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Abstract
Cerebellar mutism syndrome (CMS) is a common surgical sequela in children following posterior fossa tumor (PFT) resection.
Here, we analyze the neuropsychological features associated with PFT in children, focusing particularly on the differential
profiles associated with the presence or absence of CMS after surgery. We further examine the effect of post-resection treatments,
tumor type, and presence/absence of hydrocephalus on surgical outcome. Thirty-six patients diagnosed with PFT (19 with and 17
without CMS) and 34 age- and gender-matched healthy controls (HCs) were recruited. A comprehensive neuropsychological
evaluation was conducted in all patients postoperatively and in HCs, including an assessment of general cognitive ability, motor
skills, perception, language, memory, attention, executive functions, and academic competence. CMS was found to be a clinical
marker of lower neuropsychological profile scores across all cognitive domains except auditory-verbal processing and visual
memory tasks. PFT patients not presenting CMS exhibited milder impairment in intellectual functioning, motor tasks, reasoning,
language, verbal learning and recall, attention, cognitive executive functions, and academic competence. High-grade tumors were
associated with slower processing speed and verbal delayed recall as well as alterations in selective and sustained attention.
Hydrocephalus was detrimental to motor functioning and nonverbal reasoning. Patients who had undergone surgery, chemo-
therapy, and radiotherapy presented impaired processing speed, verbal learning, and reading. In addition to the deleterious effects
of PFT, post-resection PFT treatments have a negative cognitive impact. These undesired consequences and the associated tumor-
related damage can be assessed using standardized, long-term neuropsychological evaluation when planning rehabilitation.
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Introduction

Central nervous system (CNS) tumors are the second most
common neoplasm in children and the most frequent solid

tumor found in pediatric patients, and 60% to 70% of child-
hood CNS tumors develop infratentorially [1]. The overall
incidence of pediatric brain tumor is approximately 4.5 per
100,000, with males comprising about 57% of the population
affected [2]. Posterior fossa tumors (PFTs), which account for
up to 60% of all childhood intracranial tumors [3], are typi-
cally classified by their histologic features, the three most
common being medulloblastoma (40%), astrocytoma (20–
35%), and ependymoma (10%) [1].

These three different tumor types typically require
specific treatment regimens consisting of varying com-
binations of surgical resection, chemotherapy, and radi-
ation therapy. However, radiation administered to the
cranial region has been shown to have adverse effects
on childhood neuropsychological and cognitive develop-
ment, especially above certain dosage levels [4], and
whole-brain irradiation and younger age were the most
significant and consistent risk factors associated with
poor cognitive outcome in children with brain tumors
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[5]. Furthermore, it has been reported that 5% to 40%
of survivors exhibit significant, functionally disruptive
neurocognitive impairments [6]. In addition to its role
in motor skills and coordination, the cerebellum contrib-
utes to cognitive and executive functions. Children who
undergo radiation therapy to treat cerebellar lesions are
expected to develop deficits in cognitive functions such
as intelligence, attention/executive function, and memory
[7, 8].

Cerebellar mutism syndrome (CMS) is a syndrome
that usually occurs after resection of a cerebellar tumor
and is only rarely (roughly 1%) encountered in adults
[9]. The syndrome commonly manifests 1 to 2 days
after surgery, lasts for 1 day to several months, and
can be followed by severe dysarthria before recovery
[10]. The terms used to describe mutism caused by cer-
ebellar disease have varied widely [11]. Thomale and
Driever [12] listed the terms used in the literature, from
most to least frequent: cerebellar mutism, posterior fossa
syndrome, CMS, cerebellar mutism and subsequent dys-
arthria, and akinetic mutism. This list drew the attention of
Gudrunardottir et al. [10], who pointed out the wide range of
definitions, classifications, and systems used to grade symp-
toms, seeking to schematically organize all neurobehavioral,
motor, and linguistic symptoms of this postoperative syn-
drome. The authors concluded that CMS was the most suit-
able term to cover all aspects of the condition, and it was thus
decided to use this term over the others [10].

