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Introduction

Brain tumours are the second most common type of malignancy 
in children, and represent the most prevalent form of solid tumours 
in this age group (1). Among all paediatric brain tumours, 45-60% 
are located in the posterior fossa, more specifically cerebellar tu-
mours and tumours in the fourth ventricle (2). Postoperative pae-
diatric cerebellar mutism syndrome (pCMS) can develop in chil-
dren following the resection of a posterior fossa tumour and is 
characterised by delayed onset mutism or reduced speech, and 

emotional lability (3). The incidence of pCMS ranges from 11% to 
29% in retrospective studies, but is higher in prospective studies, 
ranging from 24% to 30% (4-8). However, comparing studies and 
incidence rates is challenging, as a consensus on the definition 
was not established until 2016 (3). Mutism, defined as the (par-
tial) absence of speech despite preserved physical speech ability, 
is the most characteristic symptom of pCMS, although it is not 
a diagnostic requirement (5). It typically manifests within hours 
to days after surgery, with vocalisations often limited to high-
pitched crying (4). The mutism is always transient, lasting from 
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Abstract

Objective
Postoperative paediatric cerebellar mutism syndrome (pCMS) can occur in children after resection of a posterior fossa brain tumour. It is 
characterised by mutism or reduced speech and emotional lability, often with disturbances in motor and cognitive functions. This study 
aimed to analyse the clinical features and risk factors for pCMS in the Ghent University Hospital.

Methods
Retrospective data of children treated for posterior fossa tumours in the Ghent University Hospital between 2008 and 2022 were re-
viewed, using the 2016 Delphi consensus definition of pCMS.

Results
Twenty-two out of 69 patients (32%) developed pCMS. Motor deficits were most frequent. Dysarthria was the leading speech impair-
ment, mutism was the primary language disorder. The most prevalent affective disorder was anxiety. Univariate analysis showed sig-
nificant associations with medulloblastoma (OR 3.41; 95%CI 1.19-9.78), brain stem invasion (OR 4.76; 95%CI 1.24-18.31) and midline 
tumour location (OR 1.58; 95%CI 1.30-1.91). Conversely, pCMS was less frequent in pilocytic astrocytomas (OR 0.21; 95%CI 0.06-0.73) 
and in tumours larger than 5 cm (OR 0.08; 95%CI 0.02-0.39).

Conclusion
This study highlights the clinical features and risk factors of pCMS in children treated for posterior fossa tumours. While motor deficits 
were most commonly reported, disorders in speech, language, and affective and cognitive function may have been underrecognised. 
Risk factors such as tumour type, brain stem invasion and midline location, are consistent with existing literature, whereas a “protective” 
effect of larger tumours might be attributed to the predominance of large pilocytic astrocytomas in this cohort.
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days to months with an average duration of five weeks. Some 
children continue to experience speech and language difficulties 
after the mutism resolves (8, 9). During the postoperative period, 
children with pCMS often develop additional symptoms related 
to motor and cognitive functions (3). The additional symptoms 
persist longer than the mutism, particularly ataxia, dysarthria and 
other impairments (10). The underlying mechanisms of pCMS 
remain incompletely understood. The current hypothesis attrib-
utes pCMS to diaschisis, a phenomenon in which damage to one 
brain region disrupts function in a distant but connected area due 
to reduced input (11, 12). In pCMS, injury to the dentato-thala-
mo-cortical (DTC) tract during posterior fossa tumour resection 
can lead to decreased cerebellar input, resulting in temporary 
hypoactivity in the cerebral hemispheres and affecting motor co-
ordination, cognition, and emotional regulation (11, 13). Neural 
plasticity and compensatory mechanisms contribute to recovery, 
but persistent symptoms following the resolution of mutism are 
most likely attributable to direct injury to the cerebellum (9, 10, 
12). Treatment is primarily supportive, involving multidisciplinary 
rehabilitation with physical, speech, and cognitive therapies (10, 
14). It enables children to develop alternative strategies to com-
pensate for functional deficits, supports the promotion of inde-
pendence, and facilitates reintegration into activities with peers. 
However, rehabilitation alone is insufficient to prevent further de-
cline in motor and cognitive functions, partly due to the impact of 
chemotherapy or radiotherapy in the postoperative period (8, 14). 
A limited number of studies and case reports have suggested a 
potential benefit of various pharmacological agents in the man-
agement of pCMS, including benzodiazepines and selective sero-
tonin reuptake inhibitors (15-17). However, no large-scale studies 
have demonstrated consistent efficacy. Multiple risk factors for 
the development of pCMS have been identified in various studies, 
with three consistently confirmed: tumour type (medulloblasto-
ma), midline tumour location, and brainstem involvement. This 
research aimed to evaluate the incidence of pCMS, identify its 
clinical features, and determine the associated risk factors at the 
Ghent University Hospital over the last 15 years.

