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Early- and Late-State Subacute Sclerosing
Panencephalitis: Chemical Shift Imaging and

Single-Voxel MR Spectroscopy

Alpay Alkan, Kaya Sarac, Ramazan Kutlu, Cengiz Yakinci, Ahmet Sigirci,
Mehmet Aslan, and Tamer Baysal

BACKGROUND AND PURPOSE: Subacute sclerosing panencephalitis (SSPE) is a rare,
progressive, inflammatory neurodegenerative disease. Our aim was to determine the metabolic
abnormalities of brain in early- and late-stage SSPE by using MR spectroscopy and to assess
areas of involvement in the early stages when MR imaging findings were normal.

METHODS: Children with stage II (n � 3) or III (n � 3) SSPE and 10 healthy, age-matched
children underwent MR imaging, multivoxel MR spectroscopy, and short-echo single-voxel MR
spectroscopy (SVS). Areas of involvement in the brain were determined with chemical shift
imaging. For SVS, 2 � 2 � 2-cm voxels were placed in the frontal subcortical white matter
(FSWM) and parieto-occipital white matter (POWM). N-acetylaspartate (NAA)/creatine (Cr),
choline (Cho)/Cr, myo-inositol (Ins)/Cr, and NAA/Cho ratios were calculated.

RESULTS: Comparisons of NAA/Cr, Cho/Cr, Ins/Cr and NAA/Cho ratios between patients
and control subjects showed significant differences in FSWM and POWM (P < .01). In patients
with SSPE, NAA/Cr ratios in POWM were significantly less than those in FSWM (P < .01).
NAA/Cr ratios in patients with stage II SSPE and those in the control group were not
significantly different; this may reflect the absence of neuronal loss. Decreased NAA/Cr,
increased Cho/Cr and Ins/Cr ratios, and increased lactate and lipid peaks were found in
patients with stage III SSPE.

CONCLUSION: MR spectroscopy showed findings suggestive of inflammation in stage II and
findings of demyelination, gliosis, cellular necrosis, and anaerobic metabolism in stage III. MR
spectroscopy could be a promising technique for early diagnosis and treatment planning in
cases of SSPE.

Subacute sclerosing panencephalitis (SSPE) is a pro-
gressive neurologic disorder of childhood and early
adolescence (1). The diagnosis is based on clinical
findings, EEG results, and the titer of measles anti-
bodies in the CSF and serum. Brain biopsy or post-
mortem histopathologic examination shows evidence
of astrogliosis, neuronal loss, degeneration of den-
drites, demyelination, neurofibrillary tangles, and in-
filtration of inflammatory cells (2, 3). Inflammation
and edema are observed in the early stages, with
demyelination and gliosis ensuing later, after resolu-
tion of the inflammation (4).

The parieto-occipital region of the brain is most
frequently and severely affected, and the involvement
is generally asymmetric (2, 5). A significant relation-
ship between clinical stage and neuropathologic find-
ings was reported in a clinicopathologic study (6). MR
imaging findings are usually not correlated with the
clinical stage of the disease (5, 7, 8). Defining these
findings as improvement or progression is not possi-
ble on the basis of MR imaging findings alone (1).
Because MR spectroscopy provides information re-
garding in vivo brain metabolism and neuronal func-
tion, it is a promising method that may illustrate the
pathophysiologic features of SSPE. Although it is not
specific or diagnostic for SSPE, MR spectroscopy
could show substantial metabolic impairment in the
periventricular white matter, even when the MR im-
aging findings are normal, especially in the early
stages (9).

In this study, our aim was to investigate whether
clinical stage and the MR spectroscopy findings of
SSPE are correlated and to determine the metabolic
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abnormalities in the periventricular white matter, es-
pecially in the early stages when the MR imaging
results are normal.

Methods
The study group included six consecutive children (three

boys, three girls; mean age, 6.8 years) with the diagnosis of SSPE
who were referred to neuroradiology department. MR imaging
and MR spectroscopy were performed in these children.

