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SUMMARY The exercise tests of 26 male patients with significant left main disease were compared with
those of 51 patients with three-vessel disease and 38 patients with two-vessel disease. Exercise-induced
ischaemia (chest pain and/or >1 mm ST segment change) occurred in 100 per cent of left main, 69
per cent of three-vessel, and 45 per cent of two-vessel disease patients. Though the mean peak work
load was significantly higher in the two-vessel disease group than in those with three-vessel or left main
disease, there was a wide overlap between groups. No intergroup differences were found in mean peak
heart rates. In patients taking propranolol, no differences in mean peak work loads and heart rates
were seen.

The study showed that the absence of an exercise-induced abnormal electrocardiographic response

virtually excludes left main disease. As judged by exercise performance, the presence of left main
disease did not correlate with the severity of the patient's symptomatology. Propranolol did not
influence the frequency of an ischaemic response in patients with left main or three-vessel disease.

Symptomatic patients with significant stenosis of
the left main coronary artery are at higher risk of
dying than patients without this lesion (Webster
et al., 1974; Lim et al., 1975; Conley et al., 1978).
It has been clearly established that coronary artery
bypass surgery improves survival of these patients
(DeMots et al., 1975; Takaro et al., 1976; Campeau
et al., 1978). Thus, the identification of the patient
with left main coronary stenosis is of paramount
importance. Though selective coronary arterio-
graphy is the optimal method of determining the
presence of this lesion, its expense and potential
dangers prevent its routine use for screening the
population at risk.
The electrocardiographic response to stress test-

ing has been correlated with the location and
severity of coronary disease (Cohn et al., 1972;
McHenry et al., 1972; Goldschlager et al., 1976). A
very ischaemic electrocardiographic response (>2
mm ST segment depression) has been reported to
be a strong indicator of left main disease (Khaja
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et al., 1974; Cheitlin et al., 1975; Cohen and Gorlin,
1975). However, in many laboratories, including
our own, an ST segment change of > 1 mm is
considered an indication for terminating the
exercise test (Blomqvist, 1971). In these labora-
tories, a change of >2 mm would be rarely seen
even when left main disease is present.
Many clinicians have felt that the likelihood of

left main disease is correlated with severe symptoms,
and the decision whether or not to perform catheter-
isation, therefore, may be based on the clinical
presentation. However, this premise is undocu-
mented. Since the exercise test quantifies the
limitations of physical work capacity imposed by
typical angina pectoris, a comparison of the exercise
test to the presence or absence of left main disease
should clarify the supposition that left main disease,
symptoms, and limitation to physical activity are
correlated.
The purpose of the study was (a) to determine

the value of the exercise test in predicting the
presence or absence of left main disease, (b) to
determine the correlation of the likelihood of left
main disease with the severity of symptomatology,
and (c) to determine to what extent beta-
adrenergic blockade affects the validity of the test.
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Exercise testing in left main disease

Subjects and methods

Between July 1973 and May 1977, 26 male patients
with significant left main disease were studied by
both cardiac catheterisation and exercise testing in
our laboratory. Between July 1976 and May 1977,
51 male patients with significant three-vessel
coronary disease and 38 male patients with two-
vessel disease were similarly studied by both
catheterisation and exercise testing. These patient
groups comprised all of the patients studied with
a history of chest pain except for patients with
electrocardiographic conduction abnormalities or
ST segment changes associated with left ventricular
hypertrophy. The mean age of the patients in all
groups was 51 years.
Long-term oral propranolol was being taken by

7 patients with left main disease, 28 patients with
three-vessel disease, and 21 patients with two-
vessel disease. No patients were taking other
antiarrhythmic treatment or digoxin.

