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The cerebellum contributes to higher functions

during development

Evidence from a series of children surgically treated for

posterior fossa tumours
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Summary

We present data on the intellectual, language and
executive functions of 26 children who had undergone
surgery for the removal of cerebellar hemisphere or
vermal tumours. The children with right cerebellar
tumours presented with disturbances of auditory
sequential memory and language processing, whereas
those with left cerebellar tumours showed deficits on tests
of spatial and visual sequential memory. The vermal
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lesions led to two profiles: (i) post-surgical mutism, which
evolved into speech disorders or language disturbances
similar to agrammatism; and (ii) behavioural disturbances
ranging from irritability to behaviours reminiscent of
autism. These data are consistent with the recently
acknowledged role of the cerebellum as a modulator of
mental and social functions, and suggest that this role is
operative early in childhood.
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Abbreviations: MLU = mean length of utterance; PIQ = performance 1Q; VIQ = verbal 1Q; WCST = Wisconsin Card

Sorting Test

Introduction
The cerebellum has been associated with motor control and
the ability to learn highly complex motor sequences (Ghez
and Fahn, 1985), but more recent studies have extended its
contribution to non-motor functions, such as language,
thought modulation, emotions and the ability to organize
symbolic activities in a sequential manner (Schmahmann,
1991; Fiez et al., 1992; Leiner et al., 1993; Fiez, 1996). The
role of the cerebellum in cognitive processing is mainly
supported by anatomic demonstrations that the cerebellar
hemispheres are indirectly connected to the associative areas
of the frontal and parietal cortex (Asanuna et al., 1983;
Stanton et al., 1988; Schmahmann and Pandya, 1993;
Middleton and Strick, 1994). Furthermore, an increasing
number of clinical studies have revealed both motor and
cognitive deficits in adult patients with vascular or
degenerative cerebellar disease (Grafman et al, 1992;
Botez-Marquand et al., 1994; Silveri et al., 1994;
Schmahmann and Sherman, 1998).

In children, it is well known that congenital hypoplasia
of the cerebellum (and particularly the vermis) is often
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accompanied by a wide range of neurodevelopmental
disorders (Gilberg and Coleman, 1992). In contrast, there are
only rare descriptions of cognitive disturbances following
acquired cerebellar lesions (Riva, 1998).

Schmahmann has hypothesized an internal topography of
the cerebellum in which the regions of the vermis represent
the cerebellar limbic system and are thought to be involved
in the modulation of emotions and social behaviours, whereas
the more lateral hemispheric regions are involved in
modulating thought, language and the ability to plan
(Schmahmann, 1991).

Speech disorders involving dysarthria to the point of
mutism have been described in children after posterior fossa
tumour surgery (Ferrante et al., 1990; van Dongen et al.,
1994; Pollak et al., 1995; Van Calenbergh et al., 1995), but
language organization disturbances have not yet been
reported.

Alterations in cognitive functions have been repeatedly
observed in children with medullablastomas; however, these
have been attributed not to the site of the tumour removal
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but to the effects of therapy (i.e. radiotherapy or
chemotherapies) that usually involve the whole brain (Riva
et al., 1989, 1991b; Duffner and Cohen, 1991). Studies of
astrocytomas of the posterior fossa have revealed the presence
of cognitive deficits after tumour removal (with greater
impairment being observed in cases with a larger amount
of residual tumour), or a selective slowing of attentional
performances within the context of adequate mental
functioning (Riva et al., 1989, 1991b; Riva, 1995b).

The behavioural changes observed after posterior fossa
surgery have often been interpreted as symptoms of reactive
depression. Pollack and colleagues described personality
changes and emotional lability (Pollack ez al., 1995) and, more
recently, Levisohn and colleagues have reported expressive
language and visuo-spatial problems in children who have
undergone excision of posterior fossa tumours (Levisohn
et al., 1997). Similar alterations have also been encountered
in children with primary brainstem tumours.

We present here the results of neuropsychological
evaluations of a consecutive series of children with
hemispheric or vermal tumours who underwent surgery in
our Institute between 1987 and 1993. The aim of the study
was to examine the effects of the lesions on higher functions
and to determine whether deficits vary depending on the site
of the lesion (the vermis, or the left or right hemisphere of
the cerebellum).

Methods

Clinical investigations

Between 1987 and 1993, 32 children underwent surgery
for cerebellar astrocytoma, and 21 for cerebellar vermis
medulloblastoma at the Carlo Besta National Neurological
Institute in Milan. This study was approved by the Internal
Ethics Committee of the Carlo Besta Neurological Institute,
Milan.

