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(ABSTRACT) 

The purpose of the study was to compare certain 

hemodynamic and electrocardiographic effects of incremental 

doses of arbutamine(ESA), a new beta-agonist pharmacologic 

stress agent, with exercise(ETT). Ten volunteers, mean age 66 

years, with known or suspected coronary artery disease 

completed a symptom-limited ESA and ETT(modified Naughton 

protocol) to 85% of their age predicted maximum heart 

rate (APMHR) in a randomized cross-over study design. The ESA 

delivery system controlled infusion via an intravenous line to 

increase the subject's heart rate by 8 bt*min"™. Heart 

rate(HR), systolic blood pressure(SBP), diastolic blood 

pressure (DBP), rate pressure product (RPP), and both an average 

of 3 independent observers visual ST segment shifts at 

Je9(VAVEST60) and computer ST segment shifts at J,,(CST60) were 

analyzed from the electrocardiogram(ECG) at baseline(0%TT), 

256TT, 5SOSTT, T5STT, and at peak stress(1lOOSTT). The



occurrence and character of any dysrhythmias also were noted. 

Two-way repeated measures analysis of variance for each 

cardiovascular and electrocardiographic variable demonstrated 

no difference(p<0.05) by treatment effect alone. All 

variables, HR, SBP, DBP, RPP, VAVEST60, and CST60, showed a 

Significant (p<0.05) time effect while only SBP and RPP showed 

a significant (p< 0.01) time*treatment interaction effect. The 

following ectopic occurrences were noted during the ESA: 

PAC (n=4), PVC(n=3), couplet(n=2), and VT(n=5). The ETT 

produced a PAC(n=1), PVC's(n=3), and a couplet(n=1). The ESA 

produced a similar ST shift pattern in the ECG responses as 

did the ETT, however, it did this at a lower myocardial demand 

with a greater tendency for arrhythmias. These findings 

suggest a possible difference in receptor stimulation. The 

Similarities to exercise in the response variables measured in 

this study offer arbutamine as an alternative mode of 

stressing the heart for patient populations with multiple 

health limitations who could not perform an adequate exercise 

test.
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Chapter I 

INTRODUCTION 

In 1990, heart disease was the leading cause of death in 

the United States accounting for 720,000 of the 2,148,000 

deaths (McGinnis, 1993). In 1992, the United States 

Department of Health and Human Services released their 

objectives known as Healthy People 2000 on new opportunities 

for improving the health of Americans (McGinnis, 1992). Among 

other issues, Healthy People 2000 outlines the need for 

offering preventive services for all, one of which being early 

screening and detection. 

Early screening and detection varies among medical 

specialties. In the cardiovascular area, the exercise test is 

a first line tool used by physicians to determine the 

likelihood of coronary artery disease(CAD) in patient groups 

that are at high risk clinically. The common procedure for 

clinical testing utilizes progressive workloads of dynamic 

exercise. Different modalities have been used to perform 

dynamic exercise including arm ergometers, steps, stationary 

bikes, and treadmills. The latter two, however, are the most 

commonly used devices (Myers, 1993). 

Exercise testing has value as an important diagnostic 

modality coupled with its usefulness in evaluating the 

physiologic significance of CAD in a given individual. Its



many applications, widespread availability, and yield of 

clinically useful information make it an important screening 

tool for CAD (Myers, 1993). Many organizations including the 

American Heart Association (Fletcher, 1990) the American 

Association of Cardiovascular and Pulmonary Rehabilitation 

(AACVPR, 1991), and the American College of Sports Medicine 

(ACSM, 1991) have created guidelines for exercise testing in 

an effort to implement uniform, safe and effective procedures. 

Modern technology has made exercise testing more 

convenient and has enhanced its measurement capabilities. For 

instance, the physician now has available computerized systems 

to assist in the analysis of the electrocardiogram (ECG). 

Visual interpretation of the ECG certainly has not been 

replaced by computerization, just augmented. As with any 

technological change, there are many yet unanswered questions, 

and practitioners should proceed with caution until further 

research can be done on these new advances. In the meantime, 

in the ever changing exercise testing laboratory, clinicians 

should use the tools available in their cardiovascular 

assessment of the patient. 

Statement of the Problem 
  

For a majority of patients exercise testing is a safe, 

practical, and economic means of assessment, however, for a 

Sizeable minority, limitations prevent an adequate test. This 

problem led to the development of pharmacologic stress testing 
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with inotropic agents that mimic the endogenous catecholamine 

response elicited by exercise. Arbutamine, a new agent 

developed by Gensia Pharmaceuticals, San Diego, CA., is 

currently undergoing testing with patients as part of a United 

States Food and Drug Administration approval protocol (Gensia, 

1992). It is the latest potential addition to the 

pharmacologic stress drugs that have potent inotropic and 

chronotropic effects. Arbutamine acts non-selectively on the 

beta receptors with minimal alpha receptor activity. The 

primary difference between arbutamine and the other available 

synthetic compounds is that it appears to have greater 

chronotropic influence on the beta-1l receptors of the heart 

(Gensia, 1994). The result is an increase in heart rate, 

myocardial contractility, and systolic blood pressure thus 

Simulating the effect of exercise. In order for arbutamine 

infusion to be an effective method for diagnosing CAD, 

electrocardiographic (ECG) changes induced by the drug need to 

be contrasted with conventional treadmill exercise testing. 

In CAD patients, electrocardiographic changes during 

arbutamine infusion should occur at similar cardiac demand 

levels as it would with graded treadmill stress. 

Thus, the purpose of this study is to compare certain 

responses of graded arbutamine infusion to those of 

conventional treadmill exercise testing in patients known to 

have had prior CAD. At similar cardiac demand levels, these 
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two modes of stress should produce comparable 

electrocardiographic changes. This can be studied by taking 

an important ECG measure and comparing between the two types 

of stress at similar myocardial oxygen demand levels. Also of 

interest would be the appearance, character, and timing of any 

dysrhythmias as well as signs and symptoms during each of the 

two types of test. This study is specifically designed to 

compare between the two modes of stress the degree of 

electrocardiographic ischemic response elicited at comparable 

levels of cardiac demand quantified by using the rate pressure 

product (RPP) as an indicator. 

Significance of the Study 
  

It is not always feasible for a patient to do a graded 

exercise test (GXT). Patient populations that have 

traditionally had difficulty with exercise testing include 

those with peripheral vascular disease (PVD), cerebrovascular 

disease, chronic pulmonary disease (COPD), and diabetes 

mellitus. Elderly and arthritic patients often are limited in 

their exercise capabilities. In order to stress these 

patients and increase their myocardial demand, testing 

procedures aside from the standard graded exercise test (GXT) 

have been developed. Specifically, pharmacological stress 

testing with agents such as dobutamine, dopamine, 

dipyridamole, epinephrine and isoproterenol is a common 

alternative procedure (Stratmann, 1989). These agents 
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stimulate the cardiovascular system in ways that are 

comparable to exercise, thus often bringing about myocardial 

ischemia when the patient has clinically significant coronary 

artery disease. 

The two primary mechanisms by which these drugs work are 

coronary vasodilation and beta-adrenergic receptor 

stimulation. The coronary vasodilators, adenosine and 

dipyridamole, decrease the resistance of the coronary vessels 

by acting on the adenosine receptors on the vascular 

endothelium (Froelicher, 1993). In patients with CAD, there 

is a increase in flow through the normal coronaries relative 

to vessels with atherosclerotic disease. This results in a 

hypoperfusion of the tissue distal to the lesion (Froelicher, 

1993). The agents acting as beta-adrenergic agonists increase 

myocardial demand through increasing heart rate, myocardial 

contractility, systolic blood pressure and, hence, the rate 

pressure product. Dobutamine, a synthetic catecholamine, is 

one such agent. It increases heart rate and moderately 

increases systolic blood pressure to enhance cardiac output 

and hence increase myocardial demand (Tuttle, 1975). 

Dobutamine is the closest analog in use today to arbutamine. 

In an effort to examine the efficacy of pharmacological 

stress with dobutamine, Mannering et al compared intravenous 

infusion of dobutamine with a symptom limited exercise test 

(Mannering, 1988). Fifty subjects three weeks post myocardial 
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infarction underwent both a GXT and a dobutamine infusion 

stress test. Twenty-two of the subjects had significant ST 

segment depression during the exercise period as compared to 

twenty-four during dobutamine infusion for a concordance of 

88% (Mannering, 1988). In all cases, the leads exhibiting ST 

segment depression were the same; however, during the 

dobutamine stress the onset was at a lower heart rate, ie., 93 

vs. 117 beats/min. (Mannering, 1988). The relatively weak 

chronotropic capabilities of dobutamine created the need for 

an agent like arbutamine that exhibits greater chronotropic 

effects in clinical trials (Gensia, 1992). 

The usefulness of pharmacological stress testing extends 

beyond its capabilities of inducing ECG changes in individuals 

with atherosclerotic heart disease. It can be used in 

combination with other measures such as 2-D echocardiography 

or radionuclide imaging (Fung, 1987). For instance, the 

measurement period for a treadmill stress echocardiographic 

test is limited to only immediately post exercise and 

throughout the recovery period due to the inability to get 

guality images during the treadmill test itself. In 

combination with pharmacological stress, 2-D echocardiography 

can be done during the entire stress period as well as 

recovery because the patient is supine and in the optimal 

scanning position throughout the test. Elimination of 

excesSive motion and hyperventilation caused by exercise make 
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the drug infusion an attractive alternative not only for the 

exercise intolerant but also in combination with diagnostic 

techniques besides electrocardiography. 

The importance of electrocardiography cannot be 

overemphasized. It is a simple, cost-effective, and non- 

invasive means to examine characteristics of an individual's 

heart. The parameter of interest for detection of transient 

ischemic changes on the ECG has traditionally been the ST 

segment. Much controversy exists as to the most appropriate 

time and waveform features that should be assessed in 

measuring the ST segment (Froelicher, 1993). Measurement of 

ST shift from the resting baseline to peak stress or early 

recovery in the lateral precordial chest leads, V, or Vs, 

generally has yielded the highest predictive value 

(Froelicher, 1993). Variability in the measurement point on 

the ST segment has also existed. There is no standard for the 

optimal time after the J-point from which to measure. Okin et 

al examined the sensitivity of standard ECG criteria at J, and 

J, and found both to have a sensitivity of 59% with reference 

to angiographically defined CAD (Okin, 1991). Froelicher et 

al (1993) concluded after a meta-analysis of the related 

literature that the measurement point of either the J-junction 

or 60 milliseconds after the J-junction are reliable markers 

of the presence of coronary artery disease. 

Methods of adjusting ST segment shift for differences in 
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heart rate response, e.g., the ST/HR Index and the ST/HR 

slope, has also been studied. It was thought that by 

examining ST segment change and its relationship to heart rate 

change, that one could more accurately forecast the extent of 

CAD present. The superiority of these heart rate adjusted 

measures compared to the ECG raw signal has not been 

consistently demonstrated (Froelicher, 1993). 

Another recent adjunct to the area of ischemic assessment 

via the ECG has been the addition of computer generated 

representative complexes. The representative complex can be 

generated from up to twenty consecutive complexes (Ellestad, 

1986). Generally, the representative complex takes into 

consideration many more complexes than is visible to the naked 

eye on the 12-lead ECG tracing. These computerized average 

Signals attempt to filter out 60 cycle and other forms of 

interference. Although it creates a complex that appears to 

be artifact free, there is risk that important biological 

components may be lost by the filtering and averaging process. 

The development of digital averaging as opposed to averaging 

the analog signals has overcome most of this. 

Research Hypothesis 
  

In comparing the two forms of stress, standard treadmill 

testing and graded arbutamine infusion, the following null 

hypothesis is formulated: 

H,: There is no difference in the electrocardiographic 
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indicator for mmyocardial ischemia, i.e., the ST segment at J 

in lead V;, or in routinely measured hemodynamic responses, 

measured at similar time points on the two forms of graded 

stress testing. 

Assumptions 

The following assumptions were made: 

1. The myocardial demand induced via the arbutamine 

infusion and graded exercise stress is mediated 

largely through the stimulation of the adrenergic 

myocardial receptors. 

2. No significant change in functional capacity or 

disease state of the patient(s) occurred in the 

time period between the two tests. 

3. The data collection points throughout both tests 

were appropriate normalized so just comparisons 

between modalities could made. 

4, The measurement instrumentation remained consistent 

throughout testing. 

Limitations 

The following limitations restrict the generalizability 

of the findings: 

1. The results of this investigation may only be 

generalized to a group of similarly age and 

disease matched individuals. 

The small number of subjects reduces the power of 
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the results. 

The measurement point of J... in lead V; is the most 

clinically relevant ST segment measurement. 

The computer-scored ST segment measure accurately 

represents the actual average in V; on each chosen 

tracing. 

The rate pressure product (RPP) is aevalid 

indicator of myocardial demand. 

The Mason-Likar 12-lead electrode placement was 

consistent between the ETT and ESA tests within 

each subject. 

The blood pressure measures taken by the ESA 

infusion automated system are accurate relative to 

the manual auscultation method which was used in 

the ETT condition. 

Delimitations 
  

The following delimitations are inherent in the design of 

this study: 

1. Only patients with documented coronary artery 

disease and at least a 6 MET functional capacity 

level were eligible for this investigation. 

Only patients without resting ECG abnormalities 

including ST segment depression or elevation 

>0.5 mm[0.05mV] in more than three of the twelve 

leads, left ventricular hypertrophy, or left 
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bundle branch block were studied. 

3. Only patients not on beta-blocker therapy or 

digitalis preparations were studied. 

4, Only the electrocardiographic and hemodynamic 

changes during the actual stress period were 

examined. The recovery data was not considered. 

5. Analysis was restricted to periods during stress 

when an ECG tracing was obtained, i.e., not in 

post-stress recovery. 

6. Patients only were stressed to a level of 85% of 

their age-predicted maximum heart rate. 

7. The indicators of circulatory demand used were 

limited to the heart rate, rate-pressure product, 

systolic and diastolic blood pressure, and, for 

myocardial ischemia, to ECG ST segment shifts in 

lead V:;. 

8. Only one pharmacologic agent, arbutamine, was 

compared to exercise testing in the present study. 

Definition of Terms 
  

Angiographically defined coronary artery disease(CAD) - 
  

angiographic finding of coronary stenosis of 50% to 70% 

in at least one vessel (ACSM, 1988). 

Diastolic blood pressure (DBP)- the minimum amount of 
  

pressure in millimeters(mm) of mercury(Hg) measured in 

the arterial system representing ventricular relaxation. 
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Exercise Simulating Agent (ESA) - a computer controlled, 
  

"closed loop" delivery device for administrating 

arbutamine based upon patient heart rate (Gensia, 1993). 

Exercise Tolerance Test (ETT)- a treadmill exercise 
  

test administered on the patients to at least 85% of 

their age-predicted maximal heart rate(APMHR) using a 

Naughton protocol (Gensia, 1993). 

False positive ECG exercise test - ST segment 
  

depression of -0.01 mV for 0.08 seconds is present in 

a patient without angiographically determined coronary 

disease (ACSM, 1988). 

Heart rate (HR)- the number of heart beats per minute 

determined by measuring the R-R interval on an 

electrocardiogram. 

J junction + 0.06 seconds (J,,)- sixty milliseconds or 
  

one and one-half boxes horizontally measured on 

standard ECG paper after the J-junction (Julian, 1992). 

Rate pressure product (RPP)- the product of heart rate 
  

and systolic blood pressure used as an index of 

myocardial demand (Froelicher, 1993). 

Sensitivity - the percentage of patients tested with 

coronary heart disease who show positive test results 

(ACSM, 1988). 

Specificity - the percentage of normal subjects (without 

coronary artery disease) who show a negative or 
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non-diagnostic stress test (ACSM, 1988). 

ST segment (ST)- the portion of the electrocardiogram 

between the end of the QRS complex and the beginning of 

the T-wave analyzed for ischemic response (Juiian, 1992). 

Systolic blood pressure (SBP)- the maximal pressure in 
  

millimeters(mm) of mercury(Hg) measured in the arterial 

system produced when blood is ejected from the heart 

during ventricular systole. 

