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Effects of myocardial revascularisation in patients
with effort angina and those with effort and nocturnal
angina
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SUMMA;RY The effects of coronary artery bypass graft operation were studied in 32 patients with
daytime ambulatory ST segment changes and 14 patients with daytime and nocturnal angina and
ST segment changes. Patients had ambulatory ST segment monitoring and exercise testing
before and after operation and coronary arteriography was repeated in 34 patients after operation.
Before operation, patients with daytime and nocturnal ischaemia tended to have more severe

coronary artery disease, lower exercise tolerance, and more frequent ambulatory ST segment

changes than those who had daytime ST segment changes only. After operation chest pain
recurred in 22% of patients and ST segment depression during exercise testing or ambulatory ST
segment monitoring recurred in 37% of the patients and was significantly more frequent in those
with nocturnal ischaemia than in those with daytime ischaemia. Graft patency rates were similar
in patients with and those without recurrence of ischaemia. After operation the frequency and
magnitude of ST segment changes and exercise duration were improved in patients with pre-

operative daytime angina and also in those with daytime and nocturnal angina. The improvement
was more pronounced in the latter groups. Thus, absence of postoperative angina is not a reliable
indicator of the absence of reversible myocardial ischaemia. After revascularisation, patients with
rest and nocturnal angina can expect relief from ischaemia, and if this recurs postoperatively, the
threshold is improved and pain usually occurs only on exertion.

Several studies have demonstrated the efficacy of
coronary artery bypass surgery in relieving symp-
toms in patients with obstructive coronary artery
disease`5 and exertional angina when myocardial
oxygen demand exceeds supply. Revascularisation
in these patients improves exercise capacity6 7 and
left ventricular function.8 Several patho-
physiological mechanisms have been proposed to
explain the occurrence of angina at rest and at night.
These include an increase in myocardial oxygen
demand,9 coronary spasm,'0 and platelet aggre-
gation.' The benefits of revascularisation in these
patients have not been established.'2 We have
investigated the value of coronary artery bypass
surgery in patients with noctumal rest angina and
have compared these effects with those in patients
with daytime exertional angina only.
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Patients and methods

PATIENTS
Forty four of the 46 patients studied had episodes of
transient ST segment depression and two had epi-
sodes of ST segment depression and elevation dur-
ing preoperative ambulatory ST segment mon-
itoring. These patients were selected from 100
consecutive patients who had coronary artery bypass
surgery between 1982 and 1984 and who were under
the care of one consultant cardiologist at the
National Heart Hospital. Only patients with epi-
sodes of transient ST segment changes before oper-
ation were investigated before and after coronary
artery bypass surgery. There were 37 men and nine
women (mean (SD) age (57 (8) years). Thirty two

patients (group 1) only had ST segment changes
during daytime exertion and 14 (group 2) had both
daytime and nocturnal ST segment changes. In
twenty three patients antianginal medication was
discontinued for the performance of preoperative
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and postoperative studies. Of the remaining 23
patients who were treated preoperatively with beta
adrenoceptor antagonists and vasodilators, only
three patients were treated with beta receptor antag-
onists after operation and one patient was
investigated while he was on nitrates only. Digoxin
was not given to patients during the investigation
period. Postoperative investigations were performed
within three months of the operation.

EXERCISE TESTING
Before and after operation 41 of the 46 patients were
exercised on a treadmill according to the modified
Bruce protocol until they reached a symptom lim-
ited maximal level. Five patients who had unstable
angina, frequent rest pain, and reversible electro-
cardiographic changes during pain were not exer-
cised preoperatively.

