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RIS TH 5, Lichi-> T, SRR, DRD WHIRORSA & LTIl Tlidiw,

b GTP 70EFD
-1

322

1990 4E7EMH & P8 & 5 HPD O—& REBE ORERIEIT L h AEDHERIX GTP V2
Pk K5 —¥1(GCHL) BEROWARIBTH S Z EHBTRINY, Roc—ifss
GCH1 OEEEESIR A L 7= 2 &4 SH I L HERR 21T, HPD OEEEE
FixGCHI 20— 35 GCHITH B I LRSI I, Sis, ANEIREEE
ZE GCHL RIBRE, E/3HNE L HENS K Hichote,

GCHLIZF F S E Fud 77Uy (BHy) £ROEERRTHH., BHT F/ss v
(DA) BLU®RT 2V OERIChHH 3T 0 VAKBEEE (TH), M7 r7 7y
AuE(LEESE (TPH) OHBERTH 5,

EATRILRE DA TSI X 5 = BROBS &AM TR 5 M0

- 201 —



20 J{—F UV UROERIE
WEDBHB, Levy MUROBEIREINTOBR, EEMFR. 04—k
Vs 9)0
TEHMEAAINT 12 DA FEHEIRE R (B L, X D BYEO) O T, 207574
7V rREAREEL, &) EBIECOET, RCBIRGETA F Y 4 —LERic gk
ETHEDSNLY, Thid S—F VY URLBLBETHSE, AP VAV —Al3%
BOBMNCERT AETH D, GRS RERIICE T 2RBEENZ OfEE
DEBEZHLZLERTEVE S,

> —RFROVR FRI R R 2 6&@—4&&1‘&&392 b P BE(E L BRRRR) THREE, 155k

,;;ﬁ? ( BVE TR, BXUEEICIENS, Eie, YA MTHEOBEEIEHT 5, 20
' RUBEMEROEITIE R & 2 D RITEEREL 23, JOMREIFIIESRSR b=
TR 8NB,
—H. VA PSTEECNAZY R b= PEEDMD 2R E D, THUIEHEY R
TR ENE,

AFEDERIZINC R T /IR L T 388, FH oI HITR B ILHE RT3
L) HAEE S 2 2 LORTH 5, O BNEBLNRIICIEEETH 225
10FEREBHI B 7 3K 2 3,

o, 10RRHIE & b 8~ 10 Hz DEBIFRERS— LU 595, LS
PBBIELH 2,

L, KRIEROBAHROMUIIBHREZ2BEDH 5.,

P EHUAN=T FRO R =7 EOBBIIREHEME DA = 2 — 1 RO THIEEOIEERE
KRFEEDIET (McGeer 6) DFEBE 7 X > TR D, TNUEREDOFIEIE THIEES
EEDNBUTTEBLTWB I L THYETE S, Thbb, THIEEZDbDITIX
RO Z LAVRBE NS, Ei, NS EEREF DA 2 —Y
DEECHRALNT, BRI TALNS T L b DARISHRS (G o THIE
BB LD LE2RRT S EVEB,

> BifE b7 —F, BIfEP R b} = PEO/MNRBEGUIHAEGION { TRROY R b = 7 RETIAE
58, 8RS S BEIC YA b PEESHER L. BEHDIEAHE, BRVHET 55
EHBH B, BFPA = TRICRARES S D, 20BE, HEELEERTR
E. T BEDOYR P27 E8h (. BT 4y, HICEENST—F Y
SRLTRIET D35 H 505, PD LB Y DB OBRILETE TRV,

EEPRAREERI L BN plastic rigidity (FIEEENR. SABREHE) Tk, YA b

323

- 202 —



P SRR
3

b IFUTAE

RWE

324

=7 HEENE (R EZIAS Z LItk D RSN BHEROTGE) TH b, 2Dkd,
RE—HOERE &5 2 L2555 (GEL, striatal toe). Fio, BADREICIH
BIEiORRREMEPERE L, ELVWBIARENRT, 7% L AROBIERM %321
WAL H 5, RIRE A BHED S ( DESHERDO BRIV, FERREI TGS
L. BRI u—32 X (BREHR) 227 56005 ani‘ f&ﬁ!@%ﬁ%ﬁﬁti&u y, COBER
SRIEHEE NE VY AF R OB FEREET 3, FTRIA M TPEEL 2T 25
fTThah uat— a3 ViRMENTE D, HT 7[“ EPIC, BOLEWITEETH B,
ZHEBRRIIBFICH 553, BE T AR, L, BERFEED S—F YV =XLk

E1Y Jm a2 2 E A I N

:E.un./.u:lu e ULV 7N ;7‘*'6. Thily

TEROEAZITECHFEL, BB b= PRICIIIIHTAER & BHBREL T
WA, BfEPA N = TRICIRERITCH %, R, SERMEE & RRITH 3,

MR, BER, RIEWE BERR. BRINBEERIEE TH 5,

FOEREMES T EDH D, TN DARDETICMZ, u b= ROETOR
SEORHBESTREE NS,

”%ﬁbiﬁ%%’féwﬁﬁﬁfﬁ LIGFRPTRIC X D% DBETIRETH 503, AR (Rl
Wb 24 7750 MEET . GCHIBIETFORRORR) Lo &% 5,

AR T, M. S ISR E Y 79 7 OFRBBITIC X D U LMEIRCT
RO T 2 S ASEDFRIBYSBERE S DARDKKRE D THOETICk 22 L %
T L7,

MDA TF IV EEF TF ) EDET 2425, FEEHHRO GCHI IEED
ETOHED H 508, FFRFATIIEESRERETH 2,

GCHI 13314 14922.1-22.2 \CEE L. 60D Y VipSERY T T3, il
Wik CCHID~FROERIC k b, BROWIL, MERSHTHY, —HOBETIK
phenotype-genotype DEShH 2 ¥, |