True positive ECG exercise test - ST segment depression 
  

of ~0.01 mV for 0.08 seconds correctly identifying a 

patient with coronary artery disease (ACSM, 1988). 
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Chapter II 

REVIEW OF THE LITERATURE 

A. Introduction: 

In lieu of cardiac catherization, stressing the 

cardiovascular system is an integral part in the process of 

diagnosing coronary artery disease. Even with the variety of 

procedures available for diagnosing coronary artery 

disease(CAD), the exercise test remains an important early 

diagnostic tool. The intent of the exercise test is to 

increase the work of the cardiovascular system in a reasonably 

short period of time to evaluate the supply and demand 

capabilities of the myocardium. Dynamic exercise is preferred 

due to its ability to increase cardiac output and oxygen 

exchange with the treadmill being the most widely used 

modality in North America (Meyers et al., 1993). 

Recently, pharmacologic stress testing has been used more 

frequently. The inability to achieve a satisfactory heart 

rate response in patients limited by musculoskeletal, 

neurological, peripheral, or pulmonary disease(s) often 

coupled with poor motivation or substandard physical fitness 

levels have led to the development of drug stress testing. 

Pharmacologically, agents such as isoproterenol, epinephrine, 

dopamine, and dobutamine have been used with diagnostic 

results similar to exercise. The following review will 

examine research in the area of exercise and pharmacologic 
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stress testing as well as their mechanism(s) of inducing 

ischemia in patients with existing coronary disease. The 

review will also include literature on a new pharmacologic 

agent, arbutamine, involved in the present study. 

B. Historical Perspective of Stress Testing: 
    

The foundation of modern stress testing dates back to the 

discovery that exercising patients with coronary artery 

disease produced ECG changes, specifically ST segment change, 

that indicate myocardial ischemia. This finding might be 

credited to Bousfield who recorded ST segment depression in 

three standard electrocardiographic leads during an angina 

attack in 1918, or it could be attributed to Feil and Siegel 

who actually exercised patients with known angina to induce 

pain and concurrent ST segment change that is now recognized 

as ischemia (Bousfield, 1918) (Feil & Siegel, 1928). Over the 

years since then, many other significant contributions to 

exercise testing have been made. 

Goldhammer and Scherf working with angina patients in 

1932 reported that 75% of their 40 patients had ST segment 

depression leading them to proposed the use of exercise to 

confirm the diagnosis of coronary ischemia (Goldhammer 6& 

Scherf, 1932). In 1935, Katz and Landt confirmed an earlier 

finding that the lateral precordial leads, specifically V:, 

performed better than the standard leads for the detection of 

ischemia (Katz & Landt, 1935). The first proposal that an 
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electrocardiogram could be taken before and after an exercise 

tolerance test to help detect coronary insufficiency came in 

1941 as a result of the work of Master and Jaffe (Master & 

Jaffe, 1941). Exercise testing was another significant 

contribution to the field of exercise physiology in the 

1940's. Johnson et al developed the Harvard Step Test in the 

Harvard Fatigue Laboratory (Johnson et al., 1942). This was 

the foundation for the development of other stress testing 

protocols. 

Modern stress testing is dated from the work of Bruce in 

1956 (Bruce et al., 1956). He reported using graded exercise 

testing performed on a treadmill and developed a 

classification system for patients similar to the New York 

Heart Disease Classification I through IV. Most of the 

current exercise stress testing protocols developed as an 

extension of his work. The focus of the 1960's was to refine 

the criteria for ischemic ST segment change. Robb and Marks 

gave statistical evidence supporting the predictive value of 

ST segment depression (Robb & Marks, 1967). Their two 

findings of interest were that the presence of horizonal or 

downsloping ST segments following an exercise test was a 

better predictor of coronary abnormalities than a patient's 

medical history and that the deeper ST segment depression, the 

more serious the prognosis. Blackburn and associates in 1969 

examined the occurrence of ST segment depression in various 
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leads finding that 90 percent of ischemic change can be 

demonstrated in lead CM. or V;, (Blackburn et al., 1969). The 

result of his work brought exercise testing out of the 

research laboratory. Also in the late 60's, studies 

correlating ST segment depression and angiographic data were 

performed. It was during this time that the notion of angina 

and ST segment depression being one and the same was 

discredited. The benefits as well as the limitations of 

stress testing were becoming clearer. Due to the magnitude of 

research studies in the area of exercise testing, much has 

evolved over the past 20 to 30 years. Currently, excellent 

guidelines are available on exercise testing from such 

organizations such as the American Heart Association, the 

American College of Sports Medicine and the American 

Association of Cardiovascular and Pulmonary Rehabilitation 

exist (AACVPR, 1995; ACSM, 1991; and Fletcher et al., 1990). 

C. Pharmacological Stress Testing: 
  

Currently, graded exercise testing is an important tool 

in the diagnostic, prognostic, and functional capacity 

assessment of patients with suspected coronary artery 

disease(CAD). For most patients, this is a relatively simple 

and economic means of early screening for the presence of 

ischemic heart disease. There are, however, a sizeable number 

of individuals for whom exercise testing is not feasible. 

Patients unable to achieve an adequate heart rate and blood 
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pressure response would benefit from alternative means of 

stress testing. This is particularly evident in the older 

patients and those that are in poor physical condition. 

Patients with such disorders as debilitating arthritis, 

orthopedic limitations like low back pain, or cerebral 

vascular disease may also be unable to undergo exercise 

testing. This made it necessary to determine other ways of 

stress testing. 

The use of drugs for stress testing was initially 

described by Levine et al in 1930 who used a bolus of 

subcutaneous epinephrine to induce angina pectoris in patients 

with coronary artery disease (Levine et al., 1930). They 

compared diseased patients with a group of normals as 

controls. Although they felt the procedure to be helpful for 

diagnostic purposes, they recognized the dangers involved and 

through further review recommended against its widespread use 

(Katz et al., 1932). Agents such as pitressin(Raskin, 1947), 

ergonovine(Stein, 1949), and dopamine(Foresti, 1971) were 

studied over the years as alternatives. Though all showed 

promise in diagnosing coronary artery disease none gained 

widespread acceptability. 

Further review of epinephrine as a stress testing agent 

was Studied by Schecter et al in 1983 (Schecter et al., 1983). 

Of the 39 patients presenting with chest pain, 23 were 

evaluated with epinephrine infusion and underwent subsequent 
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cardiac catherization with angioplasty for the diagnosis of 

coronary artery disease. Their criterion for the presence of 

disease was >75% reduction in the lumen diameter of one or 

more of the major coronary arteries. The 12-lead ECG was 

interpreted for myocardial ischemia using the occurrence of 1 

mm of flat or downsloping ST segment depression through 0.08 

seconds after the J-point in one or more leads as the cutpoint 

for the presence of disease. The pressure work of the left 

ventricle was estimated by multiplying systolic blood pressure 

and heart rate, myocardial contractility was calculated from 

the ratio of pre-ejection period to left ventricular ejection 

time (PEP/LVET), and the myocardial blood supply and oxygen 

demand were estimated from the diastolic blood pressure x 

diastolic time and the product of systolic blood pressure and 

systolic time, respectively (Schecter et al., 1983). 

The results showed an increase in heart rate, systolic 

blood pressure, and rate pressure product with epinephrine 

doses of 0.03 to 0.30 mg/kg/min by means of an infusion pump. 

Increased contractility and myocardial oxygen demand with a 

simultaneous decrease in myocardial blood supply suggests that 

epinephrine would be a useful stress testing agent for 

coronary disease patients. The resulting sensitivity and 

specificity was 87% and 100%, respectively, in the 23 patients 

with disease (Schecter et al., 1983). None of the patients 

developed complications resulting in test termination although 
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six of the patients had premature ventricular contractions. 

They attributed their high safety results to the lower doses 

of epinephrine used relative to those used by Levine et al. 

The peak rate pressure product, 133 x 10° + 17.9 was 

considerably lower than that expected with exercise, however, 

the findings showed an increase in the pressure work of the 

heart resulting in myocardial oxygen consumption. The 

artifact free ECG and the ease of coupling infusion with other 

noninvasive studies made them conclude that epinephrine, 

despite its unpopularity, was an acceptable alternative to the 

exercise test. 

Epinephrine was not the only drug considered for stress 

testing at the time. Isoproterenol, a beta-agonist which acts 

on the heart to increase myocardial contractility, heart rate, 

and thereby myocardial oxygen consumption, was studied as an 

alternative drug. Preliminary work by Wexler et al in 1971 

was done using isoproterenol on patients with coronary artery 

disease and their age-matched normals (Wexler et al., 1971). 

They reported that the drug was useful in separating the two 

groups and that the diseased population developed ischemic ECG 

changes prior to the onset of clinical symptoms like chest 

pain. Their conclusion was that the test could be stopped 

prior to patient discomfort. Further work evaluating 

isoproterenol stress testing on patients undergoing diagnostic 

coronary arteriography was done in 1974 (Combs & Martin, 
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1974). In 35 patients scheduled for coronary arteriography a 

comparison to the conventional treadmill exercise test was 

studied. Testing was randomized and done on the same day 

after recovery or on the following day. The arteriography was 

done within days following all testing. The ECG criteria for 

ischemia was 1 mm of flat or downsloping ST segment depression 

lasting at least 0.08 seconds after the J-point in the 

precordial lead(s) V, and V,;. Isoproterenol in a concentration 

of 0.2 mg per 100 c.c. of dextrose and water was infused at a 

rate of 1 to 2 mg/min until diagnostic ST levels developed, 

chest pain occurred, or the patient's heart rate equaled 130 

beats per minute. The exercise test had similar ending points 

except that the patient was taken to exhaustion rather than a 

pre-determined heart rate response. The results compared 

favorably to exercise. The average heart rate with exercise 

testing was 152 bt*min and with isoproterenol testing 141 

bt*min’. The sensitivity and specificity for the exercise and 

isoproterenol test(s) were 50% and 80% and 93% and 803, 

respectively. The isoproterenol stress test correctly 

predicted the presence of coronary artery disease 71% of the 

time and the exercise test 68% of the time. The chest pain 

occurrence was also similar between the two tests. Their 

conclusion was that the isoproterenol test served a useful 

role in the clinical assessment of coronary artery disease. 

Not all pharmacologic agents studied have had as much 
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success aS epinephrine and isoproterenol in producing the 

cardiovascular changes seen during exercise, namely marked 

increases in heart rate, blood pressure, and catecholamine- 

induced stimulation of myocardial contractility. Dopamine 

administered intravenously was evaluated as a potential stress 

agent by radionuclide angiography and the results compared to 

exercise testing (Wisenberg et al., 1985). Wisenberg et al 

used normals and patients with clinically significant (>70% 

stenosis in at least one major coronary artery) coronary 

artery disease to compare the changes in heart rate, blood 

pressure, rate pressure product, ejection fraction, and wall 

motion changes induced by dopamine infusion and ergometer 

exercise. Test sensitivity and specificity of the two methods 

was also determined from subsequent cardiac catherization. A 

preliminary group of 11 subjects(4 normals and 7 with disease) 

underwent the test protocols in a random sequence. The 

exercise was performed to a symptom-limited maximum using a 

cycle ergometer beginning at 200 kgm/min and increasing 200 

kgm/min every 4 minutes. Dopamine infusion began at 2.5 mg/kg 

per min, maintained for 5 minutes, with dosage increases of 

2.5 mg/kg per min every 5 minutes to a maximum of 15 mg/kg per 

min. The protocol was modified when it became apparent that 

the heart rate and rate pressure products achieved with the 

dopamine would not match those achieved with exercise. 

Atropine(0.6 mg) was administered intravenously at stages 
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throughout the infusion in a subsequent group of 41 patients 

Studied. This produced statistically similar maximal heart 

rates in all subjects and rate pressure products that were 

Similar in normals and higher in diseased patients. The 

ejection fraction response was also similar to exercise in the 

normals but dissimilar in the diseased patients. Test 

sensitivity for patients with disease was 91% for exercise and 

56% for dopamine. Since dopamine failed to produce the same 

consistent ischemic response as exercise testing, dopamine did 

not appear to be a reliable pharmacologic alternative. The 

increase in the ejection fraction of the diseased patients 

with dopamine infusion versus a decrease during the exercise 

test led the authors to hypothesize that the inotropic and 

metabolic effects of the two stressors differed. 

These agents, dopamine, isoproterenol, and epinephrine, 

were evaluated not only for their potential use in the 

diagnosis of CAD but also for their therapeutic value for 

treating depressed cardiac contractility. Unfortunately, each 

of the above agents exhibited undesirable characteristics like 

chronotropic, arrhythmogenic, and vascular side effects. This 

prompted the development of an alternative drug that had 

inotropic efficacy yet little to no effect on the alpha and 

beta, vascular receptors. The resulting agent, dobutamine, 

was structurally similar to isoproterenol yet lacked the 

chronotropic activity undesirable for the treatment of 
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depressed cardiac contractility (Tuttle & Mills, 1974). 

Vasu. et al following the work of Tuttle and Millis 

compared the relative oxygen cost of the commonly used 

catecholamines: epinephrine, isoproterenol, dopamine, and 

norepinephrine, and dobutamine under controlled hemodynamic 

conditions (Vasu et al., 1978). The oxygen cost was 

determined from the indices of contractility, namely left 

ventricular end diastolic pressure and left ventricular 

maximum dP/dt under conditions of fixed heart rate, cardiac 

output, and mean aortic pressure. Mongrel dogs with 

nonfailing hearts were used and both high and low dose regimes 

were studied. In the high dose protocol, dobutamine 

Significantly increased myocardial oxygen consumption (MVO,) 

over that of epinephrine and isoproterenol (p<0.01) (Vasu et 

al., 1978). Epinephrine's MVO, was also significantly greater 

than that of isoproterenol (p<.05) (Vasu et al., 1978). These 

differences at high dose rates, however, could be explained by 

enhanced left ventricular dP/dt and a lower tension time 

index. All studied catecholamines at lower dose regimes had 

Similar MVO,at comparable hemodynamic correlates of MVO, (Vasu 

et al., 1978). These results indicate that other factors such 

as coronary perfusion pressure, peripheral vascular effects, 

and heart rate effects also need consideration when comparing 

these drugs. 

Interest in using dobutamine to increase myocardial 
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contractility in patients with coronary artery disease was 

also investigated. The theory was that if dobutamine, proven 

to increase contractility (Tuttle & Mills, 1974) without 

markedly increasing heart rate, could increase coronary blood 

flow uniformly without introducing regional imbalances of 

oxygen supply and demand it could be of therapeutic benefit. 

Eighteen patients scheduled to undergo cardiac 

catherization and coronary arteriography were studied to 

determine dobutamine's influence on hemodynamics and coronary 

blood flow (Meyer et al., 1975). The following: mean systemic 

arterial pressure, dP/dt, left ventricular end diastolic 

pressure, cardiac output, and regional myocardial perfusion 

were measured post catherization and again following infusion 

of dobutamine. The initial rate of dobutamine infusion was 8 

mg/kg per min for 5 minutes and the subsequent rate was 

increased to 15 mg/kg per min for 5 minutes for some of the 

subjects. 

The percent increase in the hemodynamic variables at an 

infusion rate of 8 mg/kg per min were as follows: heart rate 

10% increase, cardiac output 52% increase, arterial pressure 

25% increase, and myocardial contractility 128% increase. The 

infusion rate of 15 mg/kg per min increased those same 

hemodynamic indices 27%, 45%, 25%, and 200%, respectively. 

The resulting change in regional coronary arterial perfusion 

showed an increase with the drug in patients with normal 
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coronary arteries, but, it revealed a much more inhomogeneous 

perfusion in the patients with significant disease. This 

raises concern about dobutamine'’s therapeutic safety in 

patients with coronary artery disease. 

The trend in dobutamine literature then switched from 

studies examining the drug as a therapeutic agent for failing 

myocardium(Myer, 1975; & Vasu, 1978) to evaluating it as a 

pharmacologic agent for diagnostic testing for coronary artery 

disease. 

Mannering et al compared the hemodynamic and 

electrocardiographic changes of patients given graded doses of 

intravenous dobutamine with those changes occurring in the 

Same patients during an exercise test (Mannering et al., 

1988). The study involved 50 patients who were three weeks 

post myocardial infarction and had no evidence of bundle 

branch block or non-ischemic valvular heart disease. Each 

patient first performed a symptom limited treadmill exercise 

test using the Bruce protocol. A 12-lead ECG was recorded 

prior to exercise, after each stage of exercise, and at peak 

stress. Blood pressure was recorded so a double product (HR 

x SBP) could be calculated at rest and at peak exercise. The 

day after their exercise test, the patients performed a 

dobutamine stress test. Administration of the drug was via a 

intravenous cannula beginning with a dose of 5 pg/kg/min up to 

a maximum dose of 20 pg/kg/min stepping 5 wo/kg/min with each 
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dose. Six to eight minutes after each dose a 12-lead ECG and 

a blood pressure were recorded. A positive test in either 

protocol was defined by horizonal or downsloping ST segment 

depression of > 1 mm 0.08 seconds after the J-point in any 

lead except aVR. 

