrence of wall motion

abnormalities was observed during the highest submaximal work load for both KE and

BIC resistance exercise. Nevertheless, there were no adverse effects on LV function.

Values of SBP/LVESV ratio were 2.1 during KE 60% 1-RM resistance exercise vs. 1.5

during rest suggesting enhanced LV contractility.

Most every day activities such as carrying, pulling and pushing are performed by

the upper extremities, therefore an increase in upper body muscle strength and endurance

is important and should aid the patients in performing these tasks using a reduced

percentage of their 1-RM force. Thus, reducing the risk for the precipitation of a cardiac

event or a musculoskeletal injury. The present study demonstrated no adverse effect on

cardiovascular performance during arm exercise compared to leg exercise. Moreover,
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hemodynamic responses were significantly lower during BIC resistance exercise compared

to KE suggesting a lesser likelihood for cardiac complications.

There are several limitations to the study. Continuous, intraarterial pressure

measurement is the most accurate and reliable method for measuring BP. However, due

to inherent risk of arterial catheterization in LVD patients, indirect measurements of BP

were utilized. Echocardiographic analyses were performed by only one observer, since

qualitative assessment is subjective, thus, two to three observers are recommended. The

relatively small number of patients participating in the study, the absence of women and

the fact that only two different resistance exercises were used needs to be considered.

Conclusions

The purpose of the study was twofold: 1) to establish the safety of 1-RM strength

testing, and 2) to establish the safety of repetitive resistance exercise performed at various

submaximal intensities using 10-15 repetitions at 20, 40 and 60% of 1-RM in low-

moderate risk cardiac patients with LVD (30% < EF < 49%).

The data of the present study support the first hypothesis that 1-RM strength

testing is safe and does not impose any adverse effects upon cardiac function in low-

moderate risk cardiac patients.

Low-moderate risk cardiac patients can safely engage in resistance training using

10-15 repetitions at 20, 40 and 60% of 1-RM. Notwithstanding, a small increase in

occurrence of ischemic changes, ventricular arrhythmias, EF reduction and higher

prevalence of new wall motion abnormalities during the highest exercise work load (i.e.
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60% of 1-RM) and with larger muscle mass involved (KE vs. BIC). However, theses

findings are small in magnitude and do not suggests reduced cardiac performance. Thus,

the second hypothesis can be accepted. The present study demonstrated no adverse effect

on cardiovascular performance during arm exercise compared to leg exercise. Moreover,

hemodynamic responses were significantly lower during BIC resistance exercise compared

to KE suggesting a lesser likelihood for cardiac complications, hence, supporting the

study’s third hypothesis.

Implication For Future Research

1. The present study was performed on a small sample size, thus, it is recommended to

perform the current protocol with a larger sample and with additional resistance

exercises.

2. The indirect BP evaluation technique performed in the present study resulted in lower

BP values compared to the trae values attained during 1-RM tests and resistance

exercise. A study with direct BP measurements will provide additional information

regarding hemodynamic responses during strength testing and resistance exercise.

3. Further research is suggested using female cardiac patients with LVD.

4. The information available on hemodynamic responses and LV function is limited to

young male adults and low risk cardiac patients, therefore there is a need for a

comparable study performed on healthy aged matched male and female subjects.

5. The patient population used in the present study demonstrated moderate LVD, i.e. the

average EF was 42% (EF ranged from 30 to 49%). It is recommended to assess LV
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function responses to 1-RM strength testing and resistance exercise in patients with

more reduced LV function.

6. Fleck et al. (1987) demonstrated reduced pressor responses in healthy young adults

who engaged regularly in resistance exercise training compared to novice participants.

Therefore, future research is needed to evaluate the hemodynamic responses in patients

with LVD to resistance training at different submaximal work loads.



APPENDIX A
24-HOUR HISTORY

(ENGLISH AND HEBREW VERSIONS)



24-HOUR HISTORY

NAME DATE TIME.

How much sleep did you get last night? (Please circle one)
1 234567 8910 (Hours)

How much sleep do you normally get? (Please circle one)
1 23456789 10 (Hours)

How long has it been since your last meal or snack? (Please circle one)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 (Hours)
List the meals or snack eaten:

When did you last have:

A cup of coffee or tea

Smoke a cigarette, cigar, or pipe
Drugs (including aspirin)
Alcohol

Last time donated blood

Any recent illness

Suffer from respiratory problem
What sort of physical exercise did you perform yesterday?

