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PURPOSE

This study aimed to detect supratentorial cortical and subcortical morphological changes in pedi-
atric patients with infratentorial tumors.

METHODS

The study included 24 patients aged 4-18 years who were diagnosed with primary infratentorial
tumors and 41 age- and gender-matched healthy controls. Synthetic magnetization-prepared rap-
id gradient echo images of brain magnetic resonance imaging were generated using deep learn-
ing algorithms applied to T2-axial images. The cortical thickness, surface area, volume, and local
gyrification index (LGI), as well as subcortical gray matter volumes, were automatically calculated.
Surface-based morphometry parameters for the patient and control groups were compared using
the general linear model, and volumes between subcortical structures were compared using the
t-test and Mann-Whitney U test.

RESULTS

In the patient group, cortical thinning was observed in the left supramarginal, and cortical thicken-
ing was observed in the left caudal middle frontal (CMF), left fusiform, left lateral orbitofrontal, left
lingual gyrus, right CMF, right posterior cingulate, and right superior frontal (P < 0.050). The patient
group showed a volume reduction in the pars triangularis, paracentral, precentral, and supramar-
ginal gyri of the left hemisphere (P < 0.05). A decreased surface area was observed in the bilateral
superior frontal and cingulate gyri (P < 0.05). The patient group exhibited a decreased LGl in the
right precentral and superior temporal gyri, left supramarginal, and posterior cingulate gyri and
showed an increased volume in the bilateral caudate nucleus and hippocampus, while a volume
reduction was observed in the bilateral putamen, pallidum, and amygdala (P < 0.05). The ventricular
volume and tumor volume showed a positive correlation with the cortical thickness in the bilateral
CMF while demonstrating a negative correlation with areas exhibiting a decreased LGI (P < 0.05).

CONCLUSION
Posterior fossa tumors lead to widespread morphological changes in cortical structures, with the
most prominent pattern being hypogyria.

CLINICAL SIGNIFICANCE

This study illuminates the neurological impacts of infratentorial tumors in children, providing a
foundation for future therapeutic strategies aimed at mitigating these adverse cortical and subcor-
tical changes and improving patient outcomes.

KEYWORDS
Medulloblastoma, neoplasms, brain, primary, hippocampus, amygdala

entral nervous system neoplasms are the most common solid tumors in children. With
advancing therapies, the 10-year survival rate in these patients is approximately 70%.
Posterior fossa tumors are more frequently observed in childhood, and the most com-

mon pediatric posterior fossa tumors are medulloblastomas and astrocytomas.” Although
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astrocytomas can achieve a cure with total
resection, medulloblastomas require chemo-
therapy and radiotherapy treatments after
resection.?

Neuroplasticity is the brain’s ability to
change functionally, connectively, or struc-
turally in physiological or pathological con-
ditions. Recent advancements in neuroim-
aging have demonstrated that the brain can
reorganize itself after pathologies, such as
traumatic brain injury, stroke, and tumors,
particularly in adults.? Children are more suc-
cessful than adults in learning complex skills,
such as learning a new language or playing
a new instrument.** Children with unilateral
left-brain damage at an early age can devel-
op normal language skills, while lesions of
similar location and extent in the adult brain
cause more aphasia.

Recent studies have been conducted on
changes occurring in the contralateral hemi-
sphere secondary to supratentorial gliomas
in adults, but these studies are generally
voxel-based morphometry (VBM) studies in-
vestigating changes in gray matter volume.’
Surface-based morphometry (SBM) provides
parameters such as cortical thickness, sulcal
folding, and surface area that cannot be ob-
tained with VBM. Furthermore, SBM is more
successful than VBM at the intersections of
gray and white matter.® In their SBM study,
Zhang et al.? detected widespread changes
in the contralateral hemisphere in adult pa-
tients with frontal low-grade glioma (LGG)
for the first time using virtual brain grafting,
and these changes were not detected in a
VBM study conducted in a similar group.”

The posterior fossa contains the cerebel-
lum and the brainstem. The dentate nucleus
in the cerebellum is highly advanced in mon-
keys and humans, with dentothalamic and
thalamocortical pathways projecting to the
prefrontal cortex.’”®’" Recent studies show
that the cerebellum is no longer merely an
organ associated with balance but actively

* Pediatric posterior fossa tumors cause wide-
spread hypogyrification and reductions in
surface and volume, while also leading to an
increase in cortical thickness.