A pediatric neurologist (C.Y.) diagnosed SSPE on the basis
of the clinical signs and symptoms, the characteristic EEG
patterns (burst suppression in the early stage and a diffuse,
random, slow arrhythmia pattern in the late stage), and high
titers of measles antibody in the serum (�1:180) and CSF
(�1:4). The criteria of Jabbour et al (10) were used for clinical
staging, as follows: stage I indicated personality changes or
behavioral disturbance or both; stage II, convulsive motor
signs, myoclonus, incoordination, choreoathetosis, and trem-
ors; stage III, coma, opisthotonos, decerebrate rigidity, no
responsiveness to any stimulus; and stage IV, loss of cerebral
cortical function, less frequent myoclonus, and diminished hy-
pertonia. Demographic, clinical, and imaging features of the
patients with SSPE are presented in Table 1. Children with
SSPE were compared with 10 healthy, age-matched children
(six boys and four girls) aged 6–9 years (mean age, 7.8 years).

MR imaging was performed by using a 1.5-T system (Gyro-
scan Intera; Philips, Best, the Netherlands). T1-weighted im-
ages (TR/TE, 560/15) with 5-mm-thick sections were obtained
in the axial and sagittal planes . T2-weighted images (4530/100)
were obtained in the axial and coronal planes. All children with
SSPE were sedated with chloral hydrate (dose, 50–70 mg/kg
body weight) or midazolam hydrochloride (dose, 0.1 mg/kg) as
needed.

Multivoxel MR spectroscopic (MVS) datasets were acquired
by using point-resolved spectroscopy (PRESS) with the acqui-
sition parameters of 1500/136/1 (TR/TE/NEX) and a trans-
verse field of view of 230 mm with a 16 � 16 rectangular
sampling array. After three orthogonal baseline images were
obtained with automatic shimming of the magnetic field, a
30-mm-thick volume of interest (VOI) was identified. The VOI
was placed on the centrum semiovale, parallel to planium
sphenoidale and above the body of the corpus callosum, cover-
ing the frontal subcortical white matter (FSWM) and parieto-

occipital white matter (POWM) bilaterally. The local magnetic
homogeneity within the VOI was further optimized by an
additional manual shimming to provide the maximum proton
signal intensity from water. Starting with shim settings that
were known to result in a nearly optimal water signal intensity,
additional manual shimming took 2–4 minutes. MR spectro-
scopic data were accumulated after the optimal water signal
intensity was suppressed by using the chemical shift-selective
technique. With chemical shift imaging (CSI), abnormal areas
were detected in the periventricular white matter. After the
evaluation of left and right periventricular white matter on CSI
maps from the point of involvement, areas that looked the
worst were chosen for short-echo single-voxel MR spectros-
copy (SVS). SVS was performed in all patients by using a
PRESS sequence (TR/TE/NEX, 2000/31/256). Voxel sizes of 8
cm3 (2 � 2 � 2 cm) were used. Voxels were placed in the
FSWM and POWM.

The examination, including MR imaging, CSI, and SVS, was
completed within approximately 40 minutes. SVS and MVS of
same regions in the brain were available in 10 healthy individ-
uals for comparison.

The spectrum was referenced to creatine (Cr)peak (3.02
ppm). The signals from choline (Cho), Cr, N-acetylaspartate
(NAA), and myo-inositol (Ins) were integrated. Resonances
were assigned as follows: lipids, 0.9–1.1 ppm; lactate, 1.3 ppm;
NAA, 2.02 ppm; Cr, 3.02 ppm; Cho, 3.2 ppm; and Ins, 3.56
ppm. Peak-area metabolite ratios (NAA/Cr, Cho/Cr, NAA/
Cho, and Ins/Cr) were calculated. For each patient, two authors
(A.A., R.K.) assessed whether the spectra were diagnostic.

A two-tailed Mann-Whitney U test was use to assess for
differences in the metabolite ratios of FSWM and POWM
between the control group and the patients with SSPE. The
Wilcoxon signed rank test was used to assess differences in
metabolite ratios between FSWM and POWM in patients with
SSPE. A P value less than .01 was considered to indicate a
significant difference.