Materials and Methods 

This retrospective study included children up to 18 years of 
age who were diagnosed with a posterior fossa tumour at the 
Ghent University Hospital in Belgium over a fifteen-year period, 
between January 1st, 2008, and December 31st, 2022. The study 
was approved by the Ethics Committee affiliated with the Ghent 
University Hospital. The analysis focused on the first surgical in-
tervention, data regarding surgery for recurrent tumours were not 
analysed. Patients whose initial surgery was performed at a dif-
ferent hospital before referral, were excluded. Patients under one 
year of age, in whom assessment of language and speech is chal-
lenging, were also excluded. Demographic data, patient charac-
teristics, tumour characteristics on imaging and histopathology, 
and surgical details were collected. The selection of possible risk 
factors was based on those most frequently reported in the liter-
ature and included tumour type, midline location, brainstem in-
volvement, tumour size, left-handedness, and surgical technique. 
Postoperative clinical information was analysed to determine the 
occurrence of pCMS. All children were evaluated postoperative-
ly within a multidisciplinary rehabilitation program, including as-
sessments by a speech therapist, physiotherapist, occupational 
therapist, and rehabilitation physician. Reports from all special-
ists were reviewed and consulted. These findings were subse-
quently compared with those reported in literature. This study 
adopts the 2016 Delphi consensus definition of pCMS, which is 
characterised by mutism or reduced speech and emotional labil-
ity following surgery for a cerebellar or fourth ventricle tumour 
in children (3). All patients were evaluated for development of 

symptoms related to language, speech, or emotional affect dur-
ing the postoperative period. Additional symptoms, as delineated 
in the 2016 consensus article, were systematically evaluated. All 
possible symptoms were categorised into five distinct domains:

•	 Motor deficits; including hypotonia, dysmetria, dysphagia, atax-
ia, hemiparesis, oculomotor problems, oropharyngeal dysfunc-
tion, urinary retention or incontinence, and cranial neuropathies

•	 Speech impairments; including dysarthria, disturbed prosody, 
and reduced speech production such as speaking in short sen-
tences or single words

•	 Language disorders; including mutism, word-finding difficul-
ties, and reduced verbal fluency

•	 Affective disorders; including emotional lability, personality 
changes with apathy or inappropriate behaviour

•	 Cognitive impairments; defined as intellectual impairments, in-
cluding reduced executive functions, attentional problems, visu-
ospatial disorganisation, and impaired visuospatial memory

Statistical analyses were performed using SPSS Statistics 28. 
Statistical significance was set at P <0.05. Univariate analyses 
were conducted using the Mann-Whitney U test for continuous 
variables and the Pearson’s chi-square test for categorical varia-
bles. The Fisher’s exact test was used when the expected values 
were less than five. For survival analysis, the Kaplan-Meier meth-
od and the Mantel-Cox log-rank test were used.

