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Abstract
The importance of carotid plaque morphology
in the prognosis of retinal ischaemia was
investigated in a group of 165 patients followed
for 2-7 years (mean 3-3 years). All patients had
an initial carotid duplex ultrasound examination, with the results expressed in terms of the
degree of stenosis caused by the lesion, and the
lesion morphology. Lesions were divided into
two groups, (a) combined homogeneous and
simple heterogeneous structures, and (b)
complex heterogeneous plaques. Complex
heterogeneous plaques had a low echo pool
within the lesion and/or an irregular surface
pattern. A total of 144 (87%) patients were
successfully followed, and of these 37 (26%)
had cerebrovascular, cardiovascular, or
retinal ischaemic events in the follow up
period; 14 (10%) cerebrovascular accidents
(eight fatal), 17 (12%) myocardial infarctions
(10 fatal), two episodes of amaurosis fugax,
and one of tunnel vision caused by a retinal
embolus were recorded. There was no report
of subsequent blindness. The percentage
stenosis caused by the carotid lesions, although
more severe in the vascular event group, was
not significantly different between the groups.
However, a significant difference (p<O. 1) was
found in the morphological characteristics
of the carotid lesions between the groups.
Patients who suffered a vascular event in the
follow up period had significantly more complex heterogeneous lesions compared with

simple heterogeneous/homogeneous lesions,

than those patients who remained alive and
well. Carotid endarterectomy and antiplatelet
therapy were equally distributed between the
event and non-event groups. This suggests
that the criteria for selection for treatment
should be based on the lesion morphology as
well as the degree of stenosis.
(BrJt Ophthalmol 1993; 77: 781-784)
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Carotid arterial disease has been shown to be a
significant factor in the development of retinal
ischaemic symptoms. '" The role of severe
carotid stenosis as a cause of retinal ischaemia is
accepted." The morphological characteristics of
the atherosclerotic lesion as demonstrated by
duplex ultrasound is also important. It has been
shown that particular types of morphological
appearances are linked to a higher incidence of
clinical symptoms, even in lesions that hitherto
might have been considered relatively insignificant in terms of the amount of stenosis caused by
them. 2 As a result of this finding, it is important
to investigate the relationship between carotid

lesion morphology, as seen on ultrasound image,
and the long term clinical outcome for the
patient. This report gives the follow up findings
of 165 patients with retinal ischaemia,' to determine whether patients most at risk from further
clinical events can be identified by ultrasound
evaluation of the carotid arteries.

