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The circle of Willis in healthy older persons

C. MACCHI', R. MOLINO LOVA?1, B. MINIATIT, M. GULISANO?, C. PRATESI3, A. A. CONTI'. 4, G. F. GENSINI!. 4

Background. The current indication for carotid surgery
is based upon the percentage of stenosis of the internal
carotid artery. This approach shows many limitations,
one of which is to presume the anatomical complete-
ness of the circle of Willis in all patients who are eval-
uated. On the contrary, there is increasing evidence of
a great natural variability in the configuration of the
circle of Willis.

Metbods. The aim of the present paper was to investi-
gate, by magnetic resonance angiography, the variability
of the circle of Willis in a cohort of 118 healthy older
persons.

Results. The circle of Willis showed an entirely com-
plete configuration in 47% of the subjects, a complete
configuration of its anterior part in 90% of the subjects,
and a complete configuration of its posterior part in
48.5% of the subjects.

Conclusions. These findings confirm the great variability
of the circle of Willis even in healthy older persons and
suggest that, in indicating carotid surgery, the configu-
ration of the circle of Willis should also be taken into
account.

Key worbs: Circle of Willis - Cerebrovascular accident - Carotid
stenosis, surgery - Aged - Magnetic resonance angiography.

he current indication for carotid surgery is based
upon the percentage of stenosis of the internal
carotid artery.

A recent statistical review ! of the results of the
NASCET 2 3 and of the ECST + 5 has shown that in
symptomatic patients with severe stenosis (NASCET
>70% = ECST >80%) surgery reduces the relative risk
of lethal or disabling ipsilateral stroke by 48% (95%
CI = 27-73%) and that the number of patients needed
to be operated on to prevent one lethal or disabling
stroke is 15 (95% CI = 10-31). In symptomatic patients
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with less severe stenosis (NASCET 50-69% = ECST
70-79%) surgery reduces the relative risk of lethal or
disabling ipsilateral stroke by 27% (95% CI = 15-44%)
and the number of patients needed to be operated
on to prevent one lethal or disabling stroke is 21 (95%
CI = 11-125). Furthermore, the statistical review ¢ of
the results of the ACAS 7 has shown that in asymp-
tomatic patients, though there is some evidence
favouring surgery, the effect is, at best, barely signif-
icant and extremely small in terms of absolute risk
reduction.

These results are not as brilliant as one would
expect, probably because the approach to the pre-
vention of major strokes just based upon the per-
centage of stenosis shows some limitations. The most
obvious is to presume the anatomical completeness
of the circle of Willis in all the patients who are eval-
uated. On the contrary, there is increasing evidence
of a great natural variability in the configuration of
the circle of Willis.8 The authors themselves have
already demonstrated, by using Magnetic Resonance
(MR) angiography, the great natural variability in the
configuration of the circle of Willis in a cohort of
healthy subjects whose age ranged between 20 and
82 years.?

The aim of the present paper was to focus on the
variability of the circle of Willis in a cohort of healthy
older persons, investigated by using MR angiography.
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TasLE IL.—Configuration of the circle of Willis in 118 healthy older persons.

No of hypoplastic No. ; i Sex Side Part
O absSERtvessels of subjects Hypoplastic or absent vessels
M F L R C A P
None 54 — 28 26 _— - — —
1 15 Posterior communicating artery 7 3 11 ! — — 15
8 Pre-communicating segment of posterior cerebral artery + 4 ] 2 — — &
3 Anterior communicating artery 1 2 — — 3 3 ==
2 17 Both posterior communicating arteries 10 7 1§74 17 — — 34
5 Both pre-communicating segments of posterior cerebral artery 1 4 5 5 — — 10
% Left pre-communicating segment of posterior cerebral artery+ B % 7 — — 14
right posterior communicating artery
K Anterior communicating artery+ 3 1 4 — 4 4 4
left posterior communicating artery
3 Left pre-communicating segment of anterior cerebral artery+ 1 2 6 — — 3 3
left posterior communicating artery
1 Left pre-communicating segment of anterior cerebral artery+ — 1 2 — — 1 1
left pre-communicating segment of posterior cerebral artery
3 1 Left pre-communicating segment of anterior cerebral artery+ 1 s 2 1 —= 1 2
left posterior communicating artery+
right posterior communicating artery
Total 118 60 58 60 36 7 12 91

