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late-onset cortical cerebellar atrophy (LCCA) and 2 patients with
spinocerebellar ataxia (SCA) 6, diagnosed by genetic analysis of the
SCA mutations. The other three patients had a family history of
cerebellar ataxia with a dominant pattern of inheritance. Although
they were diagnosed with autosomal-dominant inherited cerebellar
ataxia (ADCA), the type of ADCA could not be determined because the
patients refused genetic analysis of the SCA mutations. All patients
received a neurologic examination by a neurologist and a diagnostic
evaluation that included a head-up tilt test, routine laboratory tests
including the complete blood count, urine components, blood
biochemistry, thyroid function, vitamin E levels, and tumor markers.
We performed neurophysiologic testing, including a peripheral nerve
conduction study, heart rate variability analysis, electroencephalo-
gram, brain magnetic resonance imaging (MRI), and SPECT. In
addition, a lumbar puncture was performed in all patients to exclude
the possibility of an infectious, immunologic, or paraneoplastic cause.
Because there are no standardized criteria for diagnosing idiopathic
LCCA, a diagnosis of LCCA in the present study was made according to
the following criteria: 1) age onset <30 years; 2) pure cerebellar
syndrome; 3) absence of severe abnormalities on nerve conduction
studies; 4) no abnormalities on cystometry, a head-up tilt test and
coefficient of variation of the R-R interval; 5) no family history of an
ataxia syndrome; 6) absence of a potential toxic cause that could
explain the ataxia (alcoholism, anticonvulsant drugs); 7) slowly
progressive disease course; 8) exclusion of cerebellar syndromes due
to other causes, such as an autoimmune-mediated cerebellar ataxia,
paraneoplastic ataxia, alcoholic ataxia, and ataxia with hypothyroid-
ism. TRH (2 mg/day) was administered intravenously daily for
14 days. Clinical evaluation was recorded before and after treatment
using the International Cooperative Ataxia Rating Scale (ICARS) [15].
The same person assessed the ICARS for each patient, but could not be
blinded to the treatment because healthy control subjects were not
included in the study. The ICARS score was expressed as mean value
+ standard deviation and compared between before and after TRH
therapy.

2.2, Brain SPECT imaging

SPECT was performed in all subjects before and after TRH therapy.
Patients were asked to maintain a comfortable supine position with
eyes closed in quiet surroundings. After intravenous injection of
99mTc ethylcysteinate dimer (600 MBg, FUJIFILM RI Pharma Co,, Ltd.
Japan), its passage from the heart to the brain was monitored using a
rectangular large field gamma camera (E. Cam Signature, Toshiba
Medical, Japan). Ten minutes after the angiography, SPECT images
were obtained using a rotating, dual-head gamma camera. Data were
acquired as a sequence of 120 frames at a rate of 1 frame per second
with a 128 x 128 matrix. All SPECT images were reconstructed using a
ramp-filtered back-projection and then three-dimensionally

smoothed with a Butterworth filter. The reconstructed images were
corrected for gamma ray attenuation using the Chang method. For
rCBF quantification, the noninvasive Patlak plot method [16,17] was
used on a 99mTc ethylcysteinate dimer cerebral blood flow perfusion
SPECT. Quantitative flow-mapping images were obtained from the
qualitative perfusion images using Patlak plot graphical analysis and
Lassen's correction, as previously reported [13,18,19]. The rCBF in each
ROI was calculated using the 3DSRT software, which is a fully
automated ROI technique developed by Takeuchi et al. {12]. The
blood flow in each ROl was quantified as the value in milliliters per
100 g/min, These ROIs were categorized into 12 segments; the
callosomarginal, precentral, central, parietal, angular, temporal,
posterior cerebral, pericallosal, lenticular nucleus, thalamus, hippo-
campus, and cerebellum segments in the template, and the rCBF was
expressed as the mean value 4 standard deviation bilaterally for each
segment [12,13]. The mean rCBF in all segments was compared
between before and after TRH therapy. We also used an easy Z-score
imaging system (eZIS) program to supplement the diagnosis and to
detect a statistically significant decrease in blood perfusion. A Z-score
map for each SPECT image was extracted from the comparison with
the mean and SD of SPECT images of age-matched normal controls
that had been incorporated into the eZIS program as a normal control
database. A voxel-by-voxel Z score analysis was performed after voxel
normalization to global means or cerebellar values; Z-score=
({control mean]—[individual value]/(control SD). These Z-score
maps were displayed by overlaying them on tomographic sections
and projecting the averaged Z-score of a 14 mm thickness-to-surface
rendering of the anatomically standardized magnetic resonance (MR)
imaging template [10,11].

2.3. Statistical analysis

The differences in the rCBF and ICARS before and after TRH therapy
were analyzed using the paired t-test. The correlations between the
improved ICARS scores and the disease duration as well as the ICARS
scores at baseline were evaluated by regression analysis. In addition,
the correlations between the increased rCBF in the cerebellum and the
disease duration, and the ICARS scores at baseline and the ICARS
scores after treatment were evaluated by regression analysis. A p
value of less than 0.05 was considered to be statistically significant.

3. Results

The clinical characteristics of all the patients are shown in Table 1.
The mean age was 60.8 + 6.7 years and the mean disease duration at
the time of TRH therapy was 9.6 4+ 7.9 years. Neurologic examination
revealed limb ataxia, truncal ataxia, ataxic gait, and/or gaze-evoked
nystagmus without parkinsonism, autonomic, and pyramidal signs
characteristic of the cerebellar form of SCD, The baseline mean ICARS

Table 1
Clinical presentation of patients with spinocerebeliar ataxia,

Sex Age Duration Diagnosis ICARS 00 T 1 mCBF S +Cerebellar rCBE -

: Ly SR e . Before Gon AR L i Before s g Alter i‘Before i Alter
Patient M -85 : 2 HLCA 35 ’ 35 Srenes 378 LrAR0 ERE 3o B e 1R
Patient 2 M b4 0 130 WEeA 53 SRR 406 401 435 2433
Patient3 o R 69 iR ACeA 30 = L 372 372 =321 353
Patient4. oo B 670 21 LECA 170 . 10 4 A0 AT 530
patient 5 M - RO | < LCCA SlLie8n g 407 B0 R R 345
Patient 6 F 52 B ~SCAB Loag o eiag BS54 TAR ey 454
Patient? CiME B ST USCARY Bl 6 B R N R < i R L O 5354
Patient'8 paM S B v ADCA 36 S0 400 40,5 374 40.8
Patient §-. LR CE6 2R SLoADCA 48 50 433 432 . 34.8 379
Patient 10 M P n ADCA 44 SRR 1 3927 426007 0484 469

M: Male. F: Female, Duration: Disease duration. y: Year, ICARS: International Cooperative Ataxia Rating Scale. mCBF: Mean value of the cerebral blood flow in the bilateral cerebral
hemisphere before and after therapy (milliliters per 100 g/min). Cerebellar rCBF: Mean value of the cerebral blood flow in the bilateral cerebellum before and after therapy

(milliliters per 100 g/min).
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Fig. 1. T1-weighted MR images (sagittal and axial images) in patients with LCCA (patients 1 and 3), SCA-6 (patient 7), and ADCA (patient 10). Cerebellar atrophy without brainstem
involvement was mild in patient 3 (C,D) and moderate in patients 1 (AB), 7 (E,F), and 10 (GH}.

value was 38.9 & 14.9 (range, 17-69), indicating high variability in the
disease severity between patients. The mean whole brain CBF value
did not change after TRH therapy (before: 4144 3.3, after: 420+
3.4 ml/100 g brain/min). MRI demonstrated various degrees of brain
atrophy in the cerebellar hemisphere and vermis without brainstem
involvement in all patients (Fig. 1). The eZIS analysis detected a
relative decrease in cerebellar rCBF in all patients compared with
the normal values from the control data (Fig. 2). There was no
relative rCBF reduction in any region of the cerebrum or brainstem.

