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Abstract

Background: \Very small cerebellar infarcts (diameter <2 cm)
are a frequent finding on MRI. With an increasing scientific
interest in cerebral microinfarcts, very small infarcts in the
cerebellum deserve more of our attention as well. The goal
of the present article was to review infarct terminology and
mechanisms, as well as to critically appraise the current clas-
sification system for very small cerebellar infarcts. Methods:
A search strategy was designed to identify all relevant stud-
ies on very small cerebellar infarcts in the English language.
This search was restricted to papers published up to February
21,2013. Studies were initially identified from the MEDLINE/
PubMed database using the search terms ‘small cerebellar
infarct’, ‘lacunar infarct’, ‘microinfarct’, ‘end zone infarct/,
‘border zone infarct’, ‘watershed infarct’, ‘territorial infarct’,
and ‘nonterritorial infarct’. Furthermore, a similar search
strategy was directed to identify all relevant articles on (de-
scriptive and functional) neuroanatomy and neuroimaging

of the cerebellum. Results: Very small cerebellar infarcts
have been referred to as lacunar infarcts, as junctional, bor-
der zone or watershed infarcts, as nonterritorial infarcts, as
very small territorial or end zone infarcts, or simply as (very)
small cerebellar infarcts. Since the original clinicoradiologi-
cal study on these small infarcts, the classification into bor-
derzones remainsin common use. This classification is based
upon the assumption that these infarcts occur secondary to
low flow in between arterial perfusion territories, where flow
is believed to be the lowest. Later studies, however, have
suggested occlusion of small (end-) arteries as a prerequisite
for the pathogenesis of even small cerebellar infarcts, with
low flow merely as a potential contributor. Therefore, it is
likely that infarcts may as well occur in a nonborder zone dis-
tribution. Moreover, the classification into border zones may
be considered unreliable since the location of border zones
is highly variable among individuals and is not known in a
particular patient. Recently, a functional topographic orga-
nization has been found in the cerebellum with evidence for
a motor-nonmotor dichotomy between the anterior and
posterior lobe. Since the cerebellar lobes can be easily and
reliably distinguished with both CT and MRI, we recommend
the classification of very small cerebellar infarcts according
to topographic location. Conclusion: There are several fun-
damental concerns with the current classification of very
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small cerebellar infarcts according to border zones, which
we would like to overcome by recommending a new classi-
fication system based on topography. This will allow for a
reliable and reproducible way of classifying very small cere-
bellar infarcts and is expected to improve clinicoradiological

correlation. Copyright © 2013 S. Karger AG, Basel

Introduction

Very small cerebellar infarcts are a frequent finding on
modern neuroimaging [1]. Originally, very small cerebel-
lar infarcts were called lacunar infarcts based on neuro-
pathological findings [2]. With the advent of CT and
MRI, many confusing terms have come across to catego-
rize very small cerebellar infarcts (diameter <2 cm). These
infarcts are currently being referred to as either junction-
al, border zone or watershed infarcts [1], nonterritorial
infarcts [3, 4], very small territorial infarcts or end zone
infarcts [5], or simply as (very) small cerebellar infarcts.
The goal of this article is to add clarity to the terminology
and pathogenesis of these infarcts. We also recommend
the classification of very small infarcts according to their
topographic location in the cerebellum instead of a clas-
sification in terms of perfusion territories or border zones.

Anatomy

Structural Anatomy

The cerebellum (Latin for ‘little brain’) is located in the
posterior fossa of the skull. The cerebellum consists out
of a midline vermis and two lateral hemispheres, and it
has three surfaces. The anterior or petrosal surface faces
the os petrosum in front, the superior or tentorial surface
is covered by the tentorium above, and the posterior or
occipital surface is bounded by the occiput behind. The
cerebellum is composed of three lobes; the anterior lobe
(lobules I-V according to the revised Larsell classifica-
tion), the posterior lobe (lobules VI-IX), and the floccu-
lonodular lobe (lobule X) [6]. The anterior lobe is sepa-
rated from the posterior lobe by the primary fissure,
which is easily identified in the axial and midsagittal plane
as the deepest and thickest fissure in the superior part of
the vermis (fig. 1, 2). There are two prominent fissures
within the posterior lobe of the cerebellum; the posterior
superior fissure and the great horizontal fissure (fig. 1, 2).
The posterior superior fissure runs parallel and posterior
to the primary fissure in the superior surface of the cere-
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Fig. 1. Selection of three key MR images for the lobar and lobular
classification of the cerebellum (according to Schmahmann et al.
[6]), at the level of the midbrain (a), pons (b), and medulla oblon-
gata (c). The fissures visualized in yellow are usually the most
prominent and have a characteristic configuration. The primary
fissure (PF) is the largest fissure in the midline and divides the cer-
ebellum into an anterior and a posterior lobe. The posterior supe-
rior fissure (PSF) runs parallel and posterior to the PF in the pos-
terior lobe. The great horizontal fissure (GHF) forms an acute an-
gle with the former fissures. Other fissures are shown in blue.
Lobules indicated are lobules I-IX, Crus I (CrI), and Crus II (CrII).
See figure 2 for the flocculus (hemispheric part of lobule X).

