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Effect of aorto-coronary grafts and native vessel
patency on the occurrence of angina pectoris after
coronary bypass surgery
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Exercise testing of 52 patients on average II months after coronary bypass surgery for the relief of angina
pectoris disclosed improvement in total work (P< o.mi), maximal tolerated load (P< o.oox), maximal heart
rate (P< o.or), and reduction of maximal ST segment depression (P< o.OOI) in a group of 36 patients with
all grafts patent. In another group of i6 patients with one or more grafts occluded the only signiflcant change
was a reduction in the maximal ST segment depression (P< O.OI).
Early and late postoperative angiograms showed that 75 per cent of the grafts that became occluded were

already closed a few weeks after operation. Occluded grafts were accompanied by persistence of collaterals,
which disappeared or diminished in the majority of patients with patent grafts. Progression in native vessel
lesions occurred in 40 per cent of patients. It was related to the grafting procedure (P< o.oI) but not to the
state ofgrafts. The change in native vessels and other variables studied was equal in thepatentand occludedgraft
groups, justifying the conclusion that graft patency was the majorfactor alleviating angina after operation.

Aortocoronary bypass. surgery in ischaemic heart
disease (Favaloro, I969; Effler, Favaloro, and
Groves, I970; Johnson, Flemma, and Lepley,
I970) has unanimously been reported to be effective
in relieving anginal pain in the great majority of
patients (Mitchel et al., I970; Sabiston, 197I;
Spencer et al., I971; Anderson et al., I972; Manley
et al., 1972; Morris et al., 1972; Guiney et al.,
1973). This relief has been impressive and rapid, in
contrast to the rather delayed effect, if any, of in-
ternal mammary artery implantation. The most evi-
dent reason for this effectiveness, namely increased
myocardial perfusion distal to coronary artery
obstructions, has not gained universal acceptance.
Additional and/or alternative mechanisms have
been proposed, including a nonspecific effect of
surgery, postoperative myocardial infarction making
pain-triggering ischaemic areas painless, and, most
recently, possible destruction of the pericoronary
nerve plexus by the surgical procedure (Soloff,
I973).
No series including randomly allocated non-

operated controls has been published, but some
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reports relating the effect of bypass surgery to graft
patency have appeared (Ross et al., I972; Achuff
et al., 1972; Matlof et al., I973; Alderman et al.,
1973; Lapin et al., I973; Bartel et al., 1973). Since
the relief of anginal pain is evidently multifactorial,
the aim of this report is to correlate graft patency,
native lesion progression, collaterals, and new infarc-
tions with symptomatic improvement of angina,
determined by objective functional status on exercise
testing.

Methods
Patients studied
One hundred and six aortocoronary bypass operations
were performed on I03 patients in Helsinki University
Central Hospital between September 1970 and Decem-
ber I973. Ninety-two of these were done electively and
without other concomitant cardiac surgery, with a
hospital mortality of 5.4 per cent. Fifty-two of these
patients have had repeated postoperative coronary
angiographies and are the subject of this report.

Fifty-two patients had had angina for at least 6
months before operation and 32 (62%) had had one or
more myocardial infarcts. The patients were referred
after medical treatment with beta-adrenergic inhibitors,
coronary vasodilators, and short-acting nitroglycerin
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had failed to enable them to return to work. The severity
of angina, according to the New York Heart Association
classification, was as follows: I2 patients in class II,
23 patients in class III, and I7 patients in class IV (77%
in classes III and IV). The angina was stable in 47 and
unstable in 5. There were 43 men and 9 women with
an age range from 30 to 64 (mean 47.5) years.

Angiography and surgical techniques
Preoperative selective coronary angiography was per-
formed by the Judkins' technique with the following
findings: 23 patients had 3-vessel disease, 23 patients
had 2-vessel disease, and 6 patients had i-vessel disease
(4 in the left anterior descending coronary artery). A
stenosis exceeding 50 per cent was considered significant.
The technique of the postoperative angiographic
studies has been published in detail elsewhere (Valle,
I973). In brief, it consisted of selective native vessel and
graft injections when possible. In a few patients the
grafts were not entered and an aortic root injection was
made. Early postoperative angiography was performed
in 50 patients (96%) during the postoperative hospital
stay to assess early patency of the grafts. In 2 patients
the visualization of the grafts was performed somewhat
later. All patients had a second postoperative angio-
graphy on an average of Ii months (6 to i6 months)
after operation. At this study all the grafts and native
vessels were injected in 43 patients (83%).
The obstructions in the left main, left anterior de-

scending, left circumflex, and right coronary artery were
graded as follows: o: no obstruction, I: <25 per cent
obstruction, 2: 25 to 50 per cent obstruction, 3: 50 to
75 per cent obstruction, 4: subtotal occlusion, and 5:
total occlusion. The sum of the obstructions formed the
coronary score for each individual patient (Table 2). In
the analysis of postoperative angiograms progression of
native vessel lesions was accepted if there was an increase
of at least one grade in severity. Special attention was
paid to the presence or absence of collaterals and to the
direction of their filling.