Regarding with Gudrunardottir et al. [10], the most
widely accepted definition of mutism of cerebellar ori-
gin (and its associated symptoms) in children after cer-
ebellar or fourth-ventricle tumor surgery states that post-
operative pediatric CMS is characterized by delayed on-
set of mutism or reduced speech and emotional lability
[13]. Additional common features include hypotonia and
oropharyngeal dysphagia. CMS is frequently accompa-
nied by cerebellar motor syndrome, cerebellar cognitive-
affective syndrome, and brain-stem dysfunction includ-
ing long tract signs and cranial neuropathies. Mutism is
always transient in these cases but may require a
prolonged recovery period. Speech and language may
not return to normal, and other deficits of cognitive,
affective, and motor function often persist [11]. On av-
erage, patients who experience CMS had lower cogni-
tive scores at 1-year post-diagnosis and either demon-
strated no significant recovery or continued to decline
over time. The degree of the impairment varied depend-
ing on the skill measured. Processing speed was the
most impaired skill among patients with and without
CMS. Furthermore, patients with CMS exhibited im-
paired (> 2 SD below the mean value) processing speed
and below-average intellectual ability at 1 year postop-
eratively, and scores remained low over time [14].

Depending on the definition used, CMS incidence
figures range from 8% [3, 15] to 32% [16] among
children with any kind of cerebellar tumor, compared
to 24% [17] to 39% [18] in patients with medulloblas-
tomas when a more precise definition of CMS is
applied.

Known risk factors for CMS are brainstem tumor
involvement, midline location, and certain types of tu-
mors; the incidence of CMS in children with medullo-
blastoma is two to three times higher than for astrocy-
toma or ependymoma, but the biological mechanisms
behind these associations are uncertain [17, 19–21].
Recently proposed risk factors for CMS include
brainstem compression by the tumor, preoperative lan-
guage impairment, low socioeconomic level of the
family, and left-handedness [20]. Although the exact
cause of CMS remains obscure, a recent study deter-
mined that significant risk factors for the syndrome are
irritability in the pre- and postoperative period, midline
localization of the tumor, maximum tumor size greater
than 45 mm, histopathologic diagnosis of medulloblas-
toma, involvement of the superior cerebellar pedun-
cles, and vermian incision and/or resection. Male gen-
der also carries increased susceptibility to postopera-
tive CMS. Transient ischemia and edema due to ma-
nipulation of the dentate nuclei, superior cerebellar pe-
duncles, and the dentatothalamic pathway may contrib-
ute to the development of CMS [22]. The pathophys-
iological background of mutism may involve greater
speech dysfunction mediated by crossed cerebello-
cerebral diaschisis, a common finding during the mute
period. Foremost injury to the bilateral dentatothalamocortical
tract appears to be a critical component for the devel-
opment of cerebello-cerebral diaschisis and subsequent
mutism. Direct cerebellar injury is a likely reason for
persisting deficits after the mute period. Minimization
of injury to the dentatothalamocortical tract during
surgery may be a promising measure in efforts to pre-
vent mutism. Although mutism is generally thought to
be transient, persistent impairment of verbal skills is
common, with complete recovery of speech and lan-
guage being infrequent in children affected by CMS
[23–25].

Neuropsychological assessment provides important in-
formation about patients’ cognitive state, enabling us to
identify the impact of surgical intervention and other
treatments, not only in terms of intelligence quotient
(IQ) but also concerning other neuropsychological func-
tions essential to the ability to learn new information
such as attention/executive function, memory, and infor-
mation processing speed [26]. The aim of this research
is to determine the neuropsychological features associat-
ed with PFT in children and their relationship with
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variables described in previous research, with particular
focus on the presence or absence of CMS after surgery.

Materials and Methods

We assessed a group of 70 children (36 patients and 34
controls). The patient group comprised 36 children (26
boys, 10 girls) ranging in age from 4 to 18 years who
had been treated for PFT in the Niño Jesús Children’s
Hospital in Madrid, Spain, between 2015 and 2019.
Their age at diagnosis was approximately 6 years, and
the most common type of tumor was medulloblastoma.
We collected data on demographics and past history,
which appear in Table 1. Following surgery, the chil-
dren were referred to the Clinical Neuropsychology
Unit of our institution for assessment of postoperative
neuropsychological consequences and to evaluate the
suitabili ty of different treatments. Each patient
underwent an extensive formal neuropsychological as-
sessment administered by a clinical psychologist special-
izing in clinical neuropsychology. This group of patients
was compared to 34 healthy controls (HCs; 21 boys, 13
girls) in the same age range who had no neurological
diseases or any other kind of disease or treatment

impacting the CNS. Patients and controls were assessed
using the same protocol.

