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BExerdse stress testing is used widely to evaluate the presence and extent of ana-
tonmic disease and the prognosis when significant disease has been defined. Indi-
catiors for diagnostic testing include elevated blood pressure, palpitations, and
destpain. Functional testing is used to assess progression of cardiac disease,
cardac status following therapy, and physical capacity. Exercise testing must be
godied to an appropriately selected group of patients. The indications, contraindi-
catiors, types, results, and complications of exercise testing are presented.

Exercise stress testing has been utilized in the definition
of patients with coronary artery disease since the late
19, Its usefulness in recent years has been expanded
toinclude radionuclide scanning, when stress testing is
equivocal, and post-infarction testing to define individuals
arisk for sudden death or recurrent infarction. By com-
bining the patient’s subjective complaints with a battery
dfobjective findings (heart rate, blood pressure, electro-
cardiogram [ECG] changes and test duration), the prog-
nostic value of the exercise stress test has been increased
tremendously in recent years.

INDICATIONS AND CONTRAINDICATIONS

The use of exercise stress testing (EST) in helping to di-
agnose patients with chest pain has been well established.
lthesbeen shown that an EST is quite likely to be positive
inthose patients with a subjectively convincing story for
coronary artery disease, whereas in those with physician-
described “noncardiac chest pain,” the test is usually neg-
aive. 1EST is especially useful to clarify the cause of pain
inpatients with “atypical pain.” Exercise stress testing is
doof use in evaluating the severity of disease in those
petientswith known coronary artery disease, assessing the
sats ofthe patient’s current medical or surgical therapy,
determining rehabilitation guidelines following myocar-
dd infarction, and clearing patients for exercise pro-
grars.2 Of less certainty is whether the test is beneficial
inevaluating dysrhythmias, testing asymptomatic indi-
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viduals (particularly in light of the recent emphasis on
“silent myocardial ischemia”), and profiling so-called
high-risk individuals such as airline pilots.

Certain contraindications (Table 1) must be weighed
carefully prior to doing exercise stress testing on an in-
dividual. The risk of sudden death and morbidity from
EST is greatly enhanced by failing to recognize these con-
traindications. Generally, a submaximal EST is performed
in patients with these contraindications. Such an approach
maximizes information concerning functional capacity,
therapy, risk, and the need for further diagnostic testing
while at the same time minimizing morbidity.

PATHOPHYSIOLOGY

The clinical value of exercise stress testing is the deter-
mination of the patient’s coronary artery reserve. An in-
ability to raise heart rate and blood pressure sufficiently
during exercise is an excellent predictor of severe coronary
artery disease. Ischemic changes found during EST are
highly predictive of finding moderate to severe coronary
artery disease on catheterization. Experimentation on dogs
reveals that an 80 percent occlusion is needed before con-
sistent evidence of coronary artery disease is demonstrated
on EST.3 The consequences of insufficient myocardial
oxygenation include chest pain, electrocardiographic
(ECG) changes (either ST segment elevation or depres-
sion), dysrhythmias, and, in severe cases of coronary artery
disease, evidence of left ventricular pump failure (ie, fall
in blood pressure during exertion).

DEFINITION OF THE TEST

Exercise stress testing requires the patient to be able to
participate functionally in the procedure. The intensity
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EXERCISE STRESS TESTING

TABLE 1. CONTRAINDICATIONS TO MAXIMUM EXERCISE

STRESS TESTING

Absolute
Unstable angina pectoris
Heart block (2nd or 3rd degree)
Pericarditis
Myocarditis
Uncontrolled asthma

Uncontrolled hypertension (>250 mmHg systolic; >120 mmHg

diastolic)

Uncontrolled or new-onset congestive heart failure

Uncontrolled or new-onset arrhythmia
Any new electrocardiogram changes
Acute thrombophlebitis or embolism
Acute febrile illness

Respiratory failure

Cerebrovascular disease

Resting tachycardia (>120 beats per minute)

Resting electrocardiogram abnormalities
Poorly controlled diabetes
Epilepsy

Relative
Severe electrolyte disturbance
Recent myocardial infarction < 6 wk
Aortic valve disease

of exercise a patient performs is predicted from workload
and is referred to in MET units (myocardial oxygen re-
quirement at rest = 1 MET). Occupational and recre-
ational activities in METSs that can be quite useful in re-
habilitative guidelines for a particular individual are
displayed in the Appendix. Diagnostic yield is maximized
if a patient is able to perform to test specifications (ie,
closer to maximal heart rate, ECG changes, blood pressure
changes, angina, or dysrhythmias). Tests that are limited
by nonspecific patient complaints are of far less diagnostic

value.