The spatial distribution and degree of rCBF reduction in the
cerebellum varied between patients, and corresponded to the
cerebellar atrophy on MR images. Following TRH therapy, the
ICARS score decreased in 5 patients, increased in 1 patient, and
did not change in 4 patients. The mean ICARS score significantly
decreased from 38.94:14.9 to 36.1 4-17.5 (Fig. 3; p=0.03, paired t
test). The ICARS scores after TRH therapy did not significantly differ
between patients with LCCA and ADCA, including SCA 6. The
improved ICARS score tended to correlate inversely with disease
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3.0 4.0 5.0

3 B

Fig. 2. ¢ZIS images in (axial view) patients with LCCA (patient 1 and 3), SCA-6 (patient 7), and ADCA (patient 10). The color images represent the statistical significance (Z-score) of
the decrease in rCBE. The relative rCBF reduction in the cerebellum was significant, but mild, in patient 3 (B) and moderate in patients 1 (A), 7 (C), and 10 (D). The relative rCBF
reduction was detected predominantly in the vermis in patients 1 (A), 3 (B), and 10 (D). The relative rCBF reduction was detected predominantly in the cerebellar hemispheres and
vermis in patient 7 (C).
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Fig. 3. International Cooperative Ataxia Rating Scale (ICARS) score before and after TRH
therapy. ICARS score decreased in 5 patients, increased in 1 patient, and did not change
in 4 patients. The mean values of ICARS score were significantly decreased (p=0.03,
paired ttest). ®; patient with decreased ICARS score, O; patient with stable or increased
ICARS score.

duration and baseline ICARS score, but this was not statistically
significant (p=0.051 and p=0.059, regression analysis).

The cerebellar rCBF increased in 7 patients and decreased in 1
patient following TRH therapy. In addition, the cerebellar rCBF did not
change in the other 2 patients (Fig. 4). Increased cerebellar rCBF was
observed in 7 patients, including 3 patients with LCCA and 4 patients
with ADCA. There were no significant differences in the increased
cerebellar rCBF between patients with LCCA and ADCA including SCA
6. Increased cerebellar rCBF did not correlate with disease duration,
baseline ICARS scores, or improved ICARS scores (p=10.72, p=0.24,
and p = 0.80, respectively; regression analysis). In 4 of the 5 patients
with improved ICARS scores, however, cerebellar rCBF increased after
TRH therapy. In addition, 3 of the remaining 5 patients without
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Fig. 4. Cerebellar blood flow before and after TRH therapy calculated using 3DSRT.
Cerebellar rCBF increased in 7 patients and decreased in 1 patient. Cerebellar rCBF did
not change in 2 patients. The mean values of cerebellar rCBF were significantly
increased (p==0.03, paired ¢ test). @ patient with increased cerebellar yCBF, O; patient
with stable or decreased cerebellar rCBF.

Table 2
Regional cerebral blood flow (rCBF) before and after TRH therapy calculated using
3DSRT.

Region r(BF {before) yCBF {after) p value
Callpsomarginal 40,87+ 459 42,98+ 910 0.037"
Precentral 40,84 4:3.76 4267+889 0.083
Central 3731.1.4.04 38.74:4 8.08 .. 0.208
Pariental 37114 3.39 38654799 0.104
Angular 38.68 £ 3.04 40524830 0.052
Temporal 36261 2.72. 3734 £ 780 0.146
Oceripital 38,004 2.86 3936% 8,24 0.095
Pericaliosal EIREEN K 43.02£9.00 0088
Lenticular nucleus 42.57:44,78 43,51 £9.70 . 0,536
Thalamus 42774479 43224967 0.730
Hippotampus ILITESTS B179:16.90 0420
Cerebiellum 39.54 1538 41394818 9.030°

The rCBF is expressed as mean £ SD {milliliter per 100 g/min), rCBF: Mean value of
regional cerebral blood flow bilaterally in each segment.
* p<0.05.

improved ICARS scores, had increased cerebellar rCBF. A comparison
of the mean rCBF in each segment both before and after treatment is
shown in Table 2. Statistical analysis revealed a significant increase in
the rCBF in the callosomarginal segment and cerebellum (p=0.037
and p==0.030, paired ¢ test).

4. Discussion

The results of the present study indicated an increase in cerebellar
CBF following intravenous administration of TRH at a dose of 2 mg/
day for 14 days in patients with the cerebellar form of SCD.
Quantitative analyses of the rCBF using 3DSRT before and after TRH
therapy were performed. On the MR images, all patients with pure
cerebellar ataxia showed cerebellar atrophy without brainstem and
cerebral involvement. The eZIS analysis revealed a relative decrease of
rCBF in the cerebellum without brainstem involvement in all patients
compared to the control data, consistent with the results of previous
studies on eZIS analysis of the cerebellar form of SCD [20,21].

TRH therapy might improve cerebellar ataxia in SCD, but the lack of
a significant effect based on clinical observations has also been
reported [22). These conflicting results are likely due to difficulties in
quantitatively assessing the efficacy based on a bedside evaluation.
The ICARS is very useful for pharmacologic assessment of cerebellar
ataxia, but the score may be affected by the skill and subjective
assessment of the observer or the patient's condition. Therefore, a
more objective and quantitative method is necessary to elucidate the
efficacy of TRH therapy. Although manual quantitative measurements
of rCBF have been used to assess the effects of TRH, the reproducibility
and objectivity of the results are problematic [3,9]. In the present
study, the rCBF in each ROl was measured automatically and
objectively using a fully automated ROI technique, 3DSRT. The results
revealed that THR therapy significantly improved the ICARS score and
significantly increased rCBF in the callosomarginal segment and
cerebellum. The improved ICARS scores tended to be higher in
patients with shorter disease duration and milder disability than in
those with longer disease duration and more severe disability. These
findings reconfirm that TRH therapy is a worthy therapeutic modality
for patients with SCD in the early clinical stage. Although our findings
do not indicate a significant correlation between the increased
cerebellar rCBF and improved ICARS scores, likely due to the small
number of patients, 4 of the 5 patients with improved ICARS scores
had increased cerebellar rCBF after TRH therapy. We suggest that
3DSRT may be a useful tool for evaluating of the efficacy of TRH
therapy for increasing cerebral blood flow and may help to distinguish
between TRH therapy responders and non-responders.

The mechanism underlying the efficacy of TRH therapy in patients
with SCD remains unclear. Following intravenous TRH administration
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for 14 days, rCBF was significantly increased in the callosomarginal
segment and cerebellum, despite the fact that there was no significant
change in the whole brain CBF. Although TRH and TRH receptors are
widely distributed throughout the central nervous system {23,24],
increased rCBF was not observed in other brain regions. Previous
human studies on TRH therapy reported an increased CBF in the
cerebrum in cases of viral encephalopathy, but no significant changes
in rCBF were observed in healthy controls [25]. In an animal study of
TRH therapy, there was an increase in the cortical CBF in anesthetized
rabbits, whereas no changes in CBF were observed in awake control
rabbits [26]. These results suggest that TRH may be an effective
treatment in pathologic conditions and may increase rCBF only in
affected regions. Therefore, we propose that the effects of TRH may be
due to increased rCBF in the cerebellum, the region of degeneration in
SCD. Moreover, although our patients did not show clinical and
radiologic findings of frontal lobe involvement, rCBF was increased in
the callosomarginal segment. One possible explanation for this
finding might be a remote effect of the improved cerebellar function
because there is an extensive anatomic connection between the
cerebellum and the frontal and parietal lobes [27].