Materials and methods

One-hundred-eighteen healthy volunteers, 60 males
and 58 females, aged from 65 to 88 years (mean
75.94S.D. 4.9) underwent MR angiography of the
circle of Willis. Sixty-nine subjects (58%) belonged to
the series previously published by the authors.? and
49 subjects (42%) were newly recruited. All the sub-
jects signed the informed consent to be included in
the study.

A preliminary echo-Doppler evaluation of carotid
and vertebral arteries excluded any extracranial vas-
cular disease. No history of previous adverse cereb-
rovascular event was reported. No subject was affected
by hypertension, diabetes mellitus or other major
systemic diseases.

Three-dimensional time-of-flight MR angiographies
(3D-TOF-MRA) were performed using a NT-1.5 Gyro-
scan apparatus from Philips Medical Systems (200x200
mm field of view, 256x256 matrix size, 0.61 sq.mm
pixel area, 0.78x0.78 mm pixel resolution), as sug-
gested by Krabbe-Hartkamp.® Fifty 1.2 mm thickness
sections, with 0.6 mm overlap, were acquired.

Circles of Willis were classified as deficient if one
or more of the component segments were hypoplastic
(diameter <0.8 mm) or absent.®

Attention was paid to differentiating the poste-

888

THE JOURNAL OF CARDIOVASCULAR SURGERY

rior communicating artery from the anterior chor-
oidal artery, both originating from the internal carotid
artery and with a backward course: only the vessel
also communicating with the posterior cerebral
artery was considered as a posterior communicating
artery.

Posterior cerebral arteries whose main stem origi-
nated from the ipsilateral internal carotid artery, instead
of from the basilar artery, were defined as fetal-type
posterior cerebral arteries.

The analysis of variations of the circle of Willis
focused on the anatomical completeness of the circle
itself. Less hemodynamically important variants of the
circle, such as the partial fusion of the two anterior
cerebral arteries or the presence of accessory ante-
rior or middle cerebral arteries, were not considered
“anomalies” for this study.

The 2 test was used to compare the prevalence of
incomplete circle in males and females, right versus
left side and anterior versus posterior part of the circle
of Willis.

Results

The circle of Willis showed an entirely complete
configuration in 47% of the subjects, a complete ante-
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Fig. 1.—3D-TOF-MRA showing an example of absence of the left
posterior communicating artery.

rior part of the circle in 90% of the subjects, and a
complete posterior part of the circle in 48.5% of the
subjects. Fetaltype posterior cerebral arteries were
present in 18% of the cases.

Table T shows the various types of configuration
of the circle of Willis found in the study population.

Twenty-six subjects showed one hypoplastic or
absent vessel, thirty-seven subjects showed two hypo-
plastic or absent vessels, and one subject showed
three hypoplastic or absent vessels.

A total of 103 vessels were hypoplastic or absent:
12 in the anterior and 91 in the posterior part of the
circle, 60 in the left side, 36 in the right side and 7 in
the central part of the circle (anterior communicating
artery).

Both in men and in women, the prevalence of an
incomplete circle was more frequent in the posterior
part and on the left side of the circle. The most fre-
quent anomaly was, in fact, hypoplasia or absence
of the left posterior communicating artery (32% of
men and 29% of women). Figures 1 and 2 show,
respectively, an example of absence of the left pos-
terior communicating artery and of absence of both
posterior communicating arteries.

The prevalence of incomplete circle of Willis was
similar in men and in women, even when the com-
parison was restricted to the anterior or to the pos-
terior part of the circle.