Clinical and Neuropsychological Assessment

The full protocol is presented in Table 2. It is com-
posed of standardized tests to assess several cognitive
domains and in accordance with international recom-
mendat ions [27] . The fol lowing domains were
assessed:

– general cognitive skills: Full Scale Intelligence
Quotient (FSIQ), Verbal Comprehension Index
(VCI), Perceptual Reasoning Index (PRI), Working
Memory Index (WMI), and Processing Speed Index
(PSI);

– motor functions: manual speed in the dominant and non-
dominant hand, and visuomotor coordination;

– perception: Gestalt Closure and auditory processing
– nonverbal skills: line orientation, emotion recognition of

faces, visuo-constructional praxis;
– reasoning: nonverbal and verbal reasoning;
– language: receptive vocabulary, verbal comprehen-

sion, naming, word fluency/phonetic, and semantic
association;

Table 1 Patient demographic information and treatments (n = 36)

All patients With CMS Without CMS

Male sex—frequency (%) 26 (72.2) 12 (63.2) 14 (82.4)

Postsurgical mutism—frequency (%) 19 (52.80) 19 (52.80) NA

Tumor type—frequency (%)

Medulloblastoma 20 (55.6) 10 (52.6) 10 (58.8)

Astrocytoma 14 (38.9) 8 (42.1) 6 (35.3)

Ependymoma 2 (5.6) 1 (5.3) 1 (5.9)

Tumor grade—frequency (%)

I 11 (30.6) 5 (26.3) 6 (35.3)

II 4 (11.1) 4 (21.1) 0 (0)

III 1 (2.8) 0 (0) 1 (5.9)

IV 20 (55.6) 10 (52.6) 10 (58.8)

Hydrocephalus—frequency (%) 20 (69.0) 12 (63.2) 9 (52.9)

Treatment—frequency (%)

Radiation therapy 2 (5.6) 1 (5.3) 1 (5.9)

Chemotherapy 3 (8.3) 0 (0) 3 (17.6)

Radiation and chemotherapy 20 (55.6) 12 (63.2) 8 (47.1)

Surgical resection only 11 (30.6) 6 (31.6) 5 (29.4)

Age at tumor diagnosis (months)—mean (SD) 76.10 (46.89) 93.28 (52.93) 65.87 (42.13)

Age at assessment (months)—mean (SD) 115.59 (50.20) 121.56 (51.27) 114.63 (53.68)

Age at first intervention (months)—mean (SD) 78.46 (45.99) 92.43 (51.59) 70.33 (41.57)

CMS = cerebellar mutism syndrome; NA = not applicable
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Table 2 Full neuropsychological assessment protocol

