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Patients with hemodynamically significant coronary
artery disease may have normal ventricular function at
rest, and develop ventricular dysfunction only during
stress when imbalances between circulatory supply and
demand become evident. In these patients, stress-induced
myocardial ischemia can be detected objectively with
electrocardiographic changes and recognized subjec
tively by anginal symptoms (1,2). Using supine bicycle
exercise, Borer et al. (3,4) demonstrated that gated
equilibrium blood-pool imaging is a sensitive technique
for identifying patients with exercise-induced ventricular
dysfunction. However, with this type of exercise some
patients are limited by leg fatigue before symptomatic
or electrocardiographic changes are reached. Thus, some
patients with significant coronary artery disease may
have a normal ventricular response with inadequate
stress only to develop ventricular dysfunction if higher
levels of exercise could be achieved (5). The present
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study was undertaken to determine the sensitivity of
stress radionuclide ventriculography in detecting patients
with coronary artery disease, as related to the adequacy
of exercise achieved.

MATERIALS AND METHODS

Seventy-seven patients comprising the population of
this study were selected from a larger group of 133 pa
tients undergoing both exercise RNV and coronary an
giography for evaluation of chest-pain syndromes. We
excluded 56 patients with documented CADâ€”i.e., di
agnostic Q waves, prior documented myocardial in
farction, or coronary artery bypass graft surgery. There
were 59 males and 18 females with a mean age of 49.
Thirteen patients were receiving propranolol at the time
of the study. No patient had clinical evidence of con
gestive heart failure. Patients with valvular heart disease
and myocarditis were also excluded before selection of
the original 133 patients. Informed consent was obtained
before both procedures.

Rest and exercise multigated blood-poolscintigraphy
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Rest and exercIse radlonuclide ventriculograms were obtaIned on 77 sympto
matic patIentswithoutpriordOcumentedcoronaryarterydisease(CAD).Coronary
artery dIseasewas presentby anglogramsIn 48. Radlonuclldeventrlculography
(RNV)wasabnormalIn41 patIents(overallsensItIvity85%). In29 patIentswIth
normalcoronaryarterIes,RNVwasnormalIn 24 (specIficity83%). TodetermIne
If the exercIse level affects sensitIvIty, the studIes were graded for adequacy of cx
erclse. It was consIdered adequate If patients developed (a) chest paIn, or (b) ST
segment depression of at least I mm, or (c) If they achieved a pressure rate prod
uct greater than 250. Among the 48 patIents wfth coronary artery disease, 35
achieved adequate exercIse. Thirty-three had an abnormal RNV(sensltlvfty 94%).
In13patIentswhofailedtoachieveadequateexercIse,RNVwasabnormalIneight
(sensltlvfty of only 62% ). Some patients with coronary artery disease may have
a normalventricularresponseat Inadequatelevelsofstress.
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was performed as previously described (5). Briefly, pa
tients were given 25 mCi of Tc-99m for in vivo red
blood-cell labeling (6). Data were acquired on a standard
gamma camera equipped with a low-energy, parallel
hole, high-sensitivity collimator and interfaced to a
minicomputer. R-wave-synchronized data were collected
in a 64 X 64 matrix format using a computer program
providing up to 14 frames per cardiac cycle. During the
resting studies the maximum time per frame was 50 msec
to provide adequate temporal resolution (7). During the
exercise studies, the time per frame was computer-con
trolled depending on the exercise heart rate.

All studies were obtained in the supine position.
Resting studies used a 1O@right anterior oblique (RAO)
view and the left anterior oblique (LAO) view that best
separated the right and left ventricles. Baseline heart
rate, blood pressure, and electrocardiogram were ob
tamed. Patients were monitored during the study with
a bipolar CM-5 lead system. Patients were exercised with
a bicycle ergometer, maintaining a pedaling rate of 50
to 60 RPM. After a warmup period of 1 mm at 150 KPM
the workload was gradually increased until the patient
reached a preset heart rate between 90 and 100. The
heart rate was kept constant during data acquisition with
minor adjustments in the workload. During the acqui
sition, the heart rate, blood pressure, and ECG were
monitored. Upon completion of the acquisition, the
workload was increased by 150 KPM. When the heart
rate stabilized the acquisition was repeated. Patients
were exercised in this manner until symptom limiting
chest pain, leg fatigue, or shortness of breath developed.
The exercise was not stopped when patients developed
only mild to moderate chest pain or when ST segment
depression occurred. By analyzing the heart rate, blood
pressure, ECG, and chest-pain response during exercise,
a set of criteria was established to grade the adequacy
of exercise.

