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AN ANGIOGRAPHIC TEST OF COLLATERAL
CIRCULATION THROUGH THE ANTERIOR SEGMENT OF THE

CIRCLE OF WILLIS
BY

C. B. SEDZIMIR
From the Regional Neurosurgical Centre, Liverpool

This communication is concerned with the angio-
graphic estimation of collateral circulation through
the anterior segment of the circle of Willis. The
collateral circulation, which may be present between
the ophthalmic artery and the branches of the
external carotid artery and the posterior segment
of the circle of Willis carrying blood from the
vertebral circulation, is outside the scope of this
discussion.

This angiographic test of the collateral circulation
has been carried out sporadically in neurosurgical
services all over the world. Personal experience of it
extends over 13 years.
The estimation of its adequacy through the an-

terior cerebral arterial complex is of great practical
importance to neurosurgeons if it is proposed to
treat certain intracranial aneurysms by ligating the
internal carotid artery or the anterior cerebral
artery. In recent years general physicians and
neurologists have been interested in its role, as
spontaneous or traumatic thrombosis of the internal
carotid artery has become a well established diag-
nosable entity. The many and variable clinical
symptoms and signs of that condition (which is
sometimes symptomless) can be largely explained by
the anatomical and dynamic state of the collateral
circulation through the anterior segment of the
circle of Willis. Other possible collateral channels
may also be brought into play later.
The stimulus to employ this angiographic test in

a larger number of patients was provided by the
observation that some elderly subjects possessed an
excellent collateral circulation. Two questions were
posed: (1) Can angiography substantiate or refute
the belief that collateral circulation deteriorates
with age so that thrombosis or ligation of the internal
carotid artery becomes excessively hazardous after
the age of 50 ? (2) To what extent can the collateral
circulation be disturbed by other factors ?

In an attempt to elucidate the answer to these
questions, the test was performed on patients sub-
jected to diagnostic angiography in the Regional

Neurosurgical Centre at Liverpool from 1954 to
1957. At first digital compression was carried out
on each case.

Unfortunately at the beginning of 1956 the two
surgeons carrying out this experiment were warned
that dangerous amounts of radiation were being
received on their hands. In view of this the routine
performance of the test was discontinued. Thus
only 712 patients had the collateral circulation
tested.
The view held here is that angiography is the

safest method of investigation in cerebral contrast
radiography. Its technique and the reasons why it
is considered safe have been discussed at length
in a previous communication (Sedzimir, 1955). The
series is now close to 2,000 angiograms without
death, with one case of transient hemiparesis, two
transient supranuclear facial palsies, and one case
of infection of the neck which resolved without
surgical intervention.

Technique of Test
All angiography was performed under general anaes-

thesia. Contrast medium was injected into one carotid
artery just below the carotid sinus by the percutaneous
method. A few seconds before the start of the injection,
the opposite internal carotid artery was digitally com-
pressed. Three exposures in the antero-posterior pro-
jection were made. Frequently a bilateral estimation was
carried out at the same sitting.

Definitions.
For the purpose of this experiment it was arbitrarily

defined that collateral circulation through the anterior
segment of the circle of Willis was classified as:

(1) " Good" if in addition to the ipsilateral arteries,
the contralateral anterior and middle cerebral arteries
were filled (Fig. 1).

(2) " Poor " if the contralateral anterior cerebral
artery was filled, the contrast medium not entering the
contralateral middle cerebral artery (Fig. 2).

(3) " Absent " if only the ipsilateral middle cerebral
artery, or the ipsilateral middle and anterior cerebral
arteries were visualized (Figs. 3 and 4).
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C. B. SEDZIMIR

Results and Discussion
In a high proportion of cases of " absent" or

" poor " collateral circulations, besides carrying out
the test bilaterally, a second and even a third
estimation was performed at intervals of a few days
to five to six weeks.

Only in 14 patients was the collateral circulation
found to be different when tested on separate occa-
sions and only these are included twice in the total
number of the tests. For this reason it is stated
that in 712 patients the number of collateral circula-
tions tested was 726, though in fact it was a much
larger number.
Of the 726 tests (Table I), in 52 the collateral

circulation was "absent" (71 %); in 171 it was
" poor " (23-6%); and in 503 it was " good"
(69-3 %).