HEEREYIC BT ¢ b BEFREESIASNT, WRREORTRO LT L O BEEZE
LuBiassh ., BHEIC RIS CREBRIVREIC X %,

ERIRHTE, ¥ L-FRARRET3VR b7 ens ",

INGIIHED 7T ) O U RBBBESAYITH B, HIBRIEN GCHI RIBE, %
HEEEEAVRAL R F I Fa?F ) v o v ¥ —¥ (PTPS) RIFE. %[iiﬁfﬂ
777y v - V50 ¥—¥ (SPR) RIBEND 2,

HIEREME GCHI KAIBE LIRS © 0ES) - BHSODENE, JRRamIRE’

— 203 —



20 )8~ UROBRBE
T. &w b VRBDIR, B, HHE 5D, |
H RN PTPS RAEIZN ISR & DS - FBHeSmEr 21 . TR
T, EERMES, FBROBNESEZET22E 555,
SHEEEME SPR BEREHD & 0ES) « BUSEEE, $RBET2EL.
oculogyric crises # 27 2, FEIRDOFNZE] 23,
FHIEREET 2 £ Fu 7Yy « ) ¥ 22— (DHPR) KIBEDS L- P SRistEn s
ALZT7%ET 5, MNEIHEIRIET. EE) - BHSRET. TAD»AZHEY,
LIEEEE THRBELEN2ET 2, L L, ERFSEFH) & OXEITIEREE
DIERZ 2L, FEERE T, HEE) - [ErBE T, SRR, IR T, oculogyric
crises 22T 5, MERICX DN A b7 CHRIET A2 b H B,
» Hl YRR ~ Deonna D L-FAEIHEOP R + =7 BWEERR v, HESEREMED HPD b
HBELT, Tk THRIBEOFEDHEEMRICH b, HibEEE THRIBEZ &

A TN,

SYERBEERAEE 2 ) BHEM S —F Y = AL (PARK?) b#RIZET 3, &
FEE 20~ 40 R/ R —F Y AL THREET B4, BRES 233 THOPA =7
BHEONEH I0BEISICRIET 5 2L b H D, ZOHEEMIIK L D RIEFEELo-PE
NnB 2 EWE, 10REEDEE, EBREEMNS A—F VY 2 XAKBTT %, PET
A% v, MIBGEREM PD L DERII>Z ERH 2,

| 5N W L P SBAIT20me/ke/ B, 2 BRRRCEEEESESERAR T4~
5mg/kg/BOREI CREFIRIIRSD A 5 299WE UL BfES R b= P EITE
LI AT =TI LIRS R I bt B Y,
B, BRI b 5 TRIFASEE RS, L L, REREICHD L-F
SREN AR N Do RS, BRSO BEOWKEE SRR 2 LS
PYXEXITH B, RED L-FARSRERLBER L) CAX RO TRER R 25 I L3S B,
e W, S OB & ) BERSRA 5B,
L-FRAOHRIGEERER S AT 5, ZNUEANETI DA REHEOBESZES
FHELTWRWE EBRET 3,
LV L EREO L- P 5 IERORERERE b b L, —EEE o (IEE
BATERAREE F 5, L~ RoSBEWERZ 42 2 £ ZOMRLEET L w290,
‘ FHEP

325

— 204 —



326

[zl :
() FMet, SI-E FR R S L-DOPAYENEEL L NREERRS | ERREEHE

o IR EIEEITERERZRE,. PR 24 (5 ARIFETIS) 1 667-672, 1971

{1} Segawa M, Hosaka A, Miyagawa F, et al : Hereditary progressive dystonia with marked diur-

nal fluctuation, Adv Neurol 14 : 215-233, 1976.

(2) Ichinose H, Ohye T, Takahashi E, et al . Hereditary progressive dystonia with marked diurnal

—
[v)
~

{a)

(6

~

(8)

{9

~—

@

{1

(2

(3

{9

(5

{18}

fluctuation caused by mutations in the GTP cycichydrofase | gene, Nat Genet 8 1 236-242,
1984,

Segawa M, Nomura VY, Nishiyama N : Autosomal dominant guanosine triphosphate cyclohy-
drolase | deficiency (Segawa disease). Ann Neurol 54 : 832-545, 2003.

Deonna T : Dopa-responsive progressive dystonia of childhood with fluctuations of symp-
toms : Segawa's syndrome and possible variants. Neuropediatrics 17 : 81-85, 1986.

Nygaard TG, Marsden CD, Duvoisin RC : Dopa responsive dystonia. Adv Neurol 50 © 377-384,
1988,

Calne DB : Dopa-responsive dystonia, Ann Neurol 35 : 381-382, 1994.

BE % HERK  SELRBREEEMNS BEEEFEY A N=7 (HPD : 3K OFRRE 77
UIAVHER, WILIRESR 2 @ 64-67, 1890,

Rajput AH. Gibb WRG, Zhong XH, et al : Dopa-responsive dystonia : pathological and bio-
chemical observations in one case. Ann Neurol 35 : 396-402, 1534, :
Hornykiewicz O : Striatal dopamine in dopa-responsive dystonia ;| Comparison with idiopathic
Parkinson’s disease and other dopamine-dependent disorders. Age-Related Dopamine-De-
pendent Disorders, Monogr Neural Sci Vo! 14, Segawa M, Nomura Y {eds) , pp101-108, Basel,
Karger, 1995.

