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In the past, considerable attention focused on
the extracranial vasculature as a source of
embolism to the brain. With the advent of
transoesophageal echocardiography, it has be-
come apparent that the heart is a much more
important cause of stroke than previously sus-
pected. In young patients with cryptogenic
stroke, cardiac structural abnormalities are
probably the principal source of cerebral
emboli.1 In these patients, there is often no
atherosclerosis. On the other hand, even older
patients with significant extracranial vascular
disease may harbour a possible cardiac source
of embolism. Thus between 15% and 35% of
stroke patients with a significant (>60%)
stenosis of the extracranial vasculature demon-
strated by arteriography may also have a prob-
able cardiac embolic source.2 3 Even lacunar
infarcts (often thought to be secondary to dis-
ease of penetrating vessels in the brain as a
result of hypertension) may be associated with
potentially embolic cardiac pathology in 50%
of cases.3 This review considers the currently
debated cardiac issues faced by neurologists
and cardiologists in the prophylaxis and
management of stroke patients: anticoagula-
tion for atrial fibrillation; incidence of cerebral
haemorrhage and infarction, together with its
prevention in infective endocarditis; and the
cognitive and focal neurological consequences
of cardiac surgery.
In addition to the increasing importance of

the heart as a possible source of cardiac embo-
lism there is recent evidence implicating the
brain in the production of cardiac structural
abnormalities and in cardiac dysrhythmogen-
esis. These eVects are most often encountered
after subarachnoid haemorrhage, but recent
experimental and clinical findings imply that
they may well occur after ischaemic stroke. The
mechanisms involved are discussed at the end
of this chapter.

Cardiac arrhythmias as a cause of stroke
ATRIAL FIBRILLATION

Atrial fibrillation has the greatest documented
potential of all cardiac arrhythmias to aVord a
milieu for cerebral embolisation. Chronic atrial
fibrillation in the absence of rheumatic heart
disease is associated with a fivefold increased
incidence of stroke compared with the normal
age matched population.4 Between 25–34
years, the incidence of atrial fibrillation is
2.6/1000 and rises to 38/1000 between 55–64
years.5 Wolfe et al showed that the stroke risk
associated with atrial fibrillation was 0.2 per

1000 (in the age group 30–39 years), rising to
39/1000 (in the age group 80–89 years); 14.7%
of all strokes were associated with atrial
fibrillation ranging from 6.7% in patients aged
50–59, rising to 36.2% in patients aged 80–89.6

The risk of stroke in atrial fibrillation also
depends on the length of time the patient had
this arrhythmia.6

It is often diYcult to identify whether or not
a stroke is related to a cardiac source. A major
problem with some earlier studies is the fact
that the contribution of coincident extracardiac
vascular disease may have been ignored. Many
of the risk factors for atrial fibrillation also
cause atherosclerosis. Thus Kanter et al
reviewed the incidence of carotid steno-
sis>50% by ultrasound investigation in 676
patients in chronic atrial fibrillation.7 In
patients older than 70 years of age, 12% had
significant concomitant carotid stenosis which
may have been the dominant influence on
occurrence of stroke. Bogousslavsky et al also
showed that 14% of stroke patients had other
cardiac sources of stroke in addition to atrial
fibrillation.8 In this study, 4% of patients in
atrial fibrillation re-embolised within one
month of their original stroke.
In the Oxfordshire Stroke Study 17% of all

stroke patients were found to be in atrial
fibrillation.9 The 30 day stroke recurrence rate
as well as the annual recurrence rate were no
greater in patients in atrial fibrillation than in
those in sinus rhythm. Several other studies,
however, have suggested otherwise. For exam-
ple, Flegel and Hanley, in a retrospective study
of 91 patients, indicated that the stroke risk was
8/100 person-years in patients in chronic non-
valvar atrial fibrillation, a figure significantly
higher than for the general population.10 How-
ever, if a previous stroke had occurred, these
patients were twice as likely to have a second
stroke. Other features predictive of recurrence
were older age (more than 75 years of age) and
increased systolic pressure.
Several studies have investigated whether

any associated abnormalities may predict the
potential for cerebral embolisation in patients
in chronic atrial fibrillation. Petersen et al sug-
gested that patients who were in atrial fibrilla-
tion and who also had heart failure or
hypertension may be at increased risk of
stroke.11 Whether left atrial enlargement in-
creases the stroke risk in patients in atrial
fibrillation is still controversial. Shiveley et al
measured blood flow velocity in diVerent areas
of the left atrium.12 Stroke risk increased as the
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velocity decreased below a cut oV point of 14
cm/s. Patients who were particularly at risk of
stroke during atrial fibrillation were those with
left ventricular dilatation and decreased left
atrial ejection fraction coupled with left atrial
dilatation. Recently, Chimowitz et al have sug-
gested that left atrial spontaneous echo con-
trast may be of importance in predicting those
patients with atrial fibrillation who would be at
risk of stoke.13 This phenomenon may indicate
cardiac intracavitary blood stasis and coagula-
tion. The relative risk of stroke in such patients
was 27. This, however, was a retrospective
study conducted on comparatively few pa-
tients.
In a review of the recent literature, Laupacis

and Cuddy suggested that: (1) the risk of stroke
in patients with chronic atrial fibrillation was
about five times that of the normal population;
(2) patients who were in lone atrial fibrillation
(see below) had a comparatively low rate of
stroke; (3) patients younger than 65 without
diabetes, hypertension, a previous transient
ischaemic attack or stroke, or heart failure had
an annual stroke incidence of about 1%/year;
(4) patients older than 65, with one or more of
these factors, had a stroke risk of 4%/year.14

