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Identification of a high risk subgroup of patients
with silent ischaemia after myocardial infarction: a

group for early therapeutic revascularisation?

Mark de Belder, Douglas Skehan, Charles Pumphrey, Bilal Khan, Stephen Evans,
Martin Rothman, Peter Mills

Abstract
Asymptomatic ("silent") ischaemia has
been shown to be of prognostic
significance in patients with stable and
unstable angina and more recently in
patients recovering after myocardial
infarction. No therapeutic regimen has
yet been shown to improve the prognosis
of patients with silent ischaemia after
infarction, which can be found in as many
as a third of these patients. Attempts to
achieve therapeutic revascularisation in
all these patients may be undesirable, but
early revascularisation could be
especially beneficial in some selected high
risk patients. Two hundred and fifty
consecutive clinically stable survivors
of myocardial infarction who had pre-
discharge submaximal exercise tests
were followed up for a year. Silent
ischaemia was found in 27% of these
patients; 15% had symptomatic isch-
aemia. Patients with a positive exercise
test were prescribed a ,B blocker before
discharge. Mortality in patients with
silent (9A4%) and symptomatic (54%)
ischaemia in the first year after infarc-
tion was not significantly different.
Patients with symptomatic ischaemia
were more likely to have undergone
coronary artery bypass grafting in the
first year. Patients with silent ischaemia
were, however, significantly more likely
to die than patients with a negative
exercise test (relative odds 12:1). Patients
with silent ischaemia and an abnormal
blood pressure response or who could not
complete a submaximal exercise protocol
were at particularly high risk, being 32
times more likely to die than those with a
negative test (95% confidence interval
from 3-3 to 307 times more likely). First
year mortality in this group was 22%. The
benefits of therapeutic revascularisation
in this high risk group need to be studied.

Silent ischaemia has been recognised since
early this century ("angina sine dolore").' It
occurs when there is objective evidence of
myocardial ischaemia without symptoms. Such
evidence is usually the presence of ST segment

changes, detected during either exercise' or
ambulatory electrocardiograms,57 or abnor-
malities seen during thallium scintigraphy.89
Silent ischaemia has been studied in patients
with stable and unstable angina""'2 and, more
recently, in selected patients after myocardial
infarction.81314 These studies suggested that
silent ischaemia after infarction is associated
with an adverse prognosis and is detectable in
as many as a third of patients after infarction.
Many patients who die in the first year do so
suddenly. Evidence in growing that sudden
death after infarction is related to a new
ischaemic event more often than has been
realised.'5 Therapeutic revascularisation of all
patients with evidence of ischaemia soon after
infarction may improve the survival of this
group, but this would make enormous
demands on currently available services and
may be undesirable for patients at lower risk.
We therefore undertook this study to see
whether we could identify a group of patients
with silent ischaemia who were at particularly
high risk and who might benefit from early
attempts at revascularisation. We studied only
those who were clinically stable seven days
after an infarct, because those with complicated
early courses had already identified themselves
as being at higher risk; the clinical and angio-
graphic characteristics of these patients were
reported elsewhere.'6

Patients and methods
We studied 302 (254 (84%) male and 48 (16%)
female; mean (SD) age 54 (7 3) years) con-
secutive patients aged < 65 who were clinically
stable seven days after myocardial infarction.
We used conventional criteria to diagnose Q
wave and non-Q wave myocardial infarction
and define anterior and inferior infarction.'6
Forty patients were excluded: 10 who were
unable to perform the exercise test, four with
left bundle branch block, four patients with
other medical conditions that carried an
adverse prognosis, one patient in whom unsta-
ble angina developed during the first 7 days,
one patient with previous coronary artery sur-
gery, one patient in whom atrial flutter
developed on the exercise test, and 19 patients
who were not given an exercise test because of
administrative error. An early submaximal
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exercise test was therefore undertaken by 262
patients. No ,B blockers had been prescribed for
36 hours and digoxin had been stopped at least
7 days before the exercise test.