Exercise stress testing protocols have been developed
in an attempt to elicit the most information concerning

TABLE 2. TYPES OF EXERCISE STRESS TEST PROTOCOLS

Test Duration

Kasch Pulse Recovery4 3 min

Master 2 Step5 2-3 min
Bruce5 12 min
Balke6 10 min
Naughton6 12 min
Scandinavian5 16-24 min
12-minute test6 12 min
Triangular6 <20 min
Wingate6 30-45 sec

MV 02— minute oxygen consumption (myocardial)
+ =poor, ++++ = excellent
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Treadmill

Ergometer

No
No
No
No
No
Yes
No
Yes
Yes

peak myocardial oxygen requirements (Table 2). Tee
protocols, however, are plagued by a lack of standardiza-
tion. Ideally the test should last from six to 15 minues
to decrease the likelihood of fatigue factors present in
longer tests and to identify ischemic changes seen intets
of shorter duration.

Patient preparation is of prime importance in ataining
meaningful results. The history should include amat
medications, as both digoxin and /3-blockers can tae
profound interpretive implications in exercise stress et
ing. A 12-lead resting ECG should be obtained andte
findings compared with previous tracings, if aailddle
Most important, if the patient is prepared to anticipate
fatigue and shortness of breath as normal during the po
cedure, the number ofuninterpretable tests due to pdiet
symptom limitations will be decreased. A post-exercise
physical examination should search for any new cadia
findings (murmurs, gallops, dysrhythmias, etc).

In a maximum EST the individual attains 80 to%
percent of his or her predicted maximum heart rate @
rating of perceived exertion. The maximum heart ratek
most commonly calculated from the equations
—age) or 210 - age (0.65) = 10 beats per minute. Ay
test that does not attain the 80 to 90 percent meximum
heart rate or rate of perceived exertion may be linited
clinically. These criteria are modified downward inasb
maximal EST.

EXERCISE FINDINGS

Electrocardiographic changes seen with exercise wadly
involve ST segment depression resulting from inadequate
subendocardial perfusion. A positive result is understood
generally as representing a 1-mm or greater ST dgpression
at 0.08 seconds after the QRS complex (80 msec past te
J point). An upsloping ST segment at the J point is g

mvo2
Accuracy Comments
+ Short, simple, in-office
+ Short, simple, in-office
+++ Large incremental increases; difficult for dssded
++++ Smaller graded increments; good for disabled
++++ Smaller graded increments; good for disabled
++++ Good for disabled
+++ Very gradual protocol; good for very disabled
++++ Good for very disabled; can be long
++ Good for very disabled
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erdly a normal finding (negative result), whereas if the
segment is downsloping or horizontal, a positive test
(ischemia) is generally understood. The degree of ST
depression is proportional to the severity of ischemia in
that area of myocardium; however, the duration of ST
segment depression following exercise is related to the
degree of obstruction in a particular vessel or vessels. Sev-
eral false-positive results can occur with ST segment
depression, including hypokalemia, medications (digoxin,
psychotropic agents, phenothiazine tranquilizers, and
lithium preparations), conduction abnormalities (left
bundle branch block, Wolff-Parkinson-White), moderate
to severe valvular lesions, and mitral valve prolapse.78
Additionally, /3-blockers, calcium channel blockers, and
nitrates have a mechanism of action that automatically
delays an ischemic response. False-negative ECG changes
canoccur with a suboptimal test (less than 80 to 90 percent
ofpredicted heart rate), single-vessel disease, or other dis-
ease resulting in a suboptimal test (ie, pulmonary and
orthopedic diseases).

ST segment elevation may also occur during exercise.
Those with Prinzmetal’s angina have a 10 to 20 percent
rate of ST elevation with exertion.790fa more significant
nature are those with transmural ischemia, which causes
STelevation. The latter represents a critical stenosis, and
immediate invasive studies may be necessary.

Mean blood pressure response with exercise should
typically show an 8-to 10-mmHg increase with each stage
increase in either the Bruce or Naughton protocol. Pla-
teauing or decreasing mean blood pressure with increase
inworkload is an ominous sign representing left ventric-
ulardysfunction—an inability ofthe heart to respond ap-
propriately to increased myocardial demand.

Heart rate response should also increase as a direct re-
ault of increasing myocardial demand to produce an in-
creased cardiac output. Exercise stress testing has de-
creased diagnostic value ifthe patient is unable to increase
hisheart rate to within 20 beats of his 90 percent predicted
maximal heart rate; additionally, failure to do so repre-
sents a poor prognostic indicator if the patient is unable
toappropriately increase myocardial oxygenation in the
face of increased demand. Patients who are taking />
blockers or have sinoatrial nodal disease cannot be as-
sessed accurately with respect to heart rate.

