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Abstract

Previous studies have shown a good correlation between exercise-induced changes of Q-, R-, and S-
waves (Athens QRS score) and the number of the obstructed coronary arteries. The present study was
undertaken to test the hypothesis that abnormal Athens QRS score is related to exercise-induced myocar-
dial ischemia.

Patients who had exercise radionuclide ventriculography (n=150) or thallium-201 scintigraphy (n=
124) within 1 month of cardiac catheterization were studied. Athens QRS score was calculated based on
the exercise-induced changes of the Q-, R-, and S-waves. Changes in Athens QRS score were compared to
the number of obstructed coronary arteries, segmental contraction abnormalities, and exercise-induced
myocardial perfusion defects.

Athens QRS score and coronary artery disease : The Athens QRS score was decreased as the number
of obstructed coronary arteries increased (normal coronary arteries 3.7 mm, confidence interval 1.0 to 3.9,
one vessel disease 1.2 mm, two vessel disease —0.6 mm, three vessel disease — 1.3 mm, p<0.001).

Athens QRS score and segmental contraction abnormalities : The Athens QRS score decreased as the
number of segmental contraction abnormalities increased (no segmental contraction abnormalities 2.5
mm, confidence interval 1.0 to 3.9, one segmental contraction abnormality —0.4 mm, two segmental
contraction abnormalities — 1.5 mm, three segmental contraction abnormalities —2.6 mm, p<0.001).

Athens QRS score and reversible myocardial perfusion defects : The Athens QRS score was decreased
as the number of exercise-induced myocardial perfusion defects increased (no perfusion defect 2.4 mm,
confidence interval 0.9 to 3.9, one perfusion defect —0.7 mm, two perfusion defects —2.6 mm, three
perfusion defects —3.3 mm, p<0.001).

Abnormal values of the Athens QRS score were better correlated with the number of exercise-induced
segmental contraction abnormalities or the myocardial perfusion defects than the number of obstructed
coronary arteries (p<0.001).

Exercise-induced changes in Athens QRS score were directly related to the number of obstructed coro-
nary arteries, to exercise-induced segmental contraction abnormalities and to exercise-induced myocar-
dial perfusion defects. However, Athens QRS score changes were more closely related to the number of
exercise-induced segmental contraction abnormalities or to the exercise-induced myocardial perfusion
defects than to the number of obstructed coronary arteries. The data suggest that exercise-induced QRS
changes, Athens QRS score are related to exercise-induced myocardial ischemia.
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INTRODUCTION

An electrocardiographic (ECG) index based on
exercise-induced Q-, R-, and S-wave changes was
introduced as the Athens QRS score for the detec-
tion of coronary artery disease”. Abnormal values
of Athens QRS score were directly related to the
number of obstructed coronary arteries.

We hypothesized that changes of the Athens QRS
score were secondary to exercise-induced myocar-
dial ischemia. However, the presence of ischemia
in the previous study was not documented with ra-
dionuclide techniques. If our original hypothesis is
correct, then it is expected that changes of the Ath-
ens QRS score with exercise in patients with coro-
nary artery disease will be best related to the exer-
cise-induced segmental contraction abnormalities
on radionuclide ventriculography, or with exercise-
induced reversible myocardial perfusion defects as
defined by exercise thallium-201 scintigraphy, than
to the number of obstructed coronary arteries. The
present study was undertaken to test this hypothesis.

MATERIALS AND METHODS

Two hundred seventy-four patients who had diag-
nostic cardiac catheterization and exercise radionu-
clide ventriculography or thallium-201 scintigraphy
at The Ohio State University Medical Center were
studied.

Patients were referred for exercise radionuclide
ventriculography or thallium-201 scintigraphy by
the physician responsible for their care; the decision
to utilize one mode of exercise versus the other was
related to the physician’s preference and not to the
difference in patient population.

Exercise testing and radionuclide ventriculo-

graphy

Exercise radionuclide ventriculography was per-
formed in 150 patients on a supine ergometric bi-
cycle within 1 month of coronary arteriography.
Demographic characteristics, cardiac catheteriza-
tion and exercise data are shown in Table 1.

