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Abstract
Background and Objective
Rasmussen encephalitis (RE) is characterized by its unilateral cerebral involvement. However,
both ipsi- and contralesional cerebellar atrophy have been anecdotally reported raising ques-
tions about the nature and extent of infratentorial findings. Using MRI, we morphometrically
investigated the cerebellum and hypothesized abnormalities beyond the effects of secondary
atrophy, implicating a primary involvement of the cerebellum by RE.

Methods
Voxel-based morphometry of the cerebellum and brainstem was conducted in 57 patients with
RE and in 57 matched controls. Furthermore, patient-specific asymmetry indices (AIs) of cer-
ebellar morphometry and fluid-attenuated inversion recovery (FLAIR) intensity were calculated.
Using diffusion tensor imaging, the integrity of the cortico-ponto-cerebellar (CPC) tract was
assessed. Finally, a spatial independent component analysis (ICA) was used to compare atrophy
patterns between groups.

Results
Patients with RE showed bilateral cerebellar and predominantly ipsilesional mesencephalic
atrophy (p < 0.01). Morphometric AIs revealed ipsilesional < contralesional asymmetry in 27
and ipsilesional > contralesional asymmetry in 30 patients. In patients with predominant
ipsilesional atrophy, morphometric AIs strongly correlated with FLAIR intensity AIs (r = 0.86,
p < 0.0001). Fractional anisotropy was lower for ipsilesional-to-contralesional CPC tracts than
opposite tracts (T = 2.30, p < 0.05). ICA revealed bilateral and strictly ipsi- and contralesional
atrophy components in patients with RE (p < 0.05).

Discussion
We demonstrated atrophy of the ipsilesional-to-contralesional CPC pathway and, conse-
quently, interpret the loss of contralesional gray matter as secondary crossed cerebellar atrophy.
The ipsilesional cerebellar atrophy, however, defies this explanation. Based on FLAIR hyper-
intensities, we interpret ipsilesional atrophy to be due to inflammation in the scope of a primary
involvement of the cerebellum by RE.
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Rasmussen encephalitis (RE) is a rare autoimmune disorder of
the brain, characterized most prominently by progressive at-
rophy of a single cerebral hemisphere associated with neuro-
logic deficits and intractable seizures.1,2 MRI serves as a crucial,
noninvasive method in the diagnostic assessment and follow-
up routine of patients with RE.2 Although known as cerebral
disease, single case reports and small group studies have con-
sistently reported the occurrence of cerebellar volume changes
in individual patients, visible on MRI.3,4 In the vast majority of
these patients, cerebellar atrophy was observed contralesional
to the cerebral focus, which is in line with the concept of
crossed cerebellar atrophy.3 This phenomenon describes an
irreversible volume decline of the cerebellum secondary to a
remote, supratentorial lesion and can most likely be explained
by damage to the crossing cortico-ponto-cerebellar (CPC)
pathway.5 However, cerebellar atrophy was occasionally iden-
tified in the ipsilesional hemisphere, which eludes explanation
and raises the question of whether cerebral inflammation can
spill over to the cerebellum in RE.3,6-9 Despite these reports of
both typical contralesional and atypical ipsilesional cerebellar
atrophy, the cerebellum has never been systematically analyzed
in a large patient cohort. Thus, the present study aimed to
quantify volumetric changes of the cerebellar gray matter
(GM) and white matter (WM) in a representatively large co-
hort of patients with RE. Furthermore, our analysis is com-
plemented by fiber tractography and the assessment of
cerebellar fluid-attenuated inversion recovery (FLAIR) image
hyperintensities indicative of inflammatory processes.

Methods
Study Group
In the present work, we retrospectively analyzed an RE cohort
of all 57 patients (37 women, 33 left foci, mean age ±SD: 21.6 ±
15.7 years) who were treated at the Department of Epileptol-
ogy of the University Hospital Bonn between 2001 and 2019
(Table 1). All of themmet the formal RE diagnosis criteria.1 In
addition, at least 1 preoperative, structural T1-weighted MRI
scan had to be available. To capture the most advanced alter-
ations within the chronic stage of RE, the latest available scan of
each patient (before hemispherotomy, if applicable) was se-
lected for analysis. Following previously described disease
stages,10 we separately analyzed patients in a more acute and
more chronic stage with an onset scan interval of less than 4 (n
= 17) and 4 or more years (n = 39), respectively. All patients
had epileptic seizures, 7 of them experienced 1 or more status
epilepticus in the past. Forty-seven of the 57 patients had