Materials and methods
A total of 165 patients (101 men, 64 women:
mean age 58 years), who presented with symptoms of retinal ischaemia, were referred from an
ophthalmological centre for duplex examination
of the extracranial carotid system.
All the examinations were performed by two
experienced vascular ultrasonographers, using
an ATL MK5 system with a 5 MHz B-mode
combined with a 7-5 MHz Doppler transducer.
The common, internal, and external carotid
arteries were examined for evidence of atherosclerotic lesions or disturbance in blood flow
patterns.
The presence or absence of atherosclerotic
lesions was established, and where disease was
found the degree of stenosis caused was noted
together with a description of the ultrasound
plaque appearance of the lesion. Morphology
was classified as being either (a) homogeneous,
with an even echo pattern throughout the lesion,
or (b) heterogeneous, with a mixture of low level
and high level echoes within the lesion. Heterogeneous plaques were further subdivided into
simple and complex groups. Simple heterogeneous plaques had a smooth surface and a
more or less even distribution of low and high
level echoes; complex structures displayed low
echo areas within the lesion and may also have
had an irregular or pitted surface at the interface
to flowing blood.
Complex heterogeneous lesions, which are
associated with symptoms, were compared with
simple heterogeneous lesions combined with
homogeneous lesions, which are not associated
with symptoms, as previously observed.'
The patients were followed up over a period of
2-7 years (mean 3- 3 years) after the initial duplex
ultrasound examination. The hospital records of
each patient were examined, and any cerebrovascular, cardiovascular, - or retinal ischaemic
symptoms suffered by the patient since the date
of the ultrasound examination were documented. The current medical condition of the
patient was also recorded. In those patients not
currently attending the hospital, the information
was obtained from the family doctor. In the
event of death, the cause was recorded. Patients
still alive were separated into those who had
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lesions, there was a statistically significant
difference (p<005) between the complex
heterogeneous lesions and the combination of
homogeneous/simple heterogeneous lesions.
The patients who subsequently suffered events
had a higher incidence of complex heterogeneous
lesions (Table 2).
Carotid endarterectomy was performed on the
symptomatic artery of 17 patients, of whom
three suffered perioperative strokes. Discounting these perioperative event patients, the
Statistical analysis
remaining postendarterectomy patients conThe X2 method of statistical analysis was used stituted 11% of non-event and 11% of subsethroughout.
quent event groups.
Antiplatelet therapy was administered to 73%
of patients in the event group and 67% in the
Results
non-event group.
Follow up information was successfully obtained
on 144 patients (87%); 21 were lost to follow up.
There were 32 (22%) recorded mortalities, and Discussion
of those the cause of death was 18 from cerebro- Carotid endarterectomy is frequently performed
vascular or cardiovascular events, 10 malig- on patients who present with retinal ischaemia.
nancy, one pneumonia, and in three the exact However, poor patient outcome has been
cause could not be ascertained.
reported in many studies, and patient selection is
Of the 122 patients surviving at the time of recognised as a major factor influencing long
follow up, 90 reported no subsequent events. In term outcome.5'8
the remaining 22 patients, 19 suffered vascular
The degree of stenosis caused by a carotid
or retinal events and three non-vascular ophthal- lesion has been critical in selecting those patients
mic events.
to whom surgery is offered. However, it has been
Duplex ultrasound examination showed found that retinal ischaemic symptoms are
carotid artery disease in 30 (81%) patients who related to the morphological appearance of the
reported subsequent vascular events, and 66 lesion, even when the lesion causes lesser degrees
(73%) patients who remained event free during of stenosis. 1 2 4
the follow up period. A total occlusion of the
Where the morphology of the lesion has been
carotid artery was found in five (13%) patients in used in selecting patients for surgery, excellent
the former group and three (3%) patients in the results have been reported.2 However, a long
event free group. Where there is total occlusion term study of the outcome of non-surgically
of the carotid artery, the appearance of the treated patients, whose carotid arteries have
contents of the lesion can be evaluated, but been morphologically assessed, has not hitherto
comment of the surface characteristics is not been carried out.
possible. For this reason, the eight patients with
In this study, 144 patients who presented with
occlusion of the carotid artery were excluded from symptoms of retinal ischaemia were successfully
analysis of lesion morphology.
followed for 2-7 years (mean 3-3 years). CerebroAnalysis of the ultrasound scan results on the vascular, cardiovascular, or retinal ischaemic
basis of the degree of stenosis shows that, symptoms subsequently developed in 26% of the
although the disease was more severe in those group, 10% suffering stroke. A similar figure has
with events, the difference did not reach statisti- been reported by other authors,35910 but the
cal significance (p>O- 1) (Table 1). However, on importance of the morphology of carotid lesions
comparison of the morphological pattern of the was not assessed in these studies.
Several studies have reported a relationship
between vascular events and the severity of the
stenosis in the carotid arteries.47 Our results of
Table I Degree of stenosis in the carotid arteries ofpatients who had subsequent vascular
events and in those who remained eventfree throughout thefollow up period
duplex ultrasound examination showed that
although the percentage stenosis caused by the
Clear
1-19%
20-49% 50-74%
75-99% Total
carotid disease in the patients who subsequently
occlusion
suffered events was more severe than in those
32% (12) 13% (5)
Vasculareventgroup(n=37) 19%(7)
3% (1)
22% (8)
4% (11)
patients who remained event free, the difference
Event free group (n=90)
27% (24) 14-5% (13) 23% (21) 14-5% (13) 18% (16) 3% (3)
did not reach statistical significance (p>0- 1).
There was no significant difference found (p>O 1) in the severity of the stenosis in the lesions between
The morphology of lesions, and not the degree of
the groups.
stenosis, correlated with ischaemic symptoms
and
computed tomography evidence of infarcTable 2 Ultrasound morphology oflesions, excluding total occlusion, in patients with carotid
tion in a study of patients with symptomatic
artery disease who had subsequent vascular events and in those who remained event free
throughout the follow up period
carotid disease." Although complex heterogeneous structures had been found to predomiComplex
nate in those lesions causing more than 50%
heterogeneous
Homogeneous
Simple heterogeneous
stenosis, they are also found in symptomatic
Vascular event group (n=25)
84% (21)
0
16% (4)
lesions causing <50% stenosis.'
Event free group (n=63)
56% (35)
22% (14)
22% (14)
Complex heterogeneous plaques have an
There was a significant difference (p<OO5) found in the distribution of homogeneous/simple
uneven
distribution of low level and high level
heterogeneous lesions and complex heterogeneous lesions between the groups, with the patients who
ultrasound echoes within the lesion, and also
subsequently suffered a vascular event having a greater number of complex heterogeneous lesions.
suffered from subsequent clinical events and
those who were without subsequent events from
the time of the initial examination. Note was
made of any surgical or medical treatment
received by the patient since that time.
A comparison was made between those
patients who suffered a vascular event during the
follow up period and those who remained alive
and well throughout.