Results 

Demographic Data, Patient and Tumour Characteristics

Table 1 presents the demographic and clinical data of the co-
hort. During the observational period, 76 paediatric patients were 
admitted to the Ghent University Hospital with a tumour in the 
posterior fossa. Seven patients were excluded from the analysis: 
three patients whose surgery was performed at the referring hos-
pital, one patient with an inoperable tumour, and three patients 
younger than 1 year at time of diagnosis (11 months, 9 months, 
and 5 months of age). Data from 69 patients were analysed. The 
median duration of follow-up was 66 months, or 5.5 years. Within 
the cohort, 58% of patients were male, resulting in a male-to-fe-
male ratio of 1.38. The median age at diagnosis was 7 years. The 
three main tumour types were medulloblastoma, pilocytic astro-
cytoma and (anaplastic) ependymoma. Other diagnoses on his-
topathology, including atypical teratoid rhabdoid tumour (ATRT, 
1 case), choroid plexus papilloma (1 case), diffuse low-grade as-
trocytoma (3 cases), hemangioblastoma (1 case), and grade 2 
low-grade glioma (1 case), are categorised as “other” due to their 
low incidence. In the majority of tumours (88%), imaging revealed 
brainstem involvement due to invasion, external compression, or 
a combination of both. Most tumours (87%) were located at the 
midline. The tumours had a median size of 4.8 cm (largest diam-
eter on imaging), and 44% of the tumours exceeded 5 cm in size. 
When fundoscopy was performed at diagnosis, papilledema was 
present in 42% of patients. Imaging revealed hydrocephalus in 
78% of cases, for which surgical intervention—most commonly 
the placement of an external ventricular drain—was required prior 
to tumour resection. Detailed information on the surgical proce-
dure was available for 41 patients, of whom 15 (37%) underwent 
splitting of the vermis. Postoperative imaging demonstrated 
complete resection in 58% of cases. During the 15-year follow-up 
period, 14 out of 69 children died. The 5-year overall survival rate 
reached 90% in this cohort, and the 10-year overall survival rate 
was 77%. Among patients with medulloblastoma, 10 patients 
died (37%). No deaths occurred in the group with pilocytic as-
trocytoma. In each of the groups with (anaplastic) ependymoma 
and combined other tumours, there were two deaths (29%). The 
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log-rank test (Mantel-Cox) confirmed a statistically significant dif-
ference in survival between all groups (p = 0.012).

Postoperative paediatric Cerebellar Mutism Syndrome

pCMS was retrospectively diagnosed in 22 children (32%), all of 
whom exhibited symptoms across multiple domains. Motor defi-
cits were present in the majority of these patients (19/22), with 
hypotonia being the most prevalent (N=9), followed by hemipare-
sis, oculomotor dysfunction, and ataxia, each observed in 4 chil-
dren. Speech impairments were identified in 13/22 children, most 
commonly dysarthria (N=9), and language disorders were pres-
ent in 9/22 children, with mutism being the most frequent (N=7). 
Affective disorders were reported in 8/22 children, including anx-
iety (N=3) and autistic behaviour (N=2). Cognitive impairments 

were the least common, with only one child demonstrating di-
minished executive skills. Further information regarding the 
clinical features is presented in Figure 1. The demographic and 
clinical data of patients with and without pCMS are compared 
in Table 2. A statistically significant difference in the incidence 
of pCMS was observed based on tumour type, as determined by 
histopathological analysis. Patients with medulloblastoma had a 
higher probability of developing pCMS (odds ratio [OR] 3.41; 95% 
confidence interval [CI] 1.19–9.78). The molecular subgroups of 
medulloblastomas were also analysed. Only having been system-
atically examined since 2016, this could only be ascertained in 11 
patients. Of these patients, three exhibited the wingless (WNT) 
type (one developed pCMS), two presented with the Group 3 
type (one developed pCMS), and six manifested the Group 4 type 
(three developed pCMS). No patient with the sonic hedgehog 
(SHH) type was identified. The diagnosis of pilocytic astrocytoma 
was associated with a decreased likelihood of developing pCMS 
following surgical intervention (OR 0.21; 95%CI 0.06–0.73). 
Tumours with brainstem invasion (OR 4.76; 95%CI 1.24–18.31) 
or a midline tumour location (OR 1.58; 95%CI 1.30–1.91) were 
associated with a significant increased likelihood of developing 
pCMS. There was also a significant correlation for tumour size: 
children with tumours larger than 5 cm exhibited a significantly 
lower risk of developing pCMS (OR 0.08; 95%CI 0.02–0.39). To 
further elucidate this finding, the tumour size was evaluated per 
tumourtype. The median tumour size of the medulloblastomas 
associated with pCMS was 4.3 cm (maximum 7.0 cm), where-
as medulloblastomas that were not associated with pCMS had 
a smaller median tumour size of 4.1 cm (maximum 6.4 cm). This 
finding was not statistically significant (P = 0.895), suggesting 
only a minimal difference between groups. In contrast, the four 
children with pilocytic astrocytomas who developed pCMS had a 
median tumour size of 4.1 cm (maximum 4.9 cm), whereas the 
remaining 24 pilocytic astrocytomas had a larger median tumour 
size of 5.3 cm (maximum 8.7 cm). 

