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For example, ‘Stage 1’ of the original scoring system was Grade 4 = numerous LBs and neurites with severe immu-
defined as ‘sparsc Lewy bodies or neurites” On the other noreactivity for phosphorylated o-synuclein in the neu-
hand, ‘Grade 1’of our methodology is defined as ‘sparse ropil or background.

Lewy neurites without Lewy bodies.’
Grade O=neither LNs nor LBs detected using anti-

phosphorylated a-synuclein antibody. LB staging system of our BBAR

Grade 1 = sparse phosphorylated o-synuclein immunopo- (BBAR LB stage)
sitive dots or neurites, or diffuse granular cytoplasmic In order to assess the clinical and neuropathologic alter-
stain in the neuron, neither LBs nor phosphorylated ations of LBD, we applied the following rating system to
o-synuclein-immunopositive neuronal intracytoplasmic our BBAR for all autopsy cases (Table 2, Fig. 3). The origi-
dense aggregations. nal BBAR LB staging system was developed in order to
Grade 2=1-3 LBs or phosphorylated o-synuclein- track the individual data of our brain bank.**% This rating
immunopositive intracytoplasmic dense aggregations system requires clinical symptoms, gross and microscopic
and scattered LNs in a low-power field (x10). neuropathologic alterations, and LB scores used in the con-
Grade 3 =more than four LBs and scattered ILNs in a sensus guidelines for the clinical and pathologic diagnosis
low-power field (x10). of DLB7 In this staging system, Parkinson’s disease with
Table 2 Lewey body stage of Brain Bank for Aging Research
Stage Psyn-IR LB SN: loss of LB score Dementia Parkinsonism Diagnosis
pigmentation
0 — - -
0.5 + - -
1 + + - Incidental LBD
2 + + + 0-10 - -f Subeclinical LBD
3 + + + 0-10 - + PD
4 + + + 3-6 + + PDDL
+ + + 3-6 + +or - DLBL}
5 + + + 7-10 + + PDDN
+ + + 7-10 + + or ~ DLBNi#

‘+Neither dementia nor Parkinsonism associated with Lewy body-related a-synucleinopathy. jDifferential diagnosis of PDD and DLB was based
on the ‘1-year rule’ according to the consensus guidelines (34). DLBL, dementia with Lewy bodies and a Lewy body score corresponding to the
limbic form; DLBN, dementia with Lewy bodies and a Lewy body score corresponding to the neocortical form; LB, Lewy body; LBD, Lewy body
disease; PD, Parkinson’s disease; PDDL, Parkinson’s disease with dementia and a Lewy body score corresponding to the limbic form; PDDN,
Parkinson’s disease with dementia and a Lewy body score corresponding to the neocortical form; Psyn-IR, phosphorylated alpha-synuclein
immunoreactivity; SN, substantia nigra.

! PD or PDD or DLB [

. Clinically 'no’
Clinically ‘yes’
“\\M
Immunoreactivity for fmmunoreactivity for
phosphorylated phosphorylated
alpha-synuclein alpha-synuclein
=
ves ves / \ no
Cognitive impairment ; Loss of Substantia nigra

‘\ pigmentation :
yes yes \ no

Fig.3 Flow-chart of the Lewy body staging y . ;
system of the Brain Bank for Aging Research
(BBAR). PD, Parkinson’s disease; PDD, Par-
kinson’s disease with dementia; DLB, demen-
tia with Lewy bodies; SN, substantia nigra;

LB score, Lewy body score. See Table 2 for
detailed description of each stage.
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dementia was differentiated from DLB by applying the
‘12-month (I-year) rule noted in the Consensus Guide-
lines (i.e., ‘dementia appears more than one year after the
onset of Parkinsonism’).”

Evaluation of senile changes and
neuropathologic diagnosis

NFTs were classified according to Braak and Braak’s
staging system using modified Gallyas-Braak staining® and
ATS8 immunohistochemistry.® The staging system for senile
plagues (SPs) comprises four stages (0-C). Argyrophilic
grains were classified into our four stages (0-III), as
reported previously” The neuropathologic diagnosis of
Alzheimer disease was based on our previous definition,”
which proposed a modification of the National Institute
on Aging and Reagan Institute criteria.®* The diagnoses
of dementia with grains and NFT-predominant forms
of dementia were based on the previously described
definitions.*>®

Statistical analysis

Fisher’s exact test was carried out to compare the number
of cases having LBAS pathology in the olfactory mucosa.

RESULTS

Clinical information

Of the 105 counsecutive autopsy patients, 58 were men and
47 were women. The patient ages at death ranged from 65
to 104 years (82 + 37, mean + SD). Twelve patients showed
Parkinson’s disease-related symptoms according to the
clinical criteria in this study. Six out of 105 patients were
clinically diagnosed as LBD including Parkinson’s disease,
Parkinson’s disease with dementia and DLB.