The ejection fractions (EF) were calculated from the
rest and exercise LAO radionuclide studies using a
commercial edge-detection program with varying regions
of interest (8). The ejection fractions obtained in this
manner have been shown in our laboratory to correlate
well among observers and with ejection fractions oh
tamed with contrast ventriculography at rest and during
exercise (9). Based on these findings, an exercise-induced
rise in ejection fraction of greater than 0.05 in any pa
tient was considered significant. Ventricular wall motion
was analyzed by viewing cinematic closed-loop displays
of rest and exercise LAO radionuclide ventriculograms.
A normal radionuclide study includes: (a) a resting EF
>0.50,(b)anexerciseEF>0.05abovetherestingvalue,
and (c) normal wall motion at rest and during exer
cisc.

Multiple-view coronary angiograms were obtained on
all patients using the Sones technique. Seventy-one
percent of studies were obtained within 1 wk, and all

were made within 4 mo of the radionuclide study. All
patients had single-plane resting contrast ventriculo
grams. In addition, 56 patients (73%) had exercise
contrast ventriculograms as previously described (10).
Significant CAD was defined as a greater than 70% re
duction in the diameter of at least one coronary artery.
Normal coronary arteries were defined as any with
<50% stenosis.Therewerenopatientswitha singlele
sion between 50 and 70%.Contrast ventriculograms were
evaluated for regional wall-motion abnormalities by
viewing cineangiographic displays of rest and exercise
studies. All contrast studies were interpreted by two
cardiologists on a routine clinical basis. The radionuclide
studies were evaluated by two nuclear medicine physi
cians with knowledge of a patient's history but without
knowing the results of the contrast studies.

Rest and exercise radionuclide data were compared
using the paired and unpaired t-test. The chi square and
Fisher exact test were used to analyze group data.

RESULTS

Forty-eight of the 77 patients had significant coronary
artery disease. The radionuclide study was abnormal in
4 1 of these patients (sensitivity 85%, Table 1). Thirty
seven patients had an abnormal ejection fraction re
sponse (77%), while 30 patients had a regional wall
motion abnormality (62%). The mean resting ejection
fraction in 48 patients with coronary artery disease was
63.4% :1:1.4 (standard error of the mean) and during
exercise was 61 .1% Â±1.7 (Fig. 1). The sensitivity of the
radionuclide study was not significantly different in
single-, double-, or triple-vessel disease.

The mean ejection fraction in 29 patients with normal
coronary arteriograms was 61 .6% Â±2.2 at rest and
69.6% :1:2.6 during exercise (Fig. 1). In this group, the
radionuclide study was normal in 24 and abnormal in
five patients (specificity 83%, Table 1). Table 2 sum
marizes the data from the five false-positive studies.
Three of the five patients (A, B, and C) had an abnor
mality of rest and/or exercise regional wall motion
present on contrast ventriculography. The radionuclide
wall-motion analysis agreed completely in these three

TABLE 1. SENSITIVITY AND SPECIFICITY OF
EXERCISE RNV IN DETECTING CAD

COMPARED TO CORONARY ANGIOGRAPHY
(C.A.)

C.A.
Positive Negative

RNV
Positive 41 5

Negative 7 24
Sensitivity = 85%
Specificity= 83%
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TABLE 3. SENSITIVITY OF RNV RELATED TO
LEVEL OF EXERCISE

True False Sensitivity
posItive negative (%)

Adequate 33 2 94
exercise

Inadequate 8 5 62 p <0.02
exercise

Radion
Pts. Restuclide

EF
ExerciseRadionuclide

WallMotionContrast
wall

motion
Restâ€”ExerciseRestâ€”Exercise
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FIG. 1. Mean rest and exercise left-ventrIcular ejection fraction
(LVEF),with standard error of the mean, in 29 patIents with normal
coronaries (0 - - -0) and In 48 patIentswith CAD (0 - - -0).

patients and signifiedthe presenceof ventricular dys
function in the presence of normal coronary arteries.

