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Psychiatric and Neuropsychiatric Adverse Events Associated With
Deep Brain Stimulation: A Meta-analysis of Ten Years’ Experience

*Brian S. Appleby, MD, Patrick S. Duggan, AB, Alan Regenberg, MBe, and Peter V. Rabins, MD, MPH

*Department of Psychiatry, The Jobns Hopkins Hospital, Baltimore, Maryland

SRERRNRE (deep brain stimulation; DBS) (&, /¥—
FUUUR, FEMIRE, CANZTOBREEELT
FDA CRERSBEXERRB) ICKWURITINTI\D, EF
MESLIOEGAEBEARTIL, BEBIBEBEZNEIE
REHESNTND, SEIDATT7F)ZOERIL,
DBS DUR T ENRRT 1y hEBASHMCL, BEHEZE
HICHITBERAMESTMT DI ETHD, 1996 £ 1 H
1TH~2005% 12 B 30 HOBICERRSI Nt %,
PubMed, EBSCO, Psycinfo D7—%X—XZR\T
2006 £ 1 BICt&R Lz DBSICT DI NTDHX
ZLE1—-L, BEEREZHRET DHMXIDNTIEHER
KI7EF% (structured instrument) TS (ZEHAICIRET
Lico AIEIDERTHEH I NN 2,667 4T, 2
D25 808 HH* X577 L ADBIREHE A jE- LTz,
BISEBEEEZ A L /25D S5, DBS RICHDIE
EDUENRHONI=DIF 98.2% Th iz, HEIN

[ Key Word |

ZRERIHE (deep brain stimulation; DBS) (&, wEfi%
i N ediA A, Bz i TIRHIATH B, 1997 412
FDA CREEmEEIERE) 12X 078—F > REN
OIEHEERI ST H 5, DBS I AREIERIE, DA =7,
REFEVEON, B OBRIC VSR TE /2, DBS
DIEMERAEHBEF I TH 203, BEHIC X > Thic ]
WEZAL] DFEIN TR ERIETL2EEZ AT
%, BHLDOMDIAAIZ L > THIHEI AT <D
FTHThHY, Vb2 Mf/MEZE (microinfarct) ] %45 &

TeBIERMAER 513, DBS a3 FRICEELT
LVe (B B, ') —BODEE), DBS IC&KDDDHED
RERIF2~4%, BRIT09~1.7%, BEDEL
(30.1 ~0.2%, BMEE/BMAZIS0.3~0.7%T,
BRTEEIF0.16 ~0.32% Th o, #ERELT,
DBS [/N—F2V R, DRNZ7, KREMIREICE
MIDAREATHY), EFFRSTIIRD DREABMEES
(obsessive-compulsive disorder; OCD) (Z339 28B%)
MERBINTI\D, DBSDBEERELTHRESN
TULVDDODfF, RAEE, BR, TERCORERIIE
WA, BFICHEERPLORBEBKNES (globus pallidus
internus; GPi) Z®I# 9% DBS #F (J/-BETERE
el COLIBEVEREEZEZERETDE, DBSF
fifails, HohLHBECERIRIZRD -0
LTHLELNHD, =BIC, it EBEBDOERITEIC
DNVTCHEEICERIRETHD,
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REPBNRUA, BIER, SRBEEZNER, BM

BT &L, Lichio>T, DBS @n#ihOffits
DD ARET H 5 L\ D JUT BT, KER DRI
(lesion-producing surgery) & 9D BT 5,

DBS DO IHRERRAME A, HE B SRS R0E Bl C g
BLUD DREARDFEFEV WL S5 (CDN ", DBS
DIGMEFN R EDBIEIEHShE LD 1Tk > T,
Bz, H2EHETRIKHEZ on ICLIZBEMBRICHEZD
1D DRERDBLAL, off ICYI DB Z T B BRICIER ISR -

CIEDWEINTVS Y, ZOXI)BREDEWKSY



PubMed Other Databases:
1872 articles 795 articles

Pooled:
2667 articles

Duplicates:
572 articles

Y

Unique Articles:
2095 articles

Criteria not met:
1287 articles

b

Eligible for Initial
Review:
808 articles

S\

Relevant:
546 articles

Not Relevant:
262 articles

FIG. 1. Summary of literature search and review procedure.

