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In a previous study, migraine cases from the general population were found to be at significantly increased risk
of silent infarct-like lesions in the posterior circulation (PC) territory of the brain, notably in the cerebellum. In
this study we describe the clinical and neuroimaging characteristics of migraine cases with and without aura and
controls with PC lesions. In total, 39 PC infarct-like lesions represented the majority (65%) of all 60 identified
brain infarct-like lesions in the study sample (n = 435 subjects with and without migraine). Most lesions (n = 33)
were located in the cerebellum, often multiple, and were round or oval-shaped, with a mean size of 7 mm. The
majority (88%) of infratentorial infarct-like lesions had a vascular border zone location in the cerebellum.
Prevalence of these border zone lesions differed between controls (0.7%), cases with migraine without aura
(2.2%) and cases with migraine with aura (7.5%). Besides higher age, cardiovascular risk factors were not more
prevalent in cases with migraine with PC lesions. Presence of these lesions was not associated with supra-
tentorial brain changes, such as white matter lesions. The combination of vascular distribution, deep border
zone location, shape, size and imaging characteristics on MRI makes it likely that the lesions have an infarct
origin. Previous investigators attributed cases of similar ‘very small’ cerebellar infarcts in non-migraine patients
to a number of different infarct mechanisms. The relevance and likelihood of the aetiological options are placed
in the context of known migraine pathophysiology. In addition, the specific involvement of the cerebellum in
migraine is discussed. The results suggest that a combination of (possibly migraine attack-related) hypoper-
fusion and embolism is the likeliest mechanism for PC infarction in migraine, and not atherosclerosis or
small-vessel disease.
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Introduction

Migraine is a prevalent, chronic, multifactorial neurovascular
disorder characterized by recurrent attacks of debilitating
headache and autonomic nervous system dysfunction
(migraine without aura; MO); up to one-third of patients
also have neurological aura symptoms (migraine with aura;
MA) (Ferrari, 1998; Headache Classification Committee of

the International Headache Society, 1988). Migraine is
commonly thought to be acutely disabling during attacks,
without long-term consequences on the brain. However,
we found in our population-based CAMERA study (n = 435)
that migraine cases had a significantly higher prevalence of
white matter hyperintense lesions and cerebellar infarct-like
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lesions (Kruit et al., 2004). Traditional cardiovascular risk
factors and specific antimigraine medication did not modify
the association between the structural brain changes and
migraine.

In total, 8.1% of 161 cases with MA compared with 2.2% of
134 cases with MO and 0.7% of 140 controls (P = 0.05) had
one or more lesions in the cerebellar region of the posterior
circulation (PC) territory of the brain (Kruit et al., 2004).
The highest risk was in participants with MA with at least
1 attack per month (odds ratio 15.8, 95% confidence interval
1.8-140), compared with controls. These cerebellar lesions
appear as infarcts on MRIs, although none of the patients
had a clinical history of stroke. Clinical infarcts in patients
with migraine were previously suggested (in some clinically-
based studies) to be over-represented in the PC territory,
notably in the occipital lobes, but not infratentorially
(Featherstone, 1986; Broderick and Swanson, 1987;
Bogousslavsky et al., 1988; Rothrock et al., 1988; Shuaib
and Lee, 1988; Sacquegna et al, 1989; Caplan, 1991;
Hoekstra-van Dalen et al., 1996; Milhaud et al., 2001). Reports
that detail the location, size and regional distribution patterns
of such infarcts in patients with migraine are lacking. Also,
little is known about the aetiology of these brain lesions.

Here we describe the clinical and neuroimaging character-
istics of cases from the CAMERA study with PC lesions, relate
these to what is known of migraine pathophysiology, and
provide evidence for an infarct origin of the identified
infarct-like lesions.

Methods
Study population

A complete description of the study population and methods has
been detailed elsewhere (Kruit et al., 2004). In brief, cases and con-
trols were randomly selected from the Genetic Epidemiology of
Migraine (GEM) study, a population-based survey of 6491 Dutch
adults aged 20-60 years living in two representative Dutch muni-
cipalities (Maastricht and Doetinchem). With this procedure we
identified 863 cases of migraine according to International Headache
Society criteria; 54% of the cases had not been previously diagnosed
by a physician (Launer et al, 1999). For the Cerebral Abnormalities
in Migraine, an Epidemiological Risk Analysis (CAMERA) study,
two diagnostic groups (cases with migraine with aura and without
aura) were randomly selected from the earlier population-based
survey cases aged 30-60 years; the control group was randomly
selected from the cohort to frequency-match the cases by sex, muni-
cipality and 5-year age strata. The study protocol was approved by
the ethics committee of the Leiden University Medical Center and
included a structured telephone interview and a clinic visit for a
brain MRI study, drawing of blood, and a standard physical and
neurological examination. A complete protocol was performed
in 435 participants (69% overall response): 134 MO, 161 MA and
140 controls. All participants gave written informed consent and
participated without any financial reimbursement. The clinic visits
took place within 10 days of the telephone interview; patients
with migraine underwent examinations in a headache-free period
(>3 days after a migraine attack).
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Assessment of confounders, covariates and
migraine characteristics

