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Abstract
Background  Cerebellar mutism syndrome (CMS) is a common complication of paediatric posterior fossa (PF) tumour sur-
gery, with postoperative speech impairment (POSI) as the cardinal symptom. Preoperative hydrocephalus (pHC) is present in 
up to 70% of cases of paediatric PF tumours, but its association with POSI remains unclear. This study investigated whether 
pHC is an independent risk factor for POSI and assessed the impact of alleviating pHC prior to tumour resection on POSI risk.
Methods  We included 800 children who underwent PF tumour surgery between 2014 and 2024 at 35 centres across 13 
countries in the European CMS study. Speech and neurological assessments were conducted pre- and postoperatively. Neu-
rosurgeons assessed pHC status, pHC treatment and tumour location; histology was recorded at a 2-month follow-up. pHC 
treatment was categorised as “yes” (pHC alleviated prior to tumour surgery) and “no” (pHC alleviated by tumour surgery 
alone). POSI was categorised as “habitual speech”, “reduced speech” or “mutism”.
Results  Of 800 patients, 515 (64%) had pHC. Absence of pHC was associated with lower POSI risk in univariate analysis 
(OR 0.51 (95% CI 0.35; 0.76)), but this reversed and became non-significant after adjustment (1.20 (0.60; 2.41)). pHC treat-
ment was associated with an increased POSI risk in the univariate analysis (1.93 (1.14; 3.26)), which became non-significant 
in the adjusted analysis (1.15 (0.60; 2.21)).
Conclusion  The presence of pHC was not independently associated with POSI nor did treatment of pHC prior to tumour 
resection appear to reduce the risk of POSI. These findings highlight the importance of individualizing pHC management in 
paediatric PF tumour cases, with decisions guided by the clinical context.
Trial registration  Clinical Trials ID NCT02300766 (October 2014).
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Introduction

The cerebellar mutism syndrome (CMS) is primarily 
described as a complication of posterior fossa (PF) tumour 
surgery in children. Up to 30% of children are affected, 
but the incidence depends on the tumour location, histol-
ogy and age of the child [1, 2]. CMS is characterized by 
a delayed onset of typically 1–10 days postoperatively, 
with most symptoms being transient and with spontane-
ous recovery in the majority of cases. It consists of four 
domains: (1) postoperative speech impairment (POSI), 
being the cardinal symptom; (2) emotional disturbances; 
(3) ataxia and (4) hypotonia [3]. POSI is classified into (1) 
reduced speech, limited to single words or short sentences, 
only elicited by vigorous stimulation, and (2) mutism [4].

The identification of modifiable risk factors for CMS 
remains a challenge. While some studies have reported 
an association between preoperative hydrocephalus (pHC) 
and increased risk of CMS [5–7], others have not found 
any supporting evidence [1, 8, 9], resulting in conflicting 
conclusions.

pHC is frequently associated with paediatric PF 
tumours, as the majority of these tumours present with 
signs of hydrocephalus at the time of diagnosis [10, 11]. 
Symptoms of raised intracranial pressure (ICP) often man-
ifest from days to months before tumour diagnosis. Several 
objective measures for paediatric hydrocephalus, such as 
the frontal-occipital horn ratio (FOHR)[12], have been 
proposed for quantifying the severity of pHC. However, 
there is currently no consensus on standardised objective 
criteria. As a result, the diagnosis of pHC in a paediat-
ric neuro-oncological setting relies on a combination of 
clinical symptoms and neuroradiological findings, based 
mainly on the experience of the attending physician.

The presence of hydrocephalus may increase the vul-
nerability of periventricular and periaqueductal structures 
that are involved in the pathophysiology of CMS and, sub-
sequently, POSI. Theoretical mechanisms include direct 
mechanical stress from elevated cerebrospinal fluid (CSF) 
pressure, transependymal oedema resulting from disruption 
of the ependymal lining [13], and treatment-related brain 
shift due to the rapid release of CSF during tumour resec-
tion [14]. Therefore, early treatment of pHC in paediatric PF 
tumour resection could reduce the risk of POSI by eliminat-
ing the impact of increased ICP on the PF structures. Con-
versely, treating pHC prior to tumour resection may increase 
the risk of postoperative cerebellar dysfunction including 
POSI through physiological changes, such as alterations in 
regional cerebral and cerebellar blood flow, CSF clearance 
dynamics or inflammatory signalling, rendering increased 
susceptibility to surgical injury. However, these theoretical 
mechanisms remain speculative and require further research.

