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Abstract
Background Cerebellar mutism is usually associated with posterior fossa tumor surgery.
Case Report We report a case of a 17-year-old female, presented with headache and tremor after hemorrhage from a vermian
arteriovenous malformation. She was successfully treated by embolization; however, on immediate postoperative, she developed
persistent mutism. To the best authors’ knowledge, this is the first case of cerebellar mutism after endovascular treatment reported
in the medical literature.
Conclusion The endovascular approach may have the same potential of complication of conventional surgery; therefore, more
study is necessary to clarify the role and limits of this technique to treat cerebellar arteriovenous malformation.

Keywords Mutism . Intracranial arteriovenous malformations . Endovascular procedures . Postoperative complication .

Therapeutic embolization . Intracranial hemorrhage

Introduction

The term cerebellar mutism (CM) is used to describe themute-
ness after cerebellar injury, in opposition to lesions in the
cerebrum or the lower cranial nerves [8]. Although CM is
usually associated to “open” surgery for posterior fossa tu-
mors in children, it was already described after trauma, infec-
tions, and cerebellar hemorrhage, either from arteriovenous
malformation (AVM) or tumor [1, 3, 5–7]. Therefore, it is
possible that the endovascular approach has the same potential
of developing such complication. We report a case of postop-
erative CM after embolization of a vermian AVM.

Case report

A 17-year-old female patient complained of sudden onset
of severe headache and evolved with impaired conscious-
ness. At admission, she presented with somnolence, con-
fusion, Glasgow coma scale 13, and distal limb tremor.
Investigation with CT scan and MR showed posterior
fossa hemorrhage in the vermis and 4th ventricle (Fig.
1). The patient underwent cerebral angiography that re-
vealed an AVM located at the cerebellar culmen, mainly
fed by the superior cerebellar artery. At the same surgical
time, under general anesthesia and full anticoagulation, a
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guiding catheter (Neuron™ 6F, Penumbra Inc., Alameda,
CA, USA) was positioned into the distal segment of the
left vertebral artery; a microcatheter (Apollo™ 10,
Medtronic, Irvine, CA, USA) over a microguidewire
(Silverspeed™ 0,010, Medtronic) was placed into the
nidus; embolization was performed using non-adhesive
EVOH-based liquid embolic agent (Squid-12™ ,
Emboflu, Gland, Switzerland) achieving total occlusion
(Fig. 2). Despite satisfactory angiographic result, the pa-
tient evolved postoperatively with mutism and right
tremor. On control CT scan and MR, no ischemic or
hemorrhagic changes were noted (Fig. 3a); thus, she
was discharged on the 10th postoperative day. At 6-
month follow-up, the patient preserved understanding
and cognitive functions; however, she still presented
mutism, dysmetria, dysdiadochokinesia, and tremor of
head and limbs. She was able to stand up and walk with
support, although with gait ataxia. Control MR showed
gliosis and encephalomalacia adjacent to the arteriove-
nous malformation, evolving portions of the pons, rhom-
boid fossa, superior cerebellar peduncles, and cerebellar
vermis (Fig. 3b–d). The tractography was inconclusive.

Discussion

The terms CM, pseudobulbar palsy, posterior fossa syndrome
(PFS), and cerebellar cognitive affective syndrome (CCAS)
are used to designate the complex neurological condition usu-
ally following surgery of cerebellar and fourth ventricular tu-
mors [11]. Although these terms may be sometimes inter-
changeable, since clinical presentation depends on anatomical
structures and neural circuits, it is consensus that designation
PFS lacks precision and specificity and should be retired [11].
The CM is not a prerequisite to develop CCAS, suggesting
involvement of different circuits; therefore, the circuit disrup-
tion associated with CM needs to be distinguished from that
causing CCAS [11].

