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Abstract
The post-operative pediatric cerebellar mutism syndrome (CMS) affects about one-third of children and adolescents following 
surgical removal of a posterior fossa tumor (PFT). According to the Posterior Fossa Society consensus working definition, 
CMS is characterized by delayed-onset mutism/reduced speech and emotional lability after cerebellar or 4th ventricle tumor 
surgery in children, and is frequently accompanied by additional features such as hypotonia and oropharyngeal dysfunc-
tion/dysphagia. The main objective of this work was to develop a diagnostic scale to grade CMS duration and severity. 
Thirty consecutively referred subjects, aged 1–17 years (median 8 years, IQR 3–10), were evaluated with the proposed 
Post-Operative Pediatric CMS Survey after surgical resection of a PFT and, in case of CMS, for 30 days after the onset (T0) 
or until symptom remission. At day 30 (T1), CMS was classified into mild, moderate, or severe according to the proposed 
scale. CMS occurred in 13 patients (43%, 95% C.I.: 25.5–62.6%), with mild severity in 4 cases (31%), moderate in 4 (31%), 
and severe in 5 (38%). At T1, longer symptom persistence was associated with greater severity (p = 0.01). Greater severity 
at T0 predicted greater severity at T1 (p = 0.0001). Children with a midline tumor location and those aged under 5 years at 
diagnosis were at higher risk of CMS (p = 0.025 and p = 0.008, respectively). In conclusion, the proposed scale is a simple 
and applicable tool for estimating the severity of CMS at its onset, monitoring its course over time, and providing an early 
prognostic stratification to guide treatment decisions.

What is Known:
• Post-operative pediatric Cerebellar Mutism Syndrome (CMS) is a complex phenomenon with a wide spectrum of symptoms that may manifest 

in children undergoing the resection of a posterior fossa tumor (PFT) and that can result into long-term impairment.
What is New:
• This study developed and pilot-tested an easily applicable diagnostic and severity scale to grade the duration and the severity of symptoms of 

the CMS.
• The proposed scale was found to be a sensitive instrument to identify even mild CMS presentations.
• By scoring not only the duration but also the severity of symptoms the scale allows a more accurate prognostic stratification for an optimal 

planning of clinical and rehabilitative interventions.
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Introduction

Post-operative pediatric cerebellar mutism syndrome 
(CMS) is a complex phenomenon with a wide spectrum of 
symptoms that may manifest with different combinations 
and severity in children undergoing surgical resection of a 
posterior fossa tumor (PFT). These children may present 
with impairments in linguistic, cognitive, motor, and affec-
tive/behavioral functioning. The core symptom of CMS is 
mutism or a severely reduced speech production, limited to 
single words or short sentences elicited only after vigorous 
stimulation [1]. On average, mutism occurs within 2 days 
post-operatively, but may not present itself for up to 7 days 
[2]. Although mutism is always transient and recovers spon-
taneously, long-term language impairments often persist [3]. 
Another remarkable feature of this condition is emotional 
lability, which is characterized by exaggerated changes in 
mood or affect with rapid fluctuation of emotional expres-
sion [4, 5].

The estimated incidence of CMS in children with PFT is 
between 11 and 30% [6]. Several risk factors have been iden-
tified: medulloblastoma tumor type, tumor location in the 
cerebellar midline or in the fourth ventricle, and brainstem 
involvement [7]. There are unconfirmed reports of other pos-
sible risk factors, including younger age, left-handedness 
[8], pre-operative language impairment [9, 10], and a lower 
socioeconomic background [11]. Other factors such as sex, 
pre-operative hydrocephalus, and extent of the resection do 
not seem to contribute to the risk of CMS [12]. For several 
years, confusion has encompassed the description of post-
operative cerebellar mutism, as shown by the heterogeneous 
terminology used to describe the syndrome [6]. Moreover, 
no international guideline to date defines the diagnosis, 
prevention, treatment, or follow-up of this disabling condi-
tion [13]. For these reasons, in 2014, the Posterior Fossa 
Society (PFS), an international and multi-professional 
group of experts, was constituted to systematically gather 
and exchange information on the syndrome. In 2015, the 
PFS initiated an international consensus process to create a 
new shared definition of the condition, define standardized 
methods for the diagnosis and follow-up, and monitor late 
sequelae, as necessary steps towards ultimately improving 
the quality of life of pediatric brain tumor patients.