All coronary reconstructions were performed under
cardiopulmonary bypass employing elective fibrillation
for the time required to complete the anastomosis
except in a few cases done on a beating heart. When a
completely dry field was necessary the aortic root was
clamped. The distal anastomosis was performed using at
first 7-o Tevdek and later 6-o or 7-0 Prolene sutures. The
distal anastomosis was done end-to-side except in the
few cases where the same graft was used to bypass
lesions in two vessels, usually the Jeft anterior descend-
ing and its diagonal branch. In these cases the proximal
anastomosis was done side-to-side. After completing
the distal anastomosis the heart was defibrillated and the
graft was anastomosed with the ascending aorta while
the heart was beating.

Altogether II5 grafts were inserted. There were 9
single graft, 23 double graft, and 20 triple graft pro-
cedures. With the exception of 4 'Y' grafts used in the
early part of the series, each reversed saphenous vein
graft had a separate anastomosis with the ascending
aorta. The left internal mammary artery was used as a

pedicle in 34 instances. It was exclusively used to bypass
obstructions in the left anterior descending and/or its
diagonal branch. Of the single venous grafts, 6 were
used to bypass the left anterior descending and 3 right
coronary artery lesions. In addition to grafting and small
instrumental endarterectomy when required (5 arteries
in 5 patients), gas endarterectomy was used in IS
patients on a total of I7 coronary arteries.

Exercise testing and other methods
Exercise testing was performed using an electrically
braked bicycle ergometer (Elema-Sch6nander) and
applying successively increased loads without inter-
vening pauses. Each load lasted for 4 minutes and load-
ing was increased until dyspnoea and/or angina requir-
ing short-acting nitroglycerin was evoked. Before and 5
minutes after the exercise, a standard 12-lead electro-
cardiogram was recorded. During the exercise, chest-
lead electrodes in Vi-6 positions were used and the
electrocardiogram was continuously monitored and
recorded once a minute. The recorded electrocardio-
grams were analysed for the presence and degree of
either horizontal or downward sloping ST segment
depression.
During preoperative exercise testing all subjects were

stressed to subjective maximal exercise irrespective of
the ST segment depressions (maximal 13 mm). At the
postoperative studies, done a day before the follow-up
angiography (average iI months after the operation),
the patients with angina were similarly tested. In testing
those patients who were symptomless after surgery, the
intensity of the exercise was increased to produce at
least a heart rate greater than 85 per cent of age-pre-
dicted maximum.
The variables used to assess the exercise tolerance

were as follows: total work (TW) in Newton
metres (TW, Nm) =the sum of each pedalled load
multiplied by the respective time in minutes, maximal
tolerated load (MaxL, Nm/min), maximal heart rate
(maxHR), and maximal ST segment depression (max
STd, mm).

Postoperatively every patient had an exercise test.
The 5 patients with unstable angina were not tested pre-
operatively. Based on several years of experience in
exercise testing (Frick, I971) the total work of these
patients was deliberately overestimated as 5.8 kNm and
the maxL as 1.5 kNm/min. No data for maxHR and
maxSTd for these patients were tabulated. In assessing
the maxHR, the effect of previous postoperative therapy
with beta-adrenergic inhibitors, which decrease the ex-
ercise heart rate, is of special importance. Twenty-six
patients were without these drugs on both testing situ-
ations; I2 had them on both occasions. In addition the
results were accepted from 12 patients who were on these
compounds when they had the lower exercise tolerance.
The same rule was applied to treatment by digitalis in
analysing the maxSTd (Frick, Virtanen, and Savela,
I972), leading to exclusion of the data from 6 patients.
Changes in serial postoperative electrocardiograms

were analysed with special attention to the appearance
of new pathological Q waves and/or deep persistent T
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wave inversion. The heart volumes were measured from
biplane chest x-rays exposed without reference to the
cardiac cycle. The ellipsoid approximation method was
used (Jonsell, I939).

Student's t-test was used to test the significance of
the difference between sample means. x2 test was
applied in testing the significance of difference in fre-
quency distribution of tested variables in different
subgroups.

Results
Early postoperative angiography disclosed I3 Oc-
cluded grafts representing an i i per cent occlusion
rate. In the late postoperative angiographic studies 5
additional grafts were found occluded, increasing
the graft occlusion rate to i6 per cent at i i months.
At the time of retesting the exercise tolerance there
were i6 patients with one or more occluded grafts
(group 0) and 36 patients with all grafts patent
(group P).

