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NR - HE 120 Hz, Sony) % R o7z RERES) % 50 SCEF 1 CRodk L
7= (d.c. —100 Hz, —24 dB/octave, Takei)".
*&5 A& Table 112 F & @72, PD # — o B3 20 % SOESEEREE C TCIClRE L- LD 10, By~

(Hoehn-Yahr stage 2~3.5) &% #H 6 4T, HB# L 2012 4F JLIZ A 1° OF L spot & FEIR L CHEBRE I B & Fe R L
11 AH5 20134 10 A £ TOWREMIETH L. TXTOH A 2 T O cue IR L, TNEIRIERSR 2 & &, #t
B\ ZARNIFENE 2 3] LR 2 1572 PD 20 447 15 441307 WCHEBIFIRTER T G2 72 BB I cue 112Xk BT 48
], FOREGEBGRE L T L2 EE T, B 5 AT E R LRy b3y =2 OB (GdHVIEETRT ¥ 5 4)
otz BHETHL Y. FEOMEDEY 15 % 14 4O DOIEERIEE, cue2 12 & 5 go/mo-go BERIER (9 7 4) @
FARFEFFHFATLIZOAMET LY. 2o OfERICHE ESERLIRICHE, EEFILGTER CTH- 2 5172 3D [E— spot
D& PD % 2 BRI IEE IR EEE IR L 72 cue THHIESERLIE M BIE L\ spot L, Z D spot BEjW7-HE&1ZFN %
IEHRE (n=14) &FRY ORE /FHEAREH h=1+5=6) BEFSE (go), Ik L7-BEIXER L G S €72 (no-go).
& L7z (Tablel, GroupA, B). F#ba# IZHRAT 70 cm O/ iE Go FAT CHEERE HSIEfE T 72\ spot 2B D 5 W IZEH L 72
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Table 1  Clinical characteristics and eye movement task results of 2 groups of Parkinson'’s disease patients.

Memory pursuit Anti-saccade
Pt# old # age sex H-Y UPDRS Duration MMSE FAB Medication
correct rate% correct rate%

Group A. Memory based pursuit: normal cue-information memory

1 1 56 f 3 11 3 29 14 100 86.6 no drug
2 2 56 m 3 16 7 29 18 95.2 92.8 no drug
3 4 59 f 3 3 4.5 26 16 96.4 94.1 LeBe 200/50, En 200, Pr 2.5
4 5 64 f 3 28 4 30 14 100 83.0 LeBe 150/37.5, Pr 0.75
5 6 65 m 3 21 1 25 15 100 100.0 no drug
6 8 70 f 3 36 3 26 16 100 70.8 LeCa 300/30, Pr 2.5
7 9 70 f 3 24 11 23 14 100 73.6 LeCa 450/112.5, Tri 4, Se 5, Per 1.125, En 400
8 10 72 m 2 16 2 30 17 96.2 95.6 LeBe 300/75

9 12 74 f 2.5 13 4 28 15 97.6 100.0 LeBe 150/37.5, Pr 0.5

10 13 75 f 3.5 45 2 24 16 100 100.0 Ro 4

11 18 78 f 3 23 1 25 15 100 95.4 LeCa 300/30, Pr 1.5

12 22 84 m 3.5 53 2 24 14 95.6 71.4 LeCa400/40

13 23 86 m 3.5 29 4 21 11 94.4 80.0 Pr0.125

14 24 87 f 2 28 0.2 20 12 97.6 89.6 no drug

mean (n=14) 711 2.9 24.7 3.5 25.7 14.8 98.1 88.1
SD 10.4 0.5 13.4 2.8 3.2 1.8 22 10.7

Group B. Memory based pursuit: impaired cue-information memory + not tested

15 25 80 f 3 31 5 25 10 52.6 76.4 Ro 0.25, LeCa 200/20, Dr 300
16 26 71 f 3 20 1 24 13 not tested 68 no drug
17 27 78 f 2.5 13 0.2 23 11 not tested 66.6 no drug
18 28 77 f 35 31 2 22 8 not tested 13.7 LeBe 400/100
19 29 78 m 35 30 9 25 12 not tested 38.1 LeBe 500/125, Ro 1, Dr 200, En 600
20 30 80 m 3 28 11 28 7 not tested 47.9 Am 150, En 300, LeCa 300/30, Dr 400
mean (m=6) 773 31 25.5 4.7 24.5 10.2 51.8
SD 3.3 0.4 7.4 45 2.1 2.3 23.4
Controls 3f, 3m
mean n==6 73.8 98.1 90.3
SD 11.9 2.8 6