Neuropathologic diagnosis

The neuropathologic diagnoses consisted of Alzheimer
disease (n=15), dementia with grains (n=11), NFI-
predominant form of dementia (n = 8), Parkinson’s disease
(n=2), Parkinson’s disecase with dementia (n=2), and
DLB (n=1), as well as one case each of dentatorubral-
pallidoluysian atrophy, neuronal hyaline inclusion body
disease, frontotemporal lobar degeneration with transac-
tion response (TAR) DNA-binding protein-43 kDa-
immunoreactive inclusions, and progressive multifocal
leukoencephalopathy. Patients with combined pathologies,
included Alzheimer’s disease plus DLB (n =2), dementia
with grains plus NFT-predominant form of dementia
(n=23), and one patient each of diffuse NFTs with calcifi-
cation (DNTC)* plus DLB and dementia with grains plus
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Alzheimer’s disease. The remaining patients did not fulfil
the clinical and/or pathological criteria for neurodegenera-
tive diseases.

Eight out of 105 patients (8/105 = 7.6%) were clinically
and neuropathologically diagnosed as having LBD, includ-
ing Parkinson’s disease (2 patients), Parkinson’s disease
with dementia (2 patients) and DLB (4 patients).

Incidence, distribution and extent of LBAS
BBAR staging

Based on clinical and neuropathologic analyses, the BBAR
LB stages were as follows: stage 0 = 66 cases, stage 0.5=6
cases, stage 1 =21 cases, stage 2 = 4 cases, stage 3 =2 cases,
stage 4 =3 cases and stage 5=23 cases. All of the stage 5
cases had DLB, with an LB score corresponding to the
value for the neocortical form (DLBN).

LBAS in CNS and peripheral nervous system

We identified 39 (37.1%) out of the 105 individuals with
o-synuclein immunopositive LBAS in the CNS or periph-
eral nervous system (Table 3). Therefore, we focused on
these 39 cases in the present study. Here, LBAS was
identified by using o-synuclein immunohistochemistry.
In LBAS, LBs were confirmed with HE stains and
o-synuclein immunohistochemistry. Out of the 39 cases,
33 showed LBAS in the olfactory bulb, 15 in the enteric
nerve plexus, 23 in the sympathetic ganglia, and 16 in the
pericardial nerve fibers of the left ventricle (Tables3
and 4).

Olfactory mucosa

The olfactory epithelium is a pseudostratified colomnar
epithelium lying deep within the recess of the superior
nasal cavity; it is composed of a mixture of multipotential
stem cells (basal cells), supporting cells and olfactory
receptor neurons (Fig. 2). Mature neurons are reported to
give rise to fine and unmyelinated axons that ascend
through the cribriform plate to synapse at glomeruli in the
olfactory bulb®% :

LBAS were found in the olfactory mucosa of seven
(17.9%) out of 39 cases (Tables 3 and 4). These seven also
had LBAS in the olfactory bulb. LBAS was present in the
lamina propria mucosa of the seven cases (Fig. 4a—c). In
addition, one case showed LBAS in a bundle of axons in
the cribriform plate (Fig. 4d). None of the cases showed
LBAS in the olfactory epithelial paraneuron. We summa-
rized the demographic results of these seven individuals
with LBAS in the olfactory mucosa in Table 5. Neither
phosphorylated tau-positive deposits nor amyloid B
immunopositive deposits were detected in the olfactory
mucosa.
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Table 3 The distribution of o-synuclein deposits in various anatomical regions of 39 cases with Lewy body disease
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78/M . . 1 2 A

75/M 1 2 A

89/F b 1 3 C

93/F 1 4 C

86/M 1 4 C
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90/F 1 2 A

86/M 1 2 A

97/F 1 2 A

78M 1 1 A

92/M 1 3 C

94/M 1 4 A
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Grade 0 = blank, grade 1 =light grey, grade 2 = light blue, grade 3 = blue, grade4 = navy blue. The number in each cell indicates a score based on
the semiquantitative scoring system of Lewy-related pathology. 0 = neither Lewy neurites nor bodies detected by using anti-phosphorylated
o-synuclein antibody. 1 = sparse phosphorylated o-synuclein immunopositive dots or neurites, neither Lewy bodies nor phosphorylated o-synuclein
immunopositive intracytoplasmic aggregations. 2 =one to three Lewy bodies or phosphorylated o-synuclein immunopositive intracytoplasmic
aggregations in a low-power field (x10). 3 = more than four Lewy bodies and scattered Lewy neurites in a low-power field (x10).4 = numerous LBs
and neurites with severe immunoreactivity for phosphorylated o-synuclein in the neuropil or background. Individuals of BBAR LB stages 3-5, with
clinical Parkinsonism and neuropathologically numerous LBASs in the CNS, showed high incidence (75%, 6/8 individuals) of LBASs in the
olfactory mucosa. In contrast, individuals of BBAR LB stages 1-3 without Parkinsonism showed extremely low incidence of Lewy body-related
o-synucleinopathy (LBAS) (3%, 1/31) in the olfactory mucosa. LBAS was found in the olfactory mucosa mostly in advanced BBAR LB stages 3-5.
BBAR LB Brain Bank for Aging Rescarch Lewy body staging, NFT stage, Braak’s stages for neurofibrillary tangles; SP stage, Braak’s stages for
senile plaques.
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Table 4 Regional frequency of Lewy body-related a-synucleinopathy (LBAS) in various anatomical regions