Maximal graded supine bicycle exercise was per-
formed starting at a workload of 200 kpm/min and
was increased by 200 kpm/min every 3 minutes.

perfusion defects,

Athens QRS score, contraction ab-

Table1 Demographic characteristics, cardiac catheterization, radio-
nuclide ventriculography, and myocardial scintigraphy data

Ventriculography Scintigraphy
Number of patients 150 124
Age (yrs) 56.4%12 582%11
Male/female 101/49 98/26
History of previous
myocardial infarction 18 16
Cardiac catheterization
Vessel disease
0 40 (26.7%) 17 (13.7%)
1 32(21.3%) 37 (29.8%)
2 40 (26.7%) 31 (25.0%)
3 38 (25.3%) 39 (31.5%)
Left ventricular
ejection fraction 54+38 51%7
Segmental contraction
abnormalities/myocardial
perfusion defects
0
1 93 (62.0%) 68 (54.8%)
2 22 (14.7%) 22 (17.8%)
3 25 (16.6%) 18 (14.5%)
10( 6.7%) 16 (12.9%)

Exercise was continued until the development of se-
vere angina (28 patients), dyspnea (6 patients), fa-
tigue (96 patients), severe ventricular arrhythmias
(9 patients), decrease in systolic blood pressure >
20 mmHg (3 patients), or ST segment depression >
3 mm (8 patients). ECG recordings were obtained
every minute during exercise and for 5 minutes after
exercise. Blood pressure was measured every 2
minutes during the exercise and the recovery period.
A horizontal or downsloping ST segment depres-
sion of at least 1 mm at 60 msec after the J point or
an upsloping ST segment depression >2 mm at 80
msec after the J point or in the presence of ST seg-
ment depression at rest, an additional 2 mm of ST
segment depression, were considered ischemic re-
sponses?.

Radionuclide ventriculography was performed at
rest and during exercise with use of the gated equi-
librium technique. In vivo red blood cell labeling
was accomplished using 24 to 30 mCi of techne-
tium-99m pertechnetate. The camera was posi-
tioned to obtain the left anterior oblique view that
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maximized the separation of ventricular images.
Gated images were obtained over a 2-minute inter-
val, at 20 frames per cardiac cycle, at rest, and dur-
ing the last 2 minutes of each stage of supine bicycle
exercise®*®.

The left ventricular time-activity curve was gen-
erated by using a conventional software program
(Medical Data Systems, Ann Arbor, Michigan) em-
ploying semiautomatic edge detection and com-
puter-determined background subtraction. The left
ventricular ejection fraction was automatically cal-
culated directly from the time-activity curve. Wall
motion was qualitatively evaluated by two indepen-
dent experienced observers without knowledge of
the cardiac catheterization data. The left anterior ob-
lique studies at rest and at peak exercise were
viewed side by side to detect an exercise-induced
abnormality of wall motion in three anatomic walls:
septal, inferoapical, and posterolateral. A segment
was considered ischemic when a normal segment at
rest became abnormal with exercise or when an al-
ready abnormal segment at rest showed further de-
terioration with exercise.

Wall motion for each region was graded as
follows : 0=normal, 1=tardokinesis, 2=hypoki-
nesis, 3=severe hypokinesis, 4=akinesis, 5=
dyskinesis. Agreement between the observers about
the normal or abnormal wall motion was reached in
92% of the cases. Differences in the remainder of
the regions were resolved by joint review and arbi-
tration of the studies by a third observer®.

Exercise testing and thallium-201 scintigraphy

Exercise testing and thallium-201 scintigraphy
was performed in 124 patients within 1 month of
coronary arteriography. Demographic characteris-
tics, cardiac catheterization and exercise thallium-
201 imaging data are shown in Table 1. Exercise
testing was performed on a treadmill according to
the multistage Bruce protocol. ECG recordings
were obtained every minute during the exercise and
for 5 minutes during the recovery period. Blood
pressure was measured every 2 minutes and before
every stage change by sphygmomanometry. Exer-
cise was terminated because of severe angina (16
patients), leg fatigue (90 patients), dyspnea (4 pa-
tients), severe ventricular arrhythmias (6 patients),
decrease in systolic blood pressure >20 mmHg (2
patients), and a maximal ST segment depression >
3 mm (6 patients).
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Thallium-201 scintigrams were acquired using
standard techniques previously described®*”. Two
mCi of thallium-201 were injected intravenously 1
minute before exercise termination. Exercise and
redistribution scintigrams were obtained 10 minutes
and 4 hours post thallium-201 injection, respec-
tively, in anterior, 45° left anterior oblique and 90°
left lateral projections using a Picker Dynamo cam-
era with a low energy, all-purpose collimator. A 10-
minute image was collected in each view with an
information density of 3,000 counts over the highest
myocardial activity. The 64X64 matrix images
were processed digitally using interpolative back-
ground subtraction and quantitative horizontal pro-
file activity curves as previously described by
Watson et al.® All images were photographed in
black and white on 8 X 10 inch film.