Segawa M, Nomura Y, Kase M ! Diurnally fluctuating hereditary progressive dystonia. Hand-
book of Clinical Neurofogy Vol 5{49) , Extrapyramidal Disorders, Vinken PJ, Bruyn GW (eds) .
pp529-539, Elsevier, Amsterdam, 1986,

Segawa M, Nomura Y ! Hereditary progressive dystonia with marked diurnat fluctuation and
dopa-responsive dystonia ; Pathognomonic clinical features. Age-Related Dopamine-Depend-
ent Disorders. Monogr Neurcl Sci Vol 14, Segawa M, Nomura Y (eds) , pp10-24, Basel, Karger,
1995. ‘
Segawa M ' Hereditary progressive dystonia with marked diurnal fluctuation. Brain Dev 22
S66-880, 2000.

Segawa M : Progress in Segawa's disease. Mapping the Progress of Alzheimer's Disease and
Parkinson's Disease, Mizuno Y, Fisher A, Hanin 1 {eds), pp353-359, Kiuwer Academic/Plenum,
New York, 2002, .
Segawa M, Nornura Y, Tanaka S, et al : Hereditary progressive dystonia with marked diurnal
fluctuation | Consideration an its pathophysiology based on the characteristics of clinical’
and polysomnographical findings. Adv Neurol 50 : 367-376, 1988.

Furukawa Y, Nishi K, Konda T, et al : CSF biopterin levels and clinical features of patients.
with juvenile parkinsonism. Adv Neurol 60 : §62-567, 1993,

(7 Segawa M : Dopa-responsive dystonia. Handbook of Clinical Neurology, Vol 100 (3rdseries)

(8

Hyperkinetic Movement Disorders, Weiner W), Tolosa E (eds), pp541-559, Elsevier BY, 2011.
Segawa M, Nomura VY, Yamashita S, et al : Long-term effects of L-dopa on hereditary pro-
gressive dystonia with marked diurnal fluctuation, Motor disturbances II, Berardelli A, et @
(eds), pp305-318, Academic Press, London, 1980.

— 205 —



258 o
oD
Eg A o
ﬁs«wﬁﬁ o T
@ G dw Lo W8
Mwm.mmumu s S
w oW Pl o B
B o o2 o %
o R
o B & 8 pEe
s "t R g
awméuw e 48 FOEE e
= n <3 Mo G
@ ok 7 oA o
Z ke . e e
TE I U R v R
z558 554 5a%
¥ £ v Th
M%m@xmwmm g x &
s BN B OGROES T e
2 IR R ﬂw%ﬁmwa
& mws Bews Bag
G P B8 wod
3 A B 4 5o W
Q%,,w FiE o # Bde aw e OO
R I R - a
S T RS EEEE
P - N R . N
i R e w o= E
EEe g RS E GoxE
S vl TS mﬁrﬁm Pl
VI B BN O B I
A A g
my HORS W@ Fodi O 0 @wmwmi
- B 3 DB ooy S
ol A £ BT
=E 2 £8 8
Yo @ -
£ mm%.ms i+ N
o @ o @
S P g o
e @ o 8o e
] Sl 4 a2 oa
woE L sE o
B G e W DI
e e Sy o & oan
T8 SR EL 2
o R o O &
: & o =
£
o W om

foh

seviercom/oopyrl

i

i vin

SROCAITRNS
Horwrwred i
— 206 —

B
P

bytin

1

g

rogarg



Parkinsonism and Related Disorders 17 (2011) 698—700

s disease fro

LsiiiC X

.

Rl WA RAURLR Allul\.

ah'nnhu hw f]2311
Jy L\—lll LLUHII

met 10dobenzylguanidine myocardial scintigraphy and olfactory test

Akio Kikuchi, Toru Baba, Takafumi Hasegawa, Naoto Sugeno, Masatoshi Konno, Atsushi Takeda*

Department of Neurology, Tohoku University Graduate School of Medicine, 1-1 Seiryo-machi, Aoba-ku, Sendai, Miyagi, 980-8574, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 1 March 2011
Received in revised form
21 June 2011

Accepted 26 July 2011

Keywords:

Parkinson’s disease (PD)

Multiple system atrophy (MSA)

[*2%1] myocardial meta-iodobenzylguanidine
(MIBG) myocardial scintigraphy

Olfactory test MSA-P.

We aimed to study whether either ['2°l] myocardial meta-iodobenzylguanidine (MIBG) myocardial
scintigraphy or the odor stick identification test for Japanese (OSIT-]) is effective in differentiating
Parkinson’s disease (PD) from multiple system atrophy (MSA). We compared the MIBG accumulation
and olfactory score between 42 PD and 42 MSA (19 MSA-P and 23 MSA-C) patients in the early
stages. []2311 MIBG myocardial scintigraphy showed higher sensitivity and the olfactory test higher
specificity in differentiating PD from MSA. There were significant differences between PD and MSA-C
(p = 0.0019) instead of MSA-P (p > 0.05) in the MIBG accumulation, while there were significant
differences between PD and MSA-P (p = 0.0003) or MSA-C (p = 0.0003) in the OSIT-] score. Our data
suggest that the olfactory test can be useful as a clinical tool with its higher specificity in differ-
entiating PD from MSA in the early stages and, moreover, support the discrimination of PD from

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Myocardial meta-iodobenzylguanidine (MIBG) uptake on [1%31]
MIBG myocardial scintigraphy is frequently reduced in patients
with Parkinson’s disease (PD), while multiple system atrophy
(MSA) showed relatively modest reductions of cardiac MIBG uptake
[1,2]. Similarly, the olfactory function was frequently decreased not
in MSA patients but in PD patients [1,3]. Whether either ['?3]] MIBG
myocardial scintigraphy or the simple Japanese olfactory test is
effective in differentiating PD from MSA, in particular in differen-
tiating PD from MSA subtypes, is not known. In this study, we
compared the sensitivity and specificity for differentiating PD from
MSA by MIBG accumulation and by the olfactory score. We also
compared MIBG accumulation and the olfactory score between PD
and MSA subtypes.

