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REVIEW

Asymptomatic ischaemia during daily life in stable
coronary disease: relevant or redundant?

David Mulcahy, Henry Purcell, Deven Patel, Kim Fox

Asymptomatic ischaemia during daily life has
been a controversial topic for 20 years since
the first report detailing episodes of silent ST
segment depression during sleep in patients
with coronary disease.' Asymptomatic
ischaemic episodes are now known to be
common during daily life in such patients.2
Though there are various theories why some

episodes of ischaemia are asymptomatic and
others symptomatic,3-5 both types of episode
have similar underlying characteristics67 and
haemodynamic consequences.89

Asymptomatic ischaemic episodes during
daily life are viewed as being bad for the
patient with coronary disease, and therefore
their detection and eradication are believed to
be beneficial. The need to seek and treat will
depend on showing that asymptomatic
ischaemia during daily activities is associated
with an adverse prognosis and, more impor-
tantly, on showing that such treatment
improves outcome.

In the past five years there have been nine
long-term (>1 year follow up) prognostic
studies of ambulatory ST segment monitor-
ing in over 1000 patients with stable coronary
disease who either had known coronary dis-
ease or who were being treated for angina.
We have reviewed these studies in an attempt
to assess the prognostic significance of
asymptomatic ischaemia during daily life for
the subsequent hard end points of acute
myocardial infarction and cardiac death and
to soft end points of unstable angina and
requirement for revascularisation.
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Studies of stable angina
Rocco and colleagues reported in 1988 on the
outcome at 12-5 months of 86 medically
treated patients with stable angina with posi-
tive exercise tests who had undergone ambu-
latory ST segment monitoring.'0 Forty nine
patients (57%) had ischaemic episodes (86%
asymptomatic) during daily activities, and all
but one of the 15 patients (17-4%) who had
one or more cardiac event over the follow up
period had ischaemic episodes. All six
recorded "hard" events (myocardial infarc-
tion (n = 4) and cardiac death (n = 2))
occurred in this subgroup.

Deedwania and Carbajal reported on 107
medically treated patients with stable angina
who had a positive exercise test and who
underwent ST segment monitoring." Forty
six (43%) patients had ischaemic episodes
during daily life (87% asymptomatic). During

the 23 month follow up 16 cardiac deaths
were recorded-11 in the 46 patients with
ambulatory ischaemia. A further 36 patients
had non-fatal events; 15 of these occurred in
the subgroup with ambulatory ischaemia.
Thus over a 23 month period 50% of the
study population had cardiac events: these
included a 25% mortality in those with
episodes of ischaemia during daily activities.

Tzivoni et al reported on the outcome at 23
months in 56 patients with stable angina who
had ambulatory ST segment monitoring.12 All
had a positive exercise test and confirmed
coronary disease. Of the 43 (77%) patients
who had ischaemia during monitoring, 31
(72%) had a cardiac event (death, n = 6;
myocardial infarction, n = 6; coronary artery
bypass grafting (CABG), n = 14; percuta-
neous transluminal coronary angioplasty
(PTCA), n = 2; unstable angina, n = 3) com-
pared with three of 13 patients without
ischaemia (unstable angina n = 2; PTCA,
n = 1). The overall event rate in this selected
group of treated patients with stable angina
was 61% at less than two years.
The above reports10-'2 of 249 patients sug-

gest that the presence of asymptomatic
ischaemia is detrimental. It is surprising,
however, that such high event rates were
recorded over short follow up periods in
"stable angina patients on therapy", even
allowing for the selection of the patients,
when it is known that the overall outlook for
patients with stable angina is good.'3

In 1991 Yeung et al,14 in a follow-up report
on the original cohort of patients described by
Rocco et al 10 and on a further 52 patients (all
with a positive exercise test), noted that the
prognostic significance of episodes of
ischaemia during daily life for subsequent
acute myocardial infarction and cardiac death
was lost after 2 years, though such changes
continued to identify those more likely to
have any cardiac event (including unstable
angina and revascularisation) for up to five
years. During the mean 37 month follow up
period a total of 39 patients (30%) had at
least one cardiac event (mainly CABG). Nine
patients with ambulatory ischaemia died or
had myocardial infarction compared with
four patients without such changes.