received immunosuppressive medication (including glucocor-
ticoids, tacrolimus, mycophenolate mofetil, and azathioprine),
and all patients, except 2, took antiseizure medication (various,
phenytoin in 12 cases). There were no patients with a clinically
diagnosed bilateral variant of RE, neither at the time of theMRI
nor later in their disease course. In 13 cases, hemispherotomy
was performed. In addition, scans of 57 age- and sex-matched
controls (CON) with normal MRI (CON; 37 women, mean
age ± SD: 21.6 ± 15.9 years; Table 1) were retrospectively
ascertained at the University Hospital Bonn, in an existing in-
house database of Charité Universitätsmedizin Berlin, and as
part of the Human Connectome Project.11 For 13 patients,
additionally available diffusion tensor imaging (DTI) data sets
were assessed. Please see Table 1 for summarized demographic
information and eTable 1, links.lww.com/NXI/A546, for in-
dividual demographic information.

MRI Data Sets
MRI data sets of all 57 patients were collected at the Department
of Epileptology, the Department of Radiology, and the De-
partment of Neuroradiology of the University Hospital Bonn.
Volumes were acquired at both 3T (n = 46) and 1.5T (n = 11)
field strength using either a 32-channel or an 8-channel head coil.
MRI data sets of 28 CONwere acquired at a 3T Siemens scanner
(SiemensHealthineers, Erlangen,Germany) at theDepartment of
Epileptology of the University Hospital Bonn using a 32-channel
head coil. MRI volumes of 29 CON were externally acquired at a
3T Siemens scanner (Siemens Healthineers, Erlangen, Germany)
at the Charité Universitätsmedizin Berlin using a 64-channel head
coil (n = 18) and, as part of the Human Connectome Project,
from the Washington University–University of Minnesota Con-
sortium using a 32-channel head coil (n = 11). All 3D T1-
weighted data sets have an isotropic voxel size ≤1.1 mm. FLAIR
data sets included both 2D coronary and 3D protocols. In 4
patients with no FLAIR data sets available, T2-weighted se-
quences were used. DTI scans of 7 patients were acquired with 60
diffusion gradient directions and a b-value = 1,000 s/mm2. Six
DTI data sets were acquired with 32 diffusion gradient directions
and a b-value = 1,000 s/mm2 (n= 5) or b-value = 800 s/mm2 (n=
1). Please see eAppendix 1, links.lww.com/NXI/A560, for further
detail on acquisition parameters.

Voxel-Based Morphometry
To enable statistical comparison, scans of patients with RE
exhibiting a right hemispheric disease focus (and matched
CON) were flipped along the x-axis. Preprocessing of T1-
weighted scans was conducted using the spatially unbiased
infratentorial atlas template (SUIT) toolbox implemented in

Glossary
AI = asymmetry index; CON = controls; CPC = cortico-ponto-cerebellar; DTI = diffusion tensor imaging; FA = fractional
anisotropy; FDR = false discovery rate; FLAIR = fluid-attenuated inversion recovery; FOD = fiber orientation distribution;
FSL = FMRIB Software Library 6.0; FWE = family-wise error;GM = graymatter; ICA = independent component analysis;RE =
Rasmussen encephalitis; SUIT = spatially unbiased infratentorial atlas template; VBM = voxel-based morphometry; WM =
white matter.
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the Statistical Parametric Mapping (SPM12) framework.12 All
volumes were brought into an orientation where negative
numbers are to the left, posterior, and inferior (LPI), and the
origin of each image was set to the anterior commissure. Pro-
cessing steps included isolation of the cerebellum, tissue-type
segmentation, and spatial normalization of the gray and WM
segmentations onto the SUIT atlas template using DARTEL.13

Generated Jacobian maps, mathematically describing local ex-
pansion or shrinkage during nonlinear tissue registrations, were
used for voxel-based morphometry (VBM) statistical analysis.
A group comparison was implemented using a voxel-wise
general linear model. Nonparametric permutation tests with
5,000 iterations were performed to account for multiple com-
parisons by family-wise error (FWE) correction using the
threshold-free cluster enhancement procedure.14 This pro-
cedure was repeated adjusting for different scanners and the
simultaneous use of cortisone at the time of the scan.

