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Short report

The variable clinical and CT findings after carotid
occlusion: the role of collateral blood supply
M J G HARRISON, JOHN MARSHALL

From the Middlesex Hospital, and the Institute ofNeurology, The National Hospitalfor Nervous Diseases,
London, UK

SUMMARY A retrospective review of 61 cases of angiographically confirmed occlusion of one or
both carotid arteries was carried out to look at the evidence that the presence of collateral blood
supply influenced the extent and type of cerebral infarction. Forty six patients had bilateral angio-
graphy from which it was possible to assess collateral filling of the internal carotid and middle
cerebral arteries. As expected, patients with no CT scan evidence of infarction more frequently had
transient ischaemic attacks or retinal infarcts than did those with visible cerebral infarcts. Patients
with small cortical ischaemic lesions usually had appropriate neuropsychological or neurological
deficits. Three patients with cortical watershed infarcts had a fluctuating deficit. Of the patients with
bilateral angiograms 67% showed some filling via collaterals of the middle cerebral artery, and 43%
of the internal carotid artery in the siphon. Those with collateral filling were mostly found to have
normal CT scans or evidence of peripheral cortical lesions. By contrast most watershed and full
territory infarcts were found in individuals whose angiograms showed no collateral filling. It is
suggested that in many cases infarction occurs despite collateral flow and is due to distal embolism
and that this may be relevant to the recently reported failure of the EC/IC bypass operation.

It has long been accepted that the effect of occlusion
of the internal carotid artery can be highly variable.1 2
There may be massive infarction of the cerebral hemi-
sphere with death from temporal lobe herniation, or
the event may pass without clinical sequelae. Early
reports stressed the importance of collateral blood
supply and the variability of clinical outcome was at-
tributed to the competence of the Circle of Willis3 and
to atheromatous narrowing of cervical and intra-
cranial arteries.4 A recent necropsy study' has
confirmed that the presence of collateral vessels is re-
lated to the site and size of cerebral infarction in sub-
jects with carotid occlusion. The extent of collateral
supply above the thrombosed carotid sinus is partly
decided by the degree to which anterograde thrombus
propagates into the carotid siphon and stem of the
middle cerebral artery.6
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There is also evidence at both necropsy, and at
angiography7 that embolism occurs above an oc-
cluded carotid artery into the stem of the middle cere-
bral or anterior cerebral arteries or to their branches.
The relative role of haemodynamic factors, the

spread of occlusive thrombus and of embolism, is not
clearly established. Most studies have been of
necropsy material and thus biassed by fatal cases with
large infarcts. The importance of understanding the
pathophysiology of the variable cerebral ischaemic
damage in response to carotid occlusion has been
highlighted by the recent failure of the EC/IC bypass
operation to prevent stroke in patients with a variety
of occlusive cerebrovascular lesions including carotid
occlusion.8
We considered that further information on the im-

portance of collaterals to the extent of infarction
might be obtained from a study of angiographic pat-
terns. Only arterial studies provide sufficient resolu-
tion for this purpose but it is important to note that
collateral routes demonstrated by selective vessel in-
jections are only potential channels. No information
can be derived on the actual volume of flow from the
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ophthalmic artery, the Circle of Willis or the con-
tralateral carotid artery, though angiographic
patterns show some correlation with PET scan
evidence of impaired perfusion pressure.9
We have looked at the location, size and number of

cerebral infarcts as judged by CT scanning, and at the
evidence of collateral flow patterns as revealed by
angiography in a series of 61 patients with occlusion
of at least one carotid artery. The variable clinical
picture was also studied for evidence of
clinicoradiological correlations.

Materials and methods

Sixty one patients with angiographically confirmed oc-
clusion of one or both internal carotid arteries were studied
by retrospective review. The bilateral carotid angiograms in
46 cases also revealed whether there was evidence of devel-
opment of a collateral supply via the ophthalmic artery or by
cross filling through the Circle of Willis. In the other cases
arch angiography or intravenous digital subtraction angio-
graphy had been employed.
The case notes were reviewed to determine the clinical

presentation. The angiographic and CT findings were taken
from the reports made at the time of the study by consultant
neuroradiologists.

Results

Clinicalfeatures
Thirteen patients had had only one or more transient
ischaemic attacks (TIAs). All the remainder had sus-
tained a stroke though in 15 cases this was preceded
by a TIA. Four patients had sustained a retinal
infarct.

