J Neurooncol (2017) 133:539-552
DOI 10.1007/s11060-017-2462-4

@ CrossMark

CLINICAL STUDY

Analysis of surgical and MRI factors associated with cerebellar

mutism

Anjali Sergeant! - Michelle Masayo Kameda-Smith"*** - Branavan Manoranjan'* - Brij Karmur

1,

JoAnn Duckworth® - Tina Petrelli - Katey Savage® - Olufemi Ajani'? - Blake Yarascavitch? -
M. Constantine Samaan'” - Katrin Scheinemann'* - Cheryl Alyman'® - Saleh Almenawer! -
Forough Farrokhyar'® - Adam J. Fleming'* - Sheila Kumari Singh'>** - Nina Stein'’

Received: 3 September 2016 / Accepted: 6 May 2017 / Published online: 19 May 2017

© Springer Science+Business Media New York 2017

Abstract The surgical risk factors and neuro-imaging
characteristics associated with cerebellar mutism (CM)
remain unclear and require further investigation. Therefore,
we aimed to examine surgical and MRI findings associated
with CM in children following posterior fossa tumor resec-
tion. Using our data registry, we retrospectively collected
data from pediatric patients who acquired CM and were
matched based on age and pathology type with individu-
als who did not acquire CM after posterior fossa surgery.
The strength of association between surgical and MRI vari-
ables and CM were examined using odds ratios (ORs) and
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corresponding 95% confidence intervals (Cls). A total of
22 patients (11 with and 11 without CM) were included.
Medulloblastoma was the most common pathology among
CM patients (91%); the remaining 9% were diagnosed with
a pilocytic astrocytoma. Tumor attachment to the floor of
the fourth ventricle (OR 6; 95% CI 0.7-276), calcification/
hemosiderin deposition (OR 7; 95% CI 0.9-315.5), and
post-operative peri-ventricular ischemia on MRI (OR 5;
95% CI 0.5-236.5) were found to have the highest meas-
ures of association with CM. Our results may suggest that
tumor attachment to the floor of the fourth ventricle, patho-
logical calcification, and post-operative ischemia have a
relatively higher prevalence in patients with CM. Collec-
tively, our work calls for a larger multi-institutional cohort
study of CM patients to encourage further investigation of
the determinants and management of CM in order to poten-
tially minimize its development and predict onset.

Keywords Cerebellar mutism - Posterior fossa
syndrome - Medulloblastoma - Posterior fossa - Fourth
ventricle - Brain tumor

Introduction

Cerebellar mutism (CM) is a condition characterized by
a significant lack of speech or loss of speech in children
following posterior fossa (PF) surgery [1]. The definition
of CM in relation to Posterior Fossa Syndrome (PFS) is
not consolidated in the literature [1]. We chose to define
CM as a condition that is part of a larger constellation of
symptoms which often involve ataxia, mood changes, and
impaired swallowing and vision [1-4]. CM is acquired
within 1 week following PF surgery and has a limited dura-
tion of weeks to months [5]. However, those affected may
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experience long-term effects including dysarthria, altered
prosody of speech, and neurological imparments [3, 5].

The biological origin of CM remains largely unclear and
there are no standardized treatments. The incidence of CM
in children ranges from 8 to 39% of children following PF
surgery [6]. The risk of CM has been reported to increase
based on medulloblastoma tumor type, or brainstem or ver-
mis invasion [1]. The condition may be triggered by the
disruption of the dentato-thalamo-cortical (DTC) pathway
during surgery, but an evidence-based proof of CM’s etiol-
ogy has not been described [35, 6].

We sought to determine whether there are any surgical
or MRI markers associated with CM in children after PF
surgery for tumor resection. We aim to identify trends in
the anatomical location of tumor at presentation, MRI fea-
tures, and the amount of residual tumor in order to under-
stand the pathophysiological factors leading to CM.

Methods

Following local ethics board approval, we conducted a
retrospective cohort-comparative study among children
diagnosed with PF brain tumors between 2003 and 2015 at
McMaster University Medical Centre (MUMC), a pediat-
ric and academic hospital in Ontario, Canada. Data were
extracted from the Pediatric Brain Tumor Study Group
(PBTSG) database, which compiles information from
patient charts and McMaster’s Medical Records system.
The database was compiled in 2015 to document the brain
tumors of children up to 18 years old. Patients who pre-
sented to MUMC prior to 2002 were not included due to
a lack of accessible MRI data and accessible physician’s
notes. Double data entry was performed on 5% of the cases
to verify the accuracy of data entry.

