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Disease of the left main coronary artery: early
surgical results and their association with carotid
artery stenosis

W T Vigneswaran, RN Sapsford, R D L Stanbridge

Abstract
Objectives-To review the results of sur-
gical revascularisation for left main
coronary artery stenosis and the associ-
ated vascular pathology that is responsi-
ble for cerebrovascular complication.
Patients-60 patients (45 men, 15 women)
(mean age 61-3 (39-79)) who underwent
revascularisation for stenosis of the left
main stem coronary artery (LMS)
between January 1987 and August 1990
were compared with an age and sex
matched control group of patients under-
going revascularisation for triple vessel
disease during the same period.
Outcome measures-In-hospital mor-
bidity and operative mortality.
Results-24 patients in the LMS group
presented with unstable angina. The left
ventricular ejection fraction was less
than 50% in 30 patients and less than 30%
in nine. 17 patients (28%) had large ves-
sel extracranial carotid artery disease
and 10 patients had vascular disease of
the lower limbs. In six patients athero-
matous plaques were noted in the
ascending aorta during surgery. There
was no in-hospital mortality. In-hospital
morbidity included neurological deficits
in five (8.3%), arrhythmias in seven
(11-6%), and pulmonary complications in
six (10%) patients. The incidence of
carotid artery disease in the LMS group
was significantly higher (p = 0004).
Atheromatous plaque in the ascending
aorta and postoperative neurological
complications were more common
patients with LMS.
Conclusions-The incidence of carotid
artery disease was higher and postopera-
tive cerebrovascular complications were
more common in patients who had coro-
nary artery revascularisation for stenosis
of the left main stem coronary artery.
The early surgical results were excellent.
These findings suggest that for optimum
perioperative management patients with
stenosis of the left main coronary artery
should be screened for carotid artery dis-
ease before bypass surgery.

(Br Heart J 1993;70:342-345)

Many studies have shown that patients with
stenosis of the left main coronary artery have
a poor outcome without coronary artery

revascularisation.l In the 1 970s it was
reported that advanced age, female sex,
unstable angina, congestive heart failure,
decreased ejection fraction, high grade steno-
sis of the left main or right coronary artery,
left dominant circulation, and emergency
surgery increased the perioperative mortality.5'6
An analysis a decade later showed that female
sex, emergency surgery, and left main steno-
sis of >80% in patients with a left dominant
or balanced circulation were the only signifi-
cant factors in perioperative and long-term
mortality.7 The techniques of cardiopul-
monary bypass, coronary artery revascularisa-
tion, and myocardial protection have steadily
improved over the past two decades. This,
and the improvements in perioperative moni-
toring and intensive care has increased the
scope and safety of cardiac surgery. In the
1990s the success of an operation for stenosis
-of the left main stem coronary artery or
for any type of cardiac surgery should be
measured not only by the mortality but
also by the morbidity associated with the
treatment.

Despite the improved mortality for coro-
nary artery revascularisation, the cerebrovas-
cular complications remain important.9-'2
Certain pre-existing disease processes in the
patient predispose to cerebrovascular compli-
cations. Carotid artery stenosis, atheromatous
plaques in the proximal aorta, and intracar-
diac thrombus all have a role in the develop-
ment of stroke after cardiopulmonary bypass
surgery.'3 14 Awareness of pre-existing disease
and technical modification of the operative
procedure perhaps will reduce the incidence
of this devastating complication. Since the
middle of 1986 we have examined systemati-
cally the carotid arteries and lower limb ves-
sels before surgery and have recorded the
state of the aorta at operation in all patients
undergoing coronary artery revascularisation.
During this period we noted that the inci-
dence of cerebrovascular complications was
higher in patients with disease of the left main
coronary artery (LMS). Therefore we
reviewed the records of all patients under-
going revascularisation for LMS and an age
and sex matched group of patients under-
going revascularisation for triple vessel coro-
nary artery stenosis not affecting the left main
coronary artery (non-LMS) between January
1987 and August 1990 to determine whether
carotid artery disease and atheroma of the
ascending aorta were associated with an
increase in operative morbidity and mortality.
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Patients and methods
Nine hundred patients underwent isolated
coronary artery revascularisation at our hospi-
tal between January 1987 and August 1990.
In a subgroup of 60 patients revascularisation
was performed for stenosis of the left main
coronary artery caused by atheromatous dis-
ease. This group formed the basis of this ret-
rospective review. Sixty patients in the
remaining group of 840 were selected as a

control group. They had undergone revascu-
larisation for triple vessel disease and were
matched for year of operation, age, and sex
with the group with stenosis of the left main
coronary artery. The following clinical vari-
ables were ana-lysed in all patients: age; sex;
New York Heart Association (NYHA) func-
tional class; presence or absence of unstable
angina; previous myocardial infarction; inci-
dence of hypertension, diabetes mellitus, and
hyperlipidaemia; urgency of operation, p-res-
ence of carotid artery disease, lower limb
arterial disease, and atheromatous disease in
the ascending aorta; and the early postopera-
tive results. Coronary angiography was per-
formed in all patients and reviewed by the
referring cardiologist and the operating sur-

geon.