AMBULATORY ST SEGMENT MONITORING
Before and after operation 48 hour ambulatory ST
segment monitoring was performed in 34 patients
and 24 hour monitoring was performed in 12
patients on a frequency modulated recorder (Oxford
Medilog II) which accurately measures low fre-
quency (005 Hz < 3db down) signals."3 Two
bipolar precordial leads, CM5 and a second lead
resembling lead II, were recorded and the magnetic
tapes were played back at 60 times normal speed.
The number, duration, and magnitude of ST seg-
ment changes and the heart rate at the onset of ST
segment changes were noted. Important ST seg-
ment depression was defined as depression > 1 mm
occurring 0-08 seconds after the QRS complex and
persisting for at least 30 s. ST segment elevation was
defined as elevation ) 1 mm at the J point.

Table 1 Characteristics (mean (SD)) of 46 patients
studied; 32 (group 1) with daytime and 14 (group 2)with
daytime and nocturnal ST segment changes during
ambulatory monitoring

Characteristic Group I Group 2

Number of patients 32 14
Age (years) 56 (8) 60 (9)
Duration of angina > 1 year (n =28)* > 1 year (n= 12)t
Exertional pain 29 14
Rest pain 17 9
Previous myocardial

infarction 10 7
Positive preoperative

exercise test 28 (n = 29) 12 (n = 12)
Coronary angiogram:

1 vessel disease 1 0
2 vessel disease 10 1
3 vessel disease 21 13
Left main stem stenosis 8 4

*Four patients had had angina for 3 months to 1 year.
tTwo patients had had angina for 3 months to 1 year.
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CORONARY ARTERIOGRAPHY
Contrast left ventriculography and coronary cine
angiography were performed in all patients before
operation and in 34 patients after operation at the
same time as aortography and catheterisation of
grafts. Twelve patients refused the postoperative
investigation because they were symptom free.
Proximal stenosis of > 70% in a coronary artery was
considered to indicate significant disease and left
main stem stenosis was regarded as two vessel
disease.

STATISTICS
Results are expressed as mean and standard devi-
ation. Discrete data were analysed by the Wilcoxon
signed rank test for paired observations and the x2
test.

Results

Table 1 summarises the preoperative characteristics
of the 32 patients with daytime (group 1) and 14
patients with daytime and nocturnal (group 2)
ambulatory ST segment changes who had under-
gone coronary bypass surgery. There were no
significant differences between the ages of patients,
the duration of angina, or the historical frequency of
exertional and rest angina in the two groups,
although 50% of group 2 patients had a history of
previous myocardial infarction compared with 31%
of group 1 patients (Table 1). All patients in group 2
had three vessel disease or left main stem stenosis,
whereas a third of the patients in group 1 had one or
two vessel disease. Preoperative exercise testing
demonstrated a lower exercise threshold for ST seg-
ment depression in group 2 than in group 1
(Table 2). Group 2 patients also had more frequent
episodes of long lasting ST segment change which
were of greater magnitude and occurred at a lower
heart rate than in group 1 patients (Table 3). These
differences were, however, not shown to be statisti-
cally significant in these small groups of patients.
One to five (mean 3-4 (08)) bypass grafts were

implanted. Postoperative cardiac catheterisation was
performed in 24 group 1 patients (75%) and 10
group 2 patients (71%). Nine group 1 patients and
four group 2 patients had all grafts patent with good
distal run off. The overall graft patency rate (83%)
was similar in both groups. Only 70% of the grafts
were patent with good distal run off.

Recurrence of angina in the three month post-
operative period (mean 22%) was similar in both
groups (p > 0 05). Fifteen patients had positive post-
operative exercise tests-seven (22%) in group 1
and eight (57%) in group 2 (p<001) (Table 4). In
these 15 patients, postoperative exercise duration
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Effects of myocardial revascularisation in patients with effort angina and effort and nocturnal angina

Table 2 Haemodynamic variables (mean (SD)) during preoperative treadmill exercise testing in 40 patients with a positive
exercise test

Variable Group I Group 2

(Daytime ST changes) (Daytime and nocturnal ST changes)

Number of patients 28 12
Resting heart rate (beats per minute) 71 (14) 67 (5)
Heart rate at 1 mm ST depression (beats per minute) 103 (19) 96 (10)
Duration of exercise to 1 mm ST depression (min) 5 1 (1-9) 3-5 (1-4)
No with chest pain during exercise 28 (100%) 11 (92%)

