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Accurate detection of triple vessel disease in patients
with exercise induced ST segment depression after
infarction
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SUMMARY The severity of coronary artery disease is an important determinant of prognosis after
acute myocardial infarction. The ability of a symptom limited exercise test to predict the presence
of triple vessel disease was assessed in 221 patients three weeks after infarction. Coronary angio-
graphy was performed in patients with exercise induced ST segment depression. The presence of
ST segment depression alone was poorly indicative of triple vessel disease; however, some specific
features of ST segment changes on exercise were of predictive value. Downsloping ST segment
configuration alone or horizontal ST segAient depression associated with an early onset and a late
recovery time after exercise correctly identified 30 (90%) of 33 patients with triple vessel disease
whereas it incorrectly identified only 6 (15%) of 39 patients with single and double vessel disease.
An abnormal blood pressure response was also predictive.

In patients with ST segment depression after infarction triple vessel disease can be detected
accurately by a combination of the electrocardiographic and haemodynamic variables attained on
exercise.

Exercise testing in patients early after myocardial
infarction is a valuable diagnostic and prognostic
technique. One year mortality in patients with exer-
cise induced ST segment depression has been shown
to be 25% compared with 2% in patients with no
ST segment depression.' Even though the one year
mortality rate is significantly higher in patients with
ST segment depression on exercise, most of these
patients are not at high risk of further cardiac events.
There is thus a need to identify more accurately the
"at risk" group of patients who may benefit from
invasive diagnostic and therapeutic techniques. Fur-
thermore, it has been suggested that reduced
exercise tolerance or a poor haemodynamic response
on exercise may be more predictive of later
complications than ST segment changes.2
The purpose of this study was to quantify specific

ST segment changes on exercise together with the
haemodynamic responses on exercise in a group of
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patients three weeks after a myocardial infarction
and to relate these findings to their subsequent
coronary anatomy.

Patients and methods

PATIENTS
The study group consisted of 221 consecutive
patients under the age of 70 years in whom the diag-
nosis of a myocardial infarction was based on the
presence of at least two of the following three crite-
ria: (a) a typical history of chest pain persisting for at
least 30 minutes, (b) new Q waves or evolution of
ST-T wave changes, (c) a rise in the cardiac enzyme
concentrations of aspartate transaminase, hydroxy-
butyrate dehydrogenase, or creatine kinase to at least
twice the upper limit of normal. The average (SE)
age was 57 (4); 40 (18%) were female. Ninety three
(42 2%) had had an anterior infarction, 94 (42 6%)
an inferior infarction, 20 (8 9%) a lateral infarction,
4 (2 0%) a true posterior infarction, and 10 (4-4%)
had no infarction site indicated by the electro-
cardiogram. Four showed left bundle branch block
and four right bundle branch block on the resting
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electrocardiogram. One hundred and twenty three
patients were taking fi blockers at the time of exer-
cise. Patients with valvar heart disease or aortic
stenosis were excluded from the study.

EXERCISE TESTING
Symptom limited exercise testing was carried out on
a motor driven treadmill by the Bruce protocol.3
Patients exercised for 3min stages at progressively
increasing work loads. A 12 lead electrocardiogram
was recorded before exercise with the patient supine
and upright, at the end of each 3 minute stage of
exercise, immediately after exercise, and every
minute during recovery. In addition, leads II, V2,
and V5 were continuously monitored throughout
exercise. Blood pressure was measured on the right
arm by the standard cuff method at the same time as
the electrocardiogram was recorded.

Exercise was continued until one of the following
end points: (a) > 3mm ST segment depression
80ms after the J point in any lead; (b) a fall in sys-
tolic blood pressure; (c) occurrence of chest pain,
dyspnoea, fatigue, or dizziness; (d) leg cramps. A
test was defined as positive if > 1 mm ST segment
depression was recorded in any lead. ST segment
depression was categorised as slowly unsloping,
horizontal, and downsloping configurations (figure).
Total exercise time and time to onset of significant
ST segment depression on exercise were recorded
together with the recovery time from ST segment
depression after exercise. The increase in systolic
blood pressure at peak exercise was expressed as the

percentage increase from the resting value (systolic
blood pressure increase). Patients in whom systolic
blood pressure did not increase by > 10% of the
resting value at peak exercise were considered to
have a poor exercise blood pressure response. The
heart rate at the onset of significant ST depression
was expressed as a percentage increase from the rest-
ing value (heart rate at onset).