Atrial fibrillation may exist in may guises,
such as lone atrial fibrillation and paroxysmal
or chronic atrial fibrillation. Lone atrial fibrilla-
tion occurs in younger patients and is charac-
terised by the absence of any associated cardi-
opulmonary or metabolic cause. Bogousslavsky
et al have shown that the risk of recurrence of
stroke is very low in this condition (<1/100
patient-years over a follow up period of 4.8
years).15 Paroxysmal or chronic atrial fibrilla-
tion is often associated with other cardiac
abnormalities such as ischaemic heart disease
and cardiomyopathy. However, Petersen et al
suggested that the incidence of stroke in
patients with paroxysmal atrial fibrillation is
less than that of patients with chronic atrial
fibrillation.11 This may relate to diVerences in
the cardiac intracavitary coagulability potential
of the two conditions (see below).
Several studies have indicated that patients

in atrial fibrillation may have coagulation
abnormalities. Sohara et al identified significant
increases in â-thromboglobulin, platelet factor
4, and other markers of platelet activation
within 12 hours after the onset of paroxysmal
atrial fibrillation when compared with values
for the same markers after these patients had
been in sinus rhythm for seven days.16 They
concluded that atrial fibrillation itself enhanced
platelet aggregation and coagulation, and that
these eVects were also influenced by the dura-
tion of atrial fibrillation. GustaVson et al found
a similar phenomenon: stroke patients in atrial
fibrillation had an increased incidence of
markers of coagulation and platelet aggregabil-
ity compared with stroke patients in sinus
rhythm.17 These findings are of importance in
clarifying why it is that the diVerent types of
atrial fibrillation may have diVerent prognostic
relevance. Theoretically it might be expected
that patients in paroxysmal atrial fibrillation
would be at a higher risk of embolisation.
Thrombus might form in a dysfunctional left

atrium, and then be dislodged when the atrium
contracts normally during atrial systole once
sinus rhythm is restored. On the other hand,
several studies have indicated that risk of stroke
is directly proportional to the period of time
patients spend in atrial fibrillation. This may be
reduced in patients with paroxysmal atrial
fibrillation. In addition, activation of coagula-
tion and platelet aggregability, although in-
creased in patients with paroxysmal atrial
fibrillation, may not be as pronounced as in
patients in chronic atrial fibrillation. Possibly,
to enhance these coagulation abnormalities
engendered by atrial fibrillation, structural
abnormalities of the heart should also be
present. These are absent in lone atrial fibrilla-
tion; as a consequence the risk of stroke is less.
Several studies have shown that patients in

atrial fibrillation have larger strokes and
experience a higher stroke related
mortality.9 14 18 19 It has been hypothesised that
atrial fibrillation may decrease cardiac output
and thus compromise viable tissue in the
penumbra surrounding the stroke.

TREATMENT OF ATRIAL FIBRILLATION

The treatment of atrial fibrillation has been the
subject of much recent investigation. In 1993,
after consideration of the available studies,
Boysen concluded that anticoagulation with
coumadin was associated with a 65% risk
reduction for stroke and a risk of intracerebral
haemorrhage of only 0.3%/year.20 The INRwas
maintained between 1.5–3. Anderson showed
that patients treated with warfarin had a stroke
rate of 1.6%/year compared with 8.3%/year in
patients treated with a placebo.21 In the
European study of anticoagulation in transient
ischaemic attack or minor non-disabling
stroke, the stroke risk was reduced from 12% to
4%/year in patients treated with warfarin.22

Aspirin was associated with a 15%/year stroke
risk compared with a 19%/year stroke risk in
patients treated with placebo.22 The bleeding
complication rate was about 3% in patients on
warfarin and about 1% in patients on aspirin.
No intracranial bleeding was identified. It was
concluded that aspirin might decrease the
stroke risk in patients in chronic atrial fibrilla-
tion, and was generally safe, but was consider-
ably less eVective than warfarin.Miller et al also
examined the eYcacy of aspirin treatment in
the Stroke Prevention in Atrial Fibrillation
Study.23 This therapy decreased the incidence
of stroke in patients with non-valvar atrial
fibrillation. However, the eVect of aspirin was
greatest in patients with a non-cardiac source
of stroke. The implication here is that the
primary influence of aspirin was on the extrac-
ranial vasculature and not on cardiac embolic
sources. Table 1 shows a suggested paradigm
for the prophylaxis of stroke for patients in
atrial fibrillation.