Ectopy during EST is a nondiagnostic finding when
independent of other factors. When ectopy, particularly
ventricular, is noted in concert with other findings (angina,
blood pressure, heart rate, or ECG changes), however, it
may well represent corresponding myocardial ischemia.

The patient’s subjective complaints may include chest
Pain, fatigue, claudication, shortness of breath, light-
headedness, or confusion (secondary to decreased carotid
perfusion). The most diagnostic of these complaints is
typical angina pectoris in association with ECG or objec-
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TABLE 3. REASONS TO TERMINATE EXERCISE
STRESS TESTING

ST depression > 4 mm, T wave inversion, Q wave appearance

ST elevation (any)

Ventricular fibrillation

New atrial fibrillation

Sustained ventricular tachycardia

Ventricular premature beats > 25% of all beats

Heart block (2nd or 3rd degree), new bundle branch block

Blood pressure decrease > 20 mmHg after normal exercise rise

Marked angina

Severe dyspnea

Marked claudication

Syncope or near syncope

Ataxia

Confusion

Neurologic signs

Dizziness

Any fall in systolic pressure below resting value

Systolic pressure in excess of 200 mmHg or diastolic pressure
in excess of 140 mmHg

Severe chest pain

Cyanosis

Sudden-onset pallor, diaphoresis

tive findings indicative of coronary artery disease. Un-
fortunately, the presence of exertional chest pain as the
sole entity does not help one predict coronary artery dis-
ease without a combination of other findings. In Table 3
is a summary of the reasons to terminate exercise stress
testing.

PROGNOSTIC IMPLICATIONS OF
TEST RESULTS

Overall, the exercise stress test has a 55 to 60 percent
sensitivity and an 80 to 85 percent specificity in patients
with known coronary artery disease.1lts predictive value
or accuracy as defined by Baye’s rule varies from 10 to
85 percent depending on such variables as the amount of
ST depression, age and sex of the patient, symptomatol-
ogy, risk-factor analysis, and any factors associated with
the prevalence of coronary artery disease.1011 Physician
history taking alone provides invaluable data in predicting
test outcomes. For example, the predictive value of a neg-
ative EST in a patient with chest pain is in the range of
60 to 65 percent.1Patients with “typical” exertional angina
pectoris have an 88 percent likelihood of angiographic
coronary artery disease (range 80 to 96 percent); in con-
trast, those with chest pain believed unlikely to be due to
coronary ischemia have an 11 percent likelihood (range
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4 to 16 percent).1 Therefore, the likelihood of EST re-
vealing evidence of myocardial ischemia can often be pre-
dicted from the history alone.

Further, Bruce5has shown that predicting coronary ar-
tery disease can be done solely on conventional risk factors
(cholesterol > 6.35 mmol/L [245 mg/dL], blood pressure
greater than 140 mmHg systolic or 90 mmHg diastolic,
family history of a parent or sibling dying of myocardial
infarction before the age of 70 years, or smoking ciga-
rettes), as those without risk factors have a 99 percent
survival at five years regardless of their exercise findings.
Those with one conventional risk factor plus two exercise
factors (duration less than 6 min, chest pain with exertion,
failure to attain 90 percent of predicted maximal heart
rate, or ST depression greater than 1 mm) dip to a 67
percent five-year coronary survival or a 33-fold increase
in mortality! Those with only one exercise risk factor and
one conventional risk factor have a 98.4 percent five-year
survival.

Several investigators also feel that actual test duration,
as an independent factor, can be highly correlated with
long-term cardiac morbidity and mortality.15781012' UA
lessthan 1percent annual mortality secondary to coronary
artery disease has been found in those individuals able to
complete Bruce stage Ill exercise and attain a heart rate
of 160 beats per minute.122 McNeer et all3found that an
inability to complete stage | of the Bruce protocol cor-
responded to a 59 percent two-year survival and that 55
percent of all patients in this particular subgroup had sig-
nificant triple-vessel or left main coronary artery disease.
Further, in these individuals, all of whom had angio-
graphic evidence of coronary artery disease, the ability to
go to Bruce stage IV revealed a 90 percent four-year sur-
vival.13

Electrocardiographic evidence of ST segment depres-
sion alone can hold strong correlations for later cardiac
morbidity. Ellestad and Halliday,J5who tested more than
6,000 individuals, showed that greater than 1.5-mm
depression at 0.08 seconds following the QRS complex
correlated with a 46 percent incidence of increased angina,
myocardial infarction, or death at four years. Their eight-
year follow-up revealed a 76 percent incidence ofthe same
cardiac maniifestations, approximately 10 percent per year
(3.5 percent per year of myocardial infarction alone).
Conversely, a negative test corresponded with a 7 percent
four-year cardiac morbidity and less than 1 percent per
year of myocardial infarction.