ZFEHZRATRE, BRI S T 2m8EL y b
T — 2 DR 2 RETE, F72, EIEREOBHEIC
H DBS #UHTE 2 REMED D B, 29 Lcipitihe L
TOWHEMEICIEH L, Mayberg 5 IZHEWEHEPTIED 2 DR
BHZN5IC DBS O HTEZMEIL, 6 filh 4 filCRAF
BRERBELAI -2 RWMEL TS % Thichz
DBS 3% E eIy o S (obsessive-
compulsive disorder; OCD) %##Ef19 % 2L HHHLHUCE
TS M, BUE, B2 LRt ICI T DBS OHH]
DRI STV 5,

—J, S—=F 2V UHEE T, DBS ®&RICHEBIRE
DIERICHE LI b 5T, FEEE AR A3 %
L THEIEDO” (quality of life; QOL) AMEK N LIIERH S
WMEINRTVB 5, ZH Lt Z20, MimEis

A. Schrag et al.

X9 2% DBS fEAANDOBLIFHNATE TV 5, KR
Z3INDDIE, DBS BICRIFRT Y M LdMF 57z
b b6T, ARZT2HEEPWE IR TV HTH
% 1618,

DBS {6 % 32 (F 7 BE ORBAIBRE D ZALIC DV T B
FETbNT &, M2 RBHMEHEIHEIN TS
DD, Ky OWMIETIE, SRt OEZRRE, &
HREDZLIIIZE A ERD LN TN 92

DBS (Z & 2 IR ER A2 BIEID S S S0, 72, K
PFEEORBEEE LT DBS B REINTVZICH»hb
59, DBS HORME AN L RIEHORERTIFEAL
oI TRy, MEIICTbRIcAZTF I A
T, BEHOMDIAANIE, FHITEH, B RE S
THEY 2% Temel 5P H8—F YV UHEFHICEBIT S
DBS OFEMHEFNZRIEHZHE L TV 5, SO
&, KR AN ZREE 285 L VI RMTRELTH S
D, FRTOEIEICN T % DBS DFMEE HAA
FIFEE 3 K BRI A EHEIC DL T O BT 5, A
T, W& 10 FERICHEER I N DBS (BT 505t %
XHIZ, KRR KOOSR ZEIE- O X &7+ Y
VARIT, B 5P X O INETHE S
FRERICOWTHET 5,

R

2006 4 1 J1(C PubMed IC TR 21T o7, T OFE,
MR MM (deep brain stimulation) ] &9 FHiE% &
TooCEk, 7o THIEE (stimulation)] &9 FHREE 6L
JR 4% (subthalamic nucleus) ] & L < (& NEFEBR (globus
pallidus)] &) a2 &L E2 BB LIz, UMK
BHEEZHOTHMOD 2 DD F — X ~X— A, Psyclnfo &

TABLE 1. Articles eligible for review, by year of

publication

Year Articles published* Eligible for review
1996 30 4 (13%)
1997 81 16 (20%)
1998 90 28 (31%)
1999 140 46 (33%)
2000 168 53 (32%)
2001 198 76 (38%)
2002 268 105 (39%)
2003 337 115 (34%)
2004 395 148 (37%)
2005 388 217 (56%)

*Unique article citations retrieved using search strategy described in
the text.
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FIG. 2. Number of indications for DBS by year.