EVALUATION OF CAROTID ARTERY DISEASE
In all patients the carotid arteries were sys-

tematically examined during the initial refer-
ral and at admission for operation. Patients
with a carotid bruit were investigated initially
with carotid ultrasound and Doppler scan. If
the scan indicated narrowing of the extracra-
nial carotid artery patients were additionally
evaluated by intravenous or arterial digital
subtraction angiography (IVDSA/IADSA) or
a carotid artery angiogram. The arterial
stenosis on the angiogram was estimated visu-
ally as the percentage loss of luminal cross
sectional area.
The consultant cardiologist and cardiac

surgeon jointly made the decision to proceed
with coronary artery revascularisation.
Carotid artery endarterectomy was deemed to
be necessary if carotid artery stenosis was

symptomatic, if the stenosis was associated
with evidence of cerebral infarct on a com-

puted tomogram, or if there was severe steno-
sis (>70%). The combined operation was
performed in patients with significant LMS
and in those with no LMS disease but with
unstable angina or poor left ventricular func-
tion (EF <40%). The decision was made
jointly at the neurocardiovascular conference.

SURGICAL TECHNIQUE
The technique for coronary artery revascular-
isation involved aortic and right atrial cannu-

lation and mild systemic hypothermic
cardiopulmonary bypass (28°C). The mean

perfusion pressure was kept above 60 mm Hg

for patients with carotid artery disease and
above 40 mm Hg in the remainder. Complete
revascularisation of the heart was attempted
in all patients. The internal mammary artery
was used for coronary revascularisation when-
ever possible. The distal anastomosis was per-

formed first with aortic cross clamping
(except where there was calcification or heavy
atheroma of the ascending aorta) and the
proximal anastomosis was performed while
heart was being reperfused.
When the carotid artery endarterectomy

was combined with coronary artery revascu-
larisation, the endarterectomy was performed
before cardiopulmonary bypass. The saphe-
nous vein was prepared during this time. At
the end of carotid endarterectomy, the neck
was packed with a povidone iodine soaked
sponge while coronary artery revascularisa-
tion was performed. Haemostasis in the neck
was checked after cardiopulmonary bypass
was stopped and systemic heparinisation was
reversed. Then the wound was closed.

All patients were transferred to the inten-
sive care unit immediately after operation and
were given intermittent positive pressure ven-
tilation.

STATISTICAL ANALYSIS
The X2 test and the test for comparison of
proportions were used to compare both
groups of patients. A p value of <0 05 was
regarded as statistically significant.

Results
There were 45 men and 15 women in each
group. The mean age was 61'3 years (range
39-79) in the LMS group and 605 years
(range 40-77) in the non-LMS group. The
clinical variables for both groups were not sig-
nificantly different (table 1).
Twenty four patients with LMS disease

presented with unstable angina. The left ven-
tricular ejection fraction was <50% in half the
patients with LMS stenosis, whereas it was
<50% in 47 of patients (78%) without LMS.
The ejection fraction was less than 30% in
nine patients with LMS stenosis and in eight
patients with non-LMS stenosis. The coro-
nary artery was dominant on the left side in
11 patients with LMS stenosis and in three
with non-LMS stenosis; it was dominant on
the right side in 46 patients with LMS steno-
sis and in 52 patients with non-LMS stenosis.
Forty nine patients in the LMS group had
luminal narrowing of >50% in both the right
and left coronary arteries. In 37 patients the
left coronary artery lumen was narrowed by
>80% (table 2).

Table 1 Clinical variables before revascularisation in
patients with stenosis of the left main coronary artery and
in patients without

Clinical variables LMS (n) Non LMS (n)

Mean age (yr) 61 3 60-5
Previous MI 33 44
Hypertension 22 32
Hyperlipidaemia 21 18
Diabetes mellitus 10 13
Unstable angina 24 15
NYHA class: II 3 1

HI 21 32
IV 36 27

Urgent emergency operation 33* 15*
Mean grafts/patient 4-15 3-83

MI, myocardial infarction. *p = 0-002.
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Table 2 Angiographic luminal narrowing of the left main
and right coronary arteries in the group with stenosis of the
left main coronary artery

