
Editorial

Ultrasonic imaging of aortic atheroma

The study of embolism in the cerebral and peripheral cir-
culation requires imaging methods that reveal pathology in
some part of the heart or circulation upstream of the
occluded vessel. Technological advances over the past
10–15 years, and in particular the development of
transoesophageal, epiaortic, and intravascular ultrasound
has made it possible to obtain high resolution images of
atherosclerotic lesions in arteries, allowing study of
coronary, cerebral, and peripheral vessels as well as the
aorta. For aortic disease, transoesophageal and epiaortic
ultrasonography have the advantage over other imaging
methods, such as computerised tomography or magnetic
resonance imaging, of providing real-time images that
allow for the evaluation of plaque morphology, ulceration,
and mobility. The disadvantages are that transoesophageal
ultrasound is semi-invasive and has a blind spot (the upper
part of the ascending aorta) and epiaortic ultrasound can
only be used intraoperatively.
A number of ultrasonically derived classifications of aor-

tic atheroma has been described based on the thickness of
aortic plaques and their morphology. In patients with mul-
tiple plaques, the thickness of the deepest plaque is meas-
ured. Most investigators have graded the aorta as follows:
grade I, no disease or minor intimal thickening; grade II,
extensive intimal thickening but without discrete measur-
able plaques; grade III, protruding plaques < 5 mm thick;
grade IV, protruding plaques> 5 mm; grade V, any mobile
atheroma.1 2 Other variations on the theme are described
with diVuse intimal thickness and small protruding plaques
generally being considered as “simple” lesions, and large
protruding, ulcerated or mobile lesions as “complex”.
Partly because it has been easier to study the carotid ves-

sels, the association between carotid disease and cerebral
embolism has been extensively documented, and treatment
strategies continue to be evaluated. With such a diVuse
arterial process, however, one would expect similar
embolic associations with disease elsewhere in major arte-
rial vessels, and in particular the aorta. One necropsy series
found that fibrous, calcified, ulcerated, and thrombotic
atherosclerotic lesions, observed more frequently in the
arch and descending aorta than in the ascending aorta,3

were associated with a previous embolic event. Pathology
in the arch and ascending aorta would be expected to result
in cerebral or peripheral embolism, whereas disease in the
descending aorta would be expected to lead to peripheral
embolism only.
Necropsy and surgical specimens of the aorta and of

embolic material reveal atheromatous material, thrombus,
and cholesterol crystals.4 5 Some researchers believe that
mobile plaques detectedwith transoesophageal echocardio-
graphy are the fibrous caps of ruptured plaques2; however,
thrombi may give the same appearance. DiVuse intimal
thickening must also be distinguished from intramural
haematoma6 or layered thrombus in aneurysmal segments.
Apart from areas of calcification, the true composition of
diseased segments cannot be analysed with presently avail-
able techniques but the importance of the composition in
determining embolic potential is unknown.
Despite the diYculty in determining the nature of the

tissue seen with transoesophageal ultrasonography, there is
now an extensive literature on the association of severe

atheromatous disease with peripheral or cerebral embolic
events. These (usually retrospective) case-control studies
uniformly reveal that the presence of aortic atheroma,
especially complex lesions, is associated with systemic
embolism. Multivariate analysis demonstrates a probable
causative role independent of established risk factors.7–9

The association is much stronger in elderly patients (clini-
cians who limit transoesophageal echocardiography to
selected young patients with cryptogenic stroke will not
have noted it) and in those with no other obvious cause of
stroke. However, the complexity of aortic atherosclerosis is
associated with age, hypertension, diabetes, smoking,
hyperlipidaemia, carotid disease, atrial fibrillation, intra-
aortic spontaneous contrast echoes, and even cardiac
sources of embolism. All of these are established risk
factors for vascular events, and in the individual elderly
patient with a stroke several disorders may be detected,
making it diYcult to determine the cause. Nonetheless, the
fact that an independent role in embolism is found suggests
that atherosclerotic debris from the aorta may be responsi-
ble for more clinical events than has hitherto been realised.
Some investigators have used the association of aortic

atheroma with disease elsewhere in the circulation to pre-
dict whether patients have significant coronary disease.10 11