What sort of physical exercise have you performed today?

Describe your general feelings by checking one of the following:
Excellent Bad

Very good Very bad
Good Very, very bad
Neither bad or good Tembie
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APPENDIX B
INFORMED CONSENT FORM

(ENGLISH AND HEBREW VERSVIONS)



IRB# 545-94

Informed Consent to Participate in Research

J. Hillis Miller Health Center

University of Florida
Gainesville, Florida 32610

You are being invited to participate in a research study. This form is designed to provide
you with information about this study. The principal investigator or
representative will describe this study to you and answer any of your questions. If
you have any questions or complaints about the informed consent process or the
research study, please contact the Institutional Review Board (IRB), the
committee that protects human subjects, at (352) 392-1494.

1. Name of Subject

2. Title of Research Study
Acute Hemodynamic Responses to Strength Testing and Resistance Exercise
in Patients with Left Ventricular Dysfunction.

3. a. Principal Investigator(S) and Telephone Number(S)
Michael L. Pollock, Ph.D. (352) 392-9575

Co-Investigator: William F. Brechue, Ph.D.
Sagiv Michael, Ph.D
Ehud Goldhammer, M.D^

Calila Werber, M.S.
Anat Shaar

David T. Lowenthal, M.D., Ph.D.

Two. Sponsor of the Study (if any)

None.
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4. The Purpose of the Research
The purpose of this research is to contribute information concerning

resistance testing and resistance training that can be used to help exercise
prescription in heart patients who have moderate damage to the heart.

5. Procedures for This Research

This study will last 5 weeks with a minimum of five visits (about 2 hours
each visit). Testing will be performed at the Cardiac Rehabilitation Program at the
Wingate Institute, Israel. Visit 1 will be an orientation. You will receive a full
explanation of the study, including its benefits and risks. You will also be asked to
read and ifwilling sign this informed consent form. During this visit you will also
undergo a medical evaluation and screening, and body fat measurements. Resting
and exercise cardiac function, during a diagnostic treadmill graded exercise test,
will be measured by electrocardiography (ECG) and echocardiography (a picture
of your heart without radiation). Your heart beat and blood pressure will be
monitored continuously during the exercise test A cardiologist will be present for
this test This visit will allow us to assess your physical health status and see if you
meet the criteria for entry into the study.

On visit 2, a maximal treadmill graded exercise testwill be performed.
This test involves walking on a treadmill until you are maximally fatigued. This
test will last about 10 minutes. During this test, your heart rate, blood pressure,

and breathing will be monitored. You will wear headgear with an attached
mouthpiece to monitor your breathing. This apparatus will collect your expired
air, which will be used to determine the maximum amount of oxygen that you can

use.

During visit 3 you will perform a strength tests. The test will include lifting
a maximum weight that you can lift one times (1-RM). This visit will include a 1-
RM test on an upper body (one-arm curl with free weights) and a lower body
machine (leg extension weight machine). During this test, your heart, blood
pressure, and cardiac function will be monitored. The test will begin with an active
warm-up, lifting a light weight 6 to 8 times. You will start with a light weight, and
5 to 10 pounds will be added to each lift. Exactly how much weight is added will
depend on how easy the previous lift felt. You will rest between each attempt until
you have returned to your resting heart rate and blood pressure values. It usually
takes 4-5 attempts to complete a 1-RM test. Your heart rate will be monitored by
ECG and cardiac function will be monitored by echocardiography. If any
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abnormalities occur the test will be stopped. Also during visit 3 you will perform
one bout of one-arm and leg exercise at a low work load of 20% of your maximal
lift effort for 15 repetitions. During the test, your heart rate, blood pressure, and
cardiac function will be monitored.

During visit 4 you will perform several bouts of upper body and lower
body resistance exercise at various weight loads ( 40%, and 60% of maximal
effort). You will perform 10-12 repetitions at each intensity. There will be about
a 5 minutes rest between each exercise intensity. The weight loads lifted will be
based on your 1-RM strength test results. During these tests, your heart rate,
blood pressure, and cardiac function will be monitored.

Visit 5 will be a repeat of the visit 4 procedures and will be exactly the
same.

