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ABSTRALCT

The purpose of the study was to determine whether serial
graded exercise test (GXT) responses, known to have
prognostic importance, in the coronary artery disease
population generally, can differentiate certain
cardiovascular mobidity and mortality endpoints among
physically active patients. Data were obtained in 1989 at
three community—based cardiac rehabilitation programs from
three serial GXT results in 2T paired cardiac event (CE) and
non—event (NE) patients. A cardiac event was defined as
having an mycocardial infarction (MI1), percutaneous
translumial angioplasty (FTCA). coronary artery bypass
grafting (CABG). and cardiac death. Comparisons were made
just prior to each CE patients event. GStatistical analyses
were done on four exercise test variables: ST-segment
depression (8TB0O) at peak exercise, heart rate adjusted ST-
seqgment depression (ST/HR slope), exercise induced
ventricular dysrhythmias (FVC), and exercise induced
chest pain. Chi-square analyses showed no significant
changes across the serial tests for any of the variables
examined in either the CE or NE groups (F>0O.05).
Nevertheless, the CE group had significantly more ST-
segment depression, ST/HR slope, and exercise chest pain in
all GXT intervals in comparison to the NE group. These
findings do not support the use of serial exercise GXTs for
prognostic information for the physically active cardiac

rehakilitation maintenance patients.
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coronary angiography, increased by »65% during 1979 to 1987,
this procedure allows the physician to determine significant
disease and whether surgical intervention may be necessary
(Heart Facts, 1992). Fatients also undergo >Z200,000 coronary
artery bypass grafting (CABG) procedures annually in the U.5.
{Dubach,. Froelicher, Klein, & Detrano, 1988). Another
invasive treatment, percutaneous transluminal coronary
angioplasty (FTCA) is now gaining acceptaince as an
alternative form of revascularization for selected CAD
patient {(Raizner, Hust, lLewis, Winters, Batty, & Roberts,
1985) .

The medical decisions leading to the foregoing invasive
procedures must be predicated upon cost-effective evaluation
procedures. The procedure widely used for this purpose today
in the United States to clinically assess early disease is
the graded sxercise test (GXT). The GXT is a multilevel
exercise stress test measuring ECG repsonses and signs and
symptoms, which can estimate functional capacity and detect
adverse reactions to physical exercise with very little risk
to the patient (Madsen & Gilpin, 1983). Thus, the GXT is =&
procedure which has proven very helpful in diagnosing
suspicious chest pain for prognosis or stratifying patients
according.to risk for future cardiac events. Although CAD
patients enrolled in supervised exercise maintenance program

are generally thought to be at a low risk for cardiac events

than non-exercising patients, assessing their maximal
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functional capscity, is nevertheless an advantage because
peak phvsical performance inadvertantly influences prognosis
(Mark, 1920). Fatiernts with CAD generally demonstrate a
reduction in mayimal esxercise capacity compared to non-—-
diseased cohorts. The lower mamrimal stroke volume and heart
rate alseo contribute to reduced cardiac output and maximal
oxygen consumptiorn. Furthermore, when disease i1s suspected,
many patients volunterily will restrict their physical
activity causing & certain deconditioning. Thus, the
atdministration of the GXT will help the physician to assess
the patients exercise tolerance and potential for future
cardiac endpoints.

Statement of the Froblem

Limited research is available showing the
predictive value of responses obtained from the graded
exercise test on CAD and post—MI patients within a
maintenance cardiac rehabilitation exercise program for late
risk of rehospitalization duse to a2 coronary event. Thus, the
immediate problem continues to be one of identifying the
salient indicetors of risk and the response characteristics
for their indicators beyond which probable risk is

sufficient to prompt climical intervention.

Need for the Study

Among other clinical indicators, exercise testing has been

advocated to sstablish prognosis. Fatients with a reduced



functional capacity, as well as those with a normal
furnctional capacity, should be stratified as high or

low risk for a coronary event to aid the physician in
decisions for medical interventions. Frognostic use of the
GXT early after hospitalization due to & coronary event has
been well documented (Krone, Gillespie, Weld, Miller & Moss,
1985). However, only a few investigators have assessed the
utility of the clinical GXT to stratify the late risk of
events for CAD patients enrolled in a maintenance exercise
program. Therefore, the specific aim of this investigation
was to determine if selected electrocardiographic and heart
rate responses in 6XTs can differentiate risk of
cardiovascular events in individuals participating in a
supervised exercise maintenance program.

Sianificance of the Study

Exercise testing has been useful in identifying those
patients with a high probability of coronary artery disease.
Various hemodynamic, electrocardiographic, and symptom
responses to edMercise testing have been examined alone, and
in combination, to determine their relation to the extent of
coronary disease. Thus, the physician’'s primary diagnostic
goal 1is identification of patients who are at high risk for a
cardiovascular event and in need of more definitive
evaluation due to the severity of CAD. This identification
of high risk patients will also assist cardiac rehabilitation

specialist in determining the level of care needed for



supervising exercising CAD patients. Therefore, there is a
need to accurately identify GXT responses that may assist in
determining late high risk patients in a supervised exercise

maintenance program.

Regearch Hvpoilhssis

The following null hypothesis was tested:

Ho: Coronary artery disease and post myocardial
infarction patients participeating in a supervised exercise
maintenance program, do not differ from non—event patients in
patterns for exercise electrocardiographic/heart rate
responses obtained from the three serial GXTs with regard to
rehospitalization due to & coronary event within 12 months
following three serial graded exercise tests.

Delimitations

The following delimitations are inherent in the design
of this study:
1. It is retrospective in nature, involving only three
cardiac therapy centers;

&. Mirginia Folytechnic Institute & State University
EBlacksburg, VA

b. Wake Forest University, Winston-Salem, NC

c. OGlen Frye Regional Hospital, Hickory, NC
2. A referring physician’'s diagnosis of CAD or post—-MI from
the patients medical history record was required prior
to their entry into the medically supervised edxercise

program;

0



Z. Data were restricted to GXT results, medical history
records and lab data collected in conjunction with the

GXTs of male patients with program entry diagnoses of CAD or
MIs

4. The two group classification differentiated as cardiac
event (CE) and rnon—event (NE) patients exclusively on the
basis of the referring physician’'s primary diagnosis after
rehospitalization (for CE patient,; this was clinical
endpoint). The CE patients were characterized as having been
rehospitalized due to a coronary event within 12 months
following three serial GXTs. None of the NE patients were
rehospitalized for a coronary event within 12 months
following three serial GXTsj;

5. Each group was selected from a subject pool in accordance
with the inclusion criteria: male, age 40-71 years, absence
of digitalis therapy., body mass index 240, participation in
the exercise progream at least three months prior to the first
GXT, three serial completed GXTs within 12 months, and

the attainment of a near—-maximal endpoint in each of the
three G6XTsy

G The CE and NE patients were matched according to entry
diagnoses, medications throughout the period bounded by the
three serial G6XTs, and the time span in which the GXTs

were performed;

7+ NMNear-maximal GXT criteria was based on the rating of
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5. Each subject adhered to their individualized exercise
training program during the time which the three serial
GXTs were administered;

4. This data is applicable only to patients who have
maintained aerobic exercise in a thrice weekly organized
programs;

Definitions and Symbols

ST/HR Slope -~ linear regression analysis of the maximum heart
rate related change in 8T-segment depression during exercise.
Expressed as ouV/bt/min.

Delta ST/HR Slope - calculated by dividing the maximal
additional ST-segment depression, corrected for any resting
ST—segment depression in that lead on the upright preexercise
resting ECG, by the exercise-induced change in HR from
upright resting HR.

Dysirhythmias — documented from ECGE as ventricular ectopic
beats (FVCs), and graded by the Lown’'s classification. This
grading system uses three level of ventricular premature
depolarisation freguency and four complex features to assign
patients to one of seven grades.

Faost-MI - Fost myocardial infarction
CABG - Coronary Artery Bypass GBrafting Surgery
FTCA — Furcutaneous Transluminal Coronary Angiolplasty

ST-Dep (JBO) — Magnitude of ST-depression visually measured
and averaged in three consecutive complexes from a point ©.08
msec after the J point using the horizontal level of the FQO
junction. ’

CAD — Coronary artery disesse, as determined by physician’'s
diagnosis through electrocardiographic studies and/or
angiogram studies.



CHAFTER I1I

REVIEW OF THE LITERATURE

Exercise testing has been shown to be useful in
predicting of subsequent coronary events in most populations,
including patients with previous myocardial infarction
{(Theroux, Water, Halphien, Debaisieux, & Mizgela, 1979}.
Exercise testing also hes become a routine and cost-effective
rnon—invasive tool for the medical evaluation of coronary
artery disease (CAD) and for risk stratification with post—MI
patients. Researchers have evaluated these populations and
examined prognostic value of the GXTs therein.