Only those satisfying the following criteria were included
in the study: (i) normal emotional and social behaviour before
the onset of the disease. (ii) Normal academic and intellectual
performances. (iii) Radiologically confirmed complete
removal of the tumour. (iv) An individual score and total
score less than 3 of the following major neurological
cerebellar signs: (a) ocular disorders (nystagmus and
alterations of saccadic movements); (b) movement disorders
(dysmetria and intentional tremor); and (c) ataxia. The scores
ranged from O (absent) to 3 (severe) (Riva et al., 1991b).
(v) A willingness to collaborate during the examinations.
(vi) Parental consent. (vii) The absence of a family history
of psychiatric pathologies.

Each patient underwent a comprehensive neurological
examination. MRI was performed according to the following
standard protocol: T,-weighted images in the axial or coronal
views, and Ti-weighted images before and after contrast
medium in the coronal, sagittal and axial views. The slice
thickness was 4 mm. Standard EEG was performed using

surface Ag—AgCl electrodes positioned according to the
International 10-20 system. The EEG signals were acquired
using a Micromed Computerized EEG system.

Patient characteristics

Twenty-six of the 53 patients met the selection criteria. Of
these 26, 15 underwent surgery for left or right cerebellar
astrocytoma and 11 for cerebellar vermis medulloblastoma.

The mean age of the 15 patients in the astrocytoma group
was 10.2 years (range 7-12.6): seven (mean age 9.8, range
6.11-13.4 years) had right, and eight (mean age 10.6;
range 7.2-13.1 years) had left cerebellar astrocytomas. The
histological type was pylocytic in eight cases, protoplasmatic
in three, fibrillar in two and mixed in two.

The mean age of the patients in the medulloblastoma group
was 7.10 years (range 6-12.1). This sample was divided
into two subgroups: the six children with speech/language
disorders after surgery (two of whom had desmoplastic
medulloblastomas) had a mean age of 7.2 years (range 6-8);
the five children with post-surgery behavioural disorders had
a mean age of 8.7 years (range 6.8—12.1).

None of the children had a score of 3 for any of the three
cerebellar signs considered in the selection criteria, and the
sum of the three scores was never greater than 3. None of
these children had a pathological EEG.

The MRI examinations did not reveal any brain lesions
other than cerebellar tumours, the mean diameter of which
was 2.8 cm (range 2—4 cm). Their locations were the vermis
in the case of the patients with medulloblastomas (marginally
involving the right cerebellar hemisphere in two cases), and
the cerebellar hemispheres in the patients with astrocytomas
(the right cerebellar lesions were mainly anterior in three
cases, and mostly posterior in four; the left cerebellar lesions
were anterior in three cases, and posterior in five). The
vermis was not involved in any of these cases.

Pre- and post-operative MRI of a case with posterior left
hemispheric cerebellar astrocytoma is shown in Fig. 1 and
of a case of vermis medulloblastoma in Fig. 2.

All the children were assessed by means of a
neuropsychological battery which included: (i) general
intelligence, measured with the Wechsler Scale verbal 1Q
(VIQ) and non-verbal items as performance 1Q (PIQ)
(Wechsler, 1986); (ii) language, in terms of (a) lexical
production (Boston Naming Test) (Kaplan et al., 1983) and
comprehension (Peabody’s Picture Vocabulary Test) (Dunn
and Dunn, 1981), (b) syntax (Token Test) (De Renzi and
Vignolo, 1962), and (c) verbal production based on the mean
length of utterance (MLU) deduced from the description of
a story based on visual stimuli (MacWhinney, 1991); (iii)
executive abilities, reflected in (a) auditory and visual
sequential memory using the Illinois Test of Psycholinguistic
Abilities (ITPA) (Kirk et al., 1968), (b) abstract reasoning
and the ability to adapt cognitive strategies in response to a
controlled change in environmental contingencies using the
Wisconsin Card Sorting Test (WCST) (Grant and Berg,
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Fig. 1 T,-weighted sagittal MRI: pre-operative showing an astrocytoma of the posterior left cerebellar hemisphere (left panel) and post-

operative showing the site and extent of excision (right panel).

Fig. 2 T,-weighted sagittal MRI: pre-operative showing a medulloblastoma of the IV ventricle with intense enhancement (left panel) and
post-operative showing a large demolition of the inferior vermis lobules that was associated with an autistic-like picture (right panel).

1993), and (c) creative fluency in the production of: (1)
words on the basis of categorical semantic stimuli (Benton
and Hamsher, 1989), and (2) unverbalizable drawings (Jones-
Gotman and Milner, 1977); and (iv) attention, using the
Cancellation Test involving the crossing out as quickly as
possible of a series of simple stimuli (Lezak, 1995).