The BBAR Olfactory Olfactory Olfactory Spinal GI Sympathetic Adrenal Pericardial Skin
LB stage epithelium mucosa bulb cord tract ganglia gland nerve

0.5 0/6 0/6 2/6 0/6 0/6 2/6 0/6 1/6 0/6
1 0/21 1121 19/21 7121 6/27 10/21 121 6/21 121
2 0/4 0/4 4/4 3/4 1/4 3/4 0/4 2/4 0/4
3 0/2 12 212 212 22 22 212 12 212
4 0/3 3/3 3/3 3/3 3/3 3/3 3/3 33 2/3
5 03 2/3 33 3/3 3/3 3/3 173 3/3 0/3
All 039 7139 33/39 18/39 15/39 23/39 7139 16/39 5/39

BBAR LB Brain Bank for Aging Research Lewy body staging.

Correlations between o-synuclein
immunopesitive LBs or LNs in the olfactory
mucosa and CNS

Alpha-synuclein immunopositive LBs or LNs in the olfac-
tory mucosa were detected in seven cases, including three
with DLB, three with Parkinson’s disease or Parkinson’s
disease with dementia, and one with incidental LBD
(Tables 3-5). LBAS in the olfactory mucosa was compared
with those in other locations of the CNS (Table 3). Indi-
viduals of BBAR LB stages 3-5, clinical and neuropatho-
logical diagnosis of LB, showed a high incidence (75%,
6/8 individuals) of a-synuclein immunopositive LBAS in
the olfactory mucosa (Table 6, Fig.5). Six individuals
with Parkinson’s disease also showed a high incidence of
o-synuclein accumulation (66%, 4/6 individuals) in the
olfactory mucosa. In contrast, individuals of BBAR LB

Fig.4 Photomicrographs show o-synuclein
immunopositive deposits (arrows indicate
Lewy neurites) in the axonal bundle of the
lamina propria (a—c) and cribriform plate (d).
The inset in figure (d) shows a higher magni-
fication image of a-synuclein immunoposi-
tive deposits in the axonal bundle of the
cribriform  plate. Immunohistochemistry
using monoclonal antibody against phospho-
rylated o-synuclein (pSyn#64). Photomicro-
graphs (a, b, ¢ and d) were obtained from
cases 4, 5, 7 and 3, respectively, in Table 5.
(a~c), scale bar=10 pm; {(d) scale bar=
100 pm (inset, 10 pmy).

stages 0.5-2 (here we classified them into asymptomatic
group) showed a low incidence of LBAS (3%, 1/31) in the
olfactory mucosa.

Olfactory bulb

There is neural connectivity among olfactory receptor
neurons and nuclei in the olfactory bulbs.*® Hence, we ana-
lyzed the frequency of LBAS in the glomeruli, tufted cells,
mitral cells and granular cells between LBAS-positive and
LBAS-negative groups in the olfactory epithelium.

In individuals of BBAR LB stages 3-5 (symptomatic
stage), LBAS was frequently observed in the glomeruli (8/8
cases, 100%), granular cells (8/8, 100%) and tufted cells
(7/8,87.5%). In contrast, there were low numbers of cases
with LBAS in the mitral cells (2/8, 25%). Asymptomatic
stage cases of LBD, corresponding to BBAR stage 0.5-2,
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Symptomatic cases with LBD (n=8)
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4
Glomerulus |EEEEEE ST Glomerulys BT

Tufted cell BB
Mitral cell

Tufted cell
Mitral cell

Granular cell Granular cell

0%

E LBASpresent ¢ LBAS absent

Asymptomatic cases with LBD (n=31)
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Fig. 5 Frequencies of cases having Lewy-
related o-synucleinopathy (LBAS) pathol-
ogy in the olfactory mucosa and each
anatomical region of the olfactory bulb. (a)
Cases with symptomatic dementia with Lewy
bodies (LBD) (1 = 8, Brain Bank for Aging
Research [BBAR] stages 3-5). Most of the
cases show LBAS pathology in the olfactory
mucosa (6/8, 75%), glomeruli (8/8, 100%),
tufted cells (6/7, 85.7%) and granular cells
(8/8,100%). The number of cases with LBAS
in the mitral cells is fow (2/6, 33.3%). (b)
Cases with asymptomatic LBD (n=25,
BBAR stages 0.5-2). Most of the cases show
LBAS pathology in the glomeruli (23/31,

74.1%), tufted cells (17/31, 54.8%) and granular cells (22/31, 70.9%). The number of cases with LBAS in the mitral cells (12/31, 38.7%) is low. LBAS

pathology of the olfactory mucosa is present in only one case (1/31, 3.2%).

