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Abstract
Purpose To establish some explicit, feasible, and reproducible predictors for CMS.
Materials andmethods This study was a retrospective case study. Data were obtained from 82 patients withmedulloblastoma at a
single center, Beijing Tiantan Hospital. Based on medical records, we created two independent samples: the CMS group
comprising 23 patients and the non-CMS group comprising 23 patients. Pre-operative imaging was studied by performing
quantitative assessments of specific indicators.
Results The CMS group showed greater differences in pre-operative imaging data with the non-CMS group. The Aaxi/daxi ratio in
pre-operativeMR imaging captured in the axial plane was used to quantify the compression of the cerebellum and brainstem, and
significant differences were observed between the CMS group and non-CMS group (p = 0.0002). In the sagittal plane,Dsag*dsag
was used to quantify the area of the tumor that invaded the brainstem, and significant differences were observed between the two
groups (p = 0.0003). In the coronal plane, Acor/dcor was used to quantify the compression of the upper functional brain region, and
significant differences were noted between the two groups (p = 0.0219). Additionally, Evans’ index was introduced to quantify
the degree of hydrocephalus. The CMS group tended to show an increased Evans’ index (p = 0.0027).
Conclusion Based on pre-operative imaging data, some reproducible predictors, such as Aaxi/daxi,Dsag*dsag, Acor/dcor, and Evans’
index, were established.
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Introduction

Cerebellar mutism syndrome (CMS) is also called posterior
fossa syndrome, which is a severe complication of posterior
fossa surgery. A study of a large population revealed that CMS
occurs in approximately 25% of patients with medulloblasto-
ma [1], whereas the incidence was as high as 40% in another
study [2]. Patients will recover from the main symptom of
CMS, cerebellar mutism, or muteness, in several months. In
another long-term follow-up study, patients presenting

mutism suffered from long-term cognitive and emotional dis-
orders, subsequently decreasing their quality of life [3].

Because medulloblastoma is the most common tumor in
the posterior fossa, studies of the current mechanism and risk
factors for CMS have mainly focused on patients with medul-
loblastoma. The mechanism of CMS remains unclear.
Nevertheless, some researchers postulated that CMS is caused
by secondary surgical damage to the efferent cerebellar path-
way (ECP) [4–8]. The ECP pathway consists of four parts: D
(dentate nucleus), R (red nucleus), T (thalamus), and P
(premotor cortex). The mutism of these patients may be
caused by the interruption of some parts of the pathway.

Researchers have confirmed several risk factors for CMS,
among which the most typical risk factors include brainstem
invasion [1, 9] and brainstem compression [10]. However, the
methods used to quantify the risk factors are either non-
specific measurement standards or are too difficult to make
ensure their routine use in the clinic. We established some
intuitive predictors using pre-operative imaging data to de-
scribe the tumor characteristics. Significant differences in
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these predictors were observed between patients with CMS
and the non-CMS group.

Patients and methods

Patients

This study employed a retrospective case study design. Cases
were derived from the patients who underwent surgery at the
Beijing Tiantan Hospital from January 2016 to December
2017. Patients were required to meet the following inclusion
criteria for participation in the present study: (1) children with
a post-operative pathological diagnosis of medulloblastoma
(2) aged from 2 to 18 years (3) for whom complete pre-
operative imaging data were available (pre-operative MR im-
aging is essential). Patients were excluded if they were diag-
nosed with a severe, preexisting language or cognitive impair-
ment, or if they were lacking pre-operative MRI data. A reli-
able language assessment is not available for children aged
less than 2 years, and thus these patients were excluded.
Before the investigation, we received the approval of the
Ethics Review Committee of Beijing Tiantan Hospital.