In our Division, all children with neurological diseases
undergo neuropsychological evaluation. The protocol used
in the present study was specifically designed to study the
behaviour and higher functions of children with cerebellar
lesions, and is part of a broader protocol that evaluates late
neuropsychological effects in children with brain tumours
undergoing different treatment modalities. All of the tests
are administered in their Italian versions. Standard norms

have been published for some of them: the Boston Naming
Test and Verbal Fluency Test (Riva et al., 2000), the Token
Test (Vender et al., 1979, Riva et al., 1999), and the Illinois
Test of Psycholinguistic Abilities (Nardocci et al., 1997). For
the Design Fluency test, Peabody Picture Vocabulary Test
and Cancellation Test, the normative data have been collected
by our group.

The WCST perseverations were based on American norms
but, given the independence of this test from language or
other cultural factors, it is unlikely that the use of American
norms had any effect on the results, and this is also confirmed
by our ongoing data collection. All of the children were
evaluated after surgery because their general pre-operative
condition did not allow a reliable evaluation to be made due
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Table 1 Intelligence, language and executive performances
(Z scores) of 15 children with right and left hemispheric
cerebellar tumours

Right cerebellar Left cerebellar

tumours tumours

n=17 (n=28)
VIQ —-1.4 +0.2
PIQ +0.3 —13
Lexical naming —1.5 —14
Lexical comprehension —-1.3 -19
Token Test —1.6 +14
MLU —23 +14
Visual sequential memory +0.8 —1.7
Auditory sequential memory —1.8 +1.2
WCST (perseverations) +2.5 +2.1
Design fluency ND —24
Verbal fluency -29 —1.7
Attention -3.1 —-32

ND = no data.

to their neurological status and/or apprehension related to
the severity of their disease. In all cases, the evaluations
were carried out at least 5-6 weeks after surgery.

The patients with malignant tumours requiring further
radio- or chemotherapy were always evaluated before the
initiation of adjunctive treatment.

Procedures
The neuropsychological tests were performed by two clinical
psychologists working in the Neuropsychology Laboratory
of the Developmental Neurology Division; some of the
patients were still hospitalized, whereas the others were seen
as outpatients.

All of the tests were administered in a quiet room, and
interrupted whenever this was requested by the patient.

The children suffering from mutism or behavioural
disturbances secondary to the operation were only observed
and not tested during the days immediately following surgery
because they were in no condition to undergo formal testing.
The laboratory tests were undertaken only after a sufficient
period of post-surgical recovery.

Statistics

All of the test results were ‘Z’ normalized (mean value = 0
and standard deviation = 1). Z scores provide a standard
from which all other scores can be derived, and they reflect
the extent to which a score deviates from the mean population
score. The individual Z scores were then averaged in order
to allow rapid between-test and between-group comparisons
(Cristante et al., 1992). Z scores =2 correspond to an area
of probability that is outside 95% of the normal distribution
and so were considered statistically significant.

Results

Cerebellar hemisphere astrocytomas

The mean Z scores of the right and left lesioned subjects are
shown in Table 1. The subjects with right cerebellar lesions
showed a slight but non-significant decline in verbal
performance (—1.4). The results of all the language tests
revealed an impairment, which was less pronounced in
the case of tests of lexicon, such as naming (-1.5) and
comprehension (—1.3), and most marked in relation to
measures of complex aspects of language, such as receptive
syntax (Token Test, —1.6) and formulation of sentences as
reflected in the MLU (mean length of utterance) (-2.3).
Executive functions as assessed by tests of verbal fluency
and WCST were deficient (-2.9 and 2.5, respectively),
although sequential memory was impaired only verbally
(-1.8).

The children with left cerebellar lesions showed a decline
in non-verbal performance (—1.3). In the language domain,
only the lexical components were impaired (naming, —1.4;
comprehension, —1.9), whereas the more complex aspects
such as syntax comprehension and MLU were preserved. In
the domain of executive function, there was a high percentage
of perseverative errors on the WCST (2.1). Verbal fluency
was impaired (-1.7), and there was a decrease in design
fluency (—1.7); sequential memory was deficient only visually
(-1.7).

Both groups showed a slowing of more than 2 SD in
executing the time-based attention tests (left, —3.2; right,
=3.1).

Cerebellar vermis medulloblastomas

Of the 21 children who underwent surgery for cerebellar
vermis medulloblastoma between 1989 and 1993, only 11
children for whom we had a detailed record of post-operative
behaviour and a baseline neuropsychological assessment that
included evaluations of language and executive functions
were included in the study. All of the children had the
cerebellar vermis sectioned along the midline for its entire
length. One of them underwent the excision of a large part
of the VI, VII and VIII lobules, and to lesser extent the IX
and X lobules.