OTHER CARDIAC ARRHYTHMIAS

The embolic potential of other cardiac arrhyth-
mias such as supraventricular or ventricular
bradycardias and tachycardias or heart blocks
of various sorts has not been investigated. In
general, the neurological problems faced by
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patients with these disorders either relate to any
underlying cardiac structural abnormality or
the potential of these arrhythmias to be associ-
ated with appreciable or complete cessation of
cardiac output. The consequences range from
sudden cardiac death, to a global ischaemic
encephalopathy and watershed infarction. The
last occurs in cerebral border zone tissue at the
intersection of the vascular supply from two
major arteries and often involves brain supplied
by both posterior and middle cerebral arteries.
Cortical blindness can result as well as visual
association and sensory modality infarction of
the association cortex.

Endocarditis as a cause of stroke
There are three forms of endocarditis which
may predispose a patient toward cerebral
infarction. The most common, infectious
endocarditis, is caused by the colonisation of
an abnormal native valve or a valvular prosthe-
sis with an infectious agent which may be bac-
terial, fungal, or occasionally viral. Infective
endocarditis can also occur on a structurally
normal valve usually secondary to an over-
whelming septicaemia with an exceptionally
virulent organism. The second form is maran-
tic or non-bacterial thrombotic endocarditis,
which usually occurs in a seriously debilitated
patient. Under these circumstances a hyperco-
agulable state exists, resulting in the formation
of platelet-fibrin excrescences on intact
valves.24 A third form of endocarditis occurs in
the course of specific diseases. Possibly the best
known is Libman-Sachs endocarditis associ-
ated with systemic lupus erythematosus.

INFECTIOUS ENDOCARDITIS

Neurological complications are not infrequent
after infective endocarditis. The presentation
may be focal (due to cerebral infarction or
haemorrhage) or diVuse. Embolisation from
valvular vegetations, or the rupture of an artery
secondary to infective arteritis can occur
producing focal eVects. Inflammation within
the artery to which septic material has embol-
ised may cause the formation of a mycotic
aneurysm which can subsequently rupture.
DiVuse neurological manifestations (altera-
tions in the level of consciousness or a toxic
confusional state) may be consequent on mul-

tiple small microemboli lodging in the distal
cerebral vasculature. Multifocal petechial
haemorrhages may occur as a result of dissemi-
nated intravascular coagulation producing gen-
eralised neurological impairment without focal
findings. Other causes for altered levels of con-
sciousness and non-focal neurological findings
may include the metabolic derangements that
can occur as a result of organ failure— includ-
ing renal insuYciency—which are not infre-
quent in this condition.
Several studies have investigated the inci-

dence of neurological abnormalities in infective
endocarditis. Most of these have confirmed the
relative rarity of intracerebral haemorrhage in
this disease and that treatment with antibiotics
rather than with anticoagulants provides opti-
mal prophylaxis of embolism. Corr et al
reported 14 patients with neurological
sequelae.25 Four presented with subarachnoid
haemorrhage; five had intracerebral haemato-
mas; four presented with cerebral infarction,
and one with seizures. All underwent arteriog-
raphy. Ten of the 14 (71%) had a single aneu-
rysm, and four (29%) had multiple aneurysms.
Two thirds of the aneurysms were located in
the peripheral cerebral vasculature, the most
common site being in the distal middle cerebral
artery. Patients were treated with antibiotics
and 33% showed complete resolution of their
aneurysms after six weeks of treatment. Of the
remaining aneurysms, a third showed no
change in size, 17% decreased in size, and 17%
showed an increase in size. No new aneurysms
were detected. However, in a meta-analysis of
available studies, Hart et al showed that
aneurysms occurred in only 1.6% of 1284
patients in recent patient series and were asso-
ciated with streptococcal infections.26 It was
indicated that many of these mycotic aneu-
rysms, if unruptured, heal with antibiotic
therapy and therefore do not require investiga-
tions to detect their asymptomatic presence.
The incidence of embolism during the

course of infective endocarditis was investi-
gated in a retrospective study by Davenport et
al; 18% of such patients presented with an
embolic stroke.27 This usually occurred within
three days after the diagnosis and the start of
antimicrobial therapy. There was a low inci-
dence of stroke recurrence (9%) once anti-
biotic treatment was started. Bioprosthetic
valves were associated with a lower stroke risk
than mechanical prostheses. Anticoagulation
did not confer any benefit to recurrence of
embolism once antibiotics were started. A
brain haemorrhage was the presenting
neurological event in 8% of patients. Antico-
agulation therapy was not associated with an
increased risk of cerebral haemorrhage.
The timing of surgical intervention in those

patients with infective endocarditis who devel-
oped neurological complications was studied
by Eishi et al.28 Of 181 patients in this
retrospective analysis who underwent surgery,
10% had preoperative cerebral complications
(ischaemic stroke, intracerebral haemorrhage,
or cerebral abscess). The preoperative
mortality associated with these neurological
conditions was 11%. If surgical intervention

Table 1 Suggested embolism prophylaxis regimens for patients in atrial fibrillation (the use
of aspirin and warfarin implies no contraindication to its introduction) each case should be
evaluated on an individual basis by a physician experienced in the treatment of such
patients

Condition Treatment

Lone atrial fibrillation. No extracranial vascular disease; no
atherosclerosis risk factors (smoking; family history of
myocardial infarction/stroke; hypertension; diabetes;
hypercholesterolaemia)

Nil/aspirin (325 mg/ day)