Calculation of Asymmetry Indices
Inspired by the well-established cerebral hemispheric ratio,10,15

we calculated asymmetry indices (AIs) of cerebellar hemispheres
providing a relative, observer-independent measure for the eval-
uation of cerebellar abnormalities at a single patient level. Based
on generated Jacobianmaps of structural T1-weighted sequences,
morphometric AIs were used for the assessment of cerebellar
atrophy and calculated according to the following equation:

Morphometric AI =
2
�
μILjac − μ

CL
jac

�

μILjac + μ
CL
jac

where μILjac and μCLjac is the mean of the GM Jacobian de-
terminant map of the ipsilesional and contralesional cerebellar
hemisphere, respectively.

Positive morphometric AI scores indicate a greater volume
loss in the contralesional cerebellum, whereas negative mor-
phometric AIs indicate a greater ipsilesional volume loss. To

compare the variance between morphometric AIs of patients
and CON, a 2-sample unpaired F test was performed. Mor-
phometric AIs of patients with and without phenytoin were
compared using a 2-sample unpaired t test.

Based on WM segmentations of FLAIR sequences, FLAIR
intensity AIs were used for the assessment of cerebellar in-
flammation and calculated according to the following equation:

FLAIR intensity AI =
2
�
μCLint − μ

IL
int

�
μILint + μ

CL
int

where μILint and μ
CL
int is the mean intensity of the ipsilesional and

contralesional cerebellar WM, respectively.

Positive FLAIR intensity AI scores indicate a higher intensity
in the contralesional cerebellar WM, whereas negative FLAIR
intensity AIs indicate a higher ipsilesional intensity.

The Pearson correlation coefficient was used to describe the
association between morphometric AIs and age at disease onset
and between morphometric AI scores and FLAIR intensity AI
scores. Correlations of morphometric AIs and FLAIR intensity
AIs between patients with greater contralesional andwith greater
ipsilesional cerebellar volume loss were statistically compared
using a 2-sided Fisher z-test. To account for inhomogeneous
scanner protocols, we compared AIs of the subsets of patients
with different T2-weighted sequences using a one-way analysis
of variance.

Fiber Tractography
DTI images were processed using a combination of the
FMRIB Software Library 6.016 (FSL) and the MRtrix3
package.17 Volumes were corrected for susceptibility-induced
geometric distortions by generating a synthesized b018 and
applying the FSL tool topup.19 Artifacts caused bymotion and
eddy currents were corrected by applying the FSL tool eddy.20

Table 1 Demographic and Clinical Information of Patients and CON

Demographics MRI Treatment

Sex (F) IL (left)
Age at onset
(y; M [IQR])

Age at scan
(y; M [IQR]) DTI

No. of ASMa

(M [IQR]) PHTb Cortc HE

RE (n = 57) 37 33 8 (5–17) 17 (9–29) 13 6 (4–9) 12 10 13

RE acute (n = 17) 14 12 6 (5–9) 8 (6–12) 4 5 (3–6) 1 3 6

RE chronic (n = 39) 23 20 9 (6–20) 20 (15–37) 9 6 (5–10) 11 7 7

RE positive AI (n = 30) 21 17 9 (6–14) 18 (12–29) 6 6 (5–10) 8 6 8

RE negative AI (n = 27) 16 16 8 (5–22) 15 (8–31) 7 5 (3–7) 4 4 5

CON (n = 57) 37 — — 17 (9–29) — — — — —

Abbreviations: AI = asymmetry index; ASM = antiseizure medication; CON = controls; Cort = cortisone; DTI = diffusion tensor imaging; F = female; HE =
hemispherotomy; IL = ipsilesional hemisphere; IQR = interquartile range; M = median; PHT = phenytoin; RE = patients with Rasmussen encephalitis.
a Cumulative number of ASMs in the patient’s history.
b Use of phenytoin in the patient’s history.
c Use of cortisone at the time of MRI acquisition.
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Next, fractional anisotropy (FA) was calculated for each voxel
by fitting a diffusion tensor model. Constrained spherical
deconvolution was used to estimate the voxel-wise fiber ori-
entation distributions (FODs).21 Based on the FODs, we
performed whole-brain anatomically constrained tractography
generating 10 million streamlines.22 Filtering of implausible
streamlines was performed using Spherical-deconvolution In-
formed Filtering of Tractograms.23 The CPC tract was
reconstructed along 2 hand-drawn ROIs in the cerebellar pe-
duncle and the contralateral cerebral peduncle, as described
elsewhere.24 For exclusion of potential non-CPC fibers, ex-
clusion masks were placed in the contralateral cerebellar pe-
duncle, in the medulla oblongata, and within the corpus
callosum. Last, FA of the crossing CPC tracts was compared
using a 2-sample paired t test.

