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suMMARY Between January 1972 and October 1977, 40 patients with aortic stenosis underwent combined
homograft replacement of the aortic valve and coronary artery bypass grafting. There were 29 men and
11 women between the ages of 38 years and 69 years (mean 58 years). Twenty-nine patients (73%) were

in class III or IV ofthe NYHA Classification at the time of operation. Peak systolic aortic valve gradients
ranged from 30 to 150 mmHg (mean 77 mmHg). Twelve patients (30%) had triple vessel disease, 13
(33%) had double vessel disease, and 15 (37%) had single vessel disease. Left main stem stenosis was

present in four (10%). Altogether 59 grafts were inserted (average 1-5 grafts per patient). There were

one early death (2.5%) and two late deaths (5%) during a follow-up between six and 62 months (mean
26 months). Thirty-three patients (89%) moved to class I of the NYHA Classification after operation.
Four patients (10%) sustained perioperative infarction without deterioration in clinical status. Nineteen
patients were reinvestigated by repeat left ventriculography and by graft and coronary angiography
between three and 31 months (mean 12 months) after operation. The overall graft patency rate was

92 per cent. Left ventricular function was assessed by computerised radial analysis of segmental wall
motion. Abnormalities of segmental wall motion in 12 patients were improved in eight (75%). All
these patients had patent grafts. Deterioration in segmental wall motion occurred in two patients (17%)
and was associated with graft occlusion in one and myocardial infarction in the other. In two patients
abnormalities of segmental wall motion persisted. Both of these patients had had a myocardial
infarction before operation.

Combined homograft replacement of the aortic valve and coronary artery bypass grafting gives
good clinical results, with a low early and late mortality. Improvement in left ventricular function
occurs in the majority of patients.

Coronary artery disease not uncommonly occurs
in patients with aortic stenosis, with a reported
incidence varying between 22 and 64 per cent
(Basta et al., 1975; Harris et al., 1975; Mandal and
Gray, 1976; Moraski et al., 1976; Paquay et al., 1976;
Hancock, 1977; Thompson et al., 1979a). Pre-
vious studies have shown that isolated valve replace-
ment in such patients may be associated with a high
mortality both early and late (Linhart and Wheat,
1967; Linhart et al., 1968). The influence of ad-
ditional coronary artery bypass grafting on late
prognosis and the prevention of myocardial infarc-
tion still remains uncertain. The purpose of this
paper is to analyse the early and long-term results
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of this combined procedure in a series of patients
with aortic stenosis and to evaluate changes in left
ventricular function after operation.

Subjects and methods

Between January 1972 and October 1977, 40 patients
with aortic stenosis had operations (by M.Y.) for
homograft replacement of the aortic valve and
coronary artery bypass grafting at Harefield Hospital
or the National Heart Hospital. There were 29 men
aged between 38 and 69 years (mean 57 years) and 11
women aged between 38 and 69 years (mean 57
years). All patients were symptomatic and 29 (73%)
were in functional class III or IV of the New York
Heart Association Classification at the time of
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operation. The duration of symptoms ranged from
five to 144 months (mean 40 months). Thirteen
patients (33%) presented with angina alone, 25
patients (63%) with angina and dyspnoea, and two
patients (4%) with dyspnoea alone. Seven patients
(18%) had experienced effort syncope (Table 1).

Table 1 Presenting symptoms in 40 patients undergoing
combined coronary artery bypass grafting and aortic
valve replacement

Symptoms No. '

Angina alone 13 33
Angina and dyspnoea 25 63
Dyspnoea alone 2 5
Syncope 7 18

The electrocardiogram showed the changes of left
ventricular hypertrophy with associated ST-T
changes in 29 patients (73%), left ventricular
hypertrophy on voltage criteria alone in four
patients (10%), and ST-T changes in the absence
of left ventricular hypertrophy or digitalis in seven
patients (17%). Changes of previous transmural
myocardial infarction were present in eight patients
(20%) and were anterior in three and inferior in
five. Conduction defects were present in seven
patients (17%), and included left bundle-branch
block in four, right bundle-branch block in two,
and bifascicular block in one.