Not surprisingly, the more extensive and the more complex
the aortic disease the more likely the patient is to have
prognostically important coronary disease. It is unlikely
that these studies will have any significant bearing on the
future non-invasive or invasive assessment of coronary dis-
ease, but they may be useful in a negative sense in that
patients with normal aortas are very unlikely to have
significant coronary atheroma. It is proposed that such
information may preclude the requirement for coronary
angiography in the assessment of patients with valve or
aortic disease. An important association has also been
noted between aortic disease and embolic events at the
time of insertion of cardiac catheters and intra-aortic bal-
loon pumps from the femoral artery; it is suggested that if
coronary angiography is required in these patients it should
be performed via the brachial route.12 Further study is
required to determine which groups of patients should be
considered for transoesophageal echocardiography before
invasive tests or balloon pumping.
Although many factors have been implicated in the

development of neurological damage after cardiac surgery,
atheromatous embolisation may be a particular problem
faced by patients having coronary artery bypass surgery.
Transoesophageal and transcranial Doppler ultrasonogra-
phy studies suggest that embolisation occurs most
frequently with cannulation of the aorta to institute cardio-
pulmonary bypass,1 and after release of aortic cross-clamps
and partial occlusion clamps.13 Whether these and epi-
aortic techniques can identify patients who should be
treated by alternative surgical methods to reduce
neurological complications remains to be seen.
Although aortic atheromatous embolisation appears to

be a very real problem, some would quite rightly argue that
ultrasound techniques have allowed research into this area
but have not yet revealed any successful strategies to
prevent recurrences. Moreover, little is known about the
natural history of the diVerent grades of atherosclerosis.
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Tunick et al reported a 33% vascular event rate over a mean
14 month follow up period in a group of 42 patients with
plaques > 5 mm or with mobile components.14 They also
suggested that there might be two forms of embolisation
from such plaques: large thrombotic emboli leading to
large vessel occlusion resulting in stroke, limb ischaemia
and organ infarction; and diVuse cholesterol embolisation
resulting in renal failure and the blue toe syndrome.Mont-
gomery and colleagues studied patients who had repeat
transoesophageal studies 6–22 months apart and found
that individual lesions changed morphology over time.2

Whereas the underlying intimal thickness remained stable,
mobile components were often found to have resolved
(without overt clinical events), whereas other plaques had
developed newmobile components. The authors suggested
that a strategy of plaque prevention or stabilisation with
antithrombotic or lipid lowering treatment might confer
the greatest benefit in terms of reduction of clinical events.
The French Study Group report of 331 patients 60 years or
older (64% of whom were treated with antiplatelet agents,
18% with anticoagulants) revealed an association between
the rate of future cerebral events and the depth of
plaque—those with plaques > 4 mm had a recurrence rate
of 12 for every 100 patient-years despite the selected
treatment.15

A number of treatment strategies can be considered for
patients presenting with otherwise unexplained embolic
events and protruding or complex aortic atheromatous
disease. Although aspirin and warfarin have not prevented
the development of new complex lesions with mobile com-
ponents or further clinical events,2 14 15 these observations
do not preclude some degree of protective eVect. On the
other hand, there may be some distinct risks with
anticoagulant drugs. Although they may prevent the
formation or allow safe resolution of thrombi, there has
been a worry that they might promote bleeding into
plaques with further ulceration, or that they might remove
the thrombin coating from ulcerated plaques and facilitate
cholesterol embolisation.16 Moreover, whereas apparently
successful resolution of mobile components has been
reported in some patients, anticoagulant treatment has
been ineVective in others. Anecdotal reports of apparently
successful thrombolysis in this situation17 must be balanced
by a worry that this also may enhance embolisation.18 Suc-
cessful surgical approaches with aortic replacement or
debridement have also been used in patients with multiple
cerebral events or widespread peripheral embolisation,19 20

but whether benefits outweigh risks is unknown.
In conclusion, the development of ultrasonic imaging

methods has revealed that atherosclerotic debris within the
aorta is probably responsible for more embolic events than
has hitherto been accepted. The association with embolism
is greatest for older patients and for those with more com-
plex disease such as large protruding plaques or plaques
with ulceration or mobile components. The natural history

of these plaques appears to be dynamic, but may lead to
embolisation of either thrombus or cholesterol laden
debris. Large prospective studies of diVerent treatment
strategies are needed to determine whether plaque stabili-
sation can be achieved and the risk of recurrent embolisa-
tion reduced. Until such information is available, the wide-
spread use of transoesophageal echocardiography in elderly
patients with stroke cannot be advocated. If it is performed
the physician will be in the position of occasionally finding
alarming disease and not knowing what to do about it.
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