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A=)V 20 FUL L OIEGNIBRYL L7z, AR E N e
B VEHE P IuE b B AR B R TR R 7 KR
511307, AFAH 1201349 H 11 H).

AR DA 5T

Wechsler Adult Intelligence Scale (WAIS-III), Wechsler
Memory Scale-Revised (WMS-R), Azl ki REA 7 — L &)
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TEIEFT A, 2R FRHNE WAIS-IIT AT SE ., WAIS-IIT A AHE
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1, BEREIRE, BRETES, BHIHICBITAIEOEERT z A3
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LA AR S B 5 7> % Shapiro-Wilk #i7E % T
Mt L7z, PD-MCI # & PD-ND B l# L, 2 A t
%€, Mann-Whiteny ¢ U #%€, Fisher O IEFEREFRME &
7. RAWERBIRT 254 5 N A IO BT & BB EUL, &
WL EAEE, LEDD, s D BEAR AR & 3558 o $8 50 <0 31
- A7, Bl SPECT Mt o> K481 M 7% % Kruscal-Wallis
g% FHWCHIER L7z, BREEDTRD b NIBE TO LM
% E 1§13 Dunn-Bonferroni post hoc {%: % FV 72, K481 [
ORI DR S 1%, Spearman D NEAMAHBIFRELE W CTHIE L
7z. JRMTIZ1Z SPSS Statistics version 25.0 (IBM, Armonk, NY)
AV, WThoORS P<0.05 2 FEAKEE L7

& =R

PD-MCI Bl D5

FBHVER 5 D& ok L 7z 42 Fid, MDS PD-MCI Wi 95F
fififk #2355 % PD-MCI & B S N7 ERIE 23/42 61 (55% ),
PD-ND % 19/42 5] (45%) Td -7z (Fig.1). 2 EILL L TR
Ex RO D PD-MCI A 21/23 6 (91%) Tdh o7z 15K, 2
FRADILT T PD-MCI & # i & 115 PD-MCI & 2/23 51 (9%)
Th o7z (Fig.2). BEEFIBOMAAHLEIETIE Ao 72
(Fig. 3). PD-MCI #1% PD-ND # & b8 L, A2 LEDD 2%
&ho itz Fwn, TREIE, Hoehn-Yahr 473, UPDRS part
II, MMSE O S80I M CHEZEIZRD LA o7z (Table 1).

PD-MCI #1231 2 fe L B & i ifiie SPECT Fr &

PD-MCI #Tld, {#EMED 5 H WAIS-II MBI ED 7
<, UELHEE OB B V5 WAIS-TIT /75, FoaiEL
7%, PD-ND % & Juig L CREZ IR T LTz (Table2). #
ZE I FRANBR B T UL, WAIS-TIT A& 181 58 i 3 M BE L2 203 7% <,
WAIS-IIT AEA AR (X, PD-MCIBEETHEIKT LTWwi, %
ftRECldFEOmYE (%) 25PD-MCIEICBWTHE
WETL, A M= 7THECEMEBEICEIASN LD 572,
HANL TMT-B @ z 22 775 1.5 BLEIZRTF L 726113 PD-MCI
T 20/23 B (87%), PD-ND #:C 16/19 B (84%) T, Wi
B2 > 72 (Table 2).

eZIS f#HTTid, Extent A% PD-MCI #1235\ C PD-ND B &
B LABICHIL Tz (Table3). Severity & Ratio 131
I 2B H - 72D HEREIBD B o7z, B IR
[l & BEEOED z 227 DEED % 77T ClScore b,
PD-MCI B BWTHREICHIN L Tz,

FRARERE VT L 7 I & R OB A, BRI SPECT
D ILER

Wiz, 58I (Bih, R, F£17, E #fZEMZm o
PEIZ BT, BEEFIEE S RO B & S IRT
TEOMBIZ DO W THRET L7z (Table 4). FEEFHEBOHNS
WIT &, WAIS-III ALBE R FE . WAIS-IIL B3R, FES54E%, 5%,
HEHEL, WMSRBEFAICBITAAITHEEICETL
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within two or [ M“"L‘,’gﬁgﬁ“a'“
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PD-ND |
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WAIS-II WAIS-lIl Category word AVLT WAIS-IlI
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WAIS-II WAIS-Il Stroop interference | WMS-R WAIS-III
Information Digit symbol coding Logical memory |l Block design