At rest there were no significant differences in heart 

rate, systolic blood pressure, and rate pressure product, 

between the exercise and the dobutamine groups. At peak 

stress, however, exercise induced a higher heart rate response 

than dobutamine (136 bt*min? vs. 112 bt*min™') and greater 

rate pressure product (206 mmHg/min x 10° vs. 169 mmHg/min x 

107) (Mannering et al., 1988). Electrocardiographically, the 

two modes of stress showed similar ST segment response. 

Significant ST segment depression was recorded in 22 of the 

patients during exercise and in 24 of the patients during the 

drug infusion for a concordance of 88% between the two tests 

(Mannering et al., 1988). Also, in all cases the leads 

displaying the ST depression were the same in both tests. 

The limited predictive value of electrocardiography alone 

has led to its combination with other measures such as 2-D 

echocardiography and radionuclide imaging to improve its 

diagnostic capabilities. As with exercise testing, 

pharmacologic testing can be combined with any of these 

measurement techniques. Pharmacological stress testing even 

has some advantages over conventional exercise testing. For 
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instance, when assessing ventricular wall motion continuously 

with echocardiography, abnormalities can be accurately 

examined throughout the stress period with the drug, but only 

effectively immediate post stress when using exercise as the 

stress modality. Furthermore, being supine the whole time 

during drug infusion, the patient is in the optimal scanning 

position throughout the test and without the excessive motion 

and hyperventilation caused by exercise. 

Exercise thallium scintigraphy has been proven to 

increase test sensitivity and specificity as compared to 

exercise ECG (Bodenheimer, 1979; Stolzenberg & London, 1979; 

and Richie, 1977). Thallium's rapid redistribution following 

exercise and an often inadequate exercise level obtained have 

left the question of how effective pharmacologic agents could 

be when coupled with thallium imagining. Mason et al studied 

24 patients scheduled to undergo angiography for chest pain 

symptoms (Mason et al., 1984). They wanted to evaluate 

dobutamine infusion on regional myocardial blood flow as 

assessed by thallium scintigraphy and to look at the clinical 

implications of this new diagnostic technique (Mason et al., 

1984). The dobutamine was administered in incremental doses 

(5, 10, 15, and 20 mg/kg per min) with the thallium 

scintigraphy being completed during the maximal dose. All but 

one of the patients, an amputee, completed a symptom-limited 

graded treadmill exercise test with 12-lead ECG. Angiography 
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revealed significant disease in 16 of the 24 patients. The 

Gobutamine thallium scintigraphy identified 15 of the 16 

patients while the exercise ECG identified only 9 of the 15 

patients. Dobutamine test sensitivity, specificity, and 

accuracy was 94%, 87%, and 92%, respectively, while the 

exercise test resulted in 60%, 63%, and 61%, respectively. 

These results point out the effectiveness of dobutamine 

thallium scintigraphy in the diagnosis of CAD and also the 

shortcomings of the conventional exercise test when coupled 

with thallium imaging. 

Pharmacologic agents have also been used in combination 

with echocardiography for the detection of coronary artery 

disease. Experimental studies in open chest canine models 

with critical coronary artery stenosis have found that 

dobutamine can induce echocardiographically detectable 

ischemia better than either dipyridamole or dopamine (Fung et 

al., 1987). Patients presenting with potential coronary 

artery disease have also been studied using dobutamine 

echocardiography (Coma-Canella, 1990; Mason, 1984; Freeman, 

1984; and Mazeika, 1992). Mazeika et al using 50 patients 

presenting for angiography with suspected coronary disease 

studied the diagnostic accuracy of dobutamine 

echocardiography, dobutamine ECG, and exercise ECG (Mazeika et 

al., 1992). The results were as follows for test sensitivity 

and specificity: dobutamine echo 78% and 93%, dobutamine ECG 
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47% and 71%, and exercise ECG 72% and 71%. Hemodynamically, 

the peak rate pressure product was significantly lower with 

dobutamine infusion than with exercise (p<0.01) (Mazeika et 

al., 1992). The side effects experienced and the arrhythmias 

induced were similar during dobutamine and exercise testing. 

This certainly proves the utility of dobutamine when 

coupled with non-invasive diagnostic techniques, however, the 

hemodynamic patterns seen differ from those elicited during 

exercise testing. Cohen et al was very interested in the 

differing physiologic responses seen with dobutamine and 

exercise (Cohen et al., 1993). They found in a group of 

patients presenting for angiography that there indeed is a 

difference in the physiology of the two methods of stress at 

the ischemic threshold. At the ischemic threshold, heart rate 

was Significantly lower with dobutamine testing then exercise 

testing (91 + 3 vs. 114 + 3 bt*min™) (p<0.001), systolic blood 

pressure was also lower with dobutamine testing (155 + 5 vs. 

176 + © mm Hg; p<0.01), and rate pressure product as well 

(14.1 + 0.7 vs. 19.8 + 0.8 x 10°; p<0.001) (Cohen et al., 

1993). This study illustrates that although there are similar 

increases in heart rate response, blood pressure response, 

myocardial contractility, and method of myocardial ischemia 

induction, there exists a quantitative difference in these 

parameters at the ischemic threshold. 

The effect on myocardial contractility may help explain 
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the differences noted at the ischemic threshold between 

dobutamine and exercise. It has been found that the most 

Significant contribution to MVO, during exercise is an 

increase in heart rate, whereas an increase in contractility 

is the most significant factor during administration of a B- 

agonist like dobutamine (Ross, 1972; and Opie, 1991). Recall, 

dobutamine was specifically developed to increase 

contractility with minimal heart rate effects (Tuttle et al., 

1974). Vatner et al furthered this theory in canine models 

with coronary occlusion (Vatner et al., 1974). They found a 

102% increase in heart rate with exercise compared to only a 

15% increase with dobutamine, and a 63% decrease in 

contractility with exercise yet a 32% increase with 

dobutamine. Consideration needs to be given to the theory 

that ischemia may present at a lower rate pressure product 

with B-agonist administration as compared to exercise because 

contractility is much more enhanced with the positive 

inotropes. The ineffectiveness of dobutamine at peak doses to 

enhance chronotropic response as much as exercise led to the 

addition of drugs such as atropine to dobutamine infusion to 

further increase heart rate (McNeill et al., 1992). 

D. The Development of a New Pharmacologic Stress Agent: 

Arbutamine (GP-2-121-3), the drug involved in this 

investigation, is a synthetic catecholamine (Gensia, 1992). 

It has characteristics similar to the inotropic agents in that 

31



it increases cardiac contractility, but this agent has more of 

a positive chronotropic effect. Gensia Pharmaceuticals, in 

addition to the development of arbutamine, have created a 

delivery device that individualizes drug dosing according to 

the heart rate response of the patient. The goal of this 

Exercise Simulating Agent (ESA) System is to maximize safety 

and ease of use while minimizing the drug dose (Gensia, 1992). 

This agent is currently undergoing the United States Food and 

Drug Administration(FDA) approval process, therefore, there 

are few published studies on its utility. 

As studies on arbutamine become published, its mechanisms 

of action will become more apparent. There is one published 

study comparing the diagnostic efficacy of dobutamine and 

arbutamine when both agents are used in combination with 

echocardiography (Hammond & McKirnan, 1994). This study 

focuses on the mechanisms of the two synthetic catecholamines, 

specifically how each induces wall motion abnormalities in 

ischemic myocardium. Echocardiography was used to examine 

systolic wall thickening in the presence of each of the drugs. 

The premise for their analysis was that a bout of ischemia 

induced by demand on the myocardium would diminish wall 

thickening. 

Ischemia was induced in pig models via the placement of 

an ameroid constrictor around the proximal left circumflex 

coronary artery. The constrictor works in such a manner that 
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the left circumflex artery bed is subject to ischemia 

analogous to that associated with angina pectoris. As a 

control, the left anterior descending arterial bed was used to 

represent a non-ischemic region in each of the 10 pigs 

studied. The baseline conditions like heart rate, mean 

arterial pressure, and wall thickness in the LCx and LAD 

perfused regions of the myocardium were not significantly 

different prior to the administration of either drug. 

The results found that dobutamine infusion caused an 

increased percent wall thickening in both the LAD and LCx beds 

while the arbutamine infusion resulted in an increased percent 

wall thickening in the LAD bed but a decreased thickening in 

the LCx bed (Hammond & McKirnan, 1994}. The similar responses 

in both the ischemic and non-ischemic regions’ to 

administration of dobutamine suggest that in this model 

dobutamine appears not to provoke regional dysfunction in an 

underperfused area the heart muscle. Its characteristic as a 

strong positive inotrope may offset its ability to provoke 

ischemia by enhancing function, masking the expected 

appearance of signs inherent to a compromised region. 

Arbutamine, the lesser inotrope of the two, induced the 

expected results. 

Even through a wide range of rate-pressure products, 

function in the LCx coronary artery bed was increased with 

dobutamine infusion and decreased with arbutamine infusion. 
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The difference between the two drugs was that dobutamine 

increased the first derivative of left ventricular pressure to 

a greater extent than did arbutamine at low and midrange rate- 

pressure products (Hammond & McKirnan, 1994). This could 

suggest that the inotropic properties of the two agents may be 

the important mechanism. An aside theory that has not been 

studied is whether or not the different effects between the 

two beds might be accounted for by the B-receptor subtype 

selectivity of each of the agents. Regardless of the 

mechanism, this study suggests that arbutamine might be more 

useful then dobutamine in diagnosing coronary artery disease 

using echocardiographic determinants. 

From 1992 through 1994 various sites throughout Europe 

and North America were chosen as test site for the arbutamine 

phase III human subject clinical trials. The primary focus of 

the published abstracts was the efficacy of arbutamine as a 

stress agent for the detection of coronary artery disease. In 

all the studies that compared arbutamine with exercise, there 

was a significant difference in peak heart rate and systolic 

blood pressure response, and hence, rate pressure product. 

Lucas et al compared arbutamine stress testing with 

exercise stress testing in 21 patients with known CAD (Lucas 

et al., 1994). The criteria for a positive test was > 1 mm ST 

segment depression. The overall test sensitivity for 

arbutamine was 57% and for exercise was 43%. The sensitivity 

34



of arbutamine testing also increased with increasing disease 

severity. Overall concordance with exercise testing was 67.6% 

(Lucas et al., 1994). The use of arbutamine with popular 

noninvasive diagnostic modalities, echocardiography (Ginzton, 

1993; & Ismail, 1992) and thallium scintigraphy (Sinusas et 

al., 1993), was examined. Both studies looking at arbutamine 

echocardiography on CAD patients found it as effective as 

exercise in disease detection (Ismail, 1992; & Ginzton, 1993). 

Sinusas et al using 7 open chest dog models each with a 

Significant LAD stenosis found arbutamine when used in 

combination with thallium-201 scintigraphy was able to produce 

sufficient hemodynamic stress to produce a flow deficit and 

perfusion defect in the myocardial risk area (Sinusas et al., 

1993). 

The remaining arbutamine abstracts addressed the issue of 

drug dosing and delivery via the closed loop delivery system 

developed by Gensia Pharmaceuticals. Jaarsma et al found the 

closed loop system which uses ECG determined heart rate 

response to deliver the arbutamine to be safe and effective at 

predetermined low and high slopes(6 and 10 bt*min™‘/min rates 

of HR rise) when evaluating patients with angiographic 

evidence of CAD (Jaarsma et al., 1992). Bach and Armstrong 

chose to study the diagnostic ability of arbutamine at a lower 

heart rate response then exercise stress using 

echocardiography (Bach & Armstrong, 1994). Using 92 patients 
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with documented CAD who underwent exercise echo, they 

demonstrated that 86% of the patients who had ischemia during 

the exercise test had it at peak stress during the arbutamine 

test. Of those ischemic patients, 70% had new or worsening 

wall motion abnormalities appear at low arbutamine stress, < 

20 bt*min™’ over baseline. This may indicate that the 

establishment of a lower target heart rate with arbutamine 

stress testing may be possible (Bach & Armstrong, 1994). 

E. Measurement of Myocardial Ischemia: 
  

Myocardial ischemia can be defined as cellular 

dysfunction in the myocardium in a particular region due to 

hypoxia resulting from limited coronary blood flow (Pepine, 

1992). To diagnose ischemia physicians use a variety of 

tools. The tools employed range from clinical findings like 

angina or myocardial infarction to signals like ECG ST segment 

measurements. Diagnosing ischemia early is very important. 

There are four clinical outcomes resulting from an ischemic 

episode. The most common is a resolution of the episode, the 

next most common is the perception of chest discomfort, and 

the other least common outcomes are myocardial infarction and 

ventricular arrhythmias leading to sudden death (Pepine, 

1992). Recognizing there is an imbalance in myocardial oxygen 

supply and demand leading to an inappropriate reduction in 

blood flow to a subendocardial region of the heart is 

essential. 
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Generally, there are three methods used to detect 

myocardial ischemia in a clinical setting. The most 

frequently used method involves an ECG signal, specifically ST 

segment shifts. Another is a reversible perfusion defect 

detected from some type of regional blood flow signal, and the 

final method uses left ventricular wall motion, specifically 

reversible wall motion abnormalities (Pepine, 1992). These 

detection techniques do not actually quantify the degree of 

ischemia, but they determine who might be at low to high risk 

for resulting cardiac problems. 

The 12-lead electrocardiographic signal is an important 

tool in the evaluation of ischemia. A static resting ECG can 

be used to diagnose old myocardial infarctions indicating that 

severe ischemia was present at one time. To diagnose current 

ischemia, serial tracings must be taken to reveal ST segment 

shifts which are > 1.0 mm depression or > 2.0 mm elevation in 

the absence of other false positive causes. Serial ECG 

tracings are most commonly obtained during a period of stress 

such as a staged treadmill exercise test. A form of evocative 

stress like treadmill testing works the patient externally in 

an attempt to increase myocardial oxygen demand, as reflected 

in an increase in rate pressure product, with the intent to 

induce ischemia in a clinical setting. As stated earlier, 

predicting the amount of ischemia is difficult. In addition 

to the clinical signs of ischemia like angina, ST segment 
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depression, and ST segment elevation other exercise testing 

characteristics which may indicate ischemia and/or left 

ventricular dysfunction are chronotropic incompetence (Hammond 

et al., 1983), systolic blood pressure abnormalities (Dubach et 

al., 1988), and poor exercise capacity(Morris et al., 1991). 

The ST segment is the part on the ECG where the QRS 

complex terminates through the beginning of the T-wave (Julian 

& Campbell, 1992). The point of junction between the S-wave 

and the ST segment is the J-point (Julian & Campbell, 1992). 

The ST segment occurs at a time during the action potential 

(phase 2) when the polarity of the ventricles does not change. 

A normal segment rests on the isoelectric line with an upward 

slope. Ischemia can bring one of three manifestations to the 

surface ECG. These are ST segment elevation, depression, or 

normalization. The most common occurrence with myocardial 

ischemia is ST segment depression. The criteria for an 

abnormal ST segment depression is horizonal or downsloping 

depression of 0.1 mV or more for 80 msec after the J-point 

(Froelicher et al., 1993). During an exercise test, the 

probability of severe CAD is directly related to the amount of 

J-point depression and inversely related to the slope of the 

ST segment itself. Hence, a downsloping ST segment is far 

worse than a horizonal one and both are worse than an 

upsloping segment. 

When considering change in the ST segment during exercise 
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testing, all time points: baseline, exercise, and recovery 

should be examined. Initially, an electrocardiogram on a 

patient could only be observed post-exercise due to technical 

limitations. As ECG recording devices evolved, the 

measurement time could be extended to include the activity 

period as well. 

The question then became which time frame should be used 

when making a diagnosis of the presence of CAD by ST segment 

criteria? At the VA Hospital in Long Beach, CA. patients were 

selected from a group of 3351 people to answer that question 

(Froelicher et al., 1993). After excluding those without 

angiography, females, those with prior infarct, and those who 

underwent invasive surgery, 271 patients remained. They 

looked at the exercise test results to answer their hypothesis 

that the inclusion of ST segment changes occurring during 

recovery would improve the diagnostic capabilities of the 

exercise test (Froelicher et al., 1993). It was found that 

with the presence of any coronary artery disease, test 

sensitivity(67%) was the highest taking both exercise and 

recovery into consideration. 