Domain Test Subtest/index

Intellectual functioning WISC-V Full Scale Intelligence Quotient

Verbal Comprehension Index

Perceptual Reasoning Index

Working Memory Index

Processing Speed Index

Motor WRAVMA Pegboard Test Manual Speed/Dominant Hand

Manual Speed/Nondominant Hand

WRAVMA Drawing Test Visuomotor Coordination

Perception KABC-II Gestalt Closure Gestalt Closure

WJ III COG Incomplete Words Auditory Processing

Nonverbal abilities NEPSY-II Arrows Line Orientation

NEPSY-II Affect Recognition Emotional recognition of faces

Rey Osterrieth Complex Figure Copy Test Visuoconstructional praxis

Reasoning WISC-V Matrix Reasoning Nonverbal Reasoning

WISC-V Similarities Verbal Reasoning

Language CELF-IV Word Classes–Receptive Test Word Classes

NEPSY-II Comprehension of Instructions Verbal Comprehension

KABC-II Expressive Vocabulary Naming

NEPSY-II Word Generation Word Fluency/Phonetic Association

Word Fluency/Semantic Association

WISC-V Vocabulary Word Definition

Memory WJ III ACH Story Recall Memory of Stories

CAVLT-2 Verbal Learning

Verbal Delayed Recall

RIAS Nonverbal Memory Visual Immediate Memory

NEPSY-II Memory for Faces Immediate Facial Memory

Delayed Facial Memory

Attention WISC-V Symbol Search Focused Attention

WISC-V Coding Selective Attention

TEA-Ch Code Transmission Sustained Attention

Executive functions CCTT–Test 1 Planning

NEPSY-II Inhibition Inhibitory Control

CCTT–Test 2 Task Flexibility

NEPSY-II Design Fluency Nonverbal fluency

WISC-V Digit Span Verbal Working Memory

WISC-V Figure Span Visual Working Memory

Academic skills WJ III ACH Reading Fluency Reading/Decoding

WJ III ACH Passage Comprehension Reading/Comprehension

BAS Writing/Orthography

WISC-VArithmetic Arithmetic/Applied Problems

WISC-V =Wechsler Intelligence Scale for Children - Fifth Edition;WRAVMA =Wide Range Assessment of Visual-Motor Abilities;KABC-II =Kaufman
Assessment Battery for Children Second Edition; WJ III COG =Woodcock-Johnson III - Tests of Cognitive Abilities; NEPSY-II =NEPSY Second
Edition; CELF-IV = Clinical Evaluation of Language Fundamentals Fourth Edition; WJ III ACH =Woodcock-Johnson III - Tests of Achievement;
CAVLT-2 =Children’s Auditory Verbal Learning Test - Second Edition; RIAS =Reynolds Intelligence Assessment Scales; TEA-Ch = Test of Everyday
Attention for Children; CCTT = Children’s Color Trail Test; BAS II = British Ability Scales Second Edition - Spanish Adaptation
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– memory: memory of stories, verbal learning, delayed re-
call, facial recall, visual learning, and visual delayed
learning;

– attention: focused, selective, and sustained attention;
– cognitive executive functions: planning, inhibitory con-

trol, flexibility, nonverbal fluency, and verbal operative
memory; and

– basic academic skills: reading/decoding, reading/under-
standing, writing, and arithmetic.

All tests were carried out in Spanish (native lan-
guage). All of the normative scores were transposed to
Z scores [mean (M) = 0; standard deviation (SD) = 1] to
compare scores for all tests. Performance in cognitive
domains was considered impaired if the score was > 1
standard deviation (SD) below the mean.

We compared controls and patients for such variables as
tumor type, presence of hydrocephalus, surgical intervention,
chemotherapy, and radiotherapy, with particular focus on the
presence or absence of CMS.

Statistical Analysis

We used IBM SPSS version 25.0 (IBM Corp., Armonk, NY)
for statistical analysis. Frequency, M, and SD were used to
describe the sample characteristics. Nonparametric Mann-
Whitney tests for independent samples were used to analyze
the mean difference between HCs and clinical groups for all
cognitive domains.

Results

The neuropsychological results of the different groups are
depicted graphically in Fig. 1. Firstly, significant differences
between PFT patients and HCs were found in all domains
assessed, with lower cognitive performance seen in the former
(Table 3).

A comparison between PFT patients with CMS (Table 3)
and PFT without CMS revealed that the former had signifi-
cantly lower FSIQ, both overall and as reflected by the differ-
ent indices that make up this score. Patients with CMS exhib-
ited decreased motor functioning, nonverbal skills, attention,
and executive functions; furthermore, all receptive and expres-
sive linguistic processes and verbal memory were more im-
paired among these patients than in PFT patients without
CMS. The only tasks in which patients with PFT (with or
without CMS) and HCs performed similarly were those that
require auditory-verbal processing and visual memory (learn-
ing and remembering).

When comparing patients with PFT who did not pres-
ent CMS after surgery and individuals in the HC group

(Table 3), overall impairments were also observed,
though these were milder and less extensive than those
in the PFT with CMS group. PFT followed by CMS
was associated with lower intellectual capacity and
worse execution in motor tasks, as well as impaired
reasoning, verbal comprehension and fluency, verbal
learning and recovery, attention, and cognitive executive
functions. We also observed a greater number of pre-
served capacities among PFT patients who did not de-
velop CMS; these patients had scores that were similar
to those of the HC group in tasks assessing perceptual
skills (visual and auditory processing), visuoconstructive
praxis and spatial perception, receptive vocabulary, nam-
ing, narrative verbal memory, visual learning and de-
layed recall, planning, and nonverbal fluency. In a com-
parison between PFT with CMS (n = 19) and patients
without CMS (n = 17) after PFT resection (Table 4),
the former obtained lower scores in several cognitive
domains. Specifically, we found significant differences
in intellectual ability reflected by a lower FSIQ, as well
as in VCI, WMI, and PSI scores. Significant differences
were also observed in all tasks requiring motor skills, in
some areas of receptive (receptive vocabulary) and ex-
pressive language (denomination), verbal memory (nar-
rative and memory), and attention and cognitive execu-
tive functions, as well as academic skills that require
reading comprehension.

