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Exercise electrocardiographic (ECG) testing during fol-
low-up after coronary angioplasty is widely applied to
evaluate the efficacy of angioplasty, even in asymptomatic
patients. One hundred forty-one asymptomatic patients
without previous myocardial infarction underwent quanti-
tative exercise ECG testing and quantitative coronary angi-
ography 1 to 6 months after successful angioplasty in single
vessel coronary artery disease to 1) determine the value of
exercise ECG testing to detect ‘‘silent’’ restenosis, and 2)
assess the long-term prognostic value of exercise ECG
testing and coronary angiography.

The prevalence of restenosis (defined as =50% luminal
narrowing at the dilation site) was 12% in this selected
study group. Of 26 patients with an abnormal exercise ECG
(ST segment depression =0.1 mV), only 4 (15%) showed
recurrence of stenosis. Sensitivity and specificity for detec-
tion of restenosis were 24% and 82 %, respectively.

One hundred thirty-four patients (95%) were followed
up 1 to 64 months (mean 35) after exercise ECG testing and
coronary angiography. Thirty-two patients (24%) experi-

In the last decade, percutaneous transluminal coronary
angioplasty has become an important interventional tool for
managing patients with coronary artery disease. One of the
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enced a cardiac event: in 25 patients (78 %) the initial event
was recurrent angina pectoris (New York Heart Association
class III or 1V) and in 7 patients (22%) it was myocardial
infarction, although cardiac death did not occur. The mean
interval between exercise ECG testing and the initial car-
diac events was 14 months (range 1 to 55), whereas 47 % of
the initial events took place =6 months after exercise ECG
testing. An abnormal exercise test result and angiographic
restenosis had, respectively, a predictive value of 36% and
41% and a relative risk of 1.7 and 1.9. Gender, age and
extent of ST segment depression were not related to the
occurrence of cardiac events.

Thus, exercise ECG testing is not the technique of choice
to detect silent restenosis after coronary angioplasty of
single vessel coronary artery disease. An abnormal exercise
test result and angiographic evidence of restenosis had only
limited value in predicting long-term outcome in this pa-
tient group.

(J Am Coll Cardiol 1990;16:578-85)

major drawbacks of coronary angioplasty is the relatively
frequent recurrence of stenosis at the dilation site, usually
within 6 months of the procedure (1-8). Recurrence of a
flow-limiting stenosis can usually be identified by symptoms
of chest pain similar to those that occurred before angio-
plasty, commonly after a symptom-free period. In addition
to the medical history, exercise electrocardiographic (ECG)
testing 1s generally performed as a noninvasive approach to
confirm the recurrence of a coronary artery obstruction
because it 1s a relatively simple, safe and inexpensive test.

Because most patients undergoing coronary angioplasty
have single vessel coronary artery disease (9) and because
inclusion of subjects with prior myocardial infarction will
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(falsely) increase the accuracy of exercise tests and will
influence the long-term prognosis (10), we studied a selected
patient group without angina pectoris and without prior
myocardial infarction after successful coronary angioplasty
for single vessel and single lesion coronary artery disease.

The purpose of the present study was twotold: to 1)
assess the diagnostic value of exercise ECG testing for
“*silent’’ restenosis, and 2) determine the long-term prognos-
tic value of an abnormal exercise test result and of angio-
graphically proved restenosis.

Methods

Study patients. Of 500 consecutive patients who under-
went initial successful coronary angioplasty, 141 met the
specific inclusion criteria for the present study: angioplasty
for single vessel disease, no other significant lesions, no
historical or ECG evidence of prior myocardial infarction,
absence of typical angina pectoris before follow-up investi-
gation, ability to perform the exercise ECG test, and a
diagnostic exercise ECG, that is, without left ventricular
hypertrophy, bundle branch block or a digitahs eftect.

The study group consisted of 117 men and 24 women with
a mean age of 55 = 9 years (range 31 to 75). The dilated
vessel was the right coronary artery in 24 patients (17%), left
anterior descending coronary artery in 96 (68%) and left
circumflex coronary artery in 21 (15%).

The Committee on Human Research at our institution
approved the study protocol. All patients gave informed
consent for follow-up coronary angiography and exercise
ECG testing within 1 to 6 months after coronary angloplasty
and at long-term follow-up study.