2. Methods

Subject profiles are summarized in Table 1. All 42 idiopathic PD (18 men, 24
women; mean + SD age, 64.6 + 6,53 years) and probable 42 MSA (24 men, 18
women; 62.9 + 9.67 years) patients were diagnosed by a neurologist following the

* Corresponding author. Tel.: +81 22 717 7189; fax; +81 22 717 7192.

E-mail addresses: akikuchi@med.tohoku.ac,jp (A. Kikuchi), t-baba@med.tohoku.
acjp (T. Baba), thasegawa@med.tohoku.ac,jp (T. Hasegawa), sugeno@med.tohoku.
acjp (N. Sugeno), konnom@med.tohoku.ac.jp (M. Konno), atakeda@med.tohoku.
ac,jp (A. Takeda).

1353-8020/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.parkreldis.2011.07.011

United Kingdom Parkinson’s Disease Brain Bank criteria for idiopathic PD [4] and the
second consensus criteria for probable MSA [5], respectively. Forty-two MSA
patients were composed of 19 MSA with predominant parkinsonism (MSA-P)
(13 men, 6 women; 65.1 £ 10.1 years) and 23 MSA with predominant cerebellar
ataxia (MSA-C) (11 men, 12 women; 61.1 £ 9.11 years). We confirmed the final
diagnosis of the enrolled cases after two years of follow-up. Their symptom duration
was 2.66 + 2.56 years in PD, 2.63 £ 2.21 years in MSA, 2.56 & 2.03 years in MSA-P
and 2.69 = 2.40 years in MSA-C (Table 1). There were no significant differences in
age and symptom duration between PD and MSA or MSA subtypes. No patients had
dementia, sinusitis, cardiac diseases, diabetic autonomic neuropathy, or adminis-
tration of selegiline.

Planar images were taken 3 h after 111 MBq of ['?*1] MIBG were administered.
Cardiac ['2]] MIBG accumulation was evaluated using the heart to mediastinum
(H/M) ratio. The olfactory function of each subject was measured using the odor
stick identification test for Japanese (OSIT-]), which consists of 12 odorants, and the
mean examination time was 8 min [6]. An informed consent was obtained from each
subject after being given a complete description of the study.

3. Results

The H/M ratios and OSIT-] scores (mean + SD) were 1.55 + 0.30
and 5.12 £ 2.95 in PD and 1.99 + 0.31 and 9.07 + 2.70 in MSA,
respectively (Table 1). There were significant differences in the
MIBG uptake (p < 0.0001) (Fig. 1A) and OSIT-] score (p < 0.0001)
(Fig. 1B) between the two diseases. When an H/M ratio of 1.795 was
used to discriminate between the two diseases by receiver oper-
ating characteristic (ROC) analysis, the sensitivity and specificity of
[2*]] MIBG myocardial scintigraphy were 85.71% and 76.20%.
On the other hand, an OSIT-] score of 8.5 was associated with
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Table 1 Table 2
Subject profiles. The cross-tabulation table.
PD MSA H/M ratio and OSIT-] score PD MSA
Total MSA-P MSA-C <1.795 and <8.5 29 3

; O s , :
Gender (M/F) 18/24 24/18 13/6 11/12 1795 and >8.5 3 28
Age (years) 646653 629+967 651+101 61.1+9.11 = ==
Duration (years)  2.66 £2.56  2.63 £ 221 256 +2.03 2.69 & 240 PD: Parkinson’s disease; MSA: multiple system atrophy.
H/M ratio 1.55+0.30 1.99 + 031 1.83+035 211019 H/M: heart to mediastinum; OSIT-J: odor stick identification test for Japanese.
OSIT-] score 512+295 907+270 8424334 961+1.95

Data are mean =+ standard deviation.

PD: Parkinson’s disease; MSA: multiple system atrophy.

MSA-P: MSA with predominant parkinsonism; MSA-C: MSA with predominant
cerebellar ataxia.

H/M: heart to mediastinum; OSIT-]: odor stick identification test for Japanese.

a sensitivity of 73.81% and a specificity of 85.71%. We classified the
PD and MSA cases into four categories depending on the H/M ratio
and OSIT-] score (Table 2). In most cases of PD (69.0%), the H/M ratio
was below 1.795 and the OSIT-] score was below 8.5, while in the
majority of MSA cases (66.7%), the H/M ratio was over 1.795 and the
OSIT-] score was over 8.5. The ? test for the differential diagnosis
between PD and MSA using the H/M ratio and OSIT-] score showed
a significant difference (p < 0.0001). In the MSA subgroup, the H/M
ratios and OSIT-] scores were 1.83 £ 0.35 and 8.42 % 3.34 in MSA-P
and 2.11 £ 0.19 and 9.61 + 1.95 in MSA-C, respectively (Table 1).
There were significant differences in the MIBG uptakes between PD
and MSA-C (p = 0.0019) and between MSA-P and MSA-C
(p = 0.0027), but no significant difference between PD and MSA-
P (p > 0.05) (Fig. 1A). While there were significant differences in
the OSIT-] scores between PD and MSA-P (p = 0.0003) or MSA-C
(p = 0.0003), respectively, there was no significant difference
between MSA-P and MSA-C (p > 0.05) (Fig. 1B).