EXERCISE TEST PROTOCOL
Patients were exercised using the second and
third stages of the modified Bruce protocol.
The median interval from infarction to the
exercise test was 11 days (interquartile range 9-
12). Cuff systolic blood pressure measurements
and a 12 lead electrocardiogram were recorded
before the test, at the end of each 3-minute
stage; and 2, 5, and 10 minutes into the
recovery phase. The test was stopped early if
there was severe angina pectoris, severe dysp-
noea, fatigue or ataxia, ST depression > 5 mm
80 ms after the J point, or increased ventricular
extrasystoles (.> 10/min or triplets). Predeter-
mined criteria were set to define "positive" and
"negative" tests: (a) development of angina
pectoris; (b) development of horizontal or

down-sloping ST depression > 1 mm, 80 ms
after the J point; (c) inappropriate blood pres-
sure response defined as failure of the systolic
blood pressure to rise by .10 mm Hg-or
having risen, to fall again by 10 mm Hg; (d)
inability to complete the exercise test because
of severe dyspnoea, fatigue, or ataxia; and (e)
development of a ventricular extrasystolic rate
that was > 6 beats higher than the count on the
resting pre-exercise electrocardiogram, or the
development of ventricular triplets.

GROUP UNDERGOING CARDIAC CATHETERISATION

Cardiac catheterisation was performed on 123
of 139 patients with a positive exercise test at a

median of 21 (interquartile range 16-31) days
after infarction. The remaining 16 did not
undergo catheterisation: because of early death
(four), refusal (five), incorrect reporting of the
exercise test as negative (four)-in each case an

inappropriate blood pressure response had
been overlooked, or administrative error

(three). During cardiac catheterisation we

measured several variables"6; these included a

left ventricular regional wall motion score

based on that of the Coronary Artery Surgery
Study,'7 the number ofvessels with a stenosis of
>500o of the diameter, an overall coronary
artery score (a high score reflecting more

extensive disease), and a score to reflect the
supply of collateral vessels to the infarct
territory.

FOLLOW UP

Patients with a positive exercise test were all
prescribed a ,B blocker (sotalol) (unless con-

traindicated) 1-2 days before discharge in a

dose sufficient to reduce the resting heart rate
to < 60 beats/min. The development of angina
was treated with the addition of nitrates or

calcium channel blockers, and coronary artery
surgery was offered for angina not controlled
with medication or if we believed that this
would improve the prognosis based on

arteriographic criteria.'8"' Treatment for the
"negative" group was not standardised. Follow
up data were collected for one year after
infarction. Of the 262 patients who performed

the exercise test, 16 were lost to follow up: six
from the positive group and 10 from the
negative group. Six of the exercise tests could
not be analysed because the recordings were
lost; of these, five had been reported as negative
and one as positive. Follow up on these six was
complete. There were thus 240 patients with
interpretable exercise tests and complete follow
up. Of the 16 patients lost to follow up, six also
had missing exercise tests at the time of
analysis. There were, therefore, 250 well-
documented exercise tests.

STATISTICAL ANALYSIS
Data were analysed with the SPSS/PC +
program on a Sperry PC/IT computer. Un-
ordered categorical variables were compared
by x2 analysis with Yates's correction as
appropriate. Means were compared by analysis
of variance. Likelihood ratios were calculated
where appropriate.20

Results
INCIDENCE AND INTERRELATIONS OF ST SEGMENT
DEPRESSION AND ANGINA (TABLE 1)
Of the 104 patients in whom ST segment
depression developed, 67 (64%) had no symp-
toms while angina developed in 37 (36%).
Those with silent ischaemia accounted for 270%
of the 250 patients with well-documented exer-
cise tests after infarction. Forty six (18%) had
ST segment depression as the only abnormality
on exercise. Twenty three patients had a
positive exercise test on the basis of criteria
other than those used to identify these groups.
A total of 123 patients had negative tests.

CLINICAL OUTCOME (TABLES 2 AND 3)
Six patients with silent ischaemia died-three
suddenly, one after further myocardial infarc-
tion, and one in intractable heart failure; the
circumstances surrounding the death of the
sixth patient were not known (table 2). Two
patients with angina and one patient with a
negative exercise test died suddenly. The first
year mortality ofthe patients excluded from the
exercise protocol was 190% and that of the
patients with positive exercise tests on criteria
other than angina or ST depression was 26%
(six patients).

