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Predictive value of early maximal exercise test and
thallium scintigraphy after successful percutaneous
transluminal coronary angioplasty
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SUMMARY Restenosis of the dilated vessel after percutaneous transluminal coronary angioplasty can

be detected by non-invasive procedures but their ability to predict later restenosis soon after a
successful angioplasty as well as recurrence of angina has not been assessed. A maximal exercise test
and myocardial thallium perfusion scintigraphy were, therefore, performed in 91 asymptomatic
patients a median of 5 weeks after they had undergone a technically successful angioplasty. Primary
success of the procedure was confirmed by the decrease in percentage diameter stenosis from
64(12)% to 30(13)% as measured from the coronary angiograms and in the trans-stenotic pressure
gradient (normalised for mean aortic pressure) from 0-61(0-16) to 0-17(0.09). A clinical follow up
examination (8.6(4.9) months later) was carried out in all patients and a late coronary angiogram
obtained in 77. The thallium perfusion scintigram showing the presence or absence of a reversible
defect was highly predictive for restenosis whereas the exercise test was not. The positive predictive
value of an abnormal scintigram was 82% compared with 60% for the exercise test (ST segment
depression/or angina or both at peak workload). Angina or a new myocardial infarction occurred in
60% of patients with abnormal and in 21% of patients with normal scintigrams.

Restenosis of the dilated vessel after primary success-
ful percutaneous transluminal coronary angioplasty
occurs in 19-33% of cases within the first six months
after the procedure. '-4 Changes in the dilated and
non-dilated arteries may be detected by changes in the
patient's clinical status, by non-invasive diagnostic
tests, or by repeat coronary angiography. Previous
work25 has shown that an abnormal exercise test
response and a myocardial perfusion deficit on thal-
lium scintigrams was associated with an angiographi-
cally detected restenosis of the dilated vessel or with
the presence of additional disease. The present study
was performed to determine the value of early non-
invasive testing for the prediction of restenosis and
recurrence of symptoms. The patients included in this
study had undergone a technically successful angiop-

Requests for reprints to Dr P W Serruys, Thoraxcenter, Erasmus
University, PO Box 1738, 3000 DR Rotterdam, The Netherlands.

*Present address: Laboratory of Nuclear Medicine, UCLA School of Medicine,
Los Angeles, CA 90024, USA.

Accepted for publication 11 September 1984

lasty and had remained free of angina pectoris at the
time of the exercise test and thallium scintigraphy,
which were performed a median of 5 weeks after the
procedure. Follow up data on the recurrence of symp-
toms and a control coronary angiogram obtained a
median of 7 months after the procedure were com-
pared with the initial non-invasive test results.

Patients and methods

STUDY POPULATION
Of 265 consecutively attempted angioplasty proce-
dures followed up for at least six months, 91 attempts
in 87 patients (75 men, 12 women) were selected for
this study. The inclusion criteria were (a) a primary
successful angioplasty, (b) early maximal exercise test-
ing combined with thallium myocardial perfusion
scintigraphy, and (c) absence of anginal symptoms
after the procedure until the time of non-invasive test-
ing. A single stenosis was dilated in 89 cases and a
double stenosis (left circumflex and anterior descend-
ing arteries) in two. Eight had previously undergone
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coronary artery bypass surgery. The dilated vessel
was the left anterior descending artery in 61 patients,
the left circumflex artery in nine, the right coronary
artery in 18, and a, saphenous vein bypass graft in
three. Sixty seven patients had one vessel disease, 13
two vessel disease, and three three vessel disease. In
the remaining eight, previous bypass surgery was per-
formed with complete revascularisation as shown at
angiography in four of them.
After angioplasty, a complete anatomical correction

was obtained in 73 procedures, while additional dis-
ease not suitable for dilatation by us was still present
in 18 cases. Seven of these 18 patients had unstable
angina refractory to medical management. Angio-
plasty of the vessel thought responsible for the symp-
toms was attempted because the patients were not
considered ideal candidates for surgery in view of
associated disability or recent myocardial infarction.
In the remaining 11 patients, the residual lesions not
suitable for angioplasty were also not suitable for
bypass surgery or reoperation.