The dentato-thalamo-cortical (DTC) tract is an important
outflow pathway from the cerebellar nuclei towards the cere-
bral cortex, and its interruption is accepted as the main cause
for CM [8]. The DTC tract extends from the dentate nucleus
via the contralateral red nucleus and thalamus to reach the
contralateral cerebral cortex [8]. The proximal portion of the
DTC pathway, known as the proximal efferent cerebellar path-
way (pECP), has been implicated in the development of CM,

Fig. 1 Preoperative imaging
shows cerebellar bleeding in the
vermis and 4th ventricle on CT
scan (a); flow voids and
hemorrhage with circumjacent
edema on MR post-Gadolinium
T1 (b) and FLAIR (c, d)
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and it is constituted by the dentate nucleus, superior cerebellar
peduncle (SCP), and mesencephalic tegmentum [8]. In our
patient, the upper vermis was involved, whereas CM was
already associated with injuries to the middle cerebellar pe-
duncle (MCP), brachium pontis, dentate nucleus, and inferior,
posterior, and upper vermis [2, 3, 7, 10]. The exact pathogen-
esis of CM remains unknown, with evidence pointing to a
multifactorial disorder [2]. Surgical manipulation causing di-
rect injury to anatomical structures, especially the pECP, has
been associated to CM [2]. In the last years, however, some
studies have questioned the sole role of surgery in the patho-
genesis of CM [4], and case reports such as the present one
may further confirm this hypothesis and suggest the need for a
deeper understanding of CM pathogenesis. As CM occurred
without surgery, it was first attributed to an ischemic injury
secondary to endovascular treatment affecting the DTC tract,
since the caudate nuclei were preserved. Instead, this could
hypothetically be also a consequence of the initial hemor-
rhage, as already reported [1, 3, 7], even presenting delayed
onset. The alternative relation with vasospasm has not been
considered on the literature.

Since most of the cerebellum is not related to motor con-
trol, the deep cerebellar nuclei are involved in limbic and

autonomic circuits (fastigial nucleus) as well as cognitive do-
mains (ventral part of the dentate nucleus) [11]. Emotional
lability is a frequent neuropsychiatric feature; however, im-
pairments may occur in the modulation of five domains of
behavior: attention, mood, social skills, psychosis, and autism
spectrum disorders [11].

Immediate postoperative MR may show parenchymal
edema along the surgical margins, characterized by in-
creased T2 signal; DWI can distinguish cytotoxic edema
due to cellular swelling, with restricted diffusion from
vasogenic edema, due to an increase in extracellular
fluid, with unrestricted diffusion [2]. Careful clinical
observation may be correlated with the brain imaging
to perform detailed structure function analyses to iden-
tify and understand the neural circuits, prevent compli-
cation, and develop new methods of treatment [11].
Midline location and brainstem invasion on preoperative
imaging are consistent identifiable risk factors of CM
[2]. Furthermore, five significant risk factors including
the fourth ventricular tumor location, bilateral MCP in-
vasion and/or compression, dentate nucleus invasion,
and age > 12.4 years were considered to develop an
assessment scoring system and predict the risk CM on

Fig. 2 Digital angiogram shows a
midline arteriovenous
malformation filled by superior
cerebellar arteries (a, b); the nidus
was fulfilled with liquid embolic
agent (c); achieving total
occlusion of the lesion (d)
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preoperative MR, but they need to be validated [9]. On
postoperative imaging, bilateral pECP injury was identi-
fied as a significant risk factor to develop CM [2]. Our
patient presented age > 12.4 years, midline location
AVM, and bleeding into the 4th ventricle as possible
risk factors; however, the complication was not antici-
pated since no case had been reported to the better of
our knowledge.

Considering the absence of an effective treatment
established to improve CM recovery, it is primarily based on
clinical support measures [8]. Although pharmacological in-
tervention does not achieve desired effect in all cases of CM,
bromocriptine may be helpful in some patients, considering
the response of reversing symptoms of akinetic mutism [8].
There are few language therapies reported in the literature;
however, speech rate is used for evaluation and monitoring
the manifestations of CM [8].