Patients with silent ischaemia were 12 times
more likely to die in the first year than patients
with a negative exercise test (p = 0-005) (95%O
confidence intervals from two to 65 times more
likely to die) (table 3). They were nearly twice
as likely to die as those with angina, though the
difference was not statistically significant (95%o
confidence interval for the difference between
the two groups from 6% better in the group
with silent ischaemia to 14% better in the
group with angina). Patients with angina were,

Table I Patient study groups

Silent Symptomatic Negative
Groups (n = 67) (n = 37) (n = 123)

Angina - + -

ST segment
depression + + -
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Table 2 Characteristics ofpatients with silent ischaemia who died

Angiographic features
Q or

Risk Prev Infarct non-Q LV CA No. Mode/time
Case Sex Age factors MI site wave Other exercise testfeatures score score VD Coils ofdeath

1 M 56 DM - Anterior Q Abnormal BP response, ECG 30 35 4 3 MI/10
recovery > 5 min mnth

2 M 61 Smoker - Anterior Q Test (6 min) not completed, ST 33 22 1 2 SD/5 mnth
segment elevation, 5 mm ST
depression, ECG recovery > 5
mm

3 M 56 Smoker, HT, - Inferior Non-Q Resting ST segment depression 25 An 28 2 0 CCF/2
DM 0-1 mV, ECG recovery 2-5 min mnth

4 M 55 Smoker, FH - Inferior Q Resting ST segment depression 22 16 2 0 SD/9 mnth
0-1 mV, ST segment elevation,
ECG recovery 2-5 min

5 M 46 Smoker - Inferior Non-Q Abnormal BP response, ECG 21 38 4 4 Unknown/
recovery > 5 min 1 mnth

6 M 60 Smoker, FH + Anterior Q Test (6 min) not completed, ST 26 18 2 3 SD/2 mnth
segment elevation, ECG
recovery > 5 min

An, aneurysm; BP, blood pressure; CA, coronary artery; CCF, congestive cardiac failure; Colls, collateral score; DM, diabetes mellitus; ECG recovery time, time
taken for ST segment depression developing during exercise to return to level of resting ECG before test; FH, positive family history; HT, hypertension; LV, left
ventricular; MI, myocardial infarction; SD, sudden death; ST segment elevation, elevation in leads reflecting infarct; VD, vessels diseased.

however, more likely to have undergone coro-
nary artery bypass surgery (30o v 14% of
those with silent ischaemia (p = 0 06)), proba-
bly because they were more likely to have
complained of angina in the first year after
infarction (79%v 41 %, p < 0 005).
To refine the risk stratification of patients

with silent ischaemia they were separated into
two subgroups-those with and those without
at least one of the other criteria that had been
used to define a positive exercise test. Four of
the six patients who died in the first year had
shown an additional feature (an abnormal
blood pressure response, patients 1 and 5; or an
inability to complete the submaximal protocol,
patients 2 and 6) (table 2). A high risk group of
patients with silent ischaemia was thus iden-
tified (table 4); these patients were more likely
to die than any of the other groups. The "high-
risk" patients with silent ischaemia were not
only 32 times more likely to die than the
patients with negative exercise tests (95%
confidence interval from 3-3 to 307 times more
likely), but they were 6-5 times more likely to
die than the "low risk" patients with silent
ischaemia (95% confidence interval from 1 2 to
33 times more likely), and five times more likely
to die than those with symptomatic ischaemia
(950O) confidence interval from 0-9 to 27 times
as likely).

SUBGROUP ANALYSES:ALLOWANCE FOR
"RECIPROCAL" CHANGES
In some patients the development of ST
depression might have been a reciprocal change
in response to the development of ST elevation

Table 3 Clinical outcome in thefirstyear after infarction in patients with silent and
symiptomatic ST depression

Silent Symptomatic Negative
(n = 64*) (n = 37) (n = 113*)

Dead (no, 3, 6 (9 4) 2 (5 4) 1 (0 9)
Relative odds 12 6.4 1

Angina (no, `) 26 (41) 29 (79) 31 (27)
Relative odds 1-7 9 6 1

Coronary artery bypass grafting (no, 'j 9 (14) 11 (30) 3 (2-7)
Relative odds 5-7 16 1