The senior author’s anecdotal clinical experiences
noted that children who developed CM post-operatively
often had notable intraoperative events (i.e. disruption of
the floor of the fourth ventricle leading to changes in vital
signs). This led to our hypothesis that significant intra-
operative events may lead to post-operative MRI changes
which may be predictive of CM. Study protocol was
created a-priori; the patient population was defined in
advance. CM was defined as a significant lack of speech
or loss of speech acquired within 3 days post-operatively.
The patients who acquired CM post-operatively (after
their first surgery) were matched with patients who did
not acquire this condition after the surgical removal
of their brain tumor. Cases and controls were matched
based on age and tumor type as closely as possible and
the review was blinded to outcome, allowing the match-
ing to be performed in an unbiased manner. When there
were multiple controls to be matched for one case, one
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was randomly chosen. All patients included had tumors
in the midline or cerebellar hemisphere region. The cases
and comparisons extracted for this study were re-exam-
ined, and double data entry was performed for 100% of
the study’s patients.

In addition to the data collected from the PBTSG
database, pre-operative and post-operative MRIs of CM
patients and their comparisons were reviewed by a sin-
gle blinded neuro-radiologist. Variables recorded from
the pre-operative scans included anatomical tumor loca-
tion, size of lesion, MRI appearance, T1 turbo spin echo
signal, T2 turbo spin echo signal, restricted diffusion,
FLAIR signal, presence of metastasis, pattern of enhance-
ment, leptomeningeal enhancement, calcification, necro-
sis, hydrocephalus, and vasogenic edema. Post-operative
variables included residual tumor on MRI, extent of sur-
gical resection, and peri-ventricular infarcts or bleeds
around the fourth ventricle. A gross total resection (GTR)
was defined as a residual tumor of less than 1.5 cubic
centimeters [7]. Data were compared with original MRI
scan reports in order to ensure consistency and accuracy,
and the anatomical location variable was checked against
operative reports. Variables were selected based upon
expert opinion and a literature review; the study sought
to include variables which had not been previously linked
to the occurrence of CM. For data analysis, we reported
the mean age with standard deviation (SD) and ratio of
male to female in matched cases and comparisons. Odds
ratios (OR) were reported with the corresponding 95%
confidence interval (CI) to assess the strength of asso-
ciation between CM cases and MRI markers compared to
matched comparisons.

Results

From the PBTSG database of 108 posterior fossa cases,
11 children who presented with CM after the resection
of their tumor were identified (prevalence of CM among
PF tumors=10%). Eleven CM patients were matched
with 11 comparisons from the PBTSG database, who
also underwent PF surgery but did not acquire CM
(Table 1). The mean age distribution of the CM cases was
7.43 years (SD 2.4), while the mean age of the matched
comparisons was 7.03 years (SD 3.8). The tumor pathol-
ogy in 10 of 11 CM patients was medulloblastoma, and
the remaining one patient had a pilocytic astrocytoma;
these tumor types were matched accordingly in the com-
parison group. Although patients were not matched based
on sex, 3 of the 11 CM cases were female while 4 of the
11 comparison patients were female.
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Surgical and MRI factors

Based on pre-operative MRI scanning, the mean tumor size
in the CM group was 3.73 cm compared to 4.64 cm in the
comparison group. Table 2 depicts the number of cases and
comparisons that were positive for each variable. Certain
study participants were omitted from analysis of calcifi-
cation and infarct variables due to an absence of gradient
imaging or diffusion-weighted imaging. While the results
did not reach statistical significance, Table 2 demonstrates
the strength of association between MRI characteristics
and CM (OR and 95% CI) for each variable. Of the listed
factors, tumor attachment to the floor of the fourth ventri-
cle (OR 6; 95% CI 0.7-276), calcification or hemosiderin
deposits (OR 7; 95% CI 0.9-315.5), necrosis (OR 3; 95%
CI 0.2-157.5), moderate/high hydrocephalus (OR 3; 95%
CI 0.2-157.5), post-operative infarcts and bleeds (OR 5;
95% CI 0.5-236.5) and gross total surgical resection (OR
3; 95% CI 0.5-30.4) had positive association with CM.
Tumor attached to floor of 4th ventricle (Fig. 1 A—a, b),
calcification/hemosiderin deposits (Fig. 1 B—a, b), necro-
sis, moderate to severe hydrocephalus, gross total resection
and post-operative infarcts (Fig. 1 C—a—d) had a higher
incidence in the CM group. To validate anecdotal expert
opinion of the intraoperative events thought to be associ-
ated with CM, we have included qualitative evidence,

Table 1 Demographic data for cases and comparisons: cases were
matched based upon age and tumor type with other brain tumor
patients in our database

Patient characteristics CM cases (n=11) Comparisons (n=11)

Age at initial diagnosis

which have captured these events to occur more frequently
in the CM group than the comparison group (please refer
to Table 3). Vasogenic edema (OR 0.4; 95% CI 0.04-2.4),
leptomeningeal enhancement (OR 0.3; 95% CI 0.01-4.1)
and metastasis in head or spine (OR 0.6; 95% CI 0.05-5.8)
were more prevalent in the comparison group.

