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Reduced Gray Matter Volume in the
Frontotemporal Cortex of Patients with Early

ORIGINAL ] .
researcH | Subacute Sclerosing Panencephalitis
K. Aydin BACKGROUND AND PURPOSE: Subacute sclerosing panencephalitis (SSPE) is a persistent infection of
0. Okur the central nervous system by the measles virus. Patients in the initial stages of SSPE show behavioral
B. Tatli symptoms and usually normal cranial MR imaging findings. We aimed to investigate the gray matter
’ volume changes in patients with early SSPE.

S.G. Sarwar
C. Ozturk MATERIALS AND METHODS: Seventeen patients with SSPE with normal cranial MR imaging findings
C. Dilb and 30 sex- and age-matched control subjects were included in the study. Clinical parameters of the

. Dilber

patients were quantified by using a neurologic disability index (NDI) as defined previously. \We obtained
T1-weighted magnetization-prepared rapid acquisition gradient echo images from the patients and
control subjects, and we applied an optimized method of voxel-based morphometry. We performed a
cross-sectional analysis to search the gray matter volume differences between the patients and control
subjects. The correlation between the gray matter distribution and the duration of symptoms, immu-
noglobulin G index, and NDI scores was tested.

RESULTS: We found that the cortical gray matter volume of patients was reduced in the frontotem-
poral regions including the bilateral cingulate cortex and amygdala. There was no correlation between
the gray matter distribution of patients and the duration of symptoms or the NDI scores.

CONCLUSIONS: The current study demonstrated gray matter volume reduction in the frontotemporal
cortex of patients with SSPE without any apparent lesions on conventional MR imaging. Because the
cingulate cortex and amygdala are involved in emotion processing, gray matter loss in these regions

S ubacute sclerosing panencephalitis (SSPE) is a slow virus
infection of the central nervous system, which is caused by
the measles virus." It is a rare infectious disease in developed
countries. An incidence of 1 case per million patients with
measles infection a year was reported in developed countries.'
However, it is still prevalent in underdeveloped and develop-
ing countries.” The characteristic clinical presentation of SSPE
usually starts with nonspecific cognitive decline and behav-
ioral changes, such as memory impairments, decreased scho-
lastic performance, reduction of social interactions, and emo-
tional instability.' Following the behavioral changes,
involuntary movements, such as myoclonic jerks and choreo-
athetosis, develop. Myoclonic jerks initially affect the head and
then involve the trunk and limbs with progression of disease.
Spasticity, visual disturbances, and language difficulties usually
accompany the involuntary movements. In late stages of the dis-
ease, mental deterioration evolves, spasticity progresses into opis-
thotonus, and terminal patients pass into a vegetative state.
T2-weighted hyperintense signal-intensity changes in the
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may contribute to the development of early behavioral symptoms of SSPE.

cerebral cortex, periventricular white matter, basal ganglia,
and brain stem and atrophic dilation of cerebral sulci are the
cranial MR imaging findings of SSPE that frequently develop
in the late stages of the disease.”” Conventional cranial imag-
ing performed in the initial stages of SSPE usually does not
reveal any pathology. However, recent MR spectroscopy stud-
ies have demonstrated that the metabolic alterations caused
by neuronal loss and gliosis were present even in normal-
appearing cerebral tissue in the initial stages of SSPE.*” Voxel-
based morphometry is an automated statistical image-analysis
method that is used to search gray matter volume differences
between various subject groups.'® Voxel-based morphometry
can detect minor morphologic changes that could not be de-
tected by visual case analyses.

The purpose of the current study was to investigate the gray
matter volume changes in the initial stages of SSPE. We stud-
ied patients with a diagnosis of SSPE whose conventional cra-
nial MR imaging findings appeared normal. We hypothesized
that neuronal degeneration/loss starting in the early stages of
SSPE would cause cerebral gray matter loss that could be de-
tected by using voxel-based morphometry. We performed a
cross-sectional voxel-based morphometry study to search the
gray matter volume differences between the patients with
SSPE and age- and sex-matched control subjects. We also
studied the correlations between the gray matter distribution
and the clinical variables.