Mvocardial infarction (no, ,) 3 (4 7) 1 (2 7) 3 (2 7)
Relative odds 1 7 1 1

Left ventricular failure (no, 3 5 (7-8) 1 (2 7) 3 (2-7)
Relative odds 3 1 1

*Some lost to follow up.

in the infarct territory on exercise. In two
studies of post-infarct patients this feature
typified a group with extensive left ventricular
damage.2122 This factor may account for the
increased mortality in the group with silent
ischaemia (as well as the group with symptoms)
compared with those with a negative test. We
performed further analyses to investigate this
possibility. These showed that the increased
mortality was not confined to those with ST
segment elevation; this applied for all patients
with ST depression, whether this was silent or
symptomatic. Of the 67 patients with silent
ischaemia, 28 developed ST segment elevation
in the territory and three ( 1% ) died in the first
year. Of the 39 patients without ST elevation,
three (7-70°) died.

COMPARISON OF CLINICAL AND ANGIOGRAPHIC
CHARACTERISTICS OF PATIENT GROUPS (TABLE 5)
We compared the clinical features in all the
groups and the exercise responses and angio-
graphic features in the groups with silent
ischaemia and angina.

History and 12 lead electrocardiogram (table 5)
The only significant difference between the
groups was that 25% of patients with silent
ischaemia had a history of hypertension com-
pared with 1 % of those with a negative test
(p = 0008). Of the total number of patients
with a history of hypertension, 34% had a
resting ST segment change of 0 05 mV
compared with 17% of those who did not have
hypertension (p < 0 02). Of all patients with
resting ST segment depression > 0-05 mV,
720/,% developed at least 0 1 mV of further ST
segment depression on exercise compared with
320/,, of those without resting changes (p <
00001).
There was no difference in the distribution

of sites of infarction between patients with
silent ischaemia and symptomatic ischaemia,
but those with silent ischaemia were more
likely to have had an inferior infarct than those
with a negative exercise test (63% v 43%, p =

0 01). Patients with symptomatic ischaemia
were more likely (57%) than both the silent
(34%0) and the negative (28%) test groups to
have had a non-Q wave infarction.
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Table 4 Silent ischaemia: a high risk subgroup

Silent ischaemia Silent ischaemia Symptomatic Negative exercise
(higher risk) (lower risk) ischaemia test
(18) (46) (37) (113)

Dead at 1 year
(no, 3.) 4 (22) 2 (4 3) 2 (5 4) 1 (0 9)

Relative odds 32 5 1 6-4 1
CABG *(no, ",,) 4 (22) 5 (11) 11 (30) 3 (2 7)

Relative odds 10 4 5 16 1

*No patient undergoing coronary artery bypass grafting (CABG) died in the first year.
Three patients were lost to follow up.

Other exercise test variables (table 5)
Patients with symptomatic ST depression were
less likely to complete the submaximal exercise
test than patients with silent ischaemia. There
were no significant differences in the distribu-
tion of the other exercise test variables. The
absence of symptoms in the group with silent
ischaemia could not be accounted for by a
slower heart rate nor a different acceleration of
heart rate nor by a lower double product.

Angiographic variables (table 5)
The groups with silent ischaemia and a nega-
tive test could not be distinguished by differ-
ences in the degree of left ventricular damage,
number of vessels diseased, extent of coronary
disease, or the degree of collateralisation.

Discussion
Silent ischaemia is of prognostic relevance in
patients with asymptomatic,2324 stable,2526 or

unstable coronary artery disease.2729 Its impor-
tance after infarction is less clear. We found
silent ischaemia, identified by means of a pre-
discharge exercise test, in 27% of clinically
stable patients after myocardial infarction.
This accords with two other major studies: in
one, silent ischaemia was identified in 23% of
patients by means ofan exercise test,8 and in the
other ambulatory ST segment monitoring
showed silent ischaemia in 29% of a higher risk
group.14 We do not know, however, whether
currently available therapeutic options can

improve the prognosis of patients with silent
ischaemia, whether or not this follows infarc-
tion.30

In our study, mortality was higher in patients
with silent ischaemia than in those with a

negative exercise test. The fact that patients
with a positive exercise test were treated with a

,B blocker before discharge but patients with a

negative test were treated at the discretion of
their referring physician is not likely to have
confounded these results. It is unlikely that this
treatment harmed the group with a positive
exercise test because these drugs improve prog-

