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Clinical Article
Cerebellar lesions: is there a lateralisation effect on memory deficits?
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Summary

Background. Until recently, neurosurgeons eagerly re-

moved cerebellar lesions without consideration of future

cognitive impairment that might be caused by the resec-

tion. In children, transient cerebellar mutism after resec-

tion has lead to a diminished use of midline approaches

and vermis transection, as well as reduced retraction of

the cerebellar hemispheres. The role of the cerebellum

in higher cognitive functions beyond coordination and

motor control has recently attracted significant interest

in the scientific community, and might change the neu-

rosurgical approach to these lesions. The aim of this

study was to investigate the specific effects of cerebellar

lesions on memory, and to assess a possible lateralisa-

tion effect.

Methods. We studied 16 patients diagnosed with a cer-

ebellar lesion, from January 1997 to April 2005, in the

‘‘Centre Hospitalier Universitaire Vaudois (CHUV)’’,

Lausanne, Switzerland. Different neuropsychological tests

assessing short term and anterograde memory, verbal and

visuo-spatial modalities were performed pre-operatively.

Results. Severe memory deficits in at least one modal-

ity were identified in a majority (81%) of patients with

cerebellar lesions. Only 1 patient (6%) had no memory

deficit. In our series lateralisation of the lesion did not

lead to a significant difference in verbal or visuo-spatial

memory deficits.

Findings. These findings are consistent with findings

in the literature concerning memory deficits in isolated

cerebellar lesions. These can be explained by anatomical

pathways. However, the cross-lateralisation theory can-

not be demonstrated in our series. The high percentage

of patients with a cerebellar lesion who demonstrate

memory deficits should lead us to assess memory in

all patients with cerebellar lesions.
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Introduction

In contrast to the resection of a lesion in an eloquent

supratentorial area, plans for resection of an infratentor-

ial lesion do not generally take into account the possi-

bility of disrupting higher cognitive functions. Since

cerebellar mutism is more often encountered in children

than in adults, midline approaches with splitting of the

vermis have become progressively less popular with

paediatric neurosurgeons. Surgeons actively attempt to

avoid the cerebellar nuclei in order to minimise the

occurrence of cerebellar syndromes with coordination

problems, dysarthria, ataxia and dysmetria but do not

consider preserving the cerebellar hemispheres to mini-

mise deficits of higher cognitive function. Even though

the cerebellum was not considered an eloquent area at

first, different researchers have proved the role of the

cerebellum in different cognitive functions. At first, with
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the concept of diaschisis, different studies demonstrated

the implication of the cerebellum in different cognitive

tasks [2, 7, 15, 16, 29]. Lesional and functional studies

have also demonstrated the role sustained by the cere-

bellum in cognition [1, 9–12, 17, 21, 25, 31, 37, 41], and

their results are supported by anatomical animal studies

[24, 32–34].

Cognitive deficits have been described following the

diagnosis of pure cerebellar lesions [17, 21, 37]. The

systematic examination of patients with damage limited

to the cerebellum revealed deficits in executive func-

tions, memory, spatial cognition, and language, as well

as personality and affective changes, which have been

proposed to be part of the ‘‘cerebellar cognitive affec-

tive’’ syndrome [17, 30, 36, 41]. While some studies

showed a crossed lateralisation effect with verbal deficits

in right-sided [37] and non-verbal deficits in left-sided

cerebellar lesions [19], other studies displayed global

dysfunction [30] or a lack of lateralisation [31], while

others showed a significant increase in cognitive impair-

ments in right cerebellar lesions in right handed patients

as compared to left sided lesions [21].

The aim of this study was to investigate the specific

effects of cerebellar lesions on memory and to assess a

possible lateralisation effect.

Material and methods

We reviewed all adult patients (>18 years old) admitted

between January 1997 and April 2005 to the Neuro-

surgery Department of the University Hospital (CHUV,

Lausanne, Switzerland) with cerebellar tumours. The

patients preceding February 2002 were retrospectively

analysed and those admitted from February 2002 to

April 2005 were reviewed prospectively.