In the consensus paper, the PFS proposed a new working 
definition of the CMS: delayed onset mutism/reduced speech 
and emotional lability after cerebellar or 4th ventricle tumor 
surgery in children, with additional common features that 
include hypotonia and oropharyngeal dysfunction/dyspha-
gia. It has been highlighted that the CMS may frequently be 
accompanied by the cerebellar motor syndrome, the cerebel-
lar cognitive-affective syndrome, and brainstem dysfunction 
[13]. In this paper, the PFS pointed out the need for a new 

CMS scoring scale for the diagnosis of the syndrome, to 
measure not only the duration of symptoms, as in the CMS 
survey by [14], but also their severity, which is correlated 
with long-term impairment [14]. During the third Consen-
sus Meeting of the PFS (Reykjavik, 2018), the need of a 
new evaluation scale of CMS was reiterated [15], possibly 
designed to be administrable as soon as possible after sur-
gery, formulated in a simple and easy to complete way, and 
administrable by a variety of different health professionals. 
The importance of recording latency of onset, duration, and 
symptom severity was emphasized as a means of making a 
prognostic stratification and guiding treatment.

The aim of this work was to propose a diagnostic scale 
that grades the duration and severity of the symptoms of the 
CMS, and that is easily administered in clinical practice by 
different health professionals. Secondary aims were to esti-
mate the incidence rate of CMS applying broader diagnostic 
criteria, and to define individual characteristics of patients 
with CMS in our sample.

Materials and methods

Study design

This was a single-center prospective cohort study on chil-
dren who underwent surgery for a PFT. The study was car-
ried out in accordance with the ethical principles enshrined 
in the Helsinki Declaration and was approved by the institu-
tion’s research ethics committee (Protocol N. 0,091,286). A 
written informed consent to study participation was signed 
by parents or legal guardians.

Participants

Patients aged 1–17 years, admitted to the Pediatric Neu-
rosurgery Unit of the Children’s Hospital “Regina Margh-
erita” of Turin, Italy, between September 2017 and March 
2021, with a diagnosis of a PFT, who underwent a neu-
rosurgical intervention for total or partial tumor removal, 
or biopsy, were included. Patients with known pre-morbid 
neuropsychiatric diagnoses or severe complications in the 
post-operative period were excluded. The surgical reports 
were reviewed to determine the extent of the resection.

According to the standard protocol of the hospital, each 
patient received a comprehensive neurosurgical and neuro-
logical examination at the admission, and brain MRI scans 
during the pre-operative period. The neurosurgical removal 
operation was assisted by the intraoperative neurophysio-
logical monitoring. In the post-operative period, each child 
received neurosurgical, neurological, and oncological exam-
inations and MRI scans. In addition, the “Post-operative 
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pediatric CMS survey” was completed immediately after 
surgery, and for the next 30 days or until symptoms remis-
sion. Symptom scoring was done after the observation of 
the patient by the attending physician or, if not possible, by 
other staff (i.e., nurses, physiotherapists). Family members 
assisting the child were asked to report and describe possible 
symptoms.

Patients’ demographics and neurological and language 
development history were collected. Pre-resection neuro-
logical functioning and speech were clinically assessed, 
and pre-resection MRI data (tumor localization, invasion or 
compression of the brainstem, and presence of hydrocepha-
lus) were obtained. Post-resection clinical and MRI data, 
including the extent of the resection, were collected, together 
with histological results (according to the 2016 WHO Sys-
tem). The assessment of the extent of the tumor resection 
was based primarily on the post-operative MRI report and/
or images, supplemented with the surgeon’s estimate, as 
detailed in the operative report. The extent of tumor resec-
tion was classified as follows: “Total”: the MRI and sur-
geon indicated complete resection; “Subtotal”: > 90% of the 
tumor removed; “Partial”: < 90% of the tumor removed; or 
“Biopsy”: no significant change in the size of tumor postop-
eratively. Hydrocephalus was defined as the presence of dila-
tion of the ventricles on MRI and clinical signs and symp-
toms of increased intracranial pressure. The demographics 
and clinical characteristics of the sample are summarized in 
Tables 1 and 2.

The CMS survey and scale

The diagnostic and scoring scale for CMS was designed 
after a thorough review of the existing literature. The survey 
assesses the presence and the time of onset of the syndrome, 
as well as the duration and severity of the four symptoms, 
considering the latest definition of CMS as formulated by the 

PFS. Mutism and emotional lability (cardinal symptoms of 
the syndrome), hypotonia, and dysphagia (additional symp-
toms) were included in the survey. Mutism was considered 

Table 1  Patient characteristics 
and occurrence of CMS

T0 time of CMS onset, T1 assessment at day 30th after CMS onset; *n tot = 12, 1 n.a
* Mann–Whitney U test, Fisher’s exact test or Fisher-Freeman-Halton test, as appropriate; α = 0.05

Variables All patients (n = 30) CMS (n = 13) NO CMS (n = 17) P*

Age at T0, median (Q1–Q3) 8 [3–10] 4 [2–8] 9 [7–13] 0.004
Age at T0 ≤ 5 years old, n (%) 12 (40) 9 (69) 3 (18) 0.008
Male sex, n (%) 19 (63) 7 (54) 12 (71) 0.45
Medulloblastoma, n (%) 6 (20) 3 (23) 3 (18) 1
Right hemisphere tumor location, n (%) 6 (20) 2 (15) 4 (23) 0.67
Midline tumor location, n (%) 15 (50) 10 (77) 5 (29) 0.025
Infiltration of brainstem, n (%) 8 (26) 3 (23) 5 (29) 1
Compression of brainstem, n (%) 12 (40) 5 (38) 7 (41) 1
Preoperative hydrocephalus, n (%) 25 (83) 11 (85) 14 (82) 0.62
Preoperative speech disorder, n (%) 7 (23) 3 (23) 4 (23) 1
Total tumor resection n = 29, (%) 18 (62) 9 (69)* 9 (53) 0.54

