EDITORIALS

The role of exercise testing for evaluating
patients with unstable angina
Neil L. Coplan,

MD, and Ilisa D. Wallach,

MD. Neu! Yorh, N. 1..

Exercise
testing is used to assess the degree of
demand that results in myocardial ischemia and the
functional result of induced ischemia, thus providing
physiologic data that complement
the anatomic information available from coronary angiography. Exercise testing has been shown to be useful for evaluating patients with stable coronary artery disease.
The results of an exercise test can be used to evaluate patients presenting with chest pain,l for estimation of the ext,ent of disease and the prognosis,‘-’
or
for determining
the likelihood of benefit from surgical versus medical therapy.‘-”
With respect to acute
coronary syndromes,
many studies have evaluated
the use of exercise testing following myocardial infarctioni This report reviews the role of exercise test
ing for evaluating patients with unstable angina.
Natural history and pathophysiology.
Iinstable angina embraces a spectrum of presentations, including
new-onset angina, crescendo angina, and rest pain.x, ’
Patients with unstable angina have an increased incidence of myocardial infarction and mortality”‘:
studies of pat,ients with unstable angina who are
treated with rest and minimal medication show a
cardiac mortality of B”, to 10’;’ and an incidence 01
nonfatal myocardial infarction of 12 ’ , to 14’ , over a
l-year follow-up. il.” In a IO-year prospective follow-up study of patients with unstable angina, Gazes
et al.“’ noted an 82“( 1%month survival and a 48’,
survival 120 months aft,er diagnosis. The reported
incidence of cardiac events associated with unstable
angina varies as a function of the patient population
studied’“; patients presenting with rest pain have a
particularly poor prognosis.”
Pathologic and angiographic evidence suggest that
acute coronary syndromes most, commonly occur as a
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consequence of a sudden decrease in myocardial oxygen supply resulting from plaque rupture and superimposed thrombosis. 15-Z” Whether this plaque
transformation results in Q wave myocardial infarction, non-Q wave myocardial infarction, or unstable
angina is a function of factors such as the length ot
time of total occlusion (which may be affected by
nat.ural or pharmacologic thrombolysis) and the collat,eral supply to the jeopardized area.l’. 181
“‘)
Angiography
and unstable
angina.
Angiographic
st,udies have shown that 90’; of patients presenting
with unstable angina have significant coronary artery
obstruction in one or more coronary arteries; the dis.
tribution of lesions is similar to that seen in patients
wit,h chronic coronary disease.2”-“5 Left main corenary disease has been reported t,o occur in from 4’,
to 20’, of patients with unstable angina.“s Patient,!:
present,ing with crescendo angina or rest pain have a
higher incidence of multivessel disease and left main
coronary artery stenosis.‘“, “;
Patients wit.h unstable angina who continue tcb
have pain or signs of myocardial ischemia despite
medical therapy require cardiac catheterization and
angioplasty or coronary artery bypass surgery should
be considered.““-“o However, most patients with unstable angina respond to medical therapy,?s and some
have questioned if these patients should undergo
coronary angiography.“’
‘The National Cooperative Study Group for lJn
stable Angina Pectoris”’ found no benefit for urgent
coronary artery bypass surgery in patients stabilized
on medical therapy, regardless of whether patients
had one-, two-, or three-vessel disease. However, progressive symptoms occurred significantly more commonly in the medically treated group and 36’ ; of the
medical group crossed over to surgical therapy. Furthermore. paGents with left main coronary disease
were excluded from this study.‘%”
One reason to perform angiography following medical stabilization would be to determine if the patient
was in a subset that large multicenter trials 1)1’
palients with chronic stable angina have identified a::
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I. Exercise testing in patients with unstable angina who respond to medical therapy: Predictive value for
adverse cardiac events over long-term follow-up

Table

Stud>,

No.

Nisvd”

55

Br:tman~’

125

Swahn-l”

275

w dcox”~~

107

Brown”j

52

.SENBq, Sensitivity;
ocard~al infarction:

Protocol
IJpright
bicycle;
exercise stopped for
ECG changes,
symptoms,
or target
heart rate
.Modified
Naughton
treadmill;
exercise
stopped
for ECG
changes, symptoms,
or target heart rate
I.‘pright
bicycle;
exercise stopped for
symptoms
(or target
heart rate for non-Q
MI, n = 74)
Modified
Naughton
treadmill;
exercise
stopped
for ECG
changes or
symptoms

Treadmill,
Bruce
symptom-limited

End

point

-PV

Severe angina,
unstable
angina

ECG

Severe angina,
CABG,
MI.
death

ECG changes
chest pain

CABG,
MI.
death

Unstable
angina,
death

MI,

Unstable
angina.
MI, death

changes

‘il’,

YO',

il(,

76’;.