Coronary angioplasty procedure. Coronary angioplasty
by a femoral route was performed according to the technique
of Gruentzig et al. (11). Details of the procedure used mn our
laboratory have been described previously (12.13). Patients
received maintenance therapy of aspirin. 500 mg/day. All
antianginal medication was withheld, but beta-adrenergic
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blocking agents for hypertension were continued throughout
the follow-up investigations. Successful coronary angio-
plasty was defined as 1) <50% diameter residual stenosis on
visual inspection of the coronary angiogram immediately
after angioplasty, and 2) absence of recurrence of angina
pectoris, repeat angioplasty, corondry bypass surgery, myo-
cardial infarction or cardiac death at the time of short-term
follow-up exercise ECG testing and coronary angiography.

Quantitative coronary angiography. Repeat coronary
angiography was performed a mean of 92 = 46 days after
coronary angioplasty in multiple left and right anterior
oblique projections, including views with cranial and caudal
angulation. Quantitative analysis of the coronary anglogram
was performed with the computer-based Cardiovascular
Angiography Analysis System (CAAS) previously described
in detail (14-17). A coronary artery stenosis was considered
significant if the luminal diameter was narrowed by =50%.

Quantitative exercise electrocardiography. The exercise
test was performed a mean 87 *= 48 days (range | to 6
months) after coronary angioplasty (Fig. 1). The mean
interval between exercise ECG testing and repeat coronary
angiography was 4 + 12 days. The subjects performed a
symptom-limited exercise test on a bicycle ergometer with
stepwise increments of 20 W/min. The three orthogonal XYZ
leads of the Frank lead system were recorded and analyzed
in a quantitative manner as previously described (18). Hor-
izontal ST segment depression =0.1 mV was considered an
abnormal test response.

Long-term follow-up. Patients were followed up for =12
months after the short-term follow-up exercise ECG test. In
patients with a cardiac event, follow-up was considered
terminated. even if this event occurred <12 months after the
exercise ECG test. A second cardiac event 1n the same
patient was noted when it occurred <3 months after the first
event and was considered to be related to that event (tor
example, angina pectoris and subsequent reintervention).
The information was obtained by clinic visit, questionnaire
and telephone interview with the patient or referring cardi-
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Table 1. Results of Quantitative Exercise Electrocardiography
Compared With Quantitative Coronary Angiography in 141
Patients After Coronary Angioplasty

Characteristic Result 95% CL
Prevalence of restenosis 12% (17/141) 7% to 17%
Sensitivity 24% (4/17) 7% to 50%
Specificity 82% (102/124) 76% 1o 89%
PVP 5% (4/26) 4% to 35%
PVN 87% (102/115) 83% to0 94%
Accuracy 715% (106/141) 68% to 82%

Numbers in parentheses represent number of events per number of
patients. CL = confidence limit; PVP = predictive value of an abnormal test
result; PVN = predictive value of a normal test result.

ologist. Cardiac events were classified as recurrent angina
pectoris (New York Heart Association functional class 111 or
IV), reintervention by repeat angioplasty or coronary artery
bypass graft surgery, myocardial infarction and cardiac
death.

Statistical analysis. The results of exercise ECG testing
were compared with those of coronary angiography with
respect to the following characteristics: sensitivity, speci-
ficity, predictive value of an abnormal test result, predictive
value of a normal result and diagnostic accuracy. Values are
expressed as mean values = SD. To determine the prognos-
tic value of the variables, relative risk ratios were calculated.

The 95% confidence limits for all comparisons were calcu-
lated (19).

Results

Short-term follow-up coronary angiography and exercise
ECG testing (Table 1). At follow-up coronary angiography
the prevalence of restenosis was 12% (17 of 141 patients). No
complications occurred during exercise testing. In none of
the patients was exercise-induced systolic hypotension or
ST segment elevation observed. The exercise test result was
abnormal 1n 26 patients (18%); of these, restenosis was
present 1n 4 (15%). One hundred fifteen patients had a
normal exercise test result; of these, restenosis was absent in
102 (87%). The predictive values of the test in this study
group and the sensitivity and specificity are shown in Table
|. Three of the 17 patients with restenosis experienced
angina pectoris during the exercise ECG test.

Analysis of false negative and false positive test results
(Tables 2 and 3). Patients with false negative and false
positive test results are described in Tables 2 and 3. The
mean percent diameter stenosis in the true positive and in
the false negative groups were not statistically different (59%
versus 37%).