Methods

Eighty-two patients were included. We collected text informa-
tion from 82 patients with medulloblastoma, including admis-
sion records, course records, surgical records, and discharge
records, which was established as the database of medical
records. Then, we reviewed the database of medical records
to determine which children were diagnosed with CMS. Due
to the limitations of retrospective case studies, we defined the
children who experienced muteness within a week after the
operation as patients with CMS. We defined 23 patients with
CMS as the CMS group. Because the distributions of molec-
ular subtypes and age differed between children in the CMS
group (23 patients) and non-CMS group (59 patients), we
selected 23 non-CMS patients as the non-CMS group based
on their molecular subtypes and age to minimize the possible
effects of the two factors on the results of the study. Imaging
data were collected later than the text information, which oc-
curred after patients were stratified into a group, to minimize
the selection bias and ensure the reliability of the results.
Based on the imaging data, we analyzed data from the 46
patients in the two groups in the other database, called the
database of pre-operative imaging, such as head CT and head
MRI. In the search for measurable characteristics, we
established some specific predictors to present themorpholog-
ical features of the tumors by studying MR imaging captured
in the axial, sagittal, and coronal planes. In addition, we intro-
duced Evans’ index (EI), which was measured using a pre-
operative CT scan or T2-weighted imaging to quantify the

degree of hydrocephalus. (We thought that the CT scan was
better to measure Evans’ index. Of course, if the CT scan was
not available, T2-weighted imaging was the secondary choice
for the measurement).

Measurement methods (Fig. 1)

1. Aaxi, daxi, Aaxi/daxi: captured from the axial plane of T1-
weighted imaging, Aaxi was defined as the angle between
the tumor and the bottom of basilar artery. The bottom of
basilar artery was used for the common end vertex. The
daxi was defined as the nearest distance from the bottom of
basilar artery to the tumor. We could easily point out that
if the Aaxi and daxi were fixed, the compression of the
cerebellum and brainstem by the tumor was all placed.
And the more increasing angle and more decreasing dis-
tance, it meant the tumor was more inclined to the pons of
the cerebellum or the brainstem and more obvious
brainstem compression. Thus, we defined the Aaxi/daxi as
the indicator to quantify the compression of the cerebel-
lum and brainstem by the tumor. If surrounding cystic
change was existed, it was also included in the range of
tumor.

2. Dsag, dsag, Dsag*dsag: captured from the sagittal plane of
T1-weighted imaging, Dsag was described as the distance
from the upper point to the lower point of the brainstem
invaded by the tumor. The dsag was defined as the depth of
the invasion of the brainstem by the tumor. Dsag*dsag was
used to approximately calculate the area of the brainstem
invaded by the tumor in the sagittal plane. The range of
tumor was including the solid component and the cystic
component of the tumor.

3. Acor, dcor, Acor/dcor: captured from the coral plane of T1-
weighted imaging, Acor was defined as the angle between
the tumor and the bottom of the third ventricle while the
bottom of the third ventricle was set as the common end
vertex. The dcor was defined as the nearest distance from
the bottom of the third ventricle to the tumor. In the sim-
ilar way of Aaxi/daxi, we used the ratio of Acor/dcor to quan-
tify the compression of the upper brain functional area by
the tumor. The range of tumor was including the solid
component and the cystic component of the tumor.

4. Evan’s index: captured from the CT scan or T2-weighted
imaging, Evan’s index was defined as the ratio of the
greatest distance between the frontal horns and the
greatest distance between the brain parenchyma.

Statistical analysis

Statistical analyses were performed using statistics software
(Statistical Package for the Social Sciences Statistics, Version
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20.0; IBM, Armonk, New York), and two-sample t tests were
used to compare means from the CMS group with the non-
CMS group. The level of statistical significance was < 0.05.

Results

Of the 82 children diagnosed with medulloblastoma, 23 (28%)
children suffered from CMS, whose mean age was 6.17 ±
0.48 years. In the other group sorted by molecular subtype
and age, 23 children were selected as the non-CM group,
who have the same distribution of molecular subtype and sim-
ilar ages (mean age of 5.79 ± 0.49 years) (Table 1).