EBSCO’s Academic Search Premier THMEZ#1T o7,
1996 FLARINIC FEER S N lziii~C L, DBS (ZBH 2 Fi kiR
RE | S AN Yl 5] 73/ N By

FIEI DR T UL 2,667 HFDOSCHERDRH S 417z (1,872 #F
1% PubMed, 795 (3 MhD 7 — X X— ) , LT 2 SCHK Gl
XDEA NIV, FHF, HiEHEZ L) Z2HRLI:E 25,
2,005 thh3k o7z, 1 DL E 2 —H4E (PD) A5 XD
A4 MV EER 2R L, HEER N S Vs (R
PRARBR, G - MRS, BBl — 2 D OB, BEFEERR
XAEMNGE LI AR T ) A - #RE, Jeal DS Ofis0)
%4 L7z, Johns Hopkins K2EE T HEH THEX %2 AT
TERD OISR Uz, T & D 2@l % %
TR RE L STEDEEE 808 ThH S, MREB LV
Y2 —DOFNHDOEKIL Figure 112, FEHER /- L7z AR
R DFH UL Table 1127773, armﬁ(%ﬁz@imbu (Table 1)
LAk, DBS O S5 B R S 4 2 B s & %
(Figure 2) o

FA BT AN O M2 BUE L7z e 7 — & (R
HRG MR, Flio@EISAE, Wl DBS %723 —1{# DBS),
T A LGB E (Unified Parkinson Disease Rating
Scale (UPDRS), 2 DJiialli/{E, ADL (H&AWGEIE
E01) BHilRIESETO A a7 0Zk), FiiomIfEH (DBS
B KO FHCE S 2 B, SRR L OvRsiEE
FHI 2 BIER) o

DBS &t/ FHUCEE T 2 HHFRE AN HEHS
RUCDOWTIE, 62 OEFREHE SNIHFROM
B e UTHET L7z, REEEN A HEHRICOL

TR 2MEDHNRE, Thbb, 1 DRM51r0HFERR
DL INITRTOMTER, & 1 DIFFHCRIEY
MaHERRICS L LIGHRXZ e LTHL:, C
D& 2 HBD R ML 72728, KMEEN A

TFRROBA ROV TP THE T 5,

PO T

1 808 P D S H EILHE i 72 U 72 h3, ik CHiIR
S SR, »OEX e AFTEIE XL 546 1FD
BTH-Tz. TNH DL OMGEFEUT 10,3390 TH -

720 VOO TIEF—F 7 EEHET 2 M
INTW/d, EEOBHERIIAL YRRV R 0L
FEZbN5M, EMLEERIHMTE Lo/, BE
DD SN TV 5 279 HRORFFETIE, FIE 3,896
Bl (62.6%), ZPEiF 2,324 (37.4%) ThH-o7z, HOD
267 tE D SCIVER DRI TR D o7z, BEDF
ERE 53.7 % (BEfRA (SD) = 13.3) T, ZWi»rbH
DBS fEfT % TOFMARIE 13.7 4E (SD = 54) Th-oz,
1 DL O HFRHEHWE I NFzDIF 237 1 43.6%) T,
ZDIH 1208 (50%) TIRAGME AN 2T HEFRHE
®HH Tz, DBS DJHEIGHEE, 73—F >V EHs 357 #F
(65.4%), AREMARIAY 64 11 (11.7%), A L=7"%H354
7 (9.9%), Z DO FEBREEHS 55 1F (10.1%) Th-o7e,
DD 3%, R, BYILW, TAH»A, OCD, 9D
F@%%%N%% LTWwie, i, BEH S % i i
& U7X 280 1 (51.3%) T, JEMEMEZ LT IRE (]
DBS O TH > 7ehHES L7 HEE) & ORI 36
7 (6.6%) THh-7z,

IR AR 303 1 (55.5%) , AEGISERIITE 72 1 (13.2%),
FEGIH 130 4 (23.8%) ZLEa—L7, 23 ffF (4.2%)
IR LIRSS T, TR G H— TR AL % 72 3 AR
MNTho7ze THHDI B, KEDWFFEL 137 ﬁﬁ (25.1%)
T, MTT7Z7 A 80, 147%), KA (61 fF,
112%), £ 207 (511, 93%), HF+X @21, 7.7%)