Conclusion

CM may complicate the clinical history of posterior fossa
AVM, as a consequence of hemorrhage or as a complication

of embolization. Accordingly, physicians should keep in mind
this complication and parents should be adequately informed.
Further understanding of pathogenetic mechanisms and un-
derlying anatomical circuit of CM is required to prevent and
treat this complication.
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Fig. 3 The 6-month postopera-
tive imaging: CT scan shows re-
absorption of the hemorrhage and
embolic material (a); the MR
FLAIR demonstrates small gliosis
in the pons, cerebellum, and su-
perior cerebellar peduncles, adja-
cent to the arteriovenous malfor-
mation (b–d)

Childs Nerv Syst (2020) 36:1301–13051304



References

1. Al-Anazi A, Hassounah M, Sheikh B, Barayan S (2001) Cerebellar
mutism caused by arteriovenous malformation of the vermis. Br J
Neurosurg 15:47–50

2. Avula S (2019) Radiology of post-operative paediatric cerebellar
mutism syndrome. Childs Nerv Syst:1–9. https://doi.org/10.1007/
s00381-019-04224-x

3. Baillieux H, Weyns F, Paquier P, De Deyn PP, Mariën P (2007)
Posterior fossa syndrome after a vermian stroke: a new case and
review of the literature. Pediatr Neurosurg 43(5):386–395

4. 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 posterior
fossa surgery. Cerebellum 10(3):551–562

5. Drost G, Verrips A, Thijssen HO, Gabreels (2000) Cerebellar in-
volvement as a rare complication of pneumococcal meningitis.
Neuropediatrics 31:97–99

6. Ersahin Y, Mutluer S, Saydam S, Barcin E (1997) Cerebellar mut-
ism: report of two unusual cases and review of the literature. Clin
Neurol Neurosurg 99:130–134

7. Frassanito P, Massimi L, Caldarelli M, Di Rocco C (2009)
Cerebellar mutism after spontaneous intratumoral bleeding involv-
ing the upper cerebellar vermis: a contribution to the
physiopathogenic interpretation. Childs Nerv Syst 25:7–1. https://
doi.org/10.1007/s00381-008-0711-8

8. Gudrunardottir T, Morgan AT, Lux AL, Walker DA, Walsh KS,
Wells EM, Wisoff JH, Juhler M, Schmahmann JD, Keating RF,
Catsman-Berrevoets CE, for the Iceland Delphi Group (2016)
Consensus paper on post-operative pediatric cerebellar mutism syn-
drome: the Iceland Delphi results. Childs Nerv Syst 32:1195–1203.
https://doi.org/10.1007/s00381-016-3093-3

9. Liu JF, Dineen RA, Avula S, Chambers T, Dutta M, Jaspan T,
MacArthur DC, Howarth S, Soria D, Quinlan P, Harave S, Ong
CC, Mallucci CL, Kumar R, Pizer B, Walker DA (2018)
Development of a pre-operative scoring system for predicting risk
of post-operative paediatric cerebellar mutism syndrome. Br J
Neurosurg 32:18–27. https://doi.org/10.1080/02688697.2018.
1431204

10. Puget S, Boddaert N, Viguier D, Kieffer V, Bulteau C, Garnett M,
Callu D, Sainte-Rose C, Kalifa C, Dellatolas G, Grill J (2009)
Injuries to inferior vermis and dentate nuclei predict poor neurolog-
ical and neuropsychological outcome in children with malignant
posterior fossa tumors. Cancer 115:1338–1347. https://doi.org/10.
1002/cncr.24150

11. Schmahmann JD (2019) Pediatric post-operative cerebellar mutism
syndrome, cerebellar cognitive affective syndrome, and posterior
fossa syndrome: historical review and proposed resolution to guide
future study. Childs Nerv Syst:1–10. https://doi.org/10.1007/
s00381-019-04253-6

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Childs Nerv Syst (2020) 36:1301–1305 1305

https://doi.org/10.1007/s00381-019-04224-x
https://doi.org/10.1007/s00381-019-04224-x
https://doi.org/10.1007/s00381-008-0711-8
https://doi.org/10.1007/s00381-008-0711-8
https://doi.org/10.1007/s00381-016-3093-3
https://doi.org/10.1080/02688697.2018.1431204
https://doi.org/10.1080/02688697.2018.1431204
https://doi.org/10.1002/cncr.24150
https://doi.org/10.1002/cncr.24150
https://doi.org/10.1007/s00381-019-04253-6
https://doi.org/10.1007/s00381-019-04253-6

	Cerebellar mutism after embolization of vermian arteriovenous malformation
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Case report
	Discussion
	Conclusion
	References