4. Discussion

[*%31] MIBG myocardial scintigraphy showed higher sensitivity
and the olfactory test higher specificity in differentiating PD from
MSA. In a previous report [7], cardiac sympathetic denervation
assessed by fluorodopamine PET scan was more sensitive and
specific than olfactory dysfunction, assessed by University of
Pennsylvania smell identification test (UPSIT), in separating 15 PD

patients from 15 MSA patients. The differences from the present
study are that the number of enrolled patients was smaller and the
symptom duration of PD (9 & 1 years) longer than that in the
present study. The cardiac sympathetic denervation increases with
the duration of the illness [8]. We examined [?31] MIBG myocardial
scintigraphy and the OSIT-J, which are more often used in daily
medical practice compared to fluorodopamine PET and UPSIT.
Therefore, the result of the present study may be different from that
of the previous study.

The differential diagnosis of MSA-P from PD is not always easy
compared to the case of MSA-C, especially in the early stages.
Therefore, we confirmed the final diagnosis of the enrolled cases
after two years of follow-up to improve the diagnostic accuracy.

The ['?3]] MIBG myocardial scintigraphy can be helpful in
differentiating PD from other parkinsonian syndromes such as
progressive supranuclear palsy, corticobasal syndrome, vascular
parkinsonism and drug induced parkinsonism, particularly in the
advanced stages [2]. On the other hand, the OSIT-] is a simple, short
and low-cost test compared to [12*I] MIBG myocardial scintigraphy.
In addition, the olfactory test does not expose patients to radiation.
In this study, it was demonstrated that no significant difference was
found between PD and MSA-P in the MIBG accumulation (Fig. 1A).
The cardiac accumulation of MIBG was relatively preserved in the
early stages [2] or in ilinesses of short duration [8] of PD. Because
most PD patients in this study were in the early stages with short
durations of illness, it might be hard to elucidate possible differ-
ences in the cardiac MIBG between PD and MSA-P. In contrast,
significant differences were found in the OSIT-} score between PD
and MSA-P as well as MSA-C (Fig. 1B). Thus, the olfactory test can be
useful as a clinical tool with its higher specificity in differentiating
PD from MSA in the early stages and, moreover, be a helpful diag-
nostic tool to support the discrimination of PD from MSA-P.
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Fig. 1. [***1) MIBG myocardial scintigraphy and OSIT-] in PD, MSA and MSA subtype. The H/M ratios (A) and OSIT-] scores (mean = SD) (B) were 1.55 + 0.30 and 5.12 + 2.95 in PD,
1.99 + 0.31 and 9.07 + 2.70 in MSA, 1.83 = 0.35 and 8.42 + 3.34 in MSA-P, and 2.11 £ 0.19 and 9.61 + 1.95 in MSA-C. (A) There were significant differences in the MIBG uptake
between PD and MSA (p < 0.0001), between PD and MSA-C (p = 0.0019), and between MSA-P and MSA-C {p = 0.0027), but no significant difference between PD and MSA-P
(p > 0.05). (B) While there were significant differences in the OSIT-J scores between PD and MSA (p < 0.0001), MSA-P (p = 0.0003), or MSA-C (p = 0.0003), there was no
significant difference between MSA-P and MSA-C (p > 0.05). When the H/M ratio of 1.795 and OSIT-J score of 8.5 were used to discriminate between PD and MSA by ROC analysis,
the sensitivity and specificity were 85.71% and 76.20% in ['?1] MIBG myocardial scintigraphy, and 73.81% and 85.71% in OSIT-J. Horizontal lines show mean levels of each group. The

broken lines indicate H/M ratio of 1.795 and OSIT-] score of 8.5.
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Association of Olfactory Dysfunction and Brain. Metabolism in
Parkinson’s Disease

Toru Baba, MD," Atsushi Takeda, MD,™ Akio Kikuchi, MD," Yoshiyuki Nishio, MD,? Yoshiyuki Hosokai, MD,?
Kazumi Hirayama, MD, %2 Takafumi Hasegawa, MD," Naoto Sugeno, MD," Kyoko Suzuki, MD,%* Etsuro Mori, MD,?
Shoki Takahashi, MD,® Hiroshi Fukuda, MD,® and Yasuto ltoyama, MD’

"Department of Neurology, Tohoku University Graduate School of Medicine, Sendai, Japan
2Department of Behavioral Neurology and Cognitive Neuroscience, Tohoku University Graduate School of Medicine, Sendai, Japan
3Department of Occupational Therapy, Yamagata Prefectural University of Health Sciences, Yamagata, Japan
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SDepartment of Diagnostic Radiology, Tohoku University Graduate School of Medicine, Sendai, Japan
SDepartment of Nuclear Medicine and Radiology, Institute of Development, Aging and Cancer, Tohoku University, Sendai, Japan