The post-surgical clinical pictures could be divided into
two groups: the first characterized by obvious mutism without
any clear behavioural alterations (six children), and the
second by obvious alterations in behaviour and some
neuropsychological dysfunctions (five children).

Post-operative mutism

The mean age of the first sub-group of six children (two of
whom had desmoplastic medulloblastomas) was 7.2 years
(range 6-8). The disturbances in verbal production were
represented by a post-surgical mutism that evolved in such
a way as to allow the identification of two distinct types of



Table 2 Intelligence, language and executive performances
(Z scores ) in six children with vermis medulloblastoma
presenting mutism after surgery

Mutism with Mutism with

subsequent subsequent
speech language
disturbances disturbances
(n=4) (n=12)
VIQ +0.5 +0.8
PIQ —0.1 +0.4
Lexical naming —0.5 —0.5
Lexical comprehension +0.1 —0.8
Token Test +0.6 2.7
MLU +0.9 —-25
Visual sequential memory +1.8 ND
Auditory sequential memory +1.6 -2
WCST (perseverations) +0.5 +2.8
Design fluency ND —2.08
Verbal fuency —-2.8 —-3.2
Attention -29 -3.1
ND = no data.

disorder: four cases had severe speech anarthria and two
others suffered from a severe intrinsic language disturbance
Their mean Z scores are shown in Table 2.

The first four patients were perfectly capable of
understanding language and providing clear linguistic
responses immediately after surgery but, within a period of
3-5 days, none of them could emit any sound despite the
fact that there was no evidence of any cranial nerve deficit
and their brainstem-evoked responses were normal. All had
normal involuntary palatal, lip and tongue movements, but
none of them could imitate tongue or lip movements on
command. During the course of the subsequent 3—4 weeks,
they recovered their ability to emit sounds first by phonating
when they laughed or cried, and then by producing single
words; after 5-6 weeks, they were capable of producing
grammatically correct but highly dysarthric sentences. The
clinical findings were confirmed by their normal performance
on all tasks given to them under laboratory conditions (with
the exception of the verbal fluency task, where their score
was below 2 SD due to verbal slowness secondary to
dysarthria). The children fully recovered their ability to use
expressive language 3—6 months after the operation, but their
speech patterns continued to be dysarthrically monotonous.
During the course of the following 6-24 months, all of them
completely re-acquired their normal speech.

In contrast, the mutism observed in the other two patients
evolved to a true language disorder. After the recovery of
word production, their language was not dysarthric but slow
and monotonous, and lacked its previous prosodic intonations.
Furthermore, despite a normal tendency towards
communication and the absence of dysarthria, these children
made use of a telegraphic language often structured in the
form of simple noun/verb sentences that frequently omitted
grammatical elements and often included uninflected verbs.
Their language was reminiscent of the agrammatical language
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Table 3 Intelligence, language and executive performances
(Z scores) of children with behavioural alterations after
surgical vermis incision (n = 4) and autistic-like picture

after large demolition of the inferior vermis lobules
(m=1)

Minor behavioural Autistic
disturbances behaviour
(n=4 (n=1
VIQ —0.6 —-1.8
PIQ -0.8 —34
Lexical naming —-1.2 —-34
Lexical comprehension -0.9 ND
Token Test —-0.9 —-2.1
MLU -1.1 -23
Visual sequential memory ND ND
Auditory sequential memory —-0.9 —-2.9
WCST (perseverations) +1.3 +2.4
Design fluency ND —2.6
Verbal fuency —1.1 —-3.6
Attention ND ND
ND = no data.
frequently encountered in aphasic patients (including

children) with acquired left frontal lesions.

When it was possible to make an evaluation under
laboratory conditions, the children had an excellent ability
to understand and repeat fluently even complicated sentences
(thus demonstrating they were not dysarthric), but suffered
from a severe lack of spontaneity in terms of active language,
and tended to speak very little even after being encouraged
to do so. These findings were confirmed by their poor
syntactic comprehension on the Token Test (-2.7) and their
poor performance in terms of auditory sequential memory
(-2) and MLU (-2.5). Their executive auditory sequential
memory and design fluency scores also fell 2 SD below the
norm, and their WCST perseverative errors were >2 SD
above the norm (2.8).

The picture evolved positively over time, but its evolution
was much slower than that of the other four patients described
above: even as late as 3 years after the operation, their
language quality was poor even though it was
grammatically correct.