Patients <65 years with chronic/paroxysmal atrial fibrillation
and stroke risk factors, but a normal heart and no
stroke/transient ischaemic attack symptoms

Aspirin (325 mg/day)

Atrial fibrillation associated with cardiac abnormalities
(especially mitral stenosis, cardiomyopathy, previous
myocardial infarction, dyskinetic or akinetic segments)

Warfarin (maintaining INR of
2–3)

Patients >65 years with chronic /paroxysmal atrial fibrillation
and stroke risk factors but no significant cardiac disease

Warfarin (maintaining INR of
2–3)
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occurred within four weeks of the cerebral
event, there was a very high rate of mortality or
debilitating stroke (varying from 70% on the
first day to nearly 20% at the fourth week).
After this time mortality and morbidity were
significantly reduced (7%).
Hart et al analysed the cause of intracranial

bleeding in 17 patients with infective endocar-
ditis and suggested that anticoagulation treat-
ment was a major contributing factor.29 Nearly
two thirds of these haemorrhages occurred
within 48 hours of admission. In this study,
anticoagulation was considered to have con-
tributed to intracranial haemorrhage in 24% of
these patients whether or not the haemorrhage
was symptomatic. Proved mycotic aneurysms
were found in only 12% of haemorrhages. The
authors suggested that mycotic aneurysms
were uncommon and underlay only a fraction
of intracranial haemorrhages. Masuda et al
suggested that most haemorrhages occurred in
an area of antecedent cerebral infarction.30

They concluded that the likely mechanism was
rupture of a vessel inflamed by septic arteritis,
the infected embolic material having initially
caused an ischaemic infarct. Salgado et al stud-
ied 68 patients with infective endocarditis pre-
senting with a mycotic aneurysm and 147
patients with endocarditis without mycotic
aneurysm.31 Over an average of 40 months of
follow up, no rupture of mycotic aneurysms or
subarachnoid haemorrhage occurred in 121
patients discharged after a full course of appro-
priate antibiotic therapy. They concluded that
the risk of rupture of a mycotic aneurysm (sus-
pected or unsuspected) was low after an
adequate course of antibiotic therapy. How-
ever, they suggested that arteriograms should
be performed in all patients with infective
endocarditis who experienced a focal
neurological syndrome even if associated with
good recovery.
The eVect of antibiotics on the natural

history of infective endocarditis and the
incidence of vegetations was reviewed by Hart
et al; 212 patients were studied, of whom 21%
developed a stroke during the course of their
illness. Intracerebral haemorrhage occurred in
7%26; 113 patients underwent transthoracic
echocardiography of whom 53% were found to
have identifiable vegetations. The presence of
vegetations did not correlate with the risk of
embolisation. This lack of association might
have been diVerent if patients had been studied
with transoesophageal echocardiography.
Nearly 75% of strokes occurred before the start
of antibiotic therapy. Stroke recurrence was
0.5%/day, usually in the context of uncon-
trolled infection. Cerebral haemorrhage in this
group of patients was more often encountered
in intravenous drug misusers and was associ-
ated with Staphylococcus aureus infection. It was

concluded that recurrent embolisation was rare
once the infection was controlled with antibiot-
ics, and that surgery or the introduction of
anticoagulant therapy was not warranted to
prevent recurrent embolisation. Staphylococcus
aureus infection was also more often associated
with neurological complications than other
infective agents. Transient ischaemic attacks
occurred in 8% of the patients.

NON-BACTERIAL THROMBOTIC ENDOCARDITIS

The neurological presentation of non-bacterial
thrombotic endocarditis is very similar to that
of infectious endocarditis and occurs often as a
terminal event in patients debilitated by malig-
nancies or AIDS. However, the incidence of
primary intracerebral haemorrhage is less. The
emboli themselves may contain tumour parti-
cles, the heart being a not infrequent site of
metastases. Often, these patients have a hyper-
coagulable state which, when combined with
dehydration, metabolic abnormalities, and in-
activity, can lead to vegetations containing
platelet fibrin being deposited on native valves.
Acquired deficiencies of the antithrombotic
cascade can also be seen in patients with
malignancies. A large Japanese study of 3408
consecutive necropsied elderly patients identi-
fied 86 cerebral infarcts of cardiac origin.32 Of
these, 11% were attributed to non-bacterial
thrombotic endocarditis. Graus et al identified
non-bacterial thrombotic endocarditis in
18.5% of necropsied cancer patients with
neurological complications.24 The clinical pres-
entation was most often a diVuse encephalopa-
thy rather than a focal abnormality such as
ischaemic stroke or intracerebral haemorrhage.

Neurological complications of cardiac
surgery
The neurological complications of cardiac sur-
gery can be considered as either focal or global,
and in both cases may be either transient or
permanent. Focal neurological complications
include transient ischaemic attack and stroke,
but may also encompass cerebral abscesses and
focal infections of the nervous system in
immunosuppressed patients with cardiac
transplants. The most frequent neurological
presentation is as a decline of cognitive
function (table 2). This may have many causes,
including cerebral hypoperfusion, systemic
infections, metabolic abnormalities, medica-
tions, and possibly some aetiopathological
phenomena specific to cardiac surgery. The last
may include focal microdilatations of arterioles
identified within the brains of patients dying
after coronary artery bypass grafting and
thought to be caused by air or fat microemboli-
sation after the release of aortic cross clamping.
The incidence of neurological complications

is diYcult to assess. This is particularly true of
cognitive decline. The neuropsychological
examination and instruments used vary from
institution to institution and may have a wide
range of specificities and sensitivities depend-
ent on their nature, how they are administered,
and by whom. The same is also true of the
diagnosis of perioperative stroke.