Table S Differences in clinical, ECG exercise test, and angiographic variables between groups

Silent Symptomatic Negative Statistical analysis*
(n = 67) (n = 37) (n = 123)

Silent Silent Symptomatic
No (%) No (%) No (%) vsymptomatic vnegative v negative

History:
Male 58 (87) 30 (81) 110 (89) NS NS NS
Female 9 (13) 7 (19) 13 (11)Previous MI 6 (9) 5 (14) 4 (3) NS NS NSSmoker 58 (87) 30 (81) 94 (76) NS NS NS
Diabetes 11 (16) 3 (8) 12 (10) NS NS NS
Hypertension 17 (25) 6 (16) 13 (11) NS p = 0-008 NS
+ ve Family history 17 (25) 9 (24) 24 (20) NS NS NS

Site/type of MI:
Anteriort 23 (34) 15 (41) 65 (53) NS p = 0 01 NS
Inferiort 42 (63) 21 (57) 53 (43)
Qwave 44 (66) 16 (43) 89 (72) p = 003 NS p = 0001
Non-Q wave 23 (34) 21 (57) 34 (28)

Positive exercise test variables:
Inability to complete 4 (6) 7 (19) p = 0-04
Abnormal BP response 14 (21) 12 (32) NS
Ventricular arrhythmias 4 (6) 3 (8) NS
ST elevation 28 (42) 12 (32) NS
Mets when ST depression occurred:

<3 40 (60) 18 (49) NS
4-5 27 (40) 19 (51) NS
.2 mm of ST depression 55 (82) 34 (92) NS
> 2 mm of ST depression 12 (18) 3 (8) NS
< 2 min ECG recovery time 7 (10) 4 (11)
2-5 minECG recovery time 27 (40) 17 (47) NS

> 5 minECG recovery time 33 (49) 15 (41)
Mean heart rate at rest (SD) 78 (18) 73 (13) NS
Mean heart rate at 3 min(SD) 112 (21) 109 (25) NS
Meanheartrateat 6 min (SD) 120 (22) 116 (18) NS
Mean rate diff 3 min - rest (SD) 34 (12) 37 (22) NS
Mean rate diff6 min - rest (SD) 43 (13) 44 (17) NS

Angiographic variablest:
0 vessels diseased 1 (1 6) 1 (2-9)
1 vessel diseased 19 (30) 5 (15)
2 vessels diseased 18 (28) 12 (35) NS
3 vessels diseased 16 (25) 12 (35)
4 vessels diseased 10 (16) 4 (12) J
Mean coronary artery score (SD) 21 (8-4) 23 (8-8) NS
Mean left ventricular score (SD) 21 (5 8) 19 (5 8) NS
Mean collateral score (SD) 2 56 (1 56) 2-97 (1-55) NS
Collateral score groups:
None (score 0) 13 (20) 6 (18) NS
Minor(score 1, 2) 11 (17) 2 (5 9) NS
Major (score 3, 4) 40 (63) 26 (77) NS

*x2,but analysis of variance for means: only p < 0 05 shown; NS, not significant.
tExcluding those with new infarction in both territories.
tPatients with positive exercise rest.

Mets, metabolic equivalents.
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nosis after infarction3' and were not prescribed
if there were contraindications. Mortality in
patients with silent ischaemia (9 4%) and
symptomatic ischaemia (5A4%) was not sig-
nificantly different. Those with symptomatic
ischaemia were more likely to undergo coro-
nary artery bypass grafting-probably because
they were more likely to have angina in the year
after infarction. None of the patients under-
going operation died within the first year.
Although it has never been formally tested in
post-infarct patients, careful selection of
patients for early revascularisation is likely to
improve prognosis.32 Our results indicate that
the absence of symptoms associated with silent
ischaemia should not necessarily preclude
patients from a revascularisation programme.
Attempted revascularisation of all patients with
silent ischaemia after infarction is, however,
probably not desirable.""35 A group of patients
with silent ischaemia who were at particularly
high risk was identified by ST segment depres-
sion during exercise accompanied by an abnor-
mal blood pressure response or by the patient's
inability to complete the submaximal exercise
protocol. Mortality was 22% in this group.
Although by no means forming a comparable
group, the patients receiving placebo in the
Coronary Drug Project (men who had survived
to at least three months after infarction) had a
first year mortality of about 5% . Only those in
the top three deciles of risk (based on 10 clinical
characteristics) had afiveyear mortality greater
than 22% .36 The benefit of therapeutic revas-
cularisation in these patients should be studied
in a much larger population. Our findings
suggest that objective evidence of ischaemia
after infarction should lead to further stratifica-
tion and not simply be considered as a concept
to "excite and reward underemployed cardio-
logists".3
The coronary arteriographic characteristics

