
494

Migraine is a complex neurological phenomenon presenting
some characteristics typical of a vascular brain disorder.1
Lovrencić-Huzjan studied intracranial circulation with Doppler
scanning in 1998 and found a significantly greater prevalence of
vertebral artery hypoplasia in migraineurs with aura (MWA)
compared to controls2. Since 2005, further studies have
evaluated the Circle of Willis (Circle) in migraineurs using
magnetic resonance imaging (MRI), a more reliable method
than Doppler.3,4 These studies are not conclusive however, being
either retrospective, small, or having examined only some of the
Circle’s possible variant morphologies. Despite these draw-

ABSTRACT: Background: Some reports demonstrated vascular alterations in brain magnetic resonance imaging (MRI) in migraineurs
and a relationship between circle of Willis (Circle) variants and lacunar brain infarcts. We examined anomalies of the whole circle of
Willis and their relationship with vascular brain lesions in migraineurs, to identify any possible vascular mechanism in migraine.
Methods: We studied, with a cohort controlled study, the circle of Willis in migraineurs seen consecutively in our Headache Center, and
in non-headache controls, using angio-MRI of the brain. Statistical analysis used ANOVA, Scheffè’s criterion, t-student test. Results:
We recruited 270 migraineurs (204 without aura (MWOA), 66 with aura (MWA) and 159 controls. Migraineurs presented an anatomical
variant in 108 (40%) cases with 34 controls (21.4%) presenting a variant. We found a significant association between MWOA and
variants (OR=2.4 CI95% [1.5 to 3.9]) and between MWA and variants (OR=3.2 CI95% [1.6 to 4.1]). Unilateral posterior variants with
basilar hypoplasia are statistically associated only with MWA compared to controls (OR=9.2, CI95% [2.3 to 37.2]). Thirty-three percent
of MWOA and 24% of MWA sufferers present some kind of brain lesion, included 2% of infra-tentorial lesions. We did not find any
statistical association between the presence of Circle variants and ischemic lesions on MRI (OR=1.5 CI95% [0.68; 1.94]), or with infra-
tentorial lacunar lesions (OR=1.58 CI95% [0.48 to 5.24]). Conclusions: Anatomical variants of the Circle of Willis are significantly
more frequent in migraineurs; posterior anomalies are more frequent in MWA, suggesting a vascular mechanism provoking changes in
cerebral blood flow, thereby stimulating cortical spreading depression.

RÉSUMÉ: Les variantes anatomiques de l’hexagone de Willis et du cerveau. Contexte : Certaines publications font état d’altérations vasculaires à
l’IRM du cerveau chez les migraineux et d’une relation entre des variantes de l’hexagone de Willis et les infarctus cérébraux lacunaires. Nous avons
examiné les anomalies de tout l’hexagone de Willis et leur relation aux lésions vasculaires du cerveau chez des migraineux afin d’identifier un
mécanisme vasculaire possible dans la migraine. Méthode : Nous avons effectué une étude de cohorte contrôlée chez des patients migraineux, ayant
consulté de façon consécutive à notre clinique de céphalée, et chez des témoins non migraineux pour étudier l’hexagone de Willis par angio IRM
cérébrale. Les données ont été analysées par les méthodes statistiques suivantes : l’ANOVA, le critère de Scheffe et le test t de Student. Résultats : Nous
avons recruté 270 patients migraineux, soit 204 sans aura (MSA) et 66 avec aura (MAA), et 159 témoins. Cent huit migraineux (40%) et 34 témoins
(21,4%) étaient porteurs d’une variante anatomique. Nous avons constaté une association significative entre la MSA et les variantes anatomiques (RR
= 2,4 ; IC à 95% 1,5 à 3,9) et entre la MAA et les variantes anatomiques (RR = 3,2 ; IC à 95% 1,6 à 4,1). Les variantes postérieures unilatérales avec
hypoplasie basilaire sont associées statistiquement avec la MAA seulement par rapport aux témoins (RR = 9,2 ; IC à 95% 2,3 à 37,2). Trente-trois pour
cent des patients atteints de MSA et 24% de ceux atteints de MAA ont une lésion au cerveau, dont 2% de lésions sous-tensorielles. Nous n’avons pas
constaté d’association statistique entre la présence de variantes de l’hexagone de Willis et la présence de lésions ischémiques à l’IRM (RR = 1,5 ; IC à
95% 0,68 à 1,94) ou de lésions lacunaires sous-tensorielles (RR = 1,58 ; IC à 95% 0,48 à 5,24). Conclusions : Les variantes anatomiques de l’hexagone
de Willis sont significativement plus fréquentes chez les patients migraineux. Les anomalies postérieures sont plus fréquentes dans la MAA, ce qui est
en faveur d’un mécanisme vasculaire provoquant des changements dans le flux sanguin cérébral, stimulant ainsi une dépression se propageant au cortex.
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backs, a complex picture seems to be emerging, with some
studies implying that migraineurs may be more at risk from
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ischemic brain lesions,5 and others, such as the one conducted
by van der Grond et al in 2004, that describe fetal configurations
of the Circle that appear to protect against lacunar brain infarcts
in elderly patients.6 Using these data as a basis, we undertook a
MRI study of the circle of Willis in both migraineurs and a
control group of non-headache patients, with the objective of: 1.
documenting Circle morphologies, and 2. uncovering any links
between Circle variants and the presence of gliotic areas or
infarcts in the brain in migraineurs.