mucosa of patients of Parkinson’s disease?! Our previous
study indicated a high incidence of a-synuclein immunopo-
sitive LBs or neurites in aging human olfactory bulbs, and
suggested that they extend from the periphery (the second
olfactory structure) to the anterior olfactory nucleus (the
tertiary olfactory structure)." The present study, using
6 um-thick paraffin embedded sections, revealed that
LBAS was most frequently observed in the glomeruli
which were composed of axon terminals of olfactory epi-
thelial cells and dendrites of mitral and tufted cells® as well
as in the glomerular cells which were most numerous in the
periphery of the olfactory bulb (Fig. 5). We consider
that high incidence of LBAS in glomeruli may represent
affected terminal axons of olfactory epithelial neurons. In
contrast to our result, a previous study, employing 50 pm-
thick floating sections, reported high frequency of LBAS in
mitral cells and the internal plexiform layer in individuals
with Parkinson’s disease but no LBAS in age-matched con-
trols.” Further studies are necessary to identify the most
vulnerable subset in the periphery of the olfactory bulb.
In conclusion, presence of LBAS in the olfactory
mucosa and olfactory glomeruli further supports the
importance of olfactory system as an entry zone of LBD.
Future studies of LB pathology involving the olfactory
system are indicated to understand the pathomechanism of
a-~synuclein accumulation in individuals with LBD.
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ABSTRACT

Objectives: To assess the utility of the display
standardisation of diffusion-weighted MRI (DWI) and to
compare the effectiveness of DWI and fluid-attenuated
inversion recovery (FLAIR) MRI for the diagnosis of
sporadic Creutzfeldt—Jakob disease (sCJD).

Design: A reliability and agreement study.

Setting: Thirteen MRI observers comprising eight
neurologists and five radiologists at two universities in
Japan.

Participants: Data of 1.5-Tesla DWI and FLAIR were
obtained from 29 patients with sCJD and 13 controls.
Qutcome measures: Standardisation of DWI display
was performed utilising b0 imaging. The observers
participated in standardised DWI, variable DW! (the
display adjustment was observer dependent) and
FLAIR sessions. The observers independently
assessed each MRI for CJD-related lesions, that is,
hyperintensity in the cerebral cortex or striatum, using
a continuous rating scale. Performance was evaluated
by the area under the receiver operating characteristics
curve (AUG).

Resulis: The mean AUC values were 0.84 (95% Cl
0.81 to 0.87) for standardised DWI, 0.85 (95% Cl 0.82
to 0.88) for variable DWI and 0.68 (95% Cl 0.63 to
0.72) for FLAIR, demonstrating the superiority of DWI
(p<0.05). There was a trend for higher intraclass
correlations of standardised DWI (0.74, 95% Cl 0.66 to
0.83) and variable DWI (0.72, 95% Cl 0.62 to 0.81)
than that of FLAIR (0.63, 95% Cl 0.53 to 0.74),
although the differences were not statistically
significant.

Conclusions: Standardised DW! is as reliable as
variable DWI, and the two DWI displays are superior to
FLAIR for the diagnosis of sGJD. The authors propose
that hyperintensity in the cerebral cortex or striatum on
1.5-Tesla DWI but not FLAIR can be a reliable
diagnostic marker for sCJD.

INTRODUCTION

Reliable detection of Creutzfeldt—fakob
disease (CJD) is imperative for infection
control and treatment. MRI is useful for the
early diagnosis of CJD," ? whereas the utility
of EEG and conventional cerebrospinal fluid
(CSF) tests have been limited.® Diffusion-
weighted imaging (DWI) and fluid-attenu-
ated inversion recovery (FLAIR) are key
techniques for the diagnosis of sporadic CJD
(sCJD) with high sensitivity and specificity
when assessed by expert neurologists or
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Reliability of DWI and FLAIR for diagnosis of sporadic CJD_

neuroradiologists.! * ° However, the utility of MRI for
general neurologists or radiologists who are not familiar
with diagnosing CJD remains elusive. Moreover, stand-
ardisation of MRI methodologies, which would be
essential for the reproducible assessment of MRI find-
ings of CJD cases, has not been achieved in previous
studies.! * ® DWI display conditions may particularly vary
among institutions or operators,6 which can give rise to
inaccurate assessment of CJD-related lesions, specifically
subtle abnormalities in the cerebral cortex. Meanwhile,
although DWI seems superior to FLAIR for the detection
of CJD lesions,” direct comparison of the two sequences
is yet to be performed.

To address these issues, we investigated the utility of
a newly proposed standardisation method of DWI
display® 7 and compared the effectiveness of DWI and
FLAIR for the diagnosis of sCJD, particularly for differ-
entiating between abnormal and normal signals by
neurologists and radiologists who are not necessarily
CJD experts. We conducted a multicentre, multiobserver
case—control study and evaluated observer performance
with receiver operating characteristics (ROC) analysis.