Independent Component Analysis
We conducted an independent component analysis (ICA) on
the preprocessed Jacobian maps to separate spatial patterns of
GMdifferences in patients with RE. Here, following the source-
based morphometry approach, Jacobian maps of the individual
subjects are decomposed into a linear combination of mutually
independent patterns and their respective normalized loading
coefficient.25 ICA was performed on the complete data set of
patients and CON using the Group ICA of functional MRI
toolbox with the number of estimated components set to 30
following ICASSO stabilization. Artifactual components were
filtered out visually. Loading coefficients between groups were
compared using a 2-sample unpaired t test and corrected for
multiple comparisons using the false discovery rate (FDR).

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the University Hospital Bonn
Institutional Review Board and by the Institutional Review
Board of Charité Universitätsmedizin Berlin. Written in-
formed consent was obtained from all patients and CON.

Data Availability
The data that support the findings of this study are available on
reasonable request from the corresponding author. Data are
not publicly available as they contain information that could
comprise the privacy of patients and research participants.

Results
Volumetric Analysis
The group comparison between CON and patients with RE
resulted in a widespread, bihemispheric cluster indicating
lower cerebellar GM volume in patients with RE (FWE-corr.
p < 0.01; Figure 1A). Dissimilarities were more pronounced in
the contralesional hemisphere, especially in the lateral part of
the crus Ⅰ and Ⅱ and in the lobules Ⅶ, Ⅷ, and Ⅸ. VBM
analysis additionally adjusted for different scanners and the
use of cortisone at the time of data acquisition resulted in
comparable clusters of lower cerebellar GM volume in pa-
tients with RE than in CON (FWE-corr. p < 0.01; eFigure 1,

links.lww.com/NXI/A544). Both patients in a more acute
and in a more chronic stage showed bilaterally decreased
cerebellar GM volume compared with CON (FWE-corr. p <
0.05). Although in the former, clusters were located in the
anterior lobe of the cerebellum, GM volume differences in the
more chronic group were found in the posterior cerebellar
lobe (Figure 1B). VBM of the WM of the cerebellum and the
brain stem demonstrated significantly lower WM volume in
patients with RE CON, most pronounced within the ipsile-
sional mesencephalon and bilateral cerebellar peduncles
(FWE-corr. p < 0.01; Figure 1C).

AIs
Morphometric AIs, as depicted in Figure 2A, revealed signifi-
cantly higher variance within the RE group than within CON
(F = 11.093, p < 0.001). In 30 patients, we observed positive
morphometric AI scores, corresponding to a lower contrale-
sional GM volume, whereas in 27 patients, negative morpho-
metric AI scores, indicative of a lower ipsilesional GM volume,
were observed. Absolute morphometric AIs of patients pre-
dominantly showing a lower ipsilesional cerebellar GM volume
correlated with age at onset (r = 0.61, p < 0.001): The higher
the age at onset, the lower the relative GM volume of the
ipsilesional hemisphere. In contrast, in patients with pre-
dominant lower contralesional cerebellar GM volume (n = 30),
we did not observe a correlation between morphometric AIs
and age at disease onset (r = −0.02, p = 0.910). Morphometric
AIs of patients who had taken phenytoin did not significantly
differ from AIs of patients without (p = 0.92).

Correlations between FLAIR intensity AIs and morphometric
AIs significantly differed between patients with predominantly
contralesional and predominantly ipsilesional cerebellar atro-
phy (z = 2.70, p < 0.01; Figure 2B). FLAIR intensity AIs of
patients with predominantly contralesional cerebellar atrophy
weakly correlated with morphometric AI scores (r = 0.49, p <
0.001). FLAIR intensity AIs of patients with predominantly
ipsilesional cerebellar atrophy showed a strong correlation with
morphometric AI scores (r = 0.86, p < 0.001).We did not find a
significant effect of scanner protocol in AIs of patients with
different T2-weighted sequences (F = 0.29, p = 0.75; eFigure 2,
links.lww.com/NXI/A545).