PATIENTS AND METHODS
This is a cohort controlled study undertaken from January

2005 to December 2007. We recruited two groups of subjects: a
study group of migraineurs and a control group of people without
any headache type. Eligible patients were individuals suffering
from migraine seen consecutively at the out-patient headache
center of our hospital from January 2005 to December 2007. A
diagnosis of migraine was made according to the International
Headache Classification currently in use and patients with other
headache diagnoses were excluded from the study.1 For each
patient we recorded age, sex, type of migraine (with or without
aura), age of onset, frequency (number of days per month with
headache at time of recruitment with mean value calculated over
the previous three months) and concomitant disorders. All study
patients underwent a general medical and neurological
examination, routine blood tests and brain MRI with angiogram
sequences (Angio-MRI). The controls were all consecutive
individuals undergoing brain MRI in the hospital’s department of
radiology with headache as the only criterion of exclusion from
this group. For each control we recorded age, sex and the illness
for which MRI was being performed. Recruitment of controls
was done by radiologic technicians and radiologists blindly
evaluated Angio-MRIs and MRIs for all patients. Brain lesions
were not annotated for controls. Written informed consent was
obtained from both groups, as required by Italian law. Magnetic
resonance scans were performed using Philips 1T release Intera
or Achieva apparatus. Sequences used were: T1 SE (TR 360, TE
12, Fov 340 mm, Thickness 6 mm), DP T2 SE (TR 2200, TE
20/90, Fov 290, Thickness 6 mm), FLAIR (TR 6000, TE 120 , TI
2000, Fov 270, Thickness 6 mm) and DW (TR 4300, TE 104,
Fov 250, Thickness 6). The angio sequences were acquired using
T13D FFE protocol (TR 25 ms, TE 4,7 ms, Flip Angle 20°, head
coil, field of view 220 mm, matrix reconstruction 512 and slice
thickness 0.5 mm), subsequently reformatted in post processing
using MIP (maximum intensity projection) reconstruction (AP,
RL, FH, 12 slices, 15°) and multiplanar reformatting
reconstruction. We divided anatomical variants observed in the
Angio-MRI into three main types, as follows:
1. Normal Circle of Willis, comprising both anterior cerebral

arteries, anterior communicating artery, both medial cerebral
arteries and both posterior cerebral arteries emerging from the
basilar artery.

2. Anterior variants: anterior Circle anomalies with hypoplasia
or displacement of anterior cerebral artery and/or anterior
communicating artery.

3. Posterior variants: posterior Circle anomalies, including
partial or complete fetal configuration of posterior cerebral
arteries, with or without basilar hypoplasia. In the posterior
circle, any abnormality of the basilar artery was noted.