Fig. 1 Flowchart of PD-MCI classification and the 10 selected scales for MDS task force criteria level II.
Abbreviations: PD-D, Parkinson’s disease with dementia; PD-MCI, Parkinson’s disease with mild cognitive
impairment; PD-ND, Parkinson’s disease non-demented.
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Fig. 2 Relative proportion of PD-MCI subtypes and PD-ND.
Number and percentages of participants diagnosed with single- and multiple-domain PD-MCI subtypes and PD-ND.

Tz, —F, MK TOREELE, BEERRIIEERZE R = -0.375), EEFHA (P =0.044, R = —0.312) L ORIZH

X% hoiz. RARELRASERD 5 1172, Ratio IC2W i, A ML — FF k=
DI AHBE B FRASR0 S 72 (P = 0.001, R = 0.480). CIScore
BRIMFE SPECT & O BAR AT O +H B B AR 2oV, A bv—7F#E (P =0.013, R = 0.381), WAIS-

WA tEE IR E, BRI, SHTHO MR T & 5% O RRM5E I FEARER: (P =0.010,R = —0.391) & ORIZHBIBE4R % 72
W BT B EREET & OB = 85T L7 (Fig. 4). Extent & 7.
WOEE A ZE %M % 38072 - WAIS-II LB (P =

0.041, R = —0.317), A ML — 7T = (P = 0.003, R = Z =B

0.443), WMS-R #HLEMFE (P =0.019, R = —0.361), iEiL

4 (P =0.005R=—-0423). F72, Severity I22WVTd, PD-MCI 53561 O F5

WAIS-IIT JLEEHEE (P = 0.047, R = —0.309), A bJL— 7T PD-MCI #:1%, 13 & A &% multiple-domain PD-MCI T& -

F (P =0.004, R = 0.437), WMS-RHLEMEE (P =0.014, 7z, PD-MCLIE 7 v A < —RIFEHIE D MCI & O H# T,
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Fig. 3 Combination of affected cognitive domains.
Abbreviations: L, Language; A, Attention; E, Executive function; V, Visuospatial function; M, Memory.

Table 1 Clinical characteristics of PD-ND and PD-MCI.
PD-ND PD-MCI
Group mean (SD) mean (SD) P value
n=19 n=23
Sex [%] Male 8 [40.0%] 15 [13.6%] 0.121
Female 12 [60.0%] 7[77.3%]
Age,y 65.5 (10.1) 65.5 (8.5) 0.987%
Disease onset, y 55.9 (10.7) 54.3 (10.3) 0.63%
Disease duration, y 10.91 (5.6) 11.10 (6.1) 0.9022
Hoehn-Yahr scale [%] 2 0 [0.0%] 31[13.6%] 0.253!
16 [80.0%] 17 [77.3%]
4 [20.0%] 21[9.1%]
UPDRS part IIT 15.5 (8.8) 18.9 (9.7 0.241%
Barthel index 97.3 (8.2) 96.1 (7.2) 0.3433
Hamilton depression scale 11.8 (56.7) 13.0 (4.4) 0.4612
LEDD, mg/day 916.7 (345.7) 703.91 (274.3) 0.032%2
MMSE 27.8 (1.82) 27.0 (2.0) 0.188°

'Fisher’s exact test, number, [frequency]; t-test; *Mann-Whiteny U-test. Significant results are
shown as: *, P < 0.05. Abbreviations: PD-MCI, Parkinson’s disease with mild cognitive impairment;
PD-ND, Parkinson’s disease nondemented; UPDRS, Unified Parkinson’s disease rating scale; LEDD,
L-dopa-equivalent daily dose; MMSE, Mini Mental State Examination.
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Table 2 Comparison of neuropsychological assessments between PD-ND and PD-MCI.
. . Cut-off score PD-ND PD-MCI
Domain Variable (15 SD) n=19 n=23 P value
Mean (SD) Mean (SD)