Measurement results

By quantifying the tumor characteristics, we measured all the
data two times and reported the means as the final results.
Using two sample t tests, Aaxi exhibited an extremely signifi-
cant difference between the two groups (p = 0.0001), and daxi
was significantly different between the CMS group and non-
CMS group (p = 0.0014). In the sagittal MR imaging, Dsag

(p = 0.0023) and dsag (p = 0.0003) were extremely

significantly different. In the coronal MR imaging, Acor (p =
0.0009) and dcor (p = 0.0026) showed extremely significant
differences. In addition, in pre-operative CT scans or T2-
weighted MR imaging, we observed significant differences
in Evans’ index between the CMS and non-CMS groups
(p = 0.0027).

We further analyzed quantified indicators of MRI
multidimension by calculating Aaxi/daxi, Dsag*dsag, and Acor/d-
cor. Aaxi/daxi (the compression of the cerebellum and brainstem
by the tumor) significantly differed between the two groups
(p = 0.0002). Acor/dcor (the compression of the upper function-
al brain region by the tumor) was significantly different (p =
0.0219). Dsag*dsag (the invasion area of brainstem) showed a
significant difference at p = 0.0003. (Table 2).

Discussion

CMS is a complex syndrome that occurs after posterior fossa
surgery and manifests as a combination of various clinical
symptoms in addition to cerebellar mutism or muteness, in-
cluding neurological dysfunction (such as ataxia, hypotonia,
oropharynx, movement disorders, and pseudo-bulbar paraly-
sis) and neurocognitive syndrome (cerebellum cognitive emo-
tional syndrome or CCAS) [11]. At the same time, the occur-
rence of post-operative mutism poses a substantial challenge
for post-operative nursing care and adjuvant radiotherapy or
chemotherapy.

Currently, pre-operative MRI revealed a potential correla-
tion between the pre-operative characteristics of the tumors in
children and the occurrence of post-operativemutism [12, 13],
and the risk factors for CMS have become an area of intense
investigation. McMillan and colleagues postulated that
brainstem compression is the independent risk factors for
CMS. Inspired by their findings, we further studied the data
of pre-operative imaging and established some reproducible
predictors. We adopted more rigorous methods to control for
the unbalanced distributions of some characteristics, such as
the age at operation and histological types of neoplasms, be-
tween patients with CMS and non-CMS patients, such as
grouping based on molecular subtypes and age and only
selecting patients with medulloblastoma as the case group.
In further studies, we explored images captured in multi-
planes to establish some efficient predictors that would quan-
tify tumor characteristics. The results for the cross-sectional
characteristics of tumor were similar to the findings reported
by McMillan et al., suggesting that the methods were repro-
ducible. In the base of that, we found a significant difference
between the CMS group and the non-CMS group by calculat-
ing the ratio of Aaxi/daxi. Comparing their means of two
groups, we found that the CMS group seemed to be tender
to have a more obvious compression of the brainstem and
cerebellum. In the similar way, we got that the CMS group,

Fig. 1 a The fixed point O is the bottom of the basilar artery. Aaxi

represents the scope of tumor invasion in the cerebellar hemisphere, and
daxi represents the vertical distance from point O to the tumor. b Dsag

represents the range of tumor invasion to the brainstem, and dsag
represents the extent of brainstem invasion. c The fixed point P is the
bottom of the third ventricle, Acor represents the scope of tumor invasion
into the cerebellar hemisphere, and dcor represents the distance from the
tumor to point P. d Evans’ index is defined as the ratio between the
maximal diameter of the frontal horns and the inner diameter of the
skull. Evans’ index = a/b
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in the coral plane, has an increasing compression into the
upper functional brain region by calculating the ratio of Acor/
dcor. This has not been found in other studies. The brainstem
invasion or infiltrate has been noted in some study. But how to
measure the degree of invasion did not well defined. We
wanted to introduce the product of Dsag*dsag to quantify the
extent of brainstem invasion. In addition, we introduced
Evans’ index to quantify the degree of pre-operative hydro-
cephalus and found that the CMS group exhibited an in-
creased Evans’ index, indicating that the degree of pre-
operative hydrocephalus was linked to the occurrence of
post-operative CMS. To our knowledge, pre-operative hydro-
cephalus causes restricted edema in the surrounding white
matter and results in adjacent axonal injury [14], which is
often self-healing [15]. This condition may be linked to tran-
sient aphasia symptoms. On the other hand, Evans’ index also
reflects the speed of disease progression. Generally, children
with a rapid progression often exhibit a greater degree of

hydrocephalus. After surgery, for the removal of obstructions
in the four ventricles, the pressure is relieved and the lateral
ventricle pressure is substantially decreased, which may lead
to conduction beam damage of related pathways.