All the variables related to the objective exercise
testing were significantly improved in group P
(Table i). TW, which is the most sensitive para-
meter combining both load and endurance, was
increased by i58 per cent in group P (Fig. I). The
only significant change in group 0 was less maxSTd
on retesting. To explore further if any variable other
than graft patency accounted for these differences, a
number of pre-, intra- and postoperative factors
were analysed. The pertinent preoperative data are
given in Table 2, and reveal that the only signi-
ficant difference between the groups was a greater

PER

300

200

100

TW MaxL

FIG. Percentage changes in
ables. Abbreviations in the tex

proportion of patients with previous myocardial
infarction in group 0.
The number of inserted grafts ranged from I to 3,

mean 2.I, in group P and from 2 to 3, mean 2.5, in
group 0. There were I2 patients with postoperative
infarctions (23%). Seven of these were in group P
(I9.4%) and 5 in group 0 (3I.3%); X2 = o.873,
P=o.30.

Analysis of postoperative heart volumes revealed
that the means were 939 ml ± I69 in group P
and 993 ml ± 245 in group 0; the difference is not
significant. The number of patients with visible
collaterals was reduced in group P, being I3 of 30
(43.3%) patients with native vessel angiography, as
compared to II of 13 (84.6%) in group 0 (x2=
6.29, P < 0.02). In addition to the number of
patients entirely without visible collaterals in group
P, 9 patients in this group showed pronounced de-
crease in the number and filling of collaterals.
The number of patients with progression in

native vessel lesions did not differ significantly
between the groups: 37.9 per cent in group P and
46.I per cent in group 0 (X2=0.25, P=o.5o).
It occurred in a total of 17 patients, representing
39.5 per cent of patients with combined graft and
native vessel angiography. This analysis includes the
gas endarterectomized vessels, 29 per cent of which
showed progression. These arteries and the totally
occluded vessels were excluded from the analysis on
the role of grafting per se in the subsequent pro-
gression of preoperative lesions. This showed that
progression occurred in only 2 of 27 non-grafted
coronary arteries (7.4%) whereas it occurred in I2
of 57 grafted arteries (21.1%); X2=7.68, P<o.oI.
Progression was not related to the patency or
occlusion of the grafts (X2 =0.31, P=0.50).
The numbers were too small for analysis of the role
of early or late occlusion of the grafts. Eight of the
I2 lesions progressed from grade 3 or 4 to grade 5.
Eleven lesions were proximal to the graft anastomosis
and one just at the anastomosis.

Discussion
Several factors enter into the problem of assessing
the efficacy of bypass surgery in patients with
angina pectoris. One of the most prominent is the
desire for improvement on the part of both patient
and physician. The influence of this can be avoided
to some degree by the use of objective maximal
exercise testing instead of subjective evaluation. This
fact has emerged from most of the studies in which
symptomatic improvement has been compared with

Max HR Max ST the data of objective testing (Ross et al., I972;
dAchuff et al., 1972; Matlof et al., I973; Lapin

different exercise vari- et al., 1973; Bartel et al., 1973). It has been re-
ct. peatedly stated (Friedberg, I970; Spodick, I97I,

 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.37.4.414 on 1 A
pril 1975. D

ow
nloaded from

 

http://heart.bmj.com/


Exercise tolerance after coronary bypass surgery 417

TABLE I Comparative pre- and postoperative exercise data in relation to graft patency

Patent grafts Occluded grafts
(36 patients) (I6 patients)
Preop. Postop. P Preop. Postop. P

Total work (kNm) 15.8 ± I3.3* 40.9 ± 22.0 < O.OOI I8.7 ± I4.6 26.3 + I8.8 NS
Max. load (kNm/min) 3.5 ±2.0 6.i +2.I 4.3 + I.9 5.3 ±2.I
Max. heart rate (bts/min) II8+I8 I36 ± I9 < O.OI II7±22 I29±25 NS
Max. ST depression (mm) 3.0+2.7 0.7± I.1 < O.OOI 3.1 + I.8 I.2 +0.9 < O.OI

* Mean + standard deviation; NS =not significant (>0.05).
Conversion from SI Units - i kNm I02 kpm.

I973b) that the lack of randomly allocated non-

operated control patients limits the value of post-
operative studies. It is certainly true that the
psychogenic component could be excluded with
some certainty by the use of random non-operated
controls. This approach would not, however, elim-
inate the possible factors other than graft patency
that are associated with the operation and influence
the results, e.g. myocardial infarction, local cardiac
denervation, and subsequent progression of the
lesions in the native vessels. Thus, the mechanism
of pain relief would remain unsolved. Since it is
unthinkable to insert sham grafts, the alternative
is to follow the operated patients and perform com-

parative studies on patients with patent versus

occluded grafts by analysing at the same time the
degree of similarity of the groups with respect to
variables known to be associated with the genesis of
angina pectoris. This approach has been followed in
the present study.
On the other hand, the inclusion of randomly