The best measurement point for ischemia on the ST segment 

is also controversial. A single measurement point has never 

been accepted (Miranda et al., 1989). There are many points 

after the J-junction including Js, Jao, Jen, and Js, that could 

serve as the optimal point of measure. In comparing two such 
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measures, J, and J,,, Savvides and co-workers found very little 

difference in how patients were classified (Savvides et al., 

1983). The issue of ST segment slope consideration is even 

more unclear. Gianrossi et al found that taking ST segment 

slope into consideration had influence on test accuracy 

(Gianrossi et al., 1989). Ellestad and co-workers concluded 

from their study that upsloping ST segment depression should 

be considered abnormal just as horizonal or downsloping could 

(Ellestad & Stuart, 1976). Attempting to answer both the 

measurement point and slope controversy in the same study, 

Froelicher et al. constructed a retrospective study involving 

173 males who had no history of prior infarction. All had 

undergone symptom-limited exercise testing and their 

electrocardiograms were analyzed to see which measure STO or 

ST60 with and without slope consideration was the best for 

diagnosing CAD (Froelicher et al., 1993). Their conclusion 

was that there was no significant difference in disease 

diagnosis using the JO and J60 markers for depth of horizonal 

or downsloping depression. Using the slope to aid in the 

determination of disease presence improved the diagnostic 

capabilities when JO was the measurement point, but did not 

improve identification of CAD when J60 was the measurement 

point (Froelicher et al., 1993). 

The most appropriate lead in the 12-lead system to 

evaluate ST segment change has also been studied. Blackburn 
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and Katisbak using 100 patients found that using lead V; alone 

they were able to detect 89% of the ischemic responses 

(Blackburn & Katisbak, 1964). Others have compared the 

diagnostic capabilities of lead II to the more widely used 

lateral precordial leads like V,or Vs. Miller et al used 44 

patients who had abnormal responses to both an exercise test 

and subsequent thallium scintigraphy. All the patients had 

clinically positive ST segment responses in the lateral 

precordial leads, V, and V;, while only 30 patients(68%) had 

Significant change in lead II (Miller et al., 1987). Miller 

and colleagues concluded that monitoring lead II may not 

provide additional diagnostic information. Miranda et al 

using a retrospective design looked at 173 patients who 

underwent both a graded exercise test and angiography to 

compare the performance of lead II versus lead V; (Miranda et 

al., 1992). Their results were that lead V, had a better 

combination of sensitivity (65%) and specificity (84%) than lead 

II (sensitivity(71%), specificity (44%)) at a single cut point. 

Subsequent Receiver Operator Curve(ROC) analysis revealed the 

area under the curve for V, to be 0.759 and for lead II to be 

0.582 confirming the performance of V; to be better over all 

cut points (Miranda et al., 1992). The precordial lead V; 

appears to be better for diagnosing CAD than lead II, however, 

multiple lead systems looking across all leads still perform 

better than any single lead system. 
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Two measures of heart rate adjusted ST segment change 

have received attention in the literature. These measures are 

the ST/HR slope and ST/HR index. The ST/HR slope is a peak 

rate related change while the ST/HR index is an average rate 

related change in ST segment depression. The slope considers 

the heart rate at the end of each exercise stage while the 

index looks at the difference in heart rate from rest to peak. 

Both of these indices have not been shown to be superior to 

standard criteria in diagnosing CAD (Lachterman et al., 1990). 

Standard clinical and exercise test data can be used to 

predict disease severity in patients with coronary artery 

disease. With more severe coronary disease the clinical 

indices like hemodynamic response and the electrocardiogram 

worsen. It has been demonstrated that the maximal amount of 

horizonal or downsloping ST segment depression in exercise and 

recovery is the most powerful predictor of disease severity 

(Ribisl, 1992). 

Electrocardiographic interpretation when done by humans 

can be subjective. Visual analysis of electrocardiographic 

changes varies widely from physician to physician. The same 

ST segment displacement can be read differently by different 

interpreters. Blackburn et al conducted a study in which 14 

observers were to interpret individual exercise tests as 

electrocardiographically normal, abnormal, or borderline 

(Blackburn, 1968). In only 24% of the cases was there 
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agreement among all 14 of the readers. The intraobserver 

agreement ranged from 58% to 92%. These results suggest there 

is a need for improved agreement in ECG interpretation. 

One way to enhance interpretation is through the use of 

computers. Microcomputers are now able to process and produce 

average ECG complexes while a signal is being recorded. 

Technology as such can reduce the amount of data to examine as 

well as reduce the amount of electrical noise associated with 

exercise. Considerable artifact at near maximal exercise is 

present almost all the time, interfering with waveform 

recognition. A single, clean ECG complex representing an 

average of 10-15 individual beats should emphasize the 

characteristics of the set and minimize those characteristics 

that appear in only one or two complexes (Froelicher et al., 

1993). This signal averaging uses consecutive beats stored in 

memory and averaged to derive a representative complex. 

However, using too many beats can cause a smoothing effect 

averaging out important waveform characteristics. Systems 

that use a fixed number of beats in a fixed time frame may be 

better. The Mortara X-Scribe System (Mortara Instruments, 

Milwaukee, Wisconsin) uses a fixed number of beats and couples 

this with a complex algorithm that locates the J-point and 

measures the ST segment at 0.06 seconds afterward. 

Computer technology, however, is far from perfect. The 

accuracy of the average signal is only as good as what goes 
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into creating it. The computer needs to successfully 

recognize waveforms, operate in the appropriate time frame, 

and select the correct beats to average. Error in any of 

these areas can produce a distorted average complex. Very few 

studies exist that look a computer scored criteria for the 

diagnosis of coronary artery disease. 

Attempting to look at which computer scores of ST segment 

depression were the best at identifying severe CAD, Ribisl et 

al. used 230 male veterans who presented for coronary 

angiography and performed a treadmill exercise test (Ribisl et 

al., 1993). Among the variables analyzed were the maximal ST 

depression during exercise and recovery, that same measure 

plus MET's achieved, ST/HR Index, the Hollenberg Score, and 

the ST segment measure at J, and J,. without slope 

consideration. They found the most powerful prediction using 

computerized ECG measurements obtained during the exercise 

test was the amount of horizonal or downsloping ST segment 

depression in lead V; during exercise and recovery both 

(Ribisl et al., 1993). This result adds credibility to the 

use of computer scores in conjunction with traditional visual 

analysis in interpreting exercise test data for myocardial 

ischemia or disease severity. These results were in agreement 

with prior research by the author on the predictive value of 

ST depression during exercise or recovery (Ribisl et al., 

1992). 
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Summary (Sections A-E): 
  

The introduction is an overview of cardiovascular 

stress using exercise and pharmacologic testing. Section Bis 

a historical perspective of exercise testing beginning with 

electrocardiography in the early 1900's. Evolving from early 

study of the ST segment and the occurrence of angina through 

coupling multi-lead electrocardiography with exercise testing, 

the discussion focuses on refining the S8egment ischemia 

criteria and its correlation with angiography. Section C 

examines the early through modern day studies of pharmacologic 

agents like epinephrine, isoproterenol, and dobutamine and how 

they compare and contrast to exercise testing in the detection 

of coronary artery disease. This focus is continued into 

Section D which discussed the drug, arbutamine, used in the 

present study. Finally, Section E defines myocardial ischemia 

and the current research on the modern measurement techniques, 

1.e., computer ST interpretation, used in electrocardiographic 

criteria for disease detection. 
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CHAPTER III 

The results chapter is formatted as a journal manuscript. A 

detailed description of the methodology and a summary of the 

ANOVA tables is presented in Appendices B and G, respectively. 

  

Journal Manuscript 

to 

Medicine and Science in Sports and Exercise 
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ABSTRACT 

The purpose of this study was to compare certain 

hemodynamic and electrocardiographic effects of incremental 

doses of arbutamine(ESA), a new synthetic beta-agonist, to 

graded treadmill exercise(ETT) using a modified Naughton 

protocol. Ten patients, mean age 66 years, with known or 

suspected coronary artery disease, each completed a symptom- 

limited ESA and ETT to 85% of their age predicted maximum 

heart rate(APMHR) in a randomized cross-over study design. 

Arbutamine was delivered via the ESA infusion delivery device 

at a rate designed to induce a heart rate increase of 

8 bt*min?. Heart rate(HR), systolic blood pressure(SBP), 

diastolic blood pressure(DBP), rate pressure product (RPP), and 

both an average of 3 independent observers visual ST segment 

shifts at J,.(VAVEST60) and computer ST segment shifts at 

Je5.({CST60) were analyzed from the electrocardiogram(ECG) 

collected at baseline (O%TT), 25%TT, 50%TT, 75%TT, and at peak 

stress(100%TT). The character and timing of any dysrhythmia 

during either the ETT or ESA was also noted. Two-way repeated 

measures analysis of variance demonstrated significant 

(p < 0.01) time*treatment interactions for SBP and RPP due to 

a greater magnitude of increase at 75%TT and 100%TT during the 

ETT than during the ESA. No variables showed a difference due 

to treatment alone, and all variables had a significant 

(p < 0.05) time effect. The following ectopic occurrences 
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were noted during the ESA: PAC(n=4), PVC(n=3), couplet(n=2), 

and non-sustained ventricular tachycardia(n=5), while the 

following occurrences were noted during the ETT: PAC(n=1), 

PVC (n=3), and a couplet(n=1). In conclusion, arbutamine 

produced a similar ST segment shift pattern in the ECG 

responses as did exercise, however, at a lower myocardial 

demand with an apparent greater tendency for arrhythmias. 

These findings suggest a possible difference in receptor 

stimulation. The similarities to exercise in the response 

variables measured in this study offer arbutamine as an 

alternative mode of stressing the heart especially for patient 

populations with multiple health limitations who could not 

perform an adequate exercise test. 

Keywords: Arbutamine, Exercise Testing, Hemodynamics, Exercise 

Electrocardiography, and Coronary Artery Disease. 
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INTRODUCTION 

Exercise stress testing is an important modality in 

patients with a positive history of coronary artery disease. 

Its acceptability, ease of application, and yield of 

clinically useful information continue to make it a first line 

choice in an attempt to avoid the more expensive and invasive 

procedures (11). Most patients can complete an exercise test 

without difficulty, but there is a significant number of 

individuals who cannot perform exercise effectively. This 

includes patients with peripheral vascular disease, some with 

a history of cerebral vascular accident, those with 

debilitating arthritis or degenerative joint disease, 

especially of the hips or knees, and those with advanced COPD 

and diabetes mellitus. Unfortunately, this patient population 

has an increased prevalence of CAD making it desirable to 

screen them non-invasively for coronary disease severity and 

prognosis (4). Furthermore, with the difficulty of coupling 

imaging techniques and/or echocardiography with exercise, 

alternate forms of stressing patients had to be developed. 

Recently, pharmacologic stress testing has emerged as an 

alternate diagnostic tool for coronary artery disease. Like 

exercise stress, pharmacological agents elevated cardiac work 

via stimulation of beta-adrenergic receptors, are able to 

reduce diastolic perfusion time, and can create a myocardial 

imbalance in oxygen supply and demand if significant coronary 
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artery disease is present. Studies have been done comparing 

exercise to pharmacologic stressors such as dobutamine, 

dopamine and isoproterenol in patients with known CAD (13). 

Arbutamine, a new positive inotrope with enhanced chronotropic 

properties, has been developed by Gensia Pharmaceuticals (5). 

Its mechanism of action is similar to dobutamine. Little has 

been published about the drug since arbutamine research is 

currently under clinical study. 

It is the intent of this study to compare certain 

hemodynamic and electrocardiographic responses of graded 

arbutamine stress with those of conventional graded treadmill 

exercise stress. 

METHODS 

Subjects 

Ten volunteers with known or suspected coronary artery 

disease served as subjects for the study. Each subject was 

informed of testing procedures and any possible risks before 

giving written consent to participate. Also, each participant 

had to meet certain inclusion/exclusion criteria including 

having known or suspected yet stable CAD, a functional 

Capacity >6 METS, and no baseline ECG abnormalities like ST 

segment elevation or depression > 0.05 mV, LBBB, or LVH. 

Medical clearance for participation by their physician was 

necessary before being eligible for the study. All subjects 

were participants in university-based cardiac rehabilitation 
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and intervention programs. 

Testing 

Each subject underwent both a graded arbutamine infusion 

stress test(ESA) and an exercise tolerance test(ETT). The 

order of testing was determined according to a randomized 

schedule. The investigators were unaware of the order of 

testing until the subject was enrolled in the study. The 

testing was preceded by a screening procedure and followed by 

discharge evaluation. The first test, either ETT or ESA, was 

scheduled 1 to 14 days from the screening procedure, and the 

second test was scheduled 20 hours to 14 days after the first. 

A discharge evaluation within 7 days followed the second test 

or upon premature discontinuation of the study to assure 

subject safety and to monitor for adverse effects of the 

protocol. 

Pharmacologic testing. This involved Arbutamine, an 

investigative new  beta,-agonist, developed by Gensia 

Pharmaceuticals in conjunction with a closed-loop ESA delivery 

system(5). The ESA System delivered the drug intravenously 

based upon the subject's heart rate slope in bt*min™‘. The 

heart rate slope was 8 bt*min?’ for this study. The rate of 

infusion, pre-programmed to begin at 0.1 mcg*min™“, did not 

exceed a dose rate of 0.8 mcg*min™? or a total delivery dose 

greater than 10 mcg*kg*. The device automatically recorded 

heart rate(HR) at 5 second intervals and blood pressure(BP) at 
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2 minute intervals throughout the test. 

Exercise testing. This was conducted using a modified 

Naughton Protocol. Subjects with high functional capacities 

could start beyond Stage I to assure that total exercise test 

time did not differ significantly from the arbutamine test 

time. For both tests, electrode placement followed the 

standard Mason-Likar method with the limb leads placed in the 

usual torso positions (1). Continuous 12-lead ECG monitoring 

using the Mortara X-Scribe System was done during both tests 

with recordings taken at 25 mm*sec. Additional electrodes 

were placed in the RA, LA, and LL reference positions during 

the ESA test for detection of heart rate by the ESA System via 

R-wave intervals. ECG recordings were taken prior to, at two 

Minute intervals during, and into recovery following each 

test. Blood pressure was taken electronically using the ESA 

device's automated system to sense Korotkoff£ sounds during the 

arbutamine infusion. Manual auscultation using a cuff and 

stethoscope was used for taking blood pressure during the 

exercise test. Readings were taken at baseline, two minute 

intervals during the test, and into recovery during both 

tests. 

The endpoint of each test was the occurrence of any of 

the following: 1) achievement of peak heart rate defined as 

85% of age-predicted maximal heart rate, 2) horizonal or 

downsloping ST segment depression < 0.2 mV measured 60 
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milliseconds after the J-point or > 0.2mV elevation in leads 

of clinical significance, 3) intolerable adverse events, 4) 

mechanical or device failure, 5) subject's request to 

terminate the test, or reasons such as total drug dose 

received or failure of the heart rate to rise with an increase 

in drug dose. The supervising phySician, either cardiologist 

or internist, determined the endpoint. 

Analysis 

The hemodynamic variables, HR and BP, and 

electrocardiogram, specifically ST segment change at 60 

milliseconds after the J-point in the precordial lead, V;, and 

the type and occurrence of dysrhythmias were analyzed during 

the ETT and ESA stress periods. Five measurement points, 0%, 

25%, 50%, 75%, and 100% of total test time, were selected to 

compare between the two forms of stress. 

Heart rate and blood pressure recorded at baseline and at 

two minute intervals throughout the stress period were used to 

determine rate pressure product (RPP), an indice of myocardial 

demand. 

ST segment. Change from the isoelectric line at 60 

Milliseconds after the J-point was measured in lead V; on the 

selected tracings. The ECG ST segment measure was analyzed 

visually by 3 trained observers in a single blind procedure 

and by the computer average representative complex on the 

chosen tracing. 
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Dysrhythmia. Occurrence during testing was also 

documented. Analysis of frequency of occurrence is 

unavailable, however, the character and timing of any 

arrhythmias were noted. 

Statistical Analysis 

Group data are reported as means and standard deviation. 

Data analyses were conducted using StatGraphics 

Plus (Statistical Graphics Corporation) Statistical software. 

Differences between treatments and across the time intervals 

were determined via two-way repeated measures analysis of 

variance. When significant F ratios were found for relevant 

interaction effects through ANOVA, comparisons were made using 

the Tukey procedure to localize the source of these effects in 

a particular variable. Correlational analyses also were done 

when appropriate. A probability level of 0.05 was used 

throughout. 