Regarding the grade of the tumor (low grade (I, II) vs high
grade (III, IV)), patients with high-grade tumors showed lower
scores for the following variables: PSI (p = 0.019), verbal de-
layed recall (p = 0.045), selective attention (p = 0.019), and
sustained attention (p = 0.031). We found that hydrocephalus
had a negative impact on motor functioning, with significant
differences in manual speed/dominant hand (p < 0.01), manu-
al speed/nondominant hand (p < 0.01), and visuomotor coor-
dination (p = 0.012) tasks as well as nonverbal reasoning (p =
0.007). Patients who had undergone chemotherapy and radio-
therapy treatment showed lower scores in PSI, verbal learning,
and reading compared to those who had received surgical
intervention only.

Discussion

Previous studies [26, 28, 29] have found that children with
PFT exhibit lower neuropsychological performance than the
general population. In our research, children with PFT had a
mean IQ of 89, and the group without CMS exhibited intel-
lectual capacity scores that were not substantially lower than
the overall population (FSIQ = 95), though these scores were
significantly lower in the group with CMS (FSIQ = 81). The
review by Hanzlik et al. [26], found that PFT patients had
significantly lower scores than the normalized mean, at least
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one SD below. Moreover, Palmer et al. [30] reported a statis-
tically significant loss of IQ of 2.55 points per year following
diagnosis and treatment of PFT.

Existing research [25, 31–33] has shown that most patients
develop speech deficits after surgery and/or treatment. Other

studies [25, 32] have reached similar findings, reporting that
patients with mutism presented more frequent speech deficits
and slower speech rate than PFT patients without CMS,
whereas non-mute patients did not differ from controls, as
well as patients with CMS had poorer performance on several

Fig. 1 Neuropsychological
assessment results for the
different groups of patients. A
blue line is placed a z = − 1, so
data points to the right of this line
show deficits in the respective
cognitive domains
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Table 3 Comparisons between controls and patients, patients with CMS, and patients without CMS

Controls Patients No CMS CMS

N 34 36 17 19

Male sex—
frequency (%)

21 (61.8) 26 (72.2) 14 (82.4) 12 (63.2)

Mean (SD) Mean (SD) Significance
(p)

Mean (SD) Significance
(p)

Mean (SD) Significance
(p)

General
cognitive
skills

Full Scale
Intelligence
Quotient

1.14 (0.77) − 0.73 (1.01) 0.000 − 0.31 (.96) 0.000 − 1.27 (1.04) 0.000

Verbal
Comprehension
Index

.90 (0.78) − 0.43 (1.16) 0.000 .00 (0.93) 0.001 − 0.87 (1.26) 0.000

Perceptual
Reasoning Index

0.85 (0.90) − 0.22 (0.76) 0.000 − 0.38 (1.18) 0.000 − 0.89 (0.96) 0.000

Working Memory
Index

0.75 (0.84) − 0.79 (1.27) 0.000 − 0.21 (1.02) 0.003 − 1.41 (1.12) 0.000

Processing Speed
Index

0.88 (0.87) − 1.08 (1.17) 0.000 − 0.60 (1.13) 0.000 − 1.79 (0.96) 0.000

Motor skills Manual Speed/
Preferred
Hand

0.55 (1.28) − 1.39 (1.51) 0.000 − 0.73 (1.37) 0.004 − 2.46 (1.02) 0.000

Manual Speed/
Non
Preferred Hand

0.52 (1.03) − 1.57 (1.43) 0.000 − 1.05 (1.42) 0.001 − 2.42 (1.10) 0.000

Visuomotor
Coordination

0.56 (0.96) − 1.03 (1.43) 0.000 − 0.16 (0.95) 0.037 − 1.94 (1.15) 0.000

Perceptive
skills

Gestalt Closure −0.67 (0.82) − 0.85 (1.43) NS − 0.30 (1.46) NS − 1.56 (1.11) 0.011