Sociodemographic, medical and migraine characteristics were
assessed by interview. Education was categorized into low (primary
school or lower vocational education) and high. Smoking history was
defined as never, former and current, and, for ever-smokers, pack-
years of exposure. The average alcohol intake in the past year was
based on responses to questions on frequency and quantity of drinks
per occasion and categorized into none, moderate (1-3 drinks per
day) and high (>3 drinks per day). Women reported the number of
years they had used oral contraceptives. Self-reported weight and
height were used to calculate body mass index (weight in kilograms
divided by the square of height in meters). Blood pressure was
the mean of three measurements obtained at 1-min intervals in
the upper arm with an electronic oscillometric blood pressure
monitor (Omron 711; Omron Healthcare Europe, Hoofddorp, the
Netherlands). Hypertension was defined as a systolic blood pressure
of 160 mmHg and higher or a diastolic blood pressure of 95 mmHg
and higher or current use of antihypertensive drugs. A measure of
total cholesterol was available from the baseline examination (Boer
et al., 1998). As previously detailed, migraine cases estimated head-
ache and aura attack frequency, and the frequency and amount of
specific antimigraine medication (ergotamines, triptans) they used in
the years they had migraine attacks (Kruit et al, 2004).

MRI

Brain MRIs were acquired on a 1.5-T unit in Maastricht (ACS-NT;
Philips Medical Systems, Best, The Netherlands) and a 1.0-T unit in
Doetinchem (Magnetom Harmony; Siemens, Erlangen, Germany).
Protocols in the two centres were comparable. Whole brain images
were acquired with 48 contiguous 3-mm axial slices (field of view
22 cm, matrix 190-205 X 256). Pulse sequences included a combined
proton density and T2-weighted fast spin-echo sequence [ACS-NT,
3000/27-120/1/10; Magnetom Harmony, 3000/14-85/2/5; relax-
ation time(ms)echo time(ms)excitations(number)/echo train length
(number; inversion time(ms))] and fluid-attenuated inversion-
recovery sequence (ACS-NT: 8000/100/2000/2/19; Magnetom
Harmony, 8000/105/2000/2/7; relaxation time/echo time/inversion
time/excitations/echo train length).

One neuroradiologist (M.A.v.B.), who was blinded to migraine
diagnosis and clinical data, rated white matter lesions and infarct-like
lesions on hard copies. A complete description of the white matter
lesion rating methods has been given previously (Kruit et al, 2004).
Infarct-like lesions were defined as non-mass parenchymal defects,
with a vascular distribution, isointense to cerebrospinal fluid signal on
all sequences, and, when supratentorial, surrounded by a hyperin-
tense rim on fluid-attenuated inversion-recovery and proton density
images. In total, 60 brain infarct-like lesions were detected in 31
individuals. The location and size of these lesions were recorded.
Supratentorially, Virchow—Robin spaces were discriminated from
infarct-like lesions, based on location, shape, size and absence of
a hyperintense border on proton density and fluid-attenuated
inversion-recovery images (Bokura et al., 1998; Song et al., 2000).

The topography and corresponding dominant arterial territory of
the identified infarct-like lesions were determined according to the
maps by Tatu and colleagues (Tatu et al, 1996, 1998). The PC
territory included all brainstem and cerebellar branches of the
vertebral and basilar arteries, and the posterior cerebral arteries
and their branches. The infratentorial PC infarct-like lesions were
further subclassified as either territorial or junctional (= border zone)
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Fig. | Infratentorial posterior circulation (PC) infarct-like lesions in the cerebellum (n = 33) superimposed over diagram with arterial

territories indicated: the CAMERA study. The size and position of all cerebellar PC infarct-like lesions were copied from hard copy into
the vascular territories template. Territories are supplied by the posterior inferior cerebellar artery (PICA), the medial branch of the PICA
(m PICA), the lateral branch of the PICA (I PICA), the territory of the superior cerebellar artery (SCA), the medial branch of SCA (m SCA),
the lateral branch of SCA (I SCA) or the territory of the anterior inferior cerebellar artery (AICA). Left-sided lesions (coloured red) are

mirrored to the right hemisphere for presentation purposes.