6. Potential Risks or Discomforts

Treadmill graded exercise testing is associated with a small risk of heart
attack. The overall cardiac complications rate in patients is approximately 4
complications per 10,000 tests, and only 1 death per 20,000 tests. The risk stated
refers to overall and general populations and that this risk might be higher in this
group of individuals. The risks will be minimized in this study through extensive
health screening done prior to testing. Also, a physician will be present for the
entire test Due to the potential risk of an unexpected cardiac emergency, a "Crash
Cart" with all appropriate medications and defibrillator will be on hand in the
graded exercise test room. Subjects may expect fatigue, breathlessness, and
muscle soreness accompanying the exercise testing. This is normal and temporary.

Recently reviewed studies present evidence that resistance training appears

to be safe in coronary artery disease patients with heart problems that don't require
hospitalization, and left ventricular function that works well enough . Most
research reports noted minimal increases in heart rate and arterial blood pressure.

It is common to experience muscle soreness one to two days after resistance
testing and training. This is temporary and normal and will not interfere with
normal daily activities. Exercise difficulty will progress from low to moderate
weights, and it will be monitored for safety.

If you wish to discuss these or any other discomforts you may experience, you may call
the Principal Investigator listed in #3 of this form.
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7. Potential Health Benefits to You or to Others

The benefits for your participation in this study include a physical
evaluation performed by a physician, including an evaluation of your heart during
exercise to exhaustion or muscle failure on a treadmill, resistance exercise, and
determination of upper and lower body fat, and skeletal muscle strength. We hope
that the data from this study will help in the establishment of guidelines for
resistance exercise appropriate for heart patients like yourself, with weak heart
muscle. We will also provide you with instructions for starting or continuing and
exercise program.

8. Potential Financial Risks

There are no financial risks associated with your participating in this study.

9. Potential Financial Benefits to You or to Others

There are no financial benefits associated with your participating in this
study.

10. Compensation for Research Related Injury
In the unlikely event of you sustaining an physical or psychological injury

which is proximately caused by this study:

X professional medical; or professional dental; or professional consultative

care received at the J. Hillis Miller Health Center will be provided without charge.
However, hospital expenses will have to be paid by you or your insurance
provider. You will not have to pay hospital expenses if your are being treated at
the Veterans Administration Medical Center (VAMC) and sustain a physical injury
during participation in VAMC-approved studies.

11. Conflict of Interest

There is no conflict of interest involved with this study beyond the
professional benefit from academic publication or presentation of the results.
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12. ALTERNATIVES TO PARTICIPATING IN THIS RESEARCH

You are free not to participate in this study. If you choose to participate,
you are free to withdraw your consent and discontinue participation in this research study
at any time without this decision affecting your medical care. If you have any question
regarding your rights as a subject, you may phone the Institutional Review Board (IRB)
office at (352) 392-1494

13. Withdrawal From This Study
If you wish to stop your participation in this research study for any reason,

you should contact Michael L. Pollock. Ph.D. at 13521 392-9575. You may also contact
the Institutional Review Board (IRB) office at (352) 392-4646

14. Confidentiality
The University of Florida and the Veterans Administration Medical Centerwill

protect the confidentiality of your records to the extent provided by Law. You understand
that the Study Sponsor, Food and Drug Administration or the Institutional Review Board
have the legal right to review your records.

15. ASSENT PROCEDURE (if applicable): [Assent is the procidure to obtain
agreement to particiapte in the research from a subject, such as a child, who cannot five
local consent]

Not applicable
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16. Signatures

Subject's Name

The Principal or Co-Principal Investigator or representative has explained the
nature and purpose of the above-described procedure and the benefits and risks
that are involved in the research protocol.

Signature of Principal or Co-Principal Date
Investigator or representative obtaining consent

You have been fully informed of the above-described procedure with its possible
benefits and risks and you have received a copy of this description. You have
given permission for your participation in this study.

Signature of Subject or Representative Date
If you are representing the patient or subject, please print your name

and indicate one of the following:
The subject's parent
The subject's guardian
A surrogate
A durable power of attorney
A proxy

Other, please explain:

Signature of Witness Date

If a representative signs and if appropriate, the subject of this research should
indicate assent by signing below.

Subject's Signature Date
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APPENDIX C
ECHOCARDIOGRAPHIC IMAGES
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