* Pediatric posterior fossa tumors lead to an
increase in volume in the hippocampus and
caudate nucleus, while also causing an in-
crease in the volume of the putamen, pall-
idum, and amygdala.

+ Cortical and subcortical morphological
changes have shown a correlation with ven-
tricular volume and tumor volume.

participates in cognitive events, speech, and
complex motor functions.” Cerebellar cog-
nitive affective syndrome is a condition of
cognitive decline in patients with cerebellar
lesions, and its physiopathology is not fully
understood.' A VBM study conducted on
children who were cured after a posterior
fossa tumor detected reduced gray matter
volume in the entorhinal cortex, thalamus,
hypothalamus, corpus callosum, and cune-
us.”* However, this could be due to the dis-
ease itself or secondary to chemoradiother-

apy.M

There are no studies investigating cor-
tical and subcortical changes at the time of
diagnosis in children with posterior fossa tu-
mors. There are several reasons for this. First,
although they are the most common solid
tumors in childhood, they are relatively rare.!
Myelination is rapid in the first 2 years of life,
and medulloblastomas peak at the age of
3 years.” Surface construction algorithms,
such as Freesurfer, require good image con-
trast and can be applied to anatomically
normal or near-normal brains without sig-
nificant morphological abnormalities. In the
presence of an intracranial tumor, Freesurf-
er has a failure rate of up to 30% in cortical
reconstruction.’® Therefore, it has prevent-
ed the detection of cortical and subcorti-
cal changes in pediatric tumors. Although
virtual brain grafting studies have made
this possible, they require neuroanatomical
experience and time.” Recently, however,
software developed using deep learning
has made surface reconstruction possible
in tumoral diseases by producing synthetic

magnetization-prepared rapid gradient echo
(MP-RAGE) images.'®

Our aim in this study is to investigate
supratentorial cortical and subcortical mor-
phological changes in pediatric posterior
fossa tumors.

Methods

This study was designed retrospective-
ly. Ondokuz Mayis University Clinical Re-
search and Ethics Committee (decision no:
2023/300, date: 10.10.2023) approval has
been obtained. All participants were fully
informed and gave their written informed
consent prior to each examination. Guide-
lines from Strengthening the Reporting of
Observational Studies in Epidemiology were
carefully followed.™

Participants

Patients aged <18 years who underwent
brain magnetic resonance imaging (MRI)
due to intracranial tumor in the unit be-
tween 2015 and 2023 were retrospectively
screened. Among these patients, those with
a posterior fossa tumor who did not receive
any treatment (chemoradiotherapy, surgery,
steroids) before the MRl and who were diag-
nosed pathologically after the MRI were in-
cluded in the study. Children aged <4 years
were excluded from the study due to insuf-
ficient myelination. Children who did not
have any chronic diseases, who presented
with non-specific symptoms, whose brain
MRI did not reveal any pathology, and who
were age- and gender-matched formed the
control group (Figure 1).

Pediatric intracranial mass
(n=90)

Excluded (n=66)
[Supratentorial (n=45)
INo pathological diagnosis (n=12)
ISteroid Treatment (n=2)
[History of intracranial surgery or radiotherapy (n=5)
Incomplete recon-all (n=2)

Final Population (n=24)
* Medulloblastoma (n=10)
> Pilocytic Astrocytoma (n=9)
* Ependymoma (n=2)
* Anaplastic Ependymoma (n=2)
* Low-grade Astrocytoma (n=1)

Figure 1. Flowchart of study.
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Magnetic resonance imaging acquisition

MRI was performed on the patient and
control groups with one of two devices with
a magnetic field strength of 1.5 Tesla (Philips,
Achieva, Best, the Netherlands) or 3 Tesla
(Philips, Ingenia, Best, the Netherlands).