according to previously published criteria (Amarenco, 1991;
Amarenco et al., 1993; Barth et al., 1993; Canaple and Bogousslavsky,
1999). In the assessment of infratentorial PC territory lesions the
following procedure was applied to minimize any form of potential
classification bias. First, the indications of the arterial (sub)territories
were defined in a diagram of the cerebellum and brainstem (Fig. 1,
coloured areas) (Amarenco, 1991; Tatu et al, 1996). Secondly, the
position, shape and size of an infratentorial PC lesion was copied
from hard copy onto a diagram of the cerebellum and brainstem
without the coloured vascular territories (Fig. 1, black lines). This
was repeated for each individual lesion in a separate (empty)
diagram. Thirdly, all separate drawings were superimposed over
the previously defined indications of the arterial (sub)territories
(Fig. 1). Thereafter, each infarct-like lesion was classified as either
territorial or junctional (= border zone). Territorial lesions occupied
the territory of the posterior inferior cerebellar artery (PICA), the
medial branch of the PICA (mPICA), the lateral branch of the PICA
(IPICA), the territory of the superior cerebellar artery (SCA), the
medial branch of the SCA (mSCA), the lateral branch of the SCA
(ISCA) or the territory of the anterior inferior cerebellar artery
(AICA). Junctional lesions were located at the boundary region
(defined as <5 mm from the indicated border in the template)
between two arterial territories.

Statistics

The ¥ test, the unpaired t-test and analysis of variance controlling
for age and sex were used to test for differences in the distributions
and means of measured characteristics among the study groups.
Analyses were conducted with SPSS statistical software (version
10.0.5; SPSS, Chicago, IL, USA).

Results

Table 1 shows data on the prevalence, characteristics and
distribution of the 39 infarct-like lesions identified in the
PC territory. These PC infarct-like lesions represent the
majority (65%) of all 60 identified infarct-like lesions in
the whole brain in the study sample. The percentage of the
PC lesions differed between the diagnostic groups: 81% of all
infarct-like lesions in MA were in the PC territory, 47% in MO
and 44% in controls. In cases with migraine, most PC infarct-
like lesions were located infratentorially: 96% of PC lesions
in MA and 89% in MO; among the four controls with PC
infarct-like lesions, only one subject had an infratentorial
lesion. Of the 39 PC infarct-like lesions, 33 were located in
the cerebellum (one in a control, eight in three MO, 24 in
13 MA), one in the pons (in an MA) and five in the thalamus
(three in three controls, one in an MO and one in an MA).
Besides the thalamic infarct-like lesions, no other infarct-like
lesions were identified supratentorially in the posterior cir-
culation territory. The mean diameter of the PC infarct-like
lesions was 7.1 mm, ranging between 2 and 21 mm, and 69%
were located on the right side. The average number of lesions
per subject was 1.8. Lesion sizes and number of lesions per
subject did not differ between the diagnostic groups.
Infratentorial PC infarct-like lesions were subclassified as
either territorial or junctional, as defined previously. Of the 34
infratentorial PC lesions, 30 were classified as junctional. In
MA, 92% of the infratentorial lesions were junctional, 75% in
MO; the only infratentorial lesion in the one control was
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Table | Prevalence and characteristics of posterior circulation (PC) infarct-like lesions (ILL): the CAMERA study