Summary above, we could draw the conclusion that the
CMS group has some characteristics below: increasing com-
pression into the cerebellum or brainstem, obvious invasion or
infiltrate into the brainstem, greater compression into the up-
per functional brain region, and accompanying with more se-
rious hydrocephalus. Combined with the understanding of the
ECP pathway, we thought that the occurrence of post-
operative CMS might be the outcome of the edema caused
by the pre-operative compression or the secondary injury by
the operation. The edema in surrounding cerebellar tissue
might trigger off the temporary interruption of the ECP path-
way. And when the edema got remission, the fiber bundle up
and down still needed a long time to go back to normal. And in
one interesting study hosted by Concezio Di Rocco et al., they

Table 1 Demographic
characteristics of patients in the
two independent samples

Patients (N = 46) Non-CMS group (N = 23) CMS group (N = 23)

Mean (SD) Number Mean (SD) Number

Age 5.79 (0.48) 6.17 (0.49)

Gender

Male 17 (74%) 14 (61%)

Female 6 (26%) 9 (39%)

Chief complaint

High cranial pressure 19 (83%) 21 (91%)

Cerebellar ataxia 7 (30%) 12 (52%)

Recurrence 1 (4%) 1 (4%)

Others 3 (13%) 3 (13%)

Shunt operation

No 8 (35%) 5 (22%)

Yes 15 (65%) 18 (78%)

Extent of resection

Gross total 15 (65%) 10 (43%)

Nearly total 8 (35%) 13 (57%)

Subtotal 0 (0) 0 (0)

Molecular subtypes

SHH 9 (39%) 9 (39%)

WNT 1 (4%) 1 (4%)

G3 0 (0) 0 (0)

G4 13 (57%) 13 (57%)

Metastasis

No 21 (91%) 20 (87%)

Yes 2 (9%) 3 (13%)

Location

Fourth ventricle 19 (83%) 23 (100%)

Left cerebellar hemisphere 1 (4%) 0 (0)

Right cerebellar hemisphere 3 (13%) 0 (0)
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found patients with pre-operative language impairment were
more likely to develop post-operative CMS and PLI can be
considered a subclinical state of CMS in some children with
posterior fossa tumor [16]. This study enriched the mind of
people to nicely understand the CMS.

Now, we lack the tool to classify the risk of post-operative
occurrence of CMS, and captured in the pre-operative imag-
ing, quantified predictors could help tomark which patient has
an increasing tendency to develop post-operative CMS. Our
study firstly introduced some intuitive measurement to quan-
tify the characteristic of tumor and they could simply separate
the high-risk patients from the pre-operative vague people.
They could also give light to the development of risk assess-
ment scale (score) of post-operative CMS.

Conclusion

Further clinical research of cerebellar mutism syndrome is
needed. With regard to the increasing concerns about imaging
studies of patients with CMS, which has the advantages of no
extra costs and intuitive assessments of tumor characteristics,
our study was initially based on the multi-direction evaluation
of pre-operative imaging data. In our study, some quantitative
and reproducible predictors, such as Aaxi/daxi, Dsag*dsag, Acor/
dcor, and Evans’ index, were applied to predict the occurrence
of pediatric CMS, which showed potential sensitivity and
specificity. A prospective cohort study is needed for additional
validation. The mechanism of CMS requires further research
in the future, and the establishment of predictors based on pre-
operative imaging data would help pediatric neurosurgeons to
identify high-risk patients and develop specific precautions.
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