EXERCISE TESTING
Multistage ergometric exercise was performed using
a Monark bicycle ergometer (Blomqvist, 1971;
Nixon et al., 1978). The test was performed
continuously starting at 150 kpm (24-5 watts) with
a stepwise load increment increase of 150 kpm
(24-5 watts) every 3 minutes. The electrocardiogram
was continuously monitored on a Hewlett Packard
1516A tape terminal attached to a Hewlett Packard
1309A oscilloscope, using a modification of Frank's
orthogonal lead system (Blomqvist et al., 1965).
Permanent recordings at 25 mm/s were made before
exercise, during the last 30 seconds of each level of
exercise, and during the first 30 seconds of each
post-exercise minute of observation for 5 minutes
or until the electrocardiogram returned to its pre-
exercise configuration. In addition, continuous
5 mm/s recordings were obtained with a Marquette
series 330 automatic strip chart recorder as a back-
up to the visual monitoring routine. Indirect blood
pressure recordings were obtained at 1-minute
intervals throughout the study by the Doppler
technique, using an Arteriosonde (Roche).
Each exercise test was aimed at 90 per cent of

the patient's maximal predicted heart rate. Indica-
tions for premature termination of exercise in this
laboratory include typical angina pectoris of any
severity, electrocardiographic ST segment changes
of 1 mm or greater, hypotension during any stage
of exercise, ventricular premature beats occurring
at a frequency of greater than 3 per minute, or
fatigue requiring cessation of exercise (Blomqvist,
1971).
An electrocardiographic ischaemic response was

considered positive if the ST segment depression

was > 1 mm (0 1 mV) below the level of the ST
segment at rest and the depression was sustained
for 0-08 second after the J point. The exercise
tracings were read independently by at least 2
observers without knowledge of the clinical or
catheterisation data of the patients. If a single
observer considered the electrocardiographic ischae-
mic response to be questionable, it was deemed to
be negative.

CORONARY ARTERIOGRAPHY
All patients underwent cardiac catheterisation
within 3 days of their exercise test. Coronary
arteriography was performed selectively by hand
injection of Renografin 76 by the Judkins technique.
Multiple projection coronary cineangiograms of
each coronary artery were recorded on 35-mm
Eastman Double X negative cine film by a Roentgen
V camera at 60 frames per second.
The cinearteriograms were read independently

by at least 2 observers without prior knowledge of
the clinical or exercise data of the patients. Any
single coronary artery was considered significantly
stenosed if the luminal narrowing of the artery or
one of its branches over 1-5 mm diameter was
greater than 50 per cent of the vessel's diameter.
When differences in interpretation existed, the
arteriogram was evaluated by a third observer, and
a consensus of 3 opinions was obtained.
The overall prevalence of left main disease in

this laboratory relative to all studied patients with
coronary disease is 9 per cent, which is approxi-
mately that found in other laboratories.

DEFINITIONS
The definitions of the terms used in this study are
as follows. Prevalence is the proportion of patients
in any study group who have disease. Sensitivity is
the proportion of patients with disease who have a
positive test. Specificity is the proportion of patients
without disease who have a negative test. The
predictive value of a positive test is the probability of
patients having disease when the test is positive
and may be calculated from the mathematical
formula:

P(D+I/T+) =
P(T+/D+) P (D+)

P(T+I/D +)P(D+)+{1-P(T-/D-)}{l-P(D +)}
where P(D +) is the probability of disease (D)
before the test (T) is performed (prevalence),
P (T+ /D +) is the probability of having a positive
test when disease is present (sensitivity), and
P(T-/D-) is the probability of having a negative
test when the disease is absent (McNeil et al., 1975).
The predictive value of a negative test is the proba-
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bility of patients not having disease when the test
is negative and, using the same symbols, may be
calculated from the formula:

P(D-/T-) =
P(T-/D-) 1- P(D +)

P(T-/D-) {1-P(D+)} + P(D+){1-P(T+/D+)}

STATISTICAL ANALYSIS

Values are expressed as means ± standard errors

of the mean (SE). Data were compared by analysis
of variance. When significant differences (P < 0 05)
were found, within-group differences were deter-
mined by the Student-Newman-Keuls multiple
range test (Zar, 1974).