Results
Although MR imaging findings were normal in

patients with stage II SSPE, CSI revealed increased
Cho levels, which was more prominent in left periven-
tricular white matter. In these patients, SVS showed
normal NAA/Cr ratio and increased Cho/Cr and

TABLE 1: Demographic, clinical, and imaging features of SSPE cases

Patient/Age, y/Sex Vaccination

Age at
Measles

Infection
Time after
Diagnosis

Stage at
Diagnosis Clinical and Neurologic Findings MRI Findings

Stage II at MRS
1/8/F No 7 mo 1 y II Choreoathetosis, myoclonus, difficulty

speaking, tonic convulsion, mental
deterioration

Normal

2/8/M Yes NA* 6 mo II Myoclonus, ataxia, spasticity, tonic-clonic
seizures, difficulty speaking

Normal

3/6/F Yes 12 mo 9 mo II Myoclonus, ataxia, mental deterioration,
walking with assistance

Normal

Stage III at MRS
1/8/M Yes 11 mo 4 y II No speech, decerebrate rigidity, bedridden,

no responsiveness to any stimulus
Cerebral, cerebellar, and

brainstem atrophy,
periventricular hyperintensities

2/8/M No 6 mo 3 y II No speech, opisthotonos, decerebrate and
decorticate rigidity, no responsiveness to
any stimulus, bedridden

Cerebral and cerebellar atrophy,
periventricular hyperintensities

3/7/F Yes 16 mo 2 y II Decerebrate rigidity, bedridden, no speech Cerebral and cerebellar atrophy,
periventricular hyperintensities

* Not applicable.
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Ins/Cr ratios in the FSWM and POWM (Fig 1).
Cho/Cr increases in the POWM were slightly higher
than in the FSWM (Fig 2).

Cerebral and cerebellar atrophy and periventricu-
lar hyperintensities were found in all patients with
stage III disease. In addition, brain stem atrophy was
noted in one patient (Fig 3). CSI revealed a left-sided
asymmetric increase in the Cho level and a decrease
in NAA in stage III (Fig 4). Compared with the
control spectra, SVS findings in the children with
SSPE in stage III showed a significant difference, with
much smaller NAA peaks and decreased NAA/Cr
ratios in both the FSWM and POWM (P � .01) (Fig
5). A statistically significant difference was noted in
the Cho/Cr ratios between patients with SSPE and
those in the control group (P � .01). Children with
stage III SSPE had larger Cho peaks and higher
Cho/Cr ratios. Increased lactate and lipid peaks were
also found in this group.

NAA/Cr, Cho/Cr, Ins/Cr, and NAA/Cho ratios ob-
tained from the POWM and FSWM were signifi-
cantly different between all patients SSPE and the
control group (P � 0.01).

The mean NAA/Cr, Cho/Cr, Ins/Cr, and NAA/Cho
ratios obtained from the POWM and FSWM of pa-

tients with stage II or stage III SSPE are presented in
Table 2.

Mean NAA/Cr ratios from the POWM and FSWM
in all SSPE cases were 1.23 � 0.37 and 1.34 � 0.32,
respectively. This decrease in POWM was statistically
significant (P � .01).

In stage II SSPE, the NAA/Cr ratios in the POWM
did not significantly differ from those in the FSWM
(P � .01). However, these ratios were significantly
decreased in stage III disease (P � .01).

Mean Cho/Cr ratios from the POWM and FSWM
in all SSPE cases were 1.24 � 0.18 and 1.24 � 0.25,
respectively. Cho/Cr ratios from the POWM and
FSWM in stage II or stage III cases were significantly
higher than those in the control group (P � .01)

Mean Ins/Cr ratios from the POWM and FSWM in
all SSPE cases were 1.99 � 0.73 and 1.88 � 0.52,
respectively. Ins/Cr ratios from POWM and FSWM in
stage II or stage III cases were significantly higher
than those in the control group (P � .01)

Discussion
First described in 1934, SSPE is a slow virus infec-

tion caused by the measles virus. The incidence of this

FIG 1. Findings in a 6-year-old girl with
stage II SSPE.

A, Axial T2-weighted localizer image
(2875/120) shows a 2 � 2 � 2-cm voxel
placed in the left FSWM.

B, MR spectrum (single voxel, PRESS;
2000/31/256) shows a normal NAA/Cr ratio
and increased Cho/Cr and MI/Cr ratios.