Discussion

This retrospective single-centre study analysed data from 69 
paediatric patients who presented with a tumour located in the 
posterior fossa. This study marks the first comprehensive analy-
sis of data from Belgian children with posterior fossa tumours 
who are susceptible to developing pCMS. Tumour type was sig-
nificantly associated with the development of pCMS. 
Medulloblastoma emerged as a strong predictor, consistent with 
the available literature (6, 18-21). These tumours often occur 
along the midline and invade the brainstem, increasing the risk of 
damaging the adjacent DTC-tract during surgery. In contrast, the 
diagnosis of pilocytic astrocytoma was significantly associated 
with a lower risk of developing pCMS—an association previously 
reported only once (21). This “protective effect” may be related to 
the typical lateral location of these tumours within the cerebellar 
hemispheres. Children with a tumour invading the brainstem had 
a significantly higher risk of developing pCMS, a result that 
matches several previous meta-analyses and retrospective stud-
ies (18, 19, 21, 22). A prospective study focusing exclusively on 
medulloblastomas also reported this risk factor (4). Patients with 
tumours situated on the midline had a higher probability of devel-
oping pCMS, which is also consistent with earlier research (6, 19-
21, 23). This correlation can be attributed to the caudal structures 
of the DTC-tract being located medially (19). In this study, tumour 
size was significantly associated with pCMS, with larger tumours 
linked to a lower likelihood of developing pCMS. Overall, the pilo-
cytic astrocytomas in this cohort were on average larger than 
medulloblastomas (Figure 2). In the subgroup of pilocytic astro-
cytomas, pCMS occurred in relatively smaller tumours, which 
may have contributed to the overall association between larger 

TABLE 1: Demographic and clinical data of the cohort.

Total = 69  (range) %

Sex

Male 40 58

Female 29 42

Median age at diagnosis      7 years  (13 
months – 15 years)

Brain stem involvement 52 88

External compression 47 83

Invasion 12 21

Tumour location

Midline 60 87

Left cerebellar hemisphere 7 10

Right cerebellar hemisphere 2 3

Tumour size

Median size 4.8 cm 
(2.0 cm – 8.3 cm)

Larger than 5 cm 26 44

Smaller than 3 cm 7 12

Left-handedness 10 28

Papilledema 14 42

Hydrocephalus 52 78

Management of hydrocephalus

None 11 21

External ventricular drain 40 77

Third ventriculostomy 1 2

Splitting of the vermis 15 37

Complete resection on radiology 40 58

Tumour type (as on histopathology)

Medulloblastoma 27 39

Pilocytic astrocytoma 28 41

(anaplastic) ependymoma 7 10

Other 7 10

Development of pCMS 22 32

Deceased 14 20



102

tumour size and a lower likelihood of developing pCMS. In con-
trast, analysis of the medulloblastoma subgroup demonstrated a 
non-significant trend suggesting that larger medulloblastomas 
may be associated with the development of pCMS, with higher 
median and maximum tumour dimensions observed in the pCMS 
group. Although this finding did not reach statistical significance, 
it may suggest that increasing tumour size could play a role in 
medulloblastomas for causing pCMS. In a literature review, 
Ashida et al. reported an association between larger tumour size 
and pCMS (19). However, this conclusion was based on only 
three prior studies, the largest of which included exclusively me-
dulloblastomas (24). This effect can be explained by the tenden-
cy of larger medulloblastomas to invade nearby anatomical 
structures, and thereby increasing the risk of damage to the DTC 
tract during surgery. The above-mentioned findings support the 
hypothesis that the development of pCMS is more strongly asso-
ciated with the underlying histopathological tumour type, as each 
type has its distinct biological characteristics, with size or loca-
tion reflecting the tumour type rather than acting as independent 
risk factors. In this cohort, medulloblastomas, which frequently 
invade adjacent tissues, were mostly located on the midline and 
smaller compared to pilocytic astrocytomas (Figures 2 and 3). In 
a large prospective cohort study it was observed that high-grade 
tumours, including medulloblastomas, were significantly linked 
to postoperative speech impairment, regardless of tumour loca-
tion or surgical technique (20). In other studies, a significant cor-
relation between increasing tumour size and pCMS was found 
only in medulloblastomas, likely due to larger medulloblastomas 
showing more invasion to adjacent tissues than other tumour 
types (18, 23). On the other hand, the “protective effect” of pilocyt-
ic astrocytomas against pCMS, as reported by Dhaenens et al., 