Materials and Methods

Patients
We studied 22 patients with a diagnosis of SSPE. Because cerebral
parenchymal lesions would cause segmentation errors during image
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Table 1: Demographic data and the clinical findings of patients

Patient Duration of Symptoms NDI

No. Age Sex (weeks) Stage Score 1gG Index Symptoms
1 10 M 8 1 10 37 ALP, DSP

2 12 F 3 1 15 37 DSP, DSI, El

3 7 F 16 2 20 99 Moderate depression, DSI, INS
4 14 F 8 1 10 73 ALP, DSP

5 9 F 5 1 10 13 DSI, El

6 7 F 24 2 25 108 ALP, DSP, DSI, INS
7 8 F 12 2 15 433 DSP, INS

8 13 F 8 1 15 17 IPE, EI, DSP

9 10 M 6 1 10 13 ALP, DSI

10 9 F 6 1 15 105 El, IPE

" 10 F 4 1 15 31 ALP, DSP, DSI, El

12 7 M 5 1 15 709 DSI, IPE

13 13 F 18 2 25 22 ALP, DSP, DS, INS
14 7 M 8 1 20 161 DSP, El, IPE

15 9 M 12 2 25 47 DSP, INS

16 9 F 4 1 15 1370 ALP, DSP, DS, IPE
17 9 M 5 1 10 126 DSP, IPE

Note:—ALP indicates altered personality/behavior; DSP, decreased scholastic performance; DSI, decreased social interactions; El, emotional instability; IPE, inappropriate emotions; INS,

involuntary spasms; NDI, neurologic disability index; IgG, immunoglobulin G.

analysis, we excluded 5 patients whose conventional cranial MR im-
ages revealed cortical or white matter lesions. Thus, 17 patients (11
girls and 6 boys) were included into the study. The mean age of the
patients was 9.5 * 2.2 years (range, 7—14 years). Table 1 summarizes
the demographic data and the clinical findings of these patients. The
diagnosis of SSPE was based on the presence of clinical symptoms,
typical electroencephalography findings (bilateral periodic high-am-
plitude slow wave bursts), and high antimeasles antibody titers in
serum (>1:180) and CSF (>1:4).'! The mean age of initial measles
infection was 28 months (ranging between 8 and 45 months).

We used the clinical staging of patients as defined by Jabbour et
al."! Briefly, stage 1 indicated behavioral changes; stage 2, the presence
of myoclonus, incoordination, choreoathetosis, and motor convul-
sions; stage 3, opisthotonus, decerebrate rigidity, and coma; and stage
4, diminished rigidity, less frequent myoclonus, and loss of cerebral
cortical function. Clinical parameters were also quantified by using a
neurologic disability index (NDI) as defined previously for patients
with SSPE by Dyken et al,'? in which motor, sensory, and mental
states were evaluated; higher scores indicated poorer neurologic sta-
tus. Neurologic examinations, clinical staging, and NDI scoring were
performed by an experienced pediatric neurologist (B.T.). All patients
were treated with oral isoprinosine (dosage, 100 mg/kg/day).

The patients were compared with a control group composed of 30
healthy subjects (20 girls and 10 boys). The mean age of the control
subjects was 9.3 * 2.4 years (range, 7—14 years). None of the control
subjects had a history of any neurologic or psychiatric disorder. The
exclusion criteria for the patient and control groups also included any
contraindication for MR imaging, a history of previous head trauma
leading to hospitalization, and a previous history of febrile or nonfe-
brile convulsion. Written informed consent was obtained from the
parents of the patients and control subjects. The study was approved
by the local human subject committee.

Image Acquisition

Cranial MR imaging studies were performed on a 1.5T superconduct-
ing whole-body MR imaging system (Symphony Maestro; Siemens
Medical Systems, Erlangen, Germany) with a standard quadrature
head coil. Conventional cranial MR imaging was performed to search
for any pathologic finding that would lead to the exclusion of patients
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from the study. MR images were evaluated by an experienced neuro-
radiologist who was blinded to whether images were from a patient or
control subject. The conventional cranial MR imaging protocol in-
cluded axial fluid-attenuated inversion recovery (FLAIR) (TR = 9800
ms, TE = 110 ms, TI= 2100 ms, NEX = 2), axial T1-weighted spin-
echo (TR = 500 ms, TE = 18 ms, NEX = 3), and coronal T2-weighted
fast spin-echo (TR = 9200 ms, TE = 110 ms, NEX = 3) sequences.
For voxel-based morphometry, high-resolution anatomic images of
the whole brain were acquired from the patients and control subjects
with T1-weighted magnetization-prepared rapid acquisition gradient
echo sequences (TR = 11.08 ms, TE = 4 ms, TI = 300 ms, relaxation
delay time = 500 ms, flip angle = 15°, FOV = 256 X 192 mm, matrix
size = 256 X 192), yielding 128 sagittal sections with a defined voxel
sizeof 1 X 1 X 1.3 mm.