Auditory
Processing

0.21 (0.58) 0.22 (1.43) NS 0.34 (0.73) NS 0.02 (0.96) NS

Non verbal
skills

Line Orientation 0.58 (0.79) − 0.98 (1.53) 0.000 − 0.29 (1.53) NS − 1.61 (1.19) 0.000

Emotional
Recognition
of Faces

0.40 (0.67) − 0.47 (1.22) 0.000 − 0.35 (1.34) 0.036 − 0.61 (1.25) 0.006

Visuo-constructional
Praxis

−0.20 (0.61) − 1.01(1.24) 0.002 − 0.83 (1.33) NS − 1.25 (0.96) 0.001

Reasoning Non Verbal
Reasoning

0.93 (0.86) − 0.29 (1.04) 0.000 − 0.15 (1.10) 0.001 − 0.49 (0.93) 0.000

Verbal Reasoning 0.90 (0.92) − 0.46 (1.01) 0.000 − 0.18 (0.76) 0.001 − 0.66 (1.15) 0.000

Language
skills

Receptive
Vocabulary

0.20 (0.73) − 0.61 (1.13) 0.009 − 0.26 (1.05) NS − 0.99 (1.15) 0.004

Verbal
Comprehension

1.47 (0.64) − 0.22 (1.27) 0.000 0.02 (0.95) 0.000 − 0.49 (1.40) 0.000

Naming 0.58 (0.58) 0.20 (0.83) 0.038 0.44 (0.44) NS − 0.23 (0.64) 0.000

Word
Fluency/Phonetic
Association

0.54 (1.39) − 0.65 (1.25) 0.000 − 0.36 (1.23) 0.044 − 0.98 (1.18) 0.001

Word
Fluency/Semantic

Association

1.49 (1.27) 0.08 (1.04) 0.000 0.40 (0.65) 0.001 − 0.13 (1.47) 0.001

Memory Memory of Stories 0.45 (0.63) − 0.49 (0.96) 0.000 − 0.12 (0.95) NS − 0.87 (0.78) 0.000

Verbal Learning 1.10 (1.11) − 0.69 (1.28) 0.000 − 0.38 (1.25) 0.001 − 1.10 (1.19) 0.000

Verbal Delayed
Recall

1.03 (0.88) − 0.71 (1.45) 0.000 − 0.16 (1.36) 0.004 − 1.33 (1.39) 0.000

Facial Memory 0.24 (0.79) − 0.85 (1.30) 0.000 − 0.36 (1.09) 0.038 − 1.49 (1.31) 0.000

Visual Learning 0.25 (1.09) − 0.37 (1.51) NS − 0.18 (1.02) NS − 0.92 (1.97) NS

0.30 (0.33) − 0.22 (1.02) 0.009 − 0.12 (0.52) NS − 0.87 (1.34) NS
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tasks compared to patients with no postoperative CMS.
Schreiber et al. [14] reported that post-diagnosis trajectories
of cognitive development over 5 years were worse in patients
who experience CMS. Unlike previous studies, the children
included in our study who had developed a PFTwith no CMS
showed significant differences when compared to HC chil-
dren, and although these differences were milder and restrict-
ed, they also affected the intellectual competence, language,
memory, attention, and executive functions of these children.

Despite continued evidence that radiation exposure has a
negative impact on neurocognitive development in survivors
of childhood CNS tumors, this therapeutic approach is often
necessary to the survival of these patients. Studies have shown
that tumor burden and the surgical intervention itself are asso-
ciated with poorer performance in cognitive measures despite
the fact that this detrimental effect has often been attributed to
the radiation alone [26]. Di Rocco et al. [34] found significant
deficits in IQ and attention among children with medulloblas-
tomas at presentation, with significant improvement observed
in these domains following surgery even before adjuvant ther-
apy. There is still strong support for delaying radiation therapy
for primary tumors in children younger than 3 due to the
benefit seen in long-term outcomes [35]. Treatments follow-
ing resection in PFTare detrimental to cognition but necessary
for survival. As in previous studies [26, 28, 29, 36], we found
that patients with high-grade tumors, who receive the most
aggressive treatments, exhibit slower processing speed and
greater weaknesses in delayed verbal memory and attentional
processes compared to low-grade tumors that only require
surgery.

Neuropsychological evaluation provides relevant in-
formation on the cognitive status of these patients.