CORONARY ANGIOGRAPHY
Coronary arteriography was performed at 2-4 weeks
after the exercise test on patients with significant ST
segment depression who agreed to undergo the
procedure. Twelve patients with no ST segment
depression underwent this procedure for clinical
reasons. The arteriograms were viewed by a radiolo-
gist who was unaware of the exercise test findings.
Significant coronary artery disease was defined as
> 70% proximal luminal narrowing in either the left
anterior descending, circumflex, or right coronary
arteries or the left main stem. Patients were then
classified as having single, double, or triple vessel
disease.

FOLLOW UP
Patients with a diagnosis of significant triple vessel
or left main disease were referred for coronary artery
bypass surgery together with those patients in whom
symptoms persisted despite optimal medical
treatment and in whom the coronary anatomy was
suitable for surgery. All other patients were
managed medically.
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STATISTICAL ANALYSIS
Unpaired student t tests were applied where
appropriate to test for significant differences in the
measured exercise variables between the negative
and positive test groups and between the patient
groups with single, double, and triple vessel disease.
We used discriminant analysis (Statistical Package
for the Social Sciences) to distinguish statistically
between patients with (a) single and double vessel
disease and (b) triple vessel disease, using the exer-

cise variables described above as discriminant vari-
ables. The optimal discriminatory points were used
to determine the sensitivity and specificity of these
exercise variables.

Results

Significant ST segment depression (positive test)
was recorded in 89(40%) patients, 72 of whom
underwent coronary angiography. The remaining 17
patients with a positive test either refused to
undergo this procedure or had more serious under-
lying medical conditions. Of the patients who
underwent angiography, 24 were diagnosed as hav-
ing single vessel disease, 15 double vessel disease,
and 33 triple vessel disease. Of the 132 patients with
no ST segment depression (negative test), 12 under-
went coronary angiography for clinical reasons:

three were <35 years of age, four had significant
chest pain, one had a suspected left ventricular
aneurysm, one had early exercise induced left
bundle branch block, and three became hypotensive
on exercise. Single vessel disease was diagnosed in
nine, double vessel disease in three; none had triple
vessel disease.
There was no significant difference in the resting

heart rate between patients with a negative test and
those with a positive test (77 beats/minute for both
groups) or between the rates attained at peak exer-

cise (127 beats/minute for both groups). Exercise
time was significantly longer in patients with a nega-
tive test (6-7 (0 3) minutes) than in the positive test
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group (5-7 (0 3) minutes) (p < 0 01). The mean (SE)
systolic blood pressure increase in the negative test
group was 26 (3)% compared with 16 (2)% in the
positive test group (p < 0 001).
Table 1 shows the mean onset time, recovery

time, and ST segment configuration together with
the systolic blood pressure increase, heart rate
increase at ST depression, and the exercise time for
the single, double, and triple vessel disease groups
together with the respective p values. Table 2 shows
the sensitivity and specificity attained for each exer-
cise variable in distinguishing the two groups: (a)
single and double vessel disease and (b) triple vessel
disease.

Discriminant analysis demonstrated that down-
sloping ST segment configuration was the most
accurate single exercise variable in predicting sever-
ity of disease; it correctly classified 77-8% of
patients. This was followed by ST segment recovery
time (76-4%); the onset time to significant ST seg-
ment depression (75 0%); the increase in heart rate
at onset of ST depression (72 2%), and the blood
pressure response to exercise (70 8%). By com-
bining all these exercise variables 90.3% of patients
were correctly classified (p < 0.01).
None of the 12 patients with upsloping ST seg-

Table 2 Sensitivity and specificity of the exercise variables
used to distinguish between single and double vessel disease
and triple vessel disease

Sensitivity Specificity
Exercise variable (%) (0)

Downsloping ST depression 94 9 57-6
Recovery time from ST

depression ( > 6 min) 82-1 69-7
Onset time to ST depression

( < 3 min) 66-7 84-8
Increase in heart rate at ST

depression (<40%) 59 0 87-9
Increase in systolic blood

pressure ( < 10%) 69-2 72-7
Exercise time (min) 66-7 60-6

able 1 Mean (SE) values of all exercise variables in relation to the severity of coronary disease

Severity of disease p values

-ercise variable Single Double Triple Single vs double Single vs triple Double vs triple

!art rate (rest) (beats/min) 75 (3) 76(4) 80(3) NS NS NS
!art rate (peak) (beats/min) 128(4) 127(6) 124(4) NS NS NS
iset time to ST depression (min) 5-5 (0 4) 2-9(0 4) 2-0(0 2) <0-001 <0-001 < 0 05
:covery time from ST depression (min) 3-9(0 5) 5-3(0 7) 8-3(0 5) NS <0 001 <0-001
r segment configuration (No):
Upsloping 11 1 0
Horizontal 13 12 14 X p < 0-001
Downsloping 0 2 19
stolicbloodpressureincrease (%) 24-4(3 2) 15-8(4-7) 5-1(2-7) NS <0 001 <0 05
crease in heart rate at onset of ST
depression (%) 63 4(5 4) 50.3(8-8) 29-7(3-4) NS <0-01 <0-001
cercise time (min) 6-9(0 5) 5-8(0 6) 4-9(0-4) NS <0-01 NS