In this chapter several of the prognostic variables
derived from GXTs will be examined specifically within the
populations of CAD and MI patients. The relevant research on
the ST-segment depression and ventricular dysrhythmias will
be discussed as to their value for predicting mortality and
cardiac events within the populations of CAD and MI patients.
In addition, studies were reviewed in which the ST/HR slope
has been examined as a potential index for increasing
sensitivity for the exercise test and the detecting severity
of CAD.

Exercise Induced ST-Segment Displacement

One of the earliest studies correlating 57 segment

depression with subsequent mortality from CAD patients was

reported by MocNeer, Margolis, Lee, Kisslo, Feter., kong,
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Behar, Wallace, Mclants and Rosati (1977). Exvercise testing,
following the Bruce protocol, was administered to 1170
patients; 574 had angiographically verified CAD involving at
least one coronary artery. A positive exercise test

response was considered when horizontal or down—-sloping 5T
segment depression of >0.1mV persisted for at least 0.08 sec
in the absence of pre-existing ST-segment abnormalities. The
exercise ST-segment response coupled with a failure to
complete Stage 2 of the Bruce protocol was associated with an
85% survival rate in one year and a 63%4 survival rate at 4
VEArS. Furthermore, 97% of patients who had a positive
exercise test in Stage 1 or Stage 2 had significant CAD, and
over &OA of these patients had three-vessel disease.

Fatients with & negative ST-segment response who achieved
Stage IV or greater had less than a 15%4 prevalence of three
vessel disease. In combination, the ST-segment depression
and exercise duration, were found to improve the diagnostic
value of the exercise test.

Weiner, McCabe, and Ryan (1983) presented results in
agreement with McNeer et al. (1977); they found that an 8ST-
segment depression >2mm in Stage I of the Bruce protocol
coupled with the persistence of such responses throughout the
test were effective in distinguishing high—- vs. low-risk
subgroups of CAD patients relative to predicting cardiac

martality. One hundred and ninety—nine patients, exercise
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tested according to the Bruce protocol one day prior to
cardiac catherization, were followed annually for 4 vears. A
positive ischemic response was considered to be O.1mV of S§T-
segment depression. The high-risk group was characterized by
20.2mVY S8T-segment depression lasting % min involving three
or more leads, left ventricular dysfunction, 8% gallop. or
cardiac enlargement. The high-risk group had a significantly
greater percentage (20%4) of cardiac mortality, than the low-
risk groups (27%4) with neither exercise ischemia nor left
ventricular dysfunction. Therefore, a combination of
clinical variables such as the ST-depression and time of
appearance can expand the use of risk stratification in CAD
patient management.

Among MI patients, the S5T-segment depression has also
been reported to increase the predictive value of the
exercise test. Theroux, Waters, Halphen, DeBRaisieux, and
Mizgala (197%) reported that ST-segment depression was
predictive of coronary events one year following an MI. Two
hundred and ten post-MI patients were treadmill tested one
day prior to hospital discharge. The one year mortality
rates were Z.1% (2 of l#b) in patients without exercise 57—
segment changes, and 274 (17 of 464) in those with depression
of the ST-segment (p<0.001). Sudden death occurred in 0.7%
(1 of 144) of the patients who showed no ST-segment changes
and in 16% (10 of &4) of the patients with ST-segment

depression (p<0.001). Thus, the investigators concluded that

12



pre-discharge exercise testing may predict mortality among MI
patients with ST-segment changes in the subsequent year.

Murvray, Salih, Tan, Derry, Murray and Littler (1988)
followed 200 post-MI patients for a mean of 12 months, 158
(534) of whom had 85T-segment depression. Treadmill testing
was administered a mean of 9 days post—-infarction using a
combination of protocols as described by Naughton et al.
{1953). An ischemic response was considered 0.1mV at 0.08
sec from the J point of the GRS complex on three consecutive
beats. Although not significant, 105 of the 1358 (&46%)
patients with 8T-segment depression had coronary events. Ten
(6%4) of the 158 patients with ST-segment depression died due
to cardiac events during the follow-up period. The
investigators found the ST-segment depression a sensitive
praognostic indicator for coronary events when the GXT was
adminstered esarly after infarction.

kavanagh, Shephard, Chisholm, Qureshi and kKennedy (197%)
calculated indexes of prognosis for 610 post MI patients
participating in a vigorous exercise rehabilitation program
for an average of %26.5 months. Serial exercise tests were
administered every & months or as indiceated by abnormal
functional responses. Electrocardiographic changes were
recaorded from the CMS lead during a progressive bicycle
ergometer test protocol. An abnormal ischemic respornse was
considered as horizontal or downsloping ST—segment >0.2mV.

Each patient performed up to 75%4 of their predicted aerobic

13



power. During the period of observation 22 deaths occurred
due to cardiac disease. Twenty—-one patients had nonfatal
recurrent infarctions. 0f the 27 cardiac deaths, 10 (4Z.38%)
had ST-segment depression >0.ZmY. Only eight (38.1%) of the
21 patients with nonfatal recurrent infar&tions had an
abnormal ST-segment response. The investigators suggested
that patients with severe ST-segment changes show less
benefit from an exercise program thanm those without ischemic
FESPONSES.

Thus, investigators have shown that the 5T-seament
depression is an important prognostic indicator for recurrent
cardiac events among CAD and post—MI patients at times both
remote from and early after initial infarction. However, ST-
segment displacement among CAD patients was found to have
greater predictive value while considered in combination with
other GXT variables such as time of appearance of the 87—
segment and duration of exercise.

Exercise—Induced VYentricular Dysrhythmias

The predictive value of exercise—induced ventricular
dysrhythmias is highly controversial (Sami, Chaitman, Fisher,
Holmes, Fray & Alderman, 1984). In a retrospective study,
Nair, Thomson, Aronow, Fagano, Ryschon and Sketch (1984)
studied 186 angiographically verified CAD patients with
normal (:>50%) and abnormal (<304) left ventricular ejection
fraction (LVEF) to determine whether exercise-—-induced

ventricular dysrhythmias predict mortality independent of LV
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function. All 184 patients performed a treadmill exercise
test wusing the Bruce protocol. Exercise—~induced ventricular
prematurs impulses were considered complex if they occurred
in peairs or runs, were multiform, or if they occurred at a
frequency of *10 b min—1i. There was no significant
differences in the incidence of sudden death and cardiac
death among CAD patients with a normal LVEF with and without
erercise—~induced ventricular dysrhythmias. The same result
was found in CAD patients with an abnormal LVEF. Therefore,
in CAD patients the value of exercise—induced ventricular
dysrhythymias appeared not to be predictive of sudden death
or catrdiac mortality independent of LV function.

Another retrospective study by Sami et al. (1984),
investigated the prognostic significance of exercise-induced
ventricular dysrhythmias in patients with stable CAD. The
patient population (1,4864) was constituted from the Coronary
Artery Surgery Study (CASS) registry. Each patient underwent
a treadmill test according to the Bruce protocol. Fatients
were categorized into two groups: minimal 270% narrowing and
significant CAD (704 diameter reduction in any major
coronary artery or >50% narrowing in the left main artery).
The overall o year mortality rate was relatively low and not
significant. Of patients with exercise-induced ventricular
dysrhythmias, the 9 year mortality rete was 12% versus
patients without exercise—induced ventricular dysrhythmias at

10%. HMoreover, there were no differences in mortality rates
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according to the two CAD group classifications..
As described in an earlier section of this chapter,
Favanagh et al. (1979), sxamined prognostic indicstors of &10

physically acitve MI patients. During the follow-up period

of Z6 months, 21 nonfatal recurrent infarctions and 23

cardiac deaths occurred. Only one patient with & nonfatal

<

Facurrent MI revealed both unifocal and multifocal FVYCs. Two
patients who suffered fatal recurrences had demonstrated
multifocal FVCs in previous exercise tests. Thus, the
investigators concluded that multifocal FVYCs may carry a
somewhat higher risk (1.52 vs. 0.25) for cardiac death for
patients in & conditioning program.

Madsen, Gilpin, Henrning, Ahnue, LeWinter, Ceretto,
Joswig, Collins, Fitt and Ross (1984) studied comples
ventricular arrhythmias (CVA) during a 24-h ambulatory
monitoring period in patients prior to their hospital
discharge. The guestion was whether CVAs carried independent
risk for sudden cardiac death. The study consisted of a
subgroup of 4%4 patients who were discharged from the
hospital following an acute MI. A one year follow-up period
was observed. A linear discriminant analysis was used to
evaluate the independent importance of prognostic variables
within 1 vear. The & month analysis indiceated a very low
predictive value when presence of complex ventricular
arrhythmias was entered as an independent variable. However,

at 1 vear the complex ventricular arrhythmias did have
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prognostic value alone, but the predictive power increased
when combined with other variables (&4% vs. 77%), as 8%
gallop, or left ventricular ejection fraction (LVEF).