ABSTRACT: Hyposmia is one of the cardinal early
symptoms of Parkinson disease (PD). Accumulating clini-
cal and pathological evidence suggests that dysfunction
of the olfactory-related cortices may be responsible for
the impaired olfactory processing observed in PD; how-
ever, there are no clear data showing a direct association
between altered brain metabolism and hyposmia in PD.
In this study, we evaluated brain glucose metabolism and
smell-identification ability in 69 Japanese patients with
nondemented PD. Olfactory function was assessed using
the Odor Stick Identification Test for Japanese. The re-
gional cerebral metabolic rate of glucose consumption at
rest was measured using '®F-fluorodeoxyglucose posi-
tron emission tomography and was analyzed using SPM-
based group comparisons and the brain-behavior partial

least-squares method. We found that olfactory dysfunc-
tion was closely related to cognitive dysfunction, includ-
ing memory impairment. Moreover, brain-behavior partial
least-squares analysis revealed that odor-identification
performance was closely associated with broad cortical
dysfunction, including dysfunction of the piriform cortex
and amygdala. Our results suggest that the cognitive
deficit in olfactory perception is an important aspect
of hyposmia in PD and that this deficit is caused by
altered brain metabolism in the amygdala and piriform
cortex. ©2011 Movement Disorder Society

Key Words: hyposmia; spatial covariance analysis;
cluster analysis; PET, amygdala; piriform cortex

Hyposmia is now recognized as one of the major
nonmotor symptoms of Parkinson disease (PD).»?
Postmortem studies have demonstrated that the olfac-
tory bulb is one of the earliest affected sites in PD pa-
thology.>* In addition, studies have demonstrated that
the amygdala and olfactory cortices are preferentially
affected in PD,>” and reduced activities in these

*Correspondence to: Atsushi Takeda, Department of Neurology,
Tohoku University Graduate School of Medicine, 1-1 Seiryo-machi,
Aoba-ku, Sendai 980-8575, Japan; atakeda@em.neurol.med.tohoku.
ac.jp
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Full financial disclosures and author roles may be found in the online
version of this article.

Received: 31 August 2010; Revised: 24 November 2010; Accepted:
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Published online 31 January 2011 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.23602

regions during olfactory perception have been demon-
strated in PD patients with hyposmia.®™'® Therefore, it
is plausible that dysfunction of the olfactory-related
cortices may be responsible for hyposmia in PD. To
date, however, no studies have clearly demonstrated a
direct association between altered resting brain metab-
olism and olfactory performance in PD.

In the present study, we investigated the possible
relationships among olfactory impairment, representa-
tive clinical features, and resting-state brain metabo-
lism in PD.

Patients and Methods

Subjects

We studied 69 patients with PD in Hoehn and Yahr
(HY) stages I-IIL.'-'* Enrolled patients were 55-75
years old, with disease onset after age 40. Exclusion

Movement Disorders, Vol. 26, No. 4, 2011 621
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criteria were any history of other neurological or psy-
chiatric diseases, any focal brain lesions diagnosed by
MRI, any family history of parkinsonism, and probable
dementia as defined by a score <25 on the Mini~Mental
State Examination (MMSE). This study was part of a 3-
year prospective study of patients with PD at Tohoku
University, the design of which has been previously
described.’®!* After a full explanation of the study,
written informed consent was obtained from all partici-
pants according to the Declaration of Helsinki. The
study was approved by the Ethical Committee of
Tohoku University Graduate School of Medicine.

Olfactory Testing

The odor-identification performance of each subject
was measured using the Odor Stick Identification Test
for Japanese (OSIT-J, Daiichi Yakuhin, Co., Ltd., To-
kyo, Japan), which consists of 12 odorants familiar to
the Japanese.™ This test has been successfully applied for
the assessment of odor identification ability in Japanese
PD patients.'® The procedure for the OSIT-J has been
previously described.”® In the present study, the olfaction
stages were defined as PD with severe hyposmia
(PD+SH, OSIT-J score <5), PD with moderate hypo-
smia (PD4+MH, 5 < OSIT-] score <7), and PD with nor-
mal olfactory function (PD+NO, OSIT-]J score >7).

Neuropsychological Assessment

We assessed memory and visuoperceptual abilities
because patients with PD are known to experience dif-
ficulty in performing tasks that call on these func-
tions.'” We were unable to employ a thorough screen
of cognitive function because of time constraints in
the outpatient clinic. Short-term memory was eval-
uated using the word-recall task of the Alzheimer’s
Disease Assessment Scale (ADAS), and the total num-
ber of correct answers was defined as the word-recall
score. Visual perception was assessed using the over-
lapping-figure identification test, which consists of 10
cards, each card bearing 4 images of common objects.
In each trial, patients were instructed to find all 4
images on a card. The total number of correctly iden-
tified objects from 10 trials was defined as the figure
identification score.

Cluster Analysis

Hierarchical clustering with the correlation distance
and Ward’s method was performed to classify clinical
symptoms of 69 PD patients based on the degree of
similarity. We used the R version 2.10.1 software
environment (R Development Core Team, 2008). The
variables were onset age, disease duration, HY stage,
UPDRS3, levodopa equivalent dose, MMSE, word
recall score, figure identification score, and OSIT-]
score. Next, multiscale bootstrap resampling was
applied for each cluster using the R package Pvclust

software'®! to assess the certainty associated with

each cluster (the Shimodaira—Hasegawa test). Pvclust
calculates an approximately unbiased probability value
(AU P value). In this study, multiscale random boot-
strap resampling of 10,000 iterations was performed,
and the distance was calculated using Ward’s method
on a correlation-based dissimilarity matrix. An AU
P > 95% was considered statistically significant.

PET Imaging Acquisition

Regional cerebral glucose metabolism (rCMRGlc)
was measured using '°F- fluorodeoxyglucose positron
emission tomography (‘**F-FDG PET). Each patient
fasted for at least 5 hours before PET scanning. Scans
were performed using a Siemens biograph Duo PET/
computed tomography scanner (Siemens Medical Sys-
tem Inc., Hoffman Estates, IL). A 185-218 MBq injec-
tion of ®F-FDG was administered intravenously under
resting conditions (ie, with eyes closed and wearing an
eye mask). We used a 10-minute static acquisition
protocol beginning 60 minutes after the injection of
8F_FDG. The in-plane and axial resolutions of the
scanner were 3.38 mm full width at half maximum
(FWHM). Image reconstruction was performed using
an ordered subset expectation maximization (16 sub-
sets) and a 6-iteration reconstruction algorithm (Gaus-
sian filter; filter FWHM, 2.0 mm). Attenuation
correction was performed with the built-in CT scan.