The MRI protocol for patients who had a
3 Tesla scan was as follows: T2W-axial turbo
spin-echo sequence [repetition time (TR)/
echo time (TE), 3,000/80 ms; section thick-
ness, 5 mm; matrix, 261 x 384; number of
excitations (NEX), 3], 3D fluid attenuation
inversion recovery (FLAIR) coronal (TR/TE/
Tl, 4,800/381/1,650 ms; section thickness, 3
mm; NEX, 2). For patients who had a 1.5 Tesla
scan, the protocol was as follows: T2W-axial
turbo spin-echo sequence (TR/TE, 8,078/100
ms; section thickness, 4 mm; matrix, 242
X 250; NEX, 4), T2-FLAIR coronal (TR/TE/TI,
7,000/140/2,800 ms; section thickness, 4
mm; NEX, 2).

Magnetic resonance imaging processing

Due to the different devices and a het-
erogeneous data set, SynthSR 2.0 was used
in the Freesurfer developer version. SynthSR
is a deep learning-based tool that enables
the creation of synthetic MP-RAGE images
for surface-based analyses with high accura-
cy, even if the images obtained clinically are
heterogeneous. Moreover, it is challenging
to perform surface-based analysis with Free-
surfer in patients with intracranial tumors.
SynthSR overcomes this challenge.

The synthetic MP-RAGE images were gen-
erated from T2-axial images with SynthSR."®
Then, pre-processing for cortical thickness,

Axial T2

Freesurfer Output Maps

Synthetic MP-RAGE

surface area, volume, and local gyrification
index (LGI) analyses and cortical reconstruc-
tion were performed using the standard
Freesurfer (V 7.4.0). To increase the accura-
cy of surface reconstruction, synthetic MP-
RAGE images were used together with T2-
FLAIR images (Figure 2).

Tumor masking

A proficient general radiologist judicious-
ly utilized the volume of interest procedure
within the ITK-SNAP software suite to con-
struct masks representing tumor volumes.

Statistical analysis

Demographic information of the pa-
tient and control groups, the magnetic field
strength, estimated total intracranial volume
(eTIV), and normalized subcortical volume
(structure volume x 1.000/eTIV); data were
compared using the chi-squared test, t-test,
or Mann-Whitney U test.

Maps of cortical thickness, volume, and
surface area for each patient were registered
to the “fsaverage” template included in Free-
surfer, and a generalized linear model (GLM)
was then generated. Age, gender, and mag-
netic field strength were used as covariates
for the GLM. Smoothing was applied to the
cortical thickness, to volume maps with a full
width at half maximum (FWHM) of 10 mm, to
surface area maps with an FWHM of 15 mm,
and to LGl maps with an FWHM of 25 mm.
The patient and control groups were com-
pared using “mri_glmfit”and the main results
were analyzed using “mri_gImfit-sim,” with
1.000 random permutations. To prevent false
positive results, the cluster-wise P threshold

Recon-all

«

Coronal T2-FLAIR

Output

Surface Output

Figure 2. The cortical reconstruction pipeline. MP-RAGE, magnetization-prepared rapid gradient echo;

FLAIR, fluid attenuation inversion recovery.

was set at 0.05, and the vertex-wise cluster
threshold was set at 103.2°

When a significant group difference was
detected, the mean cortical thickness, sur-
face area, volume, and LGl parameters in the
significant cluster for each participant were
extracted using the “mri_segstats”command.
Volumes of subcortical structures were calcu-
lated using “asegstats2table” The Spearman
correlation coefficient (rho) was calculated
to evaluate the correlation between these
parameters and the total volume of the later-
al ventricles and the volume of the tumor. A
P value of <0.05 was considered statistically
significant.

Results

Clinical and demographic characteristics:
the final population of the study consisted
of 24 patients with posterior fossa tumors
and 41 age- and gender-matched healthy
controls. The patient group was aged 8.2 +
4.2 years, and the control group was aged
10.9 + 3.7 years; there was no statistically
significant difference in ages between the
groups (P = 0.11). No significant difference
was detected in the magnetic field strength
between the patient and control groups in
the chi-squared test (P = 0.08). In the patient
group, 10 received pathological diagnoses of
medulloblastoma, 9 of pilocytic astrocytoma,
2 of ependymoma, 2 of anaplastic ependy-
moma, and 1 of low-grade astrocytoma. All
lesions were located in the posterior fossa.
The median size of the tumors was 22.1 mL
(interquartile range: 22.3 mL). Seventeen of
the lesions caused hydrocephalus, and the
average lateral ventricular volume for the pa-
tient group was 39.9 + 26.0 cm?.