Therefore, the presence of exercise—induced ventricular
dysryhthmias in CAD and MI populations have shown weak, if
any, correlation to sudden cardiac death or recurrent cardiac
events. These investigators, however, report that
ventricular dysrhythmias have significance for prediction of
cardiac death when associated with other adverse factors with
known prognostic value such as the ST-segment depression.
ST/HR Slope Index

Linear regression analyesis of the maximum heart rate-—
related change in ST-segment depression during exercise (the
ST—segment/heart rate slope) has been found to improve the
diagnostic sensitivity of the exercise ECG for the
identification of patients with coronary disease and the
detection of three-vessel and left main coronary disease
beyond that available with standard exercise test criteria
(Okin, Kligfield. Ameisen, Goldberg, & Rorer, 1988). To
aid in the identification of three-vessel disease a standard
for the ST/HR slope partition of 6 uw/bt/min has been used
for several prospective testing studies (Finkelhor, Newhouse,
Vrobel, Miron, & Bahler, 1986).

Ameisern, Okin, Devereux, Hochreiter, Miller, Zullo,
Borer, and kKligfield (1985) treadmill tested 30 patients with

stable angina, 4% acute MI patients and 17 normal subiects
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with a high prevalence of inadeguate ECG responses to
exercise using the~5tandard or modified Bruce protocols. Of
those with stable angina, 42 of the 46 (91%) CAD patients had
ST/HR slope values ranging from 1.2 to Z0.0 uV/bt/min
(#=5.5 uV/bt/min). Fifteen of those with stable angina
(Z6%), had ST/HR slope values greater than 6uV/bt/min. In
acute MI patients, the range of ST/HR slope values was 0.0 to
Z0.4 uV/bt/min (#=32.8 uV/bt/min) . Fifteen (Z6%) of the 42
acute MI patients had S8T/HR values #1.1 uV/bt/min.
Of the normal subjects, 1& (94%) had ST/HR slope values 1.1
uV/bt/min. Therefore, the investigators interpreted that
with ischemic heart disease patients the ST/HR slope appears
to be most predictive of CAD in patients with stable angina.
In acute MI patients, the value of the ST/HR slope is limited
due to the recent injury and wall motion abrormalities.

Okin 2t al. (1988) examined the ability of the ST/HR
slope to identify three-vessel coronary artery disease.
One hundred twenty—eight patients with stable angina were
treadmill tested and underwent coronary angiography to verify
the severity of disease. When the extent of CAD was defined
by a 30% and 75% luminal obstruction, the ST/HR slope
(¥6uV/bt/min) identified patients with three-vessel CAD
with a sensitivity of 934 and 100%, respectively. The
investigators found evidence that ST/HR slope values
6uV/bt/min could accurately distinguish three vessel disease

and stratify patients according to risk. Thus, these
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investigators have shown it is possible to use the S5T/HR
slope to aid in medical diagnosis and non—invasive follow-up
of patients with verified disease.

Delta ST/HR Indesu

The delta ST/HR index has also been shown to be a
valuable screening method in detection of CAD (Kilgfield,
Ameisen, & Okin, 1987). This methods divides the mawimal 8T
segment change by the total change in HR from rest to peak
evercise. Okin, kKligfield, Milner, Goldstein & Lindsay
(1988) studied 42 asymptomatic subjiects with abnormal
exercise tests. They reported that a previously established
delta 8T/HR inde:x value “1.6uV/bt/min correctly indentified
24 of 52 subjects (45%4) who, despite abnormal exercise ECGs,
had no rest or exercise radionuclide abnormalitites. A delta
ST/HR index xl.6uV/bt/min detected 7 of 7 subjects with
abrnormal radionuclide abnormalities who had CAD at cardiac
catherization. 0Okin, Chen & Kligfield (1990) studied 124
tvypical angina patients refervred for angicgraphy. who
underwent exercise testing at the time of admission and had
abmormal results. The delta ST/HR inde:x had a 944 (116 of
124) sensitivity for thé detection of CAD. These studies
suggest that the delta ST/HR index can improve the usefulness
of standard exercise ECGE in screening for CAD.

ST/HR Elope and Betae—~Rlocking Agents

In contrast to the standard S5T-segment criteria, the

ST/HR slope is not markedly affected by the use of beta-
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blocking drugs, since a decrease in ST-segment depression is
accompanied by a parallel decrease in heart rate response to
exercise (0Okin =t al. 1988). Okin et al. (198%) found no
difference in the mean 8T/HR slope among patients with 1-,
2=, and ZF-vessel disease, regardless of the presence or
absence of beta-blockade. This finding is inm agreement with
Kardash et al., who found no difference in the ST/HR slope in
21 patients tested with and without a beta-blockade (0Okin et
al. 1985). Herbert, Dubach, bLehmann, & Froelicher (1991)
reported that the delta ST/HR index values on patients
recieving beta—blockade therapy did not improve the
diagnostic accuracy of an abnormal test result as compared
with the standard ST-depression method.
Summary

The preceding sections have included evaluations
of physically active, stable CAD and MI patients for risk
stratification according to GXT prognostic indicators. In
stable CAD patients, the ST-segment depression in conjunction
with duration of exercise (failure to complete Stage 2 of
Bruce) were found to improve the diagnostic value of the GXT
{(McNeer et al. 1977). Furthermore, S8T-segment depression and
its time of appearance during exercise appear to be effective
in identifing early and late risk of subseguent cardiac
events (Weiner et al. 1983).

In acute Ml patients, an ischemic response during

exercise was found to be predictive of certain future cardiac
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events. Futhermore. there seems to be increased likelihood
of cardisc events was reported among stable MI patients
participating in a long term conditioning program (kKavanagh
et al. 1979).

Another GXT variable, ventricular dysryhthmias, was
found to have little predictive value among CAD or MI
patients. In CAD patients with normal or abnormal functional
capacities, ventricular dysrhythmias were not predictive of
sudden death or cardiac mortality {(Sami et al. 1984) .
However, a small risk ratio was associated with unifocal
(0.25) and multifocal (1.52) FVYCs for cardiac death among
physically active MI patients (kavanagh et al. 1979).

The ST/HR slope was reported to improve the diagnostic
sensitivity of the exercise ECG for the identification of
patients with three vessel disease. CAD patients with stable
angina were identified as having ischemic heart disease with
greater accuracy thanm MI patients with stable angina (Ameisen
et al. 1985). An 8T/HR slope value of &6uV/bt/min was found
to identify patients with three-vessel disease (754 luminal
obstruction) with a sensitivity of 100%. Although, the

vtent of disease cannot be accurately distinguished by the
8T/HR slope, the prognostic value of the index within
severely diseased patients is substantial. The delta ST/HR
indey was alsc reported to improve the diagnostic screening

value of patients with CAD, however, the detection of the

severity of the disease was less likley.

21



Development of Rate Related Exercise—Induced Myocardial
Ischemia and Risk of Selected Coronary Disease Endpoints

Sharon D. Bruce, William G. Herbert,
Don R. Sebolt, Reed H. Humphrey,
and Douglas Southard

Sharon D. Bruce, William G. Herbert,

Don R. Sebolt, Reed H. Humphrey and Douglas Southard
Laboratory for Sport, Exercise and Work Fhysiology
Department of HFER

VFI & SsU

Elacksburg, Virginia 24061

7OZ-2ZT1-6565

22



‘ ABSTRACT

The purpose of the study was to determine whether serial
graded exercise test (GXT) responses, known to have
progrnostic importance, inm the coronary artery disease
population generally, can differentiate certain
cardiovascular mobidity and mortality endpoints among
physically active patienis. Data were obtained in 1989 at
thiree community—based cardiac rebabilitation programs from
three serial GXT results in 27 paired cardiac event (LCE) and
norn—event (NE) patients. A cardiac event was defined as
having an myocardial infarction (MI), percutanegus
translumial angioplasty (FTCA), coronary artery bypass
grafting (CARG), and cardiac death. Comparisons were made
just prior to each CE patients event. Statistical analyses
were done on four exercise test variables: ST-segment
depression (5T80) at peak exercise, heart rate adjusted ST-
segment depression (5T/HR slope), exercise induced
ventricular dysrhythmias (FVC), and exercise induced
chest pain. Chi-square analyses showed no significant
changes across the serial tests for any of the variables
examined in either the CE or NE groups (F>0.008).
Nevertheless, the CE group had significantly more S5T-
segment depression, ST/HR slope, and exercise chest pain in
all GXT intervals in comparison to the NE group. These
findings do not support the use of serial exercise GXTs for
prognostic information for the physically active cardiac

trehabilitation maintenance patients.