Before operation all patients underwent right and
left heart catheterisation after overnight fasting and
premedication with atropine 0-01 mg per kg and
diazepam 0-15 mg per kg. After measurement ofpeak
systolic aortic valve gradient and left ventricular
end-diastolic pressure, cine left ventriculography was
performed in the right anterior oblique projection
with the injection ofapproximately 45 ml 70 per cent
sodium iothalamate (Conray 420) at 14 ml per
second, using a Contrac injector, and filmed at 50
frames per second with an Arriflex camera. Coronary
angiography was performed using the methods de-
scribed by Sones and Judkins. A 70 per cent or
greater narrowing of a major coronary artery was
taken as evidence of significant coronary artery
disease. The haemodynamic findings are summarised
in Table 2. Peak systolic aortic gradients varied

Table 2 Preoperative haemodynamic findings

Peak systolic aortic valve gradient (mmHg) 30-150 (mean 77)
Aortic valve area (cm2) 0 30-070 (mean 0 52)
Left ventricular end-diastolic pressure
(mmHg) 40-30 0 (mean 17-0)

Ejection fraction 0-33-0 88 (mean 0 60)
Cardiac index (1/min per m2) 1-2-4-3 (mean 2 4)

between 30 and 150 mmHg (mean 77 nmiHg). Only
four patients had a gradient less than 50 mmHg and
all had severe stenosis as judged by a calculated valve

area of less than 0*50 cm2 and low cardiac output
(cardiac index less than 2'0 1/min per m2). No patient
had more than mild aortic regurgitation at aorto-
graphy. Ejection fraction ranged from 0-33 to 0-88
(mean 0 60) and left ventricular end-diastolic
pressure from 4 to 30 mmHg (mean 17 mmHg).
The distribution of coronary artery disease is

shown in Table 3. Significant disease was present

Table 3 Distribution of coronary artery disease

Coronary artery No. %

Anterior descending 30 75
Right coronary artery 26 65
Circumflex artery 18 45
Left main stem 4 10

in the anterior descending artery in 30 patients
(75%), in the right coronary artery in 26 patients
(65%), and in the circumflex artery in 18 patients
(45%). In addition, four patients (10%) had greater
than 70 per cent stenosis of the left main coronary
artery. Single vessel disease was present in 15
patients (38%), double vessel disease in 13 patients
(32%), and triple vessel disease in 12 patients
(30 %).

In all patients the aortic valve was replaced by
a fresh, unstented, antibiotic sterilised homograft,
with continuous coronary perfusion at 300C
(Yacoub et al., 1973). Valve replacement was per-
formed before bypass grafting except in four
patients, in whom one of the coronary ostia was too
small to permit cannulation. In these patients bypass
grafting was performed first and coronary perfusion
continued via the bypass graft. Two patients had
additional mitral valvotomy and in eight patients a
new method of replacing the aortic valve and root
was used, with reimplantation of the coronary
arteries into the coronary ostia of the homograft
valve (Gula et al., 1976). A total of 59 grafts was
inserted (average 1-5 grafts per patient) and in-
cluded 30 to the anterior descending, 20 to the right
coronary artery, and nine to the circumflex system.
The presence of diffuse peripheral coronary artery
disease or failure to opacify the distal coronary
vessel at angiography were not regarded as contra-
indications to bypass grafting. Additional gas
endarterectomy was performed in seven patients
(18%). The total duration of cardiopulmonary by-
pass was between 90 and 240 minutes (mean 130
minutes).

Nineteen patients were electively reinvestigated
by repeat cardiac catheterisation including coronary
and graft angiography, and left ventriculography at
times between three and 31 months (mean 12
months) after operation, subject to informed
consent. Left ventricular function was analysed
before and after operation in these 19 patients by
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computerised radial analysis of segmental wall
motion (Rickards et al., 1977). The cineventriculo-
gram was projected on a Vanguard projector and
selected frames digitised with an ultrasonic co-
ordinate convertor (Graf/Pen) on line with an HP
2100A computer. Ejection fraction was determined
by the single plane area-length method (Sandler
and Dodge, 1968). End-diastolic and end-systolic
frames were superimposed using the mid-point of
the aortic valve and the geometric centre of gravity
of the end-systolic frame as fixed reference points.
Radials were automatically plotted from the centre
of gravity to the ventricular perimeter at 40 intervals
in a clockwise direction starting at the mid-point
of the aortic valve. Segmental wall motion was ex-
pressed as the percentage shortening along these
radials from end-diastole to end-systole, and was
plotted against the radial angle (in degrees) around
the ventricular perimeter (see Fig. 7). An abnor-
mality was defined as five consecutive radials (200
or 5% of the ventricular perimeter) greater than two
standard deviations outside control values obtained
from a group of patients with normal ventriculo-
grams. Quantitative changes in segmental wall
motion were expressed as changes in the percentage
of the ventricular perimeter exhibiting abnormal
motion (see Fig. 6). Statistical analysis of data was
performed using a one-tailed paired t test. Normal-
isation of the data by logit transformation before
analysis did not influence the result.