RESULTS 

Descriptive Information 
  

The subjects, nine male and one female average age of 

65.7 + 9.5(SD), ranged in age from 49 to 80 years. Mean body 

weight for the group was 83.1 + 13.1 kg. History of coronary 

disease included one or more of the following cases: 

myocardial infarction (n=5), coronary artery bypass surgery 

(n=7), and percutaneous transluminal coronary arteriography 

(n=1). Four subjects reported a history of typical angina. 
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Subjects’ Responses 
  

The average predicted METs obtained on the ETT was 8.7 + 

2.7 while the average peak dose of arbutamine was 0.43 + 0.19 

ug*kgimin?. The peak heart rate response did not differ 

significantly between exercise(135.1 + 19.9 bt*min™~) and 

arbutamine (125.5 + 15.6 bt*min™) stress nor did the duration 

of the stress period (ETT: 14.8 + 6.7 minutes and ESA: 14.1 + 

5.2 minutes). During the ETT subjects complained only of 

having a dry mouth. Their peak rating of perceived exertion 

ranged from "somewhat hard" to “hard”. Symptoms reported 

during ESA testing included racing heart rate, pounding of the 

chest, dizziness or lightheadedness, headache, and dry mouth. 

Chest pain was reported in only one case during both the ETT 

and ESA which was relieved following test termination. No 

other adverse reactions occurred as a result of testing. 

Cardiovascular Responses 
  

The cardiovascular indices studied during testing were 

the heart rate(HR), systolic blood pressure(SBP), diastolic 

blood pressure(DBP), and the rate pressure product(RPP). 

There were significant (p< 0.01) treatment by time 

interactions for RPP and SBP. The RPP values did not differ 

between treatments from baseline (O%TT) through 50%TT, however, 

the magnitude of increase at 75%TT and peak stress(1l00%TT) 

during the ETT due to treatment and/or time effects was 

Significantly (p< 0.01) greater then during the ESA testing. 
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The SBP showed the same pattern difference as the RPP, 

however, the significant difference (p< 0.01) at 75%TT and 

100%TT was attributed solely to a time effect. 

There was no significant treatment by time effects for 

either the HR or the DBP. As expected, all variables showed 

a significant(p< 0.05) time effect across all measurement 

intervals attributable to the protocol design in that all 

patients were stressed with each treatment to a pre-determined 

853 of APMHR response. Although not statistically 

Significant, the treatment by time effect for DBP did show a 

trend(p= 0.08) for differences between the ETT and ESA due 

mainly to the decreasing magnitude during the ESA trial(s). 

ST Segment Response 
  

The ST segment measure was done by computer- 

score (Mortara-X Scribe) and examined visually by 3 observers, 

two at Virginia Tech and one at Wake Forest, blinded to one 

another and the computer's interpretation. The average 

correlations of the three visual analysis' of the ST response 

across all measured time points was r=0.79 to r=0.86. The 3 

measures at each time point were averaged and used as the 

visual ST segment shift (VAVEST60). The computer-scored ST 

measure (CST60) also correlated highly(r=0.77 to r=0.88) across 

the time points with all three observers' visual scores. 

There was no significant treatment by time effect for 

either VAVEST60 or CST60. This supports the hypothesis that 
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the ST response for the ESA was similar to that induced by the 

ETT. There was a time effect, however, on the change in both 

the visual and computer ST response. Post-hoc analysis 

revealed that the depression at 100%TT was greater than that 

observed at both OSTT and 25%TT, although as an average across 

subjects not clinically significant. Clinically significant 

ST segment depression (> 0.1 mV) using the computer-scored 

measure was recorded in one of the patients during exercise 

and in a different patient during the arbutamine infusion; 

therefore, 8 of the 10 patients had no significant ST segment 

depression for an 80% concordance between the two testing 

modalities. 

Dysrhythmias 

The type and occurrence of dysrhythmias during testing 

was noted. The following atrial and ventricular abnormal 

responses occurred during arbutamine testing: premature atrial 

contraction(n=4), premature ventricular contraction(n=3), 

couplet (n=2), and ventricular tachycardia(n=5). During the 

ETT there were premature atrial contractions(n=1), premature 

ventricular contractions (n=3), and a couplet({n=1) noted. 

DISCUSSION 

In the present study of CAD patients, arbutamine and 

exercise stress produced similar ST segment shift. Arbutamine 

has been shown to produce ischemia similar to the exercise 

electrocardiogram (6) and exercise stress echocardiography 
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(2,8). In fact, arbutamine stress testing in patients with 

coronary artery disease(>50% obstruction in one or more 

coronary arteries) has proven to be more sensitive then 

conventional exercise testing (9). The improved sensitivity, 

57% for arbutamine vs. 43% for exercise in this population, 

using ECG criteria for ischemia of > lmm ST segment depression 

occurred at a lower rate pressure product, 1.9 + 0.5 for 

arbutamine vs. 2.5 + 0.5 for exercise (p=0.001) (9). The 

present study also supports the findings of Lucas et al that 

arbutamine produces similar ischemic responses to exercise at 

a lower myocardial demand. The product of heart rate and 

systolic blood pressure or rate pressure product is a reliable 

determinant of myocardial oxygen consumption (3). Why does 

arbutamine reveal a similar ischemic pattern to exercise at a 

Significantly lower myocardial oxygen consumption? 

This might be better understood by examining how 

dobutamine, another more studied B-agonist, compares to 

exercise. Fifty post-MI patients underwent both graded 

dobutamine infusion and treadmill exercise stress(10). 

Dobutamine infusion started at 5 mcg*kg’*min™’ and increased 

every five minutes by 5 mcg*kg?/*min™* up to 20 mcg*kg™'*min"™. 

Heart rate, blood pressure, ST segment change, doppler aortic 

blood flow, and cross sectional echocardiographic dimensions 

were measured. The results were that peak heart rate and thus 

rate pressure product were higher for exercise with no 
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Significant difference in systolic blood pressure. However, 

the maximum acceleration in the aorta was significantly higher 

with dobutamine supporting the theory that the ischemia 

produced by dobutamine infusion is caused mostly by inotropic 

demand versus chronotropic increase seen with exercise. The 

ECG ST segment depression between the two tests showed an 88% 

concordance and appeared in the same lead(s) (10). 

In one of the few studies comparing arbutamine with 

dobutamine, catecholamine induced ischemia was compared using 

echocardiographic variables (i.e. wall motion abnormality). 

Hammond and McKirnan (1994) found that by making pigs ischemic 

via constriction of the left circumflex coronary artery that 

arbutamine out performed dobutamine in differentiating the 

region perfused by the ischemic artery from a control bed (7). 

Dobutamine increased wall thickening in both the ischemic and 

non-ischemic beds while arbutamine distinguished between the 

two regions by decreasing wall thickening in the ischemic bed. 

Both drugs induced similar hemodynamic responses. Their 

theory supported by evidence of greater change in maximal left 

ventricular dP/dt induced by dobutamine at matched rate 

pressure products suggests there may be a difference in 

inotropic properties of the two drugs. This may indicate that 

dobutamine and arbutamine interact with myocardial B- 

adrenergic receptors and alpha receptors differently. 

Differences in receptor subtype selectivity may offer a 
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potential explanation for the effect of the drugs on the two 

beds, however, they had no data to support or refute that 

claim. Nonetheless, arbutamine provoked regional differences 

in function for the model studied in a better manner than 

dobutamine. Arbutamine is also an attractive agent for use 

with perfusion imaging. Sinusas et al (1993) demonstrated 

that arbutamine produced sufficient hemodynamic stress to 

differentiate between ischemic and non-ischemic regions in 

canine models using thallium scintigraphy (12). 

Ventricular and atrial dysrhythmias occurred more often 

during arbutamine testing then treadmill testing. At no time 

during the study, however, was the test terminated due to 

dysrhythmias, and in none of the cases were there arrhythmias 

persisting into the recovery period once arbutamine infusion 

was stopped. 

CONCLUSIONS 

We found the use of graded arbutamine infusion in 

patients with a known or suspected coronary artery disease 

produced shifts in the ST segment that resembled those that 

occurred with treadmill exercise testing. These changes, 

however, were brought about at lower myocardial demand with 

arbutamine as indicated by the difference in maximal rate 

pressure product between exercise and the drug. Some 

arrhythmias were induced, however, so arbutamine may not be 

Suitable for those patients with a tendency for arrhythmia. 
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Arbutamine stress testing offers a possible alternative to 

conventional exercise testing especially in patient 

populations who have traditionally had difficulty with 

exercise stress tests due to their health condition(s). 
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Figure 1. Heart Rate Responses of Graded Arbutamine Infusion (ESA) 
compared to Treadmill Exercise Testing (ETT) in persons (n=10) with 
known coronary artery disease. Two-way Repeated Measures ANOVA 
showed no time x treatment interaction effect. Time effect existed due 
to study design in eliciting equipotent chronotropic responses across 
treatment. Values are means + SEM. 
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Figure 2. Systolic Blood Pressure Responses of Graded Arbutamine 
Infusion (ESA) compared with Treadmill Exercise Testing (ETT) in 
persons (n=10) with known coronary artery disease. Two-way 
Repeated Measures ANOVA time x treatment interaction was 

significant, F(4,72) = 10.83, p < 0.05. Values are mean + SEM. 
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Figure 3. Diastolic Blood Pressure Responses of Graded Arbutamine 
Infusion (ESA) compared to Treadmill Exercise Testing (ETT) in 
persons (n=10) with known coronary artery disease. Two-way 
Repeated Measures ANOVA revealed no time x treatment 
interaction. However, a trend (p <0.08) for a larger decrease in 
diastolic blood pressure with arbutamine was observed. Values are 
means + SEM. 

67



Ra
te
 
Pr

es
su

re
 
Pr

od
uc

t 
(
H
R
*
S
B
P
 

x 
10

0)
 

300   

  

  

    

  
  

ESA 
a 
ETT 

250 eo 

200 

150 

100 

50 __ _i al 1 

Baseline 25%TT 50%TT T5%TT 100%TT 

Percentage of Stress Interval (Y%Total Test Time) 

Figure 4. Rate pressure product response of Graded Arbutamine Infusion 
(ESA) compared to Treadmill Exercise Testing (ETT) in persons (n=10) with 
known coronary artery disease. Two-way Repeated Measures ANOVA time 
x treatment interaction was significant, F(4,72) = 5.65, p< 0.05. Values are 
means + SEM. 
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Figure 5. Visual-Scored ST Measure Reponse of Graded Arbutamine 
Infusion (ESA) compared to Treadmill Exercise Testing (ETT) in 
persons (n=10) with known coronary artery disease. Two-way 
Repeated Measures ANOVA showed no time x treatment interaction 
effect. There was a significant time effect (p < 0.05). Values are means 
+ SEM. 
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Figure 6. Computer-Scored ST Measure Response of Graded 

Arbutamine Infusion (ESA) compared to Treadmill Exercise Testing 
(ETT) in persons (n=10) with known coronary artery disease. Two-way 
Repeated Measures ANOVA showed no time x treatment interaction 
effect. There was a significant time effect (p < 0.05). Values are means 
+ SEM. 
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Chapter IV 

SUMMARY AND CONCLUSIONS 

Pharmacologic stress testing has emerged as a viable 

alternative to traditional exercise testing for diagnosis of 

coronary artery disease. It is particularly attractive for 

the patient with multiple health complications who may not be 

able to perform an adequate exercise test and in combination 

with frequently used imaging techniques, like 

echocardiography, that cannot be done as effectively during an 

exercise test. 

These pharmacologic alternatives or exercise simulating 

agents work like the bodies own endogenous catecholamines 

during exercise stimulation (Tuttle, 1993). Previous studies 

have validated the efficacy of pharmacologic stressors (Vasu, 

et al., 1978; & Stratmann & Kennedy, 1989). Those with B- 

adrenergic properties have proven to be effective cardiotonic 

stressors with hemodynamic effects similar to exercise 

(Mannering, et al., 1988). Arbutamine was developed in 

conjunction with a delivery system to be employed as a new 

positive inotrope. To be clinically useful as a diagnostic 

tool for coronary artery disease, this drug should produce ST 

segment shifts in a manner similar to exercise at comparable 

myocardial demand. 

Circulatory changes induced by arbutamine and exercise in 

the present study are similar to those reported in previous 
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studies(Ginzton, et al., 1993; Ismail, et al., 1992; Lucas, et 

al., 1994). The protocol in the present study required that 

a Similar peak chronotropic response be achieved with both the 

arbutamine and exercise stress. Throughout the stress period, 

a lower systolic blood pressure response was seen with 

arbutamine infusion, yet both the arbutamine and exercise 

induced comparable ischemic results. Therefore, the ischemia 

occurred at a lower rate pressure product for the artificial 

catecholamine than for exercise. Artificial catecholamine 

stress has been shown to induce greater inotropic demand and 

decreased coronary perfusion in studies involving similar 

agents(Stratmann & Kennedy, 1989). 

The ischemic responses in the present study comparing 

arbutamine to exercise agreed with previous catecholamine 

studies (Mannering, et al., 1988) in terms of test concordance. 

The present study just compared the drug and exercise ECG ST 

segment shifts in the lateral precordial lead, Vs. The 

results showed a similar ECG response with exercise and 

arbutamine, however, the drug induced ST segment changes at a 

lower rate pressure product than exercise. Other studies 

involving arbutamine(Lucas, et al., 1994; Ginzton, et al., 

1993; Ismail, et al., 1992) support the finding of ischemia at 

a lower rate pressure product than exercise. A limitation of 

these studies that the present study accounts for is unequal 

peak heart rate response. The present study required that 
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each subject achieve a predetermined 85% of maximum heart rate 

response with both arbutamine and exercise to more effectively 

compare at peak stress. At peak stress since the ischemic 

response was Similar at a lower myocardial demand for 

arbutamine, it is hypothesized that at a given heart rate 

response, the myocardial demand elicited by the drug is 

greater due to additional inotropic stress an different 

coronary perfusion compared to exercise. A study is needed to 

effectively identify the mechanism by which arbutamine induces 

myocardial demand. 

The occurrence of dysrhythmias during both the exercise 

and arbutamine stress tests was examined. Dysrhythmias 

ranging from unifocal premature ventricular contractions to 

non-sustained ventricular tachycardia were noted during 

arbutamine infusion in eight of the ten subjects tested while 

only during one of the ten exercise tests. In none of the 

cases was the arbutamine or exercise test stopped due to the 

appearance of arrhythmias. 

In conclusion, in this small sample of stable coronary 

artery disease patients there appears to be similar ST segment 

shifts in the ECG variable elicited with arbutamine stress as 

compared to exercise. Differences do exist in the mechanism 

of inducing myocardial demand between the two forms of stress 

as well as in the apparent tendency to produce dysrhythmias 

with the drug. Arbutamine appears to be a promising 
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alternative to exercise for diagnosing coronary artery 

disease. Clearly, more research is needed in comparing 

exercise with arbutamine stress particularly in mechanisms of 

inducing myocardial demand and coronary perfusion. 

Recommendations for further research 

Based on the results of this study and the limited 

availability of related literature, studies in the following 

areas seem needed: 

1. Examination of the mechanism(s) by which arbutamine 

contributes to an increase in myocardial demand by more 

thoroughly evaluating its ability to increase contractility. 

2. Consideration of the trend for arbutamine to cause a 

decrease in diastolic blood pressure during infusion. A study 

looking at the drug's effect on myocardial perfusion might 

help to clarify the difference in the exercise and 

arbutamine's effect on cardiovascular receptors. 

3. With artificial catecholamine stress, the occurrence of 

arryhthmias is a common side effect. One of the original 

thoughts in developing positive inotropes, i.e., dobutamine 

and arbutamine, was to decrease the prevalence of arryhthmias 

induced by earlier agents (Tuttle & Mills, 1974). The results 

of this study seem to warrant further examination of 

arbutamine's arryhthmogenicity. 

4, The use of pharmacologic testing with arbutamine for 

exercise prescription purposes has not been studied. If 

Similar to exercise stress, could the hemodynamic values 

obtained during drug testing with a positive inotrope be used 
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in determining an appropriate exercise target heart rate? Are 

the heart rate and blood pressure values the best predictors 

of myocardial stress when using arbutamine stress testing? 

5. The potential use of arbutamine as a pharmacologic 

conditioner for those unable to exercise. Could patients with 

heart disease or those on bed rest gain cardiovascular 

conditioning effects from steady-state arbutamine infusion? 