CHAPTER 111

JOURNAL MANUSCRIPT

Graded exercise testing (GXT) 1s a widely emploved non-
invasive procedure for supporting phvsician' s decisions on
the medical management for diagnosed coronary artery disease
{CAL) and post-mvocardial infarction (MI) patients. Use of
the procedure has increased dramat:ically 1n recent vears.

rising from 300.000 in 1986 to upwards of 650.000 in 1988

Cardiac rehabilitation programs utilize serial exercise
testing for a number of reasons. including identifying
cardiovascular probiem areas among their exercise maintenance
patients. The most frequent uses of the GXT are to determine
the likelihood of coronarv arterv disease (CAD}., estimate
prognosis and 1o determine functional capacityv. Major
professional clirnical groups have taken different positions
on the question of how frequently exercise testing should be
repeated 1in card:ac rehabilitation programs. Such serial

testing 1s believed by some (3) to assure continuing safety

14

and apprpriateness of exercise. Other associations {1} have
raised doubts about the medical value of serial testing in
the setting of cardiac rehabilitation.

The phyvsiological responses and syvmptoms obtained during the
GAT provide the bas:s {for prognostic assessment. However.
limited research 1s available showing the predictive

value of these indicators within the setting of stable CAD
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This :s particulariyv true for patienits who are

tegularly following an organized exercise program and are

Q
Q9

part ol a [ow-1isk subsetl rTelative to rezhospitalization due
to a coronary events.

The purpose of this studyv, therefcre, was to determine
the value of the svmptom-limited GXT 1n stable CAD and post-
MI patients who were phvsicallyv active tor differentiating
risk of selected cardiovascular endpo:nts. Risk was defined
in terms of specific events occuring within close prox:mityv
to the last in a series of three GXTs. In this report,
electrocardiographic, neart rate and exercise angina
responses were examined.

METHODS

This retrospective studyv involved a group of 46 males
diagnosed with CAD and/or who were post-mvocardial infarction
(MI) status. Tne mean age of this group was 56 vears (range
40 10 71). All subjectis were actively participating (50%
attendance) 1n a supervised exercise maintenance program.
Two subgroups were i1dentified for comparisons. One was
detfined as a cardiac event (CL) group, consisting of
patients rehospitalized due to a coronary heart disease
related event. These 1nciuded MI. bvpass surgeryv,
angiographv. coronary angioplasty or cardiac death. None of

those designated as nor-event (NE) sublects had been

O

rehospitalized for a coronary event during the period in

which the matching CEs subjects had their events. Each

to
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cardiac event subject was matched with a non-event subject
according to a similar initial diagnosis at the time oi entrv
into the exercise program. fCardiovascular medications 4aiso
were taken into consideration when matching CE and NE
subjects.

subjects and date were obtained from three community
based cardiac rehabilitation centers in the Southwestern
nitec States. Records of apprceximately 250 prospects who
had been actively participating for at least 2 vears were

examined. Virginia Polytechnic Institute & State iniversity

m
[

contributed 9 pairs of subjects. Wake Forest University 13
pairs and Glen trve Regional Hospital 2 pairs. Male
prospects were exciuded on the basis of the following
criteria: age >71 vears, digitalis therapyv. obese (bodyv mass
index of >40). failure to attain a near-maximal end-point
during the GXT (failure to attain respiratorv exchange ratio
of unityv and/or RPE=17). less than 3 months participation in
the supervised exercise program prior to GXT(1). and
completion of fewer than three consecutive GXTs <12 months
part.

Three serial GXTs had been conducted on all subjects and
were administered less than 13 months apart. The average
time of observation was 20.2 months. The average interval
for the CE and NE groups between entryv into the supervised
exercise program and GXT{1l) was 27.6 (+5.4} months and

19.0(+4.2) months. respectively. The average time 1nterval
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for the CE group between GXT(1) and GXT(2) was 6.8(+0.7)
months, compared to 7.4(+0.8) months for the NE group. The
average interval between GXT{2) and GXT(3) for the CE and NE
group was 7.8(+0.9) and 7.8(+1.0) months. 7Two wav ANOVA with
repeated measures across time was performed on these
intervals. The F ratio tor time and group main effects and
for time x group interactions were non-significant (p>0.03).
The average interval between GXT{(3) and the cardiac event ftor
the CE group was 4.8(+1.4) months,

Exercise Testing and Program Protoccl

Symptom-limited exercise testing was performed on a
treadmil] using moditfied Balke or simiiar protocols., which
increased in speed and grade everyv 2-3 minutes (1-3 METS).
Test termination was determinec¢ byv the attendine phvsician
upon appearance o: significant clinical si1gns and svmptoms
or the patient’'s request to stop. A l2-lead ECG svstem was
used to monitor continuousliv the electrocardiographic
rTesponses at rest and during exercise. The magnitude of ST
depression was visualliyv measured to the nearest 50mV

)

(.1 mV=100 mV}). and averaged in three consecutive complexes
from &« point 0.80 msec after the J point usine the horizontal
level of the PO junction for three consecutive complexes as
the reference isoeiectric baseline. The heart rate adjusted
change ST segment depression between standing rest and peak
exercise was calculated as the delta ST/HR Index. as defined

1

by Okin et al. (9). At maxima! exercise all ECG leads were



recorded and the precordial lead usually V3 which had the
greatest magnitude of ST depression was utilized as the
measure of ischemia. The pre-exercise baseline was then
subtracted from the peak ST level in exercise. Any baseline
5T elevation was disrecarced in measurement of ST snhiits.

The ST shift was then divided by the heart rate elevation

T

between the same two ECG recording points to calcuiate the

-3

delta ST/HR Index.

Ischemic svmptoms considerec to be angina were measured
according to a 1-4+4 rating scale. Premature ventricular
complexes were classited bv the attending physician as
none, single or multiple. Blood pressure responses. signs
and anyv additional svmptoms were also recorded at each stage
of exercise.

Tvpical exercise sessions 1n the supervised maintenance
programs where these subject ﬁairs had been participating
consisted of a cardiovascular warm-up., an aerobic
conditioning component, cool-down activityv and
flexibility/relaxation routines. performed as 30 min/sessions
three times weekiy.

STATISTICAL ANALYSIS

Descriptive statistics were computed for key
characteristics of the two patient subgroups.In addition.
dependent t-tests were used to compare CE and NE on those
used for the matching criteria. Such comparisons served to
demonstrate potential effects of factors that were thought to
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bias treadmilil test resuits. For exercise responses.
analvsis ot variance for ST Dep(s0) and ST/HR Index and tne
Chi-square for chest discomfort and premature ventricular
contractions. were used to evaluate responses beiween groups

or serially across the three GAXTs.

Two subject groups of 23 paired CE and NE subjects werTe

utilized for comparison. The majority of subjects were post-

A

MI (58%), followed by diagnosed CAD (33%). an

0,
-+
=3

e rest were
post-CABG (9%). Matching of the NE to CE subjects at the
time of GXT was based upon the following matching criteria:
age, welght. diagnosis. selected cardiovascular medications.
exercise tolerance (METpk) and exercise program participation
dates. Among the 23 cardiac events subjects that occurred
after the third GXT observation period., 8 were MIs (iive of
which resulted in death}). 12 CABG., 2 PCTA. and 1 cardiac

catherization.

Insert Figure 1

The characteristics of the two groups were evaluated from
records obtainec at the time of the first GXT (Tabie 1}.

No significant ditfferences were found between the CE and NE
groups tor anyv of the descriptive characlterist:cs. €.g2.. age,

BMi. serum cholesterol. utilizing the dependent t1-test.

Insert Table 1
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Clinical historv variables were comparec

between

Dot h

groups. Table 2 shows that post-MI subjects were preaominant

within each group. Diragnosis of CAD. without prior MI

the next most prevaient subset (33%). Although.

statistical analivsis was compuied, both

numbers in regards to initial diagnosis.

no

was

groups had similar

lnsert Table 2

The majority (92%) of subjects received cardiodyvnamic

medications (Table 3). with E-blockers and/or nitrates most

common in both groups. Groups were not

significantily

different on the number of medications and

were recei1iving multiple cardiovascular agents.

neariv

one-half

the tvpes and numbers of these medications were nct

significantly different between groups.

Similartlty.

Insert Table 3

Comparisons of CE and NE at GXT! showed no significant

difterences in terms of resting responses and exercise

tolerance when utitizing the dependent t-tests to show how

the groups were similar in comparison {(See Table 4.