Table 2  Patients characteristics

T0 time of CMS onset
* Data from 1 patient not available

Variables All patients 
(n = 30)

Age at T0, median (Q1–Q3) 8 [3–10]
Age at T0 ≤ 5 years old, n (%) 12 (40)
Sex, n (%)

Male 19 (63)
Female 11 (37)

Tumor histology n (%)
Medulloblastoma 6 (20)
Pilocytic astrocytoma 15 (50)
Ependymoma 3 (10)
Diffused glioma 3 (10)
Cavernoma 1 (3)
Papilloma 1 (3)
Ganglioglioma 1 (3)

Tumor involvement, n (%)
Left cerebellar hemisphere 9 (30)
Right cerebellar hemisphere 6 (20)
Midline (vermis/IV ventricle) 15 (50)

Brainstem involvement, n (%)
Infiltration of brainstem 8 (26)
Compression of brainstem 12 (40)

Preoperative hydrocephalus, n (%) 25 (83)
Preoperative speech disorder, n (%) 7 (23)
Tumor resection n = 29* (%)

Total 18 (62)
Partial 10 (35)
Biopsy 1 (3)
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TIME OF pCMS ONSET: ___
1 = immediately after surgery; 
2 = 1-2 days after surgery; 
3 = 2-4 days after surgery;
4 = ≥ 4 days after surgery. 

CARDINAL pCMS SYMPTOMS: 

A) MUTISM 

DURATION: ____ SEVERITY: ____*

1 = <1 week
2 = 1-4 weeks
3 = ≥ 4 weeks

1 = Short sentences
2 = Single words
3 = Total absence of verbal production 

*For children <3 years consider quantitative reduction of 
the pre-operatory acquired language milestone or 
regression to a prior language milestone

B) EMOTIONAL LABILITY

DURATION: ___ SEVERITY: ___

1 = <1 week
2 = 1-4 weeks
3 = ≥ 4 weeks

1 = Emotionality congruous / low 
threshold, containable states of 
agitation

2 = Emotional sometimes congruous 
and sometimes incongruous /
Low-threshold, poorly contained agitation states

3 = Incongruous emotionality / Incongruous states of 
agitation

C) HYPOTONIA

DURATION: ____ SEVERITY: ____

1 = <1 week
2 = 1-4 weeks
3 = ≥ 4 weeks

1 = Ipsilateral
2 = Affects the four limbs
3 = Affects the four limbs and the axis

D) OROPHARYNGEAL DYSPHAGIA

DURATION: ____ SEVERITY: ____

1 = <1 week
2 = 1-4 weeks
3 = ≥ 4 weeks

1 = Liquid dysphagia
2 = Dysphagia for chewing foods  
3 = Complete dysphagia

Cerebellar Mutism Syndrome (1 = yes; 2 = no; 9 = uncertain): ____

SCORING:

TOTAL DURATION SCALE: ___ TOTAL SEVERITY SCALE: ___ OVERALL SEVERITY SCALE: ___

3= Severe (at least two symptoms of 
duration 3) 

2 = Moderate (at least two symptoms of 
duration 2 or a symptom of duration 3 and 
at least one of duration 2) 

1 = Mild  (all other combinations) 

3= Severe (at least two symptoms of severity 3) 

2 = Moderate (at least two symptoms of severity 
2 or a symptom of severity 3 and at least one of 
duration 2) 

1 = Mild  (all other combinations) 

 3= Severe if both scales (“duration scale” and 
“severity scale”) are severe 

2 = Moderate if both scales are moderate or 
if one is severe and one is moderate;

  1 = Mild (all other combinations) 

Fig. 1  Pediatric Post-Operative Cerebellar Mutism Syndrome (CMS) Scale
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as the only necessary and sufficient symptom for a CMS 
diagnosis. Not only the absence of speech but also a quanti-
tative and qualitative change from pre-surgical speech pro-
duction was classified as a manifestation of mutism 13. As 
suggested during the Consensus Meeting of 2018, the scor-
ing system was first reviewed with the entire staff, to make 
sure that it was simple, clear, and feasible (Online Resource 
1). The CMS survey was administered immediately after 
surgery and, if CMS occurred, for the next 30 days or until 
the complete remission of symptoms. For each of the four 
symptoms of the CMS Survey, a final score was assigned 
to its duration and severity. The severity final score cor-
responded to the highest score achieved in the first 30 days. 
A scoring system was proposed for assessing CMS duration 
and symptom intensity, both contributing to an overall CMS 
severity score (Fig. 1).