The mechanism of increased rCBF may be related with the cerebral
vasodilatation, which is mediated by the cholinergic system and
prostaglandin [28]. TRH may also activate an intrinsic cholinergic
vasodilative system (in the submesencephalic brainstem, including
the fastigial nucleus), which increases CBF [29-31]. Therefore, we
suggest that TRH therapy increases the rCBF in the cerebellum,
possibly through activation of the cholinergic vasodilative system.

There are several limitations to the present study. The number of
patients with SCD was relatively small and we were unable to measure
the effects of TRH on blood perfusion in healthy subjects for a control
group. Also, the ICARS was assessed by the same person who was niot
blinded to the treatment. Further studies with bigger samples,
including normal control groups, are needed to confirm our results.

In conclusion, we suggest that TRH therapy increases cerebellar
rCBF and may be worthy of a trial therapeutic modality for patients
with the cerebellar form of SCD. The beneficial effects of TRH may be
due to the increased cerebellar rCBF or the increase in the cerebellar
rCBF may be only a secondary effect. 3DSRT may be a useful tool for
evaluating the efficacy of TRH therapy for increasing cerebral blood
flow.
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ARTICLE INFO ABSTRACT
Article history: Here we report two cases of pathologically confirmed tumor-like demyelinating lesions. In comparison
Received 5 May 2008 with common primary demyelinating diseases, our cases demonstrated atypical radiologic features, such
Received in revised form 5 October 2008 as a large monofocal lesion with mild brain edema, and open ring-like or focal enhancement on magnetic
Accepted 7 October 2008 resonance images, suggesting brain tumors. The clinical manifestations included focal neurologic signs
due to the lesions, monophasic episodes without relapse over a long follow-up period, and efficacy of
Keywords: o ) oral corticosteroid therapy. Histological analysis of brain biopsy specimens showed the inflammatory
g?:r:?cal demyelinating lesion demyelination and preserved axons without tumor cells. The present cases suggest the importance of
Brain MRI considering inflammatory demyelinating disease in the different diagnosis of monofocal tumor-like lesion.
Steroid therapy © 2008 Elsevier B.V. All rights reserved.
Brain biopsy

1. Introduction

Atumor-like demyelinating lesion is a rare and unique radiologic
finding. They appear as a large monofocal or multifocal contrast-
enhancing lesions, and are often indistinguishable from brain
tumors on computed tomography or magnetic resonance imaging
{MR1)[1,2]. The clinical findings of such lesions are characterized by
arapidly progressive clinical course and neurologic symptoms, such
as headaches, seizures, and unconsciousness {3,5-7]. These find-
ings often lead to an incorrect or delayed diagnosis and treatment.
Thus, it is crucial to confirm the correct diagnosis as inflammatory
demyelinating disease.

In the present study, we report two cases of tumor-like demyeli-
nating lesions. Each case presented a large monofocal lesion, which
was initially diagnosed as glioblastoma or low-grade glioma, but
the pathologic findings demonstrated the inflammatory demyeli-
nating process. The clinical features revealed the gradually progress
of neurologic symptoms and signs, the improvement of the clinical
and radiologic abnormalities following treatment with high-dose
oral prednisolone, and the development of neither new symp-
toms nor lesions during the long follow-up period. Similar cases
were previously described and termed tumor-like demyelinating
lesions or monofocal acute inflammatory demyelination (MAID)
[3-11].

* Corresponding author. Tel.: +81 97 586 5814; fax: +81 97 586 6502,
E-mail address: noriyuki@®med.oita-u.acjp (N. Kimura).

0303-8467/$ ~ see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.clineuro.2008.10.010

Here, we discuss the clinical manifestations and pathophysiol-
ogy of these cases together with a review of the relevant literature.

2, Casereport
2.1, Case1

In January 2003, a 53-year-old, right-handed Japanese male
developed a visual field deficit and left hemiparesis. He con-
sulted a local physician for the progress of hemiparesis over the
course of 1 month. Radiologic analysis revealed the presence
of a mass lesion, which was initially suspected to be a malig-
nant glioma, and stereotactic biopsy of the mass was performed.
Because the histologic diagnosis was consistent with inflamma-
tory demyelinating disease, the patient was referred to our hospital
for further evaluation. He had a history of diabetes mellitus and
diabetic neuropathy. In addition, he had no history of preceding
viral infection or immunization prior to the onset of his cur-
rent symptoms. On admission, neurologic examination revealed
homonymous hemianopsia, vertical gaze palsy, left hemifacial
palsy, and moderate left hemiparesis, with the lower extremity
being more severely affected. His deep reflexes were decreased,
presumably due to diabetic neuropathy, but the left Chaddock
sign was positive. Hypesthesia was noted on the left side of the
body and extremities. Routine blood tests were normal. Analysis
of the cerebrospinal fluid (CSF) showed the increase of total pro-
tein (139 mg/d!; normal <40 mg/dl), and myelin basic protein (MBP)
(224 pgjml; normal < 102 pg/ml). The immunoglobulin (Ig) G in CSF
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Fig. 1. Cranial MRI in case 1 (a and b) and case 2 (c-e). The right side is shown on the left-hand side of each figure. (a) Axial FLAIR image. obtained on admission, shows
a large monofacal, hyperintense lesion with mild edema in the subependymal white matter of the right temporal lobe. (b) Axial gadolinium-enhanced T1-weighted image
demonstrates open ring-like enhancement. (c) Axial FLAIR image, obtained at first examination, shows a small abnormal lesion in the left genu of the internal capsule and
hypothalamus. (d) Follow-up axial FLAIR image. obtained on admission, shows a butterfly-shaped hyperintense lesion in the bilateral basal ganglia and the internal capsule
without peripheral edema. (e) Axial gadolinium-enhanced T1-weighted image demonstrates focal contrast enhancement.

index was normal and oligoclonal bands were negative. Bacterial
and fungal cultures were negative and no marked increase in anti-
viral titers in the serum or CSF was observed. Electroencephalogram
(EEG) showed slow waves in the right temporal region. In March
2003, fluid-attenuated inversion recovery (FLAIR) MRI detected a
large monofocal, hyperintense lesion. Gadolinium-enhanced MRI
showed open ring-like enhancement in the subependymal white
matter of right temporal lobe, which extended to the basal gan-
glia and midbrain (Fig. 1a and b). However, the peripheral edema
and mass effect were disproportionately mild for the size of the
lesion. MRI of the cervical, thoracic, or lumbar spine revealed no
remarkable changes. The patient was treated with a high dose of
oral prednisolone, 60 mg/day. Follow-up examination at 1 month
revealed no abnormal neurologic symptoms. Two months later,
repeated MRI revealed the absence of gadolinium enhancement
and a decrease in the size of the periventricular lesion. He was dis-
charged on a tapered dose of prednisolone and no relapse occurred
during 5 years of follow-up.

2.2. Case2

In December 2004, a 49-year-old, right-handed Japanese

woman consulted a neurologist because of weakness in her right
extremities over the preceding 2 weeks. Her medical and family
history was unremarkable. Brain MRI showed a small abnormal
lesion in the left genu of the internal capsule and the hypothala-
mus {Fig. 1¢). Two months later, repeated MRI demonstrated that
the lesion had extended to the ipsilateral lentiform nucleus and
the contralateral basal ganglia through the anterior commissure.

