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Abstract

Cerebellar mutism syndrome (CMS) is a well-known complication of posterior fossa (PF) tumour surgery. CMS has previously
been reported in cases of non-tumour surgical aetiology in a limited number of publications. We report a case of a 10-year-old
girl who suffered a cerebellar haemorrhage and subsequent CMS following surgical treatment of a ruptured arteriovenous mal-
formation (AVM) in the cerebellar vermis. The AVM was removed acutely through a transvermian access, and hydrocephalus
was treated with temporary external drainage. In the postoperative period, she suffered diffuse vasospasms of the anterior
cerebral circulation and had a permanent shunt placed for hydrocephalus. Her mutism resolved after 45 days but severe ataxia
persisted. To our knowledge, this is the first reported case of CMS related to a vermian haemorrhagic stroke with postopera-
tive diffuse vasospasms. Based on this case, we present a literature review on CMS of non-tumour surgical origin in children.

Keywords Cerebellar mutism syndrome - Posterior fossa syndrome - Arteriovenous malformation - Cerebellar

haemorrhage - Postoperative vasospasms

Introduction

CMS is a well-described complication of PF tumour surgery
in children affecting up to 30% of cases. It typically arises
within 1-10 days postoperatively [1] and consists of (1) tran-
sient mutism or speech reduced to a few words elicited only by
vigorous stimulation, (2) emotional lability, (3) ataxia and (4)
hypotonia [2]. Preoperative risk factors include tumour size,
midline location, brain stem invasion and histopathology of
medulloblastoma or atypical teratoid/rhabdoid tumour [1, 3].

Splitting the vermis (transvermian approach) has been
suggested as a surgical risk factor of CMS, resulting in rec-
ommendations such as vermis-sparring surgical techniques
(including the telovelar approach) to reduce the risk. Con-
flicting results have been published on this matter [4, 5].

It is broadly acknowledged that the dentate-thalamo-cortical
pathway (DTCp) plays a central role in the development of
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CMS explained by proximal damage (either direct surgical
trauma or subsequent postoperative oedema) to the dentate
nucleus (DN) or superior cerebellar peduncle (SCP) leading
to a disruption of the pathway resulting in cerebello-cerebral
diaschisis and localized supratentorial hypoperfusion [6].

Traditionally, CMS has been related to PF tumour surgery;
however, non-tumour surgical cases have been described
including PF stroke, traumatic brain injury, cerebellar infec-
tion and inflammation as well as metabolic diseases [7—46].
A vascular aetiology like vasospasms underlying CMS has
previously been hypothesized but not substantiated [47].

The aim of this study is to present a case of CMS follow-
ing a haemorrhagic stroke from an AVM in the vermis in a
paediatric patient. As the literature on CMS related to non-
neoplastic pathologies is scarce, we additionally conducted a
comprehensive literature review of paediatric cases of CMS
of non-tumour surgical origin.

Case report

We present a 10-year-old girl, right-handed with unre-
markable health and developmental history, who while
watching TV suffered a sudden onset of frontal head-
ache, quadriparesis and explosive vomiting followed by

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-023-05947-8&domain=pdf
http://orcid.org/0000-0002-3552-1346
http://orcid.org/0000-0002-0375-0291
http://orcid.org/0000-0001-6548-5975
http://orcid.org/0000-0003-2652-7495

2202

Child's Nervous System (2023) 39:2201-2213

Fig. 1 Primary CT scan

seizuring. She lost consciousness, was intubated and
rushed to the hospital. On admission, she had isochoric
pupils with normal light reflex. A computed tomography
(CT) scan was performed showing a haemorrhagic lesion
of the PF involving vermis with perforation to the ven-
tricular system and hydrocephalus (Fig. 1).

The CT angiogram revealed an AVM in the vermis.
The AVM was supplied by branches from both superior
cerebellar arteries and classified as Spetzler-Martin grades
2-3 (Fig. 2).

Fig.2 CT angiography with 3D
reconstruction of the AVM

@ Springer

Surgery was performed immediately after admission
with the removal of the haematoma and AVM through a
transvermian access. Hydrocephalus was initially treated
with external ventricular drainage (EVD).