ANGIOPLASTY
The procedure was performed according to the tech-
nique of Grtlntzig et al,I using the equipment of
Schneider via a femoral route. Details regarding the
procedure used in our laboratory have been previ-
ously described.67 The procedure was considered to
be successful when the residual stenosis was<50% in
diameter with a good runoff and filling of the distal
vessel at angiography. In the 87 cases with satisfactory
recordings, the residual pressure gradient (normalised
for the mean aortic pressure) was<0.2 in 57 cases and
<04 in 28.8

All patients received nifedipine 10 mg every two
hours for the first 12 hours after the procedure and
were maintained on salicylic acid 500 mg a day and
nifedipine 10 mg 3-6 times a day until repeat angiog-
raphy was performed. Beta blocking agents were
withdrawn unless hypertension was present.

EXERCISE TEST AND MYOCARDIAL THALLIUM
SCINTIGRAPHY
The non-invasive exercise studies were performed
5.2(2.5) weeks (mean (SD)) after the angioplasty.
Before testing, a careful history was obtained and only
patients free of typical angina were included. The sub-
jects underwent a maximal or symptom limited exer-
cise test on the bicycle ergometer with stepwise
increments of 20 W every minute. Intravenous
dipyridamole9 was used as an alternative for the exer-
cise test in four patients who were unable to cycle.
The three orthogonal leads XYZ of the Frank lead
system were monitored, processed, and analysed as
previously described. 0 Horizontal ST depression

0- 1 mV or typical angina during exercise were consi-

dered to be an abnormal (or positive) exercise test
response. One minute before peak exercise, thallium
50 MBq (1.5 mCi) was injected intravenously and
imaging started five minutes later in the anterior and
left anterior oblique 450 and 650 views. Static planar
images (500 kcounts full field) were obtained after
exercise and four hours later. The late images were
corrected for acquisition time differences with respect
to the early images. After interpolative background
correction" and automated left ventricular contour
detection,'2 circumferential profiles were computed
and compared with the normal range defined by the
upper and lower tenth percentile at each point of the
profile from 15 normal subjects. These methods used
for data collection and processing have been described
before.12 The analogue images and the circumferen-
tial profiles were prospectively analysed on a consen-
sus basis by three experienced observers without
knowledge of the angiographic data. The segmental
thallium uptake was scored both in the postexercise
and late images on a four point scale, from normal (3)
to absent (0). The scores of all segments were summed
for each patient and the total difference between late
and early postexercise scores was taken as a measure
of the amount of redistribution. An increase in thal-
lium uptake score of two points or more between
postexercise and late images was taken as the cutoff
between normal and abnormal scintigrams. Using this
analysis, the previously reported sensitivity and
specificity for the diagnosis of coronary artery disease
were 800/o and 88% respectively.'2

ANGIOGRAPHIC FOLLOW UP AND QUANTITATIVE
CORONARY ANGIOGRAPHY
A repeat coronary angiogram was requested in all 91
patients six months after the angioplasty and actually
performed in 77. The interval from the procedure was
7.4(2.5) months in the patients who remained asymp-
tomatic and 5.5(2-7) months in the patients who had
recurring symptoms. Angiograms were obtained in
multiple views (including hemiaxial views for the left
coronary artery) and were interpreted by the angiog-
raphers without knowledge of the non-invasive test
results. Restenosis was defined as an increase in the
diameter stenosis of the dilated lesion to >50%. In
addition, quantitative analysis of the dilated stenosis
was obtained in the same angiographic projection
before and after angioplasty and at follow up by
means of our computer based coronary angiographic
analysis system.7 13

CLINICAL FOLLOW UP
The patients were followed up in the outpatient clinic
until the occurrence of typical angina pectoris or a
new myocardial infarction, or both, repeat angio-
plasty, or coronary artery bypass grafting. Clinical
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information was obtained in all 91 patients and the
follow up duration was 8.6(4.9) months (mean (SD).
No patient died during this period.

