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Abstract

Introduction Cerebellar cortical infarct cavities are a newly
recognised entity associated with atherothromboembolic cere-
brovascular disease and worse physical functioning. We
aimed to investigate the relationship of cerebellar cortical in-
farct cavities with symptomatic vertebrobasilar ischaemia and
with vascular risk factors.

Methods We evaluated the MR images of 46 patients with a
recent vertebrobasilar TIA or stroke and a symptomatic verte-
bral artery stenosis >50 % from the Vertebral Artery Stenting
Trial (VAST) for the presence of cerebellar cortical infarct
cavities <1.5 cm. At inclusion in VAST, data were obtained
on age, sex, history of vertebrobasilar TIA or stroke, and vas-
cular risk factors. Adjusted risk ratios were calculated with
Poisson regression analyses for the relation between cerebellar
cortical infarct cavities and vascular risk factors.

Results Sixteen out of 46 (35 %) patients showed cerebellar
cortical infarct cavities on the initial MRI, and only one of
these 16 patients was known with a previous vertebrobasilar
TIA or stroke. In patients with symptomatic vertebrobasilar
ischaemia, risk factor profiles of patients with cerebellar cor-
tical infarct cavities were not different from patients without
these cavities.
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Conclusion Cerebellar cortical infarct cavities are seen on
MRI in as much as one third of patients with recently symp-
tomatic vertebral artery stenosis. Since patients usually have
no prior history of vertebrobasilar TIA or stroke, cerebellar
cortical infarct cavities should be added to the spectrum of
common incidental brain infarcts visible on routine MRI.
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Introduction

Although brain infarcts are typically associated with clinical
stroke syndromes, they may remain clinically silent or present
with nonspecific clinical findings [1-3]. In addition, recent
infarction may be missed on CT, and, if performed beyond
the stage of diffusion restriction, even on MRI [4].
Afterwards, central liquefaction and cavitation of infarcted
brain tissue ensues, and therefore, many infarcts only present
later in life as an incidental infarct cavity on CT or MRI [5]. In
the cerebrum, subcortical infarct cavities of small size (lacunes
of presumed vascular origin) have been associated with an
increased risk of future stroke and cognitive decline [5, 6].
In the cerebellum, small cortical infarct cavities (<1.5 cm)
have been recently found to be far more common than sub-
cortical lacunes [7—10]. Such cerebellar cortical infarct cavi-
ties are easily distinguishable on routine MRI because of the
characteristic sparing of adjacent subcortical white matter as
well as their typical location along cerebellar fissures [9, 10].
They have been found on 1.5-T MRI in almost 10 % of pa-
tients with arterial disease (including cardiovascular disease,
peripheral arterial disease, aortic aneurysms, and cerebrovas-
cular disecase), and have been associated with
atherothromboembolic disease [7, 11, 12] and worse physical
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functioning [12]. Nevertheless, the relationship of cerebellar
cortical cavities with symptomatic vertebrobasilar ischaemia
(TIA or stroke) and with prior history of vertebrobasilar TIA
or stroke has not yet been established.

The present study aimed to evaluate the relationship be-
tween cerebellar cortical infarct cavities, symptomatic
vertebrobasilar ischaemia and vascular risk factors.
Therefore, we evaluated MRI scan(s) of patients with a recent
vertebrobasilar TIA or stroke and a symptomatic stenosis of
the vertebral artery >50 % from the randomized Vertebral
Artery Stenting Trial (VAST) [13, 14].

Materials and methods
Patients

The present study is a post hoc analysis of the VAST, a pro-
spective multicentre randomised clinical trial in which patients
with a vertebrobasilar TIA or stroke in the last 6 months and a
vertebral artery stenosis >50 % were randomised to stenting
and best medical treatment or best medical treatment alone.
The methods of VAST have been described previously
[13, 14]. The VAST was approved by the ethics committee of
the University Medical Center Utrecht in The Netherlands and
all patients provided written informed consent. At inclusion in
VAST, all patients data were obtained on age, sex, history of
vertebrobasilar TIA or stroke, vascular risk factors (hyperten-
sion, hyperlipidaemia, current smoking, diabetes mellitus, and
history of heart disease or peripheral arterial disease), cerebel-
lar symptoms at initial vertebrobasilar TIA or stroke (vertigo,
diplopia, dysarthria, or loss of coordination of extremities or
trunk), and cerebellar signs on physical examination (dysar-
thria, nystagmus, or ataxia).

A total of 115 patients have been included in VAST from
June 2008 to April 2013. For the present study, we evaluated
the 46 patients included in the University Medical Centre
Utrecht, The Netherlands, in whom a MRI scan of the brain
had been performed at presentation before inclusion in the
VAST and before digital subtraction angiography (with or
without vertebral artery stenting).