How does the effectiveness compare to exercise conditioning in 

terms of change in functional capacity, musculoskeletal 

benefits, etc.? 
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Abbreviations 
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APMHR - 

CST60 - 

DBP 

ESA 

ETT 

HR 

RPP 

SBP 

ST60 

LIST OF ABBREVIATIONS 

Age Predicted Max Heart Rate 

Computer-Scored ST segment depression in lead V,; 
at 0.06 seconds after the J~-point 

Diastolic Blood Pressure 

Exercise Simulating Agent 

Exercise Tolerance Test 

Heart Rate 

Rate Pressure Product 

Systolic Blood Pressure 

Visual-Scored ST segment depression in lead V; 
at 0.06 seconds after the J-point 
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METHODOLOGY 

This study was a small but significant part of a larger, 

multicenter study, Gensia Protocol 0135, examining the effects 

of the ESA (Arbutamine) System and Exercise Stress Testing on 

Selected Hormones and Substrates, Oxygen Uptake and 

Ventilatory Parameters. In addition, Gensia through Protocol 

0135 was evaluating the safety and efficacy of the closed-loop 

delivery system as part of the Phase Three clinical trials of 

the ESA System. 

The study followed a detailed protocol (Gensia Protocol 

0135 and Amendment A, May 1993) and procedures (ESA System 

Directions for Use and ECG Data Collection and Analysis Plan 

for Protocol 0135) required by Gensia Pharmaceuticals, Inc. 

Additionally, case report forms were completed at each site 

with the clinical data for each subjects' trials. The 

following is the study plan for an additional investigation, 

The Comparative Electrocardiographic Effects of Graded 

Hemodynamic Stress with Arbutamine vs. Exercise Testing. 

Subject Selection 
  

Qualified subjects were identified through two 

university-based cardiac rehabilitation and intervention 

centers. The potential participant was then approached by the 

study coordinator at each site. If interested, the potential 

subject was explained the study in detail, given a opportunity 

to ask questions, and provided with a copy of the informed 
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consent (Appendix B). Once consent was given and the 

participant's questions answered, the subject was formally 

approved after meeting the inclusion and exclusion criteria. 

Subjects were included who met the following inclusion 

criteria: 

a) provided written informed consent, 

b) legal age of consent or older, 

c) males; and females not of childbearing potential 

(e.g., tubal ligation, hysterectomy, post-menopausal) or using 

hormonal or barrier contraceptive methods. 

d) known or suspected coronary artery disease (1.e., 

patients with a history of ischemic responses to exercise, 

prior history of myocardial infarction, CABG, PTCA or 

angiographic evidence of coronary artery disease defined as > 

50% stenosis of one or more major coronary arteries), 

e) achieved at least six METs on a symptom limited ETT 

performed within six months of the first study stress test. 

MET capacity was estimated from the highest treadmill stage 

Maintained for at least two minutes. 

Subjects were excluded who met any of the following exclusion 

criteria: 

a) ETT is contraindicated, 

b) low exercise tolerance (< 6 METs on ETT), 

c) screening ECG abnormalities which preclude ST segment 

analysis such as resting ST segment elevation or depression > 
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0.05 mv in more than three of twelve leads, left bundle branch 

block, and left ventricular hypertrophy with ST-T changes, 

d) cardiovascular disease including any of the 

following: unstable angina within six weeks preceding 

screening, myocardial infarction within 30 days preceding 

Screening, history of sustained ventricular tachycardia {at 

least 10 beats) or cardiac arrest except when associated with 

acute myocardial infarction, cardiac pacemaker or automated 

cardiac defibrillator in situ, congestive heart failure - New 

York Heart Association Class III or § =IV, dilated 

cardiomyopathy, idiopathic hypertrophic subaortic stenosis or 

other hemodynamically Significant valvular disease, 

uncontrolled systolic hypertension at screening or during 

baseline period before either study stress test (supine SBP > 

180 mmHg), and known aortic aneurysm or dissection, 

e) laboratory exclusions including any of the following: 

hypokalemia, inadequate renal function indicated by a blood 

urea nitrogen or creatinine > 2 times the upper limit of 

normal, and inadequate hepatic function indicated by total 

bilirubin, SGOT and/or SGPT > 3 times upper limit of normal, 

£) a history of other disease including any of the 

following: diabetes mellitus, cerebrovascular accident, 

narrow angle glaucoma, uncontrolled hyperthyroidism, or 

hypersensitivities to sulfites, 

g) medication contraindicated to include patients in 
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whom catecholamines are contraindicated, B-adrenoceptor 

antagonists within 48 hours prior to either test, class 1 

antiarrhythmic drugs or tricyclic antidepressants within one 

week prior to the screen visit, digitalis therapy within two 

weeks of the screen visit, amiodarone within 30 days of the 

screen visit, or any other unlicensed drug within 30 days 

prior to the start of the study, 

h) females who are pregnant or lactating as well as 

females of childbearing potential who are not utilizing 

barrier or hormonal contraceptive methods, 

1) inability or unwillingness to abide by the protocol. 

Subject Safety 
  

The Gensia Protocol 0135 and the informed consent were 

approved by the Internal Review Board (IRB) ensuring safety 

for human subjects at each study site. The IRB was notified 

in a timely manner following any adverse effects at either 

test site during the course of this study utilizing the ESA 

System. Once the participant's consent was obtained, approval 

from the subject's personal physician was sought. A 

comprehensive medical screening and follow-up examine was done 

to further assure patient safety. The university-based, 

cardiac testing laboratories at Virginia Tech and Wake Forest 

were staffed with a physician investigator, registered nurse, 

exercise physiologist, and support staff all with extensive 

exercise testing experience. The primary investigators were 
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trained in the operation of the ESA System. The laboratories 

were equipped with the necessary cardiac emergency equipment 

and personnel. 

Study Plan 

Screening. After written informed consent was obtained, 

the subject completed a screening process including a medical 

history and physical exam. Also obtained were the subject's 

vital signs, resting ECG, and blood for hematology and 

clinical chemistry. The study physician then reviewed the 

results of the screening process to assure medical 

eligibility. The subject was then enrolled in the study. 

Testing. Testing order was determined by a randomized 

schedule not evident to the investigator until the subject was 

formally enrolled. The first test, ETT or ESA, as determined 

by a peel-off label system was scheduled 1 to 14 days 

following completion of the screening process. Within 24 

hours to 14 days following the first test the second was 

scheduled. A follow-up assessment was done within 7 days 

after completion of the second test or immediately upon 

premature discontinuation of the study protocol. 

The ETT and ESA were conducted in the morning following 

an 8 to 12 hour fast. For patients on B-blocker therapy, they 

had to be able to safely withdrawal from this medication under 

the supervision of their physician 48 hours prior to either 

test. The morning of testing the procedure was again 
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explained in detail and the subject was prepared for testing. 

This included skin preparation and placement of ECG electrodes 

in the usual sites for 12-lead monitoring (ACSM, 1994). 

Throughout either test, continuous 12-lead ECG monitoring was 

conducted with periodic recordings at 

25 mm*sec™ using the Mortara X-Scribe Stress Testing System. 

The ESA System required placement of additional limb leads 

(LL, RA, and LA reference positions) for detection of the 

heart rate. 

Blood pressure was taken electronically during the ESA 

test via the delivery device sensing the appearance and 

cessation of Korotkoff sounds. The conventional cuff and 

stethoscope was used during the exercise test. Two catheters, 

one for arbutamine infusion and one for obtaining blood 

specimens, were inserted in the antecubital vein. 

Baseline information including ECG, HR and BP measures, 

and blood collection were obtained prior to testing. During 

each test ECG, HR and BP, and signs and symptoms were 

monitored in accordance to standards (ACSM, 1994) and the 

Gensia Protocol 0135. In addition to the blood specimens, 

oxygen uptake and ventilation data were obtained throughout 

both tests. The hormonal data was also obtained during the 

recovery period. Data collection sheets were used during the 

testing procedures to assure standardization and accuracy of 

the data reported (Appendix C). 
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Prior to either test the subjects was given instructions 

on reporting signs and symptoms and rating of perceived 

exertion. Que cards printed with symptoms such as dizziness, 

lightheadedness, shortness of breath, angina, paipitations, 

and dry mouth were available for the subject to indicate to 

the test personnel any problems during testing. The ETT was 

performed in an upright position using a modified Naughton 

Protocol. For those with high functional capacities, the 

first stage was shortened or eliminated to keep the total 

exercise test time close to that of the arbutamine test. 

During each two minute stage, and ECG, HR, and BP were taken 

and any adverse symptoms or dysrhythmias noted. The test 

proceeded to its endpoint, and the subject was assisted from 

the treadmill to a supine position for recovery data 

collection. 

The test endpoint was achievement of 85% of the subject's 

age-determined maximum heart rate. Other premature endpoints 

included the occurrence of any of the following: a) horizonal 

or downsloping ST segment depression > 2.0 mm(0.2 mV) at 60 

msec after the J point or > 2.0 mm(0.2 mV) ST segment 

elevation in leads without Q waves, b) intolerable adverse 

events (e.g., chest pain or shortness of breath), Cc) 

subject's desire to terminate the test, d) device malfunction 

or failure, or in the case of the ESA, e) total arbutamine 

dose received or the inability of the heart rate to rise with 
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increased drug dosage. Any of the above or the supervising 

physician request to stop the test were observed. 

Unlike the ETT, the ESA was performed in the supine 

position. The ESA delivery device controlled the arbutamine 

infusion through a closed-loop feedback system. The drug was 

delivered at a heart rate slope of 8 bt*min™, and the system 

programmed to begin at 0.1 mcg*min™' and not to exceed a dose 

rate of 0.8 mcg*min™’ with a peak total dose not greater than 

10 mcg*kg™. The device also took heart rates every five 

seconds and blood pressures every two minutes. Like the ETT, 

an ECG was taken and symptoms reported every two minutes. 

Upon cessation of testing, the catheter for drug delivery was 

clamped off. 

Data Analysis   

The study objective was to compare the hemodynamic and 

ischemic responses of the subjects across the two treatments, 

ETT and ESA. The heart rates and blood pressures at baseline, 

throughout the test at pre-determined intervals, and at peak 

stress were used to calculate rate pressure product (HR x 

SBP). In addition to baseline and peak, the intervals 

selected were 25%, 50%, and 75% of total test time. The 12- 

lead ECG strip taken closest to the calculated time was the 

one used for the ST segment analysis. The ST segment in lead 

V; at 60 msec after the J point was used as the ischemic 

indicator. 
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The ST measure was done visually by three different 

interpreters (one at Wake Forest and two at Virginia Tech) 

blinded to one anothers results and the computer 

interpretation. For each subject there were ten individual 

12-lead ECG tracings, five from the ETT and five from the ESA, 

representing percentages (0, 25, 50, 75, 100) of total test 

time. If there was no tracing exactly matching the desired 

time, the nearest one was used. In the case of the desired 

time being the midpoint of two available ECG strips, the later 

of the two was chosen. A magnifying instrument was used 

measuring the ST segment to the nearest 0.25 mm (0.025 mV). 

Two consecutive complexes with minimal artifact were read, 

recorded, and averaged. A complete ECG Analysis Plan is 

included (Appendix E). The Mortara X-Scribe Stress Testing 

System used produced unique ST segment profiles. An ECG 

complex representing the average waveform over the previous 

fifteen complexes printed on each tracing. Included with the 

average complex was the computer-scored ST segment measure at 

0.06 seconds after the J-point. This value was recorded and 

later used along with its complementary visual scored for 

analyzes. The quality and timing of any dysrhythmias and 

signs and symptoms were included on the data flowsheets. 

Statistical Analysis 
  

With a randomized, cross-over design, a statistical 

concern is carry-over effects of the treatments. Considering 
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the two treatments, arbutamine and exercise, and the subject 

pool, no carry-over effects should be involved. One reason is 

there were no significant differences (p < 0.05) at baseline 

between treatments for any variable studied. Secondly, the 

treatments themselves coupled with the time elapsed between 

treatments help to control carry-over effects. Arbutamine has 

a short half-life and exercise effects on conditioned subjects 

allow for a complete wash-out during the minimum 24 hour 

period between treatments as required by the study design. 

Due to the strength of the treatments and the consistency 

of protocol administration, there is statistical power despite 

the relatively small number of subjects, attributed to study 

complexity. In conducting a power analysis, an effect size of 

ES = 1.6 was found for the peak systolic blood pressure 

variable. This high effect size suggests greater probability 

of statistical significance and greater statistical power at 

least for this particular hemodynamic variable. Also, 

limiting the factors to just time and treatment(i.e. not 

including a sequence factor, for instance) in the final 

analyses increases the power of the statistical test. 

The procedure for repeated measures analysis of variance 

was performed using the StatGraphics statistical 

package (Statistical Graphics Corporation). When significant 

time*treatment interaction effect was found, post-hoc analyses 

using Tukey(HSD) test was conducted to contrast the time 
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intervals and determine where significant difference occurred 

(p < 0.05). 
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Informed Consent for the ESA System 

Protocol #0135 - Virginia Tech Extension 

by 

Michael E. Slayton, M.D., 

William G. Herbert, Ph.D., 

J. Edwin Wilder, M.D., 

and 

J. Michael Payne, M.D. 

Laboratory for Health & Exercise Sciences 

Virginia Polytechnic Institute and State University 

Blacksburg, Virginia 24061-0326 
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INFORMED CONSENT FOR THE 

ESA SYSTEM PROTOCOL #0135 - VI EXTENSION 

Short Title of Research Project: 

A Multicenter Study of the ESA (Arbutamine) System and 

Exercise Stress Testing on Selected Hormones and Substrates, 

Oxygen Uptake and Ventilatory Parameters. 

Investigators: Michael E. Slayton, Telephone#: 703/231-6565 

J. Edwin Wilder, 

William G. Herbert 

and 

J. Michael Payne 

I have been asked to participate in a research study 

sponsored by Gensia Pharmaceuticals, Inc., 11025 Roselle 

Street, San Diego, California, 92121-1204, U.S.A. A 

description of the study and other important study 

information have been provided for me in this consent form. 

Before I decide whether or not I want to participate, I will 

discuss the study with the medical staff conducting the 

research who will answer my questions. I have had at least 

48 hours to study this informed consent document and decide 

on my participation. 

98



Voluntary Participation: 

I understand that if I refuse to participate in this 

research study or choose to discontinue my participation at 

anytime, no penalties or loss of benefits to which I am 

otherwise entitled will occur. If I discontinue study 

participation, the medical staff will advise me regarding 

other courses of treatment and the best way for me to 

terminate my participation. Regardless of whether I 

withdrawal from the study voluntarily or my participation is 

ended by the investigator, I agree to complete certain 

termination procedures including laboratory tests 

electrocardiogram and physical examination to protect my 

safety. 

Purpose: 

Exercise stress tests are frequently used to help 

determine if patients have coronary artery disease; this is 

a disease affecting the blood vessels that provide nutrition 

and oxygen to the heart. Arbutamine is a new drug which has 

not yet been approved for use by the Food and Drug 

Administration of the United States. Arbutamine increases 

the strength and rate of the heart beat in a manner similar 

to the effect of exercise. Arbutamine is administered by a 

device that controls the amount of drug a person is given 

according to how much his/her heart rate increases. The 

device has also not yet been approved by the Food and Drug 
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Administration. Arbutamine and its delivery device is 

referred to as the ESA System. The purpose of this study is 

to determine the effects of Arbutamine and exercise on 

hormones (body chemicals) and respiration (breathing and use 

of oxygen) parameters. 

Description of Procedures: 

Approximately 230 patients with suspected coronary 

artery disease throughout the U.S. have already participated 

in a similar study; ten patients will participate at the 

Virginia Tech site. The time to complete each individual's 

participation will total nine to ten hours divided over four 

visits to the test site at Virginia Tech in Blacksburg. The 

Cardiac Therapy and Intervention Center in War Memorial Hall 

will be the laboratory site. These visits will take place 

within an interval of 4 to 35 days, depending on when 

procedures are scheduled. 

To participate in this study, my personal physician 

must have determined that I have known or suspected coronary 

artery disease, prior history of myocardial infarction, 

coronary artery bypass surgery, or received other treatments 

for coronary artery disease. If my personal physician 

agrees that I may participate, and if I choose to 

participate, I will sign the informed consent. During the 

first visit to the Cardiac Therapy Center I will undergo 

screening procedures including a review of my medical 
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history, a physical examination including vital signs and a 

resting electrocardiogram. An electrocardiogram is a simple 

study of electrical activity of the heart, also called 

"ECG". I agree to disclose any medications, including 

alcohol and tobacco, that I have recently taken, as well as 

disclose any changes in my medications during the study. In 

addition, blood and urine specimens will be obtained from me 

for clinical laboratory evaluations. If I have not had an 

exercise test performed within the last 6 months, I agree to 

undergo a screening exercise test. 