Post-operative behavioural disturbances

The five children suffering post-operative behavioural
disturbances had a mean age of 8.7 years (range 6.8-12.1).
The surgery involved the incision of the lower part of
the vermis in all cases; in one, the inferior lobules were
largely excised.

All of the patients presented with different degrees of post-
surgical behavioural disturbances. In addition to a precise
daily record of their behaviour being kept and performing
the neuropsychological evaluation described in the Methods
section, the patients were also evaluated using the DSM IV
(Diagnostic and Statistical Manual of Mental Disorders,
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fourth edition) diagnostic criteria for autism (Andreoli et al.,
1996). Their mean Z scores are shown in Table 3.

In four cases, the picture was characterized by frank
irritability, a decreased ability to remain in the company of
others (including family members), and a general tendency
to avoid physical and eye contact. Their language was not
dysarthric, but moderately monotonous or partially lacking
in emotional inflections, and was rarely used as a means of
communication; in brief, it reflected the behavioural picture
of contact avoidance. All of their performances on the tests
fell within normal limits, although their scores tended to be
1 SD below the average (Table 3). The behavioural alterations
gradually subsided and returned to normal within a period
of 3—4 weeks, as assessed by their parents and the physician
who followed them during the course of their
hospitalization (D.R.).

However, the picture in the fifth case was quite dramatic
(MRI in Fig. 2). Immediately after the operation, this girl
had a very mild right cerebellar hemisyndrome (mild
hypotonia and hyposthenia), and her behaviour changed in a
startling manner: she had complete gaze aversion and a
severe intolerance of the approach of others (including her
mother). She presented with complex rhythmic rocking
stereotypical movements of the trunk and hands, and a
series of untranslatable linguistic eccentricities devastated
her communication. Spontaneous language for the purposes
of communication was practically absent during the first few
days after the intervention, and was limited to bizarre
stereotypic linguistic repetitions. Her behaviour satisfied the
DSM 1V diagnostic criteria for autism and was associated
with disinhibition, including the production of scurrilous
words and obscenities that were not at all usual for her.

Her behavioural disturbances made it impossible to carry
out any neuropsychological evaluation during the first few
days following the operation. After 1 week, a formal
assessment revealed deficient lexical naming (-3.4) and
syntactical comprehension (-2.1), with a very marked
reduction in both free (MLU, -2.3) and semantically
stimulated verbal fluency (-3.6). Furthermore, semantic cues
triggered an unstoppable confabulatory mechanism. All of
the frontal test results were severely impaired: auditory
sequential memory (-2.9); design fluency (-2.6); WCST
perseverations (2.4) (Table 3). One month after surgery, her
behaviour settled down: she became more tolerant of the
physical approach of others and could once again accept eye
contact. Although she remained generally introverted, her
language was contextual and not telegraphic. However, she
had a clear general lack of empathy with others, including
children of her own age. The longitudinal description of this
case will be published elsewhere.

Discussion

This study describes the cognitive and behavioural disorders
observed in children affected by cerebellar tumours. These
deficits can be clinically detected by means of specific tests,

making it possible to identify different behavioural patterns
related to the tumour location.

The tumours of the right cerebellar hemisphere correlated
to an alteration in the processing of verbal intelligence
and complex language tasks; those of the left cerebellar
hemisphere correlated to a diminished capacity to process
non-verbal tasks and, in some cases, an impairment in
prosodic intonation. Regardless of the laterality of the lesions,
there was a slight worsening in naming and comprehension,
and difficulties with the processing of executive and time-
based attention tests.

None of the children presented with frank behavioural
disturbances. In the group with hemispheric tumours, the
deficits tended to be hemisphere dependent, and were similar
to those observed in children with acquired unilateral lesions
of the cerebral hemispheres. The slight deficits in relation to
lexical production and comprehension found in our patients
with right or left cerebellar tumours were also similar to
those found in children with right or left unilateral cerebral
lesions (Aram and Whitaker, 1988; Riva et al., 1991a). The
left-right distinction also applied to the low frontal executive
test scores: sequential auditory memory was deficient in
patients with right cerebellar lesions and sequential visual
memory in those with left cerebellar lesions (Marlowe, 1992).

The limited nature of our data obviously means that they
need to be confirmed but, in any case, all of the patients
with cerebellar hemispheric involvement showed more
perseverative errors on the WCST compared with their normal
peers, and their average production of a story presented in
picture form was inferior.

The children with vermal lesions had two distinct profiles
that could be identified easily even on a clinical basis: a
profile of outright mutism, or a profile of affective and social
behavioural alterations, the severity of which varied in terms
of clinical expression. The profile of mutism was distinct
and well differentiated.