CT scans

All patients had been studied by computed tomog-
raphy. In 13 patients the scans were entirely normal
and in another seven only a mild degree of generalised
atrophy was recorded. In 11 patients a small cortical
lesion was seen often amounting to only an area of
focal atrophy but believed to represent the effects of
distal occlusion with limited cortical infarction.
Twelve patients had multiple infarcts within the terri-
tory of the symptomatic occluded carotid artery. In
10 patients there was a single large infarct in the terri-
tory of the middle cerebral artery. In one instance the
infarct also affected the territory of the anterior cere-
bral artery and in two others the posterior cerebral
territory was included. One patient had a large infarct
confined to the territory of the posterior cerebral
artery. Four patients had deep low density lesions
(terminal zone infarctions),'° and three had more
superficial infarcts in classical watershed zones
between the territories of the anterior and middle
cerebral artery.

Harrison, Marshall
Clinical and CT correlation
Of the 20 patients whose CT scan showed no abnor-
mality or only mild atrophy, 10 had had only a TIA
and four a retinal infarct without cerebral symptoms.
Two had had a focal cerebral episode lasting less than
3 weeks (reversible ischaemic neurological deficit,
RIND), and four a mild hemiparesis with or without
sensory change. Of the 11 with a small cortical lesion
all had had a RIND or completed stroke and 10 had
cortical signs such as sensory inattention. In eight of
these cases the lesion was parietal.

All of the four patients with a deep hemisphere
infarct had had a completed stroke3 or RIND, though
three had prior TIAs. In three cases the lesion was in
the capsule or globus pallidus, in one in the deep
frontal white matter.
The 11 patients with a large full territory infarct all

had completed major strokes. One had had a slow
evolving onset and two had preceding TIAs. Of the 12
with multiple infarcts three had TIAs only, seven
TIAs going on to a RIND or completed stroke. In
eight details of the symptomatology revealed that
multiple sites were involved, and two others had mul-
tiple events even though the symptoms did not conclu-
sively prove that different sites were affected. All three
patients with superficial watershed infarcts showed a
fluctuating deficit over the course of a few days, per-
haps indicative of the haemodynamic nature of their
pathophysiological process.

Angiographic features
There was a complete occlusion of the internal carotid
artery at the bifurcation in 60 of the patients. In the
remaining case the occlusion was at the skull base.
None of the patients had clinical evidence of any
cardiac disease that might have been a source of
embolism though this had been suspected and sought
especially in those with cortical or multiple infarcts.
Not all had had echocardiography, however.

There was an adequate study of the contralateral
carotid artery in 46 cases and this revealed stenosis of
at least 50% or occlusion in 18 (39%). Also in these
cases it was possible to tell whether collateral flow had
developed. Filling of the carotid siphon from the oph-
thalmic artery had been visible in 20 patients (44%)
but this provided collateral filling of the middle cere-
bral vessels in only 7 (15%). Cross filling from the
other side through the Circle of Willis was present in
25 of the 46 cases (54%). Insufficient studies of the
vertebral arteries had been carried out to report
formally on the development of collaterals through
the posterior part of the Circle of Willis, though at
least two patients had filling of the middle cerebral
vessels from the posterior communicating artery. The
filling of the symptomatic middle cerebral artery by
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Table Correlation ofangiographic and CTfindings in 46 cases ofcarotid occlusion

CTfindings

Normal Cortical infarct Watershed lesions
(or atrophy) (or multiple) (inci deep) Full territory infarct

Angiographic findings (n = 16) (n = I5) (n = 7) (n = 8)

Filling IC 8 10 0 2
Filling MCA 14 13 1 3

collaterals was only rarely sufficiently complete to
judge whether distal embolism had occurred.7

Correlation of angiography and CTfindings (table)
In the 20 cases in which angiography showed
collateral filling of the internal carotid artery the CT
scans showed either no infarct (8) or peripheral
cortical or multiple infarcts (10). Only two had large
infarcts occupying the whole of the middle cerebral
artery territory.