The exercise data from the 77 patients were evaluated
for adequacy of exercise. A study was graded adequate
if patients achieved any one ofthe followingthree criteria
during exercise: (a) chest pain, (b) flat ST segment de
pression greater than 1 mm, or (c) a PRP greater than
250. (PRP = (pressure-rateproduct) systolicblood
pressure X heart rate + 100.) The PRP value of 250 is
used in our treadmill laboratory and is supported by
previous work (1 1). Chest pain was elicited by the phy
sician performing the study and was recorded as simply
present or absent. In 48 patients with coronary artery
disease, 35 achieved adequate exercise, and 33 had an
abnormal RNV (sensitivity 94%, Table 3). Thirteen
patients with significant CAD did not achieve adequate
exercise; of these, eight had an abnormal RNV (sensi
tivity only 62%). The distribution with respect to chest
pain, ST segment change, and PRP is given in Fig. 2.
Chest pain was experienced in 44% of patients with
coronary artery disease and in 24% of those without
CAD. ST segment depression was present in 31% of
CAD patients and in only one without. The non-CADs
were more likely to reach an adequate pressure-rate
product (38%) than those with coronary artery disease
(19%).

Twenty-one patients with CAD experienced chest pain

during supine exercise. Sixteen of 21 had an abnormal
ejection-fraction response. The mean ejection fraction
in this group was 65.2% at rest and 60.3% during exercise
(Table 4). Of the six patients with normal global func
tion, five had regional wall-motion abnormalities (sen
sitivity 95%). The sensitivityof regional wall-motion
abnormalities alone was 71%.

Sixteen patients developed greater than 1 mm ST
segment depression during exercise. One of these was a
patient with normal coronary arteries who had a normal
ventricular response to exercise. The other 15 patients
had coronary artery disease and all had a regional
wall-motion abnormality during exercise (Table 4). The
mean ejection fraction was 62.8% at rest and 55.7%
during exercise in this group. Two patients had normal
left-ventricular ejection fraction response, but these
patients developed regional wall-motion abnormalities
with exercise. There was no relationship to the degree
of ST-segment depression and the fall of ejection frac
tion.

Only nine patients with coronary artery disease
achieved a PRP greater than 250 (Table 4). Eight of nine
patients had abnormal global ejection-fraction response
(sensitivity89%).The meanejectionfractionwas63.7%
at rest and 60.5% during exercise. Six of nine had a re
gional wall-motion abnormality. One patient had a
completely normal study.

In patients with CAD who achieved any two criteria
for adequate exercise, the mean ejection fraction was
63.7% at rest and 54.0% during exercise. One patient had
a normal left-ventricular ejection fraction response. All

TABLE 2. FALSE-POSmVE RADIONUCLIDE STUDIES

A
B

C
D
E

O.42@â€”0.37
0.48t â€”0.48
0â€¢47tâ€”0.34'

0.79 â€”0.73'
O.43tâ€”0.50

iIâ€”abn nlâ€”abn

abnâ€”xxx
abnâ€”fabn

abnâ€”abn
abnâ€”tabn

niâ€”ni nIâ€”nI
nIâ€”nI nIâ€”ni

. Abnormal EF response to exercise.

t Abnormal rest EF.
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TABLE 4. MEAN REST AND EXERCISE EJECTiON FRACTIONS, PERCENTAGE
REGIONAL WALL MOTION ABNORMALITIES(RWMA) AND SENSITIVITY OF

Percent
Rest-Exercise abnormal Patients RWMA

(%) EFresponse wIthRWMA (%)OF

P
CADAT1ENTS

WITh
DETECTiON

Sensitivity
CADdetection

(%)
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cantly lower heart rates and PRPs than those that
achieved adequate exercise (p <0.05). Unlike the mad
equately exercised group with CAD, all patients with
CAD who were on propranolol had an abnormal RNV
(62%against100%,p <0.05).Eightof tenpatientswith
CAD on propranolol achieved adequate exercise (three
with chest pains, two with ST-segment depression, three
with both). No patient on propranolol achieved a PRP
greater than 250. The fact that this group of patients was
receiving propranolol at the time of the study suggests
that they had clinically more severe disease.