of the groups with silent ischaemia and symp-
tomatic ischaemia were similar-indicating
that symptoms are not caused by more wide-
spread coronary disease, and confirming
similar observations made by others.243839 The
extent of left ventricular damage was also
similar in the two groups and this factor does
not account for the different mortalities. In the
Coronary Artery Surgery Study, although
patients with both angina and ST depression
were somewhat more likely to have triple vessel
disease than those with only one of these
features, the long term outcome was similar in
these three groups; outcome in each group was
related to the number of diseased vessels.24
There are, however, major population differ-
ences between such a study and the present one
in which only post-infarction patients were
investigated.
No features of the previous clinical history

helped to distinguish between those with silent
ischaemia and those with symptomatic isch-
aemia. Patients with silent ischaemia, were,
however, more likely to have a history of
hypertension than patients with a negative
exercise test. This difference may be partly
explained by a higher incidence of abnor-
malities on the resting electrocardiogram in

patients with a history of hypertension. In such
patients further significant ST segment
depression on exercise may simply represent an
exercise induced exaggeration of an abnor-
mality that is already present. Alternatively,
these changes may indicate true ischaemia,
reflecting patterns of coronary disease of small
vessels or increased oxygen demands in hyper-
tensive patients. An association between
hypertension and the development of silent
myocardial infarction has been noted
before.'0"4 The group with silent ischaemia had
a higher incidence of inferior infarction than
either the symptomatic group or those with a
negative exercise test. Since the 12 lead elec-
trocardiographic exercise test is more sensitive
for anterior than inferior ST segment depres-
sion,38 it may be that some patients with
anterior infarcts but with residual inferior
ischaemia are "missed" by the exercise test
when ST segment depression is the only
feature considered. Patients with symptomatic
ischaemia were more likely to have had a non-Q
wave infarction than those with silent isch-
aemia (relative odds 2-5:1) and patients with
negative exercise tests were the least likely to
have had a non-Q wave infarction.
There are particular difficulties in defining

"ischaemia" on the exercise electrocardiogram
soon after infarction. ST segment elevation in
the territory of the infarct may become more
pronounced on exercise, and if ST segment
depression occurs in the electrocardiographic
leads that represent the area opposite to this
territory, it is impossible to be certain whether
this is a reciprocal electrical event or represents
true ischaemia. This is potentially important in
the context ofthis study because the group with
ST segment elevation might have a higher
mortality related to more extensive left ven-
tricular damage. Further analysis, however,
showed that mortality was the same whether
ST depression occurred alone or together with
ST elevation. In addition, it might be argued
that patients in whom dyspnoea develops in the
presence of ST depression do not have "silent"
ischaemia. But there are difficulties in objec-
tively assessing the cause of dyspnoea in
patients soon after infarction, and there are
advantages in a simple definition of silent
ischaemia that allows for comparison between
studies.

Exercise testing after myocardial infarction
is now recognised as a powerful means of risk
stratification; it provides multiple variables
some of which are more useful for predicting
clinical outcome than others.'6 We found that
those with ST depression, whether silent or
not, have a higher mortality than those with a
negative exercise test. Those patients in whom
silent ischaemia is associated with an abnormal
blood pressure response or who are unable to
complete a submaximal protocol are at par-
ticular risk. Patients with symptoms of angina
associated with the ST depression are currently
more likely to undergo attempted revasculari-
sation than those with silent ischaemia. Our
results suggest that withholding therapeutic
revascularisation from those with silent isch-
aemia, particularly the subgroups at higher
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risk, may be inappropriate. A study is needed to
investigate the potential benefit of therapeutic
revascularisation in high risk groups.
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