Further longitudinal studies are needed to broaden
knowledge of the long-term impact of the brain damage
caused by the tumor as well as the effects of treatment.
It has been suggested that patients with CMS should
undergo routine follow-up to monitor possible emotion-
al, behavioral, and social problems over time [22]. On
this issue, our findings suggest that although we can
expect more severe impairments in children with CMS
secondary to PFT treatment, all children with a PFT
should be evaluated to determine the need for rehabili-
tative treatments, which can at least partially alleviate
these disease- and treatment-related deficits.

Improvements made to the assessment and care of these
children will provide a better understanding of the disease
and its treatment. While there is no established treatment of
mutism, early speech and rehabilitation therapy is recom-
mended [37]. Long-term follow-up and rehabilitation after
PFT should be tailored to patients’ individual needs, as a va-
riety of functions, including memory, attention, executive
functions, visuospatial skills, perceptual abilities, and commu-
nication skills may be impaired to varying degrees [25]. To
achieve the best possible outcome for survivors and minimize
the long-term consequences of CMS, new interventions must
be developed to stimulate neurorecovery and plasticity, and
their efficacy tested [38]. Particular attention should be paid to
providing individual assessment and neuropsychological
treatment for children who live with long-term consequences
after PFT, as these measures may greatly improve their quality
of life.

Recognizing and measuring both short- and long-term ef-
fects of PFT and treatments aimed at eliminating these tumors
is the first step toward improving the quality of life of these

Table 3 (continued)

Visual Delayed
Learning

Attention Focused Attention 0.62 (0.98) − 0.96 (1.18) 0.000 − 0.21 (0.95) 0.039 − 1.83 (0.83) 0.000

Selective Attention 0.88 (1.10) − 0.76 (1.08) 0.000 − 0.36 (1.02) 0.001 − 1.46 (0.91) 0.000

Sustained Attention 0.43 (1.07) − 0.98 (0.97) 0.001 − 1.00 (0.88) 0.001 − 94 (1.19) 0.037

Cognitive
executive
functions

Planning −0.34 (1.18) − 1.56 (1.28) 0.003 − 1.19 (1.32) NS − 2.24 (1.07) 0.001

Inhibitory Control 1.10 (0.90) − 0.92 (1.69) 0.000 − 0.69 (1.56) 0.001 − 1.56 (1.79) 0.000

Flexibility 0.02 (0.86) − 2.02 (1.29) 0.000 − 0.42 (1.46) 0.001 − 3.18 (1.14) 0.000

Non verbal Fluency 0.56 (1.16) − 1.49 (2.72) 0.001 − 1.93 (0.98) 0.015 − 2.26 (1.73) 0.000

Verbal Operative
Memory

0.67 (0.79) − 0.69 (1.24) 0.000 − 0.26 (1.01) 0.010 − 1.11 (1.29) 0.000

Basic
academic
skills

Reading/Decoding 0.52 (0.60) − 0.47 (1.19) 0.000 − 0.23 (1.28) 0.039 − 0.69 (1.06) 0.000

Reading/
Understanding

0.13 (0.61) − 0.54 (0.97) 0.004 0.03 (0.70) NS − 1.07 (0.81) 0.000

Writing/Dictation 2.10 (0.70) − 0.31 (1.62) 0.000 0.11 (1.65) 0.000 − 1.09 (1.13) 0.000

Arithmetic Applied
Problems

0.98 (0.91) − 0.74 (1.16) 0.000 − 0.20 (1.02) 0.002 − 1.22 (0.98) 0.000

CMS = cerebellar mutism syndrome; NS = non-significant
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children. These patients should be monitored to assess the
development of cognition and emotion. As the survival rates
of children diagnosed and treated for PFT increase, the appear-
ance of neuropsychological deficits 5, 10, and 20 years later is
becoming apparent. Rigorous study of the long-term

outcomes in these children can be used to develop profiles
for the disease, which could then be used to improve early
intervention, design preventivemeasures, andmore accurately
predict disease and treatment outcome for patients and their
families [26].