If the results of my screening procedures show that I 

am an appropriate subject for this study, I will undergo 

both an ESA System test and an exercise stress test on 

separate visits. If I am currently receiving therapy with 

“beta blocking" agents such as propanolol or atenolol, it 

will be necessary for me to gradually stop taking my beta 

blocking medication for at least 48 hours prior to each 

test. My personal physician must agree for me to be 

withdrawn from my beta blocking medication. My physician 

will specify how I will decrease my dosage and whether an 

alternative medication will be necessary. I understand that 

if I stop my beta blocker medication suddenly and without 

supervision of a physician, I may endanger my health as a 

result of increased heart rate and possibly elevation of 

blood pressure. My personal physician will work with the 

101



medical staff of the study to keep track of any problems 

that I may have with stopping this medicine. The ESA System 

and exercise tests will be performed on separate days. The 

order of the tests will be assigned to me by chance. On 

each test day, the functions of my heart will be monitored 

by a physician and nurse by periodic electrocardiograms as 

well as measurements of blood pressure and heart rate. 

Blood specimens will be collected several times: prior to 

each test, at the end of exercise or arbutamine therapy, and 

at 10, 30, and 60 minutes following exercise or arbutamine 

therapy. A special tube called an intravenous catheter will 

be inserted into a vein in my arm to collect blood samples. 

It will remain in place for the entire test, approximately 

two hours. Through the course of the study, a total of 

approximately 250 ml (amount is a little more than one cup) 

of blood will be taken for laboratory analyses. In 

addition, for each stress test, I will be fitted with a 

breathing apparatus which will measure my respiratory 

function. 

During the ESA System test, I will receive a quantity 
  

of arbutamine solution in my vein while my responses to the 

drug 1s monitored. The drug delivery device has been 

designed to signal if device problems are detected and drug 

delivery should stop if a potentially hazardous situation is 

discovered. 
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During the exercise test, a treadmill that increases 
  

the required level of exercise every two minutes will be 

used. 

If problems occur that prevent the completion of either 

test, I agree to return to the laboratory in War Memorial 

Hall and repeat the test on another day. I understand that 

the Cardiac Therapy Center is not a hospital; however, a 

board certified cardiologist will supervise the ESA System 

test and a board certified internal medicine physician will 

Supervise the exercise test. An emergency medical 

technician will be present in the lab at all times. The 

ambulance and emergency rescue squad is located on the 

Virginia Tech campus. Its average time to reach our 

facility is three to four minutes and it is four miles from 

the nearest hospital. 

Arbutamine infusion and exercise will end: (1) when 

electrocardiogram signs of coronary artery disease have been 

detected, (2) symptoms which prevent me from completing the 

tests occur, (3) my target heart rate has been achieved, 

(4) the supervising physician believes it to be in my best 

interest to stop, and/or (5) I no longer wish to 

participate. 

After the tests have been completed or if I stop 

participation before I complete both tests, I agree to 

return for a final follow-up assessment. At this visit, 
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monitoring tests including a physical examination, vital 

Signs, electrocardiogram and collection of laboratory 

specimens will be repeated for my safety. 

Risks and Discomforts: 

Many people who have been given this drug note that 

their heart beats faster and/or stronger. These are 

expected effects of arbutamine. Other side effects noted 

during arbutamine therapy include headache, brief decreases 

in blood pressure, chest pain, irregular heart beat, 

dizziness, decreased blood potassium levels, tremor, 

flushing of the skin and decreased heart rate. Most of 

these adverse events have been mild and all have gone away 

once administration of the drug was stopped or appropriate 

treatment was administered. In approximately 900 subjects 

who received Arbutamine, four patients were observed 

overnight following significant arrhythmias(irregular heart 

beat). Some effects of arbutamine may also be reversed by 

readily available treatments that the medical staff will 

have available when you are tested, such as the drugs 

esmolol or metoprolol. Because the safe use of arbutamine 

in pregnancy and by lactating mothers has not been 

established, women who are pregnant or breast feeding are 

not allowed to participate in this study. 

Although the experimental device used to administer 

arbutamine has many safety alert and alarm systems, the 
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possibility exists that the device could malfunction. To 

our knowledge, it has failed only on one previous occasion 

as a result of computer software problems; this problem has 

already been corrected. During ESA System tests, the 

performance of the device will be monitored by checks built 

into the system itself as well as by the medical staff 

conducting the study. The administration of arbutamine can 

be stopped at anytime by the medical staff. Remote risks 

which may occur from use of the device include an 

inadvertent delivery of air or larger than expected dose of 

drug into the veins and the unlikely possibility of 

electrical shock due to inadequate grounding. 

Exercise testing may cause severe shortness of breath, 

chest pain often called angina, fatigue, dry mouth or 

irregular heart beat. During the study, heart rate, 

electrocardiograms and symptoms will be carefully monitored 

to minimize the chances of any problems occurring. 

Although unlikely, it is remotely possible that either 

the ESA System test or the exercise test could cause a 

problem that would result in hospitalization, such as heart 

attack, heart rhythm changes or even death. To date, no 

deaths have been reported. Other study risks include the 

possibility of pain, bruising or oozing of blood at the site 

of the insertion of needles for blood specimens or drug 

administration. Another possibility, although rare, is the 
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development of thrombophlebitis; this is inflammation of the 

vein. In addition, as yet unknown side effects or 

conditions associated with study test may occur. I will be 

made aware of any important new findings about the drug or 

the device that delivers it that may affect my decision to 

participate or continue participation in the study. 

Benefits: 

Benefits from the study procedure are not guaranteed. 

I will be provided with information from the physical 

examinations, laboratory tests and the exercise tolerance 

test that I will have completed in this study. If my 

personal physician agrees and I am interested and able to do 

so, I will also receive exercise recommendations on how I 

might improve my physical fitness and reduce my current 

heart disease risk factors. I also am eligible to receive 

the equivalent of $200 in clinical services as a participant 

in the health-fitness program of Virginia Tech. If I reside 

closer to another cardiac rehabilitation center outside of 

Blacksburg, Virginia, then these benefits may be transferred 

to that center. If I so request, my doctor will receive 

copies of results from my physical exams, blood chemistries, 

and my exercise test. In addition, reports of any 

rehabilitation services provided to me by the Virginia Tech 

staff can also be sent to my doctor if I agree. It is 

possible that information obtained from these tests may be 
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of benefit to my doctor in managing my health care. I1 may 

also have the satisfaction of participating in a research 

trial that could result in improved treatment for other 

patients. 

I understand that no payment is available to compensate 

me specifically for my time and effort as a subject in this 

research study. I understand that should my participation 

be discontinued for any reason, I will receive whatever pro- 

rated Virginia Tech health-fitness program benefits are due, 

in accordance with any initial agreement with the staff. 

Alternate Procedures: 

The exercise stress testing and the electrocardiograms 

performed in this study are just some of the methods used to 

evaluate patients with suspected coronary artery disease. 

Other methods available, but not employed in this study, 

include the use of radio-labelled isotopes injected into the 

blood stream for heart imaging studies and use of 

echocardiograms. These are noninvasive studies of heart 

muscle movement. 

Costs to the Patient: 

Any medical procedures such as additional blood tests 

that the physician investigators decide are needed for my 

participation will be provided without cost to me. 

Compensation for Injury: 

If physical injury directly resulting from research 
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procedures occurs, I understand that both emergency and non- 

emergency care will be provided. I understand that I will 

not have to pay for any reasonable and customary costs 

associated with the diagnosis and treatment provided to me 

for research related injuries. 

Confidentiality: 

The medical information gathered during this study by 

the research staff at Virginia Tech will be reviewed by 

Gensia Europe, Ltd. and gensia Pharmaceuticals, Inc., and 

may be disclosed to appropriate regulatory authorities, 

including the U.S. Food and Drug Administration. 

Appropriate staff from the sponsor and/or regulatory 

authorities will review my medical records to verify the 

accuracy of the information collected. this information 

will be treated confidentially. If the results of the study 

are published, my identity will not be disclosed. By 

Signing this consent form, I grant my permission for review 

of such confidential information. 

Questions or Research Related Problems: 

This research plan has been reviewed and approved by a 

committee at Virginia tech created for the protection of 

human research subjects known as the Institutional Review 

Board. If I have questions about this research, I can 

contact the Clinical Studies Coordinator, Karen Dorn, R.N., 

(703/951-3311 during office hours). In the event of a 
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research related injury, I should contact the laboratory 

director, William G. Herbert, Ph.D., at 703/231-6505. If I 

need assistance outside normal office hours, the following 

24-hour telephone number will put me in contact with a 

member of the medical staff: Michael E. Slayton, M.D. or 

J. Edwin wilder, M.d., 703/951-1111. The hospital 

switchboard will contact them. Questions about research 

subjects' rights should be addressed to Janet M. Johnson, 

Ph.D., 335A Wallace Hall, Virginia Tech, Blacksburg, VA 

24061, who can be reached at 703/231-6168. 

Summary : 

I understand the conditions and procedures as written 

above. I agree to undergo screening procedures including a 

review of my medical history, a physical examination, 

electrocardiogram, blood test and, if needed, a preliminary 

exercise test. I agree to disclose any medications, 

including alcohol and tobacco, that I have recently taken, 

as well as disclose any changes in my medications during the 

study. If I am on “beta-blocking" medication, I agree to be 

withdrawn from this medication only under the direction of 

my personal physician. 

I understand that it is my right to withdraw from the 

study at anytime and the study could be discontinued without 

my consent by the investigator or by the sponsors. I agree 

to complete certain termination procedures including 
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laboratory tests, check of vital signs, and 

electrocardiogram and physical examination to protect my 

safety. 

I understand the risks of my participation and the 

nature of any potential benefits. I understand that the 

study site is not a hospital. If I am on "beta-blocking” 

medication, I understand that stopping this medication 

suddenly and without supervision of a physician may be 

dangerous to my health. I understand that I will receive 

free services (as listed on page ten and written at the time 

of signing of this consent form). 

I have had the opportunity to ask questions. any 

questions which I have asked have been answered to my 

complete satisfaction. 

Of my own free will I consent to participate in this 

study, I will be given a copy of this consent form for my 

future reference. 

Notes of Questions and Answers: 

  

  

Acceptance of $200 equivalent 
  

in Free Services to be provided by Virginia Tech Cardiac 

therapy and Intervention Center (list): (see attached 

literature about services offered). 
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Signature of Patient/Legal Guardian Date 

    

Signature of Investigator Date 

    

Signature of Witness Date 

111



APPENDIX D 

Data Collection Worksheets 

112



Data Collection Worksheet 

ESA 

Subject - (site - randomized #) 

Initials Date 

Time of last oral intake 

Caffeine day of test? YES NO 

IV start: Time _—s—s« (Use ~Mortara time) 

15 MINUTES QUIET REST 

BP #1 _—_—sS'RR Time 

BP #2 HR Time 

VO, baseline for 3-5 minutes 

Measures ECG BP Blood Comments/Symptoms 

Baseline —__ (all) 

BEGIN TEST 

2 min 

4 min 

6 min 

8 min 

10 min 

12 min 

14 min 

16 min 

  

END INFUSION (K*, HOR) 

END INFUSION TIME (OQ min post-test) 

MAX INFUSION RATE TOTAL DOSE RATE 
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Recovery 

+ 

+ 

+ 

+ 

1 

2 

4 

5 

8 

10 

12 

16 

20 

24 

28 

30 

60 

min 

min 

min 

min 

min 

min 

min 

min 

min 

min 

min 

min 

min 

NOTES: 

Event 

ECG 

Onset 

BP Blood 

Offset 
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(K*, 

(all) 

HOR) 

Comments



Data Collection Worksheet 

Subject - 

Initials 

Time of last oral intake 

ETT 

Date 

Caffeine day of test? YES NO 

IV start: Time 

15 MINUTES QUIET REST 

Supine Position 
  

BP #1 HR 
  

{Use Mortara time) 

Time 

VO, Supine Baseline 3-5 min 

BP #2 HR 
  

Exercise Position 
  

BP #1 HR 

  

VO, Baseline for 3-5 min 

BP #2 __——sxiR 

Measures ECG 

BEGIN TEST 

Stage I 

Stage II 

Stage III 

Stage IV 

Stage V 

Stage VI 

Stage VII 

Time 

Time 

Time 

BP 

115 

(site - randomization #) 

  

Blood 

Blood 

RPE/Symptoms



END TEST — (Kt, HOR) 

NOTE TIME (0 min post-test) PEAK METS 

Recovery ECG BP Blood 

+ 1 min 

+ 2 min 

+ 4 min 

+ 5 min 

+ 8 min 

+ 10 min _______ (HOR) 

+ 12 min 

+ 16 min 

+ 20 min 

+ 24 min 

+ 28 min 

+ 30 min (K*, HOR) 

+ 60 min (adil) 

NOTES: 

Event Onset Offset Comments 
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ECG Visual Analysis Plan: For the reviewers at Virginia 
  

Tech and Wake Forest University. 

1. For each subject there are 10 individual ECG tracings 

analyzed. Five from the ETT and five from the ESA test. 

The tracings selected are at points during the stress 

representing percentages of total test time. The following 

percentages have been selected: baseline or 0%, 25% of max, 

50% of max, 75% of max, and max or 100%. Note: The ETT 

baseline tracing will be in the standing position while the 

ESA baseline ECG will be in the supine position. 

2. If there is no tracing to exactly match the desired 

time, the nearest one can be used. If the desired time 

falls at the midpoint of two available tracings, the later 

tracing will be the one used. 

3. For reviewers at Wake Forest: please include the heart 

rate, blood pressure and the computer scored change in V; 

that corresponds with each tracing analyzed. 

4. Use a magnifying instrument to enhance the visual 

interpretation capabilities. 

5. Measurements will be made on ECG complexes with flat 

baselines and no artifact that could distort the signal. 

6. Visual analysis should be made on two consecutive 

"clean" complexes within V, and each measurement recorded. 

An average of the two measures will be used. 
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7. The PR segment at the start of the Q wave will define 

the isoelectric line from which ST segment measurements will 

be made. 

8. Measurements will be taken 60 milliseconds (one small 

box and a half) after the J point. 

9. Please record the measurements in millivolts (mV). 

Note: 1.0 mm = 0.10 mv. 

10. Since the measurement represents change from the 

isoelectric line, please include a plus or minus sign to 

denote direction. 