Image analysis

MRI scans of the brain were re-evaluated for cerebellar corti-
cal infarct cavities (<1.5 cm) by a European Board Certified
neuroradiologist with special expertise in the cerebellum and
stroke imaging (LDC). Cavitation was defined as the
intralaesional presence of fluid intensity on T1- and T2-
weighted images. Signal nulling within a lesion on FLAIR
was interpreted as cavitation, while its absence was not nec-
essarily indicative of absent cavitation due to the low sensitiv-
ity of FLAIR-weighted images in the posterior fossa [10].
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Acute (diffusion-weighted imaging (DWI) positive) brain in-
farcts were re-evaluated by the same observer (LDC) on the
MRI of 44 out of 46 patients in which the protocol included a
DWI sequence. An isolated infarction in one of the temporal
or occipital lobes was considered an anterior circulation in-
farction if this had occurred in the presence of a dominant
(‘foetal type’) ipsilateral posterior communicating artery.
Acute infarcts in the posterior circulation were specified ac-
cording to location in- or outside the cerebellum. Whenever
follow-up MRI exams of acute cerebellar infarcts were avail-
able, evidence of cavitation over time was evaluated.

Statistical analyses

The frequency of baseline characteristics was compared be-
tween patients with and without cerebellar cortical infarct cav-
ities with Poisson regression analysis and described as preva-
lence ratios with corresponding 95 % confidence intervals
(Cls). In multivariable analysis, adjustments were made for
age and sex. Statistical analyses were performed with SPSS
20.0 (IBM Corp., Armonk, NY, USA).

Results

Forty-six patients could be included. Sixteen of them (35 %)
showed evidence of cerebellar cortical infarct cavities (Fig. 1)
performed at the initial MRI scan. No significant association
was found between cerebellar cortical infarct cavities and vas-
cular risk factors, nor with a history of vertebrobasilar TIA or
stroke, nor with cerebellar symptoms or signs (Table 1). Only
one of 16 patients with cerebellar cortical infarct cavities had
suffered from a previous vertebrobasilar stroke (Table 1).
None of these patients had a history of vertebrobasilar TIA
(Table 1).

On DWI, 32 (73 %) of 44 patients showed acute infarction
in the posterior circulation (Figs. 1 and 2), notably ten (23 %)
patients with acute infarction in the cerebellum, six (14 %)
with acute infarction outside the cerebellum, and another 16
(36 %) patients showed an acute infarction both in- and out-
side the cerebellum. Of all 26 patients with acute cerebellar
infarctions, 24 (92 %) showed evidence of cerebellar symp-
toms at initial vertebrobasilar TIA or stroke, and 14 (54 %)
showed evidence of cerebellar signs on physical examination
at inclusion.

Three patients with evidence of acute cerebellar infarction
underwent follow-up MRI-scanning after an interval exceed-
ing 6 months, and developed cerebellar cortical infarct cavities
replacing the initial DWI-positive acute cerebellar infarctions
(Fig. 2). Of these three patients, one showed evidence of two
acute cerebellar infarcts and, half a year (186 days) later, had
developed cavitation of the smaller infarct (0.9 x 0.5 cm in the
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Fig. 1 Incidental cerebellar
cortical infarct cavity in a patient
with acute pontine infarction: 56-
year-old female with a cerebellar
cortical infarct cavity in the cere-
bellum on the left side (a T2WI)
at the time of presentation with
acute left pontine infarction (b
DWI), the former indicative of
prior (‘incidental’) infarction in
the posterior circulation. Notice
this cavity has a linear configura-
tion since it is cut in the plane of
its long axis

acute stage) and gliosis without evidence of cavitation of the
larger one (1.4 x 1.2 cm in the acute stage).

Discussion

Our study indicates that cerebellar cortical infarct cavities
are present in as much as one third of patients with recently
symptomatic vertebral artery stenosis >50 %. Only one out
of 16 patients with cerebellar cortical infarct cavities
showed a positive prior history of TIA or stroke. Thus,
many cerebellar infarctions remain initially occult and only

present as an incidental finding on MRI after infarct invo-
lution. In order not to miss recent cerebellar infarctions, a
high clinical index of suspicion and a low threshold for
performing MRI studies is required, preferentially within
the shortest delay as possible, thus within the stage of re-
stricted diffusion on MRIL.

In contrast to the present study, cerebellar cortical infarct
cavities were found in only 9.6 % of a large cohort of patients
of similar age with various arterial diseases [10, 12]. The
higher number of cerebellar cortical infarct cavities observed
in patients with vertebral artery stenosis >50 % and recent
vertebrobasilar TIA or stroke suggests that cerebellar cortical

