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ABSTRACT

Among many other causes of death, cardiovascular disease is the most common cause of death in developing
countries including Pakistan. Management strategies for cardiovascular disease are constantly developing. These
strategies are becoming more and more complicated so physicians should pay attention that they are using
suitable diagnostic measures to optimize patient care for example, as progress in the development of effectual
methods of myocardial revascularization leads to more minimally invasive and noninvasive procedures, there is
a greater need to estimate the possibility of a patient having coronary artery disease by means of noninvasive
cardiac testing. Stress testing is a time tested and noninvasive diagnostic technique which plays an important
role in the investigation of coronary artery disease. The present piece of work reviews the use of stress testing
in the assessment of patients with suspected ischemic heart disease, including the use of risk factor analysis to
assess a patient’s candidature for noninvasive testing. The indispensable methodology of performing a stress
test is reviewed.
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INTRODUCTION

There is no doubt in this fact that coronary
artery disease (CAD) is the major single cause of
death both in developed and developing coun-
tries including Pakistan.! while it is also worldwide
fact that patients with coronary artery disease are
not a uniform cluster so they must be considered
individually. They differ very much in their clinical
status including extent of coronary artery disease,
left ventricular dysfunction, potential for myocardial
ischemia, and presence of cardiac arrhythmias.?
Some of the patients with coronary artery disease
have had prior cardiac events like myocardial in-
farction, cardiac arrest or treatments for example
coronary artery bypass graft surgery, percutaneous
transluminal coronary angioplasty, or other coronary
artery interventions. Many patients have additional
medical disorders including hypertension, peripheral
vascular disease, valvular heart disease, chronic ob-
structive pulmonary disease, and diabetes mellitus.?
Increased levels of low-density lipoprotein (LDL)
cholesterol and depressed levels of high-density
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lipoprotein (HDL) cholesterol are key risk factors for
the development of coronary artery disease. Exercise
stress testing has received much attentionin recent
years with the principal focus of interest beingits
predictive power.* Among asymptomatic individu-
als,those with an abnormal ECG response during
exercise have a substantially higher risk of develop-
ing manifest coronary heart disease than those with a
normal ECG response. Exercise testing is now used
almost routinely by many as apart of the evaluation
of patients with angina pectoris or chest pain thought
to represent angina, before cardiac catheterization
and coronary angiography. These data provide a new
opportunity to examine the relation between exercise
parameters, singly or in combination, and the angio-
graphic findings.® They also provide an opportunity to
examine the prognostic value of exercise parameters
inpatients with known and quantified anatomic dis-
ease of thecoronary arteries. The best screening test
for CAD depends on a patient’s probability for CAD,
ECG findings, and exercise capacity.? Patients with
low probability of CAD can be managed by diagnos-
ing and treating noncardiac causes of chest pain. If
diagnostic testing is desired in low-risk individuals,
Exercise stress test is a reasonable choice since it is
cost-effective and noninvasive. The addition of car-
diac imaging lends incremental insight for detection
of CAD, most markedly for patients at intermediate
probability for CAD.® Exercise or dobutamine stress
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echocardiography may be a good compromise of
sensitivity and specificity for CAD, and is cost-effec-
tive by usual medical economic analysis.”

DISCUSSION

Usually the chest pain allied with myocardial
ischemia is linked with exercise which is retrosternal
or left parasternal in location and this pain radiates
to the left shoulder or arm which can be resolves
with nitroglycerin or rest.” If a patient has chest pain
then it is the first step in establishing the diagnosis.
A comprehensive history including the estimation
of coronary risk factors may allow a physician to
stratify patients with chest pain into levels of low,
intermediate, or high likelihood of having obstructive
CAD.2® This knowledge of physician will help him
in suggesting that what type of diagnostic test is
suitable for a particular patient.