Table 3 Number, duration, and magnitude (mean (SD)) ofpainful and painless episodes of ST segment change during each
24 hour period ofpreoperative ambulatory monitoring in groups I and 2

Group I Group 2

(Daytime ST changes) (Daytime and nocturnal ST changes)

Total number of episodes of ST segment change 1-7 (1-1) 11-4 (10)
Nocturnal episodes 0 2 (1-8)
Heart rate at onset of ST change (beats per min) 92 (17) 85 (12)
Duration of episodes (min) 25 (34) 38 (20)
Maximum magnitude of ST segment change (mm) 1-6 (1) 3-5 (1-3)
Number of painful episodes 0-9 (0-8) 3-1 (5-3)

Table 4 Comparison of preoperative and postoperative haemodynamic data (mean (SD)) obtained during exercise
testing in 15 patients with positive exercise tests after operation

Group I Group 2

Pre Post Pre Post

Number of patients 7 (22%) 8** (57%)
Resting heart rate (beats per min) 75 (12) 87 (16) 66 (6) 87 (17)*
Heart rate at 1 mm ST depression (beats

per min) 107 (19) 137 (14)** 97 (12) 127 (14)**
Duration of exercise (min) 4 9 (2-1) 6-2 (3)** 3-0 (1) 6-4 (1-8)**
Patients with chest pain 7 3 7 4

*p < 0-05; **p< 0-01.

and peak heart rate at which 1 mm segment depres-
sion occurred were both significantly higher than
during the preoperative period (p <001). This
difference was more striking in group 2 patients,
who had a proportionately greater improvement in
postoperative exercise tolerance (Table 4). Only
seven patients (three group 1 and four group 2) had
pain associated with important ST segment depres-
sion at peak exercise postoperatively, whereas 14 of
these 15 patients had experienced pain before oper-
ation. Eight patients were not on antianginal treat-
ment during assessment before and after operation.
Five patients who were on treatment preoperatively
were assessed on no medication postoperatively and
the remaining two patients were on the same medi-
cation before and after operation.

In sixteen patients, nine (28%) in group 1 and
seven (50%) in group 2 (p <001) ambulatory ST
segment changes persisted after operation (Table 5).

In all these patients the number and the maximum
magnitude of the episodes of ST segment change
were significantly lower after operation (p<0-01)
(Table 5). This improvement was more striking in
group 2 patients in whom the frequency of episodes
was reduced by 62% than in group 1 patients in
whom the frequency was reduced by 31%. Only two
patients had noctumal ST segment changes post-
operatively, but these too were less frequent than
during the preoperative period.

Thirty four patients were catheterised post-
operatively; ambulatory ST segment changes
recurred in 12 of them. Graft patency rates were not
significantly different in patients with (81%) and
those without (86%) postoperative ambulatory ST
segment changes (p > 0 05). Eight of the 12 patients
with recurrence of ambulatory ST segment changes
after operation had total occlusion or narrowing of
one or more grafts. Three of the remaining four
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Table 5 Frequency, duration, and magnitude of painless and painful ambulatory ST segment changes before and after
operation in 16 patients with recurrence-ef ST segment changes after operation

Group I Group 2

Pre Post Pre Post

Number of patients with ST changes
after operation 9 (28%) 7** (50%)

Total number of episodes 4-9 (3) 3-4 (2-9)* 11-8 (9) 4-5 (3-3)**
Nocturnal episodes 0 0 2-1 (1-8) 04 (0 6)**
Heart rate at onset (beats per minute) 97 (11) 107 (12)** 85 (13) 98 (11)**
Duration (min) 23 (31) 27 (21) 37 (47) 34 (32)
Maximum magnitude of ST depression
(mm) 2-5 (1-8) 1-5 (05)* 3-4 (1-3) 1-5 (05)*

Number of painful episodes (per 24 h) 1-6 (1-3) 0-2 (0-4)** 1-5 (1-6) 0 7 (0.5)**

*p<0-05; **p<0-01.

patients had obstructive disease in ungrafted coro-
nary arteries.