Cortical morphological changes

Cortical thickness: The patient group
demonstrated a reduction in cortical thick-
ness in the left supramarginal gyrus (P =
0.010, size: 221 mm?) and left superior fron-
tal gyrus (P = 0.018, size: 200 mm?); an in-
crease in cortical thickness was observed in
the left caudal middle frontal (CMF) gyrus
(P = 0.0002, size: 1,249 mm?), left fusiform
gyrus (P = 0.001, size: 327 mm?), left lateral
orbitofrontal gyrus (P = 0.04, size: 168 mm?),
left lingual gyrus (P = 0.033, size: 1779 mm?),
right CMF gyrus (P = 0.0002, size: 727 mm?),
right posterior cingulate gyrus (P = 0.0002,
size: 363 mm?), right superior frontal gyrus
(P = 0.004, size: 256 mm?), and right lateral
orbitofrontal gyrus (P = 0.049, size: 162 mm?)
(Figure 3, Table 1).

Supratentorial structural changes in pediatric patients with infratentorial tumors
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Figure 3. Areas showing changes in cortical thickness, surface area, volume, and local gyrification index in

cases with posterior fossa tumors.

Table 1. The comparison of cortical morphology at the vertex level reveals significant

Local gyrification index: In the patient
group, a decrease in the LGl was observed
in the right hemisphere’s precentral gyrus
(P = 0.0002, size: 14,342 mm?), right supe-
rior temporal gyrus (P = 0.0002, size: 1,357
mm?), left hemisphere’s supramarginal gyrus
(P =0.0002, size: 23,075 mm?), and posterior
cingulate gyrus (P = 0.0002, size: 1,647 mm?)
(Figure 3, Table 1).

Correlation

The ventricular volume showed a positive
correlation with cortical thickness in the ar-
eas of bilateral CMF gyrus where a cortical
thickness increase was observed [right: (P <
0.0001, rho: 0.74); left: (P = 0.0049, rho: 0.57)].
The cortical thickness of the cluster in the
right CMF gyrus showed a positive correla-
tion with tumor volume (P = 0.015, rho: 0.50)
but did not correlate with the left cluster.

The LGI showed a negative correlation
with the ventricular volume in the cluster
containing the right precentral gyrus (P =

clusters
Measurement Group Cluster Peak MNI Size P value of 0.0001, rho: —0.72), right superior temporal
comparison coordinates  (mm?) CWP gyrus (P =0.0011, rho: —0.64), left supramar-
L supramarginal 34,3517 e SE ginal gyrus. (P <. 0.0001, rho: —0.77), and the
HC > patient ) left posterior cingulate gyrus (P = 0.0003,
L. superior frontal S e e rho: —0.70). The LGI showed a negative cor-
L. caudal middle frontal —34,13,50 1,249 <0.001 relation with the tumor volume in the clus-
L. fusiform —-28,-48,-18 327 0.001 ter containing the right precentral gyrus (P =
Cortical L. lingual ~19,-85,-10 179 0.033 0.015, rho: —0.50), left supramarginal gyrus (P
thick ) = 0.033, rho: —0.44), and the peak cluster in
ckness L. lateral orbitofrontal -14,12,-15 168 0.049 Lo
Patient > HC the left posterior cingulate gyrus (P = 0.0021,
R. caudal middle frontal 32,13,50 727 <0.001 .
rho: -0.61).
R. posterior cingulate 12,-36,50 363 <0.001 o .
- No significant correlation was observed
{5 i 14,38, 46 256 0.004 between the tumor volume and ventricular
R. lateral orbitofrontal 17,23,-22 162 0.049 volume in areas where the cortical volume
L. pars triangularis -33,27,8 385 0.001 changed (P > 0.05).
L. paracentral 17,-26,42 248 0.009 . o
Volume HC > patient Subcortical volumetric findings
L. precentral —-10,-25,74 238 0.012
L. supramarginal —35,-33,20 217 0.023 When c.ompared with the control group,
L. supramarginal 52-31,35 23075 . the pF)sterlor qusa tumor group showed vol-
Local ume increases in the left caudate (d = 1.37, P
L. posterior cingulate -9, -26, 39 1,647 <0.001 . _
GG s ek P 9 <0.0001), right caudate (d = 1.50, P < 0.0001),
index R. precentral 52,-5,43 14,342 <0.001 left hippocampus (d = 0.99, P = 0.0006), and
R. superior temporal 48,6, -20 1,357 <0.001 right hippocampus (d = 1.02, P = 0.0049),

All clusters survived correction for multiple comparisons using a Monte Carlo simulation, resulting in a corrected
cluster-wise P < 0.05. L, left; R, right; HC, healthy control; MNI, The Montreal Neurological Institute; CWP, cluster-wise

probability.