ANALYSIS OF RESULTS
Results are presented as mean (standard deviation).
Paired or unpaired t tests were used whenever
appropriate. The predictive value of a given test or of
a combination of tests was calculated as the percen-

tage of patients with an event among those who had
that given test result. The influence of the extent of
the thallium reversible defect on its predictive value
was assessed by the Armitage test. 14

Results

Table 1 gives details of the angioplasty procedure and
of the exercise test for patients with restenosis of the
dilated lesion (n=23), with long term successful
angioplasty but additional disease (n= 17), and with
long term successful angioplasty and complete
anatomical correction (n=37), and patients without
angiographic follow up (n= 14). Before angioplasty
the mean percentage diameter stenosis was slightly
less in those patients with primary successful dilata-
tion and additional disease (p<0.05), but no

significant difference between groups was observed
after the procedure. At follow up, on average no

further change was observed except, by definition, for
those patients with restenosis (Fig. 1). There was no

significant difference between groups in the pressure

gradient across the stenosis either before or after the
angioplasty. Similarly, the time of exercise testing

after the procedure and the maximal workload and
heart rate achieved were comparable in all groups.

Ninety six per cent of the patients who exercised
reached 80%o of their predicted maximal workload. An
abnormal exercise test was found in 30 patients: 18
had ST segment depression, 10 angina at peak work-
load, and two both. Exercise induced ischaemia as

assessed by the thallium redistribution was observed
in 41 patients. During follow up, angina recurred in
34 patients and two had a new myocardial infarction
in the territory of the dilated vessel (an inferior infarc-
tion due to right coronary artery occlusion two years
after successful angioplasty of the left anterior
descending coronary artery was also observed). Nine
patients had a repeat angioplasty and three underwent
coronary artery bypass surgery. Among these, one
patient with a successful angioplasty at five months
had unstable angina pectoris seven months later
owing to progression of coronary artery disease in
other vessels (Table 2).

PREDICTIVE VALUE OF TESTS
Figure 2a shows the predictive value of the non-

invasive tests in the 77 patients with follow up angio-
grams. An abnormal thallium scan was associated
with a high probability of restenosis or with the pres-
ence of additional disease; this probability was not
influenced by the exercise test result (81% of
restenosis when both tests were abnormal vs 83%
when tests were discordant). Conversely, a normal
thallium scan was associated with a low probability of
restenosis or additional disease or both. This probabil-
ity was also not influenced by the exercise test result

Table 1 Angiographic findings before and after percutaneous translwninal coronary angioplasty (PTCA) and details of exercise
testing according to four patient groups

Restenosis Additional disease Long term success No control angiography
(n=23) (n=17) (n=37) (n=14)

Angiographic findings
Dilated vessel:
LAD 18 10 24 9
LCX 1 4 3 1
RCA 3 3 10 2
Bypass 1 - - 2

% (Mean, SD) diameter stenosis:
Before PTCA 67(14) 58(12) 65(11) 68(12)
After PTCA 32(13) 25(14) 31(12) 30(10)
At follow up 63(11) 30(12) 32(12) -

Mean (SD) pressure gradient*
Before PTCA 0-66(0 15) (n=22) 0-58(0-10) (n= 16) 0-60(0 14) (n=36) 0-57(0-23) (n= 14)
After PTCA 0.18(0.11) (n=23) 0-18(0.9) (n= 15) 0-16(0.8) (n=8) 0-16(0.11) (n= 13)

Exercise test
Mean (SD) No of weeks after PTCA

(range) 5.3(2-6) (3-12) 5-2(2-1) (2-8) 4-9(1-8) (2-8) 5-6(2-4) (3-12)
Mean (SD) maximal workload (% of

predicted) 93.2(15-3) 98-2(13-7) 90(16-5) 99-3(14-3)
Mean (SD) maximal heart rate (beats/min) 146(28) 147(27) 151(22) 146(23)

Translesional pressure gradient is normalised for the mean aortic pressure.
*LAD, left anterior descending, LCX, left circumflex, RCA, right coronary artery;
n, number of available measurements.
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Fig. 1 Percentage diameter of the dilated stenosis for patients with (a) restenosis (n=23),
(b) additional disease (n=17), and (c) complete correction (n=37) as shown by quantitative
angiography before and after angioplasty and at late follow up.