McNeer et all3found in subsequent cardiac catheter-
ization that of those who had positive findings on EST at
Bruce protocol stages | or Il, there was a 60 percent in-
cidence of triple-vessel disease as well as a 25 percent in-
cidence of left main descending coronary artery disease;
in comparison, only 15 percent of those individuals who
went to stage 1V had evidence of triple-vessel coronary
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artery disease. Further, the risk profile ofthese groups was
less than 85 percent one-year survival in the former group
and 99 percent in the latter. Four-year follow-up showed
even more dramatic results, as those with positive results
at stage | had a 98 percent incidence of coronary artery
disease (73 percent triple-vessel coronary artery disease
and 27 percent left main descending artery disease), while
those with negative EST results who could not complete
stage | still had a 52 percent incidence of coronary artery
disease (21 percent triple-vessel and 10 percent left main
descending coronary artery disease). Further, those who
had a negative test at stage 1V had a 36 percent incidence
of coronary artery disease (9 percent triple-vessel coronary
artery disease and 1 percent greater than 50 percent left
main descending artery disease).13 Likewise, Bartel et alb
found that all patients with greater than 2.5-mm ST
depression had abnormal coronary arteries on angiogra-
phy; 90 percent had multivessel disease. Sixty percent of
the cohort with negative findings on exercise stress testing,
however, had normal coronary arteries. Few patients with
negative or mildly positive tests had multivessel disease.B

Specific ECG findings are associated with increased
cardiac morbidity. ST segment elevation has been asso-
ciated not only with Prinzmetal’s angina and ventricular
aneurysm, but also with transmural ischemia.78101216
When associated with the latter, severe proximal lesions
were found in many individuals who were catheterized.§lL
Further, there may be increased cardiac morbidity and
mortality with T wave inversion with exercise as well &
with a failure to decrease the size of R waves with exercise
(believed to be a sign of left ventricular dysfunction when
compared with typical decreased heart size with activity).B

A good correlation also exists between the length of
time it takes for the post-exercise ECG to normalize and
subsequent cardiac catheterization findings. Goldschlager
et al18 found that 40 percent of those whose ECG nor-
malized within one minute after exercise had normal cor-
onary arteries, and 90 percent of those whose abnormal-
ities persisted at greater than nine minutes had multivessel
disease.

The inability to raise systolic blood pressure above 140
mmHg is associated with 15-fold increase in sudden car-
diac death compared with those with an exercise blood
pressure ofgreater than 200 mmHg and a fourfold increase
in those whose peak systolic blood pressure was 140 to
199 mmHg.19 Seventy percent of those with a maximal
systolic blood pressure of less than 140 mmHg have a
greater than 70 percent incidence of coronary artery ste-
nosis and 38 percent have a left ventricular ejection frac-
tion of less than 40 percent.19 There is also a correlation
between exertional hypotension in medically treated in-
dividuals in five-year survival as well as the number of
vessels diseased. Similarly, a lack of fall of the diagnostic
blood pressure during exercise has great predictive value
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farpoor left ventricular function secondary to coronary
atery disease. 14

The prognostic value of exercise stress testing can also
keenhanced on the basis of pulse rate response with ex-
ede Using EST as a single variable McNeer et al13
shoned that those patients who had coronary artery dis-
ezehad a 90 percent four-year survival rate with a heart
rae of greater than 160 beats per minute compared with
an & percent four-year survival for those whose peak
pdserate was 120 to 159 beats per minute and a less than
@percent four-year survival ifthe participant was unable
toachieve a heart rate of 120 beats per minute. Addi-
tionally, Blincoe and Lutz14 demonstrated an increased
incidence of myocardial infarction, coronary artery bypass
gdft, or sudden cardiac death in those patients unable to
reach 90 percent of their expected maximal heart rate.
Furthermore, their data increased dramatically with the
addition of other EST or conventional risk factors.8

The predictive value of ventricular ectopy is considered
tenuous when it occurs during exercise. Several workers
have found no correlation of exercise ectopy when asso-
ciated with normal exercise ECG results.781020 CalifF et
d2Lhowever, showed that association of ventricular ar-
rhythmias with known coronary artery disease (greater
then 70 percent occlusion of major vessel) decreased pa-
tient survival. While those without exercise ectopy had a
Ppercent three-year survival rate, the rate decreased to
& percent in those with single premature ventricular
contractions and 75 percent in those with paired pre-
meture ventricular contractions or ventricular tachy-
cardia2l