Table 4 Neuropsychological assessment results in patients with CMS and without CMS

CMS No CMS

N 19 17

Male sex—frequency (%) 12 (63.2) 14 (82.4)

Mean (SD) Mean (SD) Significance (p)

General cognitive skills Full Scale Intelligence Quotient − 1.27 (1.037) − 0.31 (0.965) 0.015

Verbal Comprehension Index − 0.87 (1.257) 0.00 (0.933) 0.035

Perceptual Reasoning Index − 0.89 (0.961) − 0.38 (1.189) NS

Working Memory Index − 1.41 (1.117) − 0.21 (1.02) 0.004

Processing Speed Index − 1.79 (0.956) − 0.60 (1.13) 0.010

Motor skills Manual Speed/Dominant Hand − 2.46 (1.017) − 0.73 (1.37) 0.003

Manual Speed/Nondominant Hand − 2.42 (1.101) − 1.05 (1.42) 0.017

Visuomotor Coordination − 1.94 (1.152) − 0.16 (.954) 0.002

Perceptive skills Gestalt Closure − 1.56 (1.114) − 0.30 (1.46) 0.017

Auditory Processing 0.02 (0.960) 0.34 (0.732) NS

Nonverbal skills Line Orientation − 1.61 (1.187) − 0.29 (1.533) 0.015

Emotional Recognition of Faces − 0.61 (1.253) − 0.35 (1.348) NS

Visuo-constructional Praxis − 1.25 (0.964) − 0.83 (1.339) NS

Reasoning Non Verbal Reasoning − 0.49 (0.932) − 0.15 (1.101) NS

Verbal Reasoning − 0.66 (1.152) − 0.18 (0.766) NS

Language skills Receptive Vocabulary − 0.99 (1.15) − 0.26 (1.05) NS

Verbal Comprehension − 0.49 (1.405) 0.02 (0.958) NS

Naming − 0.23 (0.644) 0.44 (0.445) 0.049

Word Fluency/Phonetic Association − 0.98 (1.179) − 0.36 (1.230) NS

Word Fluency/Semantic Association − 0.13 (1.468) 0.40 (0.653) NS

Memory Memory of Stories − 0.87 (0.783) − 0.12 (0.949) 0.037

Verbal Learning − 1.10 (1.187) − 0.38 (1.255) NS

Verbal Delayed Recall − 1.33 (1.390) − 0.16 (1.363) 0.029

Facial Memory − 1.49 (1.306) − 0.36 (1.095) NS

Visual Learning − 0.92 (1.972) − 0.18 (1.024) NS

Visual Delayed Learning − 0.87 (1.338) − 0.12 (0.524) NS

Attention Focused Attention − 1.83 (0.835) − 0.21 (0.955) .000

Selective Attention − 1.46 (0.915) − 0.36 (1.018) .010

Sustained Attention − 0.94 (1.19) − 1.00 (0.88) NS

Cognitive executive functions Planification − 2.24 (1.070) − 1.19 (1.316) NS

Inhibitory Control − 1.56 (1.797) − 0.69 (1.565) NS

Flexibility − 3.18 (1.136) − 0.42 (1.462) NS

Non Verbal Fluency − 2.26 (1.727) − 1.93 (0.980) 0.015

Verbal Operative Memory − 1.11 (1.297) − 0.26 (1.011) NS

Basic academic skills Reading/Decoding − 0.69 (1.062) − 0.23 (1.279) NS

Reading/Understanding − 1.07 (0.815) 0.03 (0.705) 0.006

Writing/Dictation − 1.09 (1.133) 0.11 (1.653) NS

Arithmetic/Applied Problems − 1.22 (0.979) − 0.20 (1.025) NS

CMS = cerebellar mutism syndrome; NS = non-significant
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Conclusion

Patients with PFTs exhibit poorer neuropsychological perfor-
mance than the general population. CMS is a common conse-
quence following surgery to treat this type of tumor. Unlike
previous research, we found the lowest performance in neu-
ropsychological assessment among patients who developed
CMS after surgery.We therefore consider CMS to be a clinical
marker generally associated with extensive impairments
across all cognitive domains.

Neuropsychological assessment provides valuable infor-
mation about the impact of the type of tumor as well as the
surgical resection and other treatments employed. Identifying
impairments in cognitive domains is useful when managing
and designing specific rehabilitation programs to improve per-
formance immediately after surgery. Long-term neuropsycho-
logical follow-up is necessary to assess the effects of rehabil-
itation and the evolution of cognitive, behavioral, and emo-
tional impairments.
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