allocated non-operated control patients is essential
in studies exploring the possible effect of bypass
surgery on longevity. As one of the participating
centres in the European Multicentre Trial studying

the prognostic effect of bypass surgery we have been
involved in randomized bypass surgery for one

year. A number of patients randomly allocated to
the non-surgical group have reacted with mental
depression and some with suicidal thoughts. It is
apparent that if these patients were used as controls
in a study on the effectiveness of bypass surgery on

angina pectoris a bias in favour of surgical therapy
would be introduced.
The analysis of the preoperative similarity of the

groups with dissimilar subsequent outcomes (Table
2) disclosed more patients with previous myocardial
infarctions in group 0 as the sole difference. It has
been observed that preoperative infarction reduces
the relief of angina by bypass surgery (Alderman
et al., I973). However, an analysis of graft patency
in relation to previous infarctions was not included.
Since the higher prevalence of patients with pre-

vious myocardial infarction in the present series
did not render the preoperative exercise tolerance
of group 0 inferior to that of group P (Table 2), it
can hardly account for the different response to
surgery (Table i, Fig. i) except by causing more

graft occlusions.
No intraoperative factor responsible for the

TABLE 2 Preoperative characteristics of the series

Patent Occluded
graft group graft group P

Age (yr) 30-64, 46.9* 36-60, 48.5 NS
Coronary scoret 3-17, I0.9 7-I7, I1.0 NS
Duration of angina, years J-20, 5.2 i-i6, 5.1. NS
No. of patients with collaterals 32 (89%) 14 (94%) NS
No. of patients with previous infarctions i8 (50%) 14 (88%) <0.02
Total work (kNm) I5.8 + 13.3* I8.7 ± I4.6 NS
Max. load (kNmfmin) 3.5 + 2.0 4.3 ± I.9 NS
Heart volume (ml) gog ± I89 I0 II + I96 NS

* Range and mean.
t See text.
$ Mean + standard deviation.
NS= not significant.
Conversion from SI Units - I kNm I02 kpm.
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difference in postoperative exercise response could
be found. In the analysis of postoperative data the
behaviour of collaterals was impressive. They dis-
appeared completely or diminished in patients with
patent grafts, whereas they persisted in patients
with occluded grafts. This finding has been verified
in a larger series (Valle, I973), suggesting that pres-
sure gradients disappear when poststenotic seg-
ments are perfused via grafts. Ifthe thesis is accepted
that visible collaterals in patients with ischaemic
heart disease signify reduced poststenotic perfusion
pressures with resulting ischaemia in appropriate
stressful situations, the disappearance of the pre-
operative collateral network in combination with
patent grafts suggests a causal relation between
graft patency and the effect of bypass surgery on
effort angina. It is pertinent to recall that the
present series contained only one patient with all
grafts occluded, others in group 0 having at least
one patent graft. Yet the group as a whole did not
respond favourably to surgery. This is in accord
with the findings of others (Lapin et al., 1973). The
percentage changes in group 0 in the different
variables characterizing exercise tolerance (Fig. i)
were somewhat larger than we are accustomed to
find in the placebo phase of double-blind trials
with beta-adrenergic inhibitors (Frick and Katila,
1970) and coronary 'vasodilators' (Frick and
Somer, 197I). They apparently represent the com-
bined effect of the psychogenic impact of surgery,
patency of some grafts, and other factors discussed
above. It is likewise apparent that a similar fraction
of the response of group P is to be similarly ac-
counted for.
Although almost all (92%) of the lesions that

progressed were proximal to the grafts, these
changes cannot be considered to be without local
circulatory consequences, e.g. by occlusion of septal
branches in the progression of lesions in the left
anterior descending artery. However, the incidence
of progression in native vessel lesions was the same
in the two groups and cannot be held responsible
for the difference in response of effort angina. The
same reasoning applies to the incidence of new
postoperative myocardial infarctions, which was
higher than usually reported (Kaltman, 1973) but
lower than in the series of Achuff et al. (I972).

Data on the late effects of bypass surgery on heart
volume or left ventricular function in relation to
graft patency are at variance (Ross et al., I972;
Achuff et al., 1972; Bourassa et al., I972; Kline
et al., I972; Lapin et al., I973; Griffith et al.,
I973). The contribution of improved left ventricular
function to the relief of angina is not a straight-
forward one but depends on the intricate balance
between energy-requiring increased contractility

and energy-saving reduced wall stress consequent
upon reduction of left ventricular volume. Only
heart volume responses were monitored in the
present study, and no significant differences were
observed between the subgroups.

In summary we conclude that exercise tolerance
restricted by angina pectoris is significantly im-
proved after coronary bypass surgery provided all
the grafts remain patent. Though some improve-
ment is observed in patients with one or more
occluded grafts, they do not as a group exhibit
significant improvement.
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