In mid-May, she was admitted to our hospital. On admission, the
patient was drowsy and scored 10/30 on the Mini-Mental State
examination (MMSE). She had mild weakness, rigidity, and hyper-
reflexia in the right extremities without pathologic reflex. Routine
blood tests were normal. CSF analysis showed the increase of leuko-
cyte count (39mm=3) and MBP level (124 pg/ml). EEG revealed
diffuse slow waves. Repeated MRI demonstrated a butterfly-
shaped lesion in the bilateral basal ganglia, characterized by a
high-intensity signal on FLAIR images without edema and mass
effect (Fig. 1d). Gadolinium-enhanced MRI showed focal contrast
enhancement in the globus pallidus (Fig. 1e). She was initially
treated with intravenous pulse methylprednisolone (1000 mg/day)
for 3 days and high-dose oral prednisolone {60 mgfday). Although
her CSF profiles returned to normal, cognitive impairment and right
hemiparesis became worse over 1 month. Therefore, a butterfly
glioma was suspected and a stereotactic brain biopsy was per-
formed to verify the diagnosis. Histologic examination showed the
inflammatory demyelinating lesion. High-dose oral prednisolone
(60 mg/day)was continued and her neurologic symptoms gradually
improved. Three months after initiation of the corticosteroid ther-
apy, her neurologic symptoms returned to normal and MRl revealed
the absence of gadolinium enhancement and a decrease in the size
of the lesion. She was discharged on a tapered dose of prednisolone,
and no relapse occurred during 2 years of follow-up.

2.3. Pathologic findings

The pathologic changes observed in case 1 (Fig. 2a-f) were
more severe than those in case 2 (Fig. 2g and h), although both
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Fig.2. Pathologicfindings of the biopsy specimen obtained from case 1(a—f)and case 2 (g-]).(a) Proliferation of numerous foamy macrophages and gemistocytic astrocytes (HE
stain, 200x).(b)Massive perivascular lymphocyte cuffing (HE stain, 200x ).{c)Severe myelin loss in areas infiltrated by macrophages, positive for myelin debris (Kluver-Barrera
stain, 200x ). (d) Relative preservation of axons in the lesion despite the myelin pallor (modified Bielschowsky stain, 200x ). (e) Numerous foamy macrophages positive for CD
68 (200x ). (f) Numerous gemistocytic astrocytes positive for GFAP{200x).{f) Proliferation of foamy macrophages and some reactive astrocytes (HE stain, 100x ).(g) Moderate

perivascular lymphocyte cuffing (HE stain, 100x%).

cases shared marked morphologic similarities. The biopsy spec-
imen was small and originated form the gadolinium-enhanced
lesions. Hematoxylin and eosin (HE) staining revealed the severe
tissue rarefaction with numerous foamy macrophages, and the

intensive active gliosis with gemistocytic astrocytes proliferation
throughout the lesions (Fig. 2a and g). Perivascular lymphocyte
cuffing was observed at the periphery of the lesion, but there was
no evidence of neovascularization (Fig. 2b and h). The characteristic
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pathological findings of MS, such as the sharp border of the lesions
and shadow plaques, could not be identified because of the near-
total tissue rarefaction with diffuse infiltration of macrophages.
Kluver-Barrera (KB) staining sowed severe myelin loss, and the
broken-down myelin fragments in the cytoplasm of macrophage
were observed (Fig. 2c). In contrast to the myelin pallor, modi-
fied Bielschowsky staining showed relatively well-preserved axons
in the lesions (Fig. 2d). Numerous foamy macrophages were pos-
itive staining for CD68 (PMG1 monoclonal, diluted 1:200; Dako,
Glostrup, Denmark) (Fig. 2e), and the gemistocytic astrocytes were
positive staining for glial fibrillary acidic protein (GFAP, polyclonal;
Dako, Denmark) within and around the lesion (Fig. 2f). Neither
atypical cells nor any findings suggestive of a tumor was detected.
These pathologic findings confirmed the diagnosis of active inflam-
matory demyelinating disease.

3. Discussion

We describe two cases with atypical clinical and MRI features
of demyelinating lesions that resembled a glioblastoma and a but-
terfly shaped low-grade glioma. The present cases demonstrated
the increase of protein level, MBP, or leukocyte count in CSF anal-
ysis and a large monofocal lesion with disproportionately mild
or no peripheral edema or open ring-like enhancement on MRI,
suggesting an ongoing inflammatory demyelinating process [2,12].
Stereotactic biopsy however was necessary to confirm the correct
diagnosis because of the progressive clinical signs, initial unrespon-
siveness to corticosteroid treatment, and an actively growing lesion.
The common pathologic findings of our cases were characterized
by the severe myelin loss with relatively well-preserved axons,
numerous foamy macrophages, proliferation of reactive astrocytes,
and perivascular lymphocyte cuffing that are consistent with the
inflammatory demyelinating plaque. Therefore, we speculate that
the same immunologic mechanism participate in the development
of these lesions, although the clinical and radiological findings were
different.

In the previous reports, several demyelinating diseases, such as
MS [13,14], acute disseminated encephalomyelitis (ADEM){15], and
myelinoclastic diffuse sclerosis (MDS){16,17] sometimes presented
with tumor-like lesions. MS is the most common form of primary
demyelinating disease and the diagnosis largely depends on the
clinical course, which is characterized by relapsing-remitting or
progressive neurologic deficits. Unlike MS, ADEM is a monophasic
inflammatory demyelinating disease, usually preceded by sys-
temic viral infection or vaccination. Solitary or multiple lesions
are distributed throughout the cerebral white matter, and fre-
quently involve cortical and deep gray matter. MDS is a monophasic
demyelinating disease that occurs mainly in children and demon-
strates one or two symmetric bilateral lesions involving the
centrum semiovale [16]. Our cases presented with no history of
virus infection or vaccination, and monophasic clinical or radi-
ologic deficits over long follow-up period. The monofocal lesion
located in the right temporal white matter and bilateral basal gan-
glia without preference for periventricular area. Therefore, they
did not clearly fit the diagnostic criteria for MS, ADEM, or MDS
with regard to the clinical course and the location of lesions. In
literature, similar cases were described and termed tumor-like
demyelinating lesions or monofocal acute inflammatory demyeli-
nation (MAID) [3-11]. Clinical features of these cases show the
acute onset of focal neurologic signs and normal CSF analysis except
for the increase of protein or MBP levels in a few cases. Most
of the cases demonstrated a good response to steroid therapy
and monophasic episodes without relapse during long follow-
up periods. The precise nosologic classification of these patients

remains uncertain. Gutrecht et al. [7] suggested that MAID may be
a unique form of acute, monofocal, cerebral demyelinating disease
that appears to be more similar to ADEM than to MS. Moreover,
some patients with MAID may have immunologic characteristics
that prevent MS from developing. Poser et al. [2,16] considered
tumor-like demyelinating lesions as variants of MS, whereas Kepes
[1] suggested that they occupy an intermediate position between
MS and ADEM. In our cases, the clinical course and radiologic find-
ings favored ADEM except for no history of systemic viral infection
or vaccination, lesion sizes however exceed that of the small foci of
perivenous demyelination seen in typical ADEM. Moreover, patho-
logic features were consistent with those of the previous cases
of tumor-like MS [13,14]. Therefore, present cases were similar to
the published cases with tumor-like demyelinating lesions, which
may represent an entity intermediate between MS and ADEM.
We speculate that the same immunologic mechanisms may con-
tribute to the pathogenesis of monofocal tumor-like demyelinating
lesion.