persisted even in midline pilocytic astrocytomas (21). More re-
cently it was also observed that even the molecular subtype in 
medulloblastomas correlates with pCMS development. 
Jabarkheel et al. observed that children with SHH-type medullo-
blastomas were less likely to develop pCMS, partially because of 
the characteristic lateral positioning of this tumour subtype, al-
though a protective effect was also noted in medial positioning 
(25). To further elucidate the effect of tumour type on the devel-
opment of pCMS, larger prospective studies are required. No sig-
nificant correlation was observed for other parameters, including 
left-handedness. Only one study had identified this feature as 
being significantly associated with pCMS, whereas others found 
no such association (26-28), aligning with the findings of this 
analysis. As pCMS is a postoperative complication, substantial 
research has focused on surgical techniques to reduce its risk. 
This study included both the traditional transvermian approach, 
which involves splitting the vermis, and the telovelar approach, in 
which splitting is not required. No significant association was ob-
served between vermis splitting and the development of pCMS, 
as previously reported in multiple studies (7, 20, 22). However, 
two meta-analyses and one retrospective study did find a signifi-
cant association between surgical technique and pCMS inci-
dence, favouring the telovelar approach (18, 19, 29). Additionally, 
it was reported that gentle dynamic retraction can reduce the risk 
of pCMS compared to the use of static retracting spatulae, fur-
ther supporting the benefit of the telovelar approach (29). Thanks 
to modern surgical techniques, such as neuronavigation and the 
use of ultrasonic surgical aspirator suction cannulas, it is possi-
ble to perform gross central tumour debulking before determin-
ing tumour margins. This enables smaller operative windows and 
minimises the need for brain tissue retraction, thereby facilitating 

FIGURE 1: Clinical features in children who developed pCMS.
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the less invasive telovelar approach and permitting gentle, dy-
namic retraction (22). Although tumour-related factors likely play 
the major role in the development of pCMS, surgical technique 
remains the only modifiable factor that may influence its inci-
dence. It therefore represents an important focus of preventive 
strategies, and surgeons should consistently aim to optimise 
their technique in order to minimise the incidence of pCMS. It 
was remarkable that postoperative reports primarily focused on 
motor deficits like hypotonia and hemiparesis, while speech im-
pairments, language disorders and affective disturbances, es-
sential for diagnosing pCMS, were reported less frequently. 
These symptoms were documented in subsequent reports by 
speech therapists and rehabilitation specialists. It is imperative 
for healthcare providers to consider these more subtle manifes-
tations in the postoperative period, as they are sufficient to inde-
pendently establish a diagnosis of pCMS. Early identification is 