Smoking, hypertension, hyperlipidemia, dia-
betes mellitus, family history of premature coronary
artery disease and physical inactivity are well known
major cardiac risk factors.* The presence of chest
pain is distinguishing feature of myocardial ischemia
and if the patient has three or more major cardiac risk
factors suggest the high prospect of CAD in a patient
while pain with one or two risk factors decreases
that chance to intermediate and the absence of risk
factors in a patient with characteristic chest pain
decreases the likelihood of CAD to low.2 Charisma
of unusual chest pain in a patient with or without risk
factors generally represents low to low-intermediate
possibility for the existence of significant CAD.® It
is a common observation that noninvasive cardiac
testing plays an important role in evaluating a patient
for CAD and for referral for coronary angiography.®”
But it is most important that the perception of pretest
possibility should be kept in mind when interpret-
ing the results of noninvasive testing. It is found in
literature that the most precise and correct results
of noninvasive testing are obtained in patients with
intermediate possibility of having significant coro-
nary artery disease based on history and risk-factor
evaluation.™ In patients with low pretest possibility,
the number of false-positive results on noninvasive
testing tends to be higher. In patients with high pre-
test possibility the number of false-negative results
may be higher. Patients with high pretest possibility
should consequently go through coronary angi-
ography yet with a negative result on noninvasive
testing.”" Patients with low pretest possibility may
not have to go through cardiac stress testing unless
symptoms become progressive.5®

The unique type of noninvasive cardiac testing
is exercise stress testing with electrocardiogram
(ECG) monitoring which is extensively used and
is very suitable for patients as it is frequently per-
formed in the office of cardiologist.” Following are

the indications and appropriate clinical settings
for this form of testing. a) Patient has chest pain
and an intermediate pretest possibility of CAD. b)
Patient previously evaluated and has possible or
known CAD or but has a change in clinical status.
c) Patient has persistent symptoms of ischemia after
revascularization. d) Patient has known or suspected
exercise-induced arrhythmias For evaluation of med-
ical therapy and assessment of prognosis in post-Ml
patients who do not have hypotension or recurrent
chest pain (symptom limited at 2-3 weeks or at 4-7
days followed by symptom limited at 3-6 weeks)
For identification of suitable settings in patients with
rate adaptive pacemakers. The process of exercise
stress testing can be accomplished by either tread-
mill or cycle ergometry but the fact is that treadmills
are mostly used.™ It must be noted that there are a
number of standard treadmill protocols that can be
tailored for patients to reach the endpoint of 85% to
100% maximum predicted heart rate while the Bruce
protocol is most widely used and popular.” This
protocol consists of a maximum of eight 3-minute
stages with incremental increases in speed and in-
cline.® Highest predicted heart rate is calculated by
subtracting the patient’s age from the number 220
and exercise capacity is then reported in minutes
or sometimes in estimated metabolic equivalents of
oxygen consumption (METs). METs imitate the actual
metabolic disbursement during exercise and can be
compared among different patient populations. A
test is considered sufficient if at least 6 METs have
been achieved.™ The patient is constantly monitored
through ECG while heart rate and blood pressure
are strictly observed.The exercise testing is stopped
when the patient reaches the target heart rate (a
percentage of the predicted maximum heart rate)
b) or develop symptoms c) develop significant ECG
changes.

All those patients with positive results of stress
testing are frequently suggested to undergo coronary
angiography to ascertain exact diagnosis. Patients
with equivocal or nondiagnostic stress test results
may be recommended for radionuclide or echo-
cardiographic stress testing before a final decision
regarding coronary angiography is made.™ It is a
matter of facts that baseline ECG abnormalities make
elucidation of exercise ECG difficult so necessitating
performance of radionuclide or echocardiographic
stress testing. It is also good to perform exercise
stress testing without certain medications, such as
B-antagonists, calcium channel blockers, or nitrates,
in order to avoid false negative results and allow
the patient to reach the target heart rate. However
a stress test may be performed while a patient is on
medications in order to assess exercise capacity
and adequacy of therapy inpatients with previously
diagnosed CAD. Overall, exercise stress testing is a
safe procedure.'®
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It is a routine procedure that radionuclide
imaging may be supplementary to regular ECG
exercise stress testing on the treadmill. It can also
be performed with pharmacological agents substi-
tuting for exercise. Following are the indications and
appropriate clinical settings for radionuclide cardiac
imaging, a) patient has chest pain with 1 or more of
the following resting ECG changes: bundle branch
blocks, left ventricular hypertrophy, early repolar-
ization abnormalities, b) patient has chest pain and
cannot exercise, c) for evaluation after equivocal
exercise stress test in patients with intermediate
probability of CAD, d) for evaluation of the correlation
between coronary stenosis and myocardial ischemia,
e) to assess myocardial viability in patients after Ml
or revascularization and f) to assess existence of
preoperative medical risk.'®