In conclusion, we suggest that the inflammatory demyelinating
disease should be considered, even if the patients with monofo-
cal tumor-like lesions demonstrate the slowly progressive clinical
course. Long term oral prednisolone therapy may be effective in
these patients. Brain biopsy is a considered a diagnostic procedure
for the correct diagnosis of tumor-like lesions and can contribute
to the appropriate treatment.
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Acute Encephalomyelitis Associated with Acute Viral
Hepatitis Type B
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Abstract

We describe the case of a 36-year-old woman who developed acute encephalo-myelitis after acute viral
hepatitis type B. She was admitted to the hospital with a history of general malaise and nausea of 5 days du-
ration. Her serum showed high transaminase levels and positive HBs-Ag and increased IgM HBc-Ab titers.
She had urinary dysfunction, myoclonus and postural tremor of her extremities. Several days later, she devel-
oped bilateral limb ataxia and alteration of consciousness. The cerebrospinal fluid examinations showed pleo-
cytosis and increased protein. Treatment with high-dose methylprednisclone resulted in a marked improve-
ment of the clinical and CSF examination. Magnetic resonance imaging of the brain and the spinal cord did
not disclose abnormal lesions. The symptoms and clinical course were quite similar to those of acute dis-

seminated encephalomyelitis.

Key words: acute disseminated encephalomyelitis (ADEM), acute viral hepatitis, hepatitis B virus (HBV)
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Introduction

Acute disseminated encephalomyelitis (ADEM) is an
autoimmune demyelinating disease of the central nervous
system that generally develops after acute viral or bacterial
infection or vaccination (1-3). ADEM is usuaily a monopha-
sic disease with acute onset characterized by multiple foci of
central nervous system damage, predominantly in the cere-
bral and cerebellar white matter, although basal ganglia and
gray matter may also be involved. Lesions are frequently bi-
lateral, large, and confluent (1-3). Numerous infectious
agents have been linked to ADEM. A search of the literature
revealed some reports of cases associated with hepatitis A
virus infection and hepatitis C virus infection (4, 5). Regard-
ing hepatitis B virus, however, no association of hepatitis B
virus infection with acute disseminated encephalomyelitis
have been reported despite the fact that some cases associ-
ated with hepatitis B virus vaccination have been reported
(6-8). Furthermore, the possibility that hepatitis B vaccine
may cause or exacerbate multiple sclerosis (MS) stems from
several reports of onset or recurrence of symptoms of CNS

demyelination shortly after vaccination (9). We describe the
case of a 36-year-old woman who developed acute encepha-
lomyelitis after acute viral hepatitis type B, and discuss the
pathogenesis of the disturbance.

Case Report

A 36-year-old woman was admitted to the Department of
Internal Medicine; Maizuru Kyousai Hospital with a history
of general malaise and nausea of 5 days duration. There was
no history of toxic substance or drug ingestion. On admis-
sion, the serum transaminase (AST; 355 IU/L, ALT; 1,916
IU/L) and y-GTP (357 IU/L) levels were elevated. WBC
level (10,600/uL) in blood was slightly increased. Other rou-
tine laboratory examinations including anti-nuclear antibody
(ANA), anti-DNA antibody, P-ANCA and C-ANCA were all
normal or negative. Hepatitis Bs antigen (48.08) and IgM
hepatitis B core antibody (IgM HBc-Ab) were positive.
IgMHA-Ab,HCV-Ab, EBV VCAIgG (320), EBVVCAIgM
(<10), EBNA (160) were all not significantly increased or
negative. She was diagnosed as acute hepatitis B. She
showed no signs of neurological deficient. Findings of elec-
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Figure 1.

trocardiograph and chest x-ray film examinations were nor-
mal. Ten hours later, she developed urinary dysfunction. On
the second day of the admission she showed myoclonus on
the inside of her thighs and postural tremor of her upper ex-
tremities. On the 10th day of admission, she developed bi-
lateral limb ataxia and on the following day she developed
alteration of consciousness. The cerebrospinal fluid exami-
nations showed pleocytosis (868/mm®) composed of 760/
mm’ mononuclear cells and 108/mm’ polynuclear cells and
increased total protein (147 mg/dL). Glucose in CSF was 51
mg/dL. Bacterial, mycobacterial, and fungal cultures from
cerebrospinal fluid were negative. Magnetic resonance imag-
ing (MRI) of the brain and the spinal cord revealed no ab-
normal findings. Gadolinium contrast enhancement MRI was
not examined in this patient.

Treatment with high-dose methylprednisolone was fol-
lowed by a dramatic improvement of the clinical and cere-
brospinal fluid findings. The clinical course is shown in
Fig. 1. Within a few months the patient recovered com-
pletely and there was no relapse during 1 year of follow-up.

Discussion

ADEM is a monophasic disease that occurs in the setting
of infection or immunization. The pathological characteris-
tics of the condition are perivascular inflammation, edema
and demyelination in the central nervous system. After pro-
dromal phase of 1-4 weeks, clinical signs including altered
consciousness and multifocal neurological disturbance ap-
pear. Moderate pleocytosis in the cerebrospinal fluid is a
common feature but, in contrast with multiple sclerosis, oli-
goclonal bands are rarely obserbed (10). MRI is considered
the diagnostic tool of choice for suspected ADEM (1, 2, 3,
11). In our case, the clinical signs and symptoms combined
with the serum and cerebrospinal fluid findings and the

Clinical course of the patient.

clinical marked improvement with corticosteroid therapy
were strongly suggestive of ADEM, though MRI could not
disclose abnormal findings in the brain or the spinal cord.
The incidence of lesions on MRI is variable in ADEM and
may depend on the stage of inflammation. Gadolinium en-
hancing lesions have been described in 30 to 100% of pa-
tients. As spi.nal cord involvement in ADEM has been de-
scribed in 11 to 28%, spinal cord lesions could be rarely
disclosed on MRI (3).

In the present case, apart from the indication of a recent
hepatitis virus B infection, laboratory investigation revealed
no infection or infectious agent. In recent years, several re-
ports of new cases of central nervous system demyelination
or reactivation of multiple sclerosis after hepatitis B vaccina-
tion have raised the possibility of a causal link (6-8). In ad-
dition, it was reported that hepatitis virus B polymerase
shares significant amino acid similarities with the human
myelin basic protein (12). However, our search of the litera-
ture revealed no previously reported case of ADEM follow-
ing this infection.

There could be two possibilities, demyelination or vascu-
litis, for the pathogenetic mechanism of neurological in-
volvement in this case. In general, vasculitis associated with
hepatitis viral infection has occurred in the chronic stage,
especially in chronic hepatitis type C (13, 14). In some pa-
tients with chronic hepatitis type C and B, complicated sec-
ondary cryoglobulinemia or polyartilitis nodosa induced
damage of the blood vessels, resulting in vasculitic neuropa-
thy (15). The CNS disorders as a complication of hepatitis
rarely occur in patients with hepatitis type B, who were also
in the chronic stage (15-17). In the present patient, acute on-
set CNS neurological deficits with CSF pleocytosis occurred
shortly after the infection of hepatitis B virus, and steroid
therapy showed marked effect for the disturbances. These
findings suggest that the pathogenesis in this case could be
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due to a demyelinating process, rather than vasculitis.

