39:182-192, 2001

12.  Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC, Garcia JH,
Amaducci L, Orgogozo ]JM, Brun A, Hofman A, et al.: Vascular dementia: diagnostic
criteria for research studies. Report of the NINDS-AIREN International Workshop.
Neurology 43:250-260, 1993

13.  Reisberg B: Functional assessment staging (FAST). Psychopharmacol Bull 24:653-659,
1988

14. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM: Clinical
diagnosis of Alzheimer's disease: report of the NINCDS-ADRDA Work Group under the
auspices of Department of Health and Human Services Task Force on Alzheimer's Disease.
Neurology 34:939-944, 1984

15 fnpgEfRE], TEYE N FHE EEEM, BB ME -2 MREC SHER R
BINMK: HETREN G 5 5 R M AT —)V (HDS-R) OER., EF R E2 R
2:1339-1347, 1991

16.  Folstein MF, Folstein SE, McHugh PR: "Mini-mental state". A practical method for
grading the cognitive state of patients for the clinician. ] Psychiatr Res 12:189-198, 1975

17. Fazekas F, Chawluk ]B, Alavi A, Hurtig HI, Zimmerman RA: MR signal
abnormalities at 1.5 T in Alzheimer's dementia and normal aging. AJR Am ] Roentgenol
149:351-356, 1987 ‘

18. Takahashi K, Murakami M, Miura S, lida H, Kanno I, Uemura K: Synthesis and
autoradiographic localization of muscarinic cholinergic antagonist
(+)N-[11C]methyl-3-piperidyl benzilate as a potent radioligand for positron emission
tomography. Appl Radiat Isot 50:521-525, 1999

19.  Mintun MA, Raichle ME, Kilbourn MR, Wooten GF, Welch MJ: A quantitative model
for the in vivo assessment of drug binding sites with positron emission tomography. Ann
Neurol 15:217-227, 1984

20.  Minoshima S, Frey KA, Koeppe RA, Foster NL, Kuhl DE: A diagnostic approach in
Alzheimer's disease using three-dimensional stereotactic surface projections of
fluorine-18-FDG PET. ] Nucl Med 36:1238-1248, 1995

21. DeKosky ST, Harbaugh RE, Schmitt FA, Bakay RA, Chui HC, Knopman DS, Reeder
TM, Shetter AG, Senter HJ, Markesbery WR: Cortical biopsy in Alzheimer's disease:
diagnostic accuracy and neurochemical, neuropathological, and cognitive correlations.
Intraventricular Bethanecol Study Group. Ann Neurol 32:625-632, 1992

22.  Flynn DD, Ferrari-DiLeo G, Mash DC, Levey Al: Differential regulation of molecular
subtypes of muscarinic receptors in Alzheimer's disease. ] Neurochem 64:1888-1891, 1995
23. Rinne JO, Laakso K, Lonnberg P, Molsa P, Paljarvi L, Rinne JK, Sako E, Rinne UK:
Brain muscarinic receptors in senile dementia. Brain Res 336:19-25, 1985

24. Nordberg A: Neuroreceptor changes in Alzheimer disease. Cerebrovasc Brain Metab
Rev 4:303-328, 1992

25. DPohjasvaara T, Mantyla R, Ylikoski R, Kaste M, Erkinjunti T: Comparison of
different clinical criteria (DSM-III, ADDTC, ICD-10, NINDS-AIREN, DSM-1V) for the
diagnosis of vascular dementia. National Institute of Neurological Disorders and
Stroke-Association Internationale pour la Recherche et I'Enseignement en Neurosciences.
Stroke 31:2952-2957, 2000

26. Lin SC, Olson KC, Okazaki H, Richelson E: Studies on muscarinic binding sites in
human brain identified with [3H]pirenzepine. ] Neurochem 46:274-279, 1986

27. Cummings JL: Frontal-subcortical circuits and human behavior. Arch Neurol
50:873-880, 1993 :

28.  FRULER. fAAE: MRGRZECEEES, HiEED 45:198-207, 2001

29. Yang DW, Kim BS, Park JK, Kim SY, Kim EN, Sohn HS: Analysis of cerebral blood

41




flow of subcortical vascular dementia with single photon emission computed tomography:
adaptation of statistical parametric mapping. ] Neurol Sci 203-204:199-205, 2002