FIG 2. Findings in an 8-year-old girl with stage II SSPE.
A, Axial T2-weighted image (4530/100) shows normal brain parenchymal findings.
B, Coronal T2-weighted localizer image (2875/120) shows a 2 � 2 � 2-cm voxel placed in the left POWM.
C, MR spectrum (single voxel, PRESS; 2000/31/256) shows a normal NAA/Cr ratio and increased Cho/Cr and MI/Cr ratios.
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disease was reported to be one case per million pa-
tients with measles a year (11). The history of primary
measles infection before age 2 years and a latent
period of 6–8 years are present in most patients.
SSPE is an incurable disease, one that usually causes
death within 2–4 years of onset (2).

Because the clinical profiles of the disease lead to
various presentations, early diagnosis and true clinical
staging are not always easy (12, 13). The timing of the
imaging during the course of the disease, the propor-
tion of early and late cases, and the number of serially
studied patients may account for certain discrepan-
cies among reports on the relative frequency of MR
imaging findings (14). Usually, MR imaging findings
and the clinical stage of SSPE are not correlated (15).
MR imaging findings typically remain normal in the
early stages. Even patients who are bedridden be-
cause of severe disease may still have normal findings
at MR imaging (8). Resolution of the MR imaging
findings despite disease progression has also been

reported (16). Although cortical and subcortical le-
sions are somewhat correlated with the clinical find-
ings, the extent and location of the periventricular
white matter lesions and cerebral atrophy does not
reflect the neurologic status in many patients (14).
Our study revealed normal MR imaging findings in all
patients with stage II disease and widespread periven-
tricular hyperintensities and cerebral and cerebellar
atrophies in all patients with stage III disease. In our
study, MR imaging findings were consistent with
those reported in the literature.

Pathologically, mild inflammation of the cortical
gray matter is prominent in the early period of the
disease; this later progresses to subcortical and deep
white matter involvement (1). Later in the course of
the disease, the inflammation subsides, leading to
demyelination, necrosis, and gliosis (7). The posterior
regions, especially the parieto-occipital and postero-
temporal areas, are predominantly affected early in
the course of the disease (17).

FIG 3. Findings in an 8-year-old boy with stage III SSPE.
A, Coronal T2-weighted image (4530/100) shows periventricular hyperintensities and cerebral and brain stem atrophy.
B, Axial T2-weighted localizer image (2875/120) shows a 2 � 2 � 2-cm voxel placed in the left POWM.
C, MR spectrum (single voxel, PRESS; 2000/31/256) shows a substantially decreased NAA/Cr ratio, increased Cho/Cr, Ins/Cr ratios,

and lipid and lactate peaks.

FIG 4. Findings in a 7-year-old girl with stage III SSPE.
A, CSI map of NAA shows decreased NAA signal intensity in the FSWM (straight arrows) and POWM (curved arrows).
B, Axial T2-weighted localizer image (2875/120) for MVS shows periventricular hyperintensities and cerebral atrophy.
C, MR spectrum (1500/136) (1) shows a normal NAA/Cr ratio and increased Cho/Cr ratios in left periventricular white matter. MR

spectrum (2) shows substantially decreased NAA/Cr and increased Cho/Cr ratios in the left POWM.
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Although SSPE is an invariably fatal disease, stud-
ies about the treatment of SSPE demonstrate that the
early initiation of the treatment slows the progression
and improves the patient’s quality of life (18, 19). For
these reasons, recognizing the early manifestations of
the SSPE is important. Nevertheless, SSPE is usually
diagnosed after permanent brain damage has already
taken place. In the early stages when the only neuro-
logic findings are behavioral changes, routine neuro-
imaging techniques such as CT and MR imaging do
not help in the diagnosis. Thus, in the early stages,
additional neuroimaging modalities are needed, apart
from neurologic findings.

In vivo brain metabolism can be noninvasively eval-
uated by means of MR spectroscopy. It could be used
to identify distinct metabolic patterns that are char-
acteristic of specific disease processes (20). In the

literature that we reviewed, only one report (9) de-
scribed the MR spectroscopy findings. These were in
a 17-year-old patient with SSPE and included MR
imaging findings. It suggests that MR spectroscopy is
better than MR imaging in showing the diffuse nature
of SSPE. Our study included patients with SSPE in
both the early and late stages. Thus, our results indi-
cate early and late metabolic abnormalities of the
brain in SSPE, and they suggest the possible role of
MR spectroscopy in the early diagnosis of the disease.