All Controls Migraine without aura  Migraine with aura  Significance
(n=435 (n=140) (n=134) (n=161)
PC infarct-like lesions
Total number of PC ILL (% of all brain ILL) 39 (65%) 4 (44%) 9 (47%) 26 (81%) *
Subjects with >1 PC ILL (% of all participants) 21 (4.8%) 4 (2.9%) 4 (3.0%) 13 (8.1%) *
Location of PC infarct-like lesions (n = 39)
Supratentorial (e.g. occipital lobe, thalamus)
Total number (% of all PC ILL) 5(13%) 3 (75%) I (11%) | (4%) T
Subjects with >1 ILL of this type 5(1.1%) 3 (2.1%) 1 (0.7%) | (0.6%)
Infratentorial
Total number (% of all PC ILL) 34 (87%) I (25%) 8 (89%) 25 (96%) T
Subjects with > ILL of this type 17 (3.9%) 1 (0.7%) 3 (2.2%) 13 (8.1%) T
Location of infratentorial ILL (n = 34)
Junctional/border zone
Total number (% of infratent. ILL) 30 (88%) I (100%) 6 (75%) 23 (92%)
Subjects with >1 ILL of this type 16 3.7%) 1 (0.7%) 3 (2.2%) 12 (7.5%) T
Territorial
Total number (% of infratent. ILL) 4(12%) - 2 (25%) 2 (8%)
Subjects with >1 ILL of this type 3(07%) - 1 (0.7%) 2 (1.2%)
Location of junctional ILL(n = 30)
IPICA-AICA border zone (% of junct. ILL) 4 (13%) - 1 (17%) 3 (13%)
IPICA-mPICA border zone (% of junct. ILL) 3(10%) - - 3 (13%)
IPICA-ISCA border zone (% of junct. ILL) 2 (7%) - - 2 (9%)
mPICA-mSCA border zone (% of junct. ILL) Il (37%) I (100%) 2 (33%) 8 (35%)
ISCA-mSCA border zone (% of junct. ILL) 10 33%) - 3 (50%) 7 (30%)

Data are number of individuals (%) and number of infarct-like lesions (%). P values are from Pearson’s x* test (unadjusted). mPICA = medial
branch of the posterior inferior cerebellar artery (PICA); IPICA = lateral branch of the PICA; mSCA = medial branch of the superior
cerebellar artery (SCA); ISCA = lateral branch of SCA; AICA = anterior inferior cerebellar artery. Unless stated otherwise, differences

were not statistically significant. “P < 0.05; TP < 0.005.

also junctional. The mPICA-mSCA border zone (37% of all
junctional infarct-like lesions; in seven of 16 subjects with
junctional infarct-like lesions) and the ISCA—-mSCA border
zone (33% of all junctional lesions; in eight of 16 subjects with
junctional lesions) were mostly involved. These distributions
over the separate border zones did not differ between the
diagnostic groups. In Fig. 1, all infratentorial PC infarct-
like lesions are superimposed over the respective arterial
territories of the cerebellar hemispheres. Most lesions were
round or oval in shape and more or less clustered in the
border zones. Orientation of the junctional infarct-like lesions
was mostly along the border between the respective territories.
One infarct-like lesion involved a part of the local cerebellar
cortex, but all other lesions were located in the deep cerebellar
regions. Figure 2 shows four examples of representative cases
with infratentorial PC (cerebellar) infarct-like lesions.

Table 2 lists sociodemographic and migraine characteristics
and other structural brain damage variables of the subjects
with PC infarct-like lesions. Information is provided on the
size, side and location of the separate infarct-like lesions, as
well as on concurrent infarct-like lesions located outside the
PC territory (e.g. anterior/carotid circulation). The presence
of a high load of periventricular white matter lesions (high
PVWML load) and/or a high load of deep white matter lesions
(high DWML load) is indicated for each subject. Eleven
subjects had more than one infarct-like lesion (‘multiple
infarct-like lesions’; 59% of the migraine cases and 25% of

the controls). Multiple PC lesions were identified exclusively
in cases with migraine; in these seven cases, more than one
separate border zone was involved. Although the prevalence
of a high DWML load was greater in subjects with PC lesions,
this difference was not confirmed in subanalysis for migraine
patients separately.

Subjects with infarct-like lesions in the PC territory were
significantly older, and had significantly higher cholesterol
levels (both in crude data, and after adjusting for age and
sex; Table 3). However, differences in cholesterol level did not
remain statistically significant in the subanalysis among the
cases with migraine. Other cardiovascular risk factors were
not more prevalent among those with PC infarct-like lesions.
The number of cases with PClesions was too small to compare
the prevalence of cardiovascular risk factors between migraine
cases and controls. Cases with migraine with PC lesions
tended to have a higher attack frequency, and had previously
consulted a physician for their migraine significantly more
often (Table 4). Other migraine characteristics did not differ
between those with and without PC infarct-like lesions.