Prognostic value ofcarotid ultrasound lesion morphology in retinal ischaemia

of perioperative cerebrovascular accidents,
endarterectomy was performed on 11% of
patients in both event and non-event groups.
This equal distribution suggests that selection
criteria for treatment could be improved by
including morphological appearance of the
lesions.
The administration of antiplatelet therapy was
found to be almost equally divided between the
two groups, with no demonstrable effect being
observed. Complex heterogeneous plaques have
been shown in this study to have a high association with clinical symptoms and, therefore, it is
possible that if patients had been selected for
antiplatelet therapy on the basis of lesion
morphology, a more accurate evaluation of the
value of antiplatelet therapy might have been
possible.
This study showed that in a group of 165
patients who presented with retinal ischaemia,
there was a low incidence of further ophthalmic
events, without a single incidence of subsequent
blindness. However, 26% of the group had
cerebrovascular or cardiovascular events in the
follow up period. Complex heterogeneous
lesions have been shown to be associated with
symptoms of retinal ischaemia, both when the
lesion has severe stenosis and when the lesion is
of lesser significance in terms of size.' 2 In this
study plaque morphology has been shown to
have a significant association with long term
prognosis, patients having complex heterogeneous plaques in their carotid vessels,
irrespective of the degree of stenosis, having a
26% incidence of further cerebrovascular,
cardiovascular, or retinal ischaemic events. This
emphasises the importance of the role of the
ophthalmologist in the detection of a significant
number of patients potentially at risk of severe
cerebrovascular or cardiovascular events.
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contain low echo pools or have an irregular or
pitted surface interfacing with blood flow. These
lesions have been associated with episodes of
both cerebral and retinal ischaemia.' 12-15 However, the importance of morphological appearance in the prognosis of patients presenting with
retinal ischaemia has not been evaluated previously.
A significant difference (p<005) in lesion
morphology between the groups has been found.
There was a greater incidence of complex heterogeneous plaques compared with the number of
simple heterogeneous and homogeneous plaques
in the subsequent event group of patients.
The vascular events occurred throughout the
follow up period, with events being recorded
from less than 1 year after initial presentation to
6 years. All of the non-fatal myocardial infarctions occurred in the second year of follow up. It
has been reported that the maximum risk for
stroke following cerebral transient ischaemic
accidents is in the first year after the initial
symptoms.,6
There was a high incidence of cardiac events
reported in the follow up; 17 (12%) patients
suffered myocardial infarction, seven being
fatal. Other authors have found a similar incidence of cardiac events.617 A relationship between
the extent of vascular disease at different sites has
been reported.6 17-19 This study suggests that the
finding of a complex heterogeneous plaque in
the carotid system is indicative of risk in the
coronary arteries, and that morphology may be
more important than the size of the lesion, as
complex heterogeneous lesions, irrespective of
their size, were found to be associated with
subsequent cardiovascular events.
Two patients who initially presented with
amaurosis fugax reported further attacks, and
one patient who initially presented with symptomatic retinal embolus, reported sudden tunnel
vision. This was diagnosed as being due to a new
retinal embolus. A further three patients
reported non-vascular ophthalmic events.
Carotid endarterectomy has been advocated as
a treatment of choice in patients presenting with
retinal ischaemia and having a carotid stenosis of
>50%.10 21 Both long and short term favourable
results have been reported.20 21 However,
the advisability of this treatment has been
questioned, and particularly the selection of
patient to whom surgery is offered.61017 The
results of more recent studies on carotid endarterectomy show significant benefit for symptomatic patients with a carotid stenosis of 70-99%,
and this treatment is not advocated in patients
with less than 30% stenosis.2223 However, in
patients with stenosis of 30-69%, the results are
as yet unavailable. Selection of patients in these
trials was based on the angiographic diagnosis of
carotid artery stenosis. Unfortunately, contrast
angiography does not provide information on
plaque morphology. The ultrasound morphological appearance ofcarotid artery lesions in this
investigation has been shown to be significant in
the long term prognosis of patients with greater
than 20% stenosis.
Carotid endarterectomy was performed on 17
patients, with surgical selection based primarily
on the severity of stenosis. Excluding the cases
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