Matching views from exercise and reperfusion
studies were displayed as pairs and interpreted by
two observers without knowledge of the cardiac
catheterization or electrocardiographic findings.

Each image was divided into three segments;

1) Anterior image: anterolateral, apical, inferior

2) Left anterior oblique image : septal, infero-
apical, posterolateral

3) Left lateral image: anterior, anteroapical,
inferoposterior>*-1

Stress-induced perfusion defect was defined as an
area of myocardium exhibiting decreased activity
compared to a normally appearing wall. Fixed de-
fect was defined when relative change in defect ac-
tivity between stress and redistribution images
was present. Partially reversible defect was defined
when incomplete filling occurred in the area of
stress-induced defect on the redistribution image.
Completely reversible defect was defined when nor-
malization of the stress-induced defect on the redis-
tribution image occurred.

Athens QRS score

The postexercise Q-, R-, and S-wave amplitude
values were subtracted from the baseline, and the
corresponding Q-, R-, and S-wave differences (AQ,
AR, and AS, respectively) were obtained”. The Ath-
ens QRS score was calculated by subtracting the Q-
and S-wave differences from the R-wave difference
in leads aVF+ Vs. Athens QRS score (mm)=(AR —
AQ—AS) aVF+ (AR —AQ— AS)Vs. QS-complexes
were treated like Q- or S-wave. Measurements of
the Athens QRS score post-exercise thallium stud-
ies were performed in the supine position.
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Coronary arteriography and left ventriculo-

graphy

All patients underwent left ventriculography in
the 30-degree right anterior oblique projection and
selective coronary arteriography by the percutane-
ous (Judkins) or brachial (Sones) technique.
Angiograms were evaluated by two cardiologists
independently. Significant coronary artery disease
was diagnosed when there was a diameter narrow-
ing 270% in the lumen of a major vessel or their
major branches, or =50% stenosis in the left main
coronary artery.

Statistical analysis

Statistical evaluation was performed using two-
way analysis for variance with multiple compari-
sons.

RESULTS

Athens QRS score values and coronary artery

disease

Among the 274 patients studied, 57 (20.8%) had
normal coronary arteries and 208 (75.9% ) had coro-
nary artery disease (60 one, 71 two and 77 three ves-
sel disease).

The Athens QRS score decreased as the number
of obstructed coronary arteries increased (normal
coronary arteries 3.7 mm, confidence interval 1.0 to
3.9, one obstructed coronary artery 1.2 mm, two ob-
structed coronary arteries —0.6 mm, three ob-
structed coronary arteries —1.3 mm, p<0.001,
Table 2).

Athens QRS score and segmental contraction

abnormalities

The Athens QRS score decreased as the number
of segmental contraction abnormalities increased
(no segmental contraction abnormalities 2.5 mm,
one segmental contraction abnormality —0.4 mm,
two segmental contraction abnormalities — 1.5 mm,
three segmental contraction abnormalities —2.6
mm, p<0.001, Table 2).