Four patients with a false negative test response were
taking beta-blocking medication. Only two of these patients
did not achieve the maximal predicted heart rate. In two
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Table 2. Patients (n = 13) With False Negative Test
Results According to the Criterion of =50% Coronary
Diameter Narrowing

Vessel Age (yr)/

Pt.  (segment) Gender %DS AP BB %MPH  Reason

] LAD S1I/M 52.5 = - 105 =

2 LAD 36/M 52 — - 98 BD/DD

3 RCA 62/M 51 - - 91 —~

4 LAD S8/F 58 = = 99 BB

5 LEx 69/M 5223 ~ = 76 HR

6 RCA 50/M 51 — + 108 BB

7 LAD 57TM 100 - - 91 -

8 LAD 55/M 513 = = 75 HR

9 RCA 56/M 553 - — 74 HR

\ EEx 49/'M 59.3 - + 72 BB/HR
] LCx 68/M 54.5 + — 107 BD/DD
12 LAD 56/M 55.4 - + 59 BB/HR
13 LAD 63/M 52 + — 105 =

AP = angina pectoris during the test; BB = administration of beta-
adrenergic blocking agents; BB/DD = coronary branch or distal disease; F =
female; HR = low heart rate (<90% of maximal predicted heart rate); LCx =
left circumfiex coronary artery; M = male; %DS = percent diameter stenosis:
7%MPH = percent maximal predicted heart rate; Pt. = patient; RCA = right
coronary artery; + = present; — = absent.

patients not taking medication, inadequate exercise capacity
was a possible cause for an incorrect normal test result.
Disease confined to a side branch was observed in two

Table 3. Patients (n = 22) With False Positive Test
Results According to the Criterion of =50% Coronary
Diameter Narrowing

Vessel Age (yr)/

Pt. (segment) Gender T0DS AP %MPH
l RCA 63/M 20.5 = 112
2 RCA 59/'M 2 = 14]
3 RCA 66/M 38.5 > 104
4 [iCx 45/M 47.5 = 99
5 LAD 63/M 44 .5 - 105
6 LAD 45/M 45.5 = 105
7 LAD 59'M 33:5 = 124
8 LAD 70/M 10 + 117
9 LAD 52IM 3723 + 90

10 LAD 62/F 38.9 ~ 91

| ] RCA 59/'M 29.9 = 121

12 LCEx 60/M 31.5 + 73

13 LAD 53/M 32.7 —~ 83

14 LAD 67/M 40.8 = 134

15 LAD 58/M 213 + 113

16 LEX 56/M 24.8 = 118

17 _LAD 65/F 26.6 + 119

18 _LAD 50/M 41.6 — 78

19 LAD 67/M 25.2 = 103

20 _LAD 68/M 23.4 = 100

21 RCA 65/F [3.5 = 133

22 LEx 60/M 48.7 - 124

Abbreviations as in Table 2.
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Table 4. Prognostic Value of Exercise Electrocardiography,
Coronary Angiography, Gender, Age and Dilated Coronary Artery
in 134 Patients With Follow-Up Study

Characteristic Events RR 95% CL

Exercise ECG

Abnormal 36% (9/25) 1.706 0.90-3.22

Normal 21% (23/109) — —
Coronary angiography

=>50% DS 41% (7/17) 1.927 0.99-3.75

<50% DS 21% (25/117) — —
Gender

Male 24% (27/112) 1.061 0.46-2.45

Female 23% (5/22) — —
Age (yr)

=60 19% (9/48) 0.701 0.35-1.39

<60 27% (23/86) — —
Dilated artery

LAD 20% (18/91) — —

RCA 33% (8/24) |.685 0.84-3.40

LCX 32% (6/19) 1.596 0.73-3.49

Events = recurrent angina pectoris (New York Heart Association class 11
or [V), repeat coronary angioplasty, coronary artery bypass graft surgery and
myocardial infarction; RR = relative risk; other abbreivations as in Tables |
and 2.

patients with a normal exercise ECG (posterolateral branch
of the left circumflex coronary artery and first diagonal
branch of the left anterior descending coronary artery).
When considering the distribution of restenosis in the sepa-
rate coronary arteries, a normal ST response during exercise
was found in 7 of 10 patients with a lesion in the left anterior
descending coronary artery, 3 of 4 patients with a lesion In
the left circumflex coronary artery and 3 of 3 patients with a
lesion in the right coronary artery.