Volume: The patient group showed a de-
crease in volume in the left pars triangularis
(P=0.001, size: 385 mm?), left paracentral gy-
rus (P = 0.009, size: 248 mm?), left precentral
(P = 0.012, size: 238 mm?), and left supram-
arginal gyrus (P = 0.023, size: 217 mm?). No
statistically significant volume change was
observed in the right hemisphere (Figure 3,
Table 1).

Surface area: The patient group showed a
decrease in surface area in the left posterior
cingulate (P = 0.0004, size: 986 mm?), left su-
perior frontal (P =0.001, size: 554 mm?), right
superior frontal (P = 0.0002, size: 1,737 mm?),
and right isthmus cingulate (P = 0.003, size:
774 mm?). No area increase in the patient
group was observed (Figure 3, Table 1).
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and volume decreases in the left putamen
(d = -1.16, P < 0.0001), right putamen (d =
—1.45, P <0.0001), left pallidum (d=0.99, P =
0.0006), right pallidum (d =0.77, P=0.0131),
leftamygdala (d = —0.47, P=0.024), and right
amygdala (d = 1.11, P = 0.0003). No statisti-
cally significant volume difference was ob-
served in the bilateral thalamus between the
groups (Table 2).

Geng et al.



Correlation of subcortical structures

The tumor volume showed a negative cor-
relation with the volume of the left amygdala
(P=0.02, rho: —0.48) and the left accumbens
area (P = 0.047, rho: —0.41) but showed a
positive correlation with the volume of the
bilateral caudate nucleus [right: (P = 0.001,
rho: 0.62); left: (P = 0.027, rho: 0.46)]. No sta-
tistically significant correlation was observed
with other subcortical structures (Figure 4,
Table 3).

The total ventricular volume showed
a negative correlation with the bilateral
putamen [right: (P = 0.003, rho: —0.59); left:
(P = 0.023, rho: —0.46)], bilateral pallidum

[right: (P =0.006, rho: —0.54); left: (P =0.0002,
rho: —0.71)], bilateral accumbens area [right:
(P =0.017, rho: —0.48); left: (P = 0.0001, rho:
—0.72)], and a positive correlation with the
bilateral caudate nucleus [right: (P = 0.011,
rho: 0.51); left: (P = 0.02, rho: —0.47)], and left
hippocampus (P =0.012, rho: 0.51) (Figure 4,
Table 3).

Discussion

In this study, we investigated the cortical
morphological and subcortical volumetric
changes at the time of diagnosis and their
relationship with tumor size and ventricular
volume in children with posterior fossa tu-
mors. Our findings demonstrated a cortical

Table 2. The comparison of subcortical gray matter volume of patient and healthy control

group
Structure volume (mL) HC Patient Cohen’s D P
(n=41) (n=124)
Left thalamus 4.71 £0.37 4.75 £ 0.41 -0.10 0.697
Left caudate 2.29+0.25 2.76 £ 0.46 1.37 <0.001*
Left putamen 342+0.28 3.05+0.38 -1.16 0.001*
Left pallidum 1.13£0.1 1.06 +0.15 -0.51 0.084
Left hippocampus 2.87£0.2 3.31+£0.68 0.99 <0.001*
Left amygdala 1.01+0.1 0.94 £0.22 -0.47 0.025*
Left accumbens area 0.47 +0.06 0.37 £ 0.06 -1.67 <0.001
Right thalamus 4.51+0.32 448 +0.34 -0.09 0.736
Right caudate 236+0.28 2.86 +0.42 1.50 <0.001*
Right putamen 3.38+0.26 295+0.34 -1.45 <0.001
Right pallidum 1.21+£0.13 1.08 +£0.22 -0.77 0.013
Right hippocampus 2.89 £0.25 333+£0.62 1.02 0.005*
Right amygdala 1.16 £0.11 1.03£0.15 -1.11 <0.001
Right accumbens area 0.44 + 0.07 0.38 +0.06 —-0.91 <0.001
Total lateral ventricle 8.18+3 39.94 + 26.04 2.00 <0.001*
*The Mann-Whitney U test performed. HC, healthy control.
g
<
Ventricle Ventricle Ventricle
=
Ventricle Tumor Volume Tumor Volume