DIEIZZh>>7z, DBS OTEMLDHAATRICHE%TT-
TW72DIF 330 fF (604%) Tholzo FHTBALE, B
JK (subthalamic nucleus; STN) (289 £f:, 52.9%), ¥#%&Ek
WNEf (globus pallidus interna; GPi) (112 £, 20.5%), i
IR RAIEMIE%  (ventral intermediate nucleus of the thalamus;
VIM) 47 fF, 8.6%), FiEABEDHIK 371, 6.8%),
NAEIE (7 2, 1.3%) T, FEEOMBUCIGL T4 %
AL S LT e (B 2 2 8—F 2 R TIEIBIRIE
B &Y EK) o Wil DBS % 52() 72 & (% 5,921 1] (81.4%)
—{Il DBS (& 1,348 fil (18.5%) TH -7z,

FEBYIEAR 2 FI L 792D 5 B, B 2 18 DR IAR I



A. Schrag et al.

TABLE 2. Outcome measures

No. of studies reporting Significant Nonsignificant/nonpowered No change Worsening

Outcome measure outcome measure (%) improvement (%) improvement (%) (%) (%)
Motor 405 (74) 168 (41) 232 (57) 5(1.2) 0
ADL 109 (20) 63 (58) 42 (38.5) 3(2.7) 1(0.9)
Medication 111 (20) 37 (33) 65 (58) 9(8) 0
Depression 37(7) 11 (30) 20 (54) 5(14) 12.7)
Pain 31(5) 6 (19) 20 (65) 3(9.6) 2(6.4)
Cognition 23 (4) 3(13) 4(18) 13 (57) 3(12)
QOL 19 (3) 9 (47) 9 (47) 1 (5 0
MBM 18 (3) 1(5.5) 9 (50) 2(11) 6(33)
OCD 9(2) 2(22) 6 (67) 1(11) 0
Anxiety 6 (1) 4(67) 2(33) 0 0

(3400 (982%) TERHLHNIZH, S 12%) T
IZALD e h >z (Table 2)o ADL A2 7 ICEHL Tl
aﬂz%bi 105 1 (96.5%) THEIND, 34 27%)

B2 %L, 1 (1.6%) TRELA, YRk
IZDOWTIX, 1028 (92%) TEEYELEO LB

L7zhs, 50D 9 8%) TRE(LMALNLH ST,

UPDRS Part I (f§1ERE, 17813 L U5 s MBM) (2
X194 % DBS ORI A TH o7z, 10 (55.5%) D
KT MBM A7 08EE LD, 6 (33%) TIXE
fbL, 2 (11%) TIZEDZ%h>72, QOL % ikl L
72 19 R DIFED 5 B 18 1 (95%) TUEHEH 3 E S hizhs,
1 (5%) TREELLDo, JAFAITICONT
BEt L7z 37 FO T RTOMRTEELHE S, £0
IZEALIEDBS BOLVARRIS (L-K78) £5EOHEIC
F2WETHoTz, BIERIICBELTE, 26 4 (84%)
TEIHA AT LD, 20 (64%) TIEL, 3
F (9.6%) TIZZ bhSZeh o7z, Table2 (ZRLIz& D (C,
GRIDARTF YT ATIEZ S O THE AR 2 M
TR LT Teles, TR oM AIE R D
WA T & b o7,

FEAHEE A 20 iR 2 1) E ICHRET L7270 b A2 Lo
% Table 2 (27F, #19 DdEiR % ESFHIIEH & LTk

TABLE 3. Device-related adverse events (n = 6,573)

Adverse event No. of AE’s % of AE’s
Infection 1049 16
Explantation 983 15
Lead fracture 968 14.70
Erosion 920 14
Other 186 2.80
Battery failure 141 2.10
IC hemorrhage 135 2
Misplacement 65 1

Post-op lead migration 47 0.70

AL 3 EH Y, YD 34 T imIJ/AEl’JMﬁﬁIEE
ELTHRI IR T W 7, B Dk 2 31l L 7= W52 D

b, 311 (833%) T, 11 27%) TEALLEE
Ih, 5 (14%) TREVEDLNE D >72, OCD
DRl R DT, 81F (89%) TAaT DUHD
HHNTH, 1 (11%) TREDZD o, BRI
I H & UTALRER %2 3EAli L 72 6 fRORFFE§ XTI
BT, WEERTHERSELNIC, 72, AR
TN LERHE L7 23 RO D D B, T (31%)