Discussion

After revascularisation 78% of patients had com-
plete symptomatic relief of angina pectoris, and the
frequency and severity of pain improved substan-
tially in the remaining 22%. Treadmill exercise test-
ing and ambulatory ST segment monitoring showed
objective evidence of persistent postoperative myo-
cardial ischaemia in 37% of the patients; two thirds
of these were symptom free. Several studies have
highlighted the frequency of ambulatory ST seg-
ment changes in patients with ischaemic heart
disease,1415 and haemodynamic and functional mea-
surements have shown that both painful and pain-
free episodes of ST segment change reflect myo-
cardial ischaemia.1617 In this study, some patients
were free of postoperative angina but continued to
show ST segment changes indicating silent
ischaemia during normal daily activities.

Before operation patients with both daytime and
nocturnal ischaemia had more severe coronary
artery disease, a lower coronary reserve during exer-
cise testing, and more frequent episodes of ambu-
latory ST segment changes which were of longer
duration and greater magnitude. Operation in these
patients produced complete revascularisation in
43%, and in the remaining 57% the severity of post-
operative ischaemia was greatly improved. Noc-
turnal resting ischaemia was abolished in all but two
patients and in these the frequency was significantly
reduced. Indeed, postoperatively there was no
significant difference between the frequency, mag-
nitude, and duration of ambulatory ST segment
changes or the exercise tolerance between group 1
and group 2 patients. Thus after revascularisation,
patients with frequent nocturnal angina may also
expect an improvement in their ischaemic threshold

with either complete relief of pain or with mainly
effort related ischaemia only.

This study also demonstrates that freedom from
angina postoperatively does not indicate absence of
myocardial ischaemia, and even in patients who had
recurrence of postoperative pain, angina frequency
was a gross underestimate of the frequency of myo-
cardial ischaemia as determined by ambulatory ST
segment changes. The relative absence of pain post-
operatively has been ascribed in previous studies to
various factors such as interruption of afferent pain
fibres, partial revascularisation, persistent col-
laterals, and psychological factors.18 Ambulatory ST
segment monitoring accurately determines the pres-
ence, frequency, and magnitude of myocardial
ischaemia.
There was no significant difference in graft

patency between patients in whom there was post-
operative myocardial ischaemia either during ambu-
latory monitoring or exercise testing, and those in
whom there were no objective signs of inducible
myocardial ischaemia after operation. Although
some studies have shown a close correlation between
graft patency, postoperative symptoms, and exercise
tests,171920 others,"8 as in this study, have empha-
sised the poor relation between these features. Some
patients with postoperative ambulatory or exercise
induced ST segment changes were shown to have all
grafts patent. Most of these patients, however, had
obstructive disease distally in grafted vessels or in
other ungrafted vessels. Also, there were some
patients with an occluded graft or a graft with poor
distal flow where ST segment changes could be
detected postoperatively. Thus, as well as graft
patency, the extent and severity of coronary artery
disease in small or ungrafted vessels and the state of
the collateral circulation may also be important fac-
tors in determining the recurrence of postoperative
myocardial ischaemia and ST segment changes dur-
ing ambulatory monitoring and exercise testing.
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Effects of myocardial revascularisation in patients with effort angina and effort and nocturnal angina
This study demonstrates the importance of

obtaining objective evidence of complete
revascularisation after coronary artery bypass graft
surgery. Ambulatory ST segment monitoring pro-
vided an index of the frequency and magnitude of
recurring myocardial ischaemia during normal daily
activities, even though most episodes were free of
pain. The prognostic implications of the occurrence
of postoperative myocardial ischaemia need to be
evaluated by long term follow up of this group of
patients.

We thank the British Heart Foundation for their
support.
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