Female gender appeared not to be correlated with a talse
positive response, as the proportion of women with a posi-
tive test but without restenosis did not differ from the
proportion of women in the entire study group (14% versus
17%). Five of the 22 patients with an abnormal exercise ECG
but without angiographic restenosis experienced angina pec-
toris during the test.

Long-term follow-up (Tables 4 and 5). Long-term fol-
low-up was obtained in 134 patients (95%) (22 women [16%]

Table 5. Degree of ST Segment Depression and Subsequent
Cardiac Events in 134 Patients With Follow-Up Study

ST Depression

(mV) Events 95% CL
<0.! (normal) 21% (23/109) 13% to 29%
=().] (abnormal) 36% (9/23) 18% to 57%
0.1-0.2 50% (6/12) 21% to 719%
0.2-0.3 33% (3/9) 7% to 70%
=>().3 0% (0/4) 0% to 60%

Definitions and abbreviations as in Tables | and 4.
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PTCA
‘ . 15
Reintervention
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Angina pectoris I1I/IV Medical therapy

25 T 3
Reintervention-CABG

Myocardial infarction 1
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1

Figure 2. Number of first and subsequent cardiac events in 141
patients. CABG = coronary artery bypass graft surgery; lII/IV =
New York Heart Association class III or IV; PTCA = percutaneous
transluminal coronary angioplasty.

and 112 men [84%]) with a mean age of 55 £ 9 years (range
31 to 75). During an average follow-up period of 35 months
(range | to 64), 32 (24%) of these patients experienced a
cardiac event (Fig. 2). In 25 patients the initial event was
recurrent class 111 or IV angina pectoris and in 7 patients it
was acute myocardial infarction. The mean interval between
the exercise ECG and the initial cardiac event was 14 months
(range 1 to 55); 47% of the initial events took place =6
months after the exercise ECG (Fig. 3). The incidence of
cardiac events in relation to gender, age, repeat coronary
angiography and the results of exercise ECG testing is
presented in Table 4. The relative risk of a further cardiac
event was 1.71 for an abnormal exercise ECG response and
1.95 for the presence of angiographic restenosis. The extent
of ST segment depression (Table 5), gender and age were not
significantly related to the occurrence of events. Patients
with left anterior descending coronary artery dilation expe-
rienced less cardiac events in comparison to those with
angioplasty of the right coronary artery and left circumfiex
coronary artery (Fig. 4).

Figure 3. Time distribution of the 32 first cardiac events during
long-term follow-up.

55

49-54 |

43-

37-

Time intervals 31-
(months) 5.

19-

First events



582 LAARMAN ET AL.

EXERCISE ELECTROCARDIOGRAPHY AFTER CORONARY ANGIOPLASTY

100 T

9 U T B b o
B T e
AN N
RN
e

80 Tt Rl
S
T
3"_:-":':::?:.'-':

70 AN\
R
e e
e . -

T N

S

60 T S
N e e
'r::::f‘-f"\-"t 1:_3;;-._'"'.;.'.

Patients 50 +

N

-------------

RCA LAD LCX

Coronary artery

Figure 4. Relation between the distribution of dilated vessels (shad-
ed bars) and the occurrence of cardiac events (hatched bars). LAD =
left anterior descending coronary artery; LCX = left circumflex
coronary artery; RCA = right coronary artery.

The combination of results of exercise ECG testing and
coronary angiography and their prognostic content 1s de-
picted in Figure 5. Only four patients had both an abnormal
exercise ECG test and restenosis. Three (75%) of these four
patients experienced a cardiac event (recurrent angina pec-
toris 1n two and myocardial infarction in one). Thirty-four
patients had discordant test results. Six (29%) of 21 patients
with an abnormal exercise ECG test without restenosis and
4 (31%) of 13 patients with restenosis and normal exercise
response had events during the follow-up period. The inci-
dence of cardiac events was lowest in patients in whom both
test results were normal (19 [20%] of 96 patients).