The lower confidence interval for the Athens QRS
score in patients with normal coronary arteries or
normal radionuclide studies was 1.0. Thus, values
< 1.0 were considered abnormal. Abnormal values
of the Athens QRS score were better correlated with
the number of exercise-induced segmental contrac-
tion abnormalities than to the number of obstructed
coronary arteries. Thus, 3 of the 40 patients (7.5%)
with normal coronary arteries, 13 of 32 (40.6%)

Table 2 Exercise-induced changes of Athens QRS score in relation to
segmental contraction abnormalities, and reversible myocar-
dial perfusion defects

Segmental Athens Myocardial Athens
contraction QRS score perfusion QRS score
abnormalities defects
0 2.5+6.9 mm 0 2.4%6.1 mm
(1.0t0 3.9) (0.91t03.9)
1 —0.4+3.4 mm 1 —0.7%£3.5 mm
(—1.8t01.0) (—2.2100.8)
2 —1.5£3.7mm 2 —2.6%t3.4 mm
(—3.0t0 0) (—4.2t0 —1.0)
3 —2.6%3.6 mm 3 —33%33 mm
(—3.5t0 —0.7) (—5.0t0 —1.6)

Mean +1 standard deviation. Values in parentheses represent confi-
dence intervals.

with one, 21 of 40 (52.5%) with two, and 28 of 38
(73.7%) with three vessel disease had abnormal
Athens QRS score, whereas 15 of 93 patients
(16.1%) without segmental contraction abnormali-
ties, 19 of 22 patients (86.4%) with one, 22 of 25
(88.0%) with two, and 9 of 10 (90.0%) with three
segmental contraction abnormalities had abnormal
values of the Athens QRS score, p<0.001 (Fig. 1).

The exercise parameters in patients who were
studied with exercise radionuclide ventriculography
are shown in Table 3.

Athens QRS score values and reversible myo-

cardial perfusion defects

The Athens QRS score decreased as the number
of exercise-induced myocardial perfusion defects
increased (no perfusion defect 2.4 mm, one perfu-
sion defect —0.7 mm, two perfusion defects —2.6
mm, three perfusion defects —3.3 mm, p<<0.001,
Table 2).

Abnormal values of the Athens QRS score were
better correlated with the number of ischemic perfu-
sion defects than with the number of obstructed
coronary arteries. Thus, 1 of 17 patients (5.9%)
with normal coronary arteries, 15 of 37 (40.5%)
with one, 18 of 31 (58.1%) with two, and 28 of 39
(71.8%) with three vessel disease had abnormal
values of the Athens QRS score (p<0.001),
whereas 12 of 68 patients (17.6%) without revers-
ible perfusion defects, 18 of 22 patients (81.8%)
with one, 17 of 18 patients (94.4%) with two, and
15 of 16 patients (93.8%) with three ischemic per-
fusion defects developed abnormal Athens QRS
score with exercise, p<0.001 (Fig. 2).
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Table 3 Exercise parameters in patients studied with radionuclide ventriculography or thallium-201 myocardial scintigraphy

Radionuclide ventriculography

Myocardial scintigraphy

Abnormal Normal Abnormal Normal
values of values of values of values of
Athens QRS Athens QRS p value Athens QRS Athens QRS p value
score score score score
(n=065) (n=385) (n=63) (n=61)
Exercise duration (sec) 4621132 495+ 144 <0.01 4461128 518*+116 <0.01
Max heart rate (bpm) 141132 148+£28 NS 148 %21 15626 NS
Max systolic blood pressure (mmHg) 17317 181£15 NS 175%18 182+17 NS
Max ST depression (mm) 1.02+0.65 0.69+0.62 <0.03 1.35+0.72 0.77£0.71 <0.05
Time in sec to | mm ST depression 352+118 393£122 <0.02 358+121 403188 <0.05
Mean =+ 1 standard deviation.
Max =maximal; NS=not significant.
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Fig. 1 Relationships between exercise-induced abnormal values of
Athens QRS score, number of vessel disease (VD) and seg-
mental contraction abnormalities (SCA)

Exercise parameters in patients who were studied
with thallium-201 myocardial scintigraphy are
shown in Table 3.

Thirty-four of the patients had a history of myo-
cardial infarction. The relationships of the Athens
QRS score in patients with previous myocardial
infarction to the number of vessel disease, exercise-
induced segmental contraction abnormalities, or
myocardial perfusion defects was not different com-
pared to patients without previous myocardial
infarction (Fig. 3).

One hundred sixty-five patients were treated with
cardiovascular drugs. The sensitivity and specificity
of Athens QRS score in patients treated and not
treated with cardiovascular drugs were compared to
exercise-induced segmental contraction abnormali-
ties and to exercise-induced myocardial perfusion
defects.