The girl was extubated on the first postoperative day
uttering single words or short sentences. She had ataxia
of the upper extremities and ocular motor control difficul-
ties. She spoke few words on the 3rd postoperative day and
underwent a postoperative digital subtraction angiography
(DSA), which showed no sign of residual AV shunting.
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Fig. 3 MRI findings from day
11

On day 4, she had full onset mutism accompanied by agita-
tion and emotional irritability. Her auditory and verbal com-
prehension was deemed intact as she was able to respond ade-
quately to questions by squeezing either her right or left hand.

A follow-up magnetic resonance imaging (MRI) of the
brain on the 11th postoperative day showed oedema and
haematoma involving both superior cerebellar peduncles
(SCP) and vermis, a small haematoma remnant in the surgical
cavity and perifocal oedema surrounding the cavity (Fig. 3).

Her EVD was removed on day 17. Increased agitation
was observed in the following days. On day 19, a CT cer-
ebral angiography was performed due to sudden onset of
right upper extremity paralysis showing narrowing of the
anterior cerebral artery (ACA) and median cerebral artery
(MCA) bilaterally as well as hydrocephalus. A diagnosis
of vasospasms was suggested but not confirmed on a DSA.
Furthermore, there was doubt whether the possible vasos-
pasms were in fact the cause of her localized paresis. There
was no angiographic evidence of AVM remnants. Hydro-
cephalus was treated with reimplantation of an EVD and
replaced by a ventriculo-peritoneal (VP) shunt 3 days later.
She was transferred to the neurointensive care unit for con-
servative treatment of vasospasms with calcium antagonists
(nimodipine 1 g/kg X 6) for 7 days. A follow-up CT cerebral
angiography on day 20 showed no signs of vasospasms.
Due to dysphagia, she had a gastrostomy tube inserted on
day 26. On day 33, she was transferred to a specialized neu-
rorehabilitation unit. Her right upper extremity paresis had
resolved but she suffered from global hypotonia.

Her mutism lasted 45 days and on day 49 she started
producing single words. On day 77 she was discharged to
outpatient rehabilitation, with ongoing symptoms of ataxic
dysarthria and dysprosody. Prior to discharge, her neuropsy-
chological evaluation with WISC-V (Wechsler Intelligence
Scale for Children, 5th edition) and TOMAL-2 (Test of

Memory and Learning, 2nd edition) revealed reduced verbal
working memory and learning ability.

At 4-month follow-up, she was able to speak in full
sentences, however still dysarthric. Furthermore, she suf-
fered from severe upper limb ataxia and was dependent on
a walker. The last follow-up was 12 months post ictus where
cognition and language were re-established; however, she
suffered from marginally slowed speech and slight dysar-
thria. She had ataxia and impaired balance primarily on
the right side. She was able to write with her right hand,
although compromised, and ate without dysphagia.

Literature review
Methods

A PubMed literature search until November 31, 2022, was
conducted. The search generated 347 articles. The fol-
lowing MeSH search term was used: (((“Mutism”[Mesh]
OR Mutism OR mute)) AND (“Adolescent”’[Mesh] OR
“Child”’[Mesh] OR “Infant”[Mesh] OR Adolescent OR Child
OR Infant OR Paediatric OR Pediatric)) AND ((“Cerebellar
Diseases”[Mesh] OR Cerebellar OR Posterior Fossa)))).

Inclusion required the following: (1) mutism of cer-
ebellar origin, (2) no cerebellar tumour surgery, (3)
paediatric patients defined as < 18 years at diagnosis.
All titles and, when relevant, abstracts and full articles
were reviewed by the first author. Forty case reports were
included in the literature review and previous relevant
focused literature reviews were included as references in
the discussion. Cross-checking references from included
case reports yielded no additional relevant articles.
Figure 4 shows a prisma diagram over the literature
search and inclusion.
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Fig.4 Prisma diagram over [
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Results

Table 1 summarizes the clinical and paraclinical relevant
findings of the case reports. Table 2 gives an overview of
the demographics, predominant clinical and neuroradio-
graphic features of the 3 largest case groups.

Included publications contained a total of 58 reported
cases divided into groups depending on the probable or
known cause of cerebellar mutism.

Mutism ranged from 2 days to > 180 days with a median
of 14 days; however, some articles did not report the exact
duration of mutism. Predominant accompanying symptoms
involved limb or truncal ataxia, behavioural changes and
hypotonia, as well as subsequent ataxic dysarthria. Predom-
inant persisting neurological deficits at the final follow-up
involved dysarthria, slow speech and gait or limb ataxia
with follow-up ranging from 2 weeks to 6 years. One case
died after 26 days from the primary incident, 2 articles did
not include follow-up in the history and 5 articles did not
report follow-up time.