Discussion

Methodologic considerations: coronary angiography. In
the last decades, several noninvasive tests for the detection

Figure 5. Combinations of the results of exercise electrocardio-
graphy (XECG) and coronary angiography (CAG) and their prog-
nostic value. + = positive; — = negative.
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of 1schemic heart disease have been introduced. The most
important of these are the ECG stress test and the radionu-
chide imaging test. To assess the diagnostic value of these
noninvasive tests, the coronary angiogram has been used as
the reference standard for many years. However, visual
analysis of the coronary angiograms 1s characterized by a
high intraobserver and interobserver variability and by a
poor correlation between the percent diameter stenosis and
the functional significance of the obstruction in patients with
multivessel coronary artery disease (20). In this context it is
surprising to find sensitivity and specificity values in the 90%
range for exercise radionuclide studies with visual analysis
of the coronary angiograms (21-23). Recently, the use of
visual analysis of the coronary angiogram as a reference
standard tor noninvasive tests for the detection of coronary
artery disease has been questioned by several investigators
(24-27). To some extent the aforementioned problems inher-
ent in the use of the coronary angiogram can be solved with
a quantitative analysis system as used 1n the present study.
The 50% diameter stenosis threshold introduced by Gould et
al. (28) 1in 1974, when quantitatively estimated, 1s still valid
when applied in patients with a single lesion in single vessel
coronary disease (29).

Patient selection. With conventional exercise protocols,
ECG leads and ECG criteria, exercise ECG testing is char-
acterized by a high specificity and a moderate sensitivity
(30). Moreover, 1ts sensitivity increases with the extent of
coronary artery disease, which implies a low sensitivity in
patients with single vessel disease (31-33). This 1s an impor-
tant fact to bear in mind when the exercise ECG is used to
evaluate the results of coronary angioplasty because most
patients undergoing angioplasty have single vessel disease
(9). We preferentially studied only patients with single vessel
disease and mitially successful coronary angioplasty. In
single vessel disease with a single lesion, only this stenosis
can be held responsible for an abnormal ECG test response,
whereas in multivessel disease the responsible lesion is not
always easily identihable. Moreover, coronary angioplasty
in multivessel disease will not result in complete revascular-
1zation 1n a large number of cases. The absence of clinical or
ECG evidence of a previous myocardial infarction was
necessary (o avoid a falsely increased accuracy of the test in
these patients (10). Importantly, patients were referred for
the exercise ECG test and the coronary angiogram at the
same time (directly after successful coronary angioplasty) to
avold selection bias (34).

Noninvasive tests for the detection of restenosis. The oc-
currence of coronary restenosis is dependent on the defini-
tion of restenosis. Some definitions described by our group
(14) are very attractive when the goal 1s to detect significant
changes on follow-up quantitative angiography. However,
tor the purpose of comparing angiographic appearance with
the results of noninvasive tests that study the manifestations
of myocardial ischemia (tor example, ECG changes, perfu-
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sion abnormalities or wall motion abnormalities), angio-
oraphic thresholds must indicate impaired flow during max-
imal physical stress testing.

Previous studies from our institution (35) and others (36)
indicated that thallium-201 imaging and radionuclide angiog-
raphy after symptom-limited exercise were highly predictive
of restenosis after coronary angioplasty, whereas exercise
ECG testing had limited value. Most of these studies iIn-
cluded a heterogeneous patient group (prior myocardial
Infarctions, multivessel disease, multivessel dilations, angi-
nal symptoms), from which it is inappropriate to draw
conclusions regarding the significance of exercise ECG
testing after coronary angioplasty.

Our study attempted to evaluate the value of symptom-
limited quantitative exercise ECG testing compared with
quantitative coronary angiography in a selected patient
eroup. The incidence rate of restenosis was 12% 1n these
asymptomatic subjects. The results showed a very low
sensitivity of the exercise ECG test, which reflects the
limitations of exercise ECG testing in detecting single vessel
coronary artery disease. The specificity of the exercise ECG
test was comparable with commonly reported findings. Eigh-
teen percent of patients with stenosis experienced angina
pectoris during exercise ECG testing, although they did not
report chest pain until the time of the test. The exertion
during the exercise ECG test was probably more strenuous
than during daily life.