GXT!, the CE subgroup nad significant!yv more

seument depression in exercise than the
vs., O0.1mV for CE vs. NE) whether or not
differences i1n chronotropic response of

30

NE

suberoup. (x

adjustments for

the

heart

were

1schemic ST

During
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considered. 1e.. the delta ST/HR index (mean=4.6mV vs.
2.3mV). The CE subgroup also evidenced three fold more
angina-tvpe cnest discomfort at GXTI. but this ciitference
failed statistical significance according to the chi-square

analvsis.,

Insert Table 4

Serial comparisons for inherent ST changes in both
groups are iliustratea by Figures 2 & 3. These results show
a persistence of significantly (p<0.001) greater exercise
induced ischemia in CE. However. ANOVA showed no
significant variation 1in ischemic repsonses over the serial
test period. Results for delta ST/HR Index were essentially

the same as tor the classical measure of 1schem:a ST

depression {(p<0,005),

Insert Figures 2 & 3

Comparisons between CE and NE generally demonstrate that
more than twice as many CE patients (p<0.:0) had exertional
angina. However., the pattern of occurrence in CE over time.
did not show a statistically significant increase in this
response at GNT3 byv repeated measures ANOVA (Table 4).
Figures 4 & 5 show exertional PVC activitv was generally rare
in these medically managed patients and thus not
statistically different between or across the three GXTs by

repeated measures ANOVA.

[
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Insert Figures 4.5 & ¢

A concern in this study was the matching procedure {or
CE and NE subiect pairs. It was not possible to match the
subject pairs on any independent measure oif disease severiiv,
e.g.. locus/magnitude of MI area. or CAD vessel lesions.
This may have biased intergroup comparisions ijor the
prognostic variables. The experimental observation period
and scnhneduling for GX1s for matched pairs differec somewhat.
Also. variablity in compliance to the exercise prcgram may
have infiuenced certain GXT responses. However. the matching
procedure did demonstirate absence of seiection biases for
age. bodv size. primary CAD risk variables, diagnostic
history or important cardiovascular medications.
Unfortunatelv. the inc:usion of coronaryv artery
byvpass graft surgery (CABG) as a cardiovascular event
endpoint c¢reates a somewhat arbitrary measure c¢f clinically
critical progression in coronary arteryv disease. Further

clinical data through i1nvasive procedures such as angiographyv

Qo

would enhance the measure of disease progression. Patients

T

with si1gns or syvmptoms of mvocardial i1schemia (ST-

1Q

depression/angina) on an exercise test are more likely to
accept the treatment optiocn of CABG and/or PTCA since the

decision is heesvilyv weighted by the phvsician’'s judgement

[99)
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{6) and 1increasine access to the procedure in the Un:ited
States todav. Fifteen of 23 CE patients nad surcical
procedures as theilir cardaic event in this study. Despite the
subjectivitv that this adds to one definition of & critical

cardiovascular disease event. the need to identify patients

)

with the evolving disease process will increase in the 1960s,
Surgery for coronary revascularization increasinglyv will
be a more {requentiv indentified endpocint Tor manv patients
who participate in cardiovascular exercise maintenance
programs.

Serial graded exercise testing at 3-6¢ months to evaijuate
CAD patients in rehabilitation programs 1s advocated by the
American Colleze of Sports Medicine (3). and the American
Association for Cardiovascular and Pulmonarv Rehabilitation
{2). Serial tests are useful to update individual exercise
prescriptions. as well as provide clinical information which
mav improve objectivityv of stratification of exercising
patients according to itower- and higner-risk subgroups.
Practioners need to iind wavs to increase the prognostic
ability o7 their evaluation protocols. Thnus. this study
addresses a clinically meaningtul i1ssue which can be
considered a new concept in regards to the phyvsically active
patient population over a period of time.

In this studyv. there were no definitive changes cross

time which would have snown that evolving problems might be

detectable. This finding is comparable to the findings of

(%]
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the ACC/AHA which did not agree with serial GXTs.

However., we did find CEs to have nearly twice as much
exercise induced i1schemia on ECGs as documented bv ST-T
changes, and more svmptomatic manifestations of CAD during
every exercise test. Exercise-induced ST-segment depression
in patients with CAD has long been known as an indicator of
poor prognosis (2%-6%) in earlyv post-M]l populations
(7.9.11,13.14.). Sami et al. (11} found ST-segment
depnression of 0.2mV or more to be predictive of cardiac

4

arrest or CABG among post-MI patients during a 2 vear 1ollow-
up period. Markiewicz et atl. (7) found similar results with
ST depression fat least 0.1mV) predictive of later coronary
events during a follow up that averaged 13 months. McNeer et
al. (8) and Theroux et al. {14} alsc identifed exercise ST-
segment response as markers of increased risk of early
mortalityv.

Examination of exercise-induced PVC patterns appeared
to be nondescriminating in this study with respect to
differentiating the endpoints. Premature ventricular
complexes in exercise occurred with minimal frequency among
patients 1n all GXTs regardless of group membership. This 1is
not an uncommon finding 1in larger CAD population studies.
particuiariy for groups that are being manazed with anti-
arrhvthmic medications. independentiyv. exercise-induced PVCs

are not predictive of cardiac events or mortality (10.13).

Overall. the ST-segment depression and exercise induced chest



discomfort within serial exercise testing appears to be
useful in further stratfyving the risk of possible future
coronary events among exercising (CAD patients. To enhance the
information from serial GXTs ftuture research could be
performed with improvement of the time window regarding the
cardiac event following GXNT3. Setting a <ime frame. le. 4
weeks, will allow a greater knowled=2e as to how freguentiy

GNTs should be administered.
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Hemodynamic Responses and Exercise Tolerance

CVE Group NCVE Group
Heart Rate (bt/min) 61 (8) 64 (10)
Systolic BP (mmHg) 124 (12) 124 (15)
Diastolic BP (mmHg) 80 (8) 80 (10)
Pk HR, GXT (bt/min) 131 (25) 138 (26)
Pk SBP, GXT (mmHg) 162 (27) 163 (20)
Pk DBP. GXT (mmHg) 83 (10) 84 (9)
Pred. METs, GXT 8.1(2.3) 7.5(2.1)

CVE Gp = Endpoints of PTCA, CABG, M|, Death
NCVE Gp = Comparison Gp of Matched Patients
Values are Means and (SD), * =P

Results
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Exercise Tolerance in Serial Functional GXTs

CVE Gp = PTCA. CABG. Mi or Death
NCVE Gp = Palr-matched non-event patients
*=p
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Results
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Exercise Tolerance in Serial Functional GXTs
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Study Design
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STUDY DESIGN

23 CV Males & Selection Criteria ———‘

Y

Pool of Patient Files | -«— | Matching Criteria
—T : l

. NE Gp —l—‘ CE Gp
GXT 1

GXT 2
GXT 3

Figure 1 Study Design for Selection of 23 Paired Subjects
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Table 1 Characteristics of Subjects

CE NE
Age (yr) 55 (7) 57 (6)

Ht (cm) 180 (7) 180 (7)
Wt (kg) 91.3(9.6) 94.1(9.7)
BMI 259 (3.3) 25.1(2.5)

Serum Cholesterol (mg/dl) 233 (42) 212 (32)

Smoking History(%) 70 61

Values are means and (SD).
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Table 2
Clinical History Variables

CE NE
Clinical History Variables:
Myocardial Infarction 15(65) 12(52)
Clinical Q Waves:

Anterior Q's 3 3(20) 1(8)

Other Q's 12(80) 11(92)
Angina 2(9) 1(4)
CAD Related Surgery 2(9) 2(9)
CAD? 4(18) 8(35)
Hypertension 8(35) 8(35)

Values are frequencies and (percentages)
1Coronary Artery Bypass Surgery
2Confirmed by Angiography

3 Physician Diagnosed Anterior Q Wave Ml's
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Table 3
Cardiovascular Medications According to Patient Groups

CE NE

Patients w/ Mulitple Medications:

Single 10(43) - 9(39)

Multiple 11(48) 12(52)

None 2(8) 2(8)
Types of CV Medications:

Beta Blockers 14(61) 9(39)

Nitrates 7(30) 11(49)

Calcium Channel Biockers 4(17) 3(13)

Diuretics 1(4) 2(8)

Other 1(4) 1(4)

Values are frequencies and (percentages)
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Table 4

Physiologic and Exercise Performance Variables

According to Patient Groups

CE NE
Heart Rate (bt/min) 61(8) 64(10)
Systolic BP (mmHg) 124(12) 124(15)
Diastolic BP (mmHg) 80(8) 80(10)
Predicted METS 8.1(2.3) 7.5(2.1)

Mean values and (SD) selected from GXT(1)
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ST Depression at METpk (mV @ 80 msec)

0.2

0.15

o
-

0.05

GXT1 | GXT2 I GXT3

0-09 0-08 O'Og

CE NE
Figure 2

Exercise ST Segment Shifts Within Serial GXTs
Among CE and NE Groups, *p < 0.001 (F=13.87)
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Figure 3. Delta ST/HR Index Across Serial GXTs *p<0.005 (F=8.30)
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Patients (f) ,

10
* B GXT1 GXT2 [l GXT3
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4
2
0 ik a i :

_ CE NE
Figure 4: Exercise-Induced Chest Discomfort Across Serial GXTs.