30. Hanyu H, Shimuzu S, Tanaka Y, Takasaki M, Koizumi K, Abe K: Cerebral blood flow
patterns in Binswanger's disease: a SPECT study using three-dimensional stereotactic
surface projections. ] Neurol Sci 220:79-84, 2004

31. Roman GC: Cholinergic dysfunction in vascular dementia. Curr Psychiatry Rep
7:18-26, 2005

32.  Mesulam M, Siddique T, Cohen B: Cholinergic denervation in a pure multi-infarct
state: observations on CADASIL. Neurology 60:1183-1185, 2003

33. Takada Y, Yonezawa A, Kume T, Katsuki H, Kaneko S, Sugimoto H, Akaike A:
Nicotinic acetylcholine receptor-mediated neuroprotection by donepezil against glutamate
neurotoxicity in rat cortical neurons. ] Pharmacol Exp Ther 306:772-777, 2003

34, RFHE: T LFNAVY, T N T I L DA SRR A (R 5% 5 B FR) 135-160, 4
FAIDV P ALY A A Z—F 2 aF)L (BEA) 2005

35.  Erskine FF, Ellis JR, Ellis KA, Stuber E, Hogan K, Miller V, Moore E, Bartholomeusz
C, Harrison BJ, Lee B, Phan KL, Liley D, Nathan PJ: Evidence for synergistic modulation of
early information processing by nicotinic and muscarinic receptors in humans. Hum
Psychopharmacol 19:503-509, 2004

36. Norbury R, Travis MJ, Erlandsson K, Waddington W, Owens ], Pimlott S, Ell PJ,
Murphy DG: In vivo imaging of muscarinic receptors in the aging female brain with
(R/,R)[123I]-I-QNB and single photon emission tomography. Exp Gerontol 40:137-145, 2005

Imaging of muscarinic acetylcholine receptors using (+)N-[11C]methyl-3-piperidyl benzilate
(1C-3NMPB) in vascular dementia and Alzheimer’s disease

Hirohiko Saito, MD, Tetsuya Maeda, MD, and Ken Nagata, MD
)Department of Neurology, Research Institute for Brain and Blood Vessels Akita

Abstract

In order to clarify the integrity of muscarinic acetylcholine receptor (mAChR) in VaD and
AD, PET imaging with (+)N-[!C]methyl-3-piperidyl benzilate (1'C-3NMPB) was
performed in 12 patients with VaD, 11 patients with AD, and 7 normal controls (NC group).
The mAChR binding was compared by the ratios compared with the cerebellum which
were calculated from the regions of interest (ROI), and by three-dimensional statistic
analysis. Compared with the NC group, mAChR was not significantly reduced in any ROI
in AD patients. In those with VaD due to cortical lesions, mAChR was reduced in the
infarcted areas. On the other hand, mAChR was significantly reduced in the thalamus
and anterior cingulated gyrus, but not in other cerebral cortices in patients with VaD due to
subcortical lesions. Accordingly, it is suggested that the mAChR is preserved in the
cerebral cortices in patients with VaD due to subcortical lesions as well as in AD patients.

Keywords : Vascular dementia, Alzheimer’s disease, muscarinic acetylcholine receptor,
(+)N-["'C]methyl-3-piperidyl benzilate, PET
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Stroke 338 69.6 237/99 8.4
AD 53 76.8 11742 3.5
MCI 15 71.3 877 2.6
PD 49 69.5 26/23 6.9
SCD 10 66.5 2/8 12.8

Headache 134 67.5 50/84 13.4
Dizziness 52 71.6 20/32 10.0

Others 74 64.0 41/33 9.3

Stroke 338 39.3x90 141 £ 6.6
AD 53 424 78 20.5 £ 6.3
MCI 15 403 7.4 13.2 £ 55

PD 49 420 £10.2 15.6 7.3
SCD 10 346 78 MN1x75
Headache 134 39.6 £ 10.1 134 £ 6.2
Dizziness 52 37.6 £96 14.3 £ 6.3
Others 74 30179 124 £ 7.0
SDSDLLER : S22 BILLER
30 35 40 45
stroke (338)
AD (53) 42 .4
MCI (15)
PD (49) 42
SCD (10)
headache (134)
dizziness (52)
others (74)
NC (283)*