Voxel-Based Morphometry Protocol and Data
Preprocessing

We applied an optimized method of voxel-based morphometry by
using SPM2 (http://www.fil.ion.ucl.ac.uk/spm/software/spm2; Well-
come Department of Cognitive Neurology, London, UK) running
under Matlab (MathWorks, Natick, Mass).'>!* Preprocessing of the
data involved spatial normalization of all images into a standardized
anatomic space, segmentation into gray and white matter, modula-
tion, and spatial smoothing with a Gaussian kernel. T1-weighted MR
images were normalized to the standard T1 template of the Montreal
Neurologic Institute (MNI). The normalized images were smoothed
and averaged to obtain a study-specific T1 template. All of the original
structural MR images in native space were then normalized to this
study-specific template. The normalized images were segmented into
CSF, gray matter, and white matter compartments by using the SPM2
priors. Afterward, CSF, gray matter, and white matter images were
smoothened with an 8-mm full width at half maximum (FWHM)
kernel and averaged to obtain study-specific CSF, gray matter, and
white matter priors for later segmentation of native images. The orig-
inal T1-weighted images were segmented with the study-specific T1
template and gray matter, white matter, and CSF priors. This segmen-
tation step involves an affine transformation of each scan to the tem-
plate with a subsequent back-projection into native space. We also
performed a correction for volume changes (modulation) by modu-



Fig 1. Axial FLAIR (TR = 9800 ms, TE = 110 ms, NEX = 2) image of a patient with stage
2 disease reveals normal findings.

lating each voxel by the Jacobian determinants derived from the spa-
tial normalization. An automated brain-extraction procedure that in-
corporated a segmentation step was used to remove nonbrain tissue.
The extracted gray and white matter images were then normalized to
the specific gray and white matter templates. The normalization pa-
rameters were then applied to the original structural images in native
space to reduce any contribution from nonbrain voxels and to afford
optimal spatial normalization of gray matter. These normalized im-
ages were segmented into gray and white matter. Finally, the normal-
ized and segmented images were smoothed with an 8-mm FWHM
isotropic Gaussian kernel.

Statistical Analysis
The normalized modulated smoothed gray matter data were analyzed
by using SPM2, within the framework of the general linear model on
a voxel-wise comparison. Regional differences in gray matter volume
between the patients and control subjects were assessed by using anal-
ysis of variance. Because the patients and control subjects did not
show a significant difference in age and sex distribution, we did not
enter these variables as covariates. The total intracranial volumes of
the subjects were calculated and used as a covariate in the comparison
analysis. The findings were considered significant at a voxel level of
P < .05, corrected for multiple comparison familywise error (FWE),
with an extended threshold looking for clusters with at least 20 con-
tiguous voxels. The relationship between the clinical variables (dura-
tion of disease, immunoglobulin G [IgG] index, NDI scores) and
cortical gray matter volume was investigated by regression analysis
(P < .05, FWE-corrected). For localizing purposes, the MNI coordi-
nates were converted to Talairach coordinates by using a dedicated
script (mni2tal.m; available at: http://www.mrc-cbu.cam.ac.uk/
Imaging/Common/mnispace.shtml).

An automated software was used to retrieve the brain labels for the
Talairach coordinates (http://www.talairach.org/client.html)."*

Results

The differences between the mean age and sex distribution of
patients and control subjects were not significant (P > .05).
Five of the patients were in stage 2 of the disease, and the
remaining 12 patients had stage 1 SSPE. The mean clinical
stage of the patients was 1.29. The mean duration of symptoms
was 8.9 = 5.7 weeks (range, 3-24 weeks) (Table 1). Behavioral
and personality changes were present in the clinical history of
all patients (100%). The parents or teachers of 11 patients had
noticed a recent decline in school performances of the pa-

Table 2: Cortical regions with decreased gray matter volume in
patients compared with control subjects