Table 2 Incidence of neurological events after cardiac
surgery (data from studies reviewed in the text)

Neurological event Incidence (%)

Persistent cognitive deficits 20–40
Reversible encephalopathy 3–12
Stroke 3–6
Seizures (in children) 3
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In the study of EgloV et al of 3593 patients
undergoing open heart surgery, 2% suVered
focal strokes, of which nearly 25% were fatal.33

The principal aetiologies were: (a) an embolus
from the ascending aorta; (b) embolisation
from the ascending aorta or a cardiac valve; (c)
left ventricle or left atrial thrombus; (d) air
embolus; (e) cardiac arrest;(f) cerebral haemor-
rhage; (g) unknown but possibly related to a
high grade ipsilateral internal carotid artery
stenosis, or a 50% stenosis of both internal
carotid arteries.
Hupperts et al explored the possibility that

global cerebral hypoperfusion might be respon-
sible for the postoperative complications of
cardiac surgery.34 They reasoned that if this
were the case, then these patients would be
more likely to show neurological abnormalities
on CT in a watershed distribution. Of 37
patients who sustained perioperative strokes
after surgery, about one third developed water-
shed regional infarcts. However there was no
diVerence in the perioperative and intraopera-
tive haemodynamic status between the groups
with watershed infarction and focal strokes in
other locations. They concluded that cerebral
hypoperfusion was not a frequent cause of
stroke in such patients. Recently Redmond et al
prospectively followed up 1000 patients under-
going cardiac operations and bypass, of whom
71 had a previously documented stroke.35 They
found a significantly higher incidence of focal
neurological signs in such patients. These defi-
cits included a new stroke in 8.5%, the
re-emergence of a previous deficit in 26.8%,
and worsening of previous deficits in 8.5%.
The last two presentations were not associated
with new neuroimaging abnormalities. The
one month mortality rate was greater in
patients with a previous stroke (7%) compared
with those without such a lesion (0.7%).
The nature of the cardiac surgery has been

correlated with the likelihood of a neurological
complication: Cernaianu et al36 suggested that
the lowest stroke rate occurred with aortic valve
replacements (0.9%). Interestingly, severe aor-
tic atherosclerosis with calcinosis was identified
in 43% of patients who developed neurological
complications, but in only 5% of patients who
did not. This would suggest embolisation of
atherocalcareous debris in the aetiology of
strokes in these patients. About 14% of patients
who developed perioperative cerebral infarc-
tion had also had a previous stroke. The aortic
cross clamping time was almost twice as long in
patients with postoperative stroke compared
with those who remained neurologically pris-
tine. Bypass time was also about one third
longer. Surgery for congenital heart conditions,
whether in children or in adults, has been asso-
ciated with a comparatively low incidence of
neurological sequelae: Litasova et al found an
incidence of 3.5% in 3141 patients.37 Applica-
tion of Luria’s tests identified cognitive abnor-
malities in 15% of patients.These neurological
complications were not associated with the
time of circulatory arrest, but rather fluctua-
tions in blood pressure. However, the patients
in this study underwent perfusionless deep
hypothermia, and therefore it may not be pos-

sible to extrapolate these findings to the general
population of patients undergoing cardiac sur-
gery. Kuroda et al38 found that the incidence of
neurological complications was higher in pa-
tients with coronary artery bypass grafting
(11%) than in patients who underwent valve
surgery (7%). The factors predictive of CNS
complications included: previous stroke and
the length of time on bypass. However, patients
undergoing coronary artery bypass grafting
were older and had a significantly greater inci-
dence of hypertension, diabetes, and previous
stroke.
Seizures are the most common neurological

complication in children undergoing cardiac
surgery.Usually these are benign and transient.
In a retrospective study, Fallon et al reported
that neurological events (coma, seizures, en-
cephalopathy, and focal neurological changes)
occurred in 31 of 523 children who had
undergone corrective cardiac surgery for the
treatment of structural cardiac lesions.39 The
information was gathered from analysis of the
senior registrar’s discharge summary. Seizures
occurred in 16 of 31; postoperative pyramidal
signs were found in 11 of 31, and extrapyrami-
dal signs in eight of 31. The highest incidence
of neurological abnormalities was seen after
repair of aortic arch abnormalities (17%). A
significant association was found between
neurological abnormalities and the duration of
bypass and low perfusion pressure.
In a retrospective study, Furlan et al detected

an ipsilateral stroke incidence of 1% during
coronary artery bypass grafting in patients with
50%-90% carotid stenosis.40 In patients with
more than 90% stenosis, the stroke rate rose to
6.2%. In a small recent study, Hertzer et al
showed that 8.7% of 23 patients who under-
went coronary artery bypass surgery and who
were also known to have >70% stenosis of the
carotid arteries sustained a stroke in the
perioperative period.41 However, whether these
strokes occurred principally within the terri-
tory of the stenotic vessel was not discussed.
The best method of treatment of patients

with severe coronary artery disease and steno-
sis of the extracranial vasculature has yet to be
decided. In some centres, simultaneous carotid
endarterectomy and coronary artery bypass
grafting are performed. Alternatively a staged
procedure may be contemplated in which the
extracranial vessel with the highest degree of
stenosis is surgically treated first. As yet there is
no conclusive evidence whether any of these
interventions, or indeed no intervention at all,
is the best course to pursue. Klima et al
performed simultaneous carotid endarterec-
tomy and open heart surgery in 89 patients.42