*p <0.01 |
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Patients (f)

I OneGXT
BB Two GXTs
S B Three GXTs

CE NE

Figure 5: Frequency of Occurence in GXTs for Exercise-Induced
Chest Discomfort
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Cases with PVC (n)

M 1PVC
B 2-3PVCs
2 >3 PVCs

0 O

CE
Figure 6: PVC Patterns in GXT3 During Exercise
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CHAFTER 4

SUMMARY AND CONCLUSION

There are several clinical and exercise variables
obtained from GXTs which yield important prognestic
information in populations with moderate to severe CAD or
garly post-MI groups (Markiewicz et al. 1977). However,
little research has been done to identify prognostic
indicators gbtained from GXTs within a population of stable
physically active CAD patients.

The purpose of this study was to determine whether
selected GXT variables that are known to have prognostic
value in severe CAD and early post-MI patients also can
determine risk of future cardiac events among stable CAD
patients undergoing serial exercise testing and who are
following exercise maintenance programs.

This study was retrospective in design, involving a
sample of 446 male diagnosed CAD and post—-MI patients from
three collaborating cardiac rehabilitation centers. Data
were obtained from patient files using serial results from
three consecutive GXTs in those participants who had been
active (*50% attendance) in a supervised exercise maintenance
program. Records from & cardiac event (CE) participant, as
defined by having either a MI, CABG, FTCA, or cardiac death,

as endpoints were matched with records for a non—-event (NE)
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participant so that matched pairs were established within
each center. It is of concern that 13(59%) revascularization
surgicael patients were included in the event group which may
have biased the results. The CE and NE subjects were matched
according to selection criteria at the earliest of the three
consecutive GXTs prior to the cardiac event. The CE and NE
responses of ST depression, exer:ise~indu£ed chest pain, the
ST/HR index and ventricular ectopy, were collected from
serial G6XTs and evaluated statistically.

There was no statistical evidence that these GXT
variables differed between these retrospectively matched
groups. However, 5T depression and angine were twice as
prevalent in the event compared to non—event patients. Thus,
ischemic signs and symptoms induced in exercise appear to be
helpful in perodically screening clinical status in patients
who participate in exercise maintenance programs. Ferhaps.,
such testing may alsoc help affirm decisions about the timing

of coronary surgical intervention.
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Recommendations for Future Resesrch

The results of this investigation suggest certain
priorities for future research projects. The following
recommendations are offered:

1. Expand the sample size to include several more
cardiac rehabilitation centers with large patient populations
to increase the power of the statistical analysess

2. eva

ot

vwate other measures with global potential to

0
m

assess critical status of the ischemic heart disease e.9.
the Rate Fressure Froduct (RFF=HRxSBFx210 ) related change in
ST-segment depression during exercise;

2. restrict clinical endpoint criteria to more
objective endpoints such as angiographic confirmed CAD
progression, MI or deathj

4. further match observation periods between CE and NE
groups to assure similar exercise prescription and training
programs and GXT evaluation procedures;

S. evaluate the valus improving discriminating power of
the GXT responses by adding coronary risk factors such as

cholesterol and smoking, as predictor variables.

Recommendations for Clinical Fractice
Results from this study were consistent with physician’s

continuing to utilize serial GXTs in supporting clinical
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management decisions regarding the ischemic patient.
Consistent exercise—induced S5T-segment depression and angina
manifestation may help identify subsets that increase
surveillance and suggest more thorough essessments. Further
investigation needs to be done with a larger population while
sttempting to devise new measures and more sensitive changes

in cardiovascular st

i

tus among physically active CAD

patients.
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AFFENDIX A

DETAILED METHODOLOGY

This study was designed to assess graded exercise test
(GXT) measures known to have prognostic importance for
coronary artery disease (CAD) and post-myocardial infarction
{Mi} patients. The objective of this study was to
differentiate risk levels for male patients with diagnosed
CAD or post-MI, participating & supervised exercise
maintenance program with three serial GXT evaluations,
for rehospitalization due to a coronary event (M1, CABRG,
FCTA, CATH, or death). Screening information and selection
criteria for entering subjects are presented in the following
sections. Assignment of subjects to experimental groups,
choice of dependant measures, and the statistical analyses of

the dependant measures are also included.

The date for the study was obtained from only three
cardiac rehabilitation centers. These centers were selected
due to their standardized GXT procedures and patient
participation. The centers are:

Virginia Folyvtechnic Institute & State University
Elacksburg, Virginia 24060

Wake Forest Unviersity
Winston-Salem, North Carolina 27109

Glen Frve Fegional Hospital
Hickory,. North Carclina 28601
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Selection of Subjects
There were 44 cardiec event (CE) and non—svent (NE)

subjects chosen based upon the selection criteria (appendiy
EY. The cardiac event subjects were categorized as having
been hospitalized for & coronary event within 12 months
following three serial GXTs while participating in a
supervised exercise malntenance program. The NE subjiects

were categorized as not having been hospitalized following

ind

he &

=¥
=5
0
il
in
)
=
-
i3]
=t

GXTes while participating in the supervised
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srcise maintenance prooram. Appropriate subjecte were also
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elected on the quality of the GXT results and continuous
attendance (*50%) in the exercise maintnance program.

The CE subject and matched counterpart, the NE subject.
were chosen fTrom the same cardiac center and corresponding
time period. The CE and NE subjects on cardiac mediceations
were closely matched to further normalize the data to control
for medication affects during exercise. CE and NE smokers
were also taken into consideration to enhence normalization.

The following selection criteria was applied to the
desigrn of the study to screen patients files before data
entry: male gender;: agé =71 yres; absence of digitalis
therapys; were not obese (body mass index £40), a mild to
moderate risk of increased mortality: and attainment of the
near—-maximal endpoints in the threese serial GXTs (R=1.00

and/or RFE=17).
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Exclusion of subiects due to age gender, and digitalis
therapy were based on the recommendations by Froelicher
(1979). The BMI inde» was based on a relationship with
overall mortality (Grundy, Greenland, Herd, Huesbach, Jones,
Mithcell, and Schlant., 1987). The numerical range was based
on life insurance statistics, which does not define causes of
death. Howesver, the American Heart Association speculates
the marked increase in risk of death is probably due to
cardiovascular disease. For subjects on medications such as
beta blockers or calcium channel blockers, the attainment of
a near maximal end point was validated by wntilizing ratings
of perceived exertion (RFE) and the respiratory exchange
ratio (R). Data collection was through the investigators and
on—site assistants.

Graded Exercise Test Frocedures at the Cardiac Centers

The cardiac centers selected for this study have met the
following reguirements:

&. upon entry into the supervised exercise maintenance
pragram, each subject was evaluated through an initial GXT;

b serial GXT testing occurred at 212 month intervalg

C. patients were assessed for height and weight at the
time of the GXTj;

d. the GXTs were performed on & motor driven treadmill
using a modified Balke or similar protocol, intensity

increased by approximately 1-7 METS every Z-3 minutes;



e, resting measures were recorded in a supine position,
such as heart rate and blood pressure;

f. & multiple lead ECG, heart rate and blood pressure
were obtained and recorded during each stage:

g. signs and symptoms of exertion were recorded during
zach stage:;

ti. recovery heart rate and blood pressure were taken in
a supine position immediate post exercise (IFE);

i. BXT termination criteria were based on onset of
signs and symptoms, appearance of abnormal ECG recordings
established by the American Cocllege of Sports Medicine
Guidelines (1928&). or the attainment of the near maximal end
point.

Je a physician was present for all GXTs;

k. final interpretation of the results were by the
physician.

Cardiac Rehabilitation Center Exercise Frotocol

The exercise rehabilitation sites follow this or a
similar exercise protocol:

1. A 10 mirute stretch warm—up;
2. a 20-70 minute cardiovascular (aerobic) session at
assigned individualized target heart rate zone;

. & single or combination of an aerobic mode of

exercise ie., walking, Jjogging, cycling, or swimming;

4. a 10 minute active cool-down relaxation period.



Exercise sessions were conducted at least three times
per week. Resting heart rate and blood pressure were
recorded prior to each exercise bout. Feriodic and
continuous ECG monitoring was conducted throoghout the
aeroblc session.