Talairach

Coordinates: Patients ~ Max. Z

Anatomic Regions (BA) vs Control Subjects Values
X Y VA

Left amygdala —32 —1 —12 5.49
Left uncus (BA 38) -27 3 —-33 5.24
Left cingulate gyrus (BA 31) -10 =23 38 5.15
Left cingulate gyrus (BA 24) -7 =15 41 532
Left superior temporal gyrus (BA 38) -30 4 -1 5.24
Left middle temporal gyrus (BA 37) —46  —h9 —1 351
Right cingulate gyrus (BA 24) 6 0 35 5.68
Right inferior frontal gyrus (BA 44) 52 3 13 5.16
Right superior temporal gyrus (BA 38) 33 3 -9 5.10
Right fusiform gyrus (BA 20) 52 -3 —19 4.98
Right amygdala 30 -3 —10 5.13

Note:—Max indicates maximum; BA, Brodmann area.

tients. In addition to the behavioral changes, 5 patients also
had involuntary movements in the head and limbs (myoclonic
jerks). The neurologic evaluation of the patients revealed a
mean NDI score of 15.8 = 5.3 (range, 10-25). The findings of
FLAIR and T2-weighted MR images of all patients and the
control subjects were normal (Fig 1).

Voxel-based comparison analysis revealed that the patients
had significantly reduced cortical gray matter volume in the
frontotemporal cortical regions compared with those in the
control subjects (Table 2). The regions with gray matter loss in
patients included the anterior cingulate cortex (Talairach co-
ordinates: x = —7,y = —15,z = 41 [Brodmann area, (BA
24)];x = 6,y = 0,z = 35 [BA 24]) and the bilateral amygdala
(x=-32,y=—1,z=—12;x=30,y = —3,z= —10) (Fig2).
The correlation analysis revealed that there was no significant
association between the NDI scores and gray matter distribu-
tion of the patients. Moreover, there was no relationship be-
tween the IgG index or clinical stage and gray matter volumes
of patients.

Comment
The uniformity of clinical progression in patients with SSPE
suggests a common pattern of neuropathologic progress in the
central nervous system. Previous autopsy reports revealed that
inflammatory infiltrations in cortical gray matter are the
prominent pathologic finding in the early periods of SSPE."'?
In later stages of the disease, the neuropathologic findings
spread into adjacent subcortical white matter. Early involve-
ment of cortical gray matter would explain the nonspecific
subtle behavioral symptoms that are frequently seen in the
initial stages of SSPE. However, contrary to the early cortical
involvement shown by the neuropathologic studies, conven-
tional MR imaging examinations performed in patients with
early disease usually reveal normal findings. Thus, cortical in-
volvement in early SSPE could not be demonstrated in previ-
ous neuroimaging studies. The results of the current study
revealed the reduced gray matter volume in the bilateral fron-
totemporal cortex, including the amygdala and cingulate cor-
tex, of the patients with stage 1 and 2 SSPE.

Decreased frontotemporal cortical gray matter volume is
consistent with the results of previous neuropathologic studies
emphasizing the cortical involvement in the early periods of
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Fig 2. Statistical parametric maps demonstrating the structural difference in gray matter
volumes. Significant gray matter volume decrease (P < .05, corrected) is overlaid in color
on the normalized T1-weighted images of a healthy control subject. Only clusters of voxels
consisting of at least 20 voxels are displayed. The color scale shows the range of Zvalues.
It shows the reduced gray matter volumes in bilateral medial temporal regions, including
the amygdala, cingulate gyri, and right inferior frontal gyrus.

SSPE. The results of previous neuroimaging studies revealed
that findings of cranial imaging performed in the initial stages
of SSPE usually appear normal and that parenchymal lesions
develop as the disease progresses.”” In the current study, we
demonstrated the gray matter volume reduction in the pa-
tients with normal-appearing MR imaging findings in early
stages of the disease. When we consider the results of the cur-
rent and previous studies together, it suggests that a subtle loss
of frontotemporal gray matter may precede the appearance of
morphologic T2-weighted lesions in early SSPE. Kanemura et
al'® investigated the frontal lobe volume in a patient with early
SSPE. They measured the whole parenchymal volume of fron-
tal lobes including the white and gray matters volumes. They
found a decreased frontal lobe volume compared with that in
healthy control subjects, which seems to be a finding consis-
tent with the results of the current study. In another article,
Kanemura and Aihara'” reported the decreased apparent dif-
fusion coefficient in the normal-appearing frontal lobe of a
patient with SSPE. They also found a correlation between the
frontal diffusion changes and clinical parameters. They spec-
ulated about the possibility of an association between frontal
neuropathologic changes and some of the clinical findings of
SSPE.