 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.57.2.133 on 1 F
ebruary 1987. D

ow
nloaded from

 

http://heart.bmj.com/


Mannering, Bennett, Ward, Dawkins, Dancy, Valantine, Mehta
Table 3 Association of early onset time to ST segment depression and late recovery time with severity of disease in patients
with horizontal ST segment depression

Group I Group2 Group 3 Group 4
Onset time > 3 mi Onset time < 3 m Onset time > 3m Onset time S3m

Severity of disease Recovery time < 6 min Recovery time <6 min Recovery time > 6 mn Recovery time > 6mn

Single/double vessel 10 8 3 4
Triple vessel 1 1 1 11

ment depression had triple vessel disease whereas 19
of the 21 with downsloping ST segment depression
had triple vessel disease. Of the 39 patients with
horizontal ST segment depression, however, 14 had
triple vessel disease. To separate further this group
of patients with horizontal ST segment depression,
we used the second and third most powerful dis-
criminant variables (an onset time to significant ST
segment depression of < 3 minutes and a recovery
time after exercise of > 6 minutes) in association
with horizontal ST segment configuration. Four
groups of patients with horizontal ST segment
depression were then defined:
Group 1-Patients with an onset time of > 3 minutes
and a recovery time of < 6 minutes.
Group 2-Patients with an onset time of < 3 minutes
and a recovery time of < 6 minutes.
Group 3-Patients with an onset time of > 3 minutes
and a recovery time of > 6 minutes.
Group 4-Patients with onset time of < 3 minutes
and a recovery time of ) 6 minutes. Table 3 shows
these results.

Seventy nine per cent of the 14 patients with triple
vessel disease and horizontal ST segment depression
were in group 4 whereas only 16% of those with
single or double vessel disease with horizontal ST
segment depression were in group 4.

(B BLOCKERS
Fifty four (44%) of the 123 patients taking ,B block-
ers had significant ST segment depression on exer-
cise compared with 39 (39%) of the 99 patients not
taking 1 blockers. There was no significant
difference in the systolic blood pressure increase on
exercise between patients taking ,B blockers
(23(1-7)%) and those who were not (19-8(2.0)%).
There were significant differences in the resting and
peak heart rates and the total exercise time between
the two groups (table 4).

Table 4 Mean values (SE) for resting and peak heart
rates and exercise time in patients taking 1 blockers and in
those who were not

/ blockers No , blockers p value

Resting heart rate (beats/min) 68(2) 90(2) <0-001
Peak heart rate (beats/min) 116(2) 140(2).. <Q0005
Exercise time (min) 6-9 (0-3) 8(0-ST3) < 0

Discussion

We have shown that the presence of exercise
induced ST segment depression alone is a poor pre-
dictor of severe coronary disease because only 45%
of 74 patients with significant ST segment depres-
sion had triple vessel disease shown by angiography.
This accords with a recent study4 but not with ear-
lier ones.56 We have demonstrated, however, that
further analysis of the ST segment variables can
predict more accurately the severity of coronary
artery disease.
The absence of downsloping ST segment depres-

sion on exercise was the most specific indicator of
the absence of triple vessel disease. Of the group
with downsloping ST segment depression none had
single vessel disease, 9 5% had double vessel dis-
ease, and 905% had triple vessel disease. Fourteen
of the 33 patients with triple vessel disease, however,
did not have downsloping ST segment depression.
Given the widespread distribution of horizontal ST
segment depression in patients with single and
double vessel disease and triple vessel disease,
further analysis of this configuration would be
necessary to determine which ST segment charac-
teristics are of diagnostic value. When exercise
induced ST segment depression occurs in patients
with triple vessel disease significant ST changes are
likely to appear within the first stage of exercise,
which was significantly earlier than for single or
double vessel disease. Moreover, patients in whom
the ischaemic ST segment persists for > 6 minutes
after exercise are likely to have triple vessel disease.
Subdivision of patients with horizontal ST segment
depression into those with early onset and late
recovery times allows triple vessel disease to be diag-
nosed with greater accuracy. Eleven (79%) of the 14
patients with triple vessel disease and horizontal ST
segment depression had early onset and late recov-
ery times compared with only four (16%) of the 25
with single or double vessel disease with horizontal
ST segment depression. When these 14 patients
were added to those patients in whom a downsloping
configuration was a marker for triple vessel disease
30 (900/o) of the 33 patients with triple vessel disease
and ST segment depression were correctly
idintifiedwith$obrly-6 (15.%} of.the 39 patients with
single and double vessel disease being misclassified.
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Specific ST segment analysis can identify triple ves-
sel disease more accurately than the simple presence
of ST segment depression, which can only be
regarded as a marker for the presence of myocardial
ischaemia not its severity.