Compared with the results from the study previ-
ously published by the authors ? the present series
showed a higher, though not statistically signifi-
cant, percentage of normal circle of Willis (47% vs
41%).
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Fig. 2—3D-TOF-MRA showing an example of absence of both pos-
terior communicating arteries.

Discussion

Our findings demonstrate that in healthy older per-
sons the circle of Willis shows an entirely complete
configuration in 47% of cases, a complete anterior
configuration in 90% and a complete posterior con-
figuration in 48.5%.

Before approaching the discussion of our results,
technical limitations of 3D-TOF-MRA need to be made
clear.

The signal intensity of blood flow within a vessel
is dependent on the replenishment of fully magne-
tized spins at the entry of the imaging section.? Accord-
ingly, nonvisualization of a vessel may be due either
to the absence of the vessel or to a very slow or tur-
bulent flow within the vessel itself. Completeness of
the configuration of the circle of Willis evaluated by
using 3D-TOF-MRA is, thus, expected to be under-
estimated, both in healthy subjects that may show a
negligible flow across the communicating vessels due
to the symmetrical blood supply to the circle of Willis,
and in patients with severe stenosis or occlusion of
the Internal Carotid artery that may show turbulent
flow in one or more segments of the circle due to
the presence of collateral pathways.

Though figures largely vary in the literature,
according to the study population (healthy subjects
or patients with cerebrovascular diseases) and to the
method of investigation (autopsy or MR angio-
graphy).s 1016 our findings confirm the great natural
variability in the configuration of the circle of Willis
in a study population of healthy older persons.

Focusing on available data about subjects free from
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extracranial vascular disorders or neurological dis-
eases, which are indeed few in the literature, Alpers
et alll by using anatomical dissection, reported a 52%
prevalence of entirely complete configurations of the
Circle. More recently Ross et al.,'¢ by using three dimen-
sional phase-contrast MR angiography, reported a
detectable flow in both posterior communicating
arteries in 48% of the 50 normal subjects investigated.
Furthermore, Krabbe-Hartkamp,® by using 3D-TOF-
MRA in 150 healthy or “relatively” healthy subjects,
reported a 42% prevalence of entirely complete con-
figurations, a 52% prevalence of complete posterior
configurations and a 74% prevalence of complete ante-
rior configuration. Eventually, Macchi ef al.,® by using
the same technique, reported in a previous paper a
41% prevalence of entirely complete configuration.

Considered as a whole, the results of the present
study are consistent with previously reported data.

Worthy of interest is the fact that compared with
our previous results 2 the present series, made up of
older persons (75.9+4.9 vs 64.7+18 years), showed a
higher, though not statistically significant, percentage
of entirely complete configurations of the circle of
Willis (47% vs 41%).

By using a complex mathematical model, Cassot et
al” have shown that the circle of Willis does behave
as an intracranial blood pressure equalizer and is capable
of fully compensating for the deficit of flow in case of
severe stenosis or occlusion of a feeding vessel.

Furthermore, by using MR angiography, Hartkamp
et al 10 demonstrated that patients with severe carotid
stenosis or occlusion and minor neurological deficits,
are more likely to show a higher percentage of entirely
complete configurations, complete anterior configu-
rations and complete posterior configurations of the
circle of Willis, compared to healthy controls.

An interesting hypothesis to explain these data
might be the following: if the occlusion of a feeding
vessel occurs in a patient with an important incom-
pleteness of the circle of Willis, the chance of sur-
vival is very low. That is why survivors show a higher
percentage of “normal” circle of Willis and why our
older healthy subjects show a higher prevalence of
entirely complete configurations of the circle of Willis.

Conclusions

In conclusion, our findings show that the config-
uration of the circle of Willis may vary largely in
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healthy older persons and that the probability of
showing an entirely complete configuration of the
circle is higher in healthy older persons compared
with younger ones.

This suggests that “incompleteness” of the circle of
Willis might represent a risk factor that should be
taken into the due account even in indicating carotid
surgery.
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