We performed MVS and SVS in all patients. The
rationale behind MVS was to assess CSI maps, which
indicated areas of metabolic changes in the white
matter. Kulezycki et al (17) observed that the inflam-
matory process starts in the occipital white matter and
proceeds toward the frontal regions in SSPE, as
shown on MR images. Short-echo SVS was reported

FIG 5. Findings in an 8-year-old boy
with stage III SSPE.

A, Coronal T2-weighted image (4530/
100) shows periventricular hyperintensi-
ties and cerebral atrophy.

B, CSI map of Cho shows increased
Cho signal intensity in the left periven-
tricular white matter (arrows).

C, Axial T2-weighted localizer image
(2875/120) for MVS shows diffuse
periventricular hyperintensities and cere-
bral atrophy.

D, MR spectrum (1500/136) (3) shows
significantly decreased NAA/Cr and in-
creased Cho/Cr ratios in the left POWM.

TABLE 2: Mean metabolite ratios

Subjects NAA/Cr Cho/Cr MI/Cr NAA/Cho

FSWM POWM FSWM POWM FSWM POWM FSWM POWM

Stage II SSPE 1.62 � 0.03 1.56 � 0.05 1.05 � 0.01* 1.15 � 0.07* 1.42 � 0.15* 1.34 � 0.01* 1.55 � 0.16* 1.36 � 0.13*
Stage III SSPE 1.08 � 0.22* 0.91 � 0.17* 1.43 � 0.19* 1.33 � 0.23* 2.35 � 0.09* 2.66 � 0.10* 0.75 � 0.18* 0.68 � 0.04*
Control 1.74 � 0.12 1.69 � 0.19 0.64 � 0.11 0.66 � 0.12 0.66 � 0.11 0.63 � 0.12 2.78 � 0.50 2.59 � 0.50

Note.—Data are the mean � SDs.
* P � .01 versus control group.
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to depict most of the prominent resonances thought
to represent NAA, Cho, Ins, lactate, and lipid (21).
For that reason, we performed short-echo SVS in
FSWM and POWM areas.

In our study, all three of the patients with stage II
SSPE and normal MR imaging findings had asymmet-
ric subcortical white matter involvement, as demon-
strated with MR spectroscopy. This asymmetric in-
volvement is in accordance with the early clinical and
pathologic findings of SSPE that have been reported.

The decrease in the NAA/Cr ratio could reflect
neuronal loss, the increase in the Ins/Cr ratio might
indicate glial proliferation, and the increase in the
Cho/Cr ratio possibly suggests either demyelination
or inflammation, as shown with MR spectroscopy (21,
22). In our study, the NAA/Cr ratio was found to be
normal in stage II SSPE and decreased in stage III
SSPE. This last finding could imply that neuronal loss
might be substantial in POWM, when compared with
that in the FSWM. The Ins/Cr ratio was increased in
all patients with SSPE. This increase was prominent
in stage III and in the POWM. Also, the Cho/Cr ratio
was increased in all patients. Normal NAA/Cr and
increased Cho/Cr ratios in patients with stage II dis-
ease might reflect inflammation. In patients with
stage III SSPE, MR images demonstrated widespread
periventricular hyperintensities and cerebral and cer-
ebellar atrophies. We found increased Cho/Cr ratios
and noted increases in the lactate and lipid peaks in
stage III disease. These findings might indicate de-
myelination, areas of cellular necrosis, and anaerobic
metabolism (23). All of our MR spectroscopic results
are consistent with the reported pathologic findings
of SSPE (2–4).

Although this study has some limitations, such as
the number of cases, the absence of patients with
some stages of SSPE (eg, stage I or IV SSPE), the
lack of long-term follow-up of the patients. However,
our MR spectroscopic findings could help in identi-
fying stage II and stage III disease; that is, early- and
late-stage SSPE. Further studies with larger patient
groups and with follow-up are needed to determine
the exact value of MR spectroscopy in evaluating
SSPE.

Conclusion

Our results indicate increased Cho/Cr and Ins/Cr
ratios and normal NAA/Cr ratios; these could reflect
glial proliferation and inflammation before neuronal
loss occurs in the early stages of the SSPE. For these
reasons, we think that MR spectroscopy could be a

promising technique in the early diagnosis of the
disease and in planning treatment for patients.
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