essential for timely initiation of appropriate rehabilitation and fol-
low-up. As previously mentioned, rehabilitation alone is not suffi-
cient to prevent further decline in motor and cognitive functions 
in children with pCMS (14). The prognosis and symptom progres-
sion for individual patients are difficult to predict, as the course of 
recovery is highly variable. Speech impairments often persist for 
several months or even years, and mutism lasting longer than 
four weeks is associated with an increased risk of long-term 
speech and language deficits (8). Furthermore, pCMS appears to 
exert a substantial negative impact on cognitive function (30). 
The combination of these postoperative sequelae in children—
who already contend with a brain tumour, the effects of chemo-
therapy and, in some cases, radiotherapy, and frequent school 
absenteeism—renders them particularly susceptible to learning 
difficulties and challenges in academic progression. Given that 
these impairments in speech, language, and cognition can per-
sist throughout several years of childhood, it is therefore essen-
tial that paediatricians and other healthcare professionals in-
volved in the long-term follow-up of these patients are familiar 
with pCMS and its clinical features. This study had several limita-
tions, partly due to its retrospective single-centre design. A first 
limitation is the absence of correction for multiple testing. 
Although variables were selected a priori, multiple comparisons 
increase the risk of false-positive findings, and some associa-
tions may reflect chance. Given the small sample size and limited 
number of pCMS events, applying a strict correction would have 
reduced statistical power. Therefore, results should be interpret-
ed cautiously and considered exploratory, requiring confirmation 
in larger cohorts. The limited sample size and missing values pre-
vented a multivariate analysis. While imaging reports were re-
viewed, the images were not reanalysed by a (paediatric) radiolo-
gist, which could have reduced missing data regarding tumour 
characteristics on imaging. The diagnosis of pCMS was retro-
spectively established, based on the 2016 definition (3). A 

pCMS 
(N = 22)

% No pCMS 
(N = 47)

% P-value

Tumour type (as on histopathology)

Medulloblastoma 13 59 14 30 0.020

Pilocytic astrocytoma 4 18 24 51 0.010

(anaplastic) ependymoma 2 9 5 11 1.000

Other 3 14 4 9 0.672

Tumour location

Midline 22 100 38 81 0.049

Left cerebellar hemisphere 0 0 7 15 -

Right cerebellar hemisphere 0 0 2 4 -

Brain stem involvement 17 94 35 85 0.422

External compression 13 77 34 85 0.464

Invasion 7 41 5 13 0.031

Tumour size

Median size 4.3 cm 5.2 cm 0.042

Larger than 5 cm 2 11 24 60 <0.001

Smaller than 3 cm 2 11 5 13 1.000

Splitting of the vermis 7 44 8 32 0.446

Left-handedness 5 42 5 21 0.247

TABLE 2: Possible risk factors for pCMS (Bold: significant P-values).

FIGURE 2: Tumour size according to tumour typer.
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standardized evaluation of language and speech was not con-
ducted preoperatively, as this was not standard practice at our 
centre. Postoperative symptoms related to language, speech, or 
emotional affect can be more subtle than motor deficits, which 
may lead to missing data in retrospective studies due to inade-
quate recognition or reporting. The observed pCMS incidence of 
32% is consistent with previous studies. Despite its retrospective 
nature, the current study appears to be representative of children 
with pCMS, as the incidence and the identified risk factors align 
with the findings reported in the literature. Prospective longitudi-
nal studies employing multivariate analyses are the most effec-
tive tools for identifying risk factors and elucidating their underly-
ing aetiology, which remains under investigation. Currently, a 
large prospective study, referred to as the Nordic Study of 
Cerebellar Mutism Syndrome in Children with Posterior Fossa 
Brain Tumours, is being conducted in Europe (31).

Conclusion

This study describes the clinical features and risk factors asso-
ciated with pCMS in children treated for posterior fossa tumours 
at Ghent University Hospital. Motor deficits were reported most 
frequently, while disorders in speech, language, and affective and 
cognitive function may have been underrecognised. Several risk 
factors showed a significant association with the development of 
pCMS. The diagnosis of medulloblastoma, brain stem invasion, 
and midline tumour location were associated with an increased 
risk of pCMS, whereas the diagnosis of pilocytic astrocytoma 
and tumour size greater than 5 cm were associated with a re-
duced risk. The latter may be explained by the fact that pilocytic 
astrocytomas in this cohort were, on average, larger than medul-
loblastomas, and supports the hypothesis that certain tumour 
characteristics, such as location and size, may reflect the under-
lying tumour type rather than constitute independent risk factors 

for pCMS. Comprehensive postoperative monitoring of patients 
at risk for pCMS is crucial, with particular emphasis on language, 
speech, and affective and cognitive functions. This facilitates ear-
ly detection of pCMS and initiation of rehabilitation, thereby en-
hancing patient outcomes and quality of life. Children with pCMS 
may experience lasting neurological deficits, which—combined 
with treatment effects and time away from school—can increase 
learning difficulties. Awareness of pCMS is therefore important 
for long-term follow-up by healthcare professionals.
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