This case shows that ADEM-like CNS neurological in-

volvement can be associated with hepatitis virus B infection.
We emphasize the importance of hepatitis virus B screening
in patients with acute encephalomyelitis, since many cases

of hepatitis virus B infection remain anicteric or subclinical.
Likewise, patients with hepatitis virus B infection should be
examined carefully for central nervous system symptoms
during follow-up.
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Polymorphism at codon 219 lysine in prion protein (PrP) is considered to affect the clinicopathological
features of prion diseases including Creutzfeldt-Jakob disease (CJD) and to have an inhibiting effect on the
pathogenesis of these diseases. We describe the first autopsied case of dura mater graft-associated CJD
(dCID) with heterozygosity of lysine at codon 219 in PrP observed in a Japanese subject. Although this case
demonstrated the non-plaque type of dCJD and MM1 subgroup of CJD pathologically and biochemically, the
patient demonstrated a long incubation period (19.3 years), atypical periodic sharp-wave complexes with a
dominant rhythm on EEG, partially scattered small deposits of plaque-like PrP along with synaptic type
deposits of PrP on immunohistochemistry and an atypical MM1 glycosylation pattern with a relatively
increased diglycosylated isoform of proteinase-resistant PrP on western blot analysis (i.e. “MM1 variant”
pattern). These findings in this case were atypical of the non-plaque type of dCJD and MM1 subgroup of CJD.
Thus, these findings can be unique to dCJD with codon 219 lysine allele, and this allele may influence the
clinicopathological features and PrP profiles in dCJD.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Human prion diseases including Creutzfeldt-Jakob disease (CJD)
are caused by the abnormal accumulation of prion protein (PrP). PrP
has a common polymorphism at codon 129, which is associated with
the clinicopathological findings of these diseases [1]. Glutamate to
lysine substitution at codon 219 in PrP is also a common polymorph-
ism observed in the Asian population, especially in Japan, but has not
been previously documented in sporadic CJD (sCJD) [2,3]. Addition-
ally, codon 219 lysine allele with prion diseases has been detected
only in genetic CJD (i.e. accompanied by pathogenic mutations in PrP)
or iatrogenic CJD including dura mater graft-associated CJD (dCJD),
and genetic CJD with this allele demonstrated atypical clinicopatho-
logical findings [4~7]. Thus, the codon 219 lysine allele is considered
to not only inhibit the pathogenesis of prion diseases but also
influence the clinicopathological features of these CJDs [3-9].
However, the pathological and biochemical features of dCJD with
codon 219 lysine allele have not been reported to date. Here we report

* Corresponding author. Tel.: +81 776 61 8351; fax: +81 776 61 8110.
E-mail address: myoneda@u-fukui.ac,jp (M. Yoneda).

0022-510X/$ ~ see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/}.jns.2009.07.019

the first autopsied case of dCJD with codon 219 lysine allele observed
in a Japanese subject, which presented unique clinicopathological
features and PrP profiles.

2. Case report

A 35-year-old Japanese man developed insomnia and anxiety in
September 2004, and subsequently developed gait disturbance, dysar-
thria and ataxia over the subsequent three months. He had undergone
left frontal craniotomy to evacuate traumatic hematoma, and received a
cadaveric dura mater graft (LYODURAR, B, Braun, Germany) transplant
in June 1985. There was no known family history of prion diseases. The
patient was confused, and presented with nystagmus, dysarthria,
dysphagia, rigidity, intention tremor and hyperreflexia in the extremi-
ties, and urinary incontinence at hospitalization in February 2005.
Thereafter, 14-3-3 protein was detected in the CSF. Diffusion-weighted
and fluid attenuation inversion recovery images on brain MRI demon-
strated hyperintensities in the bilateral putamen, caudate and front-
temporal cerebral cortex, which were compatible with findings of C(JD
(Fig. 1A, B). EEG performed eight months after the onset showed
atypical periodic sharp-wave complexes (PSWCs) with a dominant
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Fig. 1. Brain MRI and EEG findings. Hyperintensities were detected in the bilateral putamen, caudate and front-temporal cerebral cortex with slight atrophy on MR diffusion-
weighted (A) and fluid attenuation inversion recovery (B) images obtained five months after onset, (C) EEG performed 8 months after onset showed atypical periodic sharp-wave
complexes (PSWCs), but a dominant rhythm persisted. Fp = frontal pole; F = frontal; C = central; P = parietal; O = occipital; aT = anterior temporal; mT = mid-temporal; pT =

posterior temporal.

rhythm (Fig. 1C). The open reading frame of PrP gene from the blood
sample did not show any pathological mutation, a homozygote of
methionine at codon 129 and a heterozygote of glutamate/lysine at
codon 219. Written permission for PrP gene analysis was obtained from
the patient's family. Six months after onset, he developed myoclonus in
the extremities, and fell into akinetic mutism. Despite repeated EEG
studies, typical PSWCs were not detected. He died of pneumonia in
February 2006.

An autopsy was performed within 3 h after death. Written
permission for autopsy was obtained from the patient’s family. At
autopsy, the brain weighed 995g and showed marked atrophic
change especially in the frontal lobes. Histological examination
demonstrated significant neuronal loss and gliosis without typical
spongiform changes in the cerebral cortex (Fig. 2A). Immunohisto-
chemistry using anti-PrP monoclonal antibody 3F4 (Sigma-Aldrich,
US) demonstrated that PrP deposits of the synaptic type in the
cerebral and cerebellar cortex accompanied by partially scattered
small deposits of plaque-like PrP, which were not typical amyloid
plague, in the white matter of the temporal lobes and hippocampi
(Fig. 2B). Thus, this case was categorized into non-plaque type dCJD
pathologically [10].

A western blot analysis of the protease K-treated autopsied brain
homogenate probed with anti-PrP monoclonal antibody 3F4 demon-
strated that the molecular weight of the unglycosylated isoform of
proteinase-resistant PrP (PrP5¢) was 21 kDa, which indicates type 1
PrP5¢ (i.e. MM1 subgroup of CJD) and non-plaque type dCJD [1,11]. The
amount ratios of each isoform of PrP% on western blot were
quantified as the signal intensities of each corresponding band using
Quantity One software in an imaging device, Vasa Doc 5000 (BioRad
Laboratories, USA). The ratios of the diglycosylated isoform were
increased in all samples obtained from the frontal cortex, cingulate
gyrus and cerebellar cortex, compared with that in the typical MM1
subgroup of sCJD (Fig. 2C).

3. Discussion

We report the clinicopathological and biochemical features of the
first autopsied case of dCJD with codon 219 lysine allele in PrP. This
case was very briefly referenced in a surveillance report [10].
Although another case of dCJD was reported in a surveillance report
as having the codon 219 lysine allele [7], this reported case did not
undergo either histological or biochemical examinations, and only a
few clinical findings were described in the previous report.

Codon 219 lysine allele has not been previously documented in
sCJD [3]. Codon 218 lysine allele in mouse PrP (corresponding to
codon 219 lysine allele in human PrP) inhibits the conversion to Prpsc
in cultured cells, and heterozygous (i.e. glutamate/lysine) alleles at
codon 219 in human PrP also had a protective effect on the conversion
to PrP*° in knock-in mice [8,9]. Moreover, clinicopathological features
in genetic CJD patients carrying codon 219 lysine allele were atypical
of the classic form of each genetic CJD [4-6]. Therefore, codon 219
lysine allele is considered to have a resistant effect on the develop-
ment of CJD, which influences clinicopathological and biochemical
findings in CJD.