Discussion

In a previous population-based study, we found migraine to
be a significant risk factor for PC infarct-like lesions, notably
in cases with migraine with aura. In the current study, the
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Case 18

Case 21

Fig. 2 Cerebellar infarct-like lesions: the CAMERA study. Corresponding T2-weighted (left) and fluid-attenuated inversion-recovery images
(right) showing (multiple) cerebellar infarct-like lesions (arrows) in four representative cases (numbers refer to case numbers in Table 2).

topographic details of these parenchymal defects were system-
atically characterized. All lesions fulfilled MRI criteria for
infarcts; therefore, we refer to these lesions in the text as
‘infarct-like lesions’. Most pronounced were findings in

MA: over 80% of all infarct-like lesions were located in the
PC territory areas, and over 90% of these were located in the
(deep) arterial border zone areas of the cerebellum. All PC
lesions were small, and often multiple PC infarct-like lesions

9T0Z ‘PT Joquieaa uo 1senb Aq /Bio'sfeulnolpioixo-urelq//:diny woly pepeojumoq


http://brain.oxfordjournals.org/

2073

Brain (2005), 128, 2068-2077

Posterior circulation lesions in migraine

Downloaded from http://brain.oxfordjournals.org/ by guest on December 14, 2016

"PBO| UOISD| I923BW 9IYM JB[NJLIIUDALIRd 10j 9403S = JWAAAd
‘{(dwnjoA WAAQ 8202 JO %07 259YS1Y aYa YM 3soya) peo| uoisa| Ja1rew aiym desp ysiy = peo| JWAAQ YSIH “[042U0d = 07 ‘edne INOYIIM dulelSiw = Ol ‘BINE YUM Sule3Iw = V|
d[ewa) = 4 BJew = || 's33e|dWa) 3Y3 WO.Y PaUILLIAIBP 3] I0U PINOI SIYD 1Y DS| PUE YD|d| U99MIDQ UOISS. SUOZ 19P.10q Y3 Ul pa1EO] A|qissod suoisa| a1|-12julg “[euondunl se pajea.y
f2U0Z J3PJ0q PAIBIIPUI BYD WO WW ( > ING WW G< PAILIO| SUOISI| ){I|-3DJBJU], 'SNS|INU 3IEPNED = "PNED DU ‘EIBIPEI BUOIOD = "PE. "I0D ‘BUISIUI B|Nsded = Ul "sde)) "paredlpul si (suoisa)
9)|1-32JBjuUl DJ-UOU J0J) UONEIO| [EDIWIOIBUE JO (SUOISD| 95]1|-12.BjUl [BUONDUNI JOJ) $B1J0I1IIS) PAIOU DY) USDMISQ UOISD] BUOZ JBPJoq JO (SUOISD| 9|I[-12.JB)Ul [B1IOIIIIS) I0)) AIOIIIID)

Ajddns Jgjnasea pue [(4) 2yS 1o () 3a|] BpIs ‘(W Ul ISIBWEIP WINWIXEW) BZIS S1I ‘UOIS3| 31|-124BJUl [ENPIAIPUI 2E3 104, "SWwOoIdWAS BJne SYIBNIE JO %00 | Ul PBY Y| ‘@SIMIDLIO PaIEIS SSI|UN;