METHODS

Subjecis

Patients diagnosed as having sCJD by the CJD Surveil-
lance Committee of Japan® from October 2005 to
September 2010 were eligible to participate in this study.
The accuracy of the diagnosis was defined as follows:
definite, that is, pathologically verified cases; probable,
that is, cases with neuropsychiatric manifestations
compatible with sCJD and periodic sharp wave
complexes on EEG without pathological examinations
and possible, that is, cases with the same findings as
probable sCJD but no periodic sharp wave complexes on
EEG.® ® WHO criteria'® were not applied because the
assay of CSF 14-3-3 protein, which is required by WHO
criteria, was standardised only since April 2009 in
Japan.'! The prion protein gene (PRNP) was analysed in
the open reading frame after extracting DNA from
patients’ blood.’* '* For neuropathological examina-
tions, brain sections were stained with routine tech-
niques, and immunohistochemistry was performed using
the mouse monoclonal antibody 3F4 (Senetek, MD
Heights, Missouri, USA).'? For PrP*° typing, frozen brain
tissues were homogenised and analysed by western blot
for proteinase Kresistant PrP using the 8F4 antibody.'*
Assays for CSF y-isoform of 14-3-3 protein,’' total T
protein (cut-off value, 1300 pg/ ml)’® and real-time
quaking-induced  conversion  (RT-QUIC)'®  were
performed in patients whose CSF samples were available.
The following patients were eligible as disease controls:
patients who were suspected to have prion disease by
primary physicians but were denied to have prion disease
by the Committee or those who were diagnosed as
having other neurological disorders at Tokushima
University Hospital and whose brain MRI showed no
abnormal intensity in the cerebral cortex or striatum. We

requested physicians who had referred patients to the
Committee to provide initial MRI data of eligible
patients.

This study was approved by the Medical Ethics
Committee of Kanazawa University and the Ethics
Committees of the Tokushima University Hospital and
Tokyo Medical and Dental University. Written informed
consent was obtained from all patients or their families.

Magnetic resenance imaging

DWI, b0 and FLAIR images were converted to the Digital
Imaging and Communication in Medicine format. When
the Digital Imaging and Communication in Medicine
data contained patient information, it was excluded by
one of the investigators (MH) before the observer
performance study. All MRI studies were performed on
1.5-Tesla scanners at each hospital. Quadrature detec-
tion head coils or multichannel head coils were used.
DWI was performed using the single-shot spin-echo echo
planar imaging technique with the following parameters:
repetition time, 40008000 ms; echo time, 70—100 ms;
b value, 1000 s/mm? slice thickness, 5 mm; matrix size,
128X80 to 128X128; field of view, 220—230 mm and
16—20 contiguous axial sections parallel to a line
through the anterior and posterior commissures were
obtained from each patient. The scanning parameters of
FLAIR were as follows: repetition time, 8000—10 000 ms;
inversion time, 2000—2500 ms; effective echo time,
105—120 ms; matrix size, 256X192 to 320Xx224; field of
view, 210—220 mm; slice thickness, 5—6 mm with
1—1.5 mm interslice gaps and 19—20 slices per patient.

Display methods

Two display methods were used for DWI: standardised
and variable. In the standardised display, the window
width and level settings were constant for all evaluations
and could not be changed. Details of the standardised
display have been reported elsewhere.’ In brief, the
window width and level were as follows: window width =
Sl and window level = Sl,0/2, where S, represents the
signal intensity in the normal-appearing subcortical
region on b0 imaging.® One radiologist (MH) manually
measured SIyo within a circular region of interest. The
calculated window width and level were applied to all
images. In the variable display mode, regarded as the
most reliable for assessment of DWI, each observer was
able to change the window width and level settings on the
monitor according to preference. FLAIR was assessed
with the variable display method because no standardised
methods are currently available for FLAIR display.

Observer performance study

Eight neurologists (6—27 years of experience; mean,
12 years; board certified, six) and five radiologists
(6—25 years of experience; mean, 12.8 years; board
certified, four; neuroradiologist, one) participated in the
observer performance study at The University of
Tokushima Graduate School (persons, six; neurologists,
three) and Tokyo Medical and Dental University
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(persons, seven; neurologists, five including NS and YS).
Before the test, the observers were informed that the
purpose of the study was to evaluate their performance
in detecting MRI lesions compatible with CJD, that is,
hyperintensity in the cerebral cortex or striatum,
regardless of signal changes in other regions including
the thalamus. Three sessions were conducted: stand-
ardised DWI, variable DWI and FLAIR. To reduce the
effect of learning, the interval between reading sessions
was 1 week or longer. The order of the three sessions was
randomised among the observers. Using computer
randomisation, images of patients with and without sCJD
were intermixed. All cases were presented in the same
randomised order to the observers in each session. Each
observer independently viewed all slices of each MRI
study on the same type of monitors (Let’snote, Pana-
sonic, Osaka, Japan) using INTAGE Realia Professional
(Cubernet, Tokyo, Japan) run on Windows XP (Micro-
soft). The observers were allowed to adjust the window
width and level only in variable DWI and FLAIR sessions
but not in the standardised DWI session. Observers were
blinded to any clinical information including age, sex
and diagnosis.