Side Comparison of the CPC Tracts
CPC tracts connecting the ipsilesional cerebrum with the con-
tralesional cerebellum showed significantly lower FA than the
mirrored CPC tracts (T = 2.30, p < 0.05; Figure 3A). However,
interindividual differences were observed. Tracts in an exemplary
patient, weighted by their local FA, are displayed in Figure 3B.

Group Differences in ICA Patterns
The full data set was decomposed in 30 components. Of these, 5
components were excluded as artifacts due to their spatial dis-
tribution along the edges of the cerebellum or within WM re-
gions. Of the remaining components, 8 patterns showed a
significant difference in their loading coefficients between pa-
tients with RE andCON, all of them including cerebellar regions
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of decreased GM volume in patients with RE (FDR-corr p <
0.05, Figure 4). Components 1, 3, 22, and 26 describe bilateral
patterns of atrophy covering large parts of the cerebellum.
Components 9 and 23 cover strictly contralesional cerebellar
regions, such as lobules V, VI, VIII, and IX. In contrast, com-
ponents 15 and 28 include strictly ipsilesional regions, namely
the medial and lateral parts of lobules VII, VII, and IX.

Discussion
This study was driven by the hypothesis that brain abnor-
malities in RE are not restricted to the cerebrum, but can
also be found in the cerebellum and brainstem. We further
hypothesized that these differences to healthy brains are not
solely explainable by secondary atrophy, but are likely to

Figure 1 Results of Voxel-Based Morphometry (VBM) Group Comparisons

(A) Mapping of results from 3-dimensional voxel-wise statistics onto a flattened cerebellar surface reveals widespread bilateral clusters of lower cerebellar
gray matter volume in patients with RE compared with CON. Jet colormap indicates raw t values. Hot colormap indicates FWE-corrected p values. (B)
Projections on the flatmap show bilaterally lower cerebellar gray matter volume in both more acute (ACUTE) and more chronic (CHRONIC) patients with RE
compared with CON. (C) White matter differences between patients with RE and CON. Hot colors indicate FWE-corrected p values. z indicates z coordinate in
Montreal Neurological Institute and Hospital space. CON = controls; FWE = family-wise error; RE = Rasmussen encephalitis.
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follow an inflammation in the scope of a primary in-
volvement of the cerebellum by RE. The volumetric group-
level analysis yields widespread atrophy within both the
ipsilesional and the contralesional cerebellar hemispheres in
patients with RE, both in the acute and chronic disease

stages. Decomposition of the data identified 3 different
patterns of cerebellar atrophy:

Patients with a morphometric AI close to 0 did not show large
differences in the volume of ipsi- and contralesional cerebellar

Figure 2 Morphometric and FLAIR Intensity AIs

(A) Morphometric AIs of cerebellar hemispheres show a greater variance in patients with RE than in CON (F = 11.093, ***p < 0.001; dotted horizontal lines
indicate double SD of morphometric AIs of control). Thirty patients showed positive AIs, whereas 27 showed negative asymmetry values. MR images show 2
representative cases of the predominantly ipsilesional and contralesional atrophy patterns. (B) Correlation of FLAIR intensity AIs and morphometric AIs
significantly differed in patients with predominantly ipsilesional and contralesional cerebellar atrophy (z = 2.70, **p < 0.01). A strong correlation between AIs
was found in patients with predominantly ipsilesional cerebellar atrophy (r = 0.86, p < 0.001). MR images show 2 representative cases of predominantly
ipsilesional and contralesional atrophy patterns. AIs = asymmetry indices; CON = controls; FLAIR = fluid-attenuated inversion recovery.
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hemispheres. Similarly, most components determined through
ICA showed a bilateral spatial distribution. Firstly, this pattern
of cerebellar atrophy may be a consequence of epileptic dis-
charges, as it has been shown in other epileptic conditions,
especially chronic temporal lobe epilepsy.26,27 In our study, the
influence of recurrent seizures on bilateral cerebellar atrophy is
supported by the stronger atrophy observed in chronically af-
fected patients. Of interest, anterior and posterior lobes were
oppositely affected in acute and chronic patients, with the an-
terior lobe being spared in the chronic subsample. This is in line
with a previous study investigating patients with chronic tem-
poral lobe epilepsy, which reported bilateral cerebellar atrophy
only in posterior lobes, whereas anterior lobes, surprisingly,
showed even higher volumes compared with CON.26