Definition of type of variants considered the articles by
Hartkamp et al,7 and by van der Grond et al6. Basilar artery
hypoplasia definition was adapted from Hartkamp et al,7 though
after considering a sample of our resident general population,
where the mean diameter of basilar arteries was found to be
around 3.5 mm we took, as hypoplastic, basilar arteries with a
diameter of less than 1.5 mm (95% centile). This value is slightly
greater than that suggested by Krabbe and Hartkamp in their
article8, who found an average diameter of around 3 mm,
narrower than ours by 0.8 mm.
Brain lesions were divided into two main groups, as below:
1. Small, deep white matter lesions less than 5 mm in diameter.
2. Larger lesions [lacunar (lesions with diameter of 5-15 mm)9

or major ischemic lesions] greater or equal to 5 mm in
diameter. Confluent lesions were included in this group.
Where dilated Vircow-Rubin spaces were observed, they

were not considered as brain lesions. We defined these two types
of brain lesion by adapting definitions from van der Grond et al6.

When we originally designed the study in 2004, we estimated
Circle variants as being present in around 50% of the healthy
population, requiring 116 individuals in both groups in order to
arrive at a 5% significance level, with 90% power and OR (Odds
Ratio) >= 2.5. We used the chi-square test and OR to assess the
association between items such as gender, migraine, presence of
circle of Willis variants on Angio-MRI, and the presence of
gliosis or ischemic lesions on MRI. ANOVA was used to test the
association between age and study groups and multiple
comparisons were performed using Scheffè’s criterion. The T-
Student was used to test the association between age at headache
onset, headache frequency and study group, with significance
taken at the 0.05 level. We performed a post hoc analysis
concerning the sub-groups defined by the different sub-variants
of the Willis' circle: that is, anterior variants (unilateral, bilateral)
and posterior variants (unilateral, unilateral with basilar
hypoplasia, bilateral, bilateral with basilar hypoplasia). All
statistical analyses were performed using the SAS System
statistics package Ver.9.1.

RESULTS
We recruited 270 patients with migraine and 159 controls.

The study group included 204 migraine patients without aura
(MWOA) and 66 with aura. Characteristics of the study
population are included in Table 1. Migraine patients were
significantly younger than controls. There was no difference in
mean age of headache onset between MWOA and MWA
patients. Patients with MWOA did however have a higher
frequency of migraine attacks than those with MWA. Sub- group
analysis did not show any difference in mean number of
headache episodes among the groups of Circle variants. The
migraine group presented a wide variety of co-morbid disorders
and during statistical work-up we paid particular attention to
those that related directly to vascular brain lesions. In the control
group, pathologies for which MRI was being performed
included several disorders, either confirmed or suspected, with
the only prevalent being cerebrovascular disease (63 cases: 40
ischemic, 10 transient ischemic, 5 bleeding, 5 aneurysm, 1
cavernoma, 1 venous thrombosis, 1 internal carotid stenosis).
Other disorders were: cranial nerve disorders (20 cases),
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epilepsy (24 cases), dementia (1 case), liquoral hypotension (1
case), Horner's Syndrome (1 case), amyotrophic lateral sclerosis
(1 case), stupor (1 case), multiple sclerosis (2 cases), infection (2
cases), pseudotumor coerebri (1 case), hereditary ataxia (1 case),
inflammatory diseases (3 cases), dizziness and vertigo (14
cases), genetic disorders (2 cases), trauma (3 cases), loss of
consciousness (12 cases), neoplasia (2 cases), and psychiatric
disorders (5 cases). Variants of the circle of Willis, their
distribution and statistical association with migraine typology

are described in Table 2. Data have been sex-adjusted during
statistical analysis, without any significant difference for sex
being found. In our study, 60% of migraine subjects presented a
normal Circle of Willis (162 individuals) and 40% an anatomical
variant, (108 subjects). Of the control group, 78.6% (125
subjects) had a normal circle and 21.4% a variant one (34
subjects): see Table 2. Statistical analysis demonstrated a
significant association between Circle variants and both MWOA
(OR=2.4 CI 95% [1.5 to 3.9]) and MWA (OR=3.2 CI 95% [1.7

MWOA: Migraine Without Aura; MWA: Migraine With Aura; OR: Odds Ratio; MD: Mean Difference; (SD): Standard Deviation; [N]:sample size;
[95%CI]: 95% Confidence Interval; (*) OR >1 statistically significant association between sex (female) and presence of migraine ; (a) Sheffè’s crite-
rion; (b) (MWOA vs MWA); (**) OR >1 statistically significant association between presence of cardiovascular disorders and presence of migraine
MWA; (***) MD statistically significant.