TERMBERE DS S FE LIAS, 31k (12%) TEEL, 13
t (57%) TEZELREDSNLh o7z,

Wt SNIHFEFRROKIEIE, ERIOIMDIAATFE
% 7:(3 DBS 3R OBEBEICELE L TV 7z, Table 31”7
o, LM HEHFFRIERTHY, KT —
ROWEED Z D oIz I b —MINIC A S Az BRI 74 E
TERZ, Table 4 2R3 & D ICSHERE, (KEXN, motor
fluctuation Th o7z, HEBFRICLZHTERIT 0.02%T
Holz.

KRN HEFH G % Table 5 1213 T . WHEL AL

TABLE 4. Somatic adverse events (n = 6,573)

Adverse event No. of AE’s % of AE’s
Speech disturbance 313 4.80
Weight gain 243 3.70
Other 201 3
Abnormal sensation 198 3
Motor 121 1.80
Gait disturbance 79 1.20
Balance/dizziness 49 0.70
Dyskinesia 44 0.70
Oculomotor 49 0.70
Seizure 33 0.50
Headache 31 0.47
Dysphagia 13 0.19
Death 4 0.06
GI side effects 3 0.04
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TABLE 5. Psychiatric adverse events (n = 6,573 and

3,435%)

Adverse event No. of AE’s % of AE’s
Delirium/confusion 271 4-8
Depression 138 2-4
Other 134 2-3.9
Mania/hypomania 59 0.9-1.7
Dementia/cognitive decline 47 0.7-1.4
Psychosis 40 0.6-1.2
Suicidality 23 0.3-0.7
Anxiety 21 0.3-0.6
Apathy 21 0.3-0.6
Behavioral change 16 0.2-0.5
Hypersexuality 19 0.2-0.5
Exec function 16 0.2-0.5
Memory 19 0.2-0.5
Completed suicide 11 0.16-0.32
Psychiatric NOS 12 0.2-0.3
Emotional change 7 0.1-0.2
Language 1 0.01-0.03

“Two denominators were used, one for studies reporting any adverse
events, and another for those specifically reporting psychiatric adverse
events.

NI-DEIMEDOEAET, KT I DHids X OB / #%
BRI T o7z, — MG OZLE MR % on 2L
Bricis Hh iz, DBS BOHAREEG L ONABRARE DT
EHRIZ03~07%T, HEZEERIL0.16 ~032%ThH-o
726

HRAEN (AR, HBRE, Flo@aRRER) »
&5 N7z BF O FMIG O F L 47 % (SD = 13.7)
THY, FKIERFOVIIFRIL 28.5 % (SD = 12), P
W 206 4 (SD =132) Th-o7e, iz, Ky
DOEF 26, 81%) H—F 2V UIROBEHHAM T
DBS #%20T&Y, DAM=7 344 (125%), KREMHE
PRHEE 1 3%), OCD X 16l 3%) Th-or, BH
DYERIDFRFE STV BIFETIE, HIESHl 80%), X«
PE2 61 20%) ThH-orz, ERIOMDIAANEIX, STN
1326 Bl (81%),GPi % 4 il (12.5%),VIM »° 1 il (3%),
WELHTHAS 1 3%) Th-olze 6 HlIC DDk D BEFE
Db Y, BUGRIERLE & RLEE OB 2 % 1 filicilolz,
7z, 1 HIOBF IS HBARZEORFHH Y, 3 Hlic
FHBERESRO SNz, BRI %2R U7 BE O
&, ARSEZED 110, BARARZED 1200, AREIEH 8
BITH -7z, BIEDIAAREIC D D% FHE LA
12 6, @B 10, RLREERLIHITH o7, BRZE
W2 kiz, ThH DN THE Sz DBS BOEIKHT
7 N ALDI B, 41 (80%) [XEULFTH 723,11 (20%)
BARRTH-7z, iz, BRIEDIAADL S H RGN B
ZTOVWIMDI 24 FETH o/ bIEHICMH T 5,