11. Each individual tracing is labelled with the following: 

(site# - subject#) (test type) (measurement interval). A 

recording sheet is available with each group of five 

tracings. 
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TMT TIME HR SBP DBP RPP V1ST60 CST60* 

(bpm) (mmHg) (mmHg) (x10?) (mV) (mV) 

1.0 1.0 53.0 120.0 62.0 64.0 0.05 0.02 
1.0 2.0 72.0 136.0 59.0 98.0 0.00 0.00 
1.0 3.0 76.0 159.0 60.0 121.0 0.00 0.00 

1.0 4.0 109.0 142.0 63.0 155.0 -0.05 -0.03 
1.0 5.0 125.0 149.0 67.0 186.0 -~0.05 -0.03 
1.0 1.0 58.0 129.0 85.0 75.0 0.025 0.02 
1.0 2.0 102.0 155.0 78.0 158.0 -0.05 -0.03 
1.0 3.0 131.0 146.0 76.0 191.0 0.00 -0.01 

1.0 4.0 129.0 141.0 76.0 182.0 0.00 0.04 

1.0 5.0 127.0 124.0 67.0 157.0 -0.05 -0.02 
1.0 1.0 61.0 128.0 85.0 79.0 0.00 -0.01 

1.0 2.0 78.0 141.0 72.0 110.0 0.00 -0.01 

1.0 3.0 98.0 141.0 74.0 138.0 -0.025 -0.03 
1.0 4.0 118.0 140.0 73.0 165.0 -~0.025 ~0.03 

1.0 5.0 125.0 148.0 82.0 185.0 -0.025 -~0.02 

1.0 1.0 58.0 117.0 80.0 68.0 0.00 0.01 
1.0 2.0 82.0 108.0 72.0 89.0 0.00 0.01 
1.0 3.0 121.0 119.0 56.0 144.0 -0.075 -0.03 

1.0 4.0 138.0 130.0 65.0 179.0 -0.15 -0.09 
1.0 5.0 151.0 133.0 68.0 201.0 -0.25 -0.22 
1.0 1.0 42.0 106.0 65.0 45.0 0.025 0.02 
1.0 2.0 49.0 117.0 58.0 57.0 0.025 0.02 
1.0 3.0 74.0 126.0 57.0 93.0 0.01 0.07 

1.0 4.0 97.0 133.0 54.0 129.0 0.01 0.09 

1.0 5.0 90.0 131.0 62.0 118.0 0.01 0.13 
1.0 1.0 61.0 139.0 85.0 85.90 0.00 -0.02 

1.0 2.0 82.0 145.0 85.0 119.0 0.00 -0.01 

1.0 3.0 93.0 157.0 76.0 146.0 0.00 -0.01 

1.0 4.0 100.0 148.0 78.0 148.0 -0.025 -0.04 

1.0 5.0 121.0 135.0 76.0 163.0 -0.05 ~0.05 
1.0 1.0 64.0 118.0 74.0 76.0 0.025 0.04 

1.0 2.0 64.0 138.0 88.0 88.0 0.025 0.05 
1.0 3.0 92.0 182.0 64.0 167.0 0.0125 0.01 
1.0 4.0 100.0 172.0 70.0 172.0 -~-0.0125 -0.02 

1.0 5.0 121.0 166.0 78.0 206.0 ~0.075 -0.06 

1.0 1.0 102.0 174.0 108.0 177.0 0.00 0.03 
1.0 2.0 122.0 195.0 98.0 238.0 -0.0375 -0.04 
1.0 3.0 129.0 195.0 98.0 252.0 -0.0375 -0.04 

1.0 4.0 131.0 186.0 95.0 244.0 ~0.05 ~0.06 
1.0 5.90 141.0 188.0 92.0 265.0 -0.0875 -0.07 
1.0 1.0 74.0 119.0 80.0 88.0 0.075 0.07 

1.0 2.0 74.0 118.0 78.0 87.0 0.075 0.07 

1.0 3.0 97.0 147.0 82.0 143.0 0.025 0.05 
1.0 4.0 102.0 146.0 76.0 149.0 0.025 0.07 

1.0 5.9 126.0 149.0 75.0 188.0 -0.025 0.07 

1.0 1.0 75.0 135.0 74.0 101.0 0.00 -0.03 

1.0 2.0 77.0 129.0 77.0 99.0 0.00 -0.03 
1.0 3.0 94.0 142.0 58.0 133.0 -0.025 -0.04 

1.0 4.0 109.0 118.0 57.0 129.0 ~0.0375 -Q.07 

1.0 5.0 128.0 133.0 61.0 170.0 -0.0375 -0.09 
2.0 1.0 64.0 115.0 63.0 74.0 0.00 0.02 
2.9 2.9 84.0 150.0 70.0 126.0 0.00 0.01 

2.0 3.0 95.0 158.0 74.0 150.0 0.00 0.00 
2.0 4.0 115.0 176.0 68.0 202.0 -0.025 -0.02 

2.0 5.0 121.0 184.0 64.0 223.0 -0.025 -0.02 
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SUBJ TMT TIME HR SBP DBP RPP V1ST60 CST60* 

(bpm) (mmHg) (mmHg) (x107) (mV) (mV) 

2.0 2.0 1.0 65.0 148.0 90.0 96.0 0.00 0.00 
2.0 2.0 2.0 85.0 170.0 92.0 145.0 0.00 0.00 
2.0 2.0 3.0 110.0 186.0 96.0 205.0 0.00 -0.04 
2.0 2.0 4.0 122.0 196.0 96.0 239.0 0.00 -0.06 
2.0 2.0 5.0 136.0 216.0 98.0 294.0 0.00 -0.08 
3.0 2.0 1.0 72.0 118.0 84.0 85.0 0.00 0.01 
3.0 2.0 2.0 83.0 138.0 76.0 115.0 0.00 0.00 
3.0 2.0 3.0 99.0 144.0 76.0 143.0 0.025 0.03 
3.0 2.0 4.0 119.0 152.0 72.0 181.0 0.00 0.02 
3.0 2.0 5.0 124.0 170.0 72.0 211.0 0.00 0.01 
4.0 2.0 1.0 69.0 126.0 96.0 87.0 0.05 0.04 
4.0 2.0 2.0 92.0 138.0 88.0 127.0 0.05 0.05 
4.0 2.0 3.0 112.0 150.0 87.0 168.0 0.025 0.03 
4.0 2.0 4.0 130.0 176.0 86.0 228.0 0.025 0.05 
4.0 2.0 5.0 147.0 192.0 88.0 282.0 0.05 0.07 
5.9 2.0 1.0 52.0 106.0 62.0 55.0 0.00 0.00 
5.0 2.0 2.0 60.0 104.0 59.0 62.0 0.00 0.00 
5.0 2.0 3.0 67.0 124.0 56.0 83.0 0.025 0.01 
5.0 2.0 4.0 98.0 136.0 56.0 133.0 0.025 0.02 
5.0 2.0 5.0 115.0 144.0 54.0 166.0 0.00 0.01 
6.0 2.0 1.0 75.0 134.0 74.0 101.0 0.00 0.02 
6.0 2.0 2.0 100.0 138.0 88.0 138.0 0.00 0.03 
6.0 2.0 3.0 108.0 142.0 88.0 153.0 0.025 0.02 
6.0 2.0 4.0 120.0 158.0 88.0 182.0 0.00 0.00 
6.0 2.0 5.0 124.0 160.0 92.0 198.0 0.00 0.01 
7.0 2.0 1.0 81.0 118.0 74.0 96.0 0.075 0.08 
7.0 2.0 2.0 97.0 136.0 62.0 132.0 0.05 0.07 
7.0 2.0 3.0 103.0 140.0 60.0 144.0 0.05 0.05 
7.0 2.0 4.0 124.0 150.0 60.0 186.0 0.0125 0.01 
7.0 2.0 5.0 135.0 166.0 60.0 236.0 -0.0125 -0.02 
8.0 2.0 1.0 130.0 162.0 96.0 211.0 -0.0625 -0.05 
8.0 2.0 2.0 149.0 170.0 98.0 253.0 -0.0875 -~0.04 
8.0 2.0 3.0 157.0 170.0 94.0 267.0 -0.075 -0.05 
8.0 2.0 4.0 167.0 184.0 92.0 307.0 -0.0125 -0.03 
8.0 2.0 5.0 173.0 184.0 98.0 318.0 -~0.0125 -0.03 
9.0 2.0 1.0 79.0 122.0 82.0 96.0 0.00 0.00 
9.0 2.0 2.0 117.0 162.0 86.0 190.0 0.0125 0.05 
9.0 2.0 3.0 127.0 174.0 80.0 221.0 0.025 0.03 
9.0 2.0 4.0 143.0 190.0 80.0 272.0 0.025 0.03 
9.0 2.0 5.0 162.0 208.0 82.0 337.0 0.025 0.01 
10.0 2.0 1.0 71.0 130.0 78.0 92.0 ~0.025 -0.01 
10.0 2.0 2.0 92.0 140.0 74.0 129.0 -0.025 -0.03 
10.0 2.0 3.0 97.0 160.0 70.0 155.0 -0.025 -0.04 
10.0 2.0 4.0 106.0 158.0 80.0 167.0 -0.075 -0.08 
10.0 2.0 5.0 114.0 170.0 82.0 194.0 -0.075 -Q.11 

*Treatment (TMT) 1 = ESA, Treatment(TMT) 2 = ETT; Time l = 
Baseline (O%TT), Time 2 = 25%TT, Time 3 = 50%TT, Time 4 = 
75$TT, Time 5 = Peak(lOOSTT); HR = Heart Rate; SBP = 
Systolic Blood Pressure; DBP = Diastolic Blood Pressure; RPP 
= Rate Pressure Product; VIST60 = Observer #1 Visual ST at 
J60; CST60 = Computer ST at J60; V2ST60 = Observer #2 Visual 
ST at J60; V3ST60 = Observer #3 Visual ST at J60; VAVEST60 = 
Interobserver Average Visual ST at J60. 
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-0.05 

VAVEST60* 

(mV) 

0.0458 
0.0 
0.90 

-0.0167 
-0.0458 
0.0083 

~0.0167 
-0.0083 
0.0125 

-0.0167 
0.0 
0.0 

-0.0083 
-0.0208 
-0.0083 
0.0 
0.0 

-0.075 
-0.15 
-0.2458 
0.0083 
0.0083 
0.0667 
0.0833 
0.0792 
0.0 

-0.006 
0.0 

-0.0083 
-0.025 
0.0375 
0.0292 
0.0042 

-~0.0042 
-0.05 
0.0 

-0.0375 
~0.0292 
-0.0333 
-0.0792 
0.0417 
0.05 
0.0167 
0.0167 

-0.0083 
~0.0058 
0.0 

-0.0083 
-0.0292 
~0.0508 
0.0167 
0.0 
0.0 

-0.025 
-0.025 
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V2ST60 V3ST60 VAVEST60* 

(mV) (mV) (mV) 

0.0 0.0 0.0 
0.90 0.0 0.0 
0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0375 0.0 0.0208 

0.0 0.0 0.0 

0.025 0.0 0.0083 
0.0 0.0 0.0167 

0.0 0.0 0.0167 
0.025 0.0 0.0167 

0.025 0.05 0.0333 
0.0175 0.05 0.0392 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0083 

0.0 0.0 0.0083 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.05 0.025 

-0.075 0.0 ~0.0058 

0.0 0.0 0.0 
0.075 0.1 0.0833 

0.05 0.1 0.0667 

0.05 0.1 0.0667 

0.025 0.05 0.0292 
0.0 0.0 -0.0042 

-0.05 -0.05 -0.0542 
-0.0375 -0.1 ~0.075 

-~0.025 -O.1 ~0.0667 
0.0 -0.1 -0.0375 

-0.075 -~0.05 -0.0458 
0.0175 0.0 0.0058 

0.0 0.0 0.0042 
0.025 0.0 0.0167 

0.05 0.0 0.025 

-0.025 0.0 0.0 
0.0 0.0 -0.0083 

-~0.025 0.0 -0.0167 
-0.05 0.0 -0.025 
-O.1 -~O.1 -0.0917 
-0.125 -0.1 -O0.1 

*Treatment (TMT) 1 = ESA, Treatment (TMT) 2 = ETT; Time 1 = 
Baseline (O%TT), Time 2 = 25%TT, Time 3 = 50%TT, Time 4 = 
7T5S$TT, Time 5 = Peak(100%TT); HR = Heart Rate; SBP = 
Systolic Blood Pressure; DBP = Diastolic Blood Pressure; RPP 
= Rate Pressure Product; V1IST60 = Observer #1 Visual ST at 
J60; CST60 = Computer-scored ST at J60; V2ST60 = Observer #2 
Visual ST at J60; V3ST60 = Observer #3 Visual ST at J60; 
VAVEST60 = Interobserver Average Visual ST at J60. 
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APPENDIX G 

Summary ANOVA Tables 
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1. Repeated Measures ANOVA for Heart Rate. 
a. Between-Subject Effects 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Source df ss MS EF P 

Treatment 1 2959.4 2959.4 1.82 NS 
Error 18 29199.2 1622.2 

b. Within-Subject Effects 

Source dt ss MS F P 

Time 4 45757 .1 11439.3 155.2 <.01 
Time*TMT 4 199.9 50.0 0.68 NS 
Error 72 5305.4 73.7 

Total 99 83421.0 

2. Repeated Measures ANOVA for Systolic Blood Pressure. 
a. Between-Subject Effects 

Source df SS MS F P 

Treatment 1 4225.0 4225.0 2.51 NS 
Error 18 30274.4 1681.9 

b. Within-Subject Effects 

Source df SS MS F P 

Time 4 14903.4 3725.9 38.7 <.01 
Time*TMT 4 4171.6 1042.9 10.8 <.01 
Error 72 6930.6 96.3 

Total 99 60505.0 

C. Post-Hoc Comparison Profile (Tukey, test) for 
significant time x treatment interaction effect: 

Critical Value (W,) 
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3. Repeated Measures ANOVA for Diastolic Blood Pressure. 
a. Between-Subject Effects 

  

  

Source df SS MS F Pp 

Treatment 1 580.8 580.8 0.79 NS 
Error 18 13218.2 734.3 

  

b. Within-Subject Effects 

  

  

  

Source df SS MS FE P 

Time 4 490.9 122.7 4.96 <.Ol 
Time* TMT 4 214.7 53.7 2.177 NS 
Error 72 1779.1 24.7 

Total 99 16283.8 

  

“trend p= 0.08 

  

  

4, Repeated Measures ANOVA for Rate Pressure Product. 
a. Between-Subject Effects 

Source af Ss MS EF P 

Treatment 1 26732 26732 2.94 NS 
Error 18 163764 9098 

  

b. Within-Subject Effects 

  

  

  

  

Source df ss MS F P 

Time 4 185779 46445 125.9 <.01 
Time*TMT 4 8350 2088 5.66" <.01 
Error 72 26580 369 

Total 99 411205 

c({1). Post-Hoc Comparison Profile (Tukey, test) for 
Significant time x treatment interaction effect: 

Critical Value(W,) = 28.2 at r=10 and df=60 

127



5. Repeated Measures ANOVA for the Computer ST60(CST60Q). 
a. Between-Subject Effects 

  

  

Source df SS MS EF P 

Treatment L 0.001849 0.001849 0.24 NS 
Error 18 0.140522 0.007870 

  

b. Within-Subject Effects 

  

  

  

Source daft SS MS F P 

Time 4 0.019106 0.004777 4.60 <.01 
Time* TMT 4 0.001606 0.000402 0.39 NS 
Error 72 0.073888 0.001026 

Total 99 0.236971 

  

6(1). Repeated Measures ANOVA for the Visual ST60(ST60). 
Analysis of Variance for Observer #1(V1ST60). 
a. Between-Subject Effects 

  

  

Source aft SS MS FE P 

Treatment Ll 0.003600 0.003600 0.52 NS 
Error 18 0.123956 0.006887 

  

b. Within-Subject Effects 

  

  

  

  

Source at 35 MS F P 

Time 4 0.021384 0.005346 5.63 <.01 
Time*TMT 4 0.012791 0.003198 3.37 <.05 
Error 72 0.068325 0.000949 

Total 99 0.2300563 

Cc. Post-Hoc Comparison Profile (Tukey, test) for 
Significant time x treatment interaction effect: 

Critical Value(W,) = 0.045 at r=10 and df=60 
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6(2). 
Analysis of Variance for Observer #2(V2ST60). 
a. Between-Subject Effects 

Repeated Measures ANOVA for the Visual ST60(ST60). 

  

  

  

  

  

  

  

  

  

  

  

  

  

Source at SS MS F P 

Treatment 1 0.003221 Q.003221 Q.61 NS 
Error 18 0.095225 0.005290 

b. Within-Subject Effects 

Source at SS MS F P 

Time 4 O.019814 0.004954 9.22 <.Q1 
Time*TMT 4 0.004637 0.001159 1.22 NS 
Error 72 0.068299 0.000949 

Total 99 0.1911957 

6(3). Repeated Measures ANOVA for the Visual ST60(ST60). 
Analysis of Variance for Observer #3(V3ST60). 
a. Between-Subject Effects 

Source af Ss MS F P 

Treatment 1 0.000025 Q.000025 0.0 NS 
Error 18 0.124250 0.006903 

b. Within-Subject Effects 

Source df Ss MS F P 

Time 4 0.014150 0.003538 2.80) <.05 
Time* TMT 4 0.001850 0.000463 0.37 NS 
Error 72 0.091000 0.001264 

Total 99 0.231275 
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6(4). Repeated Measures ANOVA for the Visual ST60(ST60). 
Analysis of Variance for the average interobserver 
score (VAVEST60). 
a. Between-Subject Effects 

  

  

Source df SS MS F P 

Treatment 1 0.001647 0.001647 0.28 NS 
Error 18 0.106430 0.0059128 

  

b. Within-Subject Effects 

  

  

  

Source df SS MS FE P 

Time 4 0.017931 0.004483 5.23 <.01 
Time*TMT 4 0.004829 0.001207 1.41 NS 
Error 72 0.061771 0.000857 

Total 99 ~~ 0.1926079 

  

7. Visual observers and computer-scored correlational 
matrix (Pearson) 

VIST60 V2ST60 V3S5T60 VAVEST60 
V2ST60 0.860 
V3S5T60 0.837 0.794 
VAVEST60 0.956 0.935 0.934 
CST60 0.878 0.819 0.771 0.873 
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