Caudate

Accumbens Area

thickening, particularly in the bilateral CMF
region, even at the time of diagnosis. We
observed volume reduction in the left su-
pramarginal gyrus, surface area reduction in
the posterior cingulate and superior frontal
gyrus, and widespread hypogyrification in
the bilateral fronto-temporo-parietal areas.
Whereas the volume of the caudate nucleus
and hippocampus increased, the putamen,
amygdala, and nucleus accumbens showed
volume reduction. These cortical and subcor-
tical changes exhibited a significant associa-
tion with ventricular volume, whereas only a
partial relationship was observed with tumor
size.

To our knowledge, the question of wheth-
er there are structural changes in the brain in
childhood tumors has not been investigated.
Large-scale studies are challenging due to
the relative rarity of these tumors. Addition-
ally, for such research, appropriate analysis of
children’s brain images and standardization
of MRI devices are necessary. The SynthSR
2.0 used in our study enables the creation of
suitable images for surface-based analysis
and allows surface-based analysis even in
the presence of intracranial tumors, making
it feasible to work with heterogeneous data-
sets.'®

Clinical and neuroimaging studies have
shown that the cerebellum is not only in-
volved in motor control or balance but also
plays a role in a range of cognitive functions,
such as language, emotion processing, and
attention.'® The cerebellum contains circuits
associated with various areas, including the
prefrontal cortex, parietal cortex, thalamus,
superior temporal region, and limbic sys-
tem.”' Cerebellar cognitive affective syn-
drome is an entity described in the last 25

Left
Ventricle
-~ Right

Tumor Volume

Figure 4. Scatterplot demonstrating the correlation between subcortical gray matter volumes and tumor volume, as well as the correlation between subcortical

gray matter volumes and ventricular volume.

Supratentorial structural changes in pediatric patients with infratentorial tumors



Table 3. The correlation relationship between tumor volume, ventricle volume, and

subcortical gray matter structures

Tumor volume

Total lateral ventricle volume

rho P rho P
Left thalamus 0.32 0.128 0.33 0.120
Left caudate 0.51 0.011 0.46 0.028
Left putamen -0.47 0.023 0.02 0.919
Left pallidum —-0.71 0.000 -0.12 0.579
Left hippocampus 0.52 0.011 0.31 0.152
Left amygdala -0.27 0.199 —0.48 0.021
Left accumbens area -0.72 0.000 -0.42 0.048
Right thalamus 0.16 0.466 0.19 0.384
Right caudate 0.48 0.020 0.63 0.002
Right putamen —-0.59 0.003 -0.14 0.510
Right pallidum -0.55 0.006 -0.02 0.919
Right hippocampus 0.40 0.052 0.33 0.120
Right amygdala -0.27 0.207 —-0.41 0.054
Right accumbens area —-0.48 0.018 —-0.05 0.834

years that encompasses changes in executive
function and working memory, visual-spatial
impairments, difficulties in language pro-
duction, and personality alterations.'? It has
been suggested that defects in the circuits
between the cerebellum and prefrontal cor-
tex caused by cerebellar masses could be
one of the causes of this syndrome.?? Indeed,
a widespread gyral reduction in the frontal
region was detected in our study. However,
longitudinal and advanced imaging studies
are needed to establish the correlation be-
tween these findings.

In patients with cerebellar tumors, failure
of surface reconstruction has limited the in-
vestigation of surface-based morphometric
changes in adult patients with intracranial
tumors. A study by Zhang et al.’ found de-
creased gyrification in bilateral medial or-
bitofrontal gyrus and lingual gyrus in the
contralateral hemisphere of patients with
frontal LGGs. Similarly, our study revealed
widespread decreased gyrification in the ce-
rebral cortex. While gyrification is associated
with neurodevelopment, studies have also
shown that axonal damage can disrupt gyr-
ification.” Medulloblastomas are embryonal
tumors that come with genetic mutations,
particularly in the pediatric population.
Therefore, the question of whether this glob-
al gyrification reduction is due to widespread
axonal damage or folding abnormalities
caused by accompanying genetic abnormal-
ities should be supported by future genetic
and longitudinal studies.