85’1

Pa',

71 (',

ECG changes,
limiting
chest
pain, or RPP
<13,500

92’c

70’,

40'<

98' c

ECG changes and
RPP <l&O00

38’1

85’r

481,

79',

ECG changes and
RPP <l&000,
or ECG
changes alone
or RPP
<lS,OOO alone
ECG changes

86 r;

32 I’,

32°C

86 5

30’;

80’~

55 (‘I

59’,

Reversible
thallium

70’;

76’,

iO’<

76’,

or

defect

SPEC, specificity; +PV, positive predictive value; -PV, negative predictive value; MI, myocardial
C’AHC. ~wunary artery bypass grafting (surgery); RPP, rate-pressure
product.

benefiting from revascularization.“3-37 Another reason to consider angiography in the medically responsive patient is the possibility of performing angioplasty.‘3s
Studies

Independent
Luriahle

of exercise

testing

and unstable

angina.

It

would seem prudent to consider angiography in a
significant percentage of patients with unstable angina 14.38.‘I9 particularly those presenting with rest
pain’or crescendo angina. Investigators have studied
the use of exercise t.esting for further stratifying patients with unstable angina who respond to medical
therapy to identify a subset most likely to benefit
from angiography and subsequent revascularization
(Table I).
Nixon et a1.40performed upright bicycle exercise
testing on 5.5 patients diagnosed with either new onset angina or crescendo angina who had stabilized on
medical therapy. Exercise was stopped because of
myocardial ischemia (either chest pain or significant
ST changes) or upon the patient’s attaining a target

infarcnon:

non-Q MI, non-Q wave my-

heart rate of 120 beats/min. There were no complications from exercise. The results showed that exerciserelated chest pain or significant ST depression had a
71cC positive predictive value and a 71:; negative
predictive value for the development of severe angina
or recurrent unstable angina over the fohow-up
period (mean 18 weeks).
Butman et a1.41performed submaximal exercise
tests on 125 patients with unstable angina after a
pain-free period on medications of at least 3 days;
therapy included nitrates (85% ), P-blockers (53 I’;’),
and calcium antagonists (3 “C). Patients with congestive heart failure or myocardial infarction within the
3 months before admission were not included in the
study. The test was discontinued for symptoms, significant ST depression, or upon the patient’s reaching 70cc of the predicted heart rate. There were no
complications from exercise testing. In over 1 year of
follow-up, 87 “C of patients with angina or more than
1 mm ST segment depression on the electrocardio-
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Table II. Exercise testing
multivessel disease
Stud\

No.

Butman”;’

78

Freeman4”

67

I’red

max,

Predicted

Amencan

in patients

with unstable

Protocol

Modified
Naughton
treadmill;
exercise stopped
for symptoms.
EC(: changes, or
70’, pred. max.
heart rate
Bruce treadmill,
symptom-limited

maximum:

other

abbreviations

angina

End

who respond

to medical

Predictive

Independent
cwriahlc

pmnt

Multivessel disease

EC(+ changes or
angina

Multivessel disease

ECG changes or
exercise <6
minutes
Exercise <fi
minutes and
ahnormal
thallium

as in Table

therapy

66’,
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i-l’\’

.-I’\’

‘I”‘,

5;

kc’,

;:i’

l(K)‘,

6”’

1.

gram (ECG) had an unfavorable outcome (including
unstable angina, myocardial infarction, or death)
compared with 29’;’ of the 65 patients with a negative test.
In a study of 400 patients with either unstable angina or non-Q wave myocardial infarction (which
represented 26’:;’ of the study population) who responded to medical therapy, Swahn et a1.4” performed upright bicycle testing before hospital discharge. The test was stopped because of symptoms
(or when the patient attained a maximal heart rate of
130 beatslmin or a work load of 130 W in patients
with non-Q wave myocardial infarction). There were
no adverse effects from exercise testing. Over a l-year
follow-up, 45 of 114 men with limiting chest pain,
more than 1 mm of ST segment depression associated
with exercise, or a rate pressure product below 13,500
died, had a myocardial infarction, or required bypass
surgery (positive predictive value 40 “; ). In contrast,
98”r of patients without these findings had a favorable outcome. There was no prognostic significance
derived from exercise testing in women. The authors
concluded that men with induced ischemia on exercise testing should be considered for coronary reperfusion.
Wilcox et a1.4” studied 107 patients who had
unstable angina and no rest pain for 3 days after
treatment with medical therapy, which included nitrates, calcium channel antagonists (58(‘, ), @-adrenergic blocking agents (50 @C
), and aspirin (35 cL). The
test was stopped because of angina or a strongly positive ECG. There were no complications. The data
indicated that two exercise test variables-a positive