Mulcahy et al reported on the two year
outcome of 172 patients with symptoms of
stable angina on therapy who underwent 48
hour ambulatory ST segment monitoring and
exercise testing.'5 Unlike previous studies, a
positive exercise test was not a prerequisite

5

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.72.1.5 on 1 July 1994. D
ow

nloaded from
 

http://heart.bmj.com/


Mulcahy, Purcell, Patel, Fox

for inclusion. One hundred and four patients
(60 5%) had a positive exercise test and 72
(42%) had ischaemia during daily activities.
Twenty five patients (15%) had cardiac
events during follow up (non-fatal myocardial
infarction, n = 6 (3-5%); cardiac death, n = 3
(1-7%); unstable angina, n = 6; CABG/
PTCA, n = 10). Only one non-fatal infarc-
tion and one cardiac death occurred in those
with ischaemic episodes during daily life. Of
the soft end points recorded, two of six with
unstable angina and six of 10 requiring revas-

cularisation had episodes of ischaemia during
ambulatory monitoring.
Quyyumi et al reported on 116 "low-risk"

patients with stable (and confirmed) coronary

artery disease who underwent ambulatory ST
segment monitoring and exercise testing.'6
They excluded patients with left main dis-
ease, three vessel disease with left ventricular
dysfunction, three vessel disease with
inducible ischaemia, and two vessel disease
with left ventricular dysfunction and
inducible ischaemia, because such patients
would tend to be referred routinely for inter-
vention on present practice. Of their study
group 72 (63%) patients had a positive exer-

cise test for ischaemia and 45 (39%) had
ischaemia (82% episodes asymptomatic) dur-
ing daily activities. Over the 29 month follow
up no deaths and seven myocardial infarc-
tions (6%) were recorded; only one infarction
occurred in a patient with ambulatory
ischaemia. A further 10 patients had subjec-
tive events (unstable angina, n = 1; revascu-

larisation, n = 9): five occurring in those with
ambulatory ischaemia. The total event rate
over 29 months follow up was therefore 15%
in treated patients with stable angina, similar
to that reported by Mulcahy et al (table 1).

In the last three published studies'1-6 of
426 patients with stable angina, the presence
of predominantly asymptomatic ischaemia
during daily life did not identify patients who
were more likely to have a subsequent acute
myocardial infarction or cardiac death during
follow up (24-5-37 months). In those

studies for which a positive exercise test was

not a prerequisite for inclusion,'5 16 1 1of 102
patients without ischaemia during either exer-

cise testing or ambulatory monitoring had
acute cardiac events compared with four of
107 patients with evidence of ischaemia dur-
ing both investigations.

Studies after infarction and
revascularisation
There have been three studies of the prognos-

tic significance (follow up 24-48 months) of
mainly asymptomatic ischaemia detected in
the stable phase after either acute myocardial
infarction'7 18 or coronary artery bypass
surgery.'9 Studies that incorporated monitor-
ing before hospital discharge were not consid-
ered. Tzivoni et al studied 224 patients who
underwent ambulatory ST segment monitor-
ing at a mean of two years after acute myo-
cardial infarction.'7 One hundred and
seventeen patients (52%) had a positive exer-

cise test and 74 (33%) had ischaemic
episodes during daily life (all 74 also had a

positive exercise test). A total of 56 events
was reported over the 28-5 month follow up.
The presence of ischaemic episodes during
daily life did not help identify those more

likely to have subsequent reinfarction or car-

diac death.
Solimene et al performed ambulatory ST

segment monitoring in 40 patients eight
weeks after a first myocardial infarction and
followed them for two years.'8 Six patients
had asymptomatic ischaemia during ambula-
tory monitoring. No events occurred in them:
there was one cardiac death, in a patient
without ischaemia. Kennedy et al performed
ambulatory ST segment monitoring on 220
patients in the stable phase after coronary
artery bypass surgery and followed them for
48 months.'9 Silent ischaemic episodes were

detected in up to 30% of patients (99%
asymptomatic). None of the eight patients
who experienced acute myocardial infarction
or cardiac death and only three of eight

Table 1 Studies (published between 1988-1993) to assess the prognostic significance of transient ischaemia during daily life in patients with stable
coronary artery disease. The patients reported by Rocco et al (1988) are detailed in a larger publication with longerfollow up by Yeung et al in 1991.
Only 171 patients studied late after CABG by Kennedy et al are cited in the analysis of events. Selected = patients only studied if they had confirmned
ischaemia during exercise testing. (Unselected = positive exercise test not a prerequisite for inclusion. All events = myocardial infarction, cardiac death,
unstable angina, CABG/PTCA).