bellum. The great horizontal fissure runs together with
the posterior superior fissure in the midline. More later-
ally, it slopes inferiorly in the posterior surface of the cer-
ebellum. Lobule VT is easily recognized as the area in be-
tween the primary fissure and the posterior superior fis-
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Fig. 2. T2WI (a) and DWI (b) show a very small acute infarct
(black arrow) in between the primary fissure (arrow) and the pos-
terior superior fissure (dashed arrow), situating the lesion in the

sure (fig. 1, 2) [6]. The flocculonodular lobe (lobule X) is
composed of the nodulus in the midline (fig. 1, 3) and the
flocculus (fig. 3) in the cerebellar hemispheres.

Arterial Anatomy and Perfusion Territories

The cerebellum mainly receives arterial blood supply
from three paired arteries, although variant arterial anat-
omy is common. The posterior inferior cerebellar artery
(PICA) usually arises from the distal vertebral artery and
supplies the posterior surface of the cerebellum. The ante-
rior inferior cerebellar artery (AICA) arises from the first
or second thirds of the basilar artery. The territory per-
fused by the AICA varies in reciprocity with the PICA and
superior cerebellar artery (SCA) [7]. It may be confined to
the anterior surface, but the AICA may also supply lateral
portions of the posterior and/or superior surface of the
cerebellum. The SCA arises from the distal basilar artery
and supplies the superior surface of the cerebellum from
lateral to medial, unlike the PICA which supplies the infe-
rior surface from medial to lateral. Circumferential
branches of the PICA, AICA and SCA run nearly perpen-
dicular to the cerebellar folia on the surface of the cerebel-
lum. Small perforating arteries branch off from the cir-
cumferential arteries to penetrate the cerebellum. Anasto-
moses between the circumferential arteries of PICA, AICA
and SCA are constantly present among individuals [7, 8].

Functional Neuroanatomy

It has been known for a long time that cerebellar func-
tions include coordination of gait, extremity and eye
movement, and articulation. Recent studies have linked

Functional Topographic Classification of
Very Small Cerebellar Infarcts

posterior lobe in lobule VI. Also notice the great horizontal fissure
(arrowhead). ¢ MR angiogram shows a tight stenosis of the distal
left vertebral artery and proximal basilar artery (encircled).

the cerebellum with both cognitive and emotional pro-
cesses as well. Moreover, there is now evidence for a top-
ographic organization of cerebellar functions [9]. A di-
chotomy between motor and nonmotor functions has
been found in the cerebellum based on anatomical, func-
tional and neuropsychological studies [10]. Sensorimotor
function has been found primarily in the anterior lobe
(lobule I-V) with a second representation in lobule VIII,
while cognitive processing (nonmotor function) is repre-
sented in the posterior lobe (lobule VI and VII; fig. 1).
Lobule VI, which is the part of the posterior lobe closest
to the anterior lobe, is thought to play an intermediary
role in both motor and nonmotor (cognitive) functions
(fig. 1,2) [11]. The posterior lobe of the vermis forms part
of the limbic cerebellum.

Pathogenesis

‘Very small (border zone) cerebellar infarcts’ was the
title of the original retrospective clinicoradiological study
on very small cerebellar infarcts [1]. This study failed to
establish a definite correlation between the location of
these small infarcts and a stroke mechanism, though a
thromboembolic source was identified in over half of the
47 patients. Notwithstanding mentioning ‘border zone
infarcts’ in the title of the original article, the study left
undecided if these infarcts represent either border zone
infarcts or end zone infarcts. A second study specifically
addressed the causes and mechanisms of cerebellar in-
farcts [3]. This and other studies showed that cardioem-
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Fig. 3. Axial T2WI show multiple chronic infarcts in the left cerebellar hemisphere and one similar infarct on the
right (arrows). The lesions are below the level of the primary fissure (not shown) and are therefore situated in the
posterior lobe. Also indicated are the nodulus (asterisk) in between the tonsils (T), and the flocculus (F).