These patients either had symptomatic carotid
artery disease or asymptomatic haemodynami-
cally relevant stenosis of 50%-60%.
Neurological complications occurred in five of
89, four of whom had had previous strokes.
They considered that the perioperative
neurological complication rate in these patients
undergoing simultaneous procedures was
about 5%.
The risk of cardiac surgery in patients who

have had recent strokes is unclear. Maruyama
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et al studied 14 patients with acute cardiogenic
stroke who required cardiac surgery for infec-
tive endocarditis or other reasons within a
mean of 5.3 days from stroke onset; two
patients developed a severe and fatal cerebral
haemorrhage and four patients deteriorated (of
whom three developed septic emboli in the
perioperative period).43 They suggested that
patients who had had a large cardiogenic
cerebral infarction were the most likely to
develop severe perioperative neurological
events.
Atrial fibrillation may contribute to the inci-

dence of perioperative stroke. This arrhythmia
is common after cardiac surgery, occurring in
about 5%-40% of patients. Several authors
have identified a three to fivefold increase in
stroke risk in such patients.40 However, the
Cleveland Clinic experience has not shown any
significant increase in the incidence of peri-
operative stroke in patients who developed
atrial fibrillation compared with those who did
not.40

Mills has investigated the incidence of
neurocognitive abnormalities after coronary
artery bypass grafting and reported an inci-
dence varying from 60%-80% one week after
surgery, to 20%-40% two months after
operation.44 The incidence of severe diVuse
encephalopathy after open heart surgery may
vary from 3% to 12%, but subtle and persistent
cognitive abnormalities may be identified at a
later stage in up to 30% of patients undergoing
coronary artery bypass surgery.40 Moody et al
identified intracerebral arteriolar dilatations in
patients who died during or shortly after
coronary artery bypass surgery.45 These were
thought to represent gas or fat emboli and may
contribute to cognitive impairment. Others
have suggested that the impairment relates to
reduction in cerebral blood flow. Although
various authors have indicated that cerebral
autoregulation is disturbed during open heart
surgery, as yet there is no convincing evidence
that clinical outcome relates to a reduction in
intraoperative cerebral blood flow. However, it
is likely that the cerebral metabolic rate for

oxygen decreases during bypass inducing a
concomitant physiological decrease in cerebral
blood flow, thus confounding the
interpretation of blood flow measurements in
these conditions. Newman et al showed that
patients who undergo a cognitive decline after
open heart surgery may have a significant
genetic predisposition.46 A significant associ-
ation between the occurrence of postoperative
cognitive decline and the finding of the
apolipoprotein E å4 allele was found in a mul-
tivariate analysis of patients with and without
cognitive decline. The allele has recently been
associated with both genetic and sporadic
forms of Alzheimer’s disease.

Structural heart disease and stroke
The risk of cerebral vascular embolism in-
creases with progressive loss of ejection frac-
tion in patients with left ventricular dysfunc-
tion caused by acute myocardial infarction.47

Similarly, patients with primary cardiomyopa-
thies are known to be at an increased risk for
cardioembolic events as left ventricular func-
tion deteriorates from moderate to severe in
magnitude (left ventricular ejection fraction
<40%).48 In both groups of patients, intraven-
tricular thrombus formation is enhanced by
blood stasis and possibly by loss of the dense
subendocardial trabeculation which is charac-
teristic of the normal heart (fig 1). This is par-
ticularly true in the case of left ventricular
aneurysms formed as a consequence of acute
myocardial infarction. The network of suben-
docardial trabeculae may function as many
small compartments able to produce high lev-
els of intracavitary force during systole, propel-
ling blood away from the endocardial surface
during left ventricular contraction. The devel-
opment of endocardial damage in addition to
ventricular dilatation further enhances the
favourable environment for endocardial throm-
bus formation and peripheral embolism. How-
ever, acute myocardial infarction, even without
significant global systolic dysfunction, can
often lead to intraventricular thrombus forma-
tion because of the associated loss of trabecula-
tion. This is particularly true when infarction is
localised to the anteroapical segments of the
left ventricle, secondary to occlusion of the left
anterior descending coronary artery.49