Data analysis

Descriptive analyses were applied: categorical variables 
were expressed as absolute and percentage values, and con-
tinuous variables, as medians, with associated 1st quartile 
and 3rd quartile range (IQR). Based on the literature data 
[16, 17], age was dichotomized into two classes (class 1: 
less than/equal to 5 years and class 2: over 5 years). The 
variable “tumor type,” composed by seven classes of tumor 
histological types, was dichotomized for analytical purposes 
into “medulloblastoma/other etiology.” Similarly, the vari-
able “tumor localization,” composed by five classes, was 
dichotomized into “involvement/non-involvement of mid-
line structures (cerebellar worm, IV ventricle)”. Stratified 
data analyses were performed for CMS. The Fisher’s exact 
test or the Fisher-Freeman-Halton test, as appropriate, was 
used to measure associations between categorical variables. 
Mann–Whitney U test was used for the association analysis 

of the continuous variable “age at diagnosis.” Statistical 
significance was set at α ≤ 0.05 (two tailed). Statistical pro-
cessing was performed using IBM SPSS Statistic software, 
version 25.0 (IBM Corp., Armonk, NY, USA).

Results

Sample demographics, clinical characteristics

Thirty-one children were enrolled in this study between Sep-
tember 2017 and March 2021. One patient was excluded 
because of severe complications in the post-operative period. 
Therefore, the sample consisted of 30 patients (19 males and 
11 females), with a median age of 8 years (IQR 3–10) at T0. 
Twelve patients (40%) were aged under 5 years at the time 
of enrollment. Assessment of pre-operative speech behav-
ior showed deficits in 7 patients (23%). The most common 
tumor types were pilocytic astrocytoma (50%), medulloblas-
toma (20%), diffuse astrocytoma (10%), and ependymoma 
(10%). The tumor was located at the midline in 15 cases 
(50%), with brainstem invasion in 8 children (27%) and a 
compression of it in 12 cases (40%). At the time of the PFT 
diagnosis, 25 patients (83%) had hydrocephalus (Table 2).

CMS subgroup

CMS was diagnosed in 13 (43%, C.I. 95%: 25.5–62.6%) out 
of the 30 assessed patients (7 males and 6 females), with a 
median age of 4 years (IQR 2–8) at the onset of the symp-
toms (T0). Nine patients (69%) were under 5 years of age at 
diagnosis. Assessment of speech showed deficits in 3 (23%) 
patients. The CMS occurred in 3 out of 6 children with a 
diagnosis of medulloblastoma, 3 out of 3 with an epend-
ymoma, 6 out of 15 with a pilocytic astrocytoma, and 1 

Fig. 2  Side-by-side (com-
parative) box-plot of age at 
tumor diagnosis by cerebellar 
mutism syndrome (CMS). In 
the sample, patients without 
CMS (“No” CMS group) were 
older at time of tumor diagnosis 
compared with patients who 
developed CMS (“Yes” CMS 
group). The median age at 
tumor diagnosis for the Yes 
CMS group was 4 years old 
(q12-q38), compared to 9 years 
old (q17.5-q313) for No CMS 
group
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out of 3 with diffuse astrocytoma. In 10 patients (77%), the 
tumor was located at the midline; in 3 children, the tumor 
invaded the brainstem (23%), and in 5 compressed it (38%). 
Eleven children (85%) had a preoperative hydrocephalus. 
Nine patients (69%) of the 13 children diagnosed with CMS 
had a complete resection and 4 had residual tumor.

Comparison between patients with CMS 
and without CMS

Association analyses showed a significant difference in age 
at diagnosis: the occurrence of CMS was higher in younger 
patients (CMS group median 4 years of age, IQR 2–8) com-
pared to the older ones (non-CMS group median 9 years, 
IQR 7–13) (p = 0.004, Mann–Whitney test: Fig. 2). Consid-
ering the dichotomization of the variable age at diagnosis 
(less than or equal to 5 years vs. over 5 years), there was a 
significantly higher frequency of CMS under 5 years of age 
(p = 0.008, Fisher’s exact test).

A higher frequency of CMS was found also in the sub-
group of patients with a midline location of the tumor com-
pared to other locations (p = 0.025, Fisher’s exact test). No 
statistically significant association was found with the other 
investigated variables (Table 1).

Post‑operative pediatric CMS scale

The spectrum of CMS symptoms in the study children var-
ied from transient mutism without neurobehavioral symp-
toms to mutism with severe behavioral symptoms of longer 
duration. Mutism emerged immediately after surgery in 
2 (15%) patients, after 1–2 days in 8 patients (62%) and 
after 2–4 days in 3 (23%) patients. The duration of the mut-
ism varied from 5 days to 5 months. In 11 patients (85%), 
emotional lability was also present and lasted for more than 
4 weeks in one patient, while in the others, it resolved within 
a month. Hypotonia (13 patients, 100%) was the most fre-
quent and severe symptom, with the longest time to remis-
sion (more than a month). Dysphagia (9 patients, 69%) 
resolved within the first 25 days in 5 patients, although in 
4 patients, it lasted for more than a month, with a gradual 
decrease in severity score.