According to the inhibitory influence of the anterior lobe on the
thalamus, they discussed the possibility of a compensatory
volume gain in response to chronic seizures.26 The question of
whether similar mechanisms counterpoise atrophy in anterior
lobes of chronic patients with RE is highly speculative and
would be better answered in longitudinal studies. Second, ad-
verse effects of antiseizure medications, particularly phenytoin,
may have resulted in bilateral, symmetric cerebellar atrophy.27

However, only 12 of 57 patients received phenytoin in our
cohort. Thus, the influence of this drug on measured atrophy is
negligible. Furthermore, the application of immunosuppressive
medication, especially of cortisone, may have influenced cere-
bellar volume.28 However, adjustment of our VBM for corti-
sone at the time of the scan produced comparable clusters of
bilateral cerebellar atrophy. Last, decomposition of the

volumetric data suggests that different atrophy processes spe-
cifically affecting the ipsilesional or contralesional cerebellum
could have occurred in combination and, therefore, manifested
as symmetric atrophy with a morphometric AI close to 0. This,
in turn, could be the reason for the observed normal distribu-
tion of positive and negative morphometric AIs centered
around 0. Taken together, the so far described factors may have
contributed to the bilateral, surprisingly symmetric atrophy in
our study. However, they equally fail to explain the strong
asymmetric cerebellar atrophy measured in some patients.

Asymmetric cerebellar atrophy with a lower volume in the
contralesional cerebellar hemisphere has been reported occa-
sionally in RE and attributed to crossed cerebellar atrophy.3,4,29

The extent of the supratentorial lesion and the preexistence of
status epilepticus have been shown to play a major role in the
evolution of this condition in patients with epilepsy with de-
structive brain insult early in life.5 In the investigated cohort of
patients with RE, both factors were also present and might have
caused damage to the crossing CPC pathway. In our volumetric
group-level analysis, atrophy in the WM occurred bilaterally in
the cerebellum and almost exclusively ipsilesional in the mes-
encephalon. In line with the expected atrophy caused by crossed
cerebellar atrophy, clusters of lower volume followed the ana-
tomic course of the ipsilesional-to-contralesional CPC tract,
sparing the contralesional mesencephalon. The differences
found in FA between the 2 CPC tracts also indicate damage
to the ipsilesional-to-contralesional tract and corroborate
crossed cerebellar atrophy as the explanation for asymmetric

Figure 3 Comparison of FA and Tractography of CPC Tracts

(A)Mean FAof CPC fiber tracts connecting the ipsilesional cerebrumwith the contralesional cerebellum showed significantly lower values than opposite tracts
(*p < 0.05). Dashed lines indicate individual tract pairs where voxel-wise FA values between tracts differed significantly (2-sample unpaired t test, *p < 0.05). (B)
Exemplary CPC fiber tracts of 1 patient weighted according to the corresponding local FA values. CPC = cortico-ponto-cerebellar; FA = fractional anisotropy.
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contralesional cerebellar atrophy. This finding calls to mind the
presence and potential extent of secondary atrophy following
Wallerian degeneration, which extends beyond the original,
focal lesion and may involve distant regions as both the con-
tralesional cerebellum and the contralesional cerebrum.

The processes behind the lower volume in both the ipsilesional
cerebellar GM and WM at the group level, the ipsilesional
components resulting from the ICA, and the strongly asym-
metric ipsilesional cerebellar atrophy in individual patients are
more enigmatic. Cerebellar atrophy, ipsilesional to the cerebral
focus, has been reported anecdotally before; however, the rea-
son for this remained unknown.3,6-9 In this study, particularly
strong correlations of FLAIR intensity AIs, indicative of possible
asymmetrical inflammatory processes in the cerebellum, and
morphometric AIs can be found for patients with pre-
dominantly ipsilesional cerebellar atrophy. Hyperintensities in
FLAIR images of patients with ipsilesional cerebellar atrophy,
correlating with the severity of volumetric damage, strongly
promote that the inflammation in RE is not restricted to the
cerebrumbut can further spread in the brainstem and even enter
the ipsilesional cerebellum. A primary cerebellar inflammation
in a patient diagnosed with RE has not been reported so far, but
an involvement of the ipsilesional brainstem has been.7 More-
over, in a 1984 report, the authors presented an autopsied