DISCUSSION

Borer et al. (3,4) using exercise gated blood-pool
imaging demonstrated an abnormal ventricular response
to exercise in patients with coronary artery disease at
maximal and submaximal exercise levels. Upton et al.
(12) have emphasized that abnormalities on exercise
gated blood-pool imaging could precede ST-segment
depression in patients with coronary artery disease.
These early studies suggest that exercise radionuclide
ventriculography is a sensitive indicator of ventricular
dysfunction at both maximal and submaximal levels of
stress and has led to widespread use of this technique. In
these early studies the patient populations consisted in
part of patients with known CAD. The present study
demonstrates an excellent sensitivity (85%) for RNV in
detecting ventricular dysfunction in patients without
prior documented CAD. It also shows that the sensitivity
of RNV is significantly lower (p <0.02) in patients who
achieved inadequate (62%) as opposed to adequate
(94%)levelsof exercise.

The criteria for adequate stress with RNV in our
laboratory include the development of precordial chest
pain, ST segment depression, or PRP >250. Exercise

50%

AD-EX@

p< .@p<.@ p<.Ol <@

FIG. 2. Percentagesof patients with CAD (stippled, N 48), and
thosewfthoutCAD(clear,N 29)whosesupinebicycleexercise
was curtailedbecause of chest pain,STsegmentdepression,or
pressure-rate product 250. The remainder achieved adequate ex
ercise.

patients in this group had abnormal regional wall motion
with exercise (sensitivity of 100%).

In the 13 patients with coronary artery disease who
failed to achieve any of the criteria for adequate exercise,
the mean ejection fraction was 60.6% at rest increasing
to 66.2% during exercise (Table 4). Eight of thirteen had
an abnormal global ejection fraction (sensitivity 62%)
while only four of thirteen had regional wall-motion
abnormalities (sensitivity 31%). The overall sensitivity
of RNV in this group was 62% (eight of 13 patients).

The exercise parameters for patients are presented in
Table 5. Those with normal coronaries had significantly
higher values for heart rate, blood pressure, and PRP
than patients with CAD (p <0.01). However, in patients
with normal coronaries who failed to achieve adequate
exercise there was no difference in these parameters.
Within the group with CAD, patients who were made

.quately exercised and those on propranolol had signifi

AD-EX
(35Pts) 64.9â€”60.0' 83 26 74 94
CP(2lPts) 65.2â€”60.3' 76 15 71 95
ST@(15Pts) 62.8_55.7t 87 15 100 100
PRP(9 Pts) 63.7@6O.5t 89 6 67 89

Combination
(lOPts) 90 10 100 100

INAD-EX
(l3Pts) 60.6â€”66.2' 62 4 31 62

. p <0.05.

t p <0.02.

* p = NS.
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CAD 48'
AD-EX35t
INAD-EX13t
Propranolol 10

111 Â± 19

118Â±22
101 Â± 18

98 Â±14

174Â±20
175Â±22
174Â±16
169Â±17

194Â±45

202Â±48
176Â±33
166Â±34

85
94
62

100
Specificity %

83
88
77
67

Normal 29

AD-EX l6t
INAD-EX13t
Propranolol 3

125Â±18
132Â±18
114Â±11

107Â±6

182Â±18
185Â±20
178Â±14
175Â±25

227Â±47
244Â±49
202Â±19
185Â±16

. Coronary artery disease.

t Adequate exercise.

* Inadequate exercise.

induced chest pain has been the clinical hallmark of
myocardial ischemia. In the present study, 44% of pa
tients with coronary artery disease experienced chest
pain during exercise. This percentage is consistent with
data in the literature regarding supine exercise. Lichtlen
(13), in studying the hemodynamic response to supine
exercise in patients with coronary artery disease, found
that 20 of 39 patients (51%) experienced chest pain with
exercise. In the present study, seven patients with normal
coronary arteries developed chest pain with exercise.
Chest pain developed in one patient with an exercise
induced regional wall-motion abnormality. The cause
of chestpainin theremainingpatientsisunclear.The
radionuclide ventricular response clearly separated this
group of patients from those with chest pain and coro
nary artery disease.