The sensitivity and specificity of Athens QRS
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Fig. 2 Relationships between exercise-induced abnormal values of

Athens QRS score, number of vessel disease and reversible
myocardial perfusion defects (RPD)

Abbreviation as in Fig. 1.

score in relation to exercise-induced segmental con-
traction abnormalities were not statistically differ-
ent in patients receiving therapy (sensitivity 86%,
specificity 85%), compared to patients not receiv-
ing therapy (sensitivity 90%, specificity 82%).
Likewise, the sensitivity and specificity of Athens
QRS score in relation to exercise-induced myocar-
dial perfusion defects were similar in patients re-
ceiving therapy (sensitivity 86%, specificity 84%)
and patients not receiving therapy (sensitivity 95 %,
specificity 80%).

The specificities and sensitivities of ST segment
response to exercise and Athens QRS score were
compared with the results of the coronary arterio-
graphy, to exercise-induced myocardial perfusion
defects and to exercise-induced segmental contrac-
tion abnormalities.

The specificity and sensitivity of ischemic ST
segment response in relation to coronary angio-
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Patients with and without previous myocardial infarction (MI, no MI, respectively) are also shown.
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graphy (sensitivity 31%, specificity 76%) were
lower compared to those using Athens QRS score
(sensitivity 57 %, specificity 93%, p<0.05). Like-
wise, the sensitivities of ST segment ischemic re-
sponse in relation to exercise-induced segmental
contraction abnormalities (40%) and exercise-in-
duced myocardial perfusion defects (45%) were
lower compared to Athens QRS score (segmental
contraction abnormalities 88 %, myocardial perfu-
sion defects 89%, p<0.05).

The specificities of ST segment ischemic re-
sponse in relation to exercise-induced segmental
contraction abnormalities (82 %) and to exercise-in-
duced myocardial perfusion defects (84 %) were not
different compared to Athens QRS score (segmental
contraction abnormalities 84 %), myocardial perfu-
sion defects 83%).

DISCUSSION

Previous studies have shown that exercise-in-
duced changes in the QRS complex (Athens QRS
score) were directly related to the number of ob-
structed coronary arteries”. The present study dem-
onstrated that exercise-induced changes of the Ath-
ens QRS score were best correlated with the number
of exercise-induced segmental contraction abnor-
malities as defined by radionuclide ventriculo-
graphy or to the reversible myocardial perfusion de-
fects as defined by thallium-201 scintigraphy, than
to the number of obstructed coronary arteries. These
findings suggest that exercise-induced abnormal
values of the Athens QRS score were related to ex-
ercise-induced myocardial ischemia.

Exercise-induced changes in the QRS complex

Analysis of exercise-induced changes in the Q-,
R-, and S-wave amplitude provides the framework
for understanding exercise-induced changes in the
Athens QRS score of normal subjects and patients
with coronary artery disease.

Q-wave amplitude remained unchanged or failed
to increase with exercise in patients with coronary
artery disease'?. Failure to increase or decrease Q-
wave amplitude with exercise in patients with coro-
nary artery disease has been related to abnormal
septal activation reflecting loss of contraction asso-
ciated with ischemia that results from narrowing of
the left anterior descending coronary artery'>!.

R-wave amplitude remained unchanged or in-
creased with exercise in patients with coronary ar-
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tery disease. The explanation of this phenomenon is
not completely understood. It has been suggested,
however, that exercise-induced increases in R-wave
amplitude may be related to an increase in intracar-
diac blood volume, or failure of the ischemic myo-
cardium to respond to adrenergic stimulation'>-2%.

S-wave amplitude increased with exercise both in
normal subjects and in patients with coronary artery
disease. The increase in S-wave amplitude, how-
ever, was less in patients with coronary artery dis-
ease compared to normal subjects. Exercise-in-
duced increase in the S-wave amplitude in normal
subjects is related to a rightward and posterior axis
shift, which produces an increase in the amplitude
in the lateral leads. The exercise-induced increase in
the amplitude of the S-wave in patients with coro-
nary artery disease is attributed to subendocardial
ischemia?!?2,

Inasmuch as exercise-induced changes in the indi-
vidual waves of the QRS complex detected coro-
nary artery disease with a low specificity or sensitiv-
ity, the individual waves were incorporated into a
composite expression (Athens QRS score); thus, a
false negative response of one wave can be negated
by the true positive responses of the other twob.