exercise ECG and low rate-pressure product-were
independent predictors of adverse outcome. Patients
who had both exercise-related ST segment depression and a rate-pressure product below 18,000 had a
48’;, incidence of unstable angina, myocardial infarction, or death over 1 year of follow-up. In contrast.
only 14 ( ( of patients with neit,her finding during ex
ercise had an unfavorable outcome. Using a regression formula that included three clinical variables
and t.wo exercise variables, a low-risk group with a
5”; risk could be identified.
In another study, Brown” found that thallium
perfusion scanning along with symptom-limited ex
ercise testing significantly improves the ability to
identify high and low risk in patients with unstable
angina who respond to medical therapy. The exercise
ECG had a 55 “; positive predictive value and a 59’,
negative predictive value for a cardiac event (includ
ing unstable angina, nonfatal myocardial infarction,
or cardiac death). In comparison, patients with
reversible thallium defects had a 70 (( incidence of’
cardiac events over the mean 39-month follow-up
period, while only 20 “C of pat,ients with a normal scan
had a cardiac event. Of particular note, only 1 of 29
patients without reversible thallium defects had
either cardiac death or nonfatal myocardial infarc
tion (MI).
Two studies have evaluated the use of exercisr
testing for predicting multivessel disease in patients
with

unstable

angina

who have responded

to medical

therapy (Table II). Butman et al.“” reported that angina or significant ST changes associated with suhmaximal testing (target. heart rate limited on Naugh-

Volume
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Number

1

ton protocol) following stabilization
of unstable angina had a 92 “; positive predictive value and a 57 (‘(
negative predictive value for multivessel
disease. In
another study, Freeman et a1.46 demonstrated
that
the addition of thallium imaging increased the ability to predict the extent of coronary artery disease.
Sympton-limited
treadmill exercise (standard Bruce
protocol)
was performed
by 67 patients admitted
with unstable
angina who responded
to medical
t,htrapy. No complications
of exercise testing were
noted. Exercise duration less than 6 minutes or a signiflcant thallium defect (or both) was present in all
pat.ients with multivessel
coronary
artery disease,
and neither was present in 18 of 29 patients with less
severe coronary disease. The authors noted that more
rigorous exercise improved sensitivity,
and proposed
that. symptom-limited
exercise testing be performed
after medical stabilizat,ion.
These studies demonstrate
that in selected patients exercise testing following
presentation
with
unstable angina is a safe procedure. It is important to
carefully select which paCents are to be tested so as
to minimize risk of exercise-related
complications.
A
wide variety of exercise protocols was used in the
studies mentioned above; the best protocol remains
to be determined.
The data indicate that patients at increased risk
for multivessel
disease can be identified, and that
patients can be stratified with respect to risk for cardiac events over long-term follow-up.
Thus exercise
testing of patients with unstable angina who respond
to medical therapy may help identify patients who
should be considered for angiography
and patients
who could initially be managed with medical therapy.
It is important
ttl note that there are several variables influencing
the predictive
value of a test,
including the testing protocol, the population tested,
the parameters used for prediction, and the end point
followed. Although the high negative predictive value
in some studies indicates a very low risk for a certain
cardiac event over long-term follow-up, the negative
predictive values in other studies indicate that patients without certain exercise-related
abnormalities
ma:+. still be at significant risk for a cardiac event despite an apparent response to medical therapy. The
addition of thallium perfusion scanning appears to
significantly
improve risk stratification,
but there is
limited information
on this point. More studies are
needed to determine the best method for noninvasive
evaluation of patients presenting with unstable angina who respond to medical therapy.
In addition to potentially
functioning
as a screening test to determine which patients should have angiography, a role that should be considered is the use
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of exercise testing as an adjunct to angiography to
further stratify stabilized patients once the anatomic
extent of the disease is determined. Similar to the
patients with stable coronary disease, the results of
an exercise test may be used to identify high and low
risk groups from among patients with an “equivalent” degree of coronary stenosis4i-“’ and should help
to identify patients with the greatest potential benefit from revascularization.
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