Stenosis tpe No

Left coronary stenosis:
Ostial 7
Luminal >80% 37
Luminal 50-80% 23

Right coronary stenosis:
Luminal >80% 40
Luminal 50-80% 9
Limial 0-50% 11

There was stenosis of the extracranial
carotid arteries in 17 (28%) patients with
LMS stenosis but only in seven patients with
non-LMS stenosis (p = 0-04). Fifteen
patients in the LMS group showed >50%
luminal narrowing of one or more of the
extracranial carotid arteries. Three patients in
each group underwent a carotid endarterec-
tomy before coronary artery revascularisation.
Ten patients in the LMS group and 11
patients in the non-LMS group presented
with symptomatic lower limb arterial disease.
A significantly higher number of patients

with LMS stenosis underwent urgent or
emergency revascularisation (p = 0 002). A
mean of 4-15 coronary artery bypass grafts
per patient were performed in the LMS group
and 3-83 coronary grafts per patient were per-
formed in the non-LMS group. Use of the
internal mammary artery was similar in both
groups (50% in the LMS group and 53% in
the non-LMS group for the whole period, but
an internal mammary artery graft was used in
90% of the patients during the last 12 months
of the series). Five patients in the LMS group
underwent a combined carotid endarterec-
tomy and coronary artery revascularisation
compared with only one patient in the non-
LMS group. At the time of coronary artery
revascularisation atheromatous plaque was
seen in the ascending aorta in six patients in
the LMS group and in three patients in the
non-LMS group (p = NS) (table 3).

There were no hospital deaths among the
patients undergoing revascularisation for
LMS disease but one patient in the group
with non-LMS disease died of multi-organ
failure secondary to low cardiac output syn-
drome. The median postoperative hospital
stay was 8 days for both groups. In one
patient in LMS group postoperative pul-
monary embolism developed and he was in
hospital for 47 days. The incidence of cere-
brovascular complications was higher in the
LMS group than in the non-LMS group.
Table 3 shows the major postoperative

Table 3 Vascular pathology and postoperative complications

Disease Complications

Group Carotid Lower limb Plaque* Pulmonary CNS Arrhythmia

LMS 17 (3)t 10 6 6 5 (8-3%) 7
TVD 7 (3)t 11 3 5 2 (3-3%) 11

*In the ascending-aorta. Left main coronary artery stenosis (LMS) and non-LMS, triple vessel
coronary artery stenosis (TVD).
hp = 0-04. Numbers in parentheses are patients who had staged carotid artery endarterectomy.

complications in both groups. There was no
significant difference in the postoperative
complications between the groups. One
patient in the LMS group with a postopera-
tive neurological defect did not have extracra-
nial carotid artery disease.

Discussion
We found that carotid artery disease was
quite common in our patients. Postoperative
cerebrovascular complications were more
common in patients with stenosis of the left
main stem coronary artery who were under-
going revascularisation.
The -mechanisms of cerebral complication

during coronary artery revascularisation are
complex. Causes proposed include embolisa-
tion from atheromatous plaques in the aorta
or the extracranial carotid and vertebral arter-
ies. Breuer et al reported a considerable inci-
dence of stroke in patients with >5%
diameter stenosis of the carotid arteries who
were undergoing coronary artery revasculari-
sation.'5 Mortality was also increased (up to
14.3%) in patients with carotid artery diame-
ter stenosis of >50%.15-17 However, a policy of
screening the extracranial carotid arteries of
all patients undergoing coronary artery revas-
cularisation may not be justified owing to the
low incidence, the cost of the technique, and
the equivocal benefit of prophylactic carotid
artery endarterectomy.' 22 Attention to perfu-
sion pressure and flow during cardiac surgery
and careful haemodynamic management dur-
ing the postoperative period is essential in
patients with carotid artery disease to reduce
cerebral complication.

Stroke related to aortic atheromatous dis-
ease is well recognised by cardiac surgeons
but not often reported in the literature.23 As
the age of the population undergoing cardiac
surgery increases so does awareness of this
problem. Simple palpation of the aorta has
been the standard technique of recognising
atheromatous plaque but more complex tech-
niques such as epicardial echocardiography
and biplane transoesophageal echocardiogra-
phy can accurately diagnose this condition
before operation.2426 The techniques are not
widely used but should be available in future
to screen patients and plan the surgical tech-
nique during cardiac surgery. Alternative
arterial cannulation and avoidance of aortic
clamping is likely to reduce the incidence of
embolisation of atheromatous material when
there is atheromatous disease in the aorta.
Furthermore, modification of the grafting
technique to include sequential distal anasto-
mosis and use of arterial grafts with pedicles
may be indicated to reduce aortic manipula-
tion.
We did not show a relation between the

high incidence of carotid artery disease or the
presence of aortic atheromatous plaques and
stroke after coronary artery revascularisation.
None the less it is likely that these factors
played an important part in the evolution of
stroke in these patients. In this series one
patient in whom a cerebral complication
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developed did not have any carotid artery dis-
ease but he had atheromatous disease of the
ascending aorta.

Despite an increase in atherosclerotic dis-
ease of the carotid arteries and atheromatous
plaques of the ascending aorta in the LMS
group (the triad) the incidence of peripheral
vascular disease was similar to that in non-

LMS group. We cannot explain this finding.
We believe, however, that information on

extracranial carotid artery disease and on the
state of the ascending aorta is important to
optimum results after coronary artery revas-

cularisation in patients with LMS. Vascular
ultrasound can be used to evaluate accurately
extracranial carotid artery disease and the
state of the ascending aorta. We believe that
patients presenting with disease of the left
main stem coronary artery should be screened
for carotid artery disease and aortic athero-
matous plaques.
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