Each observer used a continuous rating scale of a line-
marking method to rate his or her confidence level on
the paper format independently. At the left end of the
line, a confidence level that lesions compatible with CJD
were definitely absent was indicated, whereas at the right
end, a confidence level that lesions were definitely
present was indicated. Intermediate levels of confidence
were indicated by the different positions on the line
between the two ends. The distance between the left end
and the marked point was converted to a confidence
level that could range from 0 to 100, as described
elsewhere.”

Statistical analyses

Observer performance was evaluated using ROC analysis
with SPSS V.19 (IBM). The ROC curves for each observer
indicated the ratio of the true-positive fraction to the
false-positive fraction at each confidence level. The area
under the ROC curve (AUC) was used to compare
observer performance for accurately detecting CJD
lesions. Intraclass correlations were calculated in the
neurologist group, the radiologist group and for all
observers by two-way random consistenicy measures using
the SPSS software. In all the analyses, p values of <0.05
were considered statistically significant.

RESULTS

Patients and controls

MRI data from 85 patients were provided. Of these, 42
subjects from 15 hospitals (including authors’ institu-
tions) were eligible for this study after excluding cases
that were diagnosed as having non-sporadic CJD or
lacked the required MRI sequences. This study cohort
included 29 patients with sCJD (men, 11; mean age,
71 years; duration before MRI, 4.4%6.1 months), three
patients who were suspected of CJD but eventually

diagnosed as negative by the Committee and 10 patients
diagnosed as having other neurological disorders. Of the
29 sCJD patients, four had definite, 24 had probable and
one had possible CJD. Twenty-six cases underwent PRNP
analysis, 24 were homozygous for methionine at codon
129 and two were heterozygous with methionine and
valine at codon 129. Of the four definite cases, PrP* was
type 1 in two cases, type 142 in one case and type 2 in
one case. Eleven of 15 CSF samples from probable sCJD
cases were positive for PrP5¢ by RT-QUIC (table 1).

Diagnoses for three prion-denied patients were
immune-mediated encephalopathy, juvenile Alzheimer’s
disease and frontotemporal dementia. Other neurolog-
ical controls were diagnosed with Alzheimer’s disease,
Parkinson’s disease, spinocerebellar degeneration,
vascular dementia, old cerebral infarction, benign
paroxysmal positional vertigo, dizziness, temporal arter-
itis, cervical spondylosis and diabetic neuropathy.

Diagnostic performance

We investigated the diagnostic performance of stand-
ardised DWI, variable DWI and FLAIR images assessed
by eight neurologists and five radiologists using ROC
analysis. Mean AUC values obtained from the three
sessions were compared within the neurologist group,
the radiologist group and all observers (figure I,
table 2). The AUC values for standardised and variable
DWI were not different within each professional group
or for the total observer group. On the other hand, AUC
values for FLAIR were significantly lower than DWI
displayed by either method (p<0.05). Representative
MRI scans are shown in figure 2.

Rating agreement

To measure the extent to which the observers agreed
when rating the MRI findings, intraclass correlations
were calculated. The intraclass correlations of the
standardised DWI (0.74, 95% CI 0.66 to 0.83) and vari-
able DWI (0.72. 95% CI 0.62 to 0.81) tend to be higher
than that of FLAIR (0.63, 95% CI 0.53 to 0.74), specifi-
cally in the neurologist group, although the differences
were not significant (figure 3).

DISCUSSION

We demonstrated that standardised DWI was as useful as
variable DWI and that both DWI displays are superior to
FLAIR for the diagnosis of sCJD when assessed by
multiobservers with various specialty backgrounds.

Our standardisation method of DWI display was orig-
inally proposed as an easy-to-use way to decide the
window width and level for DWI even in emergency
settings.6 Indeed, this method was demonstrated as
useful for detecting acute ischaemic lesions on DWIL.”
Results of the present study show that the stand-
ardisation method is also reliable for diagnosis of sCJD,
in which DWI is one of the key sequences. We suggest
some advantages of standardised DWI over variable DWI,
although there was no statistical difference between the
two methods. First, standardised DWI can be helpful for
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physicians who can refer only to hardcopies but not
softcopies. Second, even for doctors who can readily
refer to softcopies and thus variable DWI, the stand-
ardisation method can simplify assessment procedure
without any disadvantages. Third, the standardisation
can facilitate direct comparison of DWI findings from
different CJD patients.