Results

There was one early death (2 5%) after operation,
and there were two late deaths (5%) during a follow-
up period between six and 62 months (mean 26
months). The early death occurred at the time of
operation in a patient with poor ventricular function
who could not be weaned from cardiopulmonary

100.1

bypass, despite the use of intra-aortic counter-
pulsation. This patient had severe left coronary
ostial and main stem stenosis with complete oc-
clusion of the right coronary ostium. The two late
deaths both occurred at two months after operation,
one as a result of Candida endocarditis with subse-
quent dehiscence of the aortic suture line, and the
other as a result of bronchopneumonia. Necropsy
in the latter patient showed the graft to be patent
and the homograft to be functioning normally.
Actuarial analysis of survival in this group is shown
in Fig. 1 in comparison to that of 399 patients
undergoing isolated, elective homograft replacement
of the aortic valve at Harefield Hospital over a
similar time period. Neither early nor late mortality
at five years were significantly different in the two
groups. However, the duration of follow-up in the
combined group is shorter and further evaluation is
necessary.

All patients were improved after operation and 33
(89%) moved to class I of the New York Heart
Association Classification (Fig. 2). Perioperative
myocardial infarction, as judged by the appearance
of new pathological Q waves or the development of
poor R wave progression across the chest leads,
occurred in four patients (10%) without mortality
or deterioration in clinical status. In three patients
the infarct was anterior and in one patient it was
both anterior and inferior. The infarct in each case
was in the territory of a grafted vessel. Two of these
patients were subsequently reinvestigated and in
both cases the graft to the infarcted area was found
to be patent with good distal run-off; in one there
was significant deterioration in left ventricular
function. So far no patient has had a late myocardial
infarction. Electrocardiographic signs of left ven-
tricular hypertrophy regressed in most patients and
the electrocardiogram has returned to normal in 32
patients (86%) (Fig. 3).

0.9-* ___ * < , mean follow up 26 months
.0 mean follow up 39 months

332 304 263 202 139 84 46 No. of pts isolated A V R )
39 37 37 36 35 29 19 No.ofpts (A V R +C A B a

------.oISOLATED A VR

*.- A V R. + C A B G

Fig. 1 Actuarial analysis of
survival after combined aortic
valve replacement and coronary
artery bypass grafting compared
with that of 339 patients
undergoing isolated, elective
aortic valve replacement at
Harefield Hospital.
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Fig. 2 Regression of symptoms after combined aortic
valve replacement and coronary artery bypass grafting.

Nineteen patients were reinvestigated at times
between three and 31 months (mean 12 months)
after operation. Altogether 26 grafts were inserted
in this group. At reinvestigation all grafts were
entered and 24 (92%) were found to be patent.

NO L V H

L V H ON VOLTAGE

L V H ON VOLTAGE
+ ST - T CHANGES

PRE - OP POST - OP

Fig. 3 Regression of electrocardiographic signs of left
ventricular hypertrophy after operation.

Graft patency did not appear to be influenced by
the particular artery grafted (Fig. 4).

Analysis of the group as a whole showed a signi-
ficant increase in ejection fraction after operation
from a mean of 0-63 to 072 (t=2-28, P<0.025)
(Fig. 5). If this group is divided into patients with a
normal preoperative ejection fraction (greater than
0 70) and those with a reduced ejection fraction,
there was no significant change in ejection fraction
after operation in the former group (t=0-71,
P > 0 5). There was, however, a significant increase
in ejection fraction in patients with a preoperative
ejection fraction less than 070 (t=3-26, P < 0 005).

In the group as a whole there was also a signi-
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Fig. 4 Graft patency in
relation to the particular artery
grafted.

Occluded grafts

6

C RCUMFLEX

ARTERY

6

83%o

[1

RIGHT CORONARY

ARTERY

16

14

12 -

10

8.

6.

4-

Cl)

C;

2.