Thirty days after the surgical resection (T1), the overall 
scales were scored. According to the CMS scoring system 
proposed, the intensity of the syndrome was scored mild in 4 
(31%) patients, moderate in 4 (31%), and severe in 5 (38%). 
Detailed results are shown in Table 3.

The symptom scores on the “duration” and “severity” 
scales were rather homogeneous for each patient (the same 
or only 1-point discordant). When discordant, the duration 
score was higher than the severity score. A significant num-
ber of patients still had deficits after 1 month: 69% (9/13) Ta
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had severe hypotonia, 23% (3/13) severe mutism, 31% (4/13) 
dysphagia, and 15% (2/13) emotional lability.

Association analyses were performed to evaluate the 
possible clinical application of a symptoms’ severity scale, 
administered daily since the first day after surgery, to esti-
mate syndrome duration. It emerged that higher scores on 
the “Total Severity Scale” corresponded to higher scores 
on the “Total Duration Scale” (p = 0.012, Fisher-Freeman-
Halton test). After a further dichotomization of severity 
and duration into two classes (i.e., class one: patients with 
mild or moderate scores and class two: patients with severe 
scores), it was found that class 2 patients obtained higher 
scores on the Total Duration Scale compared to class 1 
patients (p = 0.005, Fisher’s exact test: Fig. 3). Furthermore, 
a significant association between the Total Severity Scale 
scores at T0 and at T1 emerged, with higher severity scores at 
T0 corresponding to higher severity scores at T1 (p = 0.0001, 
Fisher-Freeman-Halton test).

Discussion

The main goal of this work was to propose a diagnostic and 
scoring scale that could be used to identify and grade CMS. 
Following the recommendations emerged at the Consensus 
Meeting of the PFS in 2018, the proposed scale is brief, eas-
ily administrable, and based on a shared definition of CMS, 
including symptoms of mutism, emotional lability, hypoto-
nia, and dysphagia. Formulating a scoring not only of the 
duration but also of the severity of these cardinal symptoms 
makes the scale very sensitive, allowing the diagnosis of 
even mild CMS presentations. The periodical compilation 
of the survey, starting from the immediate post-operative 
period, allows a prognostic stratification of patients to be 

made, which is fundamental for the consequent planning 
of appropriate rehabilitative and therapeutic interventions.

The data from the study sample showed that the scores of 
the Total Severity Scale and the Total Duration Scale were 
associated, with higher severity corresponding to longer 
duration. Even more interesting is the result that higher 
scores of Total Severity at T0 were associated with higher 
scores of Total Severity Scale at T1. If these results are con-
firmed by future studies with larger sample sizes, having a 
tool to estimate the severity of CMS since its initial presenta-
tion would allow an early prognostic stratification of patients. 
In particular, the early identification not only of patients with 
severe CMS, but also of those with mild or moderate CMS, 
would allow early intensive rehabilitative interventions to 
be promptly initiated to improve the overall prognosis [15].

We encountered greater difficulties with hypotonia, for 
which there is no standardized rating scale. Using a severity 
subdivision (e.g., mild/moderate/severe) would have made 
the score extremely subjective and difficult to compare 
between different observers. Therefore, we decided to grade 
it by defining the topographic extent of the hypotonia. This 
aspect could be improved in future refinements.

Although the scale seemed to be feasible for use in rou-
tine clinical practice, we have to note that a multiprofes-
sional discussion was frequently needed to define the sever-
ity of the symptoms, especially hypotonia and dysphagia. A 
multiprofessional approach is also essential to optimize other 
factors that could influence emotional lability and language 
regression, especially in very young children (e.g., psycho-
logical support, pain relief). However, it may still be diffi-
cult to differentiate very mild cases of CMS from the effect 
of medications or discomfort. This point deserves further 
consideration and discussion between experts to arrive at a 
standardization.

Fig. 3  Duration and severity 
scatter-plot. “Total Severity 
Scale” and “Total Duration 
Scale” scores were each catego-
rized into two severity classes: 
class 1 patients with moderate 
and mild scores (1/2), class 2 
patients with severe scores. In 
the sample, higher scores on the 
Total Severity Scale corre-
sponded to higher scores on the 
Total Duration Scale

947European Journal of Pediatrics (2022) 181:941–950



1 3

A secondary aim of the work was to define the individual 
characteristics of patients suffering from CMS for prognostic 
categorization and stratification. In line with the risk factors 
already reported in the literature, patients who developed 
CMS were more likely to have a medulloblastoma, infiltra-
tion or compression of the brainstem, total tumor resection, 
or pre-operative hydrocephalus. However, these differences 
were not statistically significant, presumably due to the small 
sample of enlisted patients. The only variables found to have 
a statistically significant association with CMS were tumor 
location and age at diagnosis.