Discussion

CM is a condition which occurs post-operatively, follow-
ing the removal of a PF tumor in children. This condition
may have an iatrogenic cause, as the disruption of the den-
tato-thalamo-cortical (DTC) pathway during surgery has
been hypothesized as a potential trigger [1, 5]. Avula et al.
reported a significant association between CM and diffu-
sion abnormalities in the dentate nucleus, superior cerebel-
lar peduncle, and mesencephalic tegmentum immediately
post-operatively [8]. A recent case-control study employing
diffusion tensor imaging noted that CM patients showed
white matter changes in the superior cerebellar peduncle;
these changes remained evident months following the sur-
gery [9]. Perreault et al. evaluated time-dependent changes
to the DTC pathway following posterior fossa tumor resec-
tion in children and found that post-operatively, the dentate
nuclei underwent progressive atrophy and the DTC path-
way showed continuous structural changes [10]. While
certain diffusion tensor scans of CM patients have shown
DTC disruption, some of these scans took place before, or
years after surgery and thus cannot be associated with CM
[5]. There was no temporal association between MRI scans
showing DTC disruption and the patient’s CM symptoms.
We aimed to determine whether there are any surgical or
MRI factors associated with CM in order to improve the

Mean (SD) 74324 7.03(3.8) understanding of CM’s pathophysiology. Post-operative
Sex infarcts, calcification, and disruption of the floor of the
Male/female 8/3 " fourth ventricle may be implicated in the development of
Tumor type CM rather than attributing this to DTC pathway disruption
Medulloblastoma 10 10 alone. If the presence of calcification is indeed associated
Pilocytic Astrocytoma 1 1
Table 2 MRI chara({teristic Variables Odds ratio (CI 95%) Cases Comparisons
results: the table depicts
the number of cases and Attached to floor of 4th ventricle 6.0 (0.7, 276.0) 10 (91%) 5 (45%)
comparisons that were deemed — py 4 1 ine metastasis 0.6 (0.05, 5.8) 3 (27%) 4 (36%)
positive for each variable and
the odds ratios and confidence Leptomeningial enhancement 0.3(0.01,4.1) 2 (18%) 4 (36%)
intervals for each variable Calcification or hemosiderin deposits 7.0 (0.9, 315.5) 7 (70%) 2 (18%)
Necrosis 3.0(0.2, 157.5) 6 (55%) 4 (36%)
Vasogenic edema 0.4 (0.04,2.4) 2 (18%) 5(45%)
Moderate/high hydrocephalus 3.0(0.2, 157.5) 10 91%) 8 (73%)
Post-operative infarcts 5.0 (0.5, 236.5) 8 (73%) 4 (44%)
Gross total resection (Surgical) 3.0 (0.5, 30.4) 8 (73%) 4 (36%)
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Fig. 1 A Pre-operative fourth ventricle floor attachment. Axial flair
imaging was used to determine whether tumor was arising from the
floor of the fourth ventricle. Figure 1 A (a) depicts an example of
tumor attached and centered in the floor of the fourth ventricle in a
CM case, which was present in 10 of 11 CM cases, and present in 5
of 11 non-cases. Figure 1 A (b) is an example of tumor not attached
to the floor of the fourth ventricle in a control case, as the lesion is
arising within the parenchyma of the right cerebellar hemisphere in
the dentate nucleus area. B Pre-operative calcification and hemosid-
erin deposits. Susceptibility weighted imaging was used to determine
if there was calcification in the tumor. Figure 1 B (@) depicts multiple
foci of abnormal magnetic susceptibility within the tumor in a CM
case, representing either micro-calcifications or hemosiderin deposits.

with cerebellar mutism, this could serve to warn surgeons
that there may be an increased likelihood of CM.

The majority (75-90%) of medulloblastomas arise from
the roof of the fourth ventricle [11]. The higher prevalence
of floor of the fourth ventricle attachment in CM patients
may suggest that the disruption of the floor of the fourth
ventricle during surgery may result in CM. A recent study
examining the molecular subtypes of medulloblastoma
found that the sonic hedgehog tumor group had a lower
incidence of CM in comparison to wingless, Group 3, and
Group 4 [12]. The sonic hedgehog subgroup does not tend
to arise from the floor of the fourth ventricle, a trait more
predominant in Groups 3 and 4 [13]. This supports the
hypothesis that tumor attachment to the floor of the fourth