DWI and FLAIR have been reported as useful markers
for the diagnosis of CJD. Of these, DWI has been
assumed to be the most sensitive, although without
direct evidence.! 5 '® Hyperintensity in the cerebral

cortices, the striatum or both indicates the diagnosis of
CJD. The striatum hyperintensity is anterior dominant at
early stages of the disease.'® MRI lesion profiles report-
edly differ among molecular subtypes of sCJD,** * which
was not reproduced in a recent study.” Zerr et al*
proposed that high-signal abnormalities in caudate
nucleus and putamen or at least two cortical regions
(temporal, parietal or occipital lobes) either in DWI or
FLAIR together with typical clinical signs can be diag-
nostic for probable sC]D. Based partly upon their report,
‘high signal in caudate/putamen on MRI brain scan’ has

Figure 1 Receiver operating 107 — sDWI
characteristic curves for each 08 — vDW!1

display in diagnosis of sporadic g is - FLAIR
Creutzfeldt—Jakob disease. (A)

Neurologists, (B) radiologists and § 04

(C) all observers. The frue rate 0z

(sensitivity) is plotted as a function ° ; ; ol ; ook

of the false-positive rate 60 0z 04 06 05 10 00 02 04 06 08 10 00 02 04 06 08 10

(1 — specificity). DWI, diffusion- 1 Spacificity 1 - Specificity 1 - Speciiicity

weighted imaging; FLAIR, fluid-

attenuated inversion recovery; sDWI, standardised DWI; vDWI, variable DWI.
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been used as one of the laboratory findings in the
diagnostic criteria for probable sCJD in the European
CJD Surveillance System (EUROC]D) since January
2010.* However, their criteria did not distinguish DWI
and FLAIR, thereby maintaining ambiguity about the
diagnostic values of MRI in situations where DWI is not
available. Our data indicate that FLAIR without DWI is
unreliable for the diagnosis of sCJD. On the other hand,
high signals in the cerebral cortex have not been
regarded as diagnostic in the EUROC]D criteria, prob-
ably because cortical abnormalities are less reliable on
conventional MRI. Our results suggest that, using
standardised or variable DWI but not FLAIR, cortical
signals can also be used as a diagnostic marker.
Meanwhile, Young et af*® reported that the sensitivity
and the specificity of DWI and FLAIR for the diagnosis
of CJD are 91% and 95%, respectively. More recently,
Vitali et aP reported that hyperintensity greater on DWI
than FLAIR is diagnostic for sCJD, whereas hyper-
intensity greater on FLAIR than DWI is characteristic for
non-prion rapidly progressive dementia. Furthermore,
reduction of apparent diffusion coefficient in subcortical
(striatum) hy;)erintensity regions on DWI is supportive
for sCJD.? #* ® These findings can be greatly helpful for
differentiating sCJD from other rapidly progressive
dementia. However, assessment of FLAIR lesions tends
to vary among physicians, particularly among neurolo-
gists, as shown by the present study, and standardised

Figure 2 Representative MRI of
a sporadic Creutzfeldt—Jakob
disease patient (case 17).
Abnormal hyperintensity in the
cerebral cortex is evident on
standardised diffusion-weighted
imaging (A, arrow) but obscure on
fluid-attenuated inversion recovery
(B, arrow).

methods for FLAIR or apparent diffusion coefficient
map have not been established until date. Therefore,
clinical criteria which require DWI but not necessarily
FLAIR or apparent diffusion coefficient will be more
readily applicable.

As many as 13 neurologists and radiologists from
different institutions participated in the observer
performance study, although the sample size of patients
was relatively small. Notably, the observers had various
specialty backgrounds such as stroke neurologists,
neurophysiologists, experts in dementia or prion disease
and general and neuroradiologists. This variety simulates
practical situations in which the diagnosis of suspected
CJD cases may be made by physicians who do not
necessarily specialise in prion disease.

This study has some limitations. First, we did not
evaluate patterns of cortical involvement suggestive of
sCJD* ® because we had to address whether DWI or
FLAIR is suitable for detecting cortical lesions in the first
place. Second, we did not assess the difference among
sCJD subtypes®' because majority of our cases had
a typical phenotype and were homozygous for methio-
nine; thus, they were compatible with MM1 sCJD. Until
date, MM2 thalamic-type sCJD remains a diagnostic
challenge in MRI-based assessment; thalamic hypo-
perfusion or hypometabolism on SPECT or PET can be
useful.?® Third, majority of the control patients were not
those who were suspected to have CJD. However, the
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Figure 3

principle aim of the present study was to establish
a display method, which reliably distinguishes potentially
CJD-associated signals from normal signals. Thus, our
results provide a practical foundation for utilising DWI
as a general diagnostic marker of sCJD when combined
with previous findings.! *°

Although neuropathological confirmation of the
diagnosis of sCJD was obtained in few cases, we
performed RT-QUIC, a newly established CSF PrpSe
amplification assay which achieved >80% sensitivity and
100% specificity for CJD.'® Overall, 15 of 29 cases
(51.7%) were pathologically proven or confirmed by RT-
QUIC to have CJD. There were no significant differences
in MRI findings between sCJD patients with and without
positive results of CSF 14-3-3 protein, total T protein or
RT-QUIC. It will be important to further evaluate accu-
rate diagnostic ability (sensitivity and specificity) of
DWI in a prospective cohort of suspected CJD patients,
that is, consecutive patients registered to the CJD
surveillance who will also undergo CSF confirmation
tests or neuropathological analyses.