Several investigations have shown increased survival in
thoee patients with known coronary artery disease
whoare able to achieve longer EST durations, maximal
heat rate (age-predicted), and fewer ST segment
changes 5781012151720 McNeer et al13showed an increase
insurvival from 77 to 90 percent in those with angio-
graphic coronary artery disease at four years in these pa-
tiets. Gohlke and associates2 found a 96 percent five-
yer survival in those patients with two-vessel coronary
atery disease and normal left ventricular function and
8 percent five-year survival in those unable to reach a
mexirmel heart rate because of angina or fatigue. Berman
®d colleaguesZ3 showed that the predictive value of EST
increased from 78 to 97 percent when ischemic ST seg-
netswere combined with two ofthe following variables:
adouble product less than 23,000, exercise duration less
then six minutes, or ST segments remaining depressed
loger than three minutes after completing exercise.

BruceShas also looked at predicting secondary coronary
ewtsin those with coronary artery disease. Left ventric-
uardysfunction as indicated by an exercise duration less
nmnthree minutes, cardiomegaly, or maximum systolic
I°’adpressure less than 130 mmHG is far more predictive
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than ST depression and angina. In those subjects without
exertional ischemia, the annual mortality is approximately
2 percent vs 5 percent in those with ST depression. With
one sign of left ventricular dysfunction, however, the an-
nual mortality rises to 9.6 percent, with any two signs to
25 percent, and with all three signs to an astounding 88
percent.

A controversial subject is that of performing exercise
stress testing on asymptomatic individuals. While some
proponents exist, the majority of discussions point to an
increased usefulness in those having risk factors—hyper-
tension, age, cholesterol level, family history, and smoking
history, or a worrisome personal history ofangina. False-
positive rates pertaining to EST alone may range from 64
to 75 percent in asymptomatic men and 70 to 85 percent
in asymptomatic women in the general population, where
the prevalence of coronary artery disease is low.7,122425
For those individuals with a true-positive test, however,
the incidence of coronary artery disease with complica-
tions is 15-fold higher than those with negative test results
(approximately 1percent ofall healthy individuals tested).
Thirty-three percent of these patients will have angina,
myocardial infarction, or death within the next five
years.7.%

Abbott et alZ7reviewed the use ofphysician test ordering
as well as the integration of the results into the patient’s
regimen. The authors determined that all 90 successive
tests were ordered for appropriate reasons. They found
that in those tests that showed depressed ST segments,
physicians integrated this information into the patient’s
file. In those patients with negative results, however, fur-
ther studies to determine the patient’s problem, when it
persisted, were not performed (including any further car-
diac workup) by 33 percent of physicians, and some even
continued antianginal medications. Further, it was shown
that the likelihood of resolving a diagnostic dilemma was
decreased when the initial history was questionable for
angina pectoris.

INCIDENCE OF COMPLICATIONS

Complications arising from EST are exceedingly rare
when the above contraindications and signals to terminate
the test are heeded. Mortality figures range between 3 and
10 per 100,000, while morbidity, defined as hospital ad-
mission secondary to test-related chest pain, dysrhythmia,
or myocardial infarction is about 24 in 100,000 tests.812
To prevent mortality or excessive morbidity, all exercise
stress testing should be physician-monitored and accom-
panied with adequate defibrillating equipment and cardiac
medications in anticipation of a cardiac arrest. Under-
standably, all persons associated with performing the test
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should be trained in cardiopulmonary resuscitation and
advanced cardiac life support.

SUBMAXIMAL STRESS TESTS

A type of exercise stress test that is shown to have tre-
mendous predictive value is the post-infarction submax-
imal stress test. Its main contribution is to identify those
patients at high risk for recurrent myocardial infarction
or death; if the test is positive, one can proceed with in-
vasive cardiac studies quickly, ifneeded. When a negative
result is attained, it allows the physician and the rehabili-
tative team to provide the patient and family with an
accurate and safe exercise regimen while providing much-
needed confidence in task performance for the patient.