When analyzing the false negative test results of the
exercise test, the use of beta-adrenergic blocking agents,
inadequate heart rate response and coronary branch disease
were possible explanations for the normal response in some
patients. Two of the 13 patients with restenosis and a normal
exercise ECG complained of chest pain during the test,
suggestive of myocardial ischemia. A possible explanation
for some of the false positive results is that subcritical
stenoses (<50% diameter narrowing at quantitative angiog-
raphy) sometimes have hemodynamic significance related to
several variables, such as fluid velocity and viscosity, en-
trance angle to the stenosis, length of the narrowing and exit
angle (27), which were not taken into consideration in our
angiographic analysis. Five (23%) of 22 patients without
angiographic restenosis but with an abnormal exercise test
result experienced angina pectoris during the test, which
may indicate myocardial ischemia. In these patients the
qualification ‘‘false positive’" 1s probably incorrect.

Long-term prognosis. It has been shown (35-37) that
exercise testing in conjunction with radionuclide studies
early after successful angioplasty is predictive of restenosis
or recurrence of angina pectoris, in contrast to exercise
electrocardiography alone. Some studies have incomplete
follow-up data in asymptomatic patients, and most patient
groups studied consist predominantly but not solely of
patients with single vessel coronary artery disease. Deligo-
nul et al. (38) found that a positive exercise ECG within |
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month of successful coronary angioplasty was predictive of
subsequent cardiac events in patients with multivessel dis-
ease but not in patients with single vessel disease. Our
present study describes the prognostic value of an exercise
ECG beyond | month (1 to 6 months) of successtul coronary
angioplasty of single vessel disease. Because previous myo-
cardial infarction and subsequent left ventricular impairment
1S known to influence the long-term prognosis indepen-
dently, only patients without a previous myocardial infarc-
tion were studied.

The incidence of cardiac events in this group was not
negligible (24%), although recurrent angina pectoris consti-
tuted 78% of the first events and cardiac death did not occur
during follow-up. About 50% of the cardiac events took
place within the first 6 months of follow-up and they proba-
bly represent early restenosis after coronary angioplasty,
whereas events occurring later are more likely to reflect the
natural history of coronary artery disease. Although patients
with an abnormal exercise test result experienced more
cardiac events than patients with normal test results, the
predictive value of an abnormal exercise ECG for subse-
quent cardiac events was only 36%. Thus, the absence of
prognostic value of early exercise ECG testing after coro-
nary angioplasty reported by Deligonul et al. (38) does not
apply if the exercise test i1s performed >1 month after the
intervention. Accordingly, angiographic restenosis was
equivalently predictive of subsequent cardiac events. Age
and gender were not predictive of events, whereas patients
with left anterior descending coronary artery angioplasty
experienced fewer events than did patients with right coro-
nary artery and left circumflex coronary artery angioplasty.
This surprising finding can be explained by patient selection,
as restenosis in the left anterior descending coronary artery
with concurrent impairment of flow in a large perfusion area
may become clinically evident and compel reintervention at
an early stage. As a consequence, some of these patients
were not included in this study.

Clinical implications. It can be considered a limitation of
this study that patients with evident angina pectoris were
excluded because they underwent repeat coronary anglogra-
phy and subsequent redilation at an early stage, often
without performing an exercise test. Perhaps stenoses in this
group were more severe and a higher proportion of abnormal
exercise ECG responses could have been observed in these
patients if they had been tested. Exclusion of these patients
may have influenced the sensitivity of the test in a negative
way. This theoretic limitation does not apply as the purpose
of our study was to evaluate subjects without evident angina
pectoris.

Exercise ECG testing in asymptomatic patients with the
aforementioned profile had an extremely low sensitivity for
the detection of restenosis, whereas the differences between
the pretest and post-test probabilities were negligible. An
abnormal exercise ECG response and angiographic resteno-
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sis at short-term follow-up (I to 6 months) were predictive of
subsequent cardiac events in the long term, although the
predictive values (36% and 41%, respectively) of abnormal
test results are too low to have practical implications, as it 1s
unclear how the prognosis can be influenced in these pa-
tients. Further studies are needed to determine whether
other noninvasive tests, such as ambulatory ECG monitor-
ing or perfusion imaging techniques, are more sensitive In
detecting silent restenosis and whether these tests are better
at predicting long-term outcome.

Two emergent questions are not answered by the pre-
sented data: 1) should we perform coronary angiography in
asymptomatic patients with an abnormal exercise ECG after
single vessel angioplasty? and 2) will the long-term prognosis
be favorably influenced by repeat angioplasty in patients
with silent restenosis on routine coronary angiography given
the inherent procedural risks and considerable chance of
recurrent stenosis?