Recent studies have demonstrated that
the basal ganglia and cerebellum form a

connected network not only at the cortical
level but also directly. Injection of rabies vi-
rus into the macaque putamen and globus
pallidus externus significantly affected the
cerebellum.?* Our study demonstrated vol-
ume reduction in the putamen and pallidum
in these patients, which may be associated
with the involvement of this circuit. Recent
functional MRI (fMRI) studies have identified
a network involving the cerebellum, caudate
nucleus, and prefrontal cortex, associated
with executive functions, verbal fluency, and
working memory. Abnormal activity in this
network has been linked to diseases such as
Alzheimer’s disease.?” Our study is the first to
show a volume increase in the caudate nu-
cleus and widespread cortical morphologi-
cal changes in the frontal region in children
with posterior fossa tumors, which may be
associated with damage to the cerebel-
lo-ganglia-cortical network and subsequent
impairment of executive functions. Future
resting state fMRI studies in this population
may support our findings.

The cerebellum is very important for
functions such as balance and memory, as
well as speech. It plays a crucial role in verbal
fluency, grammar processing, and correcting
language mistakes.?® fMRI studies include
the cerebellum in the language network
along with the superior temporal lobe, pars
triangularis, and precentral gyrus. These net-
work clusters are predominantly in the left
hemisphere, which is likely due to the lan-
guage centers being primarily located in the
left hemisphere in humans.?” According to
our findings, there is a reduction in volume
asymmetrically in the left hemisphere in the
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pars triangularis and supramarginal gyrus,
which are associated with the speech center.
This may explain the areas showing volume
reduction in the asymmetric left hemisphere
and the asymmetry in the findings in these
patients.

Recent studies have demonstrated a
strong relationship between the cerebel-
lum and the hippocampus. An experiment
conducted in mice showed that optogenet-
ic stimulation of the cerebellum resulted in
changes in hippocampal functional con-
nectivity and altered cellular dynamics.?®
Furthermore, recent studies have shown
that the cerebellum is involved in various
functions associated with memory. One such
study in patients with hippocampal glioma
revealed a compensatory volume increase
in the contralateral hippocampus.? Similarly,
the bilateral hippocampal volume increase in
our study may be associated with this com-
pensation. In opioid-dependent patients,
there is decreased functional connectivity
between the nucleus accumbens, amygda-
la, and cerebellum.*® The decreased volume
of the accumbens and amygdala in patients
with cerebellar tumors may be due to the in-
volvement of this circuit.

Our study has several limitations. First,
this study is retrospective and was conduct-
ed at a single center. Our sample size was
limited, and we did not categorize or assess
tumors according to their subtypes and loca-
tions. However, it is worth noting that tumors
situated in the vermis may influence distinct
pathways compared with those located in
the cerebellar hemispheres. Moreover, tu-
mors in the posterior fossa were not staged.
Nevertheless, the implications could differ
between rapidly progressing tumors and
those with slower growth rates. On the other
hand, the changes we identified, irrespec-
tive of tumor grade or developmental stage,
highlight the necessity and interest in further
investigation into this matter. Second, even
though there is no statistically significant
difference between the groups in terms of
the use of 1.5 Tesla and 3 Tesla devices, those
used in the patient and control groups are
not exactly balanced. A covariate has been
used to counteract this, but it may have par-
tially affected the results. There were no neu-
rocognitive data available for the patients,
and therefore the widespread changes in
the brain could not be supported by neuro-
cognitive data. Only structural MRI was used
in this study, and the findings could not be
supported by advanced techniques, such as
diffusion tensor imaging or fMRI. Prospective
studies may support our findings.

Geng et al.



In conclusion, posterior fossa tumors lead
to widespread morphological changes in
cortical structures, with the most dominant
pattern being hypogyrification, accompa-
nied by a decreased surface area and volume
reduction. Although cortical thickening pre-
dominantly increases, there are also areas
where cortical thickness decreases. Subcor-
tical gray matter structures, except for the
hippocampus and caudate nucleus, showed
volume reduction. These findings are highly
correlated with the lateral ventricle volume.
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