Voxel-Based Comparison of Metabolism

Each scan was preprocessed before statistical analy-
sis using the SPMS5 software (Wellcome Department of
Cognitive Neurology, London, UK) running under
MATLAB R2007b (MathWorks Inc., Sherborn, MA).
All images were normalized to the 18E_-FDG template
and smoothed with a 10-mm Gaussian kernel. Re-
gional metabolic abnormalities were located in all par-
ticipants and subgroups by comparing their metabolic
rates at each voxel with comparable values determined
for the 11 age-matched control subjects. These com-
parisons were achieved using the 2-sample 7 test
option in SPMS5, with age and sex as covariates. We
reduced between-subject variation in global metabolic
rates by proportionally scaling each image. The statis-
tical threshold selected for this analysis was P < .001
{(uncorrected), with an extent threshold of 100 voxels.

Brain—-Behavior Partial Least-Squares Analysis

We then performed brain-behavior partial least-
squares (PLS) analysis to identify distributed patterns of
brain activity that covaried with standardized clinical
ratings (onset age, HY stage, UPDRS3, levodopa equiva-
lent dose, MMSE score, word recall score, figure identifi-
cation score, and OSIT-] score) using PLSgui software
(ftp.rotman-baycrest.on.ca/pub/Randy/pls) in the total
PD group (MMSE > 24) and the nondemented PD group
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TABLE 1. Demographic and clinical profiles of subjects
PD+NO PD+MH PD+SH
(n=17) (n=19) (n = 33) P
Age, y 625 = 7.7 641 = 6.7 66.0 = 6.3 .22
Age of disease 55.9 £ 9.3 585 +73 614 72 .06
onset
Duration, y 6.7 + 6.4 55 * 6.2 46 =33 41
HY scale 22+ 08 24 + 0.6 2505 .2
UPDRS 3 16.8 = 8.6 191 =72 172 =71 61

* 1-Dopa equivalent  294.7 + 217.5 303.9 * 264.2 3265 * 205.4 .88
dose

MMSE 288 = 14 289 + 1.1 277 =18 .01

Word recall score 21 27 19.8 = 3.7 177 =36 .00

Figure identification 33.7 = 3.2 316 = 48 299 + 55 .00
score

OSIT-J score 88 =09 59 + 07 2314 .00

Data are given as mean * SD.

Abbreviations: HY, Hoehn and Yahr; UPDRS, Unified Parkinson’s Disease
Rating Scale; MMSE, Mini-Mental State Examination; OSIT-J, Odor Stick
Identification Test for Japanese.

*One-way analysis of variance.

(MMSE > 28). A full explanation of PLS has been pro-
vided elsewhere.?® Briefly, based on the covariance
between global metabolism and clinical ratings, PLS
extracts new sets of variables (latent variables) that best
reflect the brain-behavior relationship. Each extracted
latent variable is associated with a brain activity pattern.
Each brain voxel has a weight on each latent variable,
known as a salience, which indicates in what way that
voxel is related to the latent variable. A salience can be
positive or negative depending on whether the voxel
shows a positive or negative relationship with the overall
pattern identified by the latent variable. Multiplying the
rCMRGIc value in each brain voxel for each subject by
the salience for that voxel, and summing across all vox-
els, gives a “brain score” for each clinical feature on a
given latent variable. The correlation between brain
scores and clinical ratings indicates the relationship
between brain activity patterns and clinical features. In
this study, the statistical significance of each latent vari-
able was assessed using a permutation test.*® Five hun-
dred random permutations of data were performed, and
the statistical threshold chosen for this analysis was P <
.05. We also assessed the reliability of the salience (for
particular voxels and clinical ratings) for each latent vari-
able via bootstrap estimation of the standard errors.?!
All saliences were submitted to a bootstrap resampling
of 100 iterations. We considered a salience significant if
the ratio of salience to standard error was greater than
2.0 (bootstrap ratio).

Results

Demographic Data and Subgroup Evaluations

Of the 69 PD patients assessed in this study, 33 were
classified as having PD with severe hyposmia (PD+SH),
19 were classified as having PD with moderate hypo-

( HYPOSMIA AND BRAIN METABOLISM IN PD

smia (PD+MH), and 17 were classified as having PD
with normal olfactory function (PD+NO); see Table 1
and Fig. 1). In the subgroup of 40 nondemented
patients (MMSE > 28), 14 were classified as having
PD+SH, 14 were classified as having PD+MH, and 12
were classified as having PD+NO. The distributions of
OSIT-] scores for all cases (MMSE > 24) and for non-
demented cases were nearly identical (Fig. 1). Statisti-
cally significant differences (1-way analysis of variance,
P < .05) were obtained for MMSE score, word recall
score, and figure identification score between the
PD+SH and PD+NO groups (Table 1).

Clustering Solutions

The results obtained using hierarchical clustering
revealed a group of symptoms that demonstrated simi-
larity relationships (Fig. 2). One large cluster compris-
ing MMSE, OSIT-], word recall, and fgure
identification scores was found to be significant. In
this cluster, the OSIT-J score and the word-recall score
showed the closest relationship. Other clinical parame-
ters, such as degree of motor impairment and duration
of disease, failed to show significant correlations with
olfactory performance.