The present case belonged to the non-plaque type of d(JD and
MM1 subgroup of CJD according to pathological and biochemical
findings [1,10,11]. However, this case showed unique clinicopatholo-
gical and biochemical findings as the non-plaque type in the MM1
subgroup (Table 1, Fig. 2C). This case had a long incubation period
(19.3 years) compared with the average for the non-plaque type of
dQJD (14.6 years) [ 10]. Although the surveillance report indicated that
PSWCs had been detected with high frequency on EEG in the non-
plague type [10], repetitive EEGs in this case demonstrated atypical
PSWCs with a persistent dominant rhythm, which differed from the
typical PSWC findings in CJD (Fig. 1C). Immunohistochemistry in this
case demonstrated partially scattered small deposits of plaque-like
PrP, which has not previously been reported in the non-plaque type,
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A
C ——— This case -——— sCJD
kDa 1 2 3 (MM1)  isoforms of PrPse
32.5- ] diglycosylated
25. ] monoglycosylated
21- a8] unglycosylated

Fig. 2. Neuropathological findings and western blot analysis. (A) Histological analysis in
the frontal cerebral cortex displayed marked neuronal loss and gliosis, without typical
spongiform change (hematoxylin-eosin stain). (B) Immunchistochemical staining of
prion protein (PrP) in the white matter of the temporal lobe showed scattered smali
deposits of plaque-like PrP (arrow) among the synaptic accumulation of PrP, without
typical amyloid plaque. Scale bar=50um. (C) Western blot analysis of protease K-
resistant prion protein (PrP°) fractions probed with anti-PrP monoclonal antibody 3F4
from the frontal cerebral cortex (lane 1), cingulate gyrus (lane 2) and cerebellar cortex
(lane 3} in this case, and the frontal cerebral cortex in a case diagnosed as having the MM1
subgroup of sporadic CJD (lane of sCJD (MM1)). The western blot analysis demonstrated
three major bands; the upper bands corresponded to diglycosylated isoform of PP, the
middle bands corresponded to monoglycosylated isoform and the lower bands
corresponded to unglycosylated isoform. The numbers indicated by the side of each
band corresponded to the ratios {%). The sCJD (MM1) lane showed a greater abundance of
the monoglycosylated and unglycosylated isoforrns compared to that of the diglycosylated
isoform, Although this (the present) case and the sCJD (MM1) case both carried a
homozygote of methionine at codon 129 in PrP and showed a type-1 pattern (21 kDa
unglycosylated isoforms), the ratios of diglycosylated isoforms in this case were increased
compared with those in the sCJD (MM1) case (ie. “MM1 variant” pattern). Prp%¢ =
proteinase-resistant PrP; MM1 = codon 129 methionine/methionine with type 1 PrPS,

but similar plaque-like deposits were reported in genetic CJD with
codon 219 lysine allele [4] (Fig. 2B). Although the MM1 subgroup
demonstrated a large amount of monoglycosylated and unglycosy-

Table 1
Clinicopathological manifestations in this case and non-plaque type of dCJD.

This case Non-plaque type of
dcjp
Occurrence. - Duration. - Occurrence .. Duration
: (%) {mean}
tncubation period 193 yrs. 14,8 yrs.
Age at onset . 33yio 56,7 y/o
Clipical manifestations .
Cerebelfar signs = 3'mo. 75 0.6 mo,
“Peyehiatric symproms & SO, 671 g5 mo,
Dementia + 5mo, 100 0.9 mo.
Visual disturbance - 42 0.4 mo,
“Myoclonus + 6 mo. 100 20 me,
“Extrapyramidal signs + 5 mio. 42 “22 mo.
pyramidal signs : “+ 50, 100 22 mo,
“Akinetic mutism = 6 mo. 92 28 mo.
“Death + t7mo. 100 1789 mo.
EEG .
PSWCs - 100
CSE
Positive 14-3<3 protein + 88
Pathology .
Plaque-tike deposits of P2+ . . a

dCJD = dura mater graft-associated Creutzfeidt-Jakob disease; PSWCs = periodic sharp-
wave complexes; PrP = prion protein; yrs. = years; y/o = years old; mo. = months.
The data on non-plaque type of dCJD are excerpts from reference {10].

lated isoforms of PrP5¢ compared with the diglycosylated isoform on
western blot analysis in general [1], the ratios of diglycosylated
isoform were increased in different areas of the autopsied brain in this
case on quantitative analysis of each corresponding band (i.e. “MM1
variant” pattern) (Fig. 2C). This glycosylation pattern usually appears
in MM2-C and VV2 subgroups, but does not usually appear in MM1
subgroup [1].

Therefore, a long incubation period, atypical PSWCs on EEG, small
deposits of plaque-like PrP on immunohistochemistry in the non-
plaque type and “MM1 variant” pattern on western blot analysis may
be unique to dCJD with codon 219 lysine allele. Furthermore, the
codon 219 lysine allele appears to influence the clinicopathological
features and PrP profiles in dCJD.
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Abstract. We report a 56-year-old man
with microscopic polyangiitis (MPA) who
developed acute exacerbation of a chronic
subdural hematoma (SDH). Laboratory data
demonstrated elevation of myeloperoxidase
antineutrophil cytoplasmic antibody (MPO-
ANCA) and rapidly progressing renal dys-
function. Renal biopsy showed crescentic
glomerulonephritis (GN) with membranous
nephropathy (MN). He was treated with cor-
ticosteroids, antithrombotic agents, and an
immunosuppressant. One month after initia-
tion of treatment, he had a mild headache.
One month later, he developed acute SDH.
Although he recovered completely after the
operation, he finally died of bacterial infec-
tion. On autopsy, a scar of vasculitis was con-
firmed in the leptomeninges as well as in the
kidney and lung. Although SDH is a rare
complication in MPA, nephrologists must pay
more attention to the initial symptoms before
a hematoma attack such as headache, espe-
cially in patients using antithrombotic agents.

Introduction

Microscopic polyangiitis (MPA) is a vas-
culitis of the small-sized vessels that causes
injury of various organs including kidney,
lung, skeletal muscles, gastrointestinal tracts,
skin and peripheral nerves [Jennette and Falk
1997].

In MPA, the involvement of the central
nervous system (CNS) such as pachymenin-
gitis or intracerebral hemorrhage occasion-
ally observed in Wegener’s granulomatosis
[Nagashima et al. 2000] is rare, despite vascu-
litis of the similar sized vessels. Furthermore,
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subdural hematoma (SDH) is a very rare CNS
involvement in MPA. Here, we report the first
case that developed acute exacerbation of a
chronic subdural hematoma (SDH) in the
clinical course of MPA under antithrombotic
treatment.

Case

A 56-year-old man was referred to our hos-
pital with body weight loss and renal dysfunc-
tion on September 9, 2005. He had worked in
Thailand as a technical expert. In 2002, his
proteinuria was discovered for the first time,
and his proteinuria gradually progressed.
Since June 2005 he had lost weight (-7 kg in
3 months) and developed fever, cough and
malaise. Although he had macrohematuria
and edema in August, he had no headache,
joint pain or myalgia. He came back to Japan
and consulted a physician. He had severe pro-
teinuria (> 300 mg/dl), hematuria (> 100
cells/high power field), and was suspected of
rapidly progressive renal insufficiency (se-
rum creatinine and blood urea nitrogen were
2.6 and 45.3 mg/dl, respectively).

On admission, he was 175 cm tall and
weighed 60.5 kg. Blood pressure was 140/84
mmHg, pulse rate was 80/min regular, and
body temperature was 36.9 °C. His conjunc-
tiva was not anemic. Chest examination
showed no murmur and no crackle. He had
pitting edema of the lower extremities. There
were no abnormal pigmentation, cyanosis or
lymphnode swelling. Neurological examina-
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Figure 1. A: Light micrograph showing cellular crescent formation (arrows) in glomeruli (PAS, magnification
x 400), B: no spike formation in GBM (PAM, magnification x 1,000), and C: mild hyalinosis in arterioles with
mononuclear cell infiltration (arrowheads) (PAM, magnification x 400). D: immunofiuorescence micrograph
showing granular IgG deposition along GBM.

tions showed no abnormalities. He had no ha-
bit of cocaine abuse.

Hematological tests revealed moderate
leukocytosis. Chemistry data showed serum
creatinine of 3.1 mg/dl, blood urea nitrogen
56 mg/dl, serum total protein 6.3 g/dl, serum
albumin 3.4 g/dl total cholesterol 344 mg/dl.
An immunological test showed a high titer of
MPO-ANCA (> 640 EU). However, PR3-
ANCA, antiglomerular basement membrane
(GBM) antibody, antinuclear antibodies, anti-
streptolysin O, cryoglobulin, M-protein and
complement fraction were all within normal
limits or negative. Hepatitis B and C serology
were negative. Urinalysis revealed 3+ protein
with sediment findings of abundant deformed
erythrocytes and pathological casts. The
amount of 24-h urinary protein was 5.6 g/day,
the urinary protein selectivity index was 0.18
indicating low selectivity proteinuria. Chest
X-ray showed no cardiomegaly, pleural effu-
sion or pneumonitis.