It is essential to determine whether there is a relation-
ship between pHC and its management and the risk of 
developing POSI, as this may influence the treatment 
strategy in affected patients. Thus, our study aims are to 
clarify the role of pHC in the onset of POSI as well as the 
potential benefits of early intervention, with the following 
hypotheses: (1) patients with pHC are at a higher risk of 
developing POSI following PF tumour surgery compared 
to those without pHC and (2) management of pHC before 
tumour resection can reduce the risk of POSI by alleviat-
ing the negative effects of raised ICP on vulnerable PF 
structures.

Material and methods

Study design

The European study on cerebellar mutism syndrome in 
children with posterior fossa tumours is a prospective, 
observational multicentre cohort study investigating vari-
ous aspects of CMS. The study received ethical approval 
from the Research Ethics Committee of the Capital Region 
of Denmark (H-6–2014-002), and its design has been pub-
lished previously [15]. Between 2014 and 2024, children 
under 18 undergoing open surgery of a PF tumour were 
enrolled from 35 centres across 13 countries. Informed 
consent was obtained prior to inclusion or, in emergency 
cases, within 7 days postoperatively.

Data collection

All patient data were collected using a structured case report 
form. Baseline data, including age, were recorded at inclu-
sion. Speech and neurological assessments were conducted 
preoperatively and 1–4 weeks postoperatively by a neurosur-
geon or paediatrician. Within 72 h of surgery, the operating 
neurosurgeon documented surgical details, including tumour 
location and the presence of pHC, recorded as a binary vari-
able (yes/no) based on clinical and neuroradiological signs. 
If pHC was registered by the operating neurosurgeon, pre-
operative treatment modality and date of treatment were also 
registered (Supplementary Fig. 1). No quantitative neurora-
diological assessment of pHC was included. Tumour loca-
tion was recorded as one or more of the following: brain-
stem, fourth ventricle, cerebellar vermis, right hemisphere 
or left hemisphere. Tumour pathology was recorded within 
two months and categorised as pilocytic astrocytoma (PA), 
medulloblastoma (MB), ependymoma (EP), atypical tera-
toid/rhabdoid tumour (AT/RT) or other (Supplementary 
Table 1). All data were stored in a secure online database.
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Stratification of parameters

POSI was assessed as “mutism” or “reduced speech” dur-
ing the follow-up period. If neither was reported, speech 
was considered habitual. POSI was treated as a hierarchical 
ordinal outcome with 3 levels (mutism, reduced speech and 
habitual), as this approach assumes that mutism and reduced 
speech are ordered levels of severity within the same condi-
tion. pHC treatment was treated as a dichotomous outcome 
categorised into either “yes” (pHC alleviated prior to tumour 
surgery) or “no” (pHC alleviated by tumour surgery alone). 
An additional parameter included in a supplementary analy-
sis described the timing of pHC treatment; days from pHC 
treatment to tumour surgery were stratified into 5 ordered 
levels: “none” (pHC alleviated by tumour resection), 1, 2, 
3 and ≥ 4 days. pHC treatment > 14 days prior to surgery 
was considered equivalent to not having pHC; four outli-
ers were excluded on this basis (Supplementary Table 2). 
Tumour location, assessed by the operating neurosurgeon, 
was categorised hierarchically by assumed POSI risk [13]: 
(1) brainstem involvement (± fourth ventricle, vermis, hemi-
sphere), (2) fourth ventricle without brainstem involvement 
(± vermis, hemisphere), (3) vermis only (± hemisphere) and 
(4) hemisphere only.