The test is generally run using the Naughton protocol.
Some controversy has developed as to whether the test
should be done immediately after myocardial infarction
(8 to 12 days) or six weeks after the infarction. Both show
evidence of excellent predictive value, and little interim
morbidity and mortality have been seen.28-30

The submaximal stress test is generally run to 5 METSs,
or the equivalent of climbing one flight of stairs—a very
practical endeavor for most people. Contrainindications
to running the test immediately following an infarct in-
clude angina or congestive heart failure within the pre-
vious three days, uncontrolled hypertension, profound
hypotension (systolic blood pressure less than 80 mmHg),
unstable ECG, or complex ventricular ectopy.8282 Like-
wise, the test termination threshold is equivalent to that
of a routine EST, except that the test should be stopped
immediately with the onset of any anginal symptoms.
Maximal heart rate is considered 70 to 75 percent of ex-
pected with an absolute ceiling of 130 beats per minute.

Interpretation of the test is also similar to that of a
routine EST. For those patients with abnormal ST seg-
ments prior to undergoing the submaximal stress test, an
additional 2-mm ST depression is considered diagnostic
of continued post-infarction myocardial ischemia.2
Again, blood pressure and pulse response with exercise
and test duration remain critical criteria in judging the
patient’s ultimate prognosis.

Prognostically, those patients able to perform a sub-
maximal stress test are grouped into high and low risk.
Those at high risk are individuals who are unable to ex-
ercise to more than 3 METs or who develop exercise hy-
potension, exercise angina, or ST depression of greater
than 2 mm from the baseline ECG.282 Those individuals
who are unable to attain 3 METSs of exercise or who de-
velop angina (39 percent of the post-infarction group)
carry a 57 percent one-year incidence of sudden cardiac
death, unstable angina, or myocardial infarction.230
Hence, in these individuals further evaluation at an early
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stage is warranted, most notably cardiac catheterization,
perhaps even prior to hospital discharge. For those wo
show exercise blood pressure reduction, a radionudide
test after healing may be considered to determine whether
any ischemic areas still exist.

In those patients who do not fit any high-risk aiterig,
submaximal exercise testing serves as an important bese-
line in determining an appropriate and safe exercise pe-
scription as well as the beginning of a long-term rehabil-
itation program. It also serves to assure the physician d
the adequacy of medical treatment and obviates any rexd
for adjustment.

OTHER STRESS TESTING METHODS

Radioisotope studies have enhanced greatly the sersitivity
of exercise stress testing. Although adding significantlyto
the cost ofthe study, the use ofthallium radioisotope (Th
201), especially in those patients at high risk for a fde
positive routine exercise study, has proven beneficial &sa
diagnostic tool for coronary artery disease. Specifically,
radionuclide stress testing is optimal when utilized in
tients with a pretest probability of disease based on ag
and clinical findings between 25 and 70 percent (ie, ks
than 85 percent maximum heart rate achieved during EST
in a patient with chest pain or a patient with certain rik
factors, atypical chest pain, or asymptomatic ST segven
depression during exercise).3L®

The kinetics ofthe thallium isotope allow uptake toke
proportional to regional perfusion. The isotope is admin-
istered intravenously at peak exercise, and uptake is e
sured within 10 minutes of this activity as well as tee
hours after activity. Any areas of fixed decrease in radio-
activity represent scarring from previous infarction,
whereas those areas of decreased immediate radioactivity
that are adequately perfused at three hours (reversible &
fects) represent areas of exercise-induced myocardial
ischemia.

The clinical indications for performing thallium sides
in preference to a routine exercise stress test are listedin
Table 4. The thallium stress test has proven to be ave+
tageous in predicting coronary artery disease. In aam
pilation of studies Gibson and Bellerlreport a smsitivity
of 83 percent and a specificity of 90 percent in petiets
with known coronary artery disease. Furthermore, td-
lium stress testing is very accurate in the prediction d
single-vessel (80 percent) and double-vessel (83 percat
coronary artery disease as well as triple-vessel disease (it
percent). Overall, the test has a sensitivity of 85 patat
and a specificity of 91 percent.33 Because of the nature*
the radioactivity, the test is useful in predicting the afeted
artery as well as the segment of myocardium with ¢
creased perfusion (right coronary artery 80 percent, B
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TABLE 4. POTENTIAL CAUSES OF FALSE-POSITIVE TEST
RESULTS FROM EXERCISE STRESS TESTING

Women
Medications
Group | antiarrhythmic agents
Digitalis
Phenothiazines
Tricylic antidepressants
Lithium
Hypokalemia
Mitral valve prolapse
Resting electrocardiogram abnormalities

Suspected false-positive or false-negative exercise stress test
results

Borderline lesions at catheterization

anterior descending 86 percent, and circumflex artery 60
percent). Multiple reversible defects tend to reflect greater
than single-vessel disease, as one might expect.