*AD > stroke, SCD, dizziness, others (P<0.01)
** PD >SCD, dizziness, others (P<0.01)
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PSRRI DLEER - TR BILLER
10 15 20 25
stroke (338) [14.1 '
AD (53) [ ]20.5
PD (49) [ | 15.5
SCD (10) 111
headache (134) [ 113.4
dizziness (52) | |114.4
MCI (15) 113.2
others (74) [12.4
NC (283)* 113

*AD > stroke, PD, SCD, headache, dizziness, MCl others (P<0.01)
** PD>others (P<0.01) (Tukey HSD)

SDS DLLE: « FhrPEBRILLE:

<40’s

50's

60's

70’s

80’s

30 45

35 40
SDS score p=.406

SDS EEFEnDBRIRIR

80
70
60
50
40

30

20

10 Y = 38.428 +.015 * X; R*2 = 2.774E-4

0 T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

SDS vs. age: overall comparison
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WK AP DL : FnfEERILLER

<40's

50's

60's

705 [T

80's || g
10 12 14 16 18 20

Yaruki score

*70’s > 40’s, 50's, 60’s (p<0.07)
**80’s > 40's, 50's, 60's, 70’s (p<0.01) (Tukey HSD)

W[ AT EFEOBREREMGR

0 10 20 30 40 50 60 70 80 90 100

Yaruki Score vs. age: overall comparison

SDS - 0D AP DLLE: | AHEHEEKELE

10 15 20 25 30 35 40

8955
SDS
14.6
YRK
[ Oright hemisphere lesion @ left hemisphere lesion

SDS; p=0.309 YRK; p= 0.190
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SDSLLER - AzACh T RILLER

30 35 40 45

infarction (255)
hemorrhage (50)
SAH (1)

TIA (30)

VaD (2)

p=.602 (SAHZEBR)

WD RAITDLEE - izt REBILLER

5 10 15 20
infarction (255) I 1I4.4
hemorrhage (50) _ 14.2
SAH (1) - 7
TIA (30) _ 12.7
VaD (2) - 10

p=.484 (SAH%E[R)

SDSDLLER @ ERERILLER
30 35 40 45

frontal (39)
femporal (18)
occipital (18)
patietal (7)
thalamus (36)
BG (115)
cerebellum (18)
brainstem (52)

p=.842
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VIK[RAIFP DR : FRZRILLER

10 15 20
frontal (39) [ Jas
temporal (18) | 116.8
occipital (18) | 1146
patietal (7) [ 115
thalamus (36) - |148
BG (115) |14
cerebellum (18) |14.4
brainstem (52) | ) ]13.6
p=.887
SDS - DB RX I 7P DLELER - 5RELRIELER
10 15 20 25 30 35 40 45

SDS

YRK

@ Lacunar (133)
O Cardioembolic (57)

Atherothrombotic (60)
O unclassified (5)

SDS p=0.211 YRKp=0.262

SDSS(EET - IEERFDLLER

SDS high

162 47.4x4.6

SDS low

176 31.9+£5.1

SDSSIE?RT - IE(ERT : e RARIRIHIE

SDS

<Tlyr 1-2 yr 2-3yr  3-5yr >5yr

SDS high / low

2/74 22/21 55/54 69/70 14/27
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SDSBIBEER - ISBEEIDILER : ERHARRILhER

EIEE] <lyr 1-2 yr 2-3yr 3-5yr >5yr

1 8L T, 5501 *
2 BHRVWSEARDT L * %k * %
3 MNEY, LEE<BS ‘ * *
4 BE<BNBL ' ‘
5 ARG EELZ * %k * %
6 IEMBMT DD
7 PR TEECERRTDL

‘ 8 EWLTW\S
9 BENIVIENTS *
10 FEB<END *
N&HFSELNDEEEVL TS * * k * %
12 V\WDEEEDVLBLIEBHTED * * ok * % * k
1BRESHENT. LoELTLSNEL * *
14 IBREBLHDD * * * % * %

[BhSss0751595 * * *
16 oF RUTED * ¥ % %
17 BRI D, MI2AMEERS * * * * % * *
18 EER@HBFVREL TS * * % % * %
19 BT RNELTIOARIRCBSEDERS * * %k
20 BEEL TWBZERBRELTWS * % * * ok * %