Statistical analyses

We applied proportional odds logistic regression to estimate 
odds ratios (OR) with 95% confidence intervals (CI), and the 
proportional odds assumption was assessed using the Brant 
test (Supplementary Tables 3 and 4).

In the primary analysis, the presence of pHC was treated 
as the main binary exposure. We first performed a univari-
ate analysis including only pHC as the explanatory variable. 
This was followed by a stepwise multivariate approach to 
sequentially adjust for potential confounders: tumour loca-
tion (model 1), tumour histology (model 2) and age as a 
continuous variable (model 3). The final model (model 3) 
was considered fully adjusted and forms the basis of the 
main results presented in the manuscript.

A sensitivity analysis was performed by additionally 
adjusting for the country-level effect, which did not alter 
the conclusion. Furthermore, an interaction term between 
pHC and tumour histology was included in model 3 to assess 
whether the effect of pHC on POSI differed by tumour type.

In the secondary analysis on the subcohort with pHC, 
the impact of pHC alleviation was investigated. This analy-
sis followed the same univariate and stepwise multivariate 
structure as the primary analysis, adjusting for tumour loca-
tion, tumour histology and age. An additional supplementary 
analysis assessed the effect of pHC treatment timing and is 
only briefly mentioned in the main results as an exploratory 
analysis.

Missing data

The impact of missing data was assessed descriptively by 
comparing baseline characteristics of the overall cohort with 
sub cohorts used in the primary and secondary analyses to 
evaluate potential selection bias due to missing data (Sup-
plementary Tables 5 and 6). Data analyses were conducted 
as complete case analyses. To assess the impact of missing 
data on model estimates, a stepwise exclusion approach was 
applied: at each step of the model adjustment, patients with 
missing values for the covariate added in the next model 
were excluded. This allowed for an assessment of the impact 
of specific subsets of missing data on the OR for the main 
exposure (Supplementary Tables 7 and 8). No imputation of 
missing data was done.

All results were reported as OR with 95% CI. Analyses 
were performed in R-studio (v.2024.04.2).

Results

In the period between 2014 and 2024, we included a total 
of 800 patients undergoing PF tumour surgery. Six hundred 
ninety-two patients were included in the primary analysis, 
and 350 patients in the secondary analysis (Fig. 1). Demo-
graphics of the cohort are summarised in Table 1. The over-
all cohort had a median age of 7.0 (IQR 3.9–10.9), while the 
subcohort included in the secondary analysis had a median 
age of 6.6 (IQR 3.4–10.2).

PA was the most frequent tumour type (305/800 (38%)), 
followed by MB (222/800 (28%)), EP (79/800 (10%)) and 
AT/RT (20/800 (2%)). pHC was seen in 515/800 (64%), 
whereas 240/800 (30%) did not have pHC, and 45/800 
(6%) had unknown pHC status. The predominant tumour 
location was the 4th ventricle (265/800 (33%)), followed 
by the cerebellar hemisphere (187/800 (23%)), brainstem 
(156/800 (20%)) and vermis (141/800 (18%)). 51/800 (6%) 
had unknown tumour location.

A total of 184/800 (23%) patients developed POSI: 96 
patients (12%) suffered from reduced speech and 88 from 
mutism (11%) postoperatively. In the groups with POSI, MB 
was the most frequent tumour (reduced speech: n = 40, mut-
ism: n = 41).

Of the 515 children with pHC, hydrocephalus was 
resolved with tumour resection alone in 291 (58%) patients, 
while 87 patients (17%) were treated for pHC prior to pri-
mary tumour surgery, and 137 (27%) were treated for pHC at 
an unknown time. Of the patients with known preoperative 
treatment date, 4/87 (5%) were treated with ventriculoperi-
toneal shunt, 27/87 (31%) with third ventriculostomy and 
56/87 (61%) with external ventricular drain. No substantial 
differences in baseline characteristics were found between 
the overall cohort (n = 800) and the subcohort (n = 515) with 
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pHC (Supplementary Table 6). The range of treatment days 
within the group treated for pHC prior to tumour surgery 
was 1–10 days, with a median of 3 days.