Two main isotopes are used: Thallium
Th 201 and TechnetiumTc 99 m.'*'* The advantages
of technetium, which is given in combination with
its carrier, sestamibi, is that the quality of imaging
is better and the imaging itself takes less time than
with thallium.'2 When a full ECG exercise stress test
is performed, these agents are injected at 1 minute
prior to the end of exercise in order to allow tracer
to circulate at maximal heart rate and be distributed
within myocardium. Scintigraphic images of cardi-
ac perfusion are then acquired. The most popular
method of imaging is the single photon emission
computed tomography (SPECT). A gamma camera
collects data from multiple views, and its computer
produces images for interpretation by the physician.
Imaging is repeated, with isotope reinfusion, after the
patient has rested. Both immediate poststress and
resting images are then compared.'” The presence of
a perfusion defect on both stress and resting images
indicates irreversible ischemia i.e old myocardial in-
farction whereas the presence of a perfusion defect
on stress images but not on resting images suggests
reversible ischemia i.e coronary stenosis with viable
myocardium. 316

It is noted that standard sensitivity of radionu-
clide myocardial imaging is about 90%, while speci-
ficity is76%.%'¢ Radiation dose is minimal, and there
are virtually no undesirable effects from appropriately
injected isotope. These studies are quite costly due
to the high equipment cost, isotope cost, personnel
work,and physician-interpretation fees. In many
hospitals the ECG part of the test is interpreted by
a cardiologist or an internist, and the scintigraphic
imaging portion is read by a radiologist. In some
laboratories, the cardiologist reads both parts.

Now-a-days the most important method for
stress echocardiography is the newest method of
noninvasive testing to detect CAD. Usually indi-
cations for stress echocardiography are similar to
radionuclide imaging'® especially it is important and

valuable test in women having higher numbers of
false-positive results of exercise stress testing.'®

The principle of the test is that an ischemic
myocardial wall becomes hypokinetic. First of all
baseline echocardiography is performed with judg-
ment for any regional wall-motion abnormalities. The
detection of such wall-motion abnormalities suggests
earlier infarction.’® After that the patient exercises
on the treadmill according to the standard exercise
stress test protocol. After the termination of this ex-
ercise another set of echocardiographic images is
taken. Resting and poststress pictures are compared
and evaluated for the presence of exercise induced
wall-motion abnormalities which indicate reversible
ischemia. The information obtained from this test
also includes that obtained from regular ECG stress
testing, because stress test on the treadmill is an
essential part of the procedure.?®

Some of the patient cannot exercise therefore
a pharmacologic agent which is usually dobutamine
is commonly used to simulate stress,?*?' as a result
of its optimistic inotropic and chronotropic effects,
dobutamine may induce wall-motion abnormalities in
segments of the myocardium supplied by diseased
coronary artery, thus simulating stress caused by the
standard exercise. Echocardiographic imaging is ap-
plied in order to detect these abnormalities.?? Usually
baseline and post-dobutamine sonograms are fairly
analyzed. On the other hand, dipyridamole may be
used in pharmacologic stress echocardiography but
it is less frequently used because the mechanism
of action is based on perfusion changes rather than
straight effects on myocardial contractility.?? Stress
echocardiography is easy to perform and is available
at most noninvasive cardiac laboratories. Usually
the cost is less than that of radionuclide imaging
because of the equipment and materials are not so
costly. In this case the quality of echocardiographic
imaging is the most important limiting factor. It is also
very important to note that in patients with chronic
obstructive pulmonary disease or in obese patients
the acoustic window is limited,consequently, exact
assessment of regional wall-motion abnormalities
may not be possible but echocardiographic contrast
materials may offer some help to overcome this
barrier. The sensitivity of stress echocardiography
in detecting coronaryartery disease is approximately
90% with similar specificity.'s?!

CONCLUSION

Stress testing is an important diagnostic tool
in detecting CAD. Standard stress testing involves
treadmill exercise to produce stress. Pharmacologic
stress testing can be performed in patients unable
to exercise. Stress testing is cost-effective for pa-
tients with intermediate or low-intermediate clinical
probability of having CAD. Cardiac catheterization
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remains the gold standard of diagnosis. However,
the noninvasiveness, cost-effectiveness, and prog-
nostic value of stress testing are the major reasons
why these tests are used in the initial evaluation of
patients with suspected CAD. Also, newer imaging
techniques like magneticresonance imaging and
electron beam computed tomography may play an
important role in diagnosing CAD in the near future.
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