After the resolution of the mutism, the children with a
speech disorder suffered from dysarthric speech that
continued for months after the surgical intervention, but they
nevertheless retained an intrinsically intact language structure
in terms of the lexical and syntactic components, and the
organization of complex utterances. Their spontaneous
language was creative and natural, and did not require
any solicitation. Furthermore, they did not present any
executive deficits.

After being described in a large number of reports (Rekate
et al., 1985; Ferrante et al., 1990; van Dongen et al., 1994;
Pollak et al., 1995; Van Calenbergh et al., 1995), this picture
was categorized by van Dongen and colleagues as the ‘mutism
and subsequent dysarthria syndrome’ (MSD), a speech
disorder whose dysarthric characteristics may be so severe
as to reach the level of anarthria, but which always has a
favourable evolution (van Dongen et al., 1994).

In addition to mutism, Pollack and colleagues found
pseudo-bulbar signs and emotional changes and/or decreased
initiation of voluntary movements (Pollack et al., 1995). The



causes are thought to be a transient bilateral dysfunction of
the afferent and/or efferent dentate/thalamic pathways or
their cells of origin due to MRI-detectable bilateral oedema
of the brachium pontis (van Dongen et al., 1994).

The second type of mutism was similar to agrammatism
(Riva, 1995a, b, 1998), with a marked deficit on complex
linguistic tests despite an excellent ability to repeat even
highly complex sentences. As previously described by
Silveri and colleagues in an adult patient affected by a right
cerebellar stroke (Silveri et al., 1994), and by us in a child
with cerebellitis (Riva, 1998), the condition is characterized
by agrammatical and hypospontaneous language even after
the resolution of the symptoms. The deficient executive
test performances of these children once again highlight
the important relationship between executive function and
the programming of linguistic output—a typically
sequential function.

The poor performance of the two children with mutism
and subsequent language disorders on the test of fluency in
the production of unverbalizable drawings, deserves special
mention as it probably reflects the use of verbal strategies
when performing visuo-perceptual tasks, a behaviour that is
not infrequent in children (Stiles-Davis et al., 1988).

The differences between the two profiles of mutism
described above can be accounted for by the fact that the
first four children underwent the partial excision of the vermis
alone (causing an alteration in the mechanical processes of
phonation or the initiation of articulatory movements and
subsequent anarthria), whereas the last two children presented
a real language disturbance secondary to the additional partial
excision of the right cerebellar hemisphere, which leads
to alterations in linguistic processes including language
organization. The right cerebellar hemisphere participates in
language processing as a result of its cross-connections,
particularly with the frontal associative areas of the left
cerebral hemisphere via the thalamus (Barker er al., 1991;
Kim et al., 1994; Silveri et al., 1994, 1998; Schmahmann
and Pandya, 1997a).

Vermal lesions mainly involving the postero-inferior
lobules cause disturbances in social and communicative
behaviour of varying severity. Cerebellar vermis alterations in
psychiatric and schizophrenic patients have been anecdotally
described in the past (Schmahmann, 1991) and, more recently,
also in groups of carefully selected patients (Heath et al.,
1979; Martin and Albers, 1995).

Experimental studies of animals with an ablated cerebellar
vermis have revealed primitive defence and isolation
behaviours, as well as alterations in sexual conduct (Berman
et al., 1974). A large number of radiological and autopsy
studies have demonstrated that lobules VI and VII of the
vermis are involved in the pathogenesis of infantile autism
(Courchesne, 1991, 1997).

These studies, not confirmed by others (Bauman and
Kemper, 1997; Piven et al., 1997), suggest that the vermis
(particularly its lower lobules) plays a role in the processing
of complex social and emotional behaviours, a processing
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that takes place in a complex network involving other
associative areas that are important in the mediation of social
cognitive behaviour, such as the frontal lobes and the limbic
system (Courchesne, 1991, 1997; Saitoh et al., 1995; DeLong
and Heinz, 1997).

Our surgical cases seem to support this view, particularly
in relation to the role of the lower vermis. The dramatic
picture of autistic-like behaviour presented by the girl who
underwent the excision of the lower part of the cerebellar
vermis (in comparison with the other five children, who
did not present with a picture of autistic-like behavioural
alteration) may have been due to the abrupt disconnection
of the vermis from the supratentorial circuits, particularly
those that process emotions and complex social behaviours
(Middleton and Strick, 1994; Schmahmann and Pandya,
1997a, b).