Table 1: General characteristics of the study population

MWOA: Without Aura, MWA: With Aura; OR: Odds Ratio; [95%CI]: 95% Confidence Interval; (*) OR >1 statistically significant association
between presence of variants and their type, and migraine, sex adjusted.

Table 2: Variants of the circle of Willis and their distribution and statistical association with migraine typology
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to 6.1]) – after control for gender. Sub-group analysis evidenced
an association between the presence of posterior Circle
anomalies and migraine typology, with the presence of basilar
artery hypoplasia statistically associated only with MWA
compared to controls (OR=9.2 CI95% [2.3 to 37.2]) (see Table
2). Circle variants were similarly distributed in both sexes (chi2

= 0.831 df=1 p=0.362; OR=0.81 95% CI [0.52 to 1.27]), within
control, MWOA and MWA groups (OR=0.70 95% CI [0.44 to
1.12]). Brain lesions evidenced by MRI were assessed only for
the migraine group (270 cases), with lesion types and migraine
group compared in Table 3. In our population, 33% of MWOA
and 24% of MWA sufferers presented some kind of lesion. These
were mainly lacunar lesions in MWOA patients, with both
lacunar and gliotic lesions present in MWA subjects (Table 3).
The most common site for brain lesions was the sub-cortical
supra-tentorial region, with only about 2% of MRI scans
demonstrating infra-tentorial lacunar lesions. Data analysis
showed no evidence of association between the presence of
lesions and headache type (OR=0.6 CI 95% [0.3 to 1.2]), even
after control of gender and co-morbid conditions. There were no
associations between the presence of Circle variants and
ischemic lesions on MRI (OR=1.5 CI 95% [0.68; 1.94]), or
variants and infra-tentorial lacunar lesions (OR=1.58 CI 95%
[0.48 to 5.24]).

DISCUSSION
Circle of Willis variants

The migraineurs in our study presented a variant Circle in
40% of cases. We found a significantly higher percentage of all
types of Circle variants in migraineurs when compared to
controls: for MWA, a unilateral posterior circle variant together
with basilar artery hypoplasia was found to be significantly more
frequent than in controls. Our study is the first to consider all
Circle variant types in migraineurs with and without aura,
compared to non-selected non-headache controls using a large
study population. A previous study, conducted on the frequency

of vascular malformations in a migraine population,3 provided
very limited information on the presence of anatomical Circle
variants. In addition, the study was retrospective and lacked
precise data on migraine and Circle variant typology. Very
recently, Bugnicourt has also reported a similar link between
incomplete posterior circle of Willis and migraine with or
without aura (48% incomplete circle in migraineurs and 18% in
controls), although in a smaller study population.10 Ikeda et al
compared a group of migraineurs (MWA 63, MWOA 422) and
healthy controls (481) for the presence of fetal Circle variants
only, without finding any significant difference between the two
groups.4

To check for chance, we recruited as controls a non-selected
population undergoing brain MRI for various diagnoses, the only
criterion for inclusion being the absence of headache. Almost
50% of controls were being scanned for suspected cerebro-
vascular disorders; sub-analysis subsequently demonstrated that
Circle variants have the same prevalence in this group, 21%, as
the control group as a whole, with no difference in frequency of
variant types. In our study, the non-headache population
presented a complete Circle in around 79% of subjects. In the
available literature, the articles by van der Grond6 and
Bugnicourt10 report data similar to our own with higher
percentages of complete Circles in both patients and controls.
This percentage is greater than the level generally accepted as
average in the literature, which estimates normal Circles as
occurring in 50% of the general population,4,7,8,11 probably
because these percentages were calculated in controls groups
never selected for presence or absence of headache, a disorder
with a very high prevalence in the general population. The
difference in age between migraineurs and controls in our study
should not impact on the prevalence of Circle variants in the two
groups, as both can be considered as falling within adult middle
age. Age is, in any case, of relative interest here, given that
intracranial arteries begin to develop between the 20th and 30th
week of intra-uterine life,12 are completed by the time of birth
and remain unaltered thereafter.