bolism and large vessel disease are the main causes of both
large and small cerebellar infarcts [5, 12-17]. Amarenco
etal. [3] also found a slightly higher incidence of a hyper-
coagulable or prothrombotic state in patients with small
cerebellar infarcts as compared with patients with larger
cerebellar infarcts. The latter finding made the authors
reason that the occlusion of small distal arterioles may be
the direct cause of small cerebellar infarcts, rather than
hypoperfusion (‘low flow’) [3]. It was therefore postulat-
ed that small cerebellar infarcts in fact represent very
small territorial (or end zone) infarcts. Equally impor-
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tant, this study also for the first time suggested that larger
and smaller cerebellar infarcts essentially are the same,
only differing from each other by the size of the clot caus-
ing the infarct. Despite these new insights, the authors of
the article held on to the term ‘non-territorial infarcts’ to
denote small cerebellar infarcts, as opposed to the larger
‘territorial’ infarcts. The term ‘non-territorial infarcts’
was later criticized, and it was proposed to use the term
‘very small territorial infarcts’ instead [5]. The use of the
latter term emphasizes that larger and very small territo-
rial infarcts are closely related. It should be noted that
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hypoperfusion and microembolism are not mutually ex-
clusive, but likely complementary and interrelated in-
stead [18]. The washout of small emboli may be ham-
pered by a diminished flow, thereby contributing to the
infarct [18, 19]. Some studies presume that intrinsic small
vessel disease might account for a small minority of small
cerebellar infarcts as well, especially as a diagnosis of ex-
clusion in patients with hypertension, absence of angio-
graphic disease, and no evidence of an embolic source
from the heart [4, 13]. Nevertheless, this has never been
confirmed with pathological correlation in the cerebel-
lum. Finally, it should be mentioned that small cerebellar
infarcts have been associated with migraine with aura as
well [20, 21]. Though the exact mechanism remains un-
clear at present, it has been recently suggested that mi-
graine-related cerebellar infarcts might be attributed to a
combination of altered autoregulation and additional fac-
tors such as the end artery cerebellar angioarchitecture
[22].

Pathology

Since small cavitations in the cerebellum were first
identified on postmortem pathology studies, they were
originally called lacunar infarcts [2]. These studies lacked
clinical correlation though. Cerebellar infarcts that were
studied clinically and that had pathologic correlation al-
most exclusively included large infarcts with a dramatic
clinical course (which enabled postmortem pathologic
correlation) [23, 24]. Many cerebellar infarcts with a be-
nign clinical course remained unrecognized, even in the
CT scan era [23]. With the advent of MRI, clinicopatho-
logical studies made way for clinicoradiological correla-
tion studies, without pathologic confirmation. There are
no reports on radiologic-pathologic correlation of these
small infarcts. As a result, only little is known about the
pathology of very small cerebellar infarcts. It is not known
at present how many of these infarcts go on to cavitate in
the chronic phase and eventually result in a lacune with
surrounding gliosis after healing. As a side, notice that the
term ‘very small cerebellar infarcts’ also encompasses cer-
ebellar infarcts at the smallest end of the spectrum (fig. 2).
These may be considered cerebellar microinfarcts. Mi-
croinfarcts are defined as microscopic infarcts which are
found on histopathological examination of the postmor-
tem brain [25]. Some of these microinfarcts can now be
detected on neuroimaging in vivo as well, mainly due to
the advent of diffusion-weighted imaging (DWI) and
high-field strength MRI [26, 27].

Functional Topographic Classification of
Very Small Cerebellar Infarcts

Clinical Presentation

Cerebellar infarcts typically present with nonspecific
symptoms such as dizziness, nausea, vomiting, unsteady
gait, and headache. Neurological signs associated with
cerebellar infarcts include dysmetria, dysarthria, ataxia,
and nystagmus [28]. Besides the cerebellar motor syn-
drome, it has now been shown that patients with cerebel-
lar infarcts can also present with the cerebellar cognitive
affective syndrome, which includes executive, visual spa-
tial, and linguistic impairments, and affective dysregula-
tion [10, 29, 30]. In general, small cerebellar infarcts pres-
ent with the same (though less severe and less extensive)
clinical manifestations as larger infarcts [3]. Some small
cerebellar infarcts, especially those that occur in the ter-
ritory of the posterior cerebellar artery, may be silent or
present with only subtle cerebellar findings [31].

Classification

Traditional ‘Border Zone’ Classification

Large cerebellar infarcts have traditionally been clas-
sified in terms of the affected artery (PICA, AICA, or
SCA), while very small cerebellar infarcts have tradition-
ally been classified along the presumed border zone loca-
tions in between the three main cerebellar perfusion ter-
ritories [1, 5, 32, 33]. According to this principle, very
small cerebellar infarcts were originally classified into
tive subgroups [1]. A later study suggested the addition
of a new subgroup because a substantial fraction of the
very small infarcts did not fit into the original classifica-
tion [5].