LD DIAAN I & > THBEBRROFRE LR
Br—Ab otz HlAE, SINICEMZMDIAZNT:
BHOEREHIMNAEZ 10% T, oA EICHDIAF N/ HE
HXDbED o7z (GPi &I L7256 p < 0.001) (Figure
3)o HBTEERE, FURKICEMHOIAFNIBERT
kbE»ol (54%), BRZEERIE»>T2HDD, H
BOSRAS Nz T 5 ARIE STN SR S T e,
ZDIFh, HOAANEIC & 2 EIEHOFEAEICHE AN
HAEARZASNL T,

B % %

DBS (3 ¥ E DB F ISR EHRETH Y, 982%
DIBHTHEBBROBZE VRO LN, EHEAI LT
Z OEEEAEDWFEIC X > T ADL 8L QOL 27 %3
B L, EPRGRPMETELIETH S, EYRL
TRHEMEOHEBRRVERICHE LT 270, HiED
WREEELE®RZ D, DL IS, DBS REHDIE
REEMMZ QOL ZHEICKET LI LW TES,

DBS (2 & 2 HERZ OB ERI BN 0D, &
RB I — FOLEGHHAE LS E I RIRA 2 A
BTMI NG, T, BB X OHBZIE H R

ZX, HEBEEOEGEZHE»T. ARED 1 DOH%E
ELT, KREANDOHBRIIEMK 0.02%T—EL TS
ZEDPHEINTVDE Y, Fiz, S—F 2V HREBEEHED
FARARGEEAENO N0 BEEHEESh TS %, L
723>, DBS ifTEFICK TS 016 ~032% &V HH

BRIEKOARELIYORE ., 72, DBS 2251
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TABLE 1. Effects of bilateral subthalamic nucleus stimulation on UPDRS score and neuropsychological evaluation

Preoperative Postoperative* Improvement (%) P value
UPDRS 1I off 237 6.2 133 +75 44 <0.001
UPDRS 1II on 8852 4741 46 0.002
UPDRS III off 38 £10.2 124 = 6.8 67.4 <0.001
UPDRS III on 11.8 £5.8 6.9 £ 145 414 <0.001
UPDRS IV A 56*25 13+14 76.3 <0.001
UPDRS IV B 38+ 14 1.5+ 1.1 59 <0.001
Hoehn &Yahr off 3.6 4.6 28=*1 24 <0.001
Hoehn &Yahr on 2.1+0.7 1.6 £ 0.1 23 0.016
Schwab & England off 453 = 17.1 63.7 = 18.6 41 <0.001
Schwab & England on 823+ 113 90 = 7.7 8.5 0.007
Mattis Dementia Rating Scale (144) 1374 =44 136 £ 7.7 -0.7 ns
Beck Depression Inventory (63) 8.1*59 64 *6.2 20 ns
LEDD (mg/d) 1091.9 = 374.8 460.2 = 299.1 58 <0.001
DA (mg/d) 180.6 = 152 72.9 = 96 59.6 <0.001
Levodopa (mg/d) 845.6 = 390 386 * 259.9 54 <0.001

Plus—minus values are means *= SD.

LEDD, Levodopa-Equivalent of Daily Dose!®; DA, dopamine agonists: bromocriptine equivalent dose; ns, non significant.
*After 1 year of chronic stimulation; postoperative “off” condition = on-stimulation and off-drug condition.
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TABLE 2. Effects of chronic subthalamic stimulation on NMF

Preoperative Postoperative Reduction (%) P value
Total (54) 15.63 £5.7 6.57 3.9 58 <0.001
Pain/sensory (7) 1.7 0.7 03 *+0.5 84.2 <0.001
Cognitive (4) 1.7x 1.1 0.5+0.7 70.5 <0.001
Dysautonomic (26) 6.2 =35 23*+19 63 <0.001
Psychic (17) 54x27 38+ 1.9 29.6 0.003