Results

EXERCISE TESTS
The Table summarises the endpoints of the
exercise tests in each patient group. All patients
with left main disease had either chest pain or

electrocardiographic changes, and all but one of
these patients (96%) had electrocardiographic
changes. This compared with 35 patients (690%)

Table Reasons for termination of exercise in each
patient group

Left main Three-vessel Two-vessel
disease disease disease
(N-=26) 'N = 51) (N = 38)

(00' o) ( 0)
Chest pain or

electrocardiographic
abnormalities or both 26 (100) 35 (69) 17 (45)

Chest pain 18 (69) 26 (51) 9 (24)
Electrocardiographic

abnormalities 25 (96) 24 (47) 12 (32)
Chest pain and

electrocardiographic
abnormalities 17 (65) 17 (33) 4 (11)

Fatigue 0 16 (31) 21 (55)

with three-vessel disease and 17 patients (450/'Z)
with two-vessel disease who had either chest pain
or electrocardiographic changes. In patients taking
propranolol, an ischaemic response to exercise
occurred in all 7 patients (100%') with left main
disease, 21 patients (75%/ ) with three-vessel disease,
and 8 patients (38%) with two-vessel disease. In
patients not taking propranolol, an exercise-
induced ischaemic response occurred in all 19
patients with left main disease, 14 patients (61%,/)
with three-vessel disease, and 9 patients (53%)
with two-vessel disease.
Peak heart rates during exercise of all patients

are shown in Fig. 1. No significant differences were

found between mean values for patients with left

LMD 3VD 2VD200o

2180- 0

160-1

.140- f
W 120-i h

'60~~~~~~~~~~10J- 4m1
0

-J-

< 40
xx 20-

0
PROPRANOLOL - + - + - +

Fig. 1 Maximal heart rate response (beats per minute)
during bicycle exercise in patients with left main disease
(LMD), three-vessel disease (3VD), and two-vessel
disease (2VD). Patients in each group separated into
those taking (+) and not taking (-) propranolol therapy.
Closed circles represent patients whose exercise tests were
terminated by an ischaemic response (chest pain and/or
electrocardiographic abnormalities), and open circles
represent those who exercised to fatigue. Solid bars
represent mean values.

main disease (118 ±4 beats/min), three-vessel
disease (114 ±3 beats/min), or two-vessel disease
(120 ±4 beats/min). Similarly, no significant dif-
ferences were found between the three groups of
patients taking propranolol (left main disease,
110 ±8 beats/min; three-vessel disease, 104 ±3
beats/min; two-vessel disease, 106±4 beats/min),
or not taking propranolol (left main disease, 120 ±4
beats/min; three-vessel disease, 125 ±5 beats/min;
two-vessel disease, 138 ±7 beats/min). In all
instances, the spread of the individual data showed
considerable overlap between the respective groups.
The work loads of all patients at the termination

of exercise are shown in Fig. 2. Comparison of the
mean values of all patients in each group showed
significant differences (P < 0-005). Intergroup analy-
sis determined that while the mean values of
patients with left main and three-vessel disease were
similar, significant differences were present between
values of patients with two-vessel disease (474 ±27
kpm) and both left main disease (342 ±29 kpm;
P <0-001) and three-vessel disease (386 ±32 kpm;
P < 0 01). Similarly, significant differences were
present when the mean peak work loads of patients
not taking propranolol were compared (P < 0 005).
Intergroup analysis showed a significant difference
between mean values of the left main disease
(324 ±37 kpm) and the two-vessel disease group
(504 ±51 kpm; P <0005). No differences were
seen between the left main disease and three-vessel
disease (402 ±22 kpm) or the three-vessel disease
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LMD 3VD 2VD to electrocardiographic changes alone. However,. r1 -_uw the predictive value ot a negative test iroppei
900_ o considerably from 99 to 95 per cent.