Need for a Different Classification

There are several fundamental concerns with the clas-
sification of small infarcts into one of the border zone
areas. First, for the reasons we have already discussed, it
is likely that many small infarcts are small territorial in-
farcts that may not always occur in a border zone distri-
bution. Secondly, arterial perfusion territories vary con-
siderably among individuals, and these territories cannot
yet be identified in an individual patient [7]. Although
Tatu et al. [34] provided sections through the brain stem
and cerebellum for visual correlation of perfusion territo-
ries with neuroimaging studies, such a perfusion territory
atlas does not allow an accurate distinction of the differ-
ent arterial perfusion territories (and the border zones in
between them) in an individual patient. It is therefore im-
possible to accurately categorize a very small infarct as
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Table 1. Proposed classification of very small cerebellar infarcts according to anatomical location in the cerebellum

Vermis (midline)

Hemispheres (right or left)

Lobar classification (clinical purposes)
Anterior lobe anterior vermis
Posterior lobe posterior vermis
Flocculonodular lobe nodulus

anterior hemisphere
posterior hemisphere
flocculus

Lobular classification (research purposes)
Anterior lobe lobule I, IL, III, IV and/or V
Posterior lobe

Flocculonodular lobe lobule X (nodulus)

lobule VI, crus I, crus II, lobule VII, VIII and/or IX

lobule I, II, IIT, IV and/or V
lobule VI, crus I, crus II, lobule VII, VIII and/or IX
lobule X (flocculus)

This classification uses the anatomical MRI atlas of the cerebellum by Schmahmann et al. [6].

either a territorial or border zone infarct at present.
Thirdly, vascular territories do not respect anatomical
(and thus functional) boundaries as fissures [7]. As a re-
sult, the classification in function of arterial perfusion
does not correlate well with clinical findings. It is impos-
sible to predict the affected perfusion territory of a cere-
bellar infarct based on the patient’s symptomatology [28].
Though the relative frequencies of some clinical manifes-
tations vary among infarcts in different territories, they
do not allow a reliable prediction of the infarcted arterial
territory or border zone [28].

Functional Topographic Classification

For the reasons above, there is a need for a user friend-
ly and more accurate classification of small cerebellar in-
farcts that offers better clinical correlation. In order to
achieve this goal, we recommend the classification of
small cerebellar infarcts according to their topography in
either the anterior or posterior lobe of the vermis or cer-
ebellar hemispheres, or, in the flocculonodular lobe (lob-
ule X). For clinicoradiological correlation studies, it is
useful to classify small anterior and posterior lobe lesions
into more detail with the same system, i.e. in terms of af-
fected lobules instead of affected lobes (fig. 1; table 1) [6].

Neuroimaging

Small cerebellar infarcts are usually easily distin-
guished by their orientation perpendicular to cerebellar
fissures [35]. Cerebellar infarcts present as areas of hy-
podensity on CT and as areas of hyperintensity on T2-
weighted images (T2WI) [35]. CT typically fails to dem-
onstrate the acute phase of infarcts, and therefore it is
merely used to exclude other abnormalities such as hem-
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orrhage or mass lesions [36]. On MRI, small cerebellar
infarcts are more conspicuous on T2WI than they are on
fluid-attenuated inversion recovery images [38]. DWI
has markedly increased the conspicuity of MRI to detect
small acute infarcts and is positive within minutes after
onset (fig. 2) [26, 39]. DWI also allows the accurate dis-
tinction between recent and older infarcts. In the chronic
stage, infarcts usually present as a small cerebrospinal flu-
id (CSF)-filled cleft (fig. 3). Due to a high intrinsic con-
trast between brain parenchyma and CSF, even very small
cerebellar infarcts are easily detected on T2WI in the
chronic stage. Comparable-sized areas of gliosis, which
are the hallmark of supratentorial microinfarcts [25], are
much harder to detect on MR [27].

Conclusion

Very small cerebellar infarcts are a frequent finding on
CT and even more on MR imaging. Since these infarcts
were originally believed to arise secondary to low flow in
a border zone location, they are traditionally being clas-
sified according to border zones in between perfusion ter-
ritories. This traditional classification is based upon un-
clear pathophysiologic mechanisms, however. Moreover,
it is not possible to identify the cerebellar border zones at
present. In order to achieve uniform reporting and better
clinicoradiological correlation, we recommend the use of
a reliable classification system based on cerebellar topog-
raphy. For clinical purposes, small infarcts can be classi-
tied according to their midline or hemisphericlocation in
either the anterior, posterior, or flocculonodular lobe. For
scientific research purposes, very small cerebellar infarcts
can be classified even more precisely in terms of affected
lobule(s).
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