Patient (Pt) # 1-20. Old # indicates Pt# in ref. 4. Age in years. f: female. m: male. H-Y: Hoehn-Yahr stage. UPDRS: unified Parkinson's disease
rating scale. Duration: disease duration in years. MMSE: mini-mental state examination. FAB: frontal assessment battery. Medication indicates
anti-parkinsonian medication. Am: amantadine. Dr: droxidopa. En: entacapone. LeBe: levodopa-benserazide. LeCa: levodopa-carbidopa. Per:
pergolide mesylate. Pr: pramipexole. Ro: ropinirole. Se: selegiline. Tri: trihexyphenidyl hydrochloride. No drug in medication column indicates
that patients received no anti-parkinsonian medication prior to the eye movement study. Only mean and SD values are shown for control
subjects. All patient data except for anti-saccade correct rate % were taken from Table 1 of Fukushima et al”. For further explanation, see text.
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Fig. 1 Example eye position records during anti-saccade task.

A, B: 2 Parkinson’s disease patients (pt #15 and 17, Table 1, group B). Pos indicates position. On and off indicate that spot was turned on or off,

respectively. For further explanation, see text.

LHIEL 2. TOBEE 30 AT EL Y.

Anti-saccade #E : HTHIFFILIZ 1° OFFIE spot % 3 PR
LB (SR A JRR L7z & O spot DAT & BRI AL
10° DWEFNHT ¥ F A2 1° D spot & 1P RIHRIR LiEERE 12
X% D spot & B9, Fh LI TRk spot A
SITIFEIRE O EZ Bow 5 X 9 8% L7 (Fig. 1A, B, spot
pos, on). Spot & WL72¥i4 error EHFE L7, FK, 15
[ spot Z{HAT LI TO#b 1) /R L7z (Fig. 1A, B, off). 4
WeBi# |2 anti-saccade A % 20 BATHE D IR L 72

7 BAWERF 12 saccade AEEICENTH 5 ) 2O D 6
AT TEA10° DWTNRIT ¥ ¥ AITHIR END spot & K
25 L HIERL (pro-saccade), D, LFLdE/R T anti-
saccade EZ 1T o 72, JATHIZE CHE G 2 b7z (Hisk 5 72
R ) (M2 7218 { spot # /L5, &5\ 1d spot & xR}
Jilf & F, 2 10O Ly 3 HIR 13 pro-saccade, anti-saccade
ML LG 2 kol MO OEREGAIZESS, KA
spot 2347 S LA I saccade & a3 % PD JBH & BI% L
7. SIULEBIHESEL 2o Tnd 2 el 2 1R0EH L L
TOBREAZD, T LHERIC LS v, SEEhHNg 2 St
T AW BRRESHEE SN2 TH 5.

PR

ARHFZE T I3 anti-saccade FEIZ I RIGEE TH S error” DA
FAEHT L 72, PD A — T, 7 &% spot % L 5 A saccade
2 X BHIEZPED error TH D WP KB TO error b [f
¥Tdh o7 (Fig. 1A, BZM). Wilcoxon-Mann-Whitney Test %
F > anti-saccade FUE D IEZ 3 % i [0 ity L 72 PD O iR IR A
4 (Table 1)V, I EBIFEAERT i (Hoehn-Yahr stage”, unified
PD rating scale; UPDRS, part ITT®), 5 UM% 58 27l 4 (mini-
mental state examination; MMSE 2’| frontal assessment battery;
FAB” (55 1% w5 Uk Il 6 R o o S 4% 3 ) H 36 37 Ml WG, AR
B AR RERE 5 2 7 1) — = & Z 1A Ver. 1.2011.6. %) &
R LAEEA (P<0.05) 2HoE Lz RWFSRIEALBILO L
BB Zs B O BARICHI D) WEFe Rt & 521 LA B S oK
Btz (20124F 11 H9HE 27).

7 R

FLTBBR R BT 5 cue THERIVESERLIEEE T / FHIA B
2% (Table1, GroupB, Pt#15, #17) O anti-saccade i (2
B B REMIREGESICEHI % Fig 118, Wiid 2[O
JEAT IR 1 8T spot & R.72%% (error), saccade THIE L
7= (correction saccades).