Hard Total Hard Total Significance
Positive events, events, events, events, ofambulatory

Patients Follow up exercise Positive positive positive negative negative All events ischaemia for
Study (n) (mnth) test tapes tapes tapes tapes tapes combined hard events

Selected patients:
Tzivoni et al

(1989) 56 23 100% (43) 77% (12) 28% (31) 72% (0) 0% (3) 23% (34) 60% Yes
Deedwania et al

(1990) 107 23 100% (46) 43% (12) 26% (26) 56% (6) 9-8% (26) 43% (52) 49% Yes
Yeung et al (1991) 138 37 100% - (9)- (25)- (4)- (14)- (39)- No

Unselected patients:
Tzivoni et al

(1988) 224 28 (118) 52% (74) 33% (12) 16% (38) 51% (11) 7-3% (18) 12% (56) 25% No
Kennedy et al

(1990) 171 48 - (50) 41% (0) 0% (2) 4% (6) 5% (9) 7-4% (11) 6-4% No
Mulcahy et al

(1992) 172 24 (104) 61% (72) 42% (2) 2-8% (10) 14% (7) 7% (15) 15% (25) 14-7% No
Solimene et al

(1993) 40 24 (10) 25% (66) 15% (0) 0% (0) 0% (1) 3% (1) 3% (1) 2-5% No
Quyyumi et al

(1993) 116 29 (72) 63% (45) 39% (1) 2-2% (6) 13% (6) 8-4% (11) 15-5% (17) 14-6% No

-, figure not known.
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patients requiring further revascularisation
had such ischaemic episodes. Kennedy et al
concluded that asymptomatic ischaemia
detected by ambulatory ST segment monitor-
ing in the first year after CABG was not asso-

ciated with an adverse prognosis up to four
years of follow up. They also noted that such
changes were not associated with increased
occlusion of the bypass graft or anastomotic site.

Comment
What are we to make of these findings?
Should we try to detect asymptomatic
ischaemia during daily life in those with sta-
ble coronary artery disease? The accompany-

ing figure shows the prognostic significance of
ambulatory ischaemia for acute myocardial
infarction/cardiac death in the reported
studies. Of the eight different population
groups reported on, only two showed a signif-
icantly increased risk of infarction/cardiac
death in those with ischaemic episodes. Four
of these eight studies did show a significantly
increased frequency of all end points (includ-
ing unstable angina and revascularisation) in
those with ambulatory ischaemia.

Currently most physicians use information
gleaned from exercise testing (or a radio-
nuclide equivalent) together with symptoms
and coronary anatomy to guide management.
It is noteworthy that in the studies where an
exercise test was performed but where a posi-
tive test was not a prerequisite for inclu-
sion,15l8 197 (36%) of 552 patients had
ischaemic episodes during daily life and 304
(55%) had a positive exercise test. Only 11
(5%) of 197 patients with ambulatory
ischaemia had a negative exercise test.
Exercise testing clearly identifies those more

likely to have such changes during daily activ-
ities, and seems to be considerably more sen-

sitive in detecting ischaemia. Combining data
from these studies showed that ambulatory

monitoring increased the sensitivity of exer-
cise testing for the detection of ischaemia by
only 2% (from 55% to 57%). This confirms
the recent findings of Klein et al, who while
suggesting that evidence of ischaemia during
ambulatory monitoring was associated with a
greater area of ischaemic myocardium,
reported that only 33% of patients with
exercise-induced ischaemia (single photon
emission computed tomography with thal-
lium) had ischaemia during ambulatory
monitoring.20