450

 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.42.4.447 on 1 O
ctober 1979. D

ow
nloaded from

 

http://heart.bmj.com/


Evaluation of combined homograft replacement of aortic valve
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Fig. 5 Changes in ejection
fraction and left ventricular
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Fig. 6 Quantitative changes in segmental wall motion
after combined aortic valve replacement and coronary
artery bypass grafting.

ficant decrease in left ventricular end-diastolic
pressure from a mean of 13 nmnHg to a mean of
6mmHg (Fig. 5) (t=3-91, P<0-0015).

Analysis of segmental wall motion in these 19
patients before operation showed localised abnor-
malities of wall motion in nine patients (47%),

generalised hypokinesia in three patients (16%),
and a normal pattern of contraction in seven patients
(37%). After operation localised abnormalities of
wall motion improved in six of the nine patients
(67%) (Table 4), deteriorated in one patient, and

Table 4 Changes in left ventricular contraction
pattern in 19 patients after aortic valve replacement
and coronary artery bypass grafting

Contraction pattern before Improved Unchanged Deteriorated
operation

Normal (7) 0 7 0
Localised wall motion

abnormalities (9) 6 2 1
Generalised hypokinesia (3) 2 0 1

were unchanged in two patients. The two patients
showing no change in wall motion abnormalities
had both had a myocardial infarction before opera-
tion. The one patient showing deterioration had
sustained perioperative infarction. Of the three
patients with generalised hypokinesia preoperatively,
two subsequently improved, and one showed further
deterioration; in the latter case the deterioration was
associated with occlusion of a graft to the affected
segment. The seven patients with a normal pattern
of contraction preoperatively were found to be
unchanged at reinvestigation.

Quantitative changes in segmental wall motion in
the 12 patients with abnormal motion before opera-
tion (localised or generalised) are shown in Fig. 6.
The percentage of the ventricular perimeter showing
abnormal motion decreased after operation from a

1.004

0.80 .

0.60 -

0.40 .

0 20.
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mean of 45 per cent to a mean of 22 per cent (t=
2-67, P<0.015). Normal wall motion was restored
in six patients (50%). Improvement in wall motion
with residual abnormalities occurred in two patients
(17%), remained unchanged in two patients (17%),
and deteriorated in two patients (17%).

Fig. 7 a-c show examples of pre- and post-
operative analysis of segmental wall motion. Fig. 7a
illustrates a patient with predominantly inferior
hypokinesia before operation which returned to
normal apart from a minor abnormality at the site
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Fig. 7 a-c Computerised radial analysis of segmental
wall motion before (left hand panel) and after (right
hand panel) operation in three patients. Percentage
shortening of radials (vertical axis) is plotted against
angle in degrees around the ventricular perimeter
(horizontal axis). The dotted lines indicate the normal
values +2 standard deviations in a group of 30 normal
patients. EF, ejection fraction. (See text for details.)

of the apical vent after valve replacement and a graft
to the right coronary artery. Ejection fraction in-
creased from 0-52 to 0-71. Fig. 7b illustrates a
patient with generalised hypokinesia affecting most
of the anterior and the inferior surface. After
operation the contraction pattern returned to
within normal limits and the ejection fraction in-
creased from 0 33 to 0-61. This patient had a graft
to the anterior descending artery. The right
coronary artery was also severely diseased but was a
non-dominant vessel and was, therefore, not
grafted. Fig. 7c illustrates a patient with anterior
hypokinesia before operation who sustained anterior
and inferior perioperative infarction with subse-
quent extension of anterior hypokinesia and the ap-
pearance of slight inferior hypokinesia. Ejection
fraction decreased from 0 57 to 0 50. A single graft
was inserted into the anterior descending artery
and this was found to be patent, with good distal
run-off. The right coronary artery and circumflex
artery showed only minor irregularities.

Discussion

Most patients in this series derived considerable
benefit from combined homograft replacement of
the aortic valve and coronary artery bypass grafting,
both in terms of relief of symptoms and in improve-
ment in the quality of life. Actuarial analysis of
survival has shown that the early and late mortality
of the combined procedure is not significantly
different from that we have reported for patients
undergoing isolated, elective homograft replacement
of the aortic valve (Thompson et al., 1977). How-
ever, the number of patients in the combined series
is small and the duration of follow-up is shorter
in this group and further evaluation is required.
Though many studies (Loop et al., 1972; Oury et al.,
1972; Anderson et al., 1973; Cooley et al., 1973;
Berndt et al., 1974; Berger et al., 1975; Callard et al.,
1976) have shown that aortic valve replacement can
be safely combined with coronary artery bypass
grafting, other authors have reported an increased
operative and late mortality with a high incidence
of postoperative myocardial infarction (Loop et al.,
1977).
Although perioperative myocardial damage in the