Table 1 121l # © PD % (n = 20) OMAHERE L7z,
Cue TEHIFEGLIBIER# (Group A) & EH HHEOLIEBYGE
RIEZAROHIAE R/ ~HK) 13 98.8% (94.4~100) & 99.0%
(92.8~100) TIZIZ[FABETd - 7= (P = 0.86). Wil anti-saccade
AREIEERORIRAE (/h~RK) b 91.2% (71.4~100) &
89.9% (84.2~100) THEEIXZh -7z (P=093). ZThIZ
* L PD OESEReEE s / FHIASGERE (Table 1, Group B) @
anti-saccade B IEZ# O ULl (f/h~IkK) 12 57.3%
(13.7~76.4) T, PD OfEERLIBIEH R (91.2% (71.4~100))
LB AR (P =0.001) EFEFEOILEZ (89.9% (84.2
~100)) & bHEEERLE (P =0.002).

PD @ 2 # % i 4 OFFRIHE T d % & FABIRRCTHE
|25 7% 57z (Table 1, P <0.01). FAB & F7IHH TidEH) 7
027 LT group A & B OHIIHE (F/h~#HK) 133 (0~3)
£1(0~3) THY 2 MDA EAEZRDZ (P =0.017). fib
O TR H T PD2 M OB B2 o7z (P>0.06).
FAB DAL THHE (Table 1 : 4E4i#, Hoehn-Yahr stage, UPDRS
part III, FEfEEAM, MMSE) Tl 2 HEHOFEZEII o7
(P>0.1). Group A, B DWW FAE 1 ELIN ORI 2T
&Enz (Tablel, FRWMIR, Pr#5, 11, 14, 16, 17). 7=
group A & BOWT I b RFFEEENE EN (Table 1,
Medication, no drug), #ZFEHMAKE DL 2% 0% 720 7%
o7t

fil % @ PD 3 @ anti-saccade i 1L ZZ03 E OEFIRIHH &
MBI 20 %2572, PD E¥E 20 444 B O anti-saccade
MEIEERZE—-BEOZNZTNOMAETHHAERIIH LT
Fig. 2 |2 plot L7z, Anti-saccade il 1E 231 FAB 1555 & IED
HERAMBEAR LYY (Fig 24, BRI 0.74, P < 0.01),
FN LS OTEHE (4R, Hoehn-Yahr stage, UPDRS part III,
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Fig. 2 Comparison of anti-saccade correct rate with clinical parameters in patients with Parkinson's disease (PD).

A-F, anti-saccade correct rate of each patient (n = 20) are plotted against clinical parameters as indicated. A linear regression

is shown in A with correlation coefficient. * in A indicates 6 PD patients in group B (Table 1). Data for clinical parameters

in A-F were taken from Table 1 of Fukushima et al”. For further explanation, see text. Frontal assessment battery; FAB,

mini-mental state examination; MMSE, unified PD rating scale; UPDRS.

FEFE, MMSE) & (3AABS L 222> 72 (Fig. 2B~F). F7-
group A O A (Fig. 2A, * Z B\ 724, n = 14) Tld anti-saccade
ALEIEA = & FAB A MICEE MBI 22572 (P> 0.1).
Fig. 3 |2l %# @ PD 8% (n =20) O anti-saccade il IE 43 %
FAB TA7IH H S BUCK L Cplot L7z, AfMEIEARIER) 7 O
75 ng & B R IEOM % 7R L7z (Fig. 3C, HIBI#%%%0.68,
P <001). FEEIEEFIIEBOTRRENE SHB T 2 Em A
57zt (Fig. 3D, HIMFRE 055, P=0.02), 1% (Fig. 3D, *)
DEFENIRG R EREEER I LN & 137 LK<,
ZFNENOHE D 20 %OV -2 x iR CBRENTERT
118 FREIEA#31.88) L DHEIK -7, TO1H
(Fig. 3D, *) % B < L HEMEANEK L7z (Fig. 3D, wlo*, P>0.1).
ZAUZXF L anti-saccade FREIEEE L EE) 70 7T AT LD
HIBICIL (Fig. 30) ZOBEZBRVWCHHIBOAFERIIZED S
Lotz (P<001). SEIEZZHEEINS LSO FAB T HIH
HEZWFn oML 22 -7 (Fig. 3A,B,E, F).
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AR 58 13 AL R A8 B PR o0 W A A R 12 35D v 72 PD2 HETH]
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HDHTLEEWO I L7z Cue [HIRIEEFLIEIEH B 1L anti-
saccade AR IE AR O IEH CTh o 7278, B% /FHIASRERE 1L
anti-saccade AEIE A ROEEZ /R L 72, E51ZgroupA, B %
& 724l 4 @ PD & @ anti-saccade R IE A # AT FAB (T
MIHE TIRER 71 7T ) R EABICHET S Z &%
LA o7z (Fig. 2A, 3C).
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T3 group B (2 HTlddH % 25903 PD & %56 £ 41 (Table 1,
Pt #16, 17) Jefrise & FIE L. L Lol — il PD
B#H D% {13 anti-saccade FFETIEF TH o7, ZOHBP D
DDV SA & 5 \VITIREIR RO ENHEE S ND . £ <
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Fig. 3 Correlation of anti-saccade correct rates with frontal assessment battery (FAB) subtest scores.