All of the children were slow in performing the time-
based tests, which could be more precisely quantified by the
results of the Cancellation Test (the only test that led to
reduced levels of performance of more than three standard
deviations). We have previously observed a similar slowness
in carrying out this task in a study of children with cerebellar
astrocytomas. This was interpreted as an effect of the
proximity of the lesions or the surgical approach routes to
the ascending activating reticular system of the brainstem
(Riva et al., 1989). However, it can also be hypothesized
that this slowness of execution may depend on the poor
functioning of the intrinsic structure of the cerebellum, which
is constituted in a crystalline manner by a micromodular
structure that works in parallel. Each of these modules can
be considered the equivalent of microprocessors: in large
numbers, this parallel array leads to an extremely powerful
network capable of high-speed processing and learning.
The progressive possibility of recruiting modules in rapid
succession establishes a network that can reach exceptional
speeds of execution, and it is therefore clear that any lesion
affecting a part of this network reduces the efficiency of
recruitment and thus the speed of executing tests (Ito, 1984;
Ghez and Fahn, 1985). If a lesion is extensive, as in the case
of cerebellitis, this processing slowness affects all tests. We
have recently reported the case of a girl with cerebellitis
who, in addition to specific neuropsychological disorders
affecting language and sequential organization, was also
extremely slow in performing even the successfully completed
tests. After the resolution of the clinical picture, the only
remaining sign was her considerable slowness in performing
all activities, including spontaneous ones (Riva, 1998).

The presence of cerebellar signs such as dysmetria and
tremor may worsen time-based performances, but this does
not seem likely here because all of the patients with major
signs of motor impairment were excluded from the study,
and it must be remembered that the neurological signs in
children with posterior fossa tumours are always very slight
because of the exceptional adaptability of a child’s brain, as
well as the early diagnosis of the lesions.

The cognitive and behavioural alterations observed in this
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study confirm those found in individual adult patients (Silveri
et al., 1994, 1998) and in groups of patients with cerebellar
pathologies of various kinds (Grafman et al., 1992; Botez-
Marquand et al., 1996; Schmahmann and Sherman, 1998).
Although the heterogeneity of the patients involved in these
studies has not always made it possible to identify
constellations of symptoms associated with the site of the
lesion, the results did make it possible to conclude that
the vermal lesions were associated with major affective
alterations, whereas those involving the cerebellar
hemispheres (particularly the posterior lobes) were crucial
for the generation of altered cognitive behaviours (Silveri
etal., 1994, 1998; Botez-Marquand et al., 1996; Schmahmann
and Sherman, 1998).

Neurocognitive and/or behavioural alterations of varying
severity are found in children with (global or only vermal)
congenital cerebellar hypoplasias, whether these are isolated
or form part of complex cerebral malformations; however,
precisely because of their often severe intellectual deficits
and the difficulty of establishing a relationship that is reliable
enough to allow a complete evaluation, no more detailed
pictures have yet been described (Baraitser, 1990; Guzzetta
et al., 1993).

The literature contains very few descriptions of normally
intelligent children with an acquired cerebellar pathology:
the children with surgically induced lesions described by
Pollak et al. and Levisohn et al. had cognitive and affective
deficits if the vermis was involved (Pollak et al., 1995;
Levisohn et al., 1997); the child with cerebellitis described
by us showed a deficit in the sequential organization of
symbolic activities (particularly language), but the lesion
involved both hemispheres (Riva, 1998).

Nevertheless, even these few cases highlight the important
fact that the cerebellum plays a fundamental role in
constructing the harmonious organization of higher cognitive
and social behaviours. Furthermore, the results of the present
study make it possible to identify patterns that are compatible
with the site of the lesion, and this differentiation of patterns
supports the hypothesis advanced by Schmahmann
concerning the functional topography of the cerebellum
(Schmahmann, 1991).

The fact that vermal lesions (particularly of the inferior
lobules) are correlated to different degrees of behavioural
disturbances that go from irritability to a general tendency
towards avoidance that may even reach the stage of transitory
autism supports the role of the vermis as a cerebellar limbic
system. Furthermore, the fact that lesions of the cerebellar
hemispheres lead to deficits in complex mental activities
supports the role of these hemispheres in the modulation of
thought, language and executive abilities. Although this
conclusion needs to be advanced with caution, the two
cerebellar hemispheres may have a right-left specialization
similar to that of the cerebral hemispheres.

The results described above also make it possible to
hypothesize that, given the young age of some of the children
included in our study, this inter-cerebellum specialization

develops early, as is also shown by the fact that congenital
vermis abnormalities or hypoplasia are accompanied by a
wide range of developmental disorders (including autism)
(Baraitser, 1990; Gilberg and Coleman, 1992; Bauman and
Kemper, 1997).