(29% of restenosis when both tests were normal vs
22% when tests were discordant). Figure 2b shows
similar findings in the subgroup of patients with com-
plete anatomical correction after the angioplasty. The
predictive value of an abnormal thallium scan was
74% whereas the probability of restenosis in patients
with a normal thallium scan was 16%. Again, the
exercise test result had no predictive value.

Figure 3 shows the value of the non-invasive tests
results for the prediction of recurrence of angina or
occurrence of a new myocardial infarction or both in
all 91 patients. The probability of a later coronary
event was 65% when both tests were abnormal and
decreased to 52% when only the thallium scan was

abnormal. In the presence of a normal thallium scan,

the probability was low (about 20%) regardless of the
result of the exercise test. The positive and negative
predictive values were respectively 60°h and 78% for
thallium scintigraphy and 53% and 67%/o for the exer-

cise test.
Table 3 shows the influence of the severity of

ischaemia on the predictive value of the thallium scin-
tigram. As far as the angiographic endpoint was con-

cerned, the percentage of patients with restenosis or
additional disease or both increased from 24 when no
ischaemia was present to 75 when a slight degree of
redistribution was observed (p<0-001), which was
even below the abnormality threshold used in this

Table 2 Exercise test results and recurrence ofsymptoms dunngfollow up infourpatientgroups

Restenosis Additional disease Long term angiographic No repeat angiography
(n=23) (n=17) success (n=37) (n=14)

Abnormal exercise test:
Angina 1 3 6
ST depression 7 3 4 4
Both - 1 - 1

Abnormal scintigram 17 11 6 7
Symptoms:
Recurrent angina 16 8 6 4
New myocardial infarction - 2 -

Treatment:
Repeat angioplasty 7 2
Coronary artery bypass graft 1 1 1

54
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Fig. 3 Predicaive value for recurrence ofangina or myocardial
_ infarction or both ofthe non-invasive tests. n, number ofpatients;
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raphy after a successful angioplasty has a high predic-
tive value for restenosis and recurrence of angina dur-

tn ing the follow up period. Since restenosis after the
procedure is known to occur mainly during the first
4-6 months after the procedure,2-4 the repeat coro-
nary angiography was planned at six months unless
angina recurred earlier. Furthermore, the duration of
the clinical follow up (mean 8*6 months) was deliber-
ately short since symptoms recurring after than period
are more likely to be related to the progression of

17 coronary artery disease rather than to restenosis of the
initially dilated vessel.

Changes in the severity of the stenosis were assessed
visually by the angiographers and objectively charac-

(-) terised in a single projection by a computer based
(-) analysis system. The mean percentage diameter
29 stenosis for the entire group before angioplasty was

63%. This value is at least 10o lower than that which
sibk is commonly reported when eyeball readings of the
ith angiograms are relied on.'s 16 Visual interpretation of

r of diameter reductions is known to systematically over-
estimate the severity of the stenosis.17 Moreover,
lumen reductions of 90% are rarely suitable for angio-

.verity
ciated Table 3 Effect of the severity ofischaemia on the predictive
:enosis value of thallium scintigraphy
age of
follow
ecame

The present study shows that the early assessment of
myocardial perfusion by exercise thallium-201 scintig-

Redistribution score*

0 1 2 >3

% Restenosis or additional disease
or both 24 75t 71 84

% Recurrence of angina or
infarction or both 22 29t 50t 67t

*Difference in thallium uptake score from postexercise to late image;
tp<OOl (p represents the significance of each probability increment
according to the severity of ischaemia).
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plasty since such lesions, with an obstructed diameter
of as little as 035 mm, are unlikely to be.crossed even
by a low profile deflated balloon catheter which has a
mean diameter of 08 mm. As shown experimen-
tally,18 angioplasty induces non-axisymetric changes
of the atherosclerotic lesions so that they can no
longer be assessed from a single angiographic projec-
tion. Accordingly, the use of orthogonal or multiple
projections has been recommended.19 This was not a
major limitation in this study since after angioplasty
intrapatient changes were the main interest.