Results of primary analysis

Table 2 presents the results of the primary analysis, includ-
ing the univariate analysis (column 1) and stepwise mul-
tivariate models: model 1 (column 2) adjusted for tumour 
location, model 2 (column 3) additionally adjusted for 
tumour type, and model 3 (column 4) further adjusted for 
age. In the univariate analysis, absence of pHC was initially 

associated with lower odds of POSI (OR 0.51, 95% CI 0.35; 
0.76), but this association was not upheld in the final mul-
tivariate model (OR 1.20, 95% CI 0.60; 2.41) (Fig. 2). We 
have previously determined that MB tumour type, tumour 
location in the brainstem or 4th ventricle and younger age 
are statistically significant factors for the risk of POSI [4, 
16]. These statistical relationships were confirmed by re-
calculated statistics in the present study based on combin-
ing the previously published cohort (n = 500) and patients 
included subsequently (n = 300) (Supplementary Table 7). 
The tumour-dependent effect of pHC on the risk of POSI 
did not significantly vary by tumour pathology (Table 3).

800 patients undergoing 

posterior fossa tumour 

surgery

692 patients with 

available postoperative 

speech status included 

in primary analysis

73 patients excluded due to 

missing data on 

postoperative speech status 

515 patients with pHC

240 patients excluded due 

to absence of pHC

350 patients with 

available date of pHC 

treatment and 

postoperative speech 

status included in 

secondary analysis
and supplementary 

exploratory analysis

Primary analysis Secondary analysis

137 patients excluded due to 

missing data on date of pHC 

treatment

28 patients excluded due to 

missing data on postoperative 

speech status

765 patients with pHC 

data available

45 patients excluded 

due to missing data on 

pHC

Fig. 1   Flow chart of patients included in the primary and secondary analysis
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Table 1   Cohort demographics

a (1) brainstem involvement (± fourth ventricle, vermis, hemisphere), (2) fourth ventricle without brainstem involvement (± vermis/hemisphere), 
(3) vermis only (± hemisphere) and (4) hemisphere only; brange 1–10 days; cpreoperative hydrocephalus alleviated by tumour resection alone.

All patients (n = 800); 
N (% of total (verti-
cal))

Habitual speech (n = 543 
(68%)); N (% of total in the 
same category (horizontal))

Reduced speech (n = 96 
(12%)); N (% of total in 
the same category (hori-
zontal))

Mutism (n = 88 (11%)); N (% 
of total in the same category 
(horizontal))

Sex
  Male 456 (57) 307 (67) 57 (13) 48 (11)
  Female 344 (43) 236 (69) 39 (11) 40 (12)

Age (years; median and 
IQR)

6.9 (3.9;10.9) 7.7 (4.4;11.4) 6.3 (4.1;8.9) 4.5 (2.4;8.6)

Tumour locationa

  Brainstem 156 (20) 90 (58) 25 (16) 27 (17)
  4th ventricle 265 (33) 146 (55) 42 (16) 52 (20)
  Vermis 141 (18) 111 (79) 15 (11) 3 (2)
  Cerebellar hemisphere 187 (23) 163 (87) 11 (6) 2 (1)
  Unknown 51 (6) 33 (65) 3 (3) 4 (5)

Tumour histology
  Pilocytic astrocytoma 305 (38) 254 (83) 27 (9) 16 (5)
  Medulloblastoma 222 (28) 129 (58) 40 (18) 41 (18)
  Ependymoma 79 (10) 48 (61) 10 (13) 15 (19)
  AT/RT 20 (2) 8 (40) 4 (20) 5 (25)
  Other 73 (9) 57 (78) 8 (11) 6 (8)
  Unknown 101 (13) 47 (47) 7 (7) 5 (5)

Preoperative hydrocephalus
  Yes 515 (64) 333 (65) 68 (13) 71 (14)
  No 240 (30) 180 (75) 27 (11) 13 (5)
  Unknown 45 (6) 30 (67) 1 (1) 4 (5)

Treatment for preoperative hydrocephalus prior to tumour surgery
n = 515 n = 254 n = 51 n = 45