References

|. Gruentzig AR, King SB, Schlumpf M, Siegenthaler W. Long-term fol-
low-up after percutaneous transluminal coronary angioplasty. N Engl J
Med 1987:316:1127-32.

. Meier B, King SB, Douglas JS, et al. Repeat coronary angioplasty. J] Am
Coll Cardiol 1984:4:463-6.

3. Holmes DR Jr, Vlietstra RE, Smith HC, et al. Restenosis after percuta-
neous transluminal coronary angioplasty (PTCA): a report from the

Coronary Angioplasty Registry of the National Heart, Lung, and Blood
Institute. Am J Cardiol 1984:53:77C-81C.

4. Blackshear JL, O'Callaghan WG, Califf RM. Medical approaches to
prevention of restenosis after coronary angioplasty. J Am Coll Cardiol
1987:9:834-48.

5. Beatt KJ, Luyten HE, de Feyter PJ, et al. Change in diameter of coronary
artery segments adjacent to stenosis after percutaneous transluminal
coronary angioplasty: failure of percent diameter stenosis measurement

to reflect morphologic changes induced by balloon dilation. ] Am Coll
Cardiol 1988;12:315-23.

6. Serruys PW, Luiten HE, Beatt KJ, et al. Incidence of restenosis after

successful coronary angioplasty: a time-related phenomenon. Circulation
1988:77:361-71.

7. Ernst IMPG, van den Feltz TA, Bal ET, et al. Long-term angiographic
follow-up, cardiac events, and survival in patients undergoing percutane-
ous transluminal coronary angioplasty. Br Heart J 1987:57:220-5.

2

8. Nobuyoshi M, Kimura T, Nosaka H, et al. Restenosis after successful
percutaneous coronary angioplasty: serial angiographic follow-up of 229
patients. J Am Coll Cardiol 1988;12:616-23.

9. Baim DS, Ignatius EJ. Use of percutaneous transluminal coronary
angioplasty: results of a current survey. Am J Cardiol 1988:61:3G-8G.

10. Detrano R, Simpfendorfer C, Day K, et al. Comparison of stress digital
ventriculography, stress thallium scintigraphy, and digital fluoroscopy in
the diagnosis of coronary artery disease in subjects without prior myo-
cardial infarction. Am J Cardiol 1985;56:434-40.

1. Gruentzig AR, Senning A, Siegenthaler WE. Nonoperative dilation of

coronary artery stenosis: percutaneous transluminal angioplasty. N Engl
J Med 1979:301:61-8.

12. Serruys PW, van den Brand M, Brower RW, Hugenholz PG. Regional
cardioplegia and cardioprotection during transluminal angioplasty: which
role for nifedipine? Eur Heart J 1983:4:115-21.

3.

14,

5.

16.

7.

8.

19.

30.

31,

32.

JACC Vol. 16, No. 3
September 1990:578 -85

Serruys PW, Wins W, van den Brand M, et al. Is transluminal coronary

angioplasty mandatory after successful thrombolysis? Br Heart J 1983;
50:257-65.

Reiber JHC, Serruys PW, Kooiyman CJ, et al. Assessment of short-,
medium-. and long-term variations in arterial dimensions from computer-
assisted quantification of coronary cineangiograms. Circulation 1985;71:
280-38.

Zijlstra F, van Ommeren J, Reiber JHC, Serruys PW. Does quantitative
assessment of coronary artery dimensions predict the physiological
significance of a coronary artery stenosis? Circulation 1987;75:1154-61.

Reiber JHC, Kooyman CJ, Slager CJ, et al. Coronary artery dimensions
from cineangiograms: methodology and validation of a computer-assisted
analysis procedure. IEEE Trans Med Imaging 1984;MI-3:131-41.

Reiber JHC, Kooyman CJ, den Boer A, Serruys PW. Assessment of
dimensions and image quality of coronary contrast catheters from cinean-
giograms. Cathet Cardiovasc Diagn 1985:11:521-32.

Simoons ML, Hugenholz PG. Estimation of the probability of exercise-

induced ischemia by quantitative ECG analysis. Circulation 1977;56:
552-9.

Armitage P. Statistical Methods in Medical Research. Oxford: Blackwell
Scientific, 1977.