It has been suggested that the documenta-
tion of ischaemia during daily life might
indicate the need for more aggressive diag-
nostic and therapeutic approaches. The
results of six of the studies we reviewed sug-
gest that such a recommendation may be
inappropriate. 12 116 18 19 What the studies by
Tzivoni et al 12 and Deedwania and Carbjal"
tell us is that in highly selected patients with
stable angina the additional presence of pre-
dominantly asymptomatic ischaemic episodes
during daily life is an independent predictor
of an adverse outcome. It could argued how-
ever, that many such patients would in any
case be referred for intervention on the basis
of their coronary anatomy, exercise test
results, and symptoms.
The view that repeated spontaneous

episodes of ischaemia are in themselves
hazardous and therefore should be eradi-
cated, is not confirmed. We still do not know
whether episodes of asymptomatic or sympto-
matic ischaemia are simply a reflection (or
marker) of significant coronary artery disease,
or whether they directly lead to the end
points of coronary disease. In the recent
study by Quyyumi et al, where 75°% of
patients who had an acute cardiac event
underwent repeat coronary angiography
within two weeks of the event, almost all
acute occlusions occurred at a site other than
that of the most significant lesion at initial
angiography, and where the diameter stenosis
had been previously assessed as being <50%
in five of the six cases (lesions probably not
sufficiently severe in themselves to cause
ischaemia).'6 Five of six acute infarctions
reported in the study by Mulcahy et al also
occurred in those without any prior objective
evidence of ischaemia.'5 Bearing this in mind
we should not be asking "What should be done
for patients with asymptomatic ischaemia?"
but rather "Why do stable coronary lesions of
whatever size become unstable?"
Many victims of sudden cardiac death have

significant coronary disease and damaged left
ventricles; none the less, the relation between
ischaemic ST segment depression and sudden
death remains weak. Of 75 000 ambulatory
electrocardiograms performed in two centres,
23 patients died suddenly during the recording
period in one centre21; however, most were in
hospital with acute ischaemic syndromes at
the time of the event. In the other study eight
patients died suddenly outside hospital. In
one of them, who had rest pain, ventricular
arrhythmias related to ST segment depression
developed.22
We believe that it is reasonable to continue

7

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.72.1.5 on 1 July 1994. D
ow

nloaded from
 

http://heart.bmj.com/


Mukahy, Purcell, Patel, Fox

to refer "high risk" patients for intervention
on the basis of their symptoms and the find-
ings of coronary angiography and left ventric-
ular function assessment, as well as exercise
testing or radionuclide studies or both.
Ambulatory ST segment monitoring may
help to identify a high risk subgroup within
such high risk patients. In most patients with
stable angina with a reasonable exercise toler-
ance on exercise testing, however, the evi-
dence suggests that the presence of
(predominantly asymptomatic) ischaemia
during daily life does not help to identify sub-
jects at greater risk of a subsequent acute
myocardial infarction or cardiac death. The
case for or against investigation and interven-
tion in such patients should remain primarily
based on symptoms. The available evidence
indicates that routine ambulatory ST moni-
toring for the detection of asymptomatic
ischaemia will be of little benefit in most
patients with stable angina who can exercise
adequately. Nor does there appear any point
in performing this investigation in the stable
phase after acute myocardial infarction or
coronary artery bypass surgery. We have not
assessed the investigative benefits of continu-
ous ST segment monitoring in patients with
unstable angina or during the in hospital
phase after acute myocardial infarction and
results and conclusions reported here should
not be extrapolated to these subgroups with
unstable disease.

Finally all the prognostic studies in which
surgery was shown to be of benefit identified
particular high risk anatomical patterns (for
example, left main stem disease and three
vessel disease with reduced left ventricular
function).35 None of these studies showed
that outcome was improved primarily by the
modification of ischaemic activity, whether
asymptomatic or not, during daily activities.
In the recent report by Yeung et al outcome
in patients without ambulatory ischaemia
while on treatment was no better than in
patients with untreated ambulatory
ischaemia, suggesting that reducing or eradi-
cating such ischaemic episodes by medical
means may not improve outcome. 14 This
accords with the theory that predominantly
asymptomatic ischaemic episodes during
daily life may be markers of significant coro-
nary disease that may not in themselves lead
to the end points of such disease.

Addendum
In a recent multicenter international study
that included performing ambulatory ST seg-
ment monitoring on 936 patients who were
clinically stable between 1-6 months after
acute myocardial infarction or unstable
angina, Moss et al reported that detection of
silent or symptomatic ambulatory ischaemia
was not of use in identifying patients at
increased risk of subsequent coronary events
over a mean 23 month follow up period.26
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