Data Collection

The following independent and dependent measures were
collected and assessed in this study.

Independent Measures

Subject 1.D.~ sach subject was identified by & number and
code from the specific rehabilitation center.

Type of Subject - recorded as either cardiac event (CE) and
non—event (NE).

Type of Cardiac Event - defined as myocardial infarction
(MI), anatomic location of, whether death or survival;s
angiography finding, number of vessels involved, ejection
fraction; coronary artery by—-pass surgery (CABG)., number of
vessels involved: and percutaneous transluminal angioplasty
(FCTA) .

Fatient Medical History — included initial entry diagnosis
and summary of physician’s hospital discharge diagrosis if
warranted.

Graded Exercise Test Intervals - recorded time in exercise
program bhefore GXT{(1l): time between GXT(1l) and GXT(2); time
between GXT(Z) and GXT(Z2); and time between GXT(Z) and the
cardiac event.

Initial GXT and Date - the exercise test performed at the
time of entry into the supervised exercise maintenance
program. Date recorded as month/day/year.

GXT(1) and Date — the earliest of three consecutive GXTs
prior- to the date of rehospitalization and the coronary event
for the CE subject: for the ME subject, this is the first of
three consecutive GXTs corresponding to the CE subjects
GXT(1). Date recorded as month/day/vyear.

GXT(2) an Date - the second of the three consecutive GXTs
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prior to the date of rehospitalizcation and the coronary event
performed &—-12 months +/-1 months following GXT{(1); for the
NE subject, this is the second GXT also performed 6-12

months +/—- 1 month following GXT(1). Date recorded as
month/day/vyear.

GXT{3Z) and Date ~ the final GXT of the three consecutive GXTs
prior to rehospitalization and the coronary event performed
&6&-12 monthe +/—-1 month following GXT(2)3; for the NE subject,
this is also the final GXT performed &6-12 months +/-1 month
following GXT(3). Date recorded as month/day/vear.

Coronary Heart Disease Risk Factors - information on the

following risk factors were collected:

a.  serum cholestercl and sub—-fractions HDL and LDL were
recorded.

b. smoking history, type of tobacco, # of cigarettes
packs per vear, and # of years of use.

Ca hypertension history, how long have been diagnosed,
and blodd pressure reading at time of hospitalization.

d. body mass index (BMI), at the time of GXT(1).

e. family history of premature CAD, # of family
members, relationship to, and age of diagnosis or cardiac
death.

Age — age was recorded a2t the time of each GXT.

Measured Feak Oxygen Consumption (VOZ) — defined as the
highest measured oxygen uptake in the GXT, taken from the
last stage in which at least 1 minute of exercise was
completed. {(+/— 1 ml/kg/min)

K Exchange - defined as the ratio of carbon dioxide expired
to oxyvgen consumption in the minute at which peak V02 was
measured.

Treadmill Frotocol - recorded as the name of the protocol
utilized for each test. Frotocols were copied and are
included in the appendix.

Rating of Perceived Exertion (RFE) - based on the Borg Scale,
a numerical grading system in which the corresponding number
to the perception of exertion is chosen by the patient.
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Signs and Symptoms -~ exercise-induced symptoms suggestive of
acute cardiovascular dysfunction during exercise in the GXT,
rhest discomfort, claudication, dyspnea on a scale of +1-4.

Medications — current medications, dosages and freguencies
were recorded.

Dependent Measures

Heart Rate Mamximum {(HRpk) — highest measured heart rate
during the last minute of exercise or immediately post-
evercise, recorded from the ECG (+/-1 b min-1).

ST Segment Deviation Maximum (STdevmax) — masimum ST-segment
deviation (+/-0.01mV) averaged for three succesive ECG
complexes at a reference point of 0.08 sec after the J-point,
using the horizontal level of the PR junction for threee
consecutive complexes as the reference isoelectric baseline.

ST/HR Slope — the maximum ST-segment deviation from the same
lead and meximum heart rate for the last thres stages of
exercise are utilized to compute a slope using linear
regression analysis. Intermediate data points are entered
into the linear regression analysis to determine a
sigrnificant slope (<0.05). The highest slope value with &
significant correlation coefficient will be used as the slope
value for that test.

Delts St/HR Slope - calculated by dividing the maximal
ST Segment depression at end exercise (as above) by the
exercise—induced change in heart rate.

Dysrhythmias — documented from the ECG as ventricular ectopic
beats (FVCs)., and graded by the Lown’'s classification: No

FVC = O3 occassional, isolated FVCs = 1; freguent (more than
20hr) = 25 malitform FVCs = 23 repetitive (couplets) = 4;
and early (abutting or interrupting the T wave) = G.

Statistical Analvsis

o

Descriptive statistics were computed for hkey
characteristics of the two patient subgroups and dependent
t-tests were used to examine relevant variables. For
analysis of exercise responses, either analysis of variance
or Chi-sgquare were used to evaluate responses betwesen groups

or serially across the three GXTsy selection of method

depended upon the scaling properties of the measure.
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DATA COLLECTION INSTRUCTIONS

The feollowing instructions reed to be followed in cocrder
to provide proper data collection. The patient selection
criteria will be listed in Stage Orne to ensure only viable
patients are considered. §Stage Two will consist of the
independent and deperndent measures needed for the study.

Before beginning the data recording, please put the name of
the recorder, site, and date the data was ccllected.

If problems or questions arise, please call Vernon Baker
(703)552-4419 or Sharaori Bruce (816)455-4195. Both can be
left a message at (703)231-5006.

STAGE ONE

Stage one contains the selection coriteria for all
possible subjects. Completion of stage one will ensure
proper subject selection for this study. Several key
directions must be followed in order to minimize the time
requirement and compare subjects as specified. These are:

1. Subjects must meet all the selection criteria. If any
of the ecriteria are not met, stop the selection process,
subject cannot be used for the study.

2. Record data for all of the cardiac event subjects
first, then record data for all of the non—-event subjects.
This will allow for subjects (CE & NE) to be easily
compared.

3 CE event subjects must be compared with NE subjects
having the same entry Dx and tests from the same GXT testing
period.

Example: Both CE and NE were Dx CAD upon entry. The cardiac
event subject was rehospitalized with a coronary event or
intervention (MI, CABG, PCTR, or Death). G6XT(1) for the CE
subject must be 3 GXTs pricor to the rehospitalization.
GXT(1) for the NE subject must be within + 1 month of the
CE's GXT(1).

4, Data such as BMI, age, periods between 6XTs, and

absence of digitalis therapy must be taken from NE subjects
GXT(1), which is determined by the CE subjects GXT(1).
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SELECTION CRITERIA

Sex — ARll subjects must be male.

Subject I.D. - The subject’s identification code must
be recorded on every form. This code provides for
identification of program site, grouping (CE or NE), and
subject number.

Entry Diagnosis and Date - defined as myccardial
infarction (MI), or coronary artery disease (CARD) from the
patient’s referring physician form. Date recorded as
month/year.

Category - Cardiac event (CE) or rnorn—event (NE) based
on whether the subject has beer rehospitalized for a
coronary intervention or event (CABG, FPCTA, MI, or cardiac
death). Cardiac death subjects must have died due to
coronary disease or complications thereof.

physician’s primary diagnosis after rehaspitalization:
(CABG), noting the severity i.e., 1+ or 2+ vessel and
reasons for the surgical intervention, (PCTR), (MI), or
death (D) and date (month/day/year) at which the event
aoccurred.

Absence of Digitalis Therapy — The 3 6XTs prior to the
cardiac event for the CE subject must be without digitalis
as well as the corresponding GXTs for the NE subject.

Age - Subjects must be between the ages of 35-70 years
of age during the GXTs that are to be used for study. Rt
each program site, select all CE subjects first, then
campute mean age for CE group before selecting comparably
aged NE group.

Body Mass Index (BMI) - Weight/height index, weight
will be classified in kilograms (+ 0.1 kg), and height in
meters (+ 0.1 m). BMI is calculated by dividing height
(meters squared) into weight (wt/ht®), Range ( 40, high
moderate CAD risk.

Period Before GXT(1) - Subject must have beenr in the

rehabilitative exercise program for at least 3 months.

Period Between GXTs — Months between GXT(1)-GXT(2),
GXT(2)-6XT(3) and the pericd between GXT(3) and the cardiac
event must be ( 13 months.

End of Selection Criteria
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Begirnming of Stage Two

1. The three GXT data collection forms follow the same
format. The forms will be labeled GXT(1), GXT(2), and
GXT(3).

2. ARAfter you have read the instructions for each G6XT
measure, find the necessary data from the patient's file,
and record in the space provided on the data collection
form.