Language WAIS-III Verbal comprehension Index score < 75 101.5 (10.2) 91.1 (8.6) 0.001%*2
WAIS-III Vocabulary* ss <7 9.6 (1.8) 7.6 (1.9) 0.001%%2
WAIS-III Information® ss<7 10.0 (2.5) 8.4 (2.2) 0.036%?2
WAIS-III Similarities ss <7 10.8 (2.1) 8.9 (1.9) 0.004%%2

Attention WAIS-III Processing speed Index score < 75 94.9 (10.2) 80.2 (13.7) < 0.001%**2
WAIS-III Working memory Index score < 75 103.09 (11.41) 87.97 (12.19) 0.008%%*:2
WAIS-III Digit span' ss <7 9.6 (2.0) 8.9 (2.5) 0.367%
WAIS-III Digit symbol coding® ss <7 9.6 1.7) 6.4 (2.3) < 0.001%*2
WAIS-III Letter number sequencing ss <7 9.7 (2.0) 7.0 (2.7) 0.002%%3
WAIS-III Symbol search ss<7 8.6 (2.7) 6.6 (2.9) 0.026%?2
WMS-R Working memory Index score < 75 98.4 (12.0) 87.1 (12.7) 0.005%%:2
Kanahiroi test ss <7 11.6 (2.4) 10.2 (2.3) 0.053%
(letter cancellation in unrelated words)

Visuospatial function WAIS-III Perceptual organization Index score < 75 97.5 (8.0) 90.2 (12.3) 0.023%3
WAIS-III Picture completion® ss<7 9.9 (2.1) 8.7(2.1) 0.1832
WAIS-III Block design! ss <7 9.7 (2.6) 8.1(2.5) 0.042%2
RCPM raw score 29.0 (3.4) 27.9 (3.3) 0.326%
RCPM z-score z-score < —1.5 0.7 (2.4) 0.6 (1.8) 0.131°

Executive function Clock drawing raw score 9.3 (0.9) 8.8(1.2) 0.248°
WAIS-III Arithmetic ss <7 9.6 (2.8) 8.1(2.5) 0.075%
WAIS-III Matrix reasoning ss<7 9.6 (2.1) 8.6 (2.1) 0.147%
Category word fluency! ss <7 9.7 (2.4) 7.4 (2.3) 0.003%%2
Stroop effect raw score 20.8 (18.6) 46.1 (24.8) 0.001%*2
Stroop effect z-score! z-score > 1.5 0.7 (1.1) 1.2 (1.5) 0.175?
Inverse Stroop effect raw score 10.5 (17.6) 17.1 (17.1) 0.326°
Inverse Stroop effect z-score z-score > 1.5 0.09 (0.99) 0.26 (1.4) 0.629%
TMT-B raw score 146.5 (97.9) 210.1 (123.1) 0.0523
TMT-B z-score z-score > 1.5 14.0 (23.8) 15.7 (13.7) 0.096°
Kanabhiroi test ss<7 11.1 (2.1) 8.6 (2.8) 0.003%%:2
(letter cancellation in a story)

Memory WMS-R General memory Index score < 75 95.6 (10.4) 78.4 (11.8) < 0.001%%2
WMS-R Auditory memory Index score < 75 93.7 (10.7) 81.7 (10.9) 0.001%%2
WMS-R Visual memory Index score < 75 100.5 (10.9) 79.6 (16.4) < 0.001%*2
WMS-R Delayed memory Index score < 75 93.3 (12.6) 73.1 (14.4) < 0.001%%3
WMS-R Logical memory II raw score 11.8 (5.2) 6.6 (4.9) 0.002%%3
WMS-R Logical memory II z-score! z-score < —1.5 —-0.5(0.7) -1.3(0.7) 0.001%%3
AVLT trial 5 raw score 10.7 (2.4) 8.0 (2.9) 0.002%%2
AVLT trial 5 z-score z-score < —1.5 —-0.9 (1.4) —-2.3(1.5) 0.005%%2
AVLT long-delay free recall raw score 8.5(3.1) 5.8 (3.4) 0.012%2
AVLT long-delay free recall z-score! z-score < —1.5 —-0.4(1.2) -1.41.2) 0.012%3

Scores used for MDS task force diagnostic criteria for PD-MCI Level II, *t-test, ®Mann-Whiteny U-test. Significant results are shown as:
*, P < 0.05; ** P < 0.01. Abbreviations; WAISIII, Wechsler Adult Intelligence Scale third edition; WMS-R, Wechsler Memory Scale-Revised;

RCPM, Raven colored progressive matrices; TMT-B, trail-making test-B; AVLT, auditory verbal learning test; ss, scaled score.
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Table 3 Comparison of extent, severity, ratio, and CIScore indices
on SPECT eZIS system between PD-ND and PD-MCIL.