@ Springer

Case reports of CMS related to infection

The most frequently reported causes were cerebellitis due
to rotavirus (n=17 in 5 case reports [16, 27, 34, 39, 41] fol-
lowed by cerebellitis or encephalopathy from influenza virus
A/B (n=3 119, 38, 42]), cerebellitis from varicella-zoster
virus (n=2 [10, 17]) and pneumococcal meningitis (n=1
[15]). In 10 cases (8 case reports [9, 14, 29-31, 35-37]),
cerebellitis and acute disseminated encephalomyelitis were
described without an identified pathogen.

Duration of mutism lasted from 2 days to < 180 days. Two
cases had hydrocephalus treated with EVD and 1 case was
treated with a VP shunt. Case information from one article
in Spanish was included only from the abstract.

Case reports of CMS related to haemorrhagic
vascular pathology

AVM

Eight patients in 7 case reports were identified [7, 8, 12, 13,
25, 43, 44]. In all cases, the AVM was located in the vermis.
All cases presented with a haemorrhage from the AVM. In 6
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Table 2 Overview of 3 largest groups of cases of CMS in the literature (all values are estimated from the available information in the included

case reports)

Actiology Case Number of Mean age in years Median duration Summary of Summary of Mean
reports  patients (N) (range) of mutism in days predominant predominant follow-up
(N) (range) accompanying structural damage in months
symptoms (verified by (range)
neuroradiography)
Cerebillitis 13 25 39(2t09) 14 (3 to< 180) Dysarthria, ataxia, Lesion of vermis, 4.4 (0.9 to 18)
from hypotonia lesion of unilat.
infection or bilat. DN,
cerebellar atrophy
AVM 7 8 13.8 (11to 17) 29 (4 to>180) Ataxia, behavioural =~ Haemorrhage in 53@Bto6)
changes, dysarthria  vermis, haemorrhage
in unilat. or bilat. CH
TBI 7 8 5.52.5t08) 14 (6 to 56) Ataxia, dysarthria, Unilat. or bilat. 18.1 (1to 72)

Cerebellar
contusions, lesion
in vermis, IVH in
4th ventricle

hypotonia

DN dentate nucleus, AVM arteriovenous malformation, CH cerebellar hemisphere, TBI traumatic brain injury, /VH intraventricular haemorrhage

patients the AVM was surgically removed and in 2 patients
the AVM was treated with embolization. One patient was
treated with a VP shunt. None reported postoperative or
posthaemorrhagic vasospasms.

Mutism lasted from 4 days to> 180 days (mute at last
follow-up) and 1 article did not account for the duration of
mutism.

Cavernous malformation

Two reports each with a single case describe CMS related
to a cavernous malformation [21, 45], the first case located
in the right pons and SCP and the second case located in the
mesencephalon. Both cases presented with haemorrhage from
the cavernoma. One case had immediate surgical removal of
the cavernoma and 1 patient had surgical removal of the cav-
ernoma 7 days post ictus. The duration of mutism was 12 days
in both cases.

Haemorrhagic stroke

One case report described mutism in a single patient after suf-
fering a spontaneous haemorrhagic stroke in the vermis [40]
without apparent vascular abnormality. The haematoma was
immediately evacuated. Mutism lasted 42 days.

Spontaneous intratumoural bleed

A single case reported mutism from a spontaneous intra-
tumoural haemorrhage lasting a total of 10 days [20].
The tumour was surgically removed 8 weeks after the
haemorrhage.

Case reports of CMS related to ischaemic vascular
pathology

Five patients suffering mutism following a vascular ischae-
mic stroke were described in 3 case reports [23, 26, 32].
Three cases suffered ischaemic stroke subsequent to ver-
tebral artery dissection, of which 1 was caused by trauma.
One case suffered isolated spontaneous basilar artery occlu-
sion and finally 1 patient suffered hyperleukocytosis-induced
stroke during the onset of ALL. All were treated conserva-
tively. The duration of mutism lasted from 10 to 42 days,
with 1 article not accounting for the duration of mutism.

Case reports of CMS related to TBI

Eight patients in 7 case reports were identified [11, 18,
22, 24, 25, 28, 46]. One patient had immediate evacuation
of an acute subdural haematoma in the PF; the remaining
cases were either treated conservatively (5/8) or treatment
was unaccounted for (2/8). Mutism lasted from a few days
(without further specification) to 56 days. One included case
was reported in Japanese with an English abstract with no
documentation of mutism duration.