0- 800- o

70 o Discussion
700-o

o 600 0 The results of this study confirm that in patients
o500- . O 0 with stable angina pectoris, the exercise test is

400 - - o - o - useful in evaluating the presence or absence of
30 .S0 significant left main disease. Conspicuously ichae-

< 300o 7 " b " T O mic ST segment responses of 2 mm or greater
x 200- . . . during exercise testing are considered to be very
< 0~~~~2 loo o o suggestive of left main disease (Khaja et al., 1974;

Cheitlin et al., 1975; Cohen and Gorlin, 1975).
PROPRANOLOL However, in our laboratory, an ST segment changePROPRANOLOL - + - + - + of 1 mm or greater is taken as evidence of ischaemia

Fig. 2 Peak work load (kpm) during bicycle exercise in and is an indication for termination of exercise
patients with left main disease (LMD), three-vessel
disease (3VD), and two-vessel disease (2VD). Patients (Blomqvist, 1971). Thus, itispertinenttodetermine
in each group separated into those taking (+) and not the predictive values of positive and negative tests
taking (-) propranolol therapy. Closed circles represent using this criterion for termination of the test. As
patients whose exercise tests were terminated by an one might expect, our study has shown that a
ischaemic response (chest pain and/or electrocardiographic positive test will not single out this group of patients.
abnormalities), and open circles represent those who However, the more important question is whether
exercised to fatigue. Solid bars represent mean values coronary arteriography is necessary purely to
(1 kpm = 0-1635 watt). determine whether left main disease is present. Our

data indicate that the probability of left main disease
and two-vessel disease groups. In patients taking is only 1 per cent if significant exercise-induced
propranolol, no differences were seen in the three electrocardiographic changes do not occur. Further-
groups (left main disease, 393 ±22 kpm; three- more, not only were all the patients studied male
vessel disease, 373 ±25 kpm; two-vessel disease, but all had symptoms of chest pain and angio-
449 ±37 kpm). graphically documented coronary artery disease.

Thus, when referred to the general population, the
DIAGNOSTIC POWER OF EXERCISE TESTING prevalence of left main disease of 9 per cent used
When electrocardiographic changes alone were used in this study to determine the predictive values of
as the determinant of a postive exercise test, the the exercise test is an overestimate and the actual
sensitivity of the test was 96 per cent and the predictive values are even higher.
specificity was 60 per cent for patients with left Several studies have correlated the frequency and
main disease in this group of patients with coronary magnitude of the electrocardiographic response to
artery disease. Using this sensitivity and specificity exercise with the location and severity of coronary
in conjunction with the left main disease prevalence disease (Cohn et al., 1972; McHenry et al., 1972;
of 9 per cent among all patients with coronary Goldschlager et al., 1976). Other exercise indices
artery disease, the predictive value of a positive such as threshold heart rates and work loads have
exercise test is calculated to be 19 per cent, and the been shown to correlate with the extent of coronary
predictive value of a negative test to be 99 per cent. disease (Blomqvist et al., 1978; Chaitman et al.,
In other words, a patient who has a 9 per cent 1978; McNeer et al., 1978). Thus, as reported by
probability of having left main disease before an McNeer and co-workers (1978), patients with left
exercise test has a 19 per cent probability after a main disease are expected to have more frequent
positive test and a 1 per cent probability after a ischaemic responses at lower peak work loads than
negative test. patients with less extensive disease. In our study, the
When the determinant of a positive exercise test frequency of an exercise-induced ischaemic response

was chest pain and/or electrocardiographic changes in the respective patient groups concurred with
at a work load of 300 kpm or less, the sensitivity of previous findings, being highest in the left main
the test was reduced to 54 per cent but the specificity disease group and lowest in the two-vessel disease
increased to 85 per cent. Referring this sensitivity group. However, peak heart rates and work loads
and specificity to the 9 per cent prevalence of left did not correlate as accurately as has been previously
main disease, the predictive value of a positive reported. When all patients in each group were
test was 26 per cent, a small increase over that due considered, no significant differences in mean