Initially, 89 patients were identified. Those with

underlying pathology which might lead to cognitive dys-

function, such as a history of chronic systemic hyperten-

sion, hydrocephalus, supratentorial lesions, and alcohol

abuse were excluded. None of the patients had a history

of depression or needed to be treated for this condition

in the follow-up period. The lack of detailed medical or

neuropsychological data also resulted in patient exclusion.

As we were interested in the ‘‘crossed-lateralisation’’

effect, only hemispheric cerebellar lesions, either intra-

axial or extra-axial, with a mass effect on the cerebellar

hemisphere were included; cerebellar midline lesions

(fourth ventricle or vermis) were discarded. For the reason

regarding on certainty of the dominant hemisphere, anoth-

er two patients who were not right-handed (one was left-

handed, the other ambidextrous) were excluded.

Sixteen patients were eventually studied (age range¼
18 to 72 years old; mean age¼ 47 years; Table 1). There

were 11 men and 5 women, all right-handed. Eleven

patients had right cerebellar hemispheric lesions, while

5 had left-sided lesions. There were 5 metastases, 3

haemangiomas, 2 meningiomas, 2 pilocytic astrocyto-

mas, 2 medulloblastomas (both were exophytic, latera-

lised and growing into the ponto-cerebellar angle), 1

glioblastoma, and 1 cavernous angioma.

Table 1. Patient population

Age (years) Gender Side of lesion Type of lesion VSTM VSSTM AVM AVSM

1 45 M R haemangioblastoma L N D D�
2 63 M R haemangioblastoma D D N N

3 61 M R metastasis N N D D

4 49 F R metastasis L D

5 18 M R pilocytic astrocytoma N D N N

6 57 M R meningioma N N D N

7 72 F R glioblastoma N D N N�
8 25 M R medulloblastoma N D

9 49 M R metastasis L N L N

10 67 F R metastasis N L

11 36 M R pilocytic astrocytoma N N�
12 52 M L medulloblastoma N N D D

13 47 F L cavernous angioma D N D N�
14 31 M L haemangioblastoma N N N D

15 52 F L meningioma N N D N

16 39 M L metastasis N D D�

Patients included in this study and their performance in verbal (VSTM) and visuo-spatial (VSSTM) short term memory as well as anterograde verbal

(AVM) and visuo-spatial memory (AVSM). � Indicates the patients who had the faces=landscapes recurrent images series.

M Male, F female, R right, L left N normal, D deficient (<10 percentile), L at lower limit of normal performance (10–20 percentile). Patient 1 (Fig. 2),

patient 16 (Fig. 3) and patient 12 (Fig. 4) are illustrated.
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All patients had a pre-operative assessment followed

by 1 or 2 post-operative assessments, consisting of a global

neuropsychological assessment which included (lan-

guage (spontaneity, repetition, fluency, comprehension)

writing and reading skills, calculations, construction and

ideo-motor praxias, gnosias, executive tasks, verbal and

non-verbal memory and a neurological examination.

Short-term memory was assessed by the Digit Span

Test [5, 26, 28, 38, 42] for verbal modality and the Corsi

Block-Tapping Test [39, 40] for visuo-spatial modality.

Anterograde verbal memory was tested either with a 15

word list (Clapared-Rey) [6, 8, 28] or with a recurrent

word series. Visuo-spatial memory was tested either with

the complex figures of Rey (11 patients) [3, 14, 28], or

with faces=landscapes recurrent images series (5 pa-

tients) [4, 13, 28]. Patient scores were compared to the

normal population (adjusted for age and gender) and

those equal to the mean � 2 standard deviations (SD)

were graded as normal performance. Performance be-

tween the 10 and 20th percentile was considered the limit

of normal performance. Lower performance (<10th per-

centile) was considered a severe deficit.

Results

Thirteen patients (81%) presented with severe memory

deficits (percentile �10) in at least one of the tasks and

an additional two patients (13%) scored at the lower

limit of normal (percentile 10–20). Only 1 patient (6%)

had no memory deficits. The deficits were either isolated

or associated with executive dysfunction, but none of the

patients had global cognitive dysfunction.