Neurodegenerative diseases leading to progressive neuro-
nal loss cause reduced cortical gray matter attenuation and
volume in the related regions of brain.'® SSPE is caused by
persistent infection of neurons and oligodendrocytes by the
measles virus. Neuronal degeneration, neuronal loss, demyeli-
nation, and gliosis are the main neuropathologic findings of
SSPE. The decreased gray matter volume in the frontotempo-
ral cortex of our patients might be the consequence of neuro-
nal degeneration/loss in those regions of brain.

The cingulate gyrus and amygdala are components of the
limbic cortex, which is involved in the processing of emo-
tions.'”*° A complex neural network, including the prefrontal
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and anterior cingulate gyrus, hippocampus, insular cortex,
and amygdala, is involved in the processing of various aspects
of emotions. The pathologies affecting the anterior cingulate
gyrus and amygdala cause emotional and behavioral symp-
toms. The amygdala is also involved in the regulation of emo-
tions. Thus, any pathology affecting the amygdala may cause
dysregulation of emotional processing leading to over- or un-
derexpression of emotions. The initial symptoms of patients
with SSPE include emotional instability, inappropriate emo-
tions, inappropriate expression of emotions, and other behav-
ioral changes. Cortical involvement in the cingulate gyrus and
amygdala may explain the emotional and behavioral symp-
toms of early SSPE.

Cognitive decline, which is usually recognized as a recent
decrease in scholastic performance of the patient, is another
common symptom of early SSPE. The anterior cingulate cor-
tex together with the orbitofrontal cortex takes part in the
processing of decision making.>' The amygdala is also in-
volved in reward-based learning and decision making.*?
Recent studies have shown that the amygdala is a critical struc-
ture in a neural system necessary for implementing advanta-
geous decisions. Thus, the gray matter volume reduction in
the anterior cingulate cortex and the amygdala may contribute
to the appearance of cognitive decline during the initial stages
of SSPE. However, we did not find a significant correlation
between the NDI scores of patients and their cortical gray mat-
ter distribution. The NDI scoring is a gross evaluation of the
motor and sensory functions as well as the mental states of
patients with SSPE. The lack of a correlation between the NDI
scores and gray matter volume might be because we studied
only patients in the initial stages of the disease, and their NDI
scores were distributed in a narrow range.

The correlation analysis in the current study did not reveal
any association between the duration of symptoms and gray
matter distribution in patients. This finding suggests that the
gray matter loss in the frontotemporal regions might have de-
veloped at very early periods of the disease. The relatively nar-
row range of duration of symptoms among patients might be
another explanation of this finding. Furthermore, we did not
find any correlation between the IgG index and the gray mat-
ter distribution. This finding indicates that there is no associ-
ation between the degree of neuroimmunologic reaction and
gray matter loss in early SSPE.

Several quantitative imaging studies with a region-of-in-
terest design such as quantitative diffusion MR imaging and
proton MR spectroscopy®”'” have been conducted to investi-
gate the in vivo neuropathologic findings in patients with early
SSPE. Because conventional imaging findings usually appear
normal in early SSPE, quantitative imaging studies investigat-
ing patients with early SSPE require a prior hypothesis of lo-
calization. The frontotemporal weighting of cortical gray mat-
ter loss demonstrated by the current study may guide future
studies investigating early imaging findings of SSPE.

A few limitations of the current study should be men-
tioned. First, because of the ethical issues, we did not perform
alongitudinal study. A longitudinal study would give valuable
information about the evolution of gray matter loss during the
clinical progression of the disease. The second limitation may
be that we could not measure the severity of the patients’ emo-
tional symptoms. Thus, we could not investigate the correla-



tion between volumetric changes in gray matter and severity of
behavioral symptoms. Although the comparison analysis re-
vealed a gray matter reduction in the emotion-related regions
of the brain, a correlation analysis would be helpful to inves-
tigate the association of the severity of emotional symptoms
and gray matter distribution.

In conclusion, the results of the current study demon-
strated the decreased gray matter volume in the frontotempo-
ral cortex of patients in the early stages of SSPE. The gray
matter volume reduction in the cingulate gyrus and amygdala,
which are related to decision making and emotion processing,
may contribute to the development of behavioral symptoms of
early SSPE.
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