Exercise-induced ST segment depression has been the
electrocardiographic hallmark of myocardial ischemia
(1,2). Bergeret al. (14), usingfirst-passradionuclide
angiography demonstrated 100%sensitivity in detecting
ventricular dysfunction in patients with exercise-induced
ST segment depression against only a 60% sensitivity in
detecting ventricular dysfunction in patients with coro
nary artery disease but without ST segment depression.
In the present study, ST segment depression was present
in 3 1% of patients with coronary artery disease. This is

lower than the 50% of patients with ST segment de
pression in Berger's study. The difference may be ac
counted for by the transiently higher heart rates that are
achieved in first-pass studies, a different lead system, or
differences in the patient population. In both studies,
however, all patients with coronary artery disease and
ST segment depression had an abnormal ventricular
response to exercise.

Frishknecht et al. (15) using ejection fractions at rest
and exercise determined with a dual-probe system found
that 17 patients with coronary artery disease had ST
segment depression. All 17 had an abnormal ejection

fraction response. Two patients with ST segment de
pression and normal coronary arteries had a normal
radionuclide ventricular ejection-fraction response to
exercise. In our study, there was one patient with ST
segment depression and normal coronary arteries, who
also had a normal ventricular response to exercise. Re
cent work has emphasized the low sensitivity and spec
ificity of an abnormal ST segment response in detecting
patients with CAD (16,17). It might be of physiologic
interest to apply stress RNV with its high sensitivity and
specificity to asymptomatic patients with ST segment
depression to determine their ventricular function at the
level of ECG abnormality.

On the basis of a PRP greater than 250 during exer
cisc, eight of nine patients with coronary artery disease
had an abnormal ventricular response, while 11 of 11
normal patients had a normal response. Factors such as
fear of chest pain, sedentary life style, and the supine
exercise position itself may cause fatigue or stop patients
at a time when they possess normal ventricular reserve.
These factors may also account for the high percentage
(45%) of â€œnormalâ€•patients who failed to achieve ade
quate exercise. In the present study the exercise was
continued when patients experienced only mild to
moderate chest pain or developed ST segment depres
sion. The study was conducted in this manner because
chest pain and ST segment depression may be present
in patients without CAD. The development of â€œon-lineâ€•
EF calculation during RNV will allow assessment of
ventricular function during the exercise phase and might
serve as a more reliable endpoint with those patients who
develop ventricular dysfunction.

Although RNV is a sensitive means of detecting pa
tients with CAD, we emphasize that an abnormal exer
cisc radionuclide study is not specific for patients with
CAD. Exercise RNV is primarily a study of ventricular
function and functional reserve. Critical narrowing of
one or more coronary arteries can cause an abnormal
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response, but this has also been reported in patients with
aortic valvular disease (18), myocarditis (19), and ad
riamycin cardiotoxicity (20). In the present series the
specificity of 83% in detecting coronary artery disease
might be considered low. However, three of the five pa
tients who had false-positive studies had a regional
myocardial wall-motion abnormality detected by rest
and/or exercise contrast ventriculograms. With correct
use of stress RNV as a measure of ventricular function
instead of an indicator of CAD, these three patients
would be considered true positives (abnormal contrast
ventriculograms) and the specificity for RNV would
increase from 83 to 92% (24 of26 patients). None of our
patients with false-positive studies had evidence of mitral
valve prolapse, hypertension, or myocarditis, but an early
myopathic condition cannot be excluded.

It is generally accepted that differences in sensitivity
between institutions reflect differences in technique and
patient population. The present study demonstrates that
differences in sensitivity may be related to the adequacy
of exerciseaswellastodifferencesinpopulations.If the
present sensitivity of CAD detection for adequate (94%)
and inadequate (62%) exercise were applied to popula
tions in which 50 and 75% of patients were inadequately
exercised, the overall sensitivities would decrease to 78
and 70%, respectively.

In summary, the sensitivity of exercise radionuclide
ventriculography is in part dependent upon the adequacy
of the exercise. An abnormal exercise ejection-fraction
response is not specific for CAD. The results from the
present study cannot be extrapolated to patient popu
lations with stenosis between 50 and 70%.
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