Another secondary aim was to investigate the diagnostic 
implications of the broader criteria for CMS, as suggested by 
the consensus meeting of the PFS [15]. Based on our sam-
ple, the estimated incidence was larger than most previously 
reported rates (43%, C.I. 95%: 25.5–62.6% in our sample vs. 
11–30% in the literature) [6]. This difference could be due to 
the application of the scale in the immediate post-operative 
to evaluate not only patients with total absence of language 
but also those with milder symptoms that were considered 
sufficient for the diagnosis [13]. As proof of this, the preva-
lence of severe CMS in our sample was 17%, whereas the 
prevalence of CMS with moderate or severe symptoms was 
30%, which is consistent with the data reported in the litera-
ture. It is therefore possible that the prospective compilation 
of the survey from the immediate post-operative involves 
greater diagnostic sensitivity, also including those patients 
with short-lived and mild intensity symptomatology that 
may not be detected retrospectively. As already reported, 
latency before onset of symptoms could be affected by seda-
tion and mechanical ventilation after surgery.

Finally, because of the limited sample size, single site 
design, and the non-standardized scoring of the severity of 
symptoms, this study should be considered as a preliminary 
qualitative investigation aimed at exploring the utility and 
feasibility of the instrument. Indeed, future studies will be 
needed to quantitatively explore the sensitivity of this bat-
tery in detecting CMS and to validate the tool in a larger 
multicenter cohort of patients with PFT.

Conclusions

The scale for diagnosis and scoring of post-operative CMS 
that was developed for this study, based on the latest defini-
tion from the 2015 Consensus Meeting of the PFS, proved to 
be simple, feasible, and applicable to clinical practice. The 
compilation of the data collection survey, carried out peri-
odically starting from the immediate post-operative, makes 
the scale very sensitive, allowing the diagnosis of even mild 
CMS presentations. Formulating a scoring not only of the 
duration but also of the severity of cardinal symptoms can 
provide clinicians and researchers with a useful tool for 

prognostic stratification, which is critically important for 
optimal planning of the clinical-rehabilitative therapeutic 
activities. Thanks to the improvement of surgical techniques 
and co-adjuvant therapies available to treat children suffer-
ing from PFT, their survival rate is increasing, thus making 
it essential to plan for targeted rehabilitation interventions. 
The standardization of the diagnostic and prognostic cri-
teria of CMS, and the development of a common clinical 
language between clinical centers and health professionals, 
can benefit both the clinical care of these patients and future 
research activities.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00431- 021- 04290-x.

Authors’ contributions Study design: FSR, RDA, AlS, SR, GG. Data 
collection: FSR, RDA, AlS, AnS, FR, SR, PP, PR, PG, DB, SGV. Data 
analysis: FSR, RDA, AlS, AnS. Statistical analysis: RDA. Data inter-
pretation: FSR, RDA, AlS, FR, SR, CD, PP, PR, PG, DB, SGV, FF, BV. 
Manuscript preparation: FSR, RDA, AlS, As, FR, SR, CD, PP, PR, PG, 
DB, SGV, FF, BV. The authors approved the final manuscript content.

Funding Open access funding provided by Università degli Studi di 
Torino within the CRUI-CARE Agreement.

Data availability Not applicable.

Code availability Not applicable.

Declarations 

Ethics approval The study was approved by the institution’s research 
ethics committee.

Consent to participate A written informed consent to study participa-
tion by parents or legal guardians was collected.

Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Catsman-Berrevoets CE, Aarsen FK (2010) The spectrum of neu-
robehavioural deficits in the Posterior Fossa Syndrome in children 
after cerebellar tumor surgery. Cortex 46(7):933–946. https:// doi. 
org/ 10. 1016/j. cortex. 2009. 10. 007

948 European Journal of Pediatrics (2022) 181:941–950

https://doi.org/10.1007/s00431-021-04290-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.cortex.2009.10.007
https://doi.org/10.1016/j.cortex.2009.10.007


1 3

 2. Chao JY, Liu C, Shetty N, Shah U (2017) Postoperative pediatric 
cerebellar mutism after posterior fossa surgery: a case report. 
A A case reports 8(8):213–215. https:// doi. org/ 10. 1213/ XAA. 
00000 00000 000467

 3. De Smet HJ, Baillieux H, Catsman-Berrevoets C, De Deyn PP, 
Mariën P, Paquier PF (2007) Postoperative motor speech produc-
tion in children with the syndrome of “cerebellar” mutism and 
subsequent dysarthria: a critical review of the literature. Eur J 
Paediatr Neurol 11(4):193–207. https:// doi. org/ 10. 1016/j. ejpn. 
2007. 01. 007