patient who died at age 7, which retrospectively allowed the
diagnosis of RE (case 5).30 Of interest, the brain autopsy of this
patient not only showed atrophy and inflammation in the ce-
rebrum but also revealed ipsilesional cerebellar atrophy and
inflammation within the ipsilesional brainstem and cerebel-
lum.30 Furthermore, a recent study on unilateral relapsing pri-
mary angiitis of the CNS, which shares RE’s characteristical
unilateral brain involvement, discussed the possibility that both
conditions might be related and could lie in the same disease
spectrum.31 Of interest, an ipsilesional cerebellar or brainstem
involvement was also found in 2 of 3 patients.31 In our data set,
age at disease onset and morphometric AIs only correlated in
patients with predominant ipsilesional cerebellar atrophy in the
sense that a later disease onset was associated with a stronger
asymmetry. This is noteworthy, as published patients with RE
showing ipsilesional cerebellar atrophy are associated with a
concomitant, uncommon occipital disease focus, which in turn
has also been associated with later disease onset.6,9,32 Taken
together, our findings support the hypothesized primary cere-
bellar inflammation explaining both the here quantitatively
assessed and the previously reported ipsilesional cerebellar at-
rophy in RE.3,6-9 This may suggest an elevated risk of motor and
nonmotor cerebellar functional abnormalities in patients with
RE, which, in the future, need to be systematically assessed, for
example, by using the scale for the assessment and rating of

Figure 4 Group Comparison of ICA Patterns

Eight of 30 components showed a significant difference in their loading coefficients between patients with RE and CON (FDR-corr p < 0.05) and indicated
decreased GM volume in patients. ICA results are distinguishable in bilateral, strictly contralesional, and strictly ipsilesional patterns. A threshold of z > 3 was
applied to all spatial componentmaps. Colormap indicates the normalized loading coefficients. CON = controls; FDR = false discovery rate; ICA = independent
component analysis; RE = Rasmussen encephalitis.
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ataxia (SARA) score and the cerebellar cognitive affective syn-
drome (CCAS)/Schmahmann scale, respectively.33,34

This study morphometrically investigated the cerebellum in a
large cohort of patients with RE. Although its results ground our
suspicion of a primarily affected cerebellum, they remain frag-
mentary for the most obvious limitation—the inclusion of brain
imaging data where brain biopsies and histologic analysis would
be needed to ultimately claim inflammation in the cerebellum of
patients with RE. The association between imagingmarkers and
their structural underpinnings remains overly simplistic, and
cerebellar brain biopsies are not available for evident reasons.
These hurdles cannot be overcome by our study. Another
limitation of this study are the inhomogeneous MRI acquisition
protocols. However, although AIs and tract comparisons cal-
culated in this study are within-subject measures and therefore
unlikely to contain scanner-specific biases, the ICA approach we
used was previously shown to robustly eliminate scanner-
specific artifacts.35 Beyond that, the remaining VBM analysis did
show comparable results when adjusting for different scanners
and the use of 3D or T2-weighted data sets did not have a
significant influence on the FLAIR intensity AIs. Last, despite
our comparably large sample size, it has to be noted that our
patient cohort stems from a single epilepsy center and possible
sampling biases cannot be completely ruled out. Furthermore,
tractography results lack statistical power due to a reduced
number of patients providing diffusion data and should, there-
fore, be taken with caution.

Taken together, our analyses were both challenged by and
indicative for the varying manifestations of the same disease.
Thus, a crucial factor for a better understanding of REmight be
the differentiation of possible disease subgroups showing dis-
tinct cerebral and cerebellar atrophy patterns.36 Together with
recent studies showing seemingly contradictory volumetric
changes on the contralesional cerebral hemisphere,37,38 the
present work identified different patterns of cerebellar atrophy,
suggests an ipsilesional cerebellar inflammation, and comple-
ments the picture of complex brain alterations in patients with
RE, extending beyond the affected hemisphere.
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Berlin, Center for Chronically
Sick Children, Germany;
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