Cereb1.‘al plood PD-ND PD-MCI P value
flow indices Mean (SD) Mean (SD)
Extent 21.9 (18.8) 35.3(23.1) 0.047*1
Severity 1.55 (0.58) 1.99 (0.84) 0.062!
Ratio 1.61 (1.14) 2.29 (1.18) 0.063?
ClIScore 0.20 (0.08) 0.30 (0.14) 0.006%*2

Mann-Whiteny U-test, 2t-test. Significant results are shown as:
* P < 0.05; **, P < 0.01.

3% PD-MCI % PD-D ~EATT B EFOFEE & L CEIT 5
BLH LU )N—F ) VIFIZB TR RE R E ANEAT
FAHE, T A REREDOMER &R HERE L oM
HEZ DWW T OMETAFRETH 5.

i SPECT i oo 4k

AREFETIk, PD-MCI #:(% PD-ND # & bz L, kiR
], HERTEE, GETEZ: S GHEBOMFAIMET LTW5 2 LT
RENT. ZOFRIE, PD-D THREF ST A EITEHEBO
MFAER T &P L T 510~ PD-MCI # T3 LEDD A &
ICPD-ND# L D b Eh o270, L) BEEEDEVEIAE
FNTWATREED ® ), TEEAMILRE I E % KT
LTV AHREEIIHEETE W
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TR LB & B I SPECT o) B 5#

ARWFZETIE, RAEREIN T 2SS 32 K 26T, WAIS-II
PLEREREE, HEE, FEEEL, o, SR L, WMS-RELE
FEDME T T AEMAR SN SREFZI2ES A s
LClE, R IRm, B2, BHIHSS O Mk T, 2%
FEREAVEC T LT\ 2 SIS o $ & (X REIE 70 <, WATS-IIT AL
WEE, A MV—T7TUHE, WMS-REEMRE, BIEFAER
CHFEDORIMERERE L BE L T2 e hdbiFons, W
PMUE, AT, REMEAYMET L7z PD-MCI Tit, PD-D IZBWw
TR SN T 2 HE R 2 & © B THFEIR O MR T A58
¥ 5HNFWS) HEERRIE, BRI, SHTEAHIEO M 2
AN B HERNE, PD-D BITHICH 2 TTHEMEIC OV THE
BUENHLEBONS. ZOMEHKICT 57201213, 5l
&5 & MEWTAY 70 P2 % 1TV, PD-MCI 2> 5 PD-D ~E47§ %
FEF & 3h L, INILGE SPECT & &M s A REME 2 M) 3
LENH D,

CIScore |22V CIERLIEREE & OMHBIEEE<, APV —7
F-¥pEE R WAIS-IIT R AHERE & OB EMEAVR SNz /S—F &
YV UIRTE, BEZEO MR RERIEET LW, A
7212 BT CIScore & Extent, Severity, Ratio TH1Z ¢ B
ICBWTERDERIRENTHEA D LIk,

WO HIER

KRIFFEL, trifarkm, BREi, SEIE R B ORI i
ELT0, ENDA ORI O MR 2 bR AR iE AL &
DN OV TIEEHMET X T ev, PD-MCI 23T 5 284501
WREREILHTH Y, MOFERO ML T HI OB b B

Table 4 Comparison between number of impaired domains on neuropsychological assessment and cerebral blood flow indices.