Previous studies using non-invasive tests to evalu-
ate the results of angioplasty have focused on the
reversibility of the ischaemic changes after a success-
ful procedure and on their induction at the time of
recurrence.25 2021 The ability of the non-invasive
tests to predict restenosis and recurrence of angina has
not been evaluated. The study from the Montreal
group, however, reports observations similar to our
findings2: among six asymptomatic patients who had
persistently abnormal thallium scintigrams one month
after angioplasty restenosis was present at six months
in two (out of five) who had a control angiogram.

In the present study, the high predictive value of
the perfusion scintigram contrasts with the poor pre-
dictive value of the exercise test, at least for the pre-
diction of restenosis. This might be related to a lower
sensitivity of the exercise test for the detection of
moderate coronary narrowing compared with thal-
lium scintigraphy. The combination of a normal exer-
cise test with a reversible thallium perfusion abnor-
mality could be an early indicator of the presence of a
non-critical stenosis, still insufficient to induce ST
segment depression during exercise.2223 Indeed, 600/o
of the patients with an initially abnormal scintigram
became symptomatic during the follow up period.
Thus the most likely explanation for our findings is
that restenosis had already occurred to some extent at
the time of non-invasive testing in the majority of
patients in whom it was detected later. Pathological
studies of the underlying mechanism of restenosis
after dilatation support this hypothesis. Fibrocellular
proliferation as a reparative response to coronary wall
laceration has been found in necropsy studies24 and
may represent the pathological substrate of early
restenosis. By analogy with aortic dissection, expos-
ure of vascular smooth muscle cells to blood may trig-
ger an exuberant tissue reaction leading to the obliter-
ation of the false channel and eventually of the func-
tional lumen. Data from experimental angioplasty in
pigs suggest that balloon dilatation is a potent
stimulus to early platelet deposition and subsequent
intimal hyperplasia.25 In this model, the reparative
process was seen by two weeks after the procedure.
That may have allowed the early detection of
restenosis in our patients.

Another possible explanation for our findings may
be that the abnormal scintigrams occurred predomin-
antly in patients in whom the dilatation was incom-
plete. This seems unlikely to us since only successful
cases were included and the decrease in the severity of
the stenosis and in the trans-stenotic pressure gra-
dients was comparable in patients with restenosis
and sustained angiographic success. Because of a
selection bias, restenosis of the dilated artery occurred
in 30% of the patients who had a control angiogram,
while angina pectoris recurred in 400/o of all patients.
These results do not represent the true incidence of
restenosis at our institution since the availability of a
thallium scintigram was a requirement for inclusion in
this study. The high incidence of recurrent angina
must also be related to the inclusion of patients with
disease in additional vessels in whom dilatation,
although successful, did not result in complete
anatomical correction. Hence, an obligatory long term
relief of symptoms could not be expected. Angina
recurred in 61% (11 out of 18) of these patients.
The clinical implications of these findings for the

routine management of patients undergoing angiop-
lasty remain to be elucidated. Certainly an abnormal
stress thallium scintigram early after the procedure in
an asymptomatic patient is an indication for close clin-
ical monitoring in view of the high chance of the
recurrence of symptoms. Currently, we consider that
decisions to perform a control angiogram, followed by
a redilatation when restenosis is found, should
primarily be based on the severity of the anginal
symptoms rather than on the results of the testing
procedure by itself. This is analogous to the issue of
bypass surgery for documented coronary artery dis-
ease in asymptomatic patients, particularly now that
no benefit of surgical intervention over pharmacologi-
cal treatment was found in mildly symptomatic or
asymptomatic patients.26 As long as the outcome of
prophylactic angioplasty has not been studied, the
procedural complications and incomplete success
rates would militate against carrying out angioplasty
when diagnostic testing shows restenosis in the
absence of symptoms.

We thank J Tijssen and M Patijn for statistical
analysis of the data and P van Eldik for quantitative
analysis of the angiograms.
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