VOIldI-VOIV 4 9 §VOIdl 4 €
ON C 3qO] |euod | § - VOSW-vOs| | §VOIdI 4 T - IS €9-¢€¢ OW 4/€9 1T
BN | - snwejeys J4 / - - - - ) W/T9 0t
‘ped u0d | ¢
‘ped Iod | ¢
BN S aut 'sdes | g snwejeys | ¢ - - - Cl 05-5C OW M/19 6l
ON | - - VOSW-yDIdW 4 € - - - - ) 4/19 8l
ul 'sded | ¢
soA S aul sded | ¢ snwejeys J g - - - - 0D 4/19 Ll
VOSW-vDIdW 4 0l
VOSsW-yDIdw 4 §
SOA € - - VYOSW-vOSI 4 0l - - ¥ 89—0C OW W/09 9l
ON | - - VOSW-vOs| 4 6 - - Ll 65V OW 4/69 Sl
BN S - snwejeys J4 g - - - - D W/8s 4l
+VOSW=VOS| | ¥
+VOSI-VOIdl 4 +
VOSW-vDs| 4 § €5-0€ 98¢ wouy
SIA | - - VOSW-vDS| 4 § - VIW %001 ‘[ensIA 0€ £5CC VI W/LS €l
ON 0 - - VOSI-vosw 4 9 - [ensiA 6 6v—S€ VI W/LS Cl
ON 0 - - VOIdW-VDIdI 4 § - [ensIA € A4 VI 4/LS I
SOA [4 - - VOSW-vOs| 4 ¢ - VIW %0L ‘[EnSIA LT €5—LI VI 4/99 ol
ayoepeay o/m eine
sawpawos ‘eiseyde
ON | ‘pnes DU g VOIdW-VOosW 4 | - [-Aosuds/[ensin 8 S5-8l VI W/SS 6
ON 0 - - - VoSl | € [BNSIA 9 95-¢C VI 4/89 8
9qo| [eauoJy 4 9
BN [4 9qO] |euod) | 6 VOIdI=V2IV | 01 - [ensiA ¥ 1§-9¢ VI W/CS L
15—G¢ 23e wouy
ON | - - VOSW=vyDIdW | 9 - VIW %08 ‘[EnSIA ol 15-1T VI W/S 9
VOIdW-vosw | 8
BN C - - VOSI-vosw 4 8 - “Kiosuas/jensip 144 eI VI 4728 S
VOSW-vOoIdW | 8
VYOSW—yDldw J § SydEpEay O/M BJNE
ON | - - VOSW-vDSs| 4 8 - skemie ‘ensiA C L¥—8¢€ VI 4/8v 4
+VOSW=VOIdW | 1T
VOSsW-vDoIdw | 8
VOSW-yDIdw 4 7| pr—| 988 woy
ON 0 - snwejey: | g VOIV-VOldl - 81 suod | ¢ VIW %01 ‘[ensIA S¢€ Wt VI Wity €
ON | - - VOIdI-VOIdW | § - [ensIA 0€ e VI 4ty C
VOIdI=VOIdW 4 §
VOSVOIdI 4 Tl
ON C - - VOIdI-VYOIV 4 T - VW %0€ ‘[EnSIA 1S 15—€1 VIW /1% |
peoj (s400s) (Aue) [el10311I2) 4S21ISIISIDBIRYD Jeak pa1daye
TWAAG YSIH TWMAd uoned0T [elio3ueadng [euonoun :jeliolusielu) ‘[elio3uUSIBIU| einy /SPENY a3y ki:Tq|
X35
SUOIS3| J312BW UYAA J T PYo JT12d SONsII9IdRIRYD SUIRJSI| 138y ‘oN

Apnas IV 243 (771 Dd) SuoIsa| aji|-1dJejul UONEINJJID Joliaisod YaIm saseD) g d]qel


http://brain.oxfordjournals.org/

2074 Brain (2005), 128, 2068-2077

M. C. Kruit et al.

Table 3 Age- and sex-adjusted characteristics of subjects with and without posterior circulation infarct-like lesions

(PC ILL): the CAMERA study

Characteristic Total Migraine cases Controls
PC ILL PC ILL PC ILL
No Yes No Yes No Yes
(n=414) (n=21) (n = 278) (n=17) (n=136) (n=4)
Sociodemographic
Mean age (years) 48.0 (0.4) 54.9 (1.4)F 48.2 (0.5) 53.6 (1.6)F 47.7 (0.7) 60.5 (0.9)"
Female 73% 65% 74% 65% 72% 63%
Low education® 52% 50% 53% 41% 50% 91%
Clinical
Body mass index (kg/m?) 25.0 (0.2) 25.4 (0.9) 25.4 (0.3) 25.5 (1.0) 24.3 (0.3) 254 (1.9)
Blood pressure
Systolic (mm Hg) 134.5 (0.8) 130.1 (3.6) 134.3 (1.0) 131.3 (3.9) 135.0 (1.4) 129.5 (8.8)
Diastolic (mm Hg) 91.2 (0.5) 90.6 (2.2) 91.3 (0.6) 91.8 (2.4) 90.9 (0.8) 85.3 (4.9)
Hypertension 38% 39% 41% 45% 33% 15%
Cholesterol (mmol/l) 5.3 (0.04) 57 (0.2) 5.3 (0.1) 5.6 (0.2) 5.2 (0.1) 6.3 (0.4)"
Diabetes 2.0% 2.9% 1.5% 0% 2.9% 28%"
Smoking
Never 36% 37% 37% 40% 35% 27%
Pack years (among smokers) 10.2 (0.6) 84 (2.9) 9.9 (0.8) 57 (3.1) 11.0 (1.2) 19.6 (7.0)
Alcohol use
None 20% 23% 23% 23% 15% 25%
>3 units/day 11% 0.4% 8% 2% 16% 0%
Oral contraceptive use (women only)
>15 years OC use 24% 21% 25% 21% 24% 22%
Other brain damage
High PVYWML load 9% 14% 10% 7% 7% 47%"
High DWML load 19% 35% 22% 32% 15% 51%"

Data are estimated mean (SE) or percentage of subjects, based on univariate analyses of variance, controlling for age and sex. Unless
stated otherwise, differences were not statistically significant. P values are based on tests of the between-subjects effect. Low education =
primary school or lower vocational education; OC = oral contraceptive; DWML = deep white matter lesion; PVWML = periventricular

white matter lesion. P < 0.05; TP < 0.005.