A-F anti-saccade correct rates of both group A and B patients (n = 20) are plotted against FAB subtest scores as indicated.

C indicates significant correlation with linear regression and correlation coefficient. For further explanation, see text.
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WRASIER N CTHEER S 7z gap & 3%1T T g Y9100 gy
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W), AWFZE T gap ld%T =h o7z, FMR HEOEHT
AR LI, L) EVESRRR GF) 2452, kb7
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ARWFFEIZ BT % anti-saccade it error 13 saccade (2 & %
WIEA LS error Td 5 (Fig. 1A, B ). JLATHZETH PD
P - TIRIEENR DY A T D error TH D LHE SN
TV p W iz X 5 CIE L\ saccade 25T h 5 & &
75 group B TIXWIIBIEOMEERLIBA KRN TV 2 A
HEEANBAZ 4 2 PO 0 Fv U3 saccade 25 L
V263 5 BUS SR 0 18 R B saccade DFEH 21175 2 &
AHEE SN, HH) S0 YT AREEHRENL OO Z
fEFRIZ AR SE T anti-saccade FEAEIEE = & FAB T 718 H 03
7o A BEEOMIIERERIEOMBESHE L NERE
—¥+2% (Fig.3C).
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7T LERICEID 2 Y. AT TR E DIk, £ D PD
HORREMFEICB T 5 cue THHIEERLIRIZIER T 277,
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BHAE LY, O EIIATIZE T group B 12, XV JAHPH
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Abstract

Frontal cortical dysfunction in Parkinson’s disease (PD): Comparison of memory-based
smooth-pursuit and anti-saccade tasks, and neuropsychological and motor symptom evaluations

Norie Ito, M.D.””, Hidetoshi Takei, M.D.?, Susumu Chiba, M.D.”” and Kikuro Fukushima, M.D.”

YDepartment of Neurology, Sapporo Yamanoue Hospital
“Department of Radiology, Sapporo Yamanoue Hospital
¥Clinical Brain Research Laboratory, Sapporo Yamanoue Hospital
“Present address: Department of Neuromedical Center, Sapporo Nishimaruyama Hospital

We reported recently that during a memory-based smooth-pursuit task, most Parkinson’s disease (PD) patients
exhibited normal cue-information memory but impaired smooth-pursuit preparation and execution. A minority of PD
patients had abnormal cue-information memory or difficulty in understanding the task. To further examine differences
between these two groups, we assigned an anti-saccade task and compared correct rates with various neuropsychological
and motor symptom evaluations. The anti-saccade task requires voluntary saccades in the opposite direction to a visual
stimulus, and patients with frontal cortical impairments are known to exhibit reflexive saccades (errors). We classified
PD patients into 2 groups: one with normal cue-information memory during memory-based smooth-pursuit (n = 14), and
the other with abnormal cue-information memory or with difficulty in understanding the memory task (n = 6). The two
groups had significantly different anti-saccade correct rates and frontal assessment battery (FAB) scores (P < 0.01).
Anti-saccade correct rates of individual patients (n = 20) correlated significantly with FAB scores (P < 0.01) but not with
age, Hoehn-Yahr stage, unified PD rating scale (UPDRS) part III or mini-mental state examination (MMSE) scores.
Among FAB subtests, significant correlation was obtained only with motor programming scores. These results suggest
that performance of memory-based smooth-pursuit and/or anti-saccades depend on frontal cortical function or
dysfunction.

(Rinsho Shinkeigaku (Clin Neurol) 2016;56:747-753)
Key words: Parkinson’s disease, memory-based smooth-pursuit, anti-saccade, neuropsychological/motor symptom evalua-
tions, motor programming