MWOA: Without Aura, MWA: With Aura; OR: Odds Ratio; [95%CI]: 95% Confidence Interval.

Table 3: Association between types of MRI lesions and types of migraine
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Brain lesions
No significant relationship between circle of Willis

morphology and brain lesions emerged from our study with, in
particular, no link between a specific Circle morphology and the
presence of infra-tentorial lacunar lesions. The influence of co-
morbid conditions in the migraine group was evaluated after data
analysis had been performed. The presence and type of brain
lesion has been analyzed in our migraine population, as a whole
and also in relation to Circle anomalies. In our population 33%
of MWOA and 24% of MWA sufferers presented some kind of
brain lesion. These were mainly lacunar lesions in MWOA
patients, with both lacunar and gliotic lesions present in MWA
subjects (Table 3). The most common site for brain lesions was
the sub-cortical supra-tentorial region, with only about 2% of
MRI scans demonstrating infra-tentorial lacunar lesions. Kruit's
study reported an 8% level of minor vascular lesions and deep
brain gliosis with no significant differences between migraineurs
(both MWOA and MWA) and controls, plus an incidence of
around 5% lacunar cerebellar lesions5,13 and 4% of brainstem
lesions in the headache group14. Our study populations presented
higher levels of minor brain lesions, compared to Kruit's,
perhaps explained by the fact that we based our study in a
hospital out -patient department while Kruit used samples taken
from the general population. The percentage of lacunar
cerebellar lesions in the headache population was similar,
however, perhaps explained by more posterior circle anomalies
in migraineurs. Multivariate analysis of co-morbid conditions,
migraine type and circle of Willis variants, did not evidence any
significant relationship with brain lesions, the only exception
being a significant prevalence of cardiovascular diseases in the
MWA group when compared to MWOA. That the combined
effects of basilar artery hypoplasia together with certain types of
cardiovascular disease might produce aura in MWA patients via
a mechanism provoking alterations in cerebral blood flow and
therefore cortical spreading depression, seems an interesting
hypothesis requiring further investigation. In fact, cortical
spreading depression may also be triggered by cerebral
ischemia,15,16 in patients known to suffer from alterations in
cerebral blood flow.17 Very recently Wentland documented a
significant lower blood flow in posterior cerebral areas in the
same side of unilateral fetal configuration of circle of Willis,
mimicking cerebrovascular disease.18 This report, together with
our results of a significative link between unilateral fetal variant
plus basilar hypoplasia and MWA, seems to uphold the
hypothesis that aura could have a vascular ethiopathogenesis.
Cucchiara recently suggested that all possible causal
mechanisms, including vascular and endothelial disorders plus
the presence of circle of Willis variants, should be considered
when studying migraineurs, in order to “classify migraine
patients according to specific factors contributing to their
disease, which might have implications in selection of
therapeutic strategies”.19 Mull et al concluded that an incomplete
circle of Willis should be regarded as a risk factor in hemispheric
low-flow infarcts,20 although this idea seems to be in direct
contrast with other work reporting on the protective action of
fetal circle variants on deep brain lesions.6 How the frequent
association of Circle variant morphologies and migraine relates
to the pain of migraine or the presence of ischemic brain lesions
has yet to be answered. Migraine runs in families21,22 and there

may well be a genetic link between it and the inheritance of
circle of Willis anomalies.23 The pain of migraine may, in turn,
find an explanation among the numerous current theories on the
pathogenesis of the disorder, many of which are also linked to an
increased risk of stroke17 although, of course, this may prove to
be an epiphenomenon and not causal at all.
CONCLUSIONS

Migraineurs present more variants in the circle of Willis than
non-headache controls. These variant morphologies occur with
similar frequency in both MWOA and MWA, except for
posterior unilateral anomalies with and without basilar
hypoplasia, which are more frequently found in MWA. The
presence of circle of Willis variants does not appear to either
increase nor decrease the formation of ischemic brain lesions,
however. In MWA sufferers, the neuro-vascular phenomenon of
cortical spreading depression could be stimulated by alterations
in cerebral blood flow which, in turn, might be related to a
prevalence of posterior circle variants together with basilar
artery hypoplasia in these patients. Very probably, variants of the
circle of Willis constitute part of the anatomy of the migraineurs
phenotype.
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