In conclusion, we suggest that hyperintensity in the
cerebral cortex or striatum assessed on the standardised
or variable DWI scanned with 1.5-Tesla machines can be
a reliable first-line on-site diagnostic marker for sCJD.
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Fig. 1 Magnetic resonance imaging (MRI) of the spine (15T T: weighted image; TR 2500 ms; TE

120 ms) and femoral muscles (1.5T short T) inversion recovery image, TR 3900 ms, TE 76 ms)

and abdominal computed tomography (CT).

{a) Sagittal MRL Th 10devel axial MRI (b} at 2 months before admission to our hospital, {c) on the
53 hospital day, before he was treated with R-CHOP therapy, and (d) on the 99% hospital day.
when the 2™ round of R-CHOP therapy was performed and a T: weighted image showing a re-
duction I the high-intensity area. {e) MRI of the femoral muscles showing a high-intensity area

in the left biceps femoris (arrow).

Abdominal CT on the 23" hospital day showing ({) splenomegaly (arrow) and (g} left renal lesion

{arrow).
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Fig. 2 Neuropathology of the spinal cord biopsy specimens at the Thl() level.
a) Relatively preserved myelinated axons (arrowhead) adjacent o an area with loss of myelination
{asterigk). (Kliiver-Barrera stain, bar=50 gm)
b) Well-preserved axons in both the area of myelination {arrowhead) and the area of demy elmatson

{asterisk) seen in section a. (Bodian stain, bar

=50 ytm}

¢y Ultramicrograph of the area of demyelination (double stained with uranyl acetate and lead ci-
trate, bar =1 pm) showing a demyelinated axon (arrows) and myelinophagia {arrowheads).
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Fig. 3 Clinical course.
Paraparesis exacerbated during the course of methylprednisolone pulse therapies. hyperbaric oxy-
gen therapy, plasma exchanges, and intravenous acyclovir and Ara-A. (1) Spinal cord biopsy per-
formed at another hospital. For making a definite diagnosis, we performed (2) a random skin biop-
sy. (3} rectal biopsy by using a colon fiberscope, ) bone marrow biopsy. (5} muscle biopsy. (6) CT-
guided renal biopsy, and (7) a splenectomy. HD: hospital days; BM: betamethasone.
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Fig. 4 Pathological examination of the left renal lesion.
Large lymphoid cells were congested in the vessels of the renal stroma {a: hematoxylin and eosin
[HE] staining, bar =50 wm); these cells were positive for CD20 (b: anti-CD20 staining, bar =50 pm}
and negative for CD3.
These findings are compatible with intravascular large B-cell lymphoma.
Table 1 Reported cases of spinal intravascular lymphoma.
I . The level of the spinal . . " Steroid .
Patients Sympioms lesion Lesions Diagnosis response Author
60s M |Dysesthesia in the legs ND ND Autopsy ND  |Saito, et a®
60s M |Dysesthesia in the legs ND ND Muscle biopsy ND  [Nakahara et al?
40s M |Conus medullaris syndrome |Conus medullaris 3 vertebral bodies 1Autopsy + Schwarz, et al”
70s F  |FUO, TIA-like symptous, Lumbar cord Multiple patchy lesions [Bone marrow biopsy, PET ND  |Hoshino. et al¥
retinopathy
70s M |Paraplegia, Korsakoff-like Cervical and thoracic cord |Multiple patchy lesions |{Cytology of CSF ND  |Baehring, et al¥
symptoms
70s M |Telraplegia Thoracic and lunbosacral {Enlarged and enlianced {Clonal IgH gene rearrange-| ND  {Bachring, et al?
cord tesion ment in CSF
30M Headache, abrnormal behavior,| Tl 2 level 2 vertebral bodies Liver biopsy + Abe, et ali®
paraplegia, urinary inconti-
nence
S0s M [Paraplegia, urinary inconti-  |Lower thoraciclumbar More than 9 vertebral |Nasal polyp and muscle ND  |Takizawa, et al'?
nence cord bodies biopsy
70s M |Progressive paraplegia, ND ND Autopsy ND  |Yang T. et ai'?
sensory loss of legs.
40s M |Dysesthesia in legs, urinary |ND ND Bone marrow biopsy NI {Savard, et al'?
incontinence :
40s F |Conus medullaris syndrome  [{—) ND Bone marrow biopsy NI [Tsugawa, et al'y
80s ¥ |Lower limb weakness aud Th 10 tevel 7 vertebral bodies Aulopsy ND  |Kumar. et al'®
numbness.
40s M |Dysesthesia in the Th 12 level 17 vertebral bodies Renal biopsy - Our case

legs — paraplegia

longitudinal lesion

MD: Not docomented;

FUO: Fever of unkuoow origin;
+ @ Bifective:

— : lneffective.
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