  Yesb 87 (17) 47 (54) 14 (16) 15 (17)
  Noc 291 (57) 207 (71) 37 (13) 30 (10)
  Unknown 137 (26)

Table 2   Odds ratio of postoperative speech impairment

Odds ratio results with 95% confidence intervals; n patients included in model

Univariate analysis Multivariate analyses

n = 692
Model 1 (tumour location)
n = 666

Model 2 (model 1 + tumour type)
n = 616

Model 3 (model 2 + age)
n = 614

Preoperative hydrocephalus
Reference: yes
No 0.51 (0.35; 0.76)

p < 0.001
0.62 (0.41; 0.95) 1.11 (0.56; 2.21) 1.20 (0.60; 2.41)

p = 0.60
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Results of secondary analysis

Table 4 shows the results of the secondary analysis, includ-
ing the univariate analysis (column 1) and the stepwise mul-
tivariate models for the subcohort with preoperative hydro-
cephalus: model 1 (column 2) adjusted for tumour location, 
model 2 (column 3) additionally adjusted for tumour type, 
and model 3 (column 4) further adjusted for age. In the 
univariate analysis, pHC treatment was significantly asso-
ciated with an increased risk of POSI (OR 1.93, 95% CI 
1.14; 3.26). However, this association was not retained in the 
fully adjusted multivariate model (OR 1.15, 95% CI 0.60; 

Table 3   Interaction between pHC and tumour type on risk of POSI 
(model 3)

Odds ratio results with 95% confidence intervals, PA pilocytic astro-
cytoma, MB medulloblastoma, EP ependymoma, AT/RT atypical tera-
toid/rhabdoid tumour, pHC preoperative hydrocephalus, NS not sig-
nificant

Tumour type
Reference: interaction between pHC and PA

MB 0.58 (0.21; 1.62), NS
EP 0.19 (0.03; 1.06), NS
AT/RT 1.05 (0.09; 11.98), NS
Other 0.52 (0.12; 2.21), NS

Table 4   Odds ratio for postoperative speech impairment

Odds ratio results with 95% confidence intervals; n patients included in model; pHC preoperative hydrocephalus
a Preoperative hydrocephalus alleviated by tumour surgery alone

Univariate analysis Multivariate analyses

Model 1 (tumour location)
n = 340

Model 2 (model 1 + tumour type)
n = 312

Model 3 (model 2 + age)  
n = 312

n = 350

Preoperative hydrocephalus treatment
Reference: “no preoperative treatment”a

pHC treatment performed 1.93 (1.14; 3.26)
p = 0.02

1.33 (0.74; 2.39) 1.21 (0.63; 2.31) 1.15 (0.60; 2.21)
p = 0.68

Fig. 2   Risk of postoperative 
speech impairment by (1) the 
presence of preoperative hydro-
cephalus (column 1: primary 
analysis) and (2) preoperative 
treatment of hydrocephalus rela-
tive to tumour surgery (column 
2: secondary analysis). pHC, 
preoperative hydrocephalus; 
POSI, postoperative speech 
impairment
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2.21) (Fig. 2). The supplementary exploratory analysis on 
the timing of pHC treatment yielded no significant associa-
tion between alleviating pHC by tumour surgery alone and 
at 1, 2, 3 or ≥ 4 days prior to tumour surgery (Supplemen-
tary Table 9). A significant decrease in POSI risk was found 
between treating pHC 1 day and ≥ 4 days prior to tumour 
surgery (Supplementary Table 10).

Discussion

Association between pHC and POSI

The most important finding of this study was the lack of 
association between pHC and the risk of POSI in the fully 
adjusted multivariate analysis. Our hypotheses were based 
on the assumption that periventricular oedema caused by 
elevated ICP could increase the risk of damage to critical 
neural structures involved in the development of POSI. The 
present findings support our previously published results, 
indicating that tumour type and location—rather than pHC 
itself—are likely to be the primary determinants of POSI. 
This suggests that any effect of pHC on POSI risk may be 
secondary to, or mediated by, tumour-related characteristics, 
indicating a more complex interaction than can be fully cap-
tured by the present analysis. Notably, we did not examine 
the association between pHC and other characteristics of 
CMS that impact quality of life, such as emotional distur-
bances or hypotonia.