Recent studies have shown a significant associ-
ation between a poor systolic blood pressure
response on exercise and subsequent cardiac mor-
tality in patients after myocardial infarction.2 78
This abnormal exercise response has been attributed
to poor left ventricular function caused by a larger
infarct.9 The results of our study suggest that a poor
blood pressure response on exercise is associated
with triple vessel disease. This group of patients had
a significantly lower blood pressure increase than
patients with single or double vessel disease. This
observation accords with previous studies.4 1O
Sullivan et al reported a significant association
between a poor blood pressure response on exercise
and multivessel disease.4 Further, they observed no
significant difference in the resting ejection fraction
between those patients with a good blood pressure
response and those with an inadequate blood pres-
sure response, suggesting that this inadequate
response was not a product of poor left ventricular
function. These results suggest that a poor blood
pressure response may be a function of increased
myocardial ischaemia.
No significant differences were seen in the peak

heart rate attained on exercise by patients with
single, double, and triple vessel disease. In patients
with triple vessel disease, however, the increase in
heart rate at the onset of significant ST segment
depression was lower than in patients with single
and double vessel disease. This suggests that
patients with severe coronary artery disease increase
their heart rate, and thus myocardial oxygen con-
sumption, to a lesser extent before the onset of myo-
cardial ischaemia.
A low maximum heart rate has been shown to be

significantly associated with multivessel disease in
patients with stable angina.1 This association is not
so clearly demonstrated in patients after myocardial
infarction, mainly because there is left ventricular
dysfunction. In contrast, Jennings et al reported a
significant association between a high heart rate at
peak exercise and subsequent cardiac mortality and
suggested that this was indicative of left ventricular
damage rather than the presence of myocardial
ischaemia.2
The distribution of patients with significant ST

segment depression on exercise was not significantly
different between patients on ( blockers and those
who were not. Furthermore, there was no significant
difference in the increase in systolic blood pressure
on exercise between the two groups. These results
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suggest that Pf blockers did not have a significant
effect on the ischaemic responses obtained on exer-
cise.
The aim of this study was to attempt to identify

within the group of patients with ST segment
depression those patients with triple vessel disease.
Theroux etal reported a one year mortality rate of
25% in patients with exercise induced ST segment
depression; only 2% ofpatients without ST segment
depression died.' We studied only patients with ST
segment depression or a poor haemodynamic
response on exercise, and those who had symptoms
or were young. Ideally coronary angiography would
have been carried out on all patients to determine
the distribution of vessel disease in patients with no
ST segment depression. We did not consider this
approach to be practical or ethical. The prevalence
of triple vessel disease in the present study was sim-
ilar to that previously reported.'2 Additionally,
Akhras etal in a study of 61 patients undergoing
exercise testing and coronary angiography after
uncomplicated myocardial infarction found that 43
patients with multivessel disease had ST segment
depression compared with only two patients with no
ST segment depression.'3 Furthermore, 89% of
patients with triple vessel disease were found within
the group with exercise induced ST segment
depression. 14

In an attempt to avoid the problems of
differentiating between double and triple vessel dis-
ease, comparative studies have identified patients as
having either single or multivessel disease (double
and triple vessel disease).45 Our results have clearly
shown that as groups, patients with single, double,
and triple vessel disease behave quite differently in
terms of their electrocardiographic and hae-
modynamic responses to exercise. A small propor-
tion of patients with double vessel disease may,
however, have exercise responses that resemble
those of patients with triple vessel disease. Thus a
clear distinction cannot be made between these
patients and those with triple vessel disease-an
indication of the difficulties of allocating some
patients to separate coronary vessel disease groups.
This study has shown that symptom limited exer-

cise testing early after a myocardial infarction is an
effective diagnostic technique for identifying
patients with severe triple vessel disease. Although
we have shown that the presence of ST segment
depression alone is a poor indicator of the presence
of triple vessel disease, specific analysis of the ST
segment changes together with an assessment of the
haemodynamic response to exercise can more accu-
rately identify a group of patients who may be at
high risk. The simplicity of this approach may be of
particular relevance to district hospitals where there
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are adequate facilities for exercise testing but where
access to angiographic techniques is restricted and
more accurate identification of patients with sus-
pected triple vessel disease is needed.
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