The laterality of the lesion did not influence verbal

short term memory scores, as 9% of patients (1=11) with

right-sided and 20% of patients (1=5) with left-sided

cerebellar lesions were deficient in verbal short term

memory (p¼ 0.55). Visuo-spatial short term memory

was deficient in 43% of patients (3=7) with right-sided

lesions and in none of the patients with left-sided lesions

(p¼ 0.16). Therefore, 28% of patients (3=11) with right-

sided and 20% of patients (1=5) with left-sided cerebel-

lar lesions (p¼ 0.74) had a deficit in short term memory

(either verbal or visual). A combined severe verbal and

visuo-spatial short term memory deficit was found in 1

patient (9%) with a right-sided cerebellar lesion.

Anterograde memory was more often affected than

short-term memory. In patients with right-sided cerebel-

lar lesions, anterograde verbal memory was deficient in

50% (5=10) while it was affected in 80% of patients

(4=5) with left-sided lesions (p¼ 0.28). Anterograde

visuo-spatial memory was deficient in 25% of patients

(2=8) with a right-sided cerebellar lesion and 60% of

patients (3=5) with a left sided lesion (p¼ 0.23). Deficits

in either verbal or visuo-spatial anterograde memory

were present in 45% of patients (5=11) with right-sided

but 100% (5=5) of patients with left-sided lesions

(p¼ 0.05). A combined verbal and visuo-spatial antero-

grade memory deficit was found in 18% of patients

(2=11) with right-sided and 40% (2=5) of patients with

left-sided lesions (p¼ 0.36).

Combined short term and anterograde severe memory

deficits were found in one patient.

In the results previously described we only included

the severe memory deficits. If the moderate deficits were

also included, the number of patients presenting with

a deficit would be even more striking. 31% of the pa-

tients had a verbal short term memory deficit (5=16),

27% a visuo-spatial short term memory deficit (3=11),

73% a verbal anterograde memory deficit (11=15), and

38% a visuo-spatial anterograde memory deficit (5=13).

Fig. 1. Distribution of short-term (left panel) and anterograde (right panel) memory deficits on the function of the side of the cerebellar lesion

(white box right sided lesions, grey box left sided lesions). Numbers written in the circles indicate the number of patients with severe deficits in the

verbal or=and visuo-spatial domains, respectively. Numbers outside the circles indicate patients without deficits. A star indicates domains where

most deficits would be expected if cross-lateralisation for memory was present, i.e., if verbal deficits occurred with right side and visuo-spatial

deficits with left side cerebellar lesions
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Twenty-five percent (4=16) present had both a short term

and an anterograde memory deficit, while 69% (11=20)

presented with one of the two deficits, only one patient

having no deficit at all.

Discussion

As previously demonstrated in the literature by case

reports [30, 37, 43] or series [17, 19, 31], the cerebellum

seems to have a role in higher cognitive functions. The

high incidence of memory deficits in our series provides

more evidence for this function. None of the patients of

the series complained of depression or were treated be-

fore or afterwards for symptoms of depression. Howev-

er, depression was not actively searched for with a

formal depression assessment in this series. It is well

known that severe depression might affect cognitive

functions such as attention and memory [22, 27]. It is

controversial whether depression impacts on a wide

range of neuro-cognitive parameters [27] or whether it

affects memory predominantly. Studies evaluating mem-

ory among those with moderate to severe depression,

reported minimal changes in memory performance com-

pared to non-depressed patients [22]. Therefore even

though we cannot formally rule out that some kind of

depressive disorder might have affected our results, we

tend to believe that the specific findings discussed here

are due to the cerebellar lesion.

The underlying pathophysiology of such deficits can

be derived from anatomical evidence from animal stud-

ies which also support cerebellar involvement in cogni-

tion, such as the cerebello-frontal and cerebello-parietal

loops [23, 24, 34], and connections between the medial

Fig. 3. Patient 16: CT-head with contrast revealing a contrast en-

hancing lesion (metastasis) in the lateral portion of the left cerebellar

hemisphere with moderated mass effect on the midline structures.