Plus-minus values are means = SD. The mean number of NMF (total and for each category of nonmotor fluctuations) reported by patients before

and after surgery.
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FIG. 1. Effects of bilateral subthalamic stimulation on the most
frequent NMF. Ordinate expresses the percentage of patients who
reported these NMF before and after surgery. Pre, preoperative non-
motor symptom; Post, postoperative non motor symptom.
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Characteristics of Sleep Disturbances in Japanese Patients with Parkinson’s Disease. A Study Using
Parkinson’s Disease Sleep Scale
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scores of each item according to Hoehn & Yahr (H&Y) stage. There
were highly significant differences between H&Y Stage 4 and H&Y
Stages 1 to 3 for Items 3, 6, 11, and 15. *P < 0.05, **P < 0.01
(one-way analysis of variance).
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Treatment with Levodopa and Risk for Malignant Melanoma
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TABLE 3. Relative risk (OR) and 95% confidence interval (CI) of malignant melanoma and nonmelanoma skin cancer in
patients notified with Parkinson’s disease by degree of diagnostic verification and type of treatment; unmatched analysis

Malignant melanoma Nonmelanoma skin
Verification of disease and type of treatment Controls (n) n OR 95% CI N OR 95% CI
Verification of IPD
Questionable IPD and other 65 6 1 38 1
Probable IPD* 107 39 4.0 1.6-10 59 1.0 0.6-1.7
Probable IPD" 107 39 4.6 1.8-11 59 1.1 0.6-1.8
Levodopa
Cumulative dose (g)°
<600 68 14 0.7 0.3-1.6 30 0.5 0.2-1.0
600-1369 35 14 1 26 1
=1370 52 14 0.5 0.2-1.3 31 1.0 0.5-2.0
per 1000 g 155 42 1.0 0.8-1.3 87 1.1 0.9-1.3
Other treatments®
Unexposed to specific drug 67 14 1 40 1
Anticholinergics 135 7 0.9 0.3-2.1 19 1.3 0.7-2.5
Dopamine agonists 123 14 1.4 0.7-2.8 21 1.1 0.6-2.0
Monoamine oxidase-B inhibitors 114 15 1.2 0.6-2.4 19 0.7 04-1.4
Catechol-O-methyltransferase inhibitors 160 3 24 0.5-11 2 0.9 0.2-4.8
Any* 88 28 1.5 0.8-3.1 47 1.2 0.7-2.0

“Adjusted for age and sex.

Adjusted for year of birth, sex, age at diagnosis of Parkinson’s disease.

“Adjusted for year of birth, sex, age at diagnosis of Parkinson’s disease, and likelihood of IPD.

“Includes one patient with malignant melanoma and five with nonmelanoma skin cancer who were treated with amantadine.
IPD, idiopathic Parkinson’s disease.
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TABLE 1. Clinical characteristics of all VP subjects

Disease L-dopa
Group Age duration UPDRS MMSE challenge
no. (yr) Sex (yr) Onset part 3 <24 (%) MRI-scan
70 M 6 Insidious 61° - <5 WMC
2 66 F 3 Insidious 24° — 21 WMC, R-PO, L+R:
P,CN,GP.,T
3 81 F 10 Insidious 13° — 0 WMC
4 67 M 11 Acute 30¢ - 0 WMC, R: P,GP,PO
5 76 F 4 Insidious 48 — <5 WMC
6 56 M 2 Acute 54 - 60 L: P
7 78 F 10 Acute 27° — 52 WMC, PO, L+R:
P,CN,GP
8 76 M 7 Insidious 26° + 19 WMC
9 71 M 5 Insidious 60° + 0 WMC, L+R: P
10 89 M 18 Acute 26° — 15 WMC, R+L: GP, Mes.
11 67 F 3 Insidious 35¢ - <5 WMC, L: GP
12 82 M 4 Acute 11® 0 WMC, R+L: GP
13 79 F 3 Acute 13° - 0 WMC, R: GP, SN

Group data are shown as mean = S.D. UPDRS-3 reflects the motor sub-score of the Unified Parkinson’s disease rating scale while “off”. MMSE:
mini-mental state examination.'® *: signs were symmetrical. *: signs were asymmetrical. WMC: diffuse confluent white matter changes, mainly located
in the watershed areas (periventricularly and deep white matter). P: lacunar infarction in the putamen; CN: in the caudate nucleus; GP: in the Globus

Pallidus; T: in the thalamus; PO: in the pons; Mes.: in mesencephalon (near red nucleus); SN: substantia nigra; L: left; R: right.