To contextualize our findings, it is important to con-
sider (1) the incidence of pHC in our cohort (64%), which 
corresponds to previously reported incidences [10, 17] and 
(2) the underlying mechanisms of pHC in PF tumours. 
Hydrocephalus can be obstructive, primarily depending on 
the location rather than the type of tumour and the most 
likely cause in our overall cohort. It can also be communi-
cating, caused by impaired CSF reabsorption, evident by 
the increased risk of postoperative hydrocephalus requir-
ing permanent CSF diversion in EP and MB patients [18, 
19]. However, the pathophysiological mechanisms behind 
the latter aetiology have yet to be explored. Thus, the exact 
classification of pHC proved a challenge in the present 
cohort.

Although age was adjusted as a linear variable, uncer-
tainty remains in assessing speech outcomes in very young 
children due to variation in early speech development. In 
our cohort, pHC incidence was relatively consistent across 
age groups, with no indication of an age-dependent effect 
on POSI risk. However, younger children may be more sus-
ceptible to pHC and its effects due to denser anatomy and a 
higher frequency of high-grade tumours [20].

pHC treatment and POSI

pHC treatment prior to tumour surgery did not appear to influ-
ence speech outcomes. Combined with the results of the pri-
mary analysis, these findings overall imply that neither the 
presence of pHC nor its preoperative alleviation are independ-
ent risk factors for POSI. However, as practices differ between 
institutions, the timing of pHC treatment may be subject to 
further investigation to guide optimal management. The sup-
plementary exploratory analysis revealed a trend toward treat-
ment 1 to 2 days before surgery increasing POSI risk, while 
treatment 3 to ≥ 4 days prior reduced the risk, compared to 
pHC treated solely by tumour resection. These results may 
be suggestive of early hydrocephalus relief, shortly before 
tumour resection, increases the brain’s vulnerability to pre-
operative damage, while a longer interval between pHC treat-
ment and tumour surgery facilitates stabilisation or reorgani-
sation, reducing the fragility of critical structures related to 
speech. Nonetheless, it is important to recognise the follow-
ing: (1) observed difference in POSI risk between the timing 
of pHC treatment may partly reflect the urgency, potentially 
serving as a proxy for the patient’s clinical condition, which 
could confound the results; (2) as both glucocorticoids (GC) 
and pHC treatment may reduce periventricular and parenchy-
mal oedema, they can be seen as parallel strategies for pre-
operative stabilisation, potentially influencing the observed 
effect of each on POSI [21]. However, a recent publication 
from our group found no association between preoperative 
GC and POSI, and adjustment for preoperative GC, had the 
study been sufficiently powered, would likely not have altered 
our conclusions [22]. Finally, (3) pHC treatment concurrent 
with tumour resection was chosen as the reference due to its 
predominance in our cohort, making it the most representative 
baseline. This likely reflects the absence of standardisation in 
the timing of early tumour removal versus early pHC man-
agement, a discussion further complicated by conflicting evi-
dence on the risk of persistent hydrocephalus. Some studies 
advocate for early pHC treatment to mitigate this risk [23, 24], 
while another study shows that tumour resection alone may 
suffice [25]. The lack of consensus on an optimal approach 
often leads clinicians to rely on familiar strategies, potentially 
explaining why alleviating pHC via tumour resection was the 
most prevalent strategy in our cohort. Additionally, certain 
tumour types may require earlier or more aggressive hydro-
cephalus management to address non-POSI-related complica-
tions, further challenging standardisation efforts. Given the 
limitations in clinical and surgical details in our study, this 
highlights the need for systematic research on the timing of 
pHC treatment across different tumour subgroups, as well as 
for standardised protocols.

Results from this study also reflect that clinical decisions 
regarding the timing of pHC intervention are individualised. 
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We need to acknowledge the considerable ethical and logisti-
cal challenges in randomising the timing of pHC treatment 
in children undergoing primary PF tumour resection.