Other pathologies

We found one case of reported mutism related to a meta-
bolic disorder (ornithine transcarbamylase deficiency). This
X-linked urea cycle disorder results in neurotoxic hyper-
ammonaemia with neurologic symptoms such as seizures,
decreased consciousness and abnormal motor function [33].
In this reported case mutism lasted 4 days.

@ Springer
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Discussion

This case of CMS in a 10-year-old girl following emergency
surgery for a ruptured vermian AVM and the additional lit-
erature review support alternate aetiologies other than cer-
ebellar tumour surgery to potentially result in CMS.

In our literature search, we encountered a few reviews on
subgroups, but no previous comprehensive literature review
of paediatric cases of CMS of non-tumour surgical origin.
Baillieux et al. [8] reviewed the literature on CMS of vascu-
lar origin in 2007 and found 10 published cases. Makarenko
et al. [29] reviewed literature on CMS of non-surgical origin
in 2017 finding 20 patients. Lahirish et al. [28] reviewed
the literature on CMS in paediatric head trauma in 2021
and included 6 patients. Thus, the current literature review
contributes with an updated, comprehensive and collected
overview for future reference. An important note is that the
majority of case reports (n=230/40) included in this literature
overview were published prior to the Delphi Consensus defi-
nition of CMS [2] potentially leading to case heterogeneity
as the definition of CMS was not consistent.

The anatomical substrate of CMS is broadly acknowl-
edged to be a cerebello-cerebral efferent pathway, namely
the DTCp, where proximal damage to the tract results in
diminished cerebellar input to the cerebral cortex. Addition-
ally, recent research has suggested that the fastigial nucleus
and the periaqueductal grey matter may play an underappre-
ciated role in this syndrome [48]. Numerous theories of the
pathophysiology of DTCp disruption have been suggested.
The main theory is that the surgical approach may cause
direct injury to the DN or SCP. Other theories involve post-
operative oedema affecting regions of interest, axonal injury
and degeneration due to a cytotoxic environment, thermal
injury related to the use of an ultrasonic surgical aspirator
and cerebellar perfusion deficits due to vasospasms [47].
Potentially, tissue damage involving the same regions due
to either primary cerebellar insults or cerebellar surgery for
other pathologies than neoplasia could also trigger patho-
physiologcal mechanisms hypothesized for CMS. The poten-
tial role of hydrocephalus in CMS risk and severity has yet
to be substantially elucidated.

The reason for CMS in our case is likely to be multifacto-
rial supporting the theory of CMS originating from various
pathophysiological mechanisms. Our patient suffered tissue
trauma—both from the stroke and surgery—to presumed
critical structures of the syndrome; her imaging showed
blood and oedema involving SCP and the deep cerebellar
structures bilaterally. In addition, she had possible diffuse
vasospasms of the anterior cerebral circulation and suffered
from hydrocephalus, treated initially with an EVD and then
with a permanent shunt after a failed attempt to relieve her
from the EVD.

@ Springer

Postsurgical CMS

Our comprehensive literature review supports the theory of
CMS being due to damage of anatomical substrates, regard-
less of aetiology, rather than being a direct consequence of
PF tumour surgery. Concomitantly, several cases reported
CMS after non-tumoural PF surgery, both endovascular [7,
12] and open resection [13, 21, 22, 40, 45]. It has previously
been suggested that a vermis-sparing, telovelar approach to
the 4th ventricle reduced the risk of CMS. However, a pro-
spective study on 500 children with PF tumours found no
difference in the risk of postoperative speech impairment
between the telovelar and transvermian approach [1]. CMS
in the presented case occurred after applying a transvermian
access for evacuating the haematoma and excising the AVM,
with a delayed onset similar in time to CMS following PF
tumour surgery. In our case, the postoperative MRI on day
11th revealed oedema and blood in the bilateral SCP. Inter-
estingly, studies report conflicting results on lateralized dam-
age to the SCP and risk of CMS; however, bilateral damage
to the SCP as in our case seem to increase the risk [49].
As in previously published cases, it is difficult to determine
whether the injury from the initial haemorrhage, the subse-
quent surgical evacuation or a combination of the two caused
CMS in our case.