Voxel-Based Comparison of Metabolism

The results of the between-group comparisons of
metabolic profiles are shown in Figure 3. Compared
with normal controls, the total PD group exhibited

rCMRGlc reduction bilaterally in the medial
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FIG. 1. Scatter and box plots of the OSIT-J scores in patients with
PD. A scatter plot of OSIT-J scores is shown on the left, and the box
plots of OSIT-J scores in the total PD group (MMSE > 24; open and
closed circles) and the nondemented group (MMSE > 28; open circle)
are presented on the right. The olfaction stages were defined as PD
with severe hyposmia (PD+SH, OSIT-J score <5), PD with moderate
hyposmia (PD+MH, 5 < OSIT-J score <7), and PD with normal oifac-
tory function (PD+NO, OSIT-J score >7).
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FIG. 2. Hierarchical clustering and Shimodaira-Hasegawa test of clini-
cal features in the total PD group (n = 69). Distance was calculated
using Ward’s method on a correlation-based dissimilarity matrix, and
multiscale random bootstrap resampling of 10,000 iterations was per-
formed. Approximately unbiased probability values (AU P values) are
presented at branch connections as percentages, and cluster labels
are presented below the branches. Clinical features in the same clus-
ter were considered to have high similarities, and clusters with AU P >
95% were considered significant (indicated by the dashed rectangle).
We observed only 1 large cluster, which was composed of olfactory
and cognitive functions.

prefrontal cortex (mPFC), dorsolateral prefrontal cor-
tex (DLPFC), medial occipital cortex, and lateral pari-
- eto-temporo-occipital area (Fig. 3a). In subanalyses of
total PD patients, the PD+SH group showed broader
occipital hypometabolism (Fig. 3b), whereas the
PD+NO group showed rCMRGIlc reduction only in
the bilateral DLPFC (Fig. 3c). In further subanalyses
of the nondemented PD patients, neither the total
cases (Fig. 3d) nor the normosmic subgroup (data not
shown) showed apparent metabolic changes, but the
nondemented PD+SH subgroup showed rCMRGIc
reduction in the medial occipital cortex (Fig. 3e).

Brain—Behavior Partial Least-Squares Analysis

Brain~behavior PLS analysis allowed detection of spe-
cific topographic patterns of metabolic activity, which
primarily reflected underlying pathological processes
and enabled quantification of the correlation of each
topographic pattern with clinical features. In 69 PD
patients, 2 significant topographic patterns were
obtained using this method. Topographic pattern la
(permutation P < .001) could explain 58.3% of the cor-
relation matrix for brain metabolism and behavior, and
18.7% could be explained by topographic pattern 2a
(permutation P < .001). In the subanalysis of nonde-
mented cases, similar topographic patterns were
detected; 49.8% of the correlation matrix for brain me-
tabolism and behavior could be explained by topo-
graphic pattern 1b (permutation P < 0.001), and

18.1% could be explained by topographic pattern 2b
(permutation P = .022). The brain regions constituting
these topographic patterns are shown in Figure 4a,b.

Patterns 1a and 1b were both characterized by posi-
tive salience in the bilateral mPFC, DLPFC, medial
occipital cortex, piriform cortex, cingulate cortex, lat-
eral parieto-occipito-temporal area, and caudate. They
were also characterized by negative salience in the puta-
men, globus pallidus, pons, cerebellum, and paracentral
regions. In addition to these areas, pattern 1b demon-
strated positive salience in the bilateral amygdala. Pat-
terns 2a and 2b, which were essentially identical, were
characterized by positive salience in the bilateral mPFC
and orbitofrontal cortex (OFC) and the antero-medial
temporal and the anterior cingulate regions. The rela-
tionships between these topographic patterns and clini-
cal measures are shown in Figure 4¢,d. The OSIT-J and
word recall scores were highly correlated with topo-
graphic patterns 1a and 1b, and onset age was corre-
lated with patterns 2a and 2b (Fig. 4c,d).

Discussion

Although no participants were demented in this
study, the PD+SH group showed a tendency toward
slightly more severe impairments in general cognitive,
memory, and visuoperceptual functions compared with
the PD+NO group (Table 1). A close correlation
between hyposmia and cognitive impairments in PD
was further supported by cluster analysis and the Shi-
modaira-Hasegawa test (Fig. 2). Although cluster anal-
ysis has been used in some studies investigating
PD,*>?3 the significance of the clustering results was
difficult to assess. The Shimodaira—Hasegawa test was
developed as a remedy for this problem and enabled us
to assess the uncertainty of the clustering results by cal-
culating approximately unbiased probability ' values.®
The present study demonstrated that olfactory, mem-
ory, general intellectual, and visuoperceptual impair-
ments in PD converged into 1 large cluster that was
statistically independent of motor symptoms. This find-
ing is consistent with past studies that have demon-
strated that olfactory deficit is not correlated with
motor impairment.>* Furthermore, in the present study,
olfactory dysfunction was most closely correlated with
memory impairment, which is consistent with a recent
study demonstrating close correlation between olfactory
and memory impairments.”> Based on these observa-
tions, it is plausible that hyposmia in PD is not an inde-
pendent symptom. Indeed, hyposmia may be associated
with other cognitive dysfunctions and may share some
underlying mechanism with memory dysfunction.

To investigate the pathophysiology of hyposmia in
PD, we analyzed the FDG-PET data obtained for our
participants. As glucose metabolism at rest is thought to
be mainly affected by regional synaptic metabolism,*®
the pattern of glucose metabolism obtained by PET
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