413

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.42.4.410 on 1 O
ctober 1979. D

ow
nloaded from

 

http://heart.bmj.com/


44. V. Nixon, Kirk Lipscomb, C. Gunnar Blomqvist, and William Shapiro

peak heart rates of the three groups were found.
Similar statistical analysis of mean peak work loads
showed a significant difference only in the two-
vessel disease group, with no difference shown
between the groups with left main and three-vessel
disease. Furthermore, the distribution of threshold
work loads of the left main disease patients showed
little difference from the patients with three-
vessel and two-vessel disease. These latter findings
are in line with those of Blomqvist et al. (1978), who
reported that while group differences existed
between left main or three-vessel disease patients
when compared with patients with less extensive
disease, the wide intra- and intergroup overlap of
these exercise measurements precluded a clinical
conclusion with respect to any individual patient.
In our patients, when 300 kpm was arbitrarily
selected as a representative low peak load, the
probability of having left main disease after a

positive test at this threshold changed a little,
whereas the probability of having this lesion after
a negative test increased from 1 to 5 per cent. Thus,
the presence or absence of an exercise-induced
ischaemic response at a lower heart rate or work
load failed to distinguish patients with left main
disease from those with three-vessel and two-
vessel disease.
One possible reason for the differences in our

findings compared with other reports may be the
inclusion of patients on propranolol therapy. The
influence of long-term propranolol treatment on

exercise performance and haemodynamics is well
known. Though it has a direct depressant action on
myocardial contractility, the overall effect of
propranolol during exercise is to lower cardiac work
by reducing the heart rate and systemic blood
pressure response (Wolfson and Gorlin, 1969;
Nixon et al., 1978). Furthermore, it has been
reported that, in the same patients, angina pectoris
was the endpoint of exercise more frequently during
the placebo phase than during the therapeutic
phase of oral propranolol administration (Alderman
et al., 1975). In this latter report, however, the
extent of each individual patient's coronary disease
was not identified. In other studies correlating the
frequency of exercise-induced ST segment changes
with the severity of documented coronary artery
disease, the effects of propranolol, if any, were

either not subject to comment or the patients were

excluded from the study (Cohn et al., 1972;
Goldschlager et al., 1976; McNeer et al., 1978).
Our data showed that propranolol therapy did

not affect the frequency of an ischaemic response in
patients with left main disease and three-vessel
disease. In patients with three-vessel disease, the
frequency was increased in those on propranolol.
Conversely, the frequency of an ischaemic response

in two-vessel disease patients was less in those on
propranolol therapy. However, the significant
difference in mean peak work load in patients with
two-vessel disease compared with left main and
three-vessel disease was abolished by propranolol
administration. In addition, there was a wide over-
lap between each patient group with respect to
individual peak work loads and heart rates. Thus,
while propranolol did not affect the frequency of
an ischaemic response to exercise in patients with
more severe and extensive disease, it abolished any
differences in other exercise indexes that may be
used to distinguish the extent and severity of
coronary artery disease.
Many clinicians feel that the incidence of left

main disease correlates with the patients' sympto-
matology. Thus, within the restrictions of the
exercise test procedure, an exercise-induced ischae-
mic response would be expected to occur at a
comparatively low work load in these patients
(Blomqvist, 1971; McHenry and Fisch, 1977). Our
data show that this is not so. There was a wide
distribution in individual peak work loads and
overlap between each patient group, especially in
those patients on propranolol therapy. It seems
unlikely that, as judged by exercise performance,
the symptoms of an individual patient could be
used as an indicator of the presence or absence of
left main disease.

This study has shown that, in patients with stable
angina pectoris, the exercise test is useful in assess-
ing patients with significant left main disease. The
absence of an electrocardiographic response to
exercise virtually excludes the possibility of left
main disease. Propranolol therapy did not reduce
the frequency of an ischaemic response to exercise
in patients with left main or three-vessel disease,
but abolished any differences in peak work loads
that might be useful in distinguishing the extent of
a patient's coronary artery disease. The likelihood
of the presence of left main disease did not appear
to correlate with the severity of the patient's
symptomatology as judged by their exercise
performance.
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