During the admission, our case experienced a sudden onset
of right upper extremity paralysis with a CT cerebral angiog-
raphy suggestive of vasospasms, however not confirmed by
DSA. A CT cerebral angiography the following day showed
normalization of the artery caliber. Diffuse vasospasms in
PF tumour surgery have previously been reported in cases
[47] but to our knowledge not in context with paediatric PF
AVM resection. A recent case from Deghedy et al. showed
basilar artery spasm and subsequent mutism in a patient who
underwent PF tumour resection 3 days prior to the insult.
Thus, CMS due to vasospasms of the microcirculation seems
plausible due to the syndrome’s delayed onset from surgery,
yet no substantial study supporting this hypothesis has been
published. Treatment with a calcium antagonist was applied to
alleviate the diffuse vasospasms in our case, although mutism
persisted long after the therapy was stopped. In our opinion,
it is speculative yet interesting whether calcium antagonists
could alleviate symptoms of CMS if vasospasms prove to play
a central part in the aetiology of CMS.

No substantial pharmacological treatment of CMS has been
published. Fluoxetine, zolpidem, bromocriptine and donepezil
have been suggested but only reported in a small number of
cases [50]. Although, a recent study using metformin to promote
neurogenesis showed promising results on neurocognitive out-
come [51], current suggested treatment is limited to rehabilita-
tion of speech, neurocognition and motor skills.
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CMS following non-surgical cerebellar insults

Our review reveals that several cases of CMS of non-surgical
aetiology have been published, ranging from infection and
subsequent cerebellitis over spontaneous intratumoural bleed-
ing and stroke-induced to direct cerebellar trauma. Predomi-
nant radiological findings included lesions in the vermis and
diffusion restriction in DN. A study by Di Rocco et al. [52]
on 34 children with PF tumours found preoperative language
impairment in 11 patients, suggestive of a subclinical state
of CMS even before surgical intervention. Furthermore, the
subgroup with preoperative language impairment had a higher
incidence of tumour invasion of the DN. The involvement
of the DN is in accordance with the current understanding
of the anatomical substrates of CMS. It seems conspicuous
that multiple incidents can cause CMS, surgical trauma being
just one of many. In our opinion, it is crucial to understand
the phenomenon that we move beyond defining CMS as a
postoperative complication to PF tumour surgery.

CMS severity related to AVM

Even though no analytical statistics were applied in this arti-
cle, there may be a tendency toward mutism duration lasting
longer in AVM cases. The median duration of mutism was
29 days in the AVM group, whereas the median duration of
mutism in the TBI and cerebellitis group was 14 days cor-
responding well with the median duration of 16 days found
in the study of PF tumours by Grgnbzk et al. [1]. Perhaps
this difference could be explained by both the spontaneous
bleeding and the surgical trauma causing additive injury to
the cerebellum and related deep structures, thus amplifying
the impact. Furthermore, it is likely that only the most severe
cases generate published case reports.

Neuropsychological consequences of CMS

Mutism is the most apparent syndrome of CMS, but long-
term neuropsychological consequences in children suffer-
ing from PF tumours with subsequent CMS have gained
increased focus in the recent years. In our case, the patient
had a remarkable performance in school prior to the ictus
according to her parents. During her in-hospital rehabilita-
tion around day 75 postoperatively, TOMAL-2 and WISC-
V showed reduced verbal working memory and reduced
learning ability suggesting long-term neuropsychological
problems as consequences of her disease. Children with
CMS seem to experience a significant decline in their intel-
lect [53], although long-term neuropsychological deficits
of PF surgery and CMS are currently scarcely elucidated
and possibly underappreciated. A recent study on the reha-
bilitation of children treated for PF tumours [54] concluded
that advancements in computer technology and digital tools

have led to targeted rehabilitation of neurocognitive deficits.
However, future studies evaluating treatment and rehabilita-
tion protocol efficacy are needed.

Conclusion

This case presentation along with the accompanying literature
review provides evidence that CMS can be of non-tumour
surgical origin, symptoms being similar to CMS related to
PF tumour surgery. Furthermore, our presentation suggests
that a broader range of pathologic factors than previously
acknowledged may have the potential to cause CMS including
a potential role of vasospasms. Clarifying such factors could
point at treatment options to alleviate symptoms. In this way,
PF pathology of non-tumoural aetiology may be helpful in
explaining this severe and devastating syndrome.
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