Comparison between

number of impaired Post-hoc

adjusted P-value

domains P value?
Cerebral blood flow indices Severity 0.583
Extent 0.516
Ratio 0.377
CIScore 0.059
Neuropsychological tests showing significant WAIS-III Processing speed 0.001** 0.004**,0.01%23
difference on Kruskal-Wallis test WAIS-III Vocabulary ! 0.003%* 0.004%%3
WAIS-III Letter number sequencing 0.013* 0.03%3
WAIS-III Digit symbol coding ! < 0.001%* 0.01%, 0.001%**:54
WAIS-III Symbol search 0.013* 0.036*3
Stroop interference ! 0.028*
WMS-R General memory 0.006%*
WMS-R Auditory memory 0.049*
WMS-R Visual memory 0.008**
WMS-R Delayed memory 0.006** 0.0027%*3

IScores used for MDS task force diagnostic criteria for PD-MCI Level II; 2P-value of cerebral blood flow indices and neuropsychological tests
showing significant difference on Kruskal-Wallis test; *Dunn-Bonferroni post hoc method 0 vs 3 domains; ‘Dunn-Bonferroni post hoc method 1

vs 3 domains. Significant results are shown as: *, P < 0.05; **, P < 0.01.
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Fig. 4 Correlation between cerebral blood flow indices and neuropsychological scales.

Scatter plots and correlation coefficient between cerebral blood flow indices and neuropsychological assessment scales on Spearman’s rank
correlation coefficient. Blue circle shows cognitively normal Parkinson’s disease patients; green circle shows Parkinson’s disease patients with

mild cognitive impairment.
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Abstract

Neuropsychological and regional cerebral blood flow of posterior parietal area features
in patients with Parkinson’s disease with mild cognitive impairment
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Kensaku Kasuga, M.D., Ph.D.?, Arika Hasegawa, M.D., Ph.D.", Nae Matsubara, M.D., Ph.D.",
Ryoko Koike, M.D., Ph.D.? and Takeshi Ikeuchi, M.D., Ph.D.?
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This study aimed to clarify associations between neuropsychological scales and regional cerebral blood flow (rCBF)
of on ZI-IMP-SPECT in patients with Parkinson’s disease with mild cognitive impairment (PD-MCI). Forty-two
participants (mean age, 65.5 + 8.9 years; mean disease duration, 11.1 +5.7 years) were evaluated using the Wechsler
Adult Intelligence Scale, third edition (WAIS-III), Wechsler Memory Scale, revised (WMS-R), Stroop test, Category word
fluency, Auditory verbal learning test, Raven colored progressive matrices, Trail Making Test-B, and Clock drawing test.
Participants were classified into PD-MCI and PD non-demented (PD-ND) using ten of these scales or its subtests. The
rCBF of the posterior cingulate gyrus, precuneus, and parietal lobes was evaluated by #I-IMP-SPECT using the easy
Z-score imaging system (eZIS analysis). Extent was the extent index of voxels showing z-score > 2, and Severity was
mean z-score in those regions on eZIS analysis. Cingulate island sign score (CIScore) was the ratio of integrated z-scores
of the posterior cingulate gyrus to those of the posterior cortex.Twenty-three participants were diagnosed with PD-MCI
(55%). The rCBF indices were significantly increased in the PD-MCI group compared to the PD-ND group (Extent:
P = 0.047; CIScore: P = 0.006). These indices were significantly correlated with WAIS-III Processing Speed (Extent:
P = 0.041, R = —0.317; Severity: P = 0.047, R = —0.309), Stroop effect (Extent: P = 0.003, R = 0.443; Severity:
P =0.004, R = 0.437), WMS-R Visual memory (Extent: P = 0.019, R = —0.361; Severity: P = 0.014, R = —0.375), and
Delayed memory score (Extent: P = 0.005, R = —0.423; Severity: P = 0.044, R = —0.312). The rCBF indices showed
no correlations with the number of impaired cognitive domains. Collectively, decreased posterior parietal area rCBF and
lower scores on selective neuropsychological scales might be helpful to detect a transition period from PD-MCI to PD-D.

(Rinsho Shinkeigaku (Clin Neurol) 2022;62:532-540)
Key words: Parkinson’s disease with mild cognitive impairment (PD-MCI), *I-IMP-SPECT,
easy Z-score imaging system (eZIS analysis), neuropsychological tests