It is known that exercise-induced myocardial
ischemia may cause global or regional ventricular
dysfunction in experimental animals and patients
with coronary artery disease®*??. Several factors
such as changes in preload, afterload and pharma-
cologic agents may alter left ventricular ejection
fraction during exercise. Segmental contraction ab-
normalities of the left ventricular myocardium in-
duced with exercise are more specific for exercise-
induced myocardial ischemia than changes of glo-
bal left ventricular ejection fraction®32-2%,

Likewise, several studies have shown the useful-
ness of thallium-201 scintigraphy for detection of
exercise-induced myocardial ischemia®-3®. Exer-
cise-induced perfusion defects which improve on
the redistribution images are consistent with exer-
cise-induced myocardial ischemia in patients with
coronary artery disease>*. In our Medical Cen-
ter, radionuclide exercise studies are often per-
formed after coronary arteriography while the pa-
tients are receiving therapy. Thus, the purpose of the
exercise study in most of the instances was not for
the diagnosis of coronary artery disease but for the
evaluation of exercise-induced myocardial ische-
mia in patients with coronary artery disease while
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receiving antianginal therapy. Indeed, only 44 of the
207 patients with coronary artery disease had chest
pain during exercise. This may explain the low inci-
dence of positive radionuclide studies in patients
with coronary artery disease. The Athens QRS
score, however, was compared to exercise-induced
myocardial ischemia (segmental contraction abnor-
malities or myocardial perfusion defects); thus, the
low incidence of positive radionuclide test did not
influence our results. Further, the sensitivity and
specificity of Athens QRS score were similar in pa-
tients receiving therapy compared to patients with-
out therapy.

Comparison of the Athens QRS score and ST seg-
ment ischemic response to the exercise-induced
segmental contraction abnormalities or myocardial
perfusion defects demonstrated that the sensitivity
of the Athens QRS score was greater compared to
the ST segment ischemic response. In our previous
study, receiver operating curves were used to com-
pare the sensitivity of different partitions of Athens
QRS score and ST segment depression in patients
with coronary artery disease at matched levels of
test specificity determined by percentile estimation
in normal subject”. At partition values correspond-
ing to any specificity and sensitivity values of the
Athens QRS score were higher than those for the ST
segment depression.

The sensitivity and specificity of exercise radio-
nuclide ventriculography and thallium-201 myocar-
dial scintigraphy in the detection of coronary artery
disease have been discussed extensively over the
last two decades. Thus, the purpose of this study
was not to define agreement of these diagnostic mo-
dalities in relation to the number of obstructed coro-
nary arteries. Likewise, the sensitivity and specific-
ity and limitations of Athens QRS score have been
discussed extensively previously” and our purpose
was not to repeat previous studies. The data, how-
ever, suggest that the Athens QRS score is best re-
lated to exercise-induced myocardial ischemia as
defined by radionuclide techniques than to the num-
ber of obstructed coronary arteries. An abnormal
Athens QRS score, therefore, is an indicator of exer-
cise-induced myocardial ischemia.

Our purpose is not to introduce an index for the
diagnosis of coronary artery disease in the era of in-
travascular echocardiography. Nevertheless, the
Athens QRS score may prove to be an inexpensive,
noninvasive index for stratification of patients with

suspected coronary artery disease, before other
more expensive studies are performed. Further, the
Athens QRS score may be a useful index in the third
world where modern technology is less available.

CONCLUSIONS

Abnormal values of the Athens QRS score are re-
lated to the number of obstructed coronary arteries,
to the number of exercise-induced left ventricular
segmental contraction abnormalities and to the
number of reversible myocardial perfusion defects.
Abnormal values of the Athens QRS score, how-
ever, were better related to the number of exercise-
induced segmental contraction abnormalities or to
the number of reversible myocardial perfusion de-
fects than to the number of obstructed coronary ar-
teries. The data support the hypothesis that abnor-
mal values of the Athens QRS score are related to
exercise-induced myocardial ischemia.
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