. White CW, Wright CB, Doty DB, et al. Does the visual interpretation of

the coronary arteriogram predict the physiologic significance of a coro-
nary stenosis? N Engl ] Med 1984:310:819-24.

. Berger BC, Watson DD, Taylor GJ, et al. Quantitative thallium-201]

exercise scintigraphy for detection of coronary artery disease. J Nucl Med
1981;22:585-93.

. Maddahi J, Garcia E, Berman D, et al. Improved noninvasive assessment

of coronary artery disease by quantitative analysis of regional stress
myocardial distribution and washout of thallium-201. Circulation 1981;64:
924-35.

. Wackers FJTh, Fetterman RC, Mattera JA, et al. Quantitative planar

thallium-201 stress scintigraphy: a critical evaluation of the method.
Semin Nucl Med 1985:15:46-66.

. LeGrand V. Mancini J, Bates ER, Hodgson JM, Gross MD, Vogel RA.

Comparative study of coronary flow reserve, coronary anatomy and
results of radionuclide exercise tests in patients with coronary artery
disease. ] Am Coll Cardiol 1986:8:1022-32.

. Marcus ML. White CW. Kirchner PT. Isn't 1t time to reevaluate the

sensitivity of noninvasive approaches for the diagnosis of coronary artery
disease? J Am Coll Cardiol 1986:8:1033-4.

Gould KL. Identifying and measuring severity of coronary artery steno-
s1S: quantitative coronary arteriography and positron emission tomogra-
phy. Circulation 1988;78:237-45.

. Marcus ML, Skorton DJ, Johnson MR, Collins SM, Harrison DG, Kerber

RE. Visual estimates of percent diameter coronary stenosis: ‘‘a battered
gold standard.”” J Am Coll Cardiol 1988:11:882-5.

. Gould KL, Lipscomb K, Hamilton GW. Physiologic basis for assessing

critical coronary stenosis: instantaneous flow response and regional
distribution during coronary hyperemia as measures of coronary flow
reserve. Am J Cardiol 1974:33:87-94.

Wilson RF, Marcus ML, White CW. Prediction of the physiologic
significance of coronary arterial lesions by quantitative lesion geometry in
patients with limited coronary artery disease. Circulation 1987;75:723-32.

Detrano R, Salcedo E, Leatherman J, Day K. Computer-assisted versus
unassisted analysis of the exercise electrocardiogram in patients without
myocardial infarction. J] Am Coll Cardiol 1987;10:794-9.

Martin CM, McConahay DR. Maximal treadmill exercise electrocardio-
graphy: correlations with coronary arteriography and cardiac hemody-
namics. Circulation 1972:46:956-62.

Goldschlager N, Selzer A, Cohn K. Treadmill stress tests as indicators of

presence and severity of coronary artery disease. Ann Intern Med
1976:85:277-86.



JACC Vol. 16, No. 3

LAARMAN ET AL. 585

September 1990:578-85 EXERCISE ELECTROCARDIOGRAPHY AFTER CORONARY ANGIOPLASTY

33. Riyneke RD, Ascoop CA, Talmon JL. Clinical significance of upsloping
ST segments in exercise electrocardiography. Circulation 1980:61:671-8.

34. Detrano R, Froelicher VF. Exercise testing: uses and limitations consid-
ering recent studies. Prog Cardiovasc Dis 1988:31:173-204.

35. Wins W, Serruys PW, Reiber JHC, et al. Early detection of restenosis
after successful percutaneous transluminal coronary angioplasty by exer-
cise-redistribution thallium scintigraphy. Am J Cardiol 1985;55:357-61.

36. Breisblatt WM, Weiland FL, Spaccavento LJ. Stress thallium-201 imag-

37.

Ing after coronary angioplasty predicts restenosis and recurrent symp-
toms. J Am Coll Cardiol 1988;12:1199-204.

DePuey EG, Leatherman LL, Leachman RD, et al. Restenosis after
transluminal coronary angioplasty detected with exercise-gated radionu-
clide ventriculography. J Am Coll Cardiol 1984:4:1103-13.

. Deligonul U, Vandormael MG, Shah Y, Galan K, Kern MJ, Chaitman

BR. Prognostic value of early exercise testing after successful coronary

angioplasty: importance of the degree of revascularization. Am Heart J
1989:117:509-14.