@ Springer

This was present in 7 of 10 CM patients, and 2 of 11 non-cases. Fig-
ure 1 B () is an example of a tumor without evidence of areas with
abnormal magnetic susceptibility in a control case. C Post-operative
infarcts/contusions. Diffusion weighted imaging was used to deter-
mine whether the cases and comparisons showed infarcts post-opera-
tively. Figure 1 C (a) is an example of a b1000 image used alongside
a Fig. 1C (b) ADC map to determine a post-operative infarct/contu-
sion. Figure 1 C (c) is a b1000 image used in conjunction with a sus-
ceptibility weighted image (Fig. 1 C (d)) to determine that there was
no visible evidence of infarct but only blood products adjacent to the
surgical bed walls. 8 of 11 CM cases had DWI infarcts in their imme-
diate post-operative scan in comparison to 4 of 9 non-cases

ventricle is implicated in the development of cerebellar
mutism. If disruption of this region is significantly asso-
ciated with CM, then surgeons could take a less invasive
approach while removing tumor from the floor of the ven-
tricle, favoring a near-total resection over a GTR [14]. In
addition, there could be an attempt to use the pre-operative
imaging to predict outcome if the tumor is involving the
floor of the fourth ventricle. Thompson et al. suggest that
the influence of GTR on medulloblastoma survival rates
is not as significant as previously suggested [14]. Interest-
ingly, the large majority of the CM patients in our study
were diagnosed with medulloblastoma [1, 3]. Outcomes
and goals of gross-total resection and risk of CM should be
considered when tumors such as medulloblastoma involve
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the floor of fourth ventricle [14]. CM’s association with the
floor of the fourth ventricle may alter a surgeon’s approach
but further research is required in order to determine the
exact cerebellar tract affected, which could detail preven-
tative measures. For every neurosurgeon operating in the
proximity of the floor of the fourth ventricle, the result of
each surgical movement dynamically changes the next.
This pilot study supports our senior surgeon’s intraopera-
tive anecdotal experience that disruption of the floor of the
fourth ventricle is associated with post-operative MRI
changes in our CM group. Our study serves as a caution
for neurosurgeons. If disruption of the floor of the fourth
ventricle is associated with CM, surgeons should exercise
extreme caution until they have delineated the attachment
of the tumour as we have observed a notable discrepancy
between pre-operative MRI reports and intraoperative find-
ing of tumour attachment.

Higher grade tumors such as medulloblastoma can be
more difficult to resect completely relative to most pilocytic
astrocytomas, as pilocytic astrocytomas are often well-
delineated [15]. Medulloblastoma tumors can be infiltra-
tive, requiring more dissection of the brain-tumor interface,
which may account for the CM occurring post-operatively.
The presence of areas with restricted diffusion surround-
ing the surgical bed post-operatively was higher in the CM
group. This may represent areas of contusion or ischemia of
the parenchyma, which is likely caused during surgery, and
a lack of blood supply in these regions may be the under-
lying cause CM. The infarcts or contusions were located
around the floor of the fourth ventricle, suggesting a rela-
tionship between these two variables. Therefore, disruption
of the floor of the fourth ventricle may subsequently result
in ischemia and thereby may predicate the development of
CM.

The variables associated with a lack of CM (vasogenic
edema, leptomeningeal enhancement, and metastasis in
the head or spine) are factors that may cause a surgeon to
avoid a GTR. Therefore, vasogenic edema, leptomeningeal
enhancement, and metastasis may be related to the sub-
total resection variable, all of which are correlated with a
lack of CM.

Strengths and limitations

There are certain limitations to the design of this study,
inherent to observational retrospective designs. This study
was underpowered to draw a strong conclusion; 95% confi-
dence intervals lacked precision due to the relatively small
sample size. Certain patients did not have gradient imaging
or diffusion-weighted imaging sequences on their immedi-
ate pre-operative and post-operative scans. This resulted in
fewer cases and comparisons to be reviewed in the current

study. MRI imaging within 48 h pre-operatively and post-
operatively were reviewed, but post-operative time of MRI
varied between the patients in the study.

The comparative nature of the study is a strength, as
the case-comparison model allows for an examination of
factors associated with CM. The data registry is another
strength of the study as it contains patient data compiled
from clinical, surgical and MRI charts and represents the
total pediatric brain tumor population at McMaster from
2002 to 2015. Additionally, 5% of this database was dou-
ble-checked for accuracy. The blinded neuro-radiologist
examination is another strength of the current study, as
MRI evaluation was not influenced by the knowledge of
whether a patient had CM or not. The reports of this neuro-
radiologist were also double-checked with the previous
MRI reports for data accuracy.

Conclusion

Our study explores some of the putative factors leading to
CM development. We found that post-operative peri-ven-
tricular infarcts/bleeds, tumor attached to the floor of the
fourth ventricle, and calcification were more prevalent in
CM cases than in controls. It would be beneficial to under-
take a prospective multi-center study in order to adequately
address the question. Insights from these findings guides
further investigation of the determinants and management
of CM in order to potentially minimize its development and
predict onset.
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