Patency of the stem of the middle cerebral artery
with filling from the ophthalmic artery (seven cases) or
from the Circle of Willis (25 cases) was seen in 31
instances. The scans in these patients showed no
infarct in 14 and only peripheral cortical infarcts or
multiple infarcts in 13. One subject had a deep
hemisphere infarct and three had full middle cerebral
artery territory lesions.
Thus most large infarcts (5 of 8 cases) had no visible

middle cerebral artery filling. None of the three water-
shed infarct cases had middle cerebral artery
opacification and only one of the four deeply sited
infarcts did. By contrast 13 of 15 of those with periph-
eral infarcts showed middle cerebral artery filling, as
did 14 of 16 of those whose CT scan showed no
infarct.

Discussion

Fisher's classical studies" 12 and those of earlier
necropsy data' revealed that the extent of cerebral
infarction after carotid occlusion was enormously
variable. The present clinical and radiological obser-
vations confirm this though it is important to stress
that this was a selected group of cases with massive
and fatal strokes under-represented. There were also
no examples of the other end of the spectrum where
complete carotid occlusion occurs without clinical
accompaniment.
CT scanning revealed that 30% of the patients had

no visible infarct and most of these patients had had
only TIAs or retinal infarcts. Completed strokes or
RINDs were experienced by most of those with CT
scan evidence of infarction. In 17% of the group a
small cortical infarct was revealed by scanning and
these patients had appropriate neurological or neu-

ropsychological deficits such as dysphasia or sensory
inattention. By contrast 16% had full territory
infarcts with major stroke deficit of hemiplegia and
hemisensory loss.
The mechanism ofinfarction has been debated. The

classical view is that the extent of infarction is depen-
dent on the adequacy of the collateral circulation.
Patients with no infarct are assumed to have sufficient
perfusion via the external carotid artery or the Circle
of Willis to prevent blood flow in the middle cerebral
territory falling below the threshold for infarction
though not necessarily below that for temporary
symptoms. Patients with a large middle cerebral
artery territory infarct are assumed to have poor
collaterals either because propagation of the carotid
thrombus has blocked collateral vessels or because
congenital or atheromatous changes have interfered
with their efficiency. Compensating dilatation of the
collateral bed can be identified by a reduced capacity
for further dilatation in response to carbon dioxide as
measured in blood flow studies by C02 reactivity,'3 14
or by the measurement of regionally elevated cerebral
blood volume.9 Neither technique, however, had been
employed in these retrospectively studied cases. The
alternative mechanism for the production of focal
cerebral infarction is distal embolism. Ensiedel-
Lechtape7 found evidence that such emboli might
occur in as many as 50% of cases of recent occlusion
of the carotid artery and that such emboli were usually
distal in site in the branches of the middle cerebral
artery. Barnett has pointed out that the distal stump
ofan occluded carotid can be the source of subsequent
emboli causing symptoms.'5
We sought evidence from the present study that

might reveal how often an embolic mechanism oper-
ated and how often flow phenomena seemed more
likely to be crucial. It is acknowledged that selective
carotid angiography can only demonstrate the
patency of potential collateral channels and does not
measure quantitatively the flow through them.

There were few clinical clues to the mechanism of
infarction16 though patients with watershed lesions
had a fluctuating deficit compatible with a hae-
modynamic mechanism.
Of the 46 patients with bilateral angiograms two-

thirds showed some collateral filling of the middle
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cerebral artery. These cases mostly had normal CT
scans or any infarcts were small and peripheral, and
sometimes multiple. In these cases there is no evidence
of spread of anterograde thrombus into the middle
cerebral artery, collateral supply appears "adequate"
and the infarcts are best explained by embolism.

In 25 cases the lack of filling of the intracranial
internal carotid artery suggests that anterograde
thrombus may well have spread to the level of the
ophthalmic artery or beyond. These patients tended to
have large full territory infarcts or watershed lesions
or deep lesions. It is suggested that in these cases the
lack of collateral has led to the large size or particular
siting of the infarcts.
The rationale for the EC/IC bypass operation was

essentially the provision of an improved collateral
supply above a carotid occlusion. Perhaps its failure
to affect the clinical course even in patients with bilat-
eral carotid occlusion8 is to be explained by the evi-
dence that collateral flow is not always crucial and
embolism may frequently be the cause of infarction.
Sixty seven per cent of the present series had angio-
graphic evidence of collateral filling of the middle
cerebral territory. Such patients might have little to
gain from further artificial collateral supply, though
proof would require regional measures of flow,
metabolism and collateral reserve.

We are grateful to Dr R W Ross Russell and Miss B
Laatz for help with this study.
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