This patient had severe deficits in anterograde verbal and visuo-spatial

memory

Fig. 4. Patient 12: Axial T1 sequence with gadolinium, showing a het-

erogeneous lesion situated in the lateral portion of the left cerebellum

(exophytic medulloblastoma) with moderate mass effect on the midline

structures. This lesion was associated with severe deficits in ante-

rograde verbal and visuo-spatial memory

Fig. 2. Patient 1: T2-axial sequence with a predominantly cystic right

hemispheric cerebellar lesion (haemangioblastoma) with minimal mass

effect on the midline structures. This patient had severe deficits in

anterograde verbal and visuo-spatial memory
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mamillary bodies and the deep layers of the superior

colliculus within the cerebellum [18]. The existence of

a cortico-cerebellar loop, consisting of crossed projec-

tions from the frontal, posterior parietal, superior tem-

poral and limbic cortex to the pontine nuclei, also

strengthens this theory [35]. The uncrossed ponto-cere-

bellar projections, crossed cerebello-thalamic and tha-

lamo-cortical pathways form a feedback loop, which

involve not only the sensori-motor areas but also the

fronto-parietal associative cortex [33]. In humans, acti-

vation studies such as PET and fMRI have demonstrated

cerebellar activation, predominantly on the right, in ver-

bal anterograde memory tasks [1, 9–11, 20], in addition

to the left supramarginal gyrus and Broca’s area.

Even though cross lateralisation has been described,

and there is evidence of anatomical crossed projections

as well as crossed activations, we were not able to find

any significant differences in the type of memory affect-

ed with regard to the side of the lesion. The only result

tending to a significant difference was the incidence of

anterograde memory deficits between right-sided and

left-sided lesions (63% of all, 45% of right-sided lesions,

and 100% of left-sided lesions, p¼ 0.05). The incidence

of short-term memory deficits (25% in all; 28% of right-

sided and 20% of left-sided, p¼ 0.74) was not signifi-

cantly different.

Consistent with other studies, we observed several

examples of right cerebellar lesions (3) associated with

a selective verbal memory deficit, and one patient with a

left cerebellar lesion associated with a selective visuo-

spatial memory deficit. However, we also observed two

patients with right-sided lesions and selective visuo-spa-

tial deficits, and 2 patients with left-sided lesions who

were affected by verbal deficits. The lack of right-verbal

and left-visuo-spatial association was more evident for

short term memory than for anterograde memory. In the

literature, some studies have shown a cross-lateralisation

effect [17, 19, 37], but others such as in Ravizza et al.

[31] described verbal working memory deficits with ei-

ther right or left-sided lesions. Gottwald et al. [17] ob-

served a partial effect, in which patients with right-sided

lesions had more deficits than those with left-sided

lesions. A case report of a visuo-spatial deficit in a pa-

tient with a right-sided cerebellar lesion has also been

described [43].

Conclusion

Our study confirms that memory deficits can be seen in

isolated cerebellar lesions. As previously demonstrated

in the literature by case reports [30, 37, 43] or series [17,

19, 21, 31], the high incidence of memory deficits in

patients with cerebellar lesions proves that the cerebel-

lum functions in higher cognition tasks. Patients with

cerebellar lesions should have a neuropsychological as-

sessment to evaluate their memory pre-operatively, and

might benefit from post-operative assessment and reha-

bilitation.

Our data does not support the cerebellar cross lateral-

isation view, which has been described and demonstrat-

ed in other studies. We were not able to find significant

differences between right and left-sided lesions in the

incidence of either anterograde or short-term memory

deficits.
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Comments

There has been a growth in interest in cognitive and behavioural func-

tions of the cerebellum in recent years. The current paper adds to the

literature on the cognitive effects of lateralised cerebellar lesions, and

has useful practical implications for managing neurosurgical patients.

The study is not fully prospective, and the cognitive battery that was

used to assess patients varied from case to case. The current report

focuses on memory problems associated with cerebellar lesions, and

does not give information about other deficits that may have been

present such as problems of language, attention and executive functions.

It would be very interesting to see a prospective study of such cases

using tests chosen to identify more specifically the nature of cognitive

impairment caused by cerebellar lesions. The authors are right to flag up

memory problems, as a currently under-recognized consequence of

cerebellar lesions.

Lindsay Wilson

Stirling University

This manuscript underlines the fact that cognitive deficits represent a

critical parameter in the management of cerebellar lesions. Without any

doubt, such studies are useful since data about cognitive deficits in this

field remain rare and taking in account that these deficits remain well

underestimated.

Mathieu Vokaer

Universit�ee Libre de Bruxelles
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