Avariant of the thallium stress test involves injecting
intravenous dipyridamole in those individuals who are
unable to exercise to a level near their predicted maximum
heart rate. Dipyridamole dilates coronary arteries, which
simulates the exercise state. The sensitivity, specificity,
and predictive value of this test is similar to that of thal-
lium stress testing.34 The presence of coronary artery dis-
ease corresponds to reversible thallium defects, whereas
areas of prior myocardial infarction generally are visible
as a fixed defect. 2034

Additional stress test modalities include radionuclide
cineangiography (MUGA, multi-gated acquisition study)
and exercise echocardiograms. These approaches may in-
crease the sensitivity and predictive value of EST.®

CONCLUSIONS

Exercise stress testing provides the physician, as well as
the patient, with a noninvasive procedure for evaluating
coronary artery disease. Compliance with protocol guide-
lines produces a very safe procedure, particularly in the
office setting. Proper interpretation of EST provides a
sensitive indicator of coronary artery disease, allows for
anevaluation of appropriate medicinal treatment, or can
alert the physician to a possible need for rapid invasive
techniques. Recent advances in thallium studies have
provided an additional means oftesting those individuals
who were previously at high risk for false-positive EST.
Persantine-thallium studies allow the physician to study
those patients who are unable to exercise because of other
limitations. Post-infarction stress testing is also of great
Prognostic value to the physician in terms of patient sur-
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vival or need for hurried intervention. Hence, EST should
be considered as a useful tool in coronary artery disease
diagnosis, treatment appraisal (surgical or medical), and
post-infarction prognosis.
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APPENDIX

Approximate Energy Expenditure for Common Physical Activities

APPENDIX: APPROXIMATE ENERGY EXPENDITURE FOR COMMON PHYSICAL ACTIVITIES

Energy

152 MET
4-7 mL 0 2min/kg
2-2.5 Kcal/min

2-3 MET
7-11 mL Oz/min/kg
2.5-4 Kcal/min

3-4 MET
11-14 mL 0 2min/kg
4-5 Kcal/min

4-5 MET
14-18 mL 0 2min/kg
5-6 Kcal/min

Recreation

Standing

Card playing

Sewing or knitting

Flying, motorcycling

Walking (1-2 mph or 1.6-3.2 kph)
Model ship building

Bed exercise

Golf (powercart)

Bowling, billiards

Darts, piano playing

Fishing (standing, sitting), croquet
Power boating, shuffleboard
Skeet shooting, light woodworking
Walking (2-3 mph or 3.2-4.8 kph)
Cycling (5 mph or 8 kph)
Shopping

Kayaking, rowing, canoeing (2.5 mph or 4 kph)
Horseback riding (walk)
Horseshoe pitching

Calisthenics (light)

Fly fishing

Archery

Badminton (doubles), tennis (triples)
Sailing (small boat)

Ice boating

Horseback riding (trot)

Badminton (social doubles)
Softball (noncompetitive)

Musician (energetic)

Golf (pulling bag cart)

Volleyball (6-man noncompetitive)
Walking (3-3.5 mph or 5-5.8 kph)
Cycling (6 mph or 10 kph)

Table tennis

Golf (carrying bag)

Dancing (social)

Tennis (doubles)

Badminton (singles)

Calisthenics (moderate)

Swimming (light)

Tetherball

Baseball (honcompetitive)

Walking (3.5-4 mph or 5.8-6.4 kph)
Cycling (6.5-8 mph or 10.4-12.8 kph)
Kayaking, rowing, canoeing (3 mph or 4.8 kph)
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Activity

Shaving, dressing, showering
Desk work

Electric typing, writing
Automobile driving

Dusting, light housework
Calculator machine operation
Watch repair

Light assembly work
Hammering

Car washing

Automobile repair
Kneading dough

Manual typing

Ironing, tailoring

Bartending

Heavy lever work, dredge
Riding power lawn mower
Television, radio repair
Crane operator
Upholstering

Using hand tools

Cleaning, scrubbing, waxing
Washing, polishing, sanding

Janitorial work

Brick laying, plastering

Twisting cables, pulling on wires

Raking leaves

Machine assembly

Hitching trailers

Cranking up dollies

Mopping, hanging wash

Window cleaning

Light plumbing

Welding (moderate)

Plowing, tractor

Trailer-truck driving

Light lawn mower pushing

Wheelbarrow (100 Ib or 220 kg)

Assembly line work (light or medium parts appear at an
approximate rate of 500/d or more of lifting 45-lb part every
5 minutes or so)

Stocking shelves, packing or unpacking light or medium objects

Heavy machine repair (farm, airplane, plumbing)
Using powersaw on hardwood
Pushing a power mower, cart, dolly
Gardening, hoeing