present series was assessed using electrocardio-
graphic criteria alone, the incidence of infarction
was similar to that we have reported for coronary
artery bypass grafting alone (Yacoub et al., 1976).
No late infarctions have occurred to the present
time. Unfortunately there is no comparable prospec-
tive series in which the results of isolated aortic valve
replacement can be evaluated, in terms of mortality
and incidence of myocardial infarction, in patients
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known to have coronary artery disease. Our ex-
perience with such patients is limited to seven
patients who, though known to have coronary artery
disease, underwent isolated aortic valve replacement
before we started to perform the combined pro-
cedure. Two of these patients had a perioperative
infarction and five of the seven patients have since
died, the cause of death being left ventricular failure
consequent on myocardial infarction in each case
(Thompson et al., 1979b).

Although adequate myocardial protection is of
great importance, there have been no significant
differences in the extent of myocardial injury in
reported series using a variety of current techniques
(Sapsford et al., 1974; Karp and Lell, 1976).
Similarly the sequence of valve replacement and
bypass grafting does not appear significantly to
influence the extent of myocardial damage. Rossiter
et al. (1974) reported a higher incidence of myo-
cardial damage after coronary perfusion, which may
have been the result of injury to the coronary ostia
during cannulation (Heilbrunn and Zimmerman,
1965; Ramsey et al., 1967) or inadequate subendo-
cardial perfusion in the fibrillating, hypertrophied
ventricle (Hottenrott et al., 1973). However, the
incidence of perioperative infarction in their series
was not significantly different from that in a group
of patients using hypothermia alone. It has been our
practice to combine continuous coronary perfusion
of a beating heart with moderate degrees of hypo-
thermia.
The cause of poor left ventricular function in

patients with aortic stenosis remains uncertain.
In these patients, in addition to the increased
myocardial oxygen demand, myocardial perfusion
may be greatly reduced even in the absence of
coronary artery disease (Fallen et al., 1967). A
prolonged systolic ejection time and tachycardia
reduce the time available for diastolic coronary
filling, particularly in the subendocardial regions
(Vincent et al., 1974). Other factors limiting myo-
cardial blood flow include increased systolic left
ventricular wall tension (Rodbard et al., 1964), low
mean aortic pressure, and abnormal flow patterns in
the aortic root (Bellhouse and Bellhouse, 1969).
Long-standing relative coronary insufficiency may
lead to progressive changes in myocardial archi-
tecture and in the myocardial ultrastructure (Maron
et al., 1975; Naeye and Liedtke, 1976; Schwarz et
al., 1978). Additional coronary artery disease may
increase the severity of these changes and lead to
further deterioration in left ventricular function and
myocardial infarction. Recent work has suggested
that though increased afterload contributes to the
development of impaired left ventricular function
it is not a major determinant of myocardial per-

formance (Liedtke et al., 1976). Similarly, we found
no correlation between severity of aortic stenosis
and extent of depression of left ventricular function
(Thompson et al., 1979b). Changes in left ven-
tricular function after valve replacement are there-
fore unlikely to be related simply to changes in left
ventricular afterload.
Improvement in left ventricular function, as

judged by changes in segmental wall motion and
ejection fraction, occurred in the majority of patients
reinvestigated in this series, and appeared to be
closely related to graft patency and the presence or
absence of previous infarction. It is not possible,
however, to determine the extent to which im-
provement in left ventricular function could be
expected with valve replacement alone, as opposed
to the combined procedure. Limited data (Thomp-
son et al., 1979b) suggest that short-term improve-
ment in left ventricular function may occur after
valve replacement in patients with coronary artery
disease in the absence of additional coronary bypass
grafting. However, subsequent follow-up of such
patients indicates that progressive coronary artery
disease results in further deterioration in left
ventricular function usually consequent on myo-
cardial infarction.
The good clinical results, with low early and late

mortality of combined valve replacement and
coronary artery bypass grafting, have encouraged us
to believe that this is a valuable procedure which in
the longer term may favourably influence the
prognosis and reduce late myocardial infarction in
patients with aortic stenosis and coronary heart
disease.

We wish to thank Ms Margaret Rehahn and Dr
S. C. Rogers for performing the statistical analysis
of our data and for their advice on statistical
methods.
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