TABLE I
STATE OF COLLATERAL CIRCULATION IN 712 PATIENTS

Total no. of patients.712
Total no. of collateral circulations tested 726
Good.503 (69-3 %)
Poor.171 (23-6%)
Absent.52 (7-1 %)

Grouping together all the "vascular conditions"
(Table II), there were 364 patients in whom 378
tests were performed. Of these, 31 (8-2%) were
defined " absent ", 87 (23 %) " poor ", and 260
(68-8 %) " good" (Table III). The difference
between this group and the overall numbers is
trifling.

TABLE II
VASCULAR CONDITIONS

Bleedinganeurysms.. 155
Subarachnoid haemorrhage, aetiology not disclosed on

angiography..126
Bleeding arteriovenous anomaly..33
Massive cerebral haemorrhage, aetiology not disclosed on
angiography. 5

Non-bleeding aneurysm or arteriovenous anomaly 11
Arterial thrombosis .. 33

Total.363

TABLE III
STATE OF COLLATERAL CIRCULATIONS RELATED TO

VASCULAR CONDITIONS

Vascular Conditions

No. of patients .364
No. of collateral circulations tested 378
Good .. .. .. .. .. .. 260 (68-8 )
Poor ..87 (23%.)Absent .. 31 (8-2%)

On the other hand it was only in this particular
group that in 14 patients the collateral circulation
was found different when tested on separate occa-
sions. They constitute approximately 4% of the
vascular cases and 2 % of the overall numbers.

The conditions in which the test was performed in
the remaining 348 patients are shown in Table IV.
The collateral circulation was found to be absent
in 21 (6%), poor in 84 (24%), and good (Table V)
in 243 (70%).

TABLE IV
CONDITIONS OF TEST IN REMAINING PATIENTS

Tumours 120
Epilepsy 67
Degenerative.37
Head injury.13
Chronic subdural haematoma 7
Migraine 15
Miscellaneous.89

Total.348

TABLE V
STATE OF COLLATERAL CIRCULATION IN NON-

VASCULAR CONDITIONS

Non-vascular Conditions

No. of collateral circulations tested 348
Good .. 243 (70%)
Poor ...* .* 84 (24%)
Absent ..21 (6%)

Once again it is evident that there was only an
insignificant difference of the percentages of absent,
poor, and good collateral circulations between the
non-vascular and vascular conditions as well as the
overall numbers (cf. Tables I, II, and V).
The analysis of the influence of age on the

anatomical channels of collateral circulation across
the anterior cerebral complex occasioned the greatest
surprise.
Of the total of 726 tests, 516 fell in the age

groups 1-49 years inclusive (the youngest patient
was 6 months old). In 37, the collateral circulation
was absent (7 2%), in 122 was poor (23-6%), and
in 357 (69 2%) was good. Two hundred and ten
tests were performed in the age group 50-70+ (the
oldest patient was 74). In 15 (7-1 %), it was absent,
in 49 (23-3 %) it was poor, and in 146 (69 6 %) it was
good (Table VI).

TABLE VI
STATE OF COLLATERAL CIRCULATION

RELATED TO AGE

Age 0-49 Age 50-70+
No. of tests 516 No. of tests 210
Good 357 (69-2%) Good 146 (69 6%)
Poor 122 (2366%) Poor 49 (23-3%)
Absent 37 (7 2%) Absent 15 (7 1%)

Evidently there is no real difference between the
collateral circulation across the anterior segment
of the circle of Willis in the under-50s and the over-
50s. These percentages are, in turn, practically
identical with the findings obtained by analysis of
the aetiological groups.
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ANGIOGRAPHIC TEST OF COLLATERAL CIRCULATION

It was thought unimportant to work out statistics
for subdivisions of the aetiological conditions
enumerated in Tables II and IV or to subdivide the
ages into decades. The small numbers of tests in
each such subdivision would make any statistical
analysis impracticable.
Poor collateral circulation was found in this

series to be in the order of 23 to 24%, irrespective
of age or pathology. Compression of the opposite
internal carotid artery was digital and percutaneous.
It is, therefore, conceivable that a proportion of this
percentage was the result of an inefficient com-
pression. Thus, what may have been cases of good
collateral circulation became poor, according to the
adopted definition, and this may have occurred in
±10% of tests. In another, as yet indefinite per-
centage, the primary source of collateral circulation
was presumably through the posterior segment of
the circle of Willis. A full experimental study is still
needed here.