 4. Lanier JC, Abrams AN (2017) Posterior fossa syndrome: review of 
the behavioral and emotional aspects in pediatric cancer patients. 
Cancer 123(4):551–559. https:// doi. org/ 10. 1002/ cncr. 30238

 5. Cámara S, Fournier MC, Cordero P, Melero J, Robles F, Esteso B, 
Vara MT, Rodríguez S, Lassaletta A, Budke M (2020) Neuropsy-
chological profile in children with posterior fossa tumors with or 
without postoperative cerebellar mutism syndrome (CMS). Cere-
bellum 19(1):78–88. https:// doi. org/ 10. 1007/ s12311- 019- 01088-4

 6. Gudrunardottir T, Sehested A, Juhler M, Schmiegelow K (2011) 
Cerebellar mutism: review of the literature. Child’s Nerv Syst 
27(3):355–363. https:// doi. org/ 10. 1007/ s00381- 010- 1328-2

 7. Reed-Berendt R, Phillips B, Picton S, Chumas P, Warren D, 
Livingston JH, Hughes E, Morrall MCHJ (2014) Cause and out-
come of cerebellar mutism: evidence from a systematic review. 
Child’s Nerv Syst 30(3):375–385. https:// doi. org/ 10. 1007/ 
s00381- 014- 2356-0

 8. Law N, Greenberg M, Bouffet E, Taylor MD, Laughlin S, Strother 
D, Fryer C, McConnell D, Hukin J, Kaise C, Wang F, Mabbott 
DJ (2012) Clinical and neuroanatomical predictors of cerebellar 
mutism syndrome. Neuro Oncol 14(10):1294–1303. https:// doi. 
org/ 10. 1093/ neuonc/ nos160

 9. Di Rocco C, Chieffo D, Frassanito P, Caldarelli M, Massimi L, 
Tamburrini G (2011) Heralding cerebellar mutism: evidence for 
pre-surgical language impairment as primary risk factor in poste-
rior fossa surgery. Cerebellum 10(3):551–562. https:// doi. org/ 10. 
1007/ s12311- 011- 0273-2

 10. Bianchi F, Chieffo DPR, Frassanito P, Di Rocco C, Tamburrini 
G (2020) Cerebellar mutism: the predictive role of preoperative 
language evaluation. Child’s Nerv Syst 36(6):1153–1157. https:// 
doi. org/ 10. 1007/ s00381- 019- 04252-7

 11. McMillan HJ, Keene DL, Matzinger MA, Vassilyadi M, Nzau M, 
Ventureyra ECG (2009) Brainstem compression: a predictor of 
postoperative cerebellar mutism. Child’s Nerv Syst 25(6):677–
681. https:// doi. org/ 10. 1007/ s00381- 008- 0777-3

 12. Renne B, Radic J, Agrawal D et al (2020) Cerebellar mutism after 
posterior fossa tumor resection in children: a multicenter interna-
tional retrospective study to determine possible modifiable fac-
tors. Child’s Nerv Syst 36(6):1159–1169. https:// doi. org/ 10. 1007/ 
s00381- 019- 04058-7

 13. Gudrunardottir T, Morgan AT, Lux AL, Walker DA, Walsh KS, 
Wells EM, Wisoff JH, Juhler M, Schmahmann JD, Keating RF, 
Catsman-Berrevoets C, Iceland Delphi Group (2016) Consensus 
paper on post-operative pediatric cerebellar mutism syndrome: 
the Iceland Delphi results. Child’s Nerv Syst 32(7):1195–1203. 
https:// doi. org/ 10. 1007/ s00381- 016- 3093-3

 14. Robertson PL, Muraszko KM, Holmes EJ, Sposto R, Packer RJ, 
Gajjar A, Dias MS, Allen JC, Children’s Oncology Group (2006) 
Incidence and severity of postoperative cerebellar mutism syn-
drome in children with medulloblastoma: a prospective study by 
the Children’s Oncology Group. J Neurosurg 105(6 Suppl):444–
451. https:// doi. org/ 10. 3171/ ped. 2006. 105.6. 444

 15. Molinari E, Pizer B, Catsman-Berrevoets C, Avula S, Keating R, 
Paquier P, Wisoff JH, Walsh KS (2020) Posterior Fossa Society 
Posterior Fossa Society Consensus Meeting 2018: a synopsis. 
Child’s Nerv Syst 36(6):1145–1151. https:// doi. org/ 10. 1007/ 
s00381- 019- 04220-1

 16. Toescu SM, Hettige S, Phipps K, Smith RJP, Haffenden V, Clark 
C, Hayward R, Mankad K, Aquilina K (2018) Post-operative pae-
diatric cerebellar mutism syndrome: time to move beyond struc-
tural MRI. Child’s Nerv Syst 34(11):2249–2257. https:// doi. org/ 
10. 1007/ s00381- 018- 3867-x