were identified in a single subject. No previous studies repor-
ted on the prevalence and size of cerebellar infarct-like lesions
in migraine, and although a small number of clinicopatho-
logical and clinicoradiological studies report on small cere-
bellar infarcts, in none of these studies was migraine status
known or included in the analyses (Amarenco et al, 1990,
1993, 1994; Amarenco, 1991; Barth et al., 1993; Canaple and
Bogousslavsky, 1999). However, the ‘very small’ cerebellar
lesions identified in our sample have diameters (2-20 mm),
shapes and typical border zone locations similar to those of
the small cerebellar infarcts reported in these previous studies.

Border zone infarction is probably best explained by invok-
ing a combination of low flow and embolism: a decrease in
cerebral perfusion pressure and associated changes in the
cerebral haemodynamics affects the clearance and destination
of embolic particles; narrowing of the arterial lumen and
intimal and endothelial abnormalities stimulate formation
of thrombi; occlusive thrombi further reduce blood flow
and brain perfusion (Caplan and Hennerici, 1998). Because
the deep cerebellar territories have a pattern of progressively
tapering arteries with only few anastomoses present, they are
likely to be particularly vulnerable to hypoperfusion-related

border zone infarct mechanisms (Duvernoy et al., 1983;
Fessatidis et al., 1993). The prevalent involvement of SCA
watershed zones might be explained by a longer course of
SCA branches compared with PICA and AICA branches
(Duvernoy et al., 1983). This hypoperfusion-related concept
matches the findings of previous studies in which the small
cerebellar border zone infarcts, in particular when multiple,
were strongly associated with severe occlusive and/or (artery-
to-artery) embolic disease based on vertebrobasilar athero-
sclerosis, likely to result in hypoperfusion and infarction
(Amarenco et al, 1993, 1994; Barth et al., 1993; Canaple
and Bogousslavsky, 1999). Non-border zone territorial
infarcts were suggested to result from coagulopathy, arteritis
and microembolism, due to involvement of small distal arter-
ies (Canaple and Bogousslavsky, 1999). Since we found ‘very
small territorial infarct-like lesions’ (n = 3) only in a minority
of cases, this suggests that focal hypoperfusion rather than
microembolic occlusion is responsible for the observed
cerebellar lesions in migraine.

During and after migraine attacks, sluggish low cerebral
flow below an ischaemic threshold has been described (Olesen
et al., 1990; Friberg et al., 1994; Woods et al., 1994; Bednarczyk
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Table 4 Migraine characteristics of migraine patients
with and without posterior circulation infarct-like lesions
(PC ILL): the CAMERA study

Migraine characteristic PC ILL
No Yes
(n = 278) (n=17)
Migraine subtype
Migraine without aura 130 (47%) 4 (24%)
Migraine with aura 148 (53%) 13 (77%)

Migraine attacks
Median number of attacks 11.0 24.0

25-75th percentile 6.1-174  85-324
Frequency <I attack/month 152 (55%) 7 (41%)
Frequency >1 attack/month 126 (45%) 10 (59%)

Age (yrs)
At migraine onset
At last migraine attack

228 (0.7) 229 (2.5)
463 (0.5) 51.9 (1.8)

b

*

Previous physician diagnosis of migraine 143 (52%) 13 (77%)
Family history of migraine
>1 family member 170 (61%) 9 (53%)
(parents, children, siblings)
>1 parent 112 (40%) 5 (29%)
>1 child 22 (8%) 2 (12%)

Data are number of individuals (%) and mean (SE) values. Unless
indicated otherwise, differences were not statistically significant.
P values* are from Pearson’s x* test (unadjusted) and unpaired
t-tests. P < 0.05.