Table 1 Presence of cerebellar

cortical infarct cavities in relation Cerebellar Cerebellar Relative risk Relative risk
to selected baseline characteristics cavities present cavities absent
n=16 n=30 Unadjusted Adjusted
n (%) n (%) 95 % CI) 95 % CI)
Age (mean, SD) 64.6 (10.5) 63.9 (8.6) 1.0 (0.9-1.1) 1.0 (0.9-1.1)
Male sex 12 (75) 23 (77) 1.0 (0.7-1.4) 1.0 (0.7-1.3)
Hypertension 8 (50) 21 (70) 0.7 (0.4-1.2) 0.7 (0.4-1.2)
Hyperlipidaemia 13 (81) 27 (90) 0.9 (0.7-1.2) 0.9 (0.7-1.2)
Diabetes 3(19) 2(7) 2.8 (0.5-15.1) 2.9 (0.6-14.1)
Current smoking 7 (44) 10 (33) 1.3 (0.6-2.7) 1.3 (0.6-2.7)
Heart disease 3(19) 8 (27) 0.7 (0.2-2.3) 0.6 (0.2-2.2)
Peripheral arterial disease 0 2(7)
History of stroke 1(6) 3(10) 0.6 (0-5.5) 0.6 (0-9.3)
History of VB stroke 1(6) 2(7) 0.9 (0.1-9.6) 1.0 (0.1-15.6)
History of TIA 2 (13) 2(7) 1.9 (0.3-12.1) 1.9 (0.2-14.6)
History of VB TIA 0 0
Cerebellar symptoms 14 (88) 28 (93) 0.9 (0.8-1.2) 0.9 (0.8-1.1)
Cerebellar signs 531 13 (43) 0.7 (0.3-1.7) 0.7 (0.3-1.7)

The first two columns show the frequency of baseline characteristics in patients with and without cerebellar
cortical infarct cavities. Relative risks were estimated by Poisson regression analysis and described as prevalence
ratios with corresponding 95 % confidence intervals between brackets, before (third column) and after
multivariable analysis adjustments for age and sex (last column). Hypertension was defined as known
hypertension or taking antihypertensives. Hyperlipidaemia was defined as known hyperlipidaemia or
fasting total cholesterol >5 mmol/L. Diabetes mellitus was defined as known diabetes or any glucose
level >11 mmol/L. Data are numbers and percentages, unless otherwise specified

CI confidence interval, SD standard deviation, VB vertebrobasilar, T/A transient ischaemic attack
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Fig. 2 Acute cerebellar cortical infarct evolving into an infarct cavity:
Top row: 56-year-old female (other patient than in Fig. 1) with acute
infarction (<1 cm) in the left anterior lobe of the cerebellum on T2WI
(a), FLAIR (b), and DWI (¢). Bottom row: The same MRI sequences
2 years later (d—f) show a cerebellar cortical infarct cavity replacing the

infarct cavities and vertebrobasilar TIA or stroke are interre-
lated. Since all patients included in the present study had
symptomatic vertebrobasilar TIA or stroke, this may also ex-
plain why no differential risk factor profiles were found be-
tween patients with and without cerebellar cortical infarct cav-
ities. To further support this hypothesis, we followed the lon-
gitudinal evolution of acute cerebellar infarcts on MRI in pa-
tients of whom follow-up MRI scans were available. In all
three patients with follow-up MRI scans after an interval ex-
ceeding 6 months, cerebellar infarcts were seen to evolve into
cerebellar cortical infarct cavities, adding imaging evidence to
the atherothromboembolic origin of cerebellar cortical infarct
cavities [12].

Strengths of our study include the well-defined inclusion
criteria of patients with recently symptomatic vertebral artery
stenosis >50 % and a careful documentation of vascular risk
factors and medical history. Limitations of our study include
the post hoc analysis of only a limited number of patients,
which precluded the correlation of cerebellar cortical infarct
cavities in the posterior inferior cerebellar artery territory with
the side (ipsilateral or contralateral) of vertebral artery stenosis
[15]; the anterior and superior cerebellar arteries both arise
from the basilar artery so that emboli from the vertebral artery
may embolise to both sides. Moreover, cerebellar cortical in-
farct cavities could not be correlated with atrial fibrillation and
cardioembolism, as patients with atrial fibrillation were ex-
cluded from VAST. Also, since symptomatic vertebral artery
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acute infarct on imaging. This cerebellar infarct was detected in the acute
stage together with concomitant infarctions elsewhere in the posterior
circulation (left midbrain and thalamus, right occipital and deep temporal
lobe, not shown). Notice the cavity has a rounded configuration since it is
cut orthogonally to its long axis

stenosis and cerebellar cortical infarct cavities appear to be
interrelated, potential cause-effect relationships of individual
vascular risk factors may have been obscured due to external
validation issues. In addition, gradient echo- and/or
susceptibility-weighted imaging (SWI) sequences were not
routinely performed in VAST, which precluded the systematic
investigation of cerebellar cortical microbleeds. Finally, the
number of patients who underwent follow-up MRI was
limited.

In conclusion, this study shows that cerebellar cortical
infarct cavities are seen on MRI in as much as one third
of patients with recently symptomatic vertebral artery
stenosis. They are indicative of prior infarction in the
posterior circulation, and should be added to the spec-
trum of common incidental brain infarcts visible on rou-
tine MRI.
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