*p<005 **p<0.01

WRIK[AIPSIER: - (KERFDLLE

YRK high 148 20.8 = 4.0
YRK low 190 9.50 = 4.1

WX AP 5IEER: - IE(EE: : EREIERIBIE

YRK ~ly 1~2y 2~3y 3~5y Sy~
YRK high / low 1/5 MN/732 42767 70/69 24/17
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1 HLWZEZZRUEVERBLETH * * * % * %
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4 BEPELESIND. #EDEE - - - * * %k
5 BABSPRIR/NPBVNERBVNEIH * * *
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10 SFRIZ DV TEHERBRZF > TLETH * * * %k * %k
NESEOHINDEDRMTELBNTI * * %k
12 @HRB5ET2BREBIIIH * * * %k * k
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14 EBERVII>TBZL TLETH * * % * * * %

*p<005 **p<00l
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ICD-10 Diagnostic Criteria for
Organic Depressive Disorders as Applied to PSD (F06.32)

G1  Objective evidence of stroke

G2 Presumed relationship between the stroke occurrence
and subsequent depression leither immediate or
delayed)

G3 Recovery from, or significant improvement, of
depression after improvement of stroke symptoms

G4 Insufficient evidenvce for alternative cause of the

depression, e.g. a significant family history or a clinically
similar disorder

Condition must meet the diagnostic criteria of one of the
depressive disorders (F32-F39) (Mild or severe
depressive episode; recurrent depressive disorders;
cyclo- and dysthymia; other depressive disorders) The
condition is not associated with dementia or delirium.

Proposed Criteria for Vascular Depression Subtype

A Major depression occurring in the contfext of clinical and/or
neuroimaging evidence of cerebrovascular disease or
neuropsychological impairment.

B1  Clinical manifestations may include history of stroke or TIA
or focal neurological signs or symptoms (e.g. exaggeration
of deep tendon reflexes, extensor planter response,
pseudobulbar palsy, gait disturbance, weakness of a
extremity)

B2 Neuroimaging findings may include whife or grey matter
hyperintensities (Fazekas criteria>2) or lesion > 5mm in
diameter and irregular shape), confluent white matter
lesions, or cortical or subcortical infarcts.

B3  Cognitive impairment manifested by disturbance of

executive function (e.g. planning, organizing, sequencing,
abstracting), memory, or speed of processing of information
Steffens & Krishnan 1998

Prevalence and significance of lesion location in PSD

Robinson 1984 36 44 left side more acute
Sinyor 1986 35 40 right side more 2 weeks
Starkstein 1987 45 31 left side more mean 20 days
Dam 1989 92 30 no association mean 35 days
MacHale 1988 145 20 right side more 6 months
House 1990 73 5-1 no association 1-6-12 months
Andersen 1995 285 30 no association 1 month
Schwartz 1993 91 40 right side more 3-9 months
Gainotti 1999 153 27-40 no association 2 wks-6 months
Sharpe 1990 60 18 no association 3-5 years
Astrom 1993 80 16-31 left side more acute - 3 yrs
Hermann 1995 47 36 left BG more < 2months
Kim 2000 148 18 anterior more 2-4 months
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Location of Inforc’rs in PSD: Helsinki Stroke Aglng Memory Study Cohort

Ocupnal Iobe right ssde 0.18 0.09 0. 04

Caudate: any side 0.31 0.48 0.01
Caudate: left side 0.15 0.27 0.01
Pallidum: any side 0.32 0.54 0.005
Pallidum: right side 0.17 0.27 0.03
Pallidum: left side 0.15 0.1 0.02
Genu of internal calsule: left side 0.03 0.m 0.007
Anterior capsule: left side 0.06 0.16 0.009
Posterior corona radiata: any side 0.32 0.49 0.03
Posterior corona radiata: left side 0.15 0.26 0.03
Amygdala: any side 0.006 0.05 0.03
Prefrontal-subcortical: any side 1.16 1.56 0.02
Prefrontal-subcortical: left side 0.57 0.86 0.01

Vataja et al. Arch Gen Psychiatry 2000

Dorsolateral Prefrontal Circuit

Impairment of goal
formulation

Impairment of planning
Impairment of set shifting

Impairment of abstracting PaaBN L
Impairment of verbal fluency | - " A
depression i
\
Tjk} Los of fact
; Irritability
Apathy Apathy
Loss of initiative Lack of spontaneous speech
Elevated mood Lack of emotion
Disinhibition Akinetic mutism
Depression depression

Lateral Orbitofrontal Circuit  Anterior Cingulate Circuit
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