DATA CATEGORIES

Subject 1.D. - The subject’s identification coaode.

Category - Cardiac event (CE) or non—-event (NE) based
on whether the subject has beeri rehospitalized for a
coronary intervention or event (CABG, PCTAR, MI, or Cardiac
Death).

JType of Event -~ Record the type of event in the space
provided.

Initial GXT — Date of the initial GXT upon entry into
the rehabilitative exercise program or hospital based test.
Date will need to be recorded month-day-year.

Ejection Fraction - The percentage of total ventricular
volume that is ejected during each contraction, that is,
stroke veolume divided by end-diastolic volume.

GXT(1) and Date - The earliest of three consecutive
6XTs prior to the date of the CE; for NE subjects this is
the first of three GXTs which corresponds to approximately
the same calendar month-year (+ 1 month). Date recorded as
month—-day-year.

NOTE: Spaces for the dates of BXT(2) and GXT(3) will be on
the G6XT(2) and GXT(3) forms, respectively.

GXT(2) and Date - The second of the three consecutive
6XTs, piven prior to the date of the CE, and alsc given ( 13
months after GXT(1); for NE subjects this is the second of
the three GXTs which corresponds to approximately the same
calendar month-year {(+ 1 month) as the CE subject. Date
recorded as month-day-year.
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6XT(3) and Date — The last of three consecutive GXTs
prior to the date of the CE, and alsc given { 13 months
after GXT(2). For NE subjects record the last of the three
GXTs which corresponds toc approximately the same calendar

month-year (+ 1 month). Date recorded as month-day-year.

Age — Record subject’s age in years at time of GXT.

Weight — Record the subject?'s weight (+ 0.1 kg) at time
of GXT.

Height - Record the subject’'s height (+ 0.1 m) at time
of GXT.

Stage 2 VO0e — Oxyger consumption at stage & of GXT.

VO0epwx — Record the peak volume of oxygen consumption
during the last stage of exercise in which at least one
minute of exercise was completed {(+ 0.1 ml/kg/min). Record
whether the measurement was measured or estimated.

R Exchange - Record the ratio of carbon dioxide expired
to oxygen consumption at the minute that VO0egpi.. was measured
(+ 0.1 units).

Exercise Test Protocol - Record the specific name of
the treadmill protocol used for each of the three GXTs.

Blood Pressure Rest - Record the systolic and diastolic
measures (+ 2 mmHg) taken in a supine positiorn before the
given GXT.

Blood Pressure Peak — Record the systolic and diastolic
measures (+ 2 mmHg) taken during the last minute of exercise
or immediately following (IPE) exercise.

Heart Rate Rest — .HR taken in the pre—~-GXT baseline
posture, record from the resting ECG (+ 1 b-min—2%),

Heart Rate Peak - Highest measured HR during the last
minute of exercise or immediately following (IPE) exercise,
record from the EC6 (+ 1 b-min—?%),

Dysrhythmias - Dysrhythmias documented from ECG as
ventricular ectopic beats (FVCs), and graded by Lown's
classification: No PVC = 0; occasional, isclated PVCs = 1;
frequent (more than 30/hr) = 235 multiform PVCs = 3;
repetitive (couplets) = 4; and early (abutting or
interrupting) = 8. Record the physician's statement as well
as the corresponding numeral.
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Medications — List the dosages of medications and
frequencies used at the time of the respective GXT.

Stage - Record each stage or workload the subject
attained during the GXT. Record as workload I, 1I, etc.

Treadmill Speed and Grade Percentage — Record the peak
speed (mph) and grade (%) the subject achieved during each
stage of the GXT7. The completion of one minute at the speed
and grade will determine the peak level achieved.

Exercise Heart Rate - Record the maximum heart rate for
each stage, measured the last 30 secs of each stage (+ 1
b-min—%*).

Exercise Blood Pressure - Record the BF measured during
the last minute of each stage (+ 2 mmHg).

Rating of Perceived Exertion - Record the RPE utilizing
the Borpg scale of perceived exertion in the final stage of
exercise.

ST Segment Deviation (STdevmax) - Maximum ST-segment
deviation (+ 0.01 mV), averaged for three successive ECG
complexes at a reference point 0.08 sec after the J-point,
using the horizontal level of the PR junctiocn for three
consecutive complexes as the reference iscelectric baseline.

Record STdevmax as follows:
** The max ST segment deviation will be recorded for each
workload, utilizing all leads as possible references. The
lead in which the max ST segment deviation is found will
reed to be the referernce lead for the eritire test. Example:
ST Depression 0.2 mV in Vs.

- ¥-Please photocopy the ECG strip from the resting and peak
stage with the maximum ST deviation.

Signs and Symptoms - Record all exercise—induced
symptoms suggestive of acute cardicovascular dysfunction at
peak exercise in the GXT, i.e., chest discomfort,
claudication, dysprniea (scale +1 - +4),. FPlease record the
symptom along with the scale number.
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6XT — CARDIAC EVENT STUDY
DATA RECORDING FORM

Subject I.D.

(Site) (CE/NE) (S5#)

Disqualifying Criteria

— female

age > 71 years

digitalis therapy

formal exercise ( 3 months before GXT,

{ 3 6XTs completed after therapeutic program, with test intervals ) 13
months

BMI ) 40

1. Type of Subject: CE NE

2. Type of Cardiac Event (if CE)
a. Diagnosis/Autopsy Result

MI Anatomic Location

Death Survival

b. Angiography Finding & Date:

(Describe vessels involved and severity of disease):

%EF, if available
c. Other Types of Events:

CABG, Date:
PCTAR, Date:
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Page 2
Subject I.D.

(Site) {CE/NE) (S#)

3. Summary of Patient Medical History (Overview of important factors, secondary
diagnosis, etc.)

Initial Cardiac Diagnosis: Date:

Summary:

4. GXT Intervals

a. Time in exercise before GXT,: _____ months
b. Time between GXTy and GXTe: _____ months
c. Time between GXTe and GXTa: ____ months
d. Time between GXTa and CE: _____ months

S. CHD Risk Factors
a. Serum Cholesterol: ___ mg/dl
b. HDL Cholestercl: ___ mg/dl
c. LDL Cheolestercl: _ mg/dl
d. Smoking History: Smoker: Y/N

Form of Tobacco:

# ciparettes/day, if applicable:

# years of use:

e. History of High Blood Pressure: Y/N

How Long: _____ months

BP @ Diagnosis: _____/____ mmHg
f. Overweight: Body Mass Index @ GXT,: __
g. Family History of Premature CRD:

Family Members Ane @ Diagnosis/Cardiac Death
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Tabie 2

Results of Chi - Square Analivsis for Exercise Premature
Ventricular Contractions

CE vs. NE Gp

comparisons for: Chi-Square Value p-level
GXTl1 3.33 0.32
GXT2Z2 1.02 0.60
GXT3 6.40 0.09
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Table 3

Results of Dependent t-tests for CE and NE Subject
Descriptive Characteristics and Hemodvnamic Values

Variable Mean Variance Df t-ratio p-value

Age (vr)
CE 55.3 .74 44 1.29 0.28
NE 56.3 5.94

BMI
CE 25.9 3.30 14 1.79 0.09
NE 25.1 2.46

CHOL
CE 233.2 41.6 44 1.65 0.12
NE 21i.6 32.4

Smok HX
CE 0.7 0.a7 44 1.13 0.39
NE 0.6 0.50

HR REST
CE 63.8 10.5 44 1.59 0.14
NE 61.2 8.3

SBP REST
CE 124.1 14.5 44 1.40 0.22
NE 125.0 12.3

DBP REST
CE 80.0 10.4 44 1.57 0.15
NE 9.4 8.3

METS
CE T8 2.1 44 i.18 0.353
NE 3.1 2.3

e
[,



VITAE

Sharon D. Bruce was born in Corpus Christi, Texas on
September 23, 1964. Feceived a Phyvsical Education with
Fitness Specialist Conczntrat:i:on BS degree from
Longwood Ccliege in Farmville. Virginia in 1956. Took one
vear to work in the ftitness field at the Health Club of
Reston 1in Feston. Virginia. Attended Virginia Polvtechnic
and State University from 19587 to 1989. Finished the
Tequired course work. but lett one thing unfinished. the
thesis. and moved on to Kansas City. Missouri to work at St.
Luke s Hospital 1n cardiac rehabilitation. After a vear and
a halt, in 1991 sSharon moved west to Los Angeles., California
to continue cardiac rehabilitation education and employvment
at The Hospital of the Good Samaritan. Two vears later
in 1993. Sharon changed rehabilitation programs and 1is
presentlv emploved at Brotman Medical Center in Culver Citv,

California.