Clinical implications

The lack of a significant association of pHC and its pre-
operative treatment with POSI in the multivariate analysis, 
along with the association of POSI with tumour pathology 
and location, are indicative of multifactorial mechanisms in 
its pathogenesis. Nevertheless, while the exploratory analy-
sis suggests that early treatment of pHC may play a role 
in reducing the risk of POSI, it remains critical for reduc-
ing mortality and neurological dysfunction [10, 26]. Our 
findings should not warrant immediate changes to current 
clinical practice; early management of pHC continues to be 
essential for stabilising patients and ensuring appropriate 
surgical planning, even if its direct impact on speech out-
comes remains somewhat uncertain.

Impact of tumour pathology on the association 
between pHC and POSI

Our study observed a tumour-dependent trend in the impact 
of pHC on POSI, with a considerable decrease in the risk of 
POSI when pHC was not present in patients with MB and 
EP, although these findings were non-significant. Tumour 
pathology likely influences the association between pHC and 
POSI by impacting the rapidity and severity of hydrocepha-
lus, thereby affecting speech-critical structures in the PF. In 
our study, MB was independently associated with a higher 
risk of POSI, aligning with a prior systematic review of 2276 
children with PF tumours [1]. EP and MB frequently cause 
obstructive pHC due to their common location in the fourth 
ventricle, a recognised risk factor for POSI [4]. Moreover, 
up to 40% of MB cases exhibit leptomeningeal seeding, 
which can impair CSF reabsorption and cause persistent 
hydrocephalus, whereas the role of leptomeningeal spread 
in EP remains less defined [27]. By contrast, less aggressive 
tumours like PA, commonly located in the cerebellar hemi-
sphere, are not as often linked to pHC and POSI due to their 
non-malignant features and typical location.

Although MB biologically involves heterogeneous 
tumours, we did not stratify our analyses by molecular sub-
type. While it is plausible that subtype-specific growth pat-
terns and commonly associated anatomical locations could 
influence pHC development, our study was not powered 
to explore this hypothesis. To further address the impact 
of tumour pathology on the association between pHC and 
POSI, our results need to be verified in a setup that includes 
a larger prospective cohort. However, given the sample size 
of this study, it is unlikely that a future comparable setup 

will detect a strong interaction between pHC and tumour 
type on the risk of POSI.

Limitations

We did not have an a priori definition of pHC in our study 
and instead relied on the neurosurgeons’ clinical and neu-
roradiological assessments. Including MRI measures like 
FOHR could have added objectivity, but the study would 
still be faced with individual clinical assessment and the 
corresponding treatment decisions, which formed the basis 
for the study’s prospective data registration. The study was 
therefore not designed to assess decision-making differences 
between neurosurgeons; however, the multicentric setup pro-
vides some degree of external validity to the findings and 
supports the generalisability to broader clinical settings.

Missing data may have influenced our findings; 12% were 
excluded from the primary and 35% from the secondary 
analysis due to incomplete data on POSI and pHC, poten-
tially introducing selection bias. However, as no notewor-
thy differences in baseline characteristics were observed 
between the full cohort and the subcohorts of the primary 
and secondary analyses, we considered these to be broadly 
representative of the overall population.

Another limitation was the subjective assessment of POSI 
by clinicians. Despite consensus on POSI, the definition of 
reduced speech is open to interpretation, which may introduce 
inter-observer variability. A validated scoring tool could miti-
gate this bias, but no such tool was utilized in this study. POSI 
likely exists on a spectrum rather than as an ordinal outcome, 
and subtle impairments in speech may be missed. Previously 
reported word-finding difficulties in PF tumour patients [15, 
28], further underscore the need for a more nuanced approach. 
Finally, this study did not examine long-term speech outcomes, 
which limits insight into the impact of pHC on speech recovery.

Conclusion

The presence of pHC was not independently associated with 
POSI, nor did preoperative treatment of pHC prior to tumour 
resection appear to reduce the risk of POSI. These findings 
highlight the importance of individualizing pHC manage-
ment in paediatric PF tumour cases, with decisions guided 
by the clinical context.
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