Finally, some cases classified in this group were
due to the dynamic influences which are less
generally appreciated but have been discussed by
some authors (Sweet and Bennett, 1948; Shenkin,
Harmel, and Kety, 1948; Shenkin, Cabieses, van
den Noordt, Sayers, and Copperman, 1951; Stern,
1953; Strobos and Mount, 1953; Brown, 1955).
The circle of arterial channels at the base of the

brain known to us as the circle of Willis was recently
the subject of an admirable review by Sir Charles
Symonds (1955). The anterior segment of this circle
comprises the supraclinoid segment of the two
internal carotid arteries, proximal segments of the
anterior cerebral arteries which are joined together
by the anterior communicating artery. This arterial
complex may be defective as a result of a congenital
abnormality. It may take the form of an absent, or
grossly underdeveloped anterior communicating
artery or a similar condition involving the proximal
segment of one anterior cerebral artery. When this
last anomaly is present the arteriographic appearance
or the post-mortem anatomical dissection shows the
two anterior cerebral arteries as an integral system
of one internal carotid artery. The other internal
carotid artery has as its main branch the middle
cerebral artery. It then takes no part in the forma-
tion of the anterior segment of the circle of Willis.
The collateral circulation in such cases is absent,
but the angiographic test must be performed bilater-
ally and repeated at a second investigation. When
these criteria were fulfilled only a very few cases of
such an anomaly were proved, and usually though
nct exclusively in the presence of an aneurysm of
the anterior cerebral arterial complex. This com-
bination is well known although sometimes over-
emphasized.
6

As stated previously, in the groups of patients
with vascular pathology there were 14 out of 364
in whom different results were obtained when the
test was performed on separate occasions (4 %).
The reason for the alterations was segnental spasm
affecting the part of the circle under discussion.
All these were cases of intracranial bleeding from a
verified aneurysm subjected to angiography from a
few hours to a few days after the haemorrhage. The
test was repeated at intervals varying from a few
days to three weeks. In each of these patients an
absent or poor collateral circulation became poor
or good accordingly. Although the patients with
arterial anomalies and arterial spasm represent only
a small percentage of the vascular cases, they must
be taken into careful consideration when contem-
plating surgical treatment of intracranial haemor-
rhage. It was felt important to draw attention to
these cases. Moreover, having done so, it is re-
emphasized that absent collateral circulation was
found in 31 patients (8-2%) in this group. In the
groups comprising all other pathological conditions,
there were 21 (6%) patients out of 348. The differ-
ence of 2-2% is of no great significance in a series
of this size.
The limitations of this angiographic experiment

must be acknowledged, since it can never be an
absolutely true image of the circulation. The lack of
an apparatus in this Centre which would allow
taking more than three exposures is highly regretted.
Despite these reservations, it is felt that the most
interesting finding in this series is the apparent
refutal of the common belief that age materially
affects the collateral circulation through the circle
of Willis. It may be that in younger age groups
bleeding conditions and anatomical anomalies play
a greater part, whereas in the older groups dynamic
influences predominate as factors affecting the
collateral circulation. It is also true that there were
516 patients in the group of under 50 years of age
and only 210 in the group over 50. Nevertheless, in
the former group collateral circulation was absent
7f2% (37 times), poor 23.6% (122 times), while in
the latter it was absent in 7 1 % (15 times) and poor
in 23-3% (49 times) (Table VI). These percentages
are identical and it is felt that they cannot be
disregarded.
Under the conditions of this experiment, the

anterior segment of the circle of Willis seemed
anatomically and dynamically an admirable device
for the carriage of the blood supply in health and
its redistribution in stress.

Summary
An angiographic test estimating the collateral

circulation through the anterior segment of the
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68 C. B.

circle of Willis has been carried out in 712 patients.
The results were analysed in relation to age and

pathology.
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Myeloid Cells in Cerebrospinal Fluid. A. I. Spriggs
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Book Reviews

Index to Volume 21

A number of copies are still available and may be obtained from the Publishing Manager, British
Medical Association, Tavistock Square, W.C.1, price 17s. 6d.
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