et al., 1998; Cutrer et al., 1998; Sanchez del Rio et al., 1999).
Reductions of cerebral blood flow vary from a 7% to a 53%
decrease (Cutrer et al., 1998; Sanchez del Rio et al., 1999) and
persist from 1 h to more than 1 day (Bednarczyk et al., 1998).
This is probably the result of the effects of cortical spreading
depression, which has been implicated as the generator of
migraine aura (Moskowitz et al., 2004), and can also occur
in the cerebellum (Ebner and Chen, 2003). Cortical spreading
depression (indirectly) alters blood—brain barrier permeabil-
ity, which might lead to exacerbation of local cellular injury
caused by ischaemia. Together with factors predisposing to
coagulopathy (Couch and Hassanein, 1977; Silvestrini et al.,
1994; Cesar et al., 1995; D’Andrea et al., 1995; Tozzi-
Ciancarelli et al., 1997; Tietjen et al, 2001; Salobir et al.,
2002) and release of local vasoactive neuropeptides
(Edvinsson and Goadsby, 1995; Hargreaves and Shepheard,
1999; Tzourio et al., 2001), this could result in further changes
in cerebral haemodynamics, arterial thrombosis and infarc-
tion (Milhaud et al, 2001). An impairment in the adaptive
cerebral haemodynamic mechanisms in the posterior circu-
lation in migraine patients with aura might be part of the
underlying mechanisms between migraine and brain infarcts
(Silvestrini et al., 2004).

Although migraine-related clinical strokes are reported
to occur most often supratentorially, in the occipital lobes
(Featherstone, 1986; Broderick and Swanson, 1987;
Bogousslavsky et al., 1988; Rothrock et al., 1988; Shuaib and
Lee, 1988; Sacquegna et al., 1989; Caplan, 1991; Hoekstra-van
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Dalen et al., 1996; Milhaud et al., 2001), we did not find any
infarct-like lesions in these areas of the posterior circulation.
This difference between clinically manifest supratentorial
infarcts and subclinical or silent infratentorial infarcts might
be explained by an overall lower prevalence of occipital lobe
infarcts compared with cerebellar infarcts in migraine cases,
and the assumption that occipital infarcts are far less likely to
remain clinically silent. The only supratentorial PC infarct-
like lesions we identified were located in the thalamus: in three
controls and two patients with migraine (concerning 75% of
all PC infarct-like lesions in controls and only 5% in patients
with migraine). Data about subclinical thalamic infarcts in
migraine are lacking, but clinically manifest thalamic infarcts
in migraine have been reported to be significantly more pre-
valent in younger migraine cases compared with controls
(14 versus 6%) (Milhaud et al., 2001).

Results from a number of studies suggest that the cerebel-
lum plays a role in migraine pathophysiology. In common
forms of migraine, (subclinical) cerebellar dysfunction has
been reported (Sandor et al., 2001; Harno et al, 2003).
Although it remains unknown whether structural lesions
caused the cerebellar dysfunction in these studies, it raises
the question of whether more advanced functional tests
could have identified subclinical cerebellar dysfunction in
our cases. Cerebellar abnormalities (such as cerebellar
atrophy, decreased cerebellar blood flow, and cerebellar dys-
function) have also been described in several cases of familial
hemiplegic migraine. Mutations of the P/Q-type Ca®* channel
al subunit gene (CACNAIA) responsible for at least 50% of all
cases of this uncommon subtype of migraine (Ducros et al.,
2001), but they are involved in the common forms of
migraine, notably in MA (Ophoff et al, 1996; Terwindt
et al., 2001). In other disorders caused by CACNAIA defects,
such as episodic and spinocerebellar ataxia, structural cere-
bellar changes have been described similar as in familial hemi-
plegic migraine (De Michele et al., 1998; Klockgether et al.,
1998; Murata et al., 1998; Melberg et al., 1999; Stevanin et al.,
1999; Tournier-Lasserve, 1999). However, the described
structural cerebellar changes in these CACNAIA-disorders
did not comprise infarct-like lesions, but were limited to
cerebellar atrophy.

In summary, we described a specific pattern of small cere-
bellar border zone infarct-like lesions in migraine patients,
notably in those with aura. A combination of (possibly
migraine-related) hypoperfusion and embolism is the likeliest
aetiological mechanism, although other mechanisms could
also play a role. Although the sample is small, we did not
see an association between PC territory infarct-like lesions
and types of supratentorial brain changes, such as deep
white matter lesions or periventricular white matter lesions.
Furthermore, there were not large differences in cardiovascu-
lar risk factors in those with and without PC territory infarct-
like lesions. These two factors suggest that the lesions are not
atherosclerotic in origin or reflect small-vessel disease. As
a limitation of the current study, we could not assess verte-
brobasilar vascular status or cardiac abnormalities of the
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participants, and neither could we specifically assess
prothrombotic conditions other than by asking all parti-
cipants for a history of thrombosis or (inherited) coagulo-
pathies, which was absent in all cases. Since silent PC
infarction might not be negligible and might be related to
(subclinical) dysfunctioning, identification of specific risk
factors for PC infarction in migraine cases could allow pre-
ventive measures in those most at risk.
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