Bailing hay

Carpentry (light)

Painting

Masonry

Paperhanging

Interior repair, remodeling

Stair climbing (slow)

Putting in a sidewalk

Carrying trays, dishes

Gas station mechanic Appendix continued
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APPENDIX: APPROXIMATE ENERGY EXPENDITURE FOR COMMON PHYSICAL ACTIVITIES (Continued)

Energy Recreation Activity
4- 5 MET Military marching
14-18 mL 0 2Zmin/kg Lifting and carrying 20-44 b
5- 6 Kcal/min General heavy industrial labor
Walking from room to room
Pumping tire
Plowing with a horse
5- 6 MET Hunting (small game) Garden digging
18-21 mL 02min/kg  Fishing (wading) Shoveling light earth
6- 7 Kcal/min  Softball (competitive) Stair climbing (moderate)
Horseback riding (posting trot) Exterior remodeling or construction

Soccer (noncompetitive)

Walking (4 mph or 6.4 kph)

Cycling (8.85 mph or 12.8-13.6 kph)
Kayaking, rowing, canoeing (4 mph or 6.4 kph)
Ice or roller skating (9 mph-15 kph)

6- 7 MET Backpacking (5 Ib) Shoveling 10 Ib or 22 kg 10 times a minute
21-25 mL 02min/kg  Tennis (singles) Snow shoveling
7- 8 Kcal/min  Scuba diving (warm water) Hand lawn mowing

Downhill skiing (light) Splitting wood

Water volleyball Using pneumatic tools

Ski touring (2.5 mph or 4 kph) Carry, lifting 46-64 Ib

Calisthenics (heavy) Spading

Water skiing

Badminton (competitive)
Walking (5 mph or 8 kph)
Cross-country hiking
Dancing (rhumba, square)
Swimming (moderate)

7-8 MET Horseback riding (gallop) Stair climbing (fast)

25-28 mL 02min/kg  Snowshoeing (3 mph or 4.8 kph) Ditch digging
Sledding, tobogganing Hand saw, ax on hardwood
Ice hockey Carrying, lifting 65-84 Ib
Touch, flag football Laying railroad track
Paddle ball Carrying 20 Ib up stairs

Swimming (fast)

Mountain climbing

Basketball (non-game)

Walking (6 mph or 9.6 kph)

Cycling (12 mph or 19 kph)

Kayaking, rowing, canoeing (5 mph or 8 kph)
Jogging (5 mph or 8 kph)

Downhill skiing (vigorous)

8-9 MET Light sparring (boxing, martial arts) Carrying, lifting 85-100 Ib
28-32 mL 02min/kg  Fencing Shoveling 14 Ib or 31 kg, 10 times a minute
10-11 Kcal/min Scuba diving (cold water) Tending furnace
Handball (social) Using a pick
Endurance motorcycling Using a bar, sledgehammer
Basketball (vigorous) Climbing a ladder
Soccer (competitive) Moving, pushing desks, file cabinets
Squash (social) Stock furniture; also pushing against heavy spring tension
Running (5.5 mph or 9 kph) Shoveling 16 Ibs or 36 kg 10 times a minute

Cycling (13 mph or 21 kph)
Ski touring (4 mph or 6.5 kph) in loose snow
Back packing (30 Ibs)

434 THE JOURNAL OF FAMILY PRACTICE, VOL. 26, NO. 4191



EXERCISEstress testing

APPENDIX: APPROXIMATE ENERGY EXPENDITURE FOR COMMON PHYSICAL ACTIVITIES (Continued)

Energy

10+ MET
32+ mL Oz/min/kg
11+ Keal/min

Recreation

Basketball (competitive)
Hunting (big game)
Heavy sparring (boxing, martial arts)
Ski touring (5+ mph or 8+ kph)
Running 6 mph = 10 MET
7 mph = 11.5 MET
8 mph = 13.5 MET
9 mph = 15 MET
10 mph = 17 MET
Cycling 14 mph = 10 MET
15 mph = 11.5 MET
16 mph = 12.5 MET
Swimming (crawl) 850 yd/18-20 min = 10 MET

950 yd/20-22 min = 11 MET
1000 yd/20-22 min = 12 MET
Gymnastics
Judo
Spaceball
Trampolining
Wrestling

Mrest, 1 MET :3.5mL O~kg/min
These values are for a 70-kg person

Some activities may have a large range of metabolic activity due to excitement, stress, anxiety, or impatience

THEJOURNAL OF FAMILY PRACTICE, VOL. 26, NO. 4, 1988

Activity

435