Progressive left atrial enlargement with atrial
fibrillation can result from chronic mitral valve
disease. Rheumatic mitral stenosis is well
known for its accompanying risk of cerebral
embolisation. Unfortunately, in many cases
cerebral infarction is the mode of clinical pres-
entation in patients with mitral stenosis.50 In
moderate or severe mitral stenosis left atrial
dilatation is common with accompanying
enlargement of the left atrial appendage. This
structure is particularly prone to serve as a
nidus for thrombi in patients with mitral steno-
sis, because of concomitant blood stasis which
appears in the echocardiogram as spontaneous
echocardiographic contrast (fig 2). Even before
atrial fibrillation develops, patients with mitral
stenosis with enlarged left atria are at an
increased risk for stroke.51

Figure 1 Transoesophageal echocardiogram showing a
large thrombus attached to the lateral wall of the left atrium
and a second one attached to the left atrial ceiling
(underneath the aortic root). Intra-atrial thrombus
formation is particularly common in patients with severe
left ventricular dysfunction with enlarged left atria and
diminished transmitral flow, causing intra-atrial blood
stasis characterised as spontaneous echocardiographic
contrast. Patients with such abnormalities are at a high risk
of cerebral embolic ischaemic events.

294 Oppenheimer, Lima

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.64.3.289 on 1 M

arch 1998. D
ow

nloaded from
 

http://jnnp.bmj.com/


Isolated mitral regurgitation is associated
only rarely with intra-atrial thrombus forma-
tion. Severe mitral regurgitation is often
complicated by pronounced left atrial dilata-
tion with accompanying enlargement of the left
atrial appendage. However, because the regur-
gitant jet produces constant motion of blood
inside the chamber, the chances of thrombus
formation are greatly reduced. After mitral
valve replacement or even repair, the atrium
remains dilated and blood flow is generally
reduced in most cases, leading to an increased
risk of cerebral embolism.52 The presence of
mechanical as opposed to bioprosthetic artifi-
cial valves increases manyfold the risk of
thromboembolic events in patients with mitral
valve replacement, requiring continuous and
strict anticoagulation. Chronic therapy with
warfarin is mandatory in these patients (INR
levels should be maintained around 3 units at
all times).
Recently, some interest has been expressed

in the addition of aspirin to warfarin in the
prevention of embolisation from prosthetic
heart valves. The hypothesis is that the two
agents aVect diVerent clotting mechanisms and
when combined have an additive eVect signifi-
cantly reducing embolisation. Turpie et al
investigated the long term eVects of this
combined therapy in a randomised placebo
controlled trial of the addition of 100 mg aspi-
rin or placebo to warfarin (INR maintained
between 3 and 4.5) in patients with either
mechanical heart valves or bioprosthetic valves
plus atrial fibrillation or a history of
thromboembolism.53 They showed that the
combination therapy significantly reduced the
incidence of major systemic embolism or death
from any cause (relative risk reduction of 65%
from 11.7% to 4.2%) over an average follow up
period of 2.5 years. As expected there was a
significant increase in major bleeding episodes
in the combination therapy group (relative risk
increase of 27% from 10% to 13%). They con-
cluded that the combination therapy under
these circumstances reduced mortality, espe-
cially from vascular causes and that this oVset
the morbidity from major bleeding episodes.
Mitral annulus calcification is a common

finding in elderly hypertensive patients or
patients with chronic renal disease. The
presence of this abnormality has been corre-

lated with an increased risk of stroke.54

However, its value as an independent predictor
of cerebrovascular embolism is diYcult to show
because of its frequent association with other
known determinants of stroke such as atrial
fibrillation, left atrial enlargement associated
with diastolic dysfunction, and arterial hyper-
tension. However, anecdotal documentation of
an intra-atrial thrombus attached to a severely
calcified mitral annulus is not rare in a busy
transoesophageal laboratory.
Other mitral valve anomalies have a more

tenuous aetiological relation with stroke. Mi-
tral valve strands have been postulated as a
source of cardiogenic cerebral embolism, but
the strength of this relation is still unknown.
Myxomatous degeneration of the mitral valve
(often associated with mitral valve prolapse)
has often been cited as a cause of stroke and
equally contested in the literature.55 Partly, the
problem is due to the frequent finding of this
anomaly in the normal, asymptomatic popula-
tion as well as in stroke patients. Although it is
possible that patients with severe mitral myxo-
matous changes are at a slightly increased risk
for stroke, the association is weak. In addition,
patients with this condition who develop severe
mitral regurgitation due to chordal rupture are
unlikely to develop intra-atrial thrombi because
of the protective eVect of the regurgitant
stream of blood which leads to high intra-atrial
blood flow.
Aortic valve diseases themselves, except for

the case of aortic valve vegetations (see above)
or the much rarer aortic valve elastic tumours,
are rarely the source of cerebral embolism.
Calcific embolisation in the setting of chronic
calcific aortic stenosis has been reported but is
uncommon. Left atrial myxomas are also rare
but may embolise to the brain or peripherally.
Embolic events due to other cardiac tumours
are exceedingly rare.
Congenital cardiac defects can be associated

with paradoxical cerebral embolism as a conse-
quence of peripheral venous thrombi or right
sided cardiac thrombi passing across inter-
atrial or interventricular communications as
well as aortic-pulmonary windows. This may
occur with atrial septal defects because the flow
across them is commonly bidirectional. Para-
doxical embolisation across ventricular septal
defects is less common unless Eisenmenger