 17. Korah MP, Esiashvili N, Mazewski CM, Hudgins RJ, Tighiouart 
M, Janss AJ, Schwaibold FP, Crocker IR, Curran WJ Jr, Marcus 
RB Jr (2010) Incidence, risks, and sequelae of posterior fossa 
syndrome in pediatric medulloblastoma. Int J Radiat Oncol Biol 
Phys 77(1):106–112. https:// doi. org/ 10. 1016/j. ijrobp. 2009. 04. 058

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Federica S. Ricci1,5  · Rossella D’Alessandro1 · Alessandra Somà1 · Anna Salvalaggio1 · Francesca Rossi1 · 
Sara Rampone2 · Giorgia Gamberini1 · Chiara Davico1 · Paola Peretta3 · Mario Cacciacarne3 · Pierpaolo Gaglini3 · 
Paolo Pacca3 · Giulia Pilloni3 · Paola Ragazzi3 · Daniele Bertin4 · Stefano G. Vallero4 · Franca Fagioli4 · 
Benedetto Vitiello1

 Rossella D’Alessandro 
 rossella.dalessandro@unito.it

 Alessandra Somà 
 alessandra.soma@edu.unito.it

 Anna Salvalaggio 
 anna.salvalaggio@unito.it

 Francesca Rossi 
 francesca.rossi@unito.it

 Sara Rampone 
 sara.rampone@ospedale.al.it

 Giorgia Gamberini 
 giorgia.gamberini@unito.it

 Chiara Davico 
 chiara.davico@unito.it

 Paola Peretta 
 pperetta@cittadellasalute.to.it

 Mario Cacciacarne 
 mcacciacarne@cittadellasalute.to.it

 Pierpaolo Gaglini 
 pgaglini@cittadellasalute.to.it

 Paolo Pacca 
 ppacca@cittadellasalute.to.it

 Giulia Pilloni 
 gpilloni@cittadellasalute.to.it

949European Journal of Pediatrics (2022) 181:941–950

https://doi.org/10.1213/XAA.0000000000000467
https://doi.org/10.1213/XAA.0000000000000467
https://doi.org/10.1016/j.ejpn.2007.01.007
https://doi.org/10.1016/j.ejpn.2007.01.007
https://doi.org/10.1002/cncr.30238
https://doi.org/10.1007/s12311-019-01088-4
https://doi.org/10.1007/s00381-010-1328-2
https://doi.org/10.1007/s00381-014-2356-0
https://doi.org/10.1007/s00381-014-2356-0
https://doi.org/10.1093/neuonc/nos160
https://doi.org/10.1093/neuonc/nos160
https://doi.org/10.1007/s12311-011-0273-2
https://doi.org/10.1007/s12311-011-0273-2
https://doi.org/10.1007/s00381-019-04252-7
https://doi.org/10.1007/s00381-019-04252-7
https://doi.org/10.1007/s00381-008-0777-3
https://doi.org/10.1007/s00381-019-04058-7
https://doi.org/10.1007/s00381-019-04058-7
https://doi.org/10.1007/s00381-016-3093-3
https://doi.org/10.3171/ped.2006.105.6.444
https://doi.org/10.1007/s00381-019-04220-1
https://doi.org/10.1007/s00381-019-04220-1
https://doi.org/10.1007/s00381-018-3867-x
https://doi.org/10.1007/s00381-018-3867-x
https://doi.org/10.1016/j.ijrobp.2009.04.058
http://orcid.org/0000-0003-2019-612X


1 3

 Paola Ragazzi 
 pragazzi@cittadellasalute.to.it

 Daniele Bertin 
 daniele.bertin@unito.it

 Stefano G. Vallero 
 stefanogabriele.vallero@unito.i

 Franca Fagioli 
 franca.fagioli@unito.it

 Benedetto Vitiello 
 benedetto.vitiello@unito.it

1 Section of Child and Adolescent Neuropsychiatry, 
Department of Public Health and Pediatric Sciences, 
University of Turin, Turin, Italy

2 Child and Adolescent Neuropsychiatry Unit, Arrigo Hospital, 
Alessandria, Italy

3 Section of Pediatric Neurosurgery, Children’s Hospital 
“Regina Margherita”, Torino, Italy

4 Section of Pediatric Onco-Hematology, Department of Public 
Health and Pediatric Sciences, University of Turin, Turin, 
Italy

5 Section of Child and Adolescent Neuropsychiatry, 
Children’s Hospital “Regina Margherita”, Piazza Polonia 94, 
10126 Torino, Italy

950 European Journal of Pediatrics (2022) 181:941–950


	Development and application of a diagnostic and severity scale to grade post-operative pediatric cerebellar mutism syndrome
	Abstract
	Introduction
	Materials and methods
	Study design
	Participants
	The CMS survey and scale
	Data analysis

	Results
	Sample demographics, clinical characteristics
	CMS subgroup
	Comparison between patients with CMS and without CMS
	Post-operative pediatric CMS scale

	Discussion
	Conclusions
	References