On September 14, a renal biopsy exam-
ined by light microscopy yielded 3 normal
glomeruli, 4 sclerotic glomeruli and 6 glomer-
uli with cellular (Figure 1A) or fibro-cellular
crescent formation. The GBM thickening or
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spike formation was not seen (Figure 1B). A
wide area of tubular atrophy was observed.
There were many mononuclear cells and fi-
brosis in the interstitium. Arterioles showed
mild hyalinosis with mononuclear cell infil-
tration (Figure 1C). Immunofluorescence mi-
croscopy disclosed granular IgG staining (Fig-
ure 1D) and C3 staining along GBM. Since
electron microscopy disclosed only sclerotic
glomeruli, precise information of the thick-
ness and dense depositions of GBM were not
obtained.

According to these findings, necrotizing
GN due to MPO-ANCA associated vasculitis
with MN was diagnosed.

Clinical course

As the first-line treatment for necrotizing
GN he was treated with 3 consecutive daily
venous administrations of | g methylpredni-
solone and subsequent daily oral administra-
tion of 40 mg prednisolone (Figure 2). After
angiotensin 1T antagonists were started, his
blood pressure was sufficiently controlled.
Furthermore, on September 20, classical hep-
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arin treatment [Brown et al. 1974] for preven-
tion of intraglomerular hypercoagulation due
to necrotizing GN was started with cutaneous
injection and the titration of the dose was
done by checking the value of activated par-
tial thromboplastin time (aPTT). The levels of
proteinuria and MPO-ANCA titers gradually
decreased and oral prednisolone was tapered.
Despite the continuous decrease of MPO-
ANCA titers, the daily amounts of urinary pro-
tein increased again. Thus, cyclosporine was
coadministered since the worsened protein-
uria was considered to be due to aggravation
of coincident MN. After this, proteinuria be-
gan to decrease again (Figure 2).
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Figure 2. Clinical course of the patient. m-PSL,
methylprednisolone, PSL, prednisolone.

On October 1, he had a mild headache for
the first time since before admission. Head-
computed tomography (CT) was performed
for the first time on October 3 and was consid-
ered to be within normal limits by a radiolo-
gist (Figure 3A). We did not think that cranial
magnetic resonance images (MRI) were nec-
essary for this patient at that time. However,
he was later diagnosed with chronic SDHby a
neurosurgeon. On the morning of November
13, he suddenly had a strong headache and
rapidly developed a coma. Head CT revealed
a medium-sized high-density area with mid-
line shift, indicating acute SDH (Figure
3B), and no skull fracture. He finally underwent
decompression craniectomy. A fibrosing cap-
sule as in pachymeningitis was observed over
leptomeninges around the SDH, but no re-
markable dural thickening was observed. The
drainage fluid after craniectomy was not
pus-like but simply sanguineous as described
previously [Yokote et al. 1997]. Although he
recovered completely from the impaired con-
sciousness, he finally died of bacterial infec-
tion 8 months after the operation.

On autopsy, brain tissue was obtained and
scarring of vasculitis in the leptomeninges
was observed (Figure 4A,B) as well as in the
kidney and lung (Figure 4C). However, there
were no findings of any other causes of SDH
such as aneurysm in the subarachnoidea, ar-
teriovenous malformation, meningioma or
dural cancer metastasis.

Figure 3. A: Axial computed tomographic scan of the head indicating chronic SDH shown as iso-density
area in the right temporal lobe on October 3 (arrowheads), B: acute SDH shown as high-density area in the
right temporal lobe on November 13 (arrows).
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Figure 4. A,B: The scar of vasculitis in leptomeninges. HE, magnification x 40, x
400, respectively), C: The scar of vasculitis in lung (HE, magnification x 200).
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Discussion

Vasculitis is classified according to the
size and distribution of inflamed vessels
[Jennette et al. 1994]. In this case, the inflam-
mation in the small vessels of the kidney and
lung was confirmed on autopsy. Then, he was
finally diagnosed with MPA rather than MPO-
ANCA associated necrotizing GN. Further-
more, scarring of vasculitis was confirmed in
the leptomeninges of autopsy tissues. Inter-
estingly, this finding suggests that fragility of
the vessels damaged by inflammation insult
could be a partial cause of this SDH.

In MPA, peripheral nervous system in-
volvement commonly occurs [Jennette and
Falk 1997], while CNS involvement has
rarely been reported. There were only a few
reported cases that were complicated with
pachymeningitis [Jacobi et al. 2005, Kono et
al. 2000, Saeki et al. 2004, Takahashi et al.
1998], optic neuropathy [Harada et al. 1997];
multiple cranial neuropathies [Morinaga et al.
2007], reversible posterior leukoencephalo-
pathy [Tajima and Matsumoto, 2006], or
intracerebral hemorrhage [Ito et al. 2006] in
p-ANCA or MPO-ANCA positive patients.
To our knowledge, this case is the first report
for SDH occurrence with CNS involvement
associated with MPA.

Song et al. [2005] reported a polyarteritis
nodosa patient with acute pachymeningitis
with non-contrast CT images mimicking sub-
dural hematoma. They confirmed the pachy-
meningitis with contrast-enhanced MRI. We
could not directly find remarkable inflamed
thickening of the dura at his craniectomy, nor
had we any time to perform MRI before the
urgent operation. Therefore, we could not ex-
clude completely the possibility of subclin-
ical or mild pachymeningitis.

In general, common causes of SDH are
trauma and the use of antithrombotic agents
[Soetal. 1983]. Rare causes are subarachnoid
aneurysm, arteriovenous malformation, men-
ingioma, dural cancer metastasis, complica-
tion of systemic thrombolytic therapy for
acute myocardial infarction, cerebrospinal
fluid hypotension and cocaine abuse. Al-
though head trauma is the most common
cause to be considered, he had no history of
trauma before and after his admission.

As for antithrombotic treatment, he cer-
tainly received both heparin and an anti-



Subdural hematoma in the course of microscopic polyangiitis

215

platelet agent for the treatment of necrotizing
GN and MN. In fact, Raymond et al. [1992]
reported that the use of antithrombotic agents
could increase the independent risk of chro-
nic SDH in patients with head trauma. Al-
though the values of aPTT were within thera-
peutic ranges during the treatment in this
case, we should have been more cautious with
the administration of antithrombotic agents.

In contrast, Gore et al. [1991] reported
that only 0.1 — 0.2% of patients with myocar-
dial infarction had SDH complications during
treatment with heparin, aspirin and intrave-
nous recombinant tissue-type plasminogen
activator. Therefore, if vessels had no injury
with vasculitis, the frequency of SDH during
the treatment with plural antithrombotic
agents should be extremely rare.

Since in autopsy specimens of the brain,
inflammatory scars of small vessels in lep-
tormeninges were confirmed, we assume that
ANCA-associated vasculitis had subclini-
cally developed in small vessels of the brain
surface in the earlier stage and that resulted in
fragility of vessel walls, which predisposed
this patient to SDH. Hence, it is reasonable to
conclude that the cause of SDH in this case
was due to combined factors (both vasculitis
and the subsequent use of antithrombotic
agents) rather than one factor (either vasculitis
or the use of antithrombotic agents).

Finally, since nephrologists frequently
treat MPA with antithrombotic agents, we
should be more cautious and consider mild
headaches as the possible initial symptom of
SDH, which is a very rare but serious CNS
complication of MPA.
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