Figure 2 (A) Transoesophageal echocardiogram from a 72 year old woman with thrombus which was mobile during the
examination. (B) As the transducer is rotated from right to left, the lateral aspect of the left atrial appendage is seen entirely
filled by the thrombus.
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physiology is present (pulmonary hypertension
increasing intrapulmonary vascular resistance
and favouring flow from the right to the left
side of the heart). This is now rare given the
improvements in pediatric care. The emboli-
genic role of paradoxical embolisation across a
patent foramen ovale is also controversial.56 It is
most likely that a patent foramen ovale is a risk
factor for stroke when accompanied by pulmo-
nary hypertension (particularly when caused
by pulmonary embolism), right ventricular
dysfunction due to myocardial infarction, cor
pulmonale, or left heart failure with secondary
pulmonary hypertension. It is also very likely
that a patent foramen ovale represents the
mechanism of stroke in the presence of venous
thrombosis and the demonstration of intracar-
diac right to left shunting by contrast echocar-
diography at rest or during manoeuvres
induced to cause simultaneous oscillation in
right and left atrial pressures such as coughing
and the Valsalva manoeuvre. However, the
importance of paradoxical embolisation
through a patent foramen ovale in stroke
patients without venous thrombosis or right
sided disease is less clear. Patent foramena ova-
les are common in many healthy people and
thus, its importance as an isolated risk factor
for stroke is still under intense investigation.
Finally, the presence of significant athero-

sclerosis in the ascending aorta and aortic arch
represents a potential source of cerebral embo-
lism. Patients undergoing cardiac surgery are at
a particularly high risk of stroke from aortic
atherosclerotic disease because aortic cannula-
tion is often performed during cardiopulmo-
nary bypass. The magnitude of aortic athero-
sclerosis has been directly related to the risk of
developing cerebral embolism with the pres-
ence of mobile aortic arch emboli as the most
signficant lesion predicting cerebral ischaemia
(fig 3).57

Neurocardiology: brain-heart
interactions
Much emphasis has been placed on the heart as
a possible cause of neurological disease either
as a source of focal embolisation or as a result

of global hypoperfusion. Recent attention has
been paid to the mechanisms whereby brain
pathology could influence cardiac function.
There has been considerable evidence over the
past 50 years to suggest that patients with acute
stroke may develop various cardiac
abnormalities.58 These include left axis devia-
tion, and various repolarisation abnormalities
including QT interval prolongation, septal U
waves, and ST segment changes.58 The inci-
dence of these abnormalities is highest after
intracerebral haemorrhage, particularly sub-
arachnoid haemorrhage, in which they may be
seen in 60%-70% of patients; after ischaemic
stroke the abnormalities may be seen in about
15%-20% of patients.58 Evidence suggests that
these changes (which persist for a variable
period of several days to possibly even a few
months) are not due to coexistent coronary
artery disease, but possibly to a neural
mechanism. Recent attention has shifted to the
insular cortex as a possible cortical site of gen-
eration of some of these changes. For example,
the ECG changes can be mimicked in experi-
mental models of middle cerebral artery occlu-
sion including the insula.59 In addition, pro-
longed insular stimulation may also simulate
these changes.60 Our recent investigations in
the rat suggest that the left insular cortex is pri-
marily concerned with parasympathetic cardio-
motor control and that the right insula is con-
cerned with sympathetic vasomotor and
cardiac control.61 It is suggested that damage to
the left insular cortex is particularly associated
with cardiac sympathetic neural upregulation.
In this regard, a recent study of patients with
acute stroke has shown that lesions predomi-
nantly confined to the left insula area may be
particularly prone to produce these ECG
abnormalities and an increase in cardiac
sympathetic nerve activity (assessed by spectral
analysis).62 Such shifts towards increased car-
diac sympathetic dominance are strongly
predictive of sudden cardiac death after
myocardial infarction and may contribute to
the excess cardiac mortality which comprises
the major cause of death after stroke.63

Conclusion
Recent advances in cardiac imaging including
the wider application of transoesophageal
echocardiography have shown that the heart
and the aorta can be important sources of cer-
ebral emboli in many stroke patients. Even in
those with significant extracranial vascular dis-
ease structural cardiac lesions may be identi-
fied,making the decision regarding the cause of
stroke and its treatment an increasingly com-
plex problem. In addition, recent research has
confirmed the anecdotal reports that acute
intracerebral lesions including stroke may
aVect cardiac structure and function. The rec-
ognition of these important interactions be-
tween the heart and the brain has generated
recent studies investigating the optimum man-
agement of patients with cardiogenic stroke as
well as the clinical relevance of stroke eVects on
the heart and how this may influence subse-
quent outcome and prognosis. This promises
to be a fascinating area of multidisciplinary

Figure 3 Cross sectional echocardiogram of the descending
aorta immediately below the aortic arch obtained by the
transoesophageal approach. The aorta has severe
atherosclerosis with mobile debris reflecting ruptured
atherosclerotic plaque with superimposed thrombus
formation. This aortic lesion represents a potential source of
peripheral embolism and when located in the ascending
aorta or aortic arch is associated with an increased risk of
cerebral embolism and infarction.
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research in which we can expect to see impor-
tant new developments with major impact on
the prophylaxis of stroke and care of our stroke
patients.
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