The early specialization of the cerebral areas has been
widely demonstrated in animals (Kennard, 1940) and in
children presenting specific deficits after focal cerebral lesions
acquired at an early age and affecting different sites (Riva
and Cazzaniga, 1986; Aram and Whitaker, 1988), even
though its maturation times vary from region to region
(Thatcher et al., 1987; Simonds and Scheibel, 1989).

Furthermore,  the  neuropsychological = anomalies
encountered in these children with cerebellar lesions are the
same as those found in children with supratentorial cortical
lesions, including the executive function deficits of children
with lesions in the right and left pre-frontal associative
regions (Marlowe, 1992), and alterations in communications
and social relations in children with lesioned limbic structures
(Chugani et al., 1996; DeLong and Heinz, 1997).

The reciprocal links connecting the cerebellum to these
structures have been elucidated in a large number of studies
(Schmahmann and Sherman, 1998): reciprocal connections
between the cerebellum and cortical areas (here we shall
consider only the frontal and pre-frontal areas, and the limbic
regions) have been demonstrated from the frontal cortex to
the cerebellum through the pons (Schmahmann and Pandya,
1995, 1997a, b) and vice versa through the thalamus
(Schmahmann and Pandya, 1990, 1997a, b; Middleton and
Strick, 1994, 1997), and reciprocal anatomical connections
have been found between the para-hippocampal structures
(Schmahmann and Pandya, 1993), the cingulate gyrus
(Vilensky and van Hoesen, 1981) and the hypothalamus
(Snider, 1950; Haines and Dietrichs, 1984).

The fact that the cerebellum forms part of a network of
cerebro-cerebellar and cerebello-cerebral connections that
process and mediate complex social and cognitive behaviours
has been confirmed by studies of normal subjects performing
different tasks (Barker et al., 1991; Schmahmann, 1991), and
this makes it likely that the disorders following cerebellar
pathologies are the consequence of the malfunctioning of a
network of complex connections.

The fact that cerebellar damage causes deficits in the long
term has been demonstrated by PET studies that have
revealed areas of hypoperfusion in associative cortical areas
(Botez-Marquand et al., 1996; Schmahmann and Sherman,
1998) and hypoperfusion in cerebellar areas in case of
cerebral lesions (Pantano et al., 1986; Gomez Beldarrain
et al., 1997).

It follows that it is impossible to determine whether the
deficits described here are directly due to the cerebellar lesion
or to the diaschisis arising from the sudden interruption of
the reciprocal connections between the different cerebral
regions and the cerebellum. The degree to which age-
dependent factors affect the extent and duration of diaschisis
has not yet been determined, but the improvement in function



observed in some of our cases (particularly those with vermal
lesions) clearly shows that the alterations caused by cerebellar
lesions are transient.

If the deficits in higher functions observed after cerebellar
lesions can be interpreted as an effect of a major and more
or less abrupt diaschisis of the cerebellar circuits of the
supratentorial structures, it has to be concluded that the
system of reciprocal cerebro-cerebellar connections is also
operative in childhood (Jacobson, 1991).

Conclusions

Our results confirm the cognitive and behavioural deficits
following cerebellar lesions reported in previous studies,
but the more precise localization and homogeneity of the
pathology has also made it possible to identify different
neurobehavioural patterns related to the vermal or
hemispheric site of the lesions themselves. These findings
support the hypothesis of Schmahmann concerning a
functional topography within the cerebellum (Schmahmann,
1991), and suggest that this topography becomes operative
at an early stage. The existence of cognitive and social
alterations profiles related to cerebellar tumours implies
that these lesions are causally related to the generation of
the deficits.

However, it cannot be concluded that the lesions per se
are the direct cause, as it may be that their primary effect
is to deprive the complicated network of interconnections
between the cerebellum and the associative cortical areas of
its ability to modulate the cerebellum itself, and thus its
capacity to harmonize the behaviour of the various domains.

Furthermore, it needs to be remembered that many children
have undergone the similar type of surgery for the same
pathology without experiencing any post-surgical cognitive
or behavioural alterations, or alterations that were so slight
as to go unobserved. This means that the question must be
even more complex, and that the more or less dramatic
response to a cerebellar lesion and the associated problems
of diaschisis from other supratentorial associative structures
may also depend on a genetically different inter-subject
neuronal organization.

Given the complexity of the problem, studies of larger
samples of patients at different ages, including patients with
no or minor symptoms, but with homogeneous lesions whose
location can be precisely defined, are necessary before any
definite conclusions can be drawn concerning the functional
organization of the different areas of the cerebellum.
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