TABLE 2. Striatal binding potential index, subregional ratios, and asymmetry in VP patients, controls, and PD patients (Mann-
Whitney U test comparison between two independent samples)

Total striatal Caudate/post
Total striatal Total striatal BP% R+L, Caudate/putamen putamen ratio,
Number BP% R, mean BP% L, mean mean ratio, mean mean Al, mean
VPi 7 26.6 (4.4-51) 28 (9.4-62) 27.3 (6.9-56.5) 1.47< (1.22-1.63) 1.85# (1.39-2.56) 6.6* (1-18.2)
VPa 6  24.8(7-53.9) 26.4 (13.9-50.1)  25.6 (16.1-52.0)  1.470<C (1.33-1.76)  1.79## (1.45-2.24) 10.9¢ (1.8-28.79)
PD 14 20.9(8.4-44.6) 22.6 (2.4-53.8) 22.2 (5.4-49.2) 1.60 (1.25-2.1) 1.97 (1.43-3.03) 35.3(3.8-111.9)
Normal 14 69.4 (48.5-91.5) 68.5(52.2-97.3) 69 (51.7-94.4) 1.18 (1.02-1.46) 1.39 (1.22-1.91) 5.3(0.4-11.6)

Values in parentheses are in ranges.

VPi versus PD: *Only the asymmetry index is significantly different (2 tailed test) P = 0.002.

VPa versus PD: €Only the asymmetry index is significantly different (2 tailed test) P = 0.021.

VPi versus Normal: BP% R + L; P = 0.001, & Caudate/putamen ratio: P = 0.004, # Caudate/post putamen ratio: P = 0.006.
VPa versus Normal: BP% R + L: P = 0.001, &< Caudate/putamen ratio: P = 0.004, # # Caudate/post putamen ratio: P = 0.007.
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Defining Mild Cognitive Impairment in Parkinson’s Disease

*John N. Caviness, MD, Erika Driver-Dunckley, MD, Donald J. Connor, PhD, PhD, Marwan N. Sabbagh, MD, Joseph G. Hentz, MS, Brie
Noble, BS, Virgilio Gerald H. Evidente, MD, Holly A. Shill, MD, and Charles H. Adler, MD, PhD

*Department of Neurology, Mayo Clinic, Scottsdale, Arizona

KHFERDEMIL, /X—F >V UKF (Parkinson's
disease; PD) |ICHBITHBRERMEE (mild cognitive
impairment; MCI) (PD-MCI) D45#AEESHICT DS
ETHD, PD-MClIE, 7ILIINA~Y—7&F (Alzheimer
s disease; AD) DRIBFEIR THD MClI LFEMTDEE
ZABNTIVD, BRI/ IICEFRESNPD &
86 %, EREERBEIE® (PD-CogNL) #f, PD-MCI &,
DSM-IV £#D PD [ KD FHIE (PD-D) B2 H%E L 7=
PD-MCI &, BEICRAENZL, @R OEZHIEEIC
BT, RBEAWEEICET D 1 BEALTERERE 1.5
M EDEENZONDIEEEEE LI, PD £%& 86 fl
D>5, 21%H'PD-MCI B, 62%7h' PD-CogNL &,
17%h' PD-D Bt lCn$EaS /=, PD-MCI&®D PD &%

[ Key Word I 3= 01[ =8

A

REE, /N—F VR

PD Subjects PD - MCI

39%
single
domain
frontal/
executive

17%
dementia

(PD-D)

22%

multiple
domains
without
amnestic
deficit

62%
coghnitively
normal
(PD-CogNL)

22%
single
domain
amnestic
deficit

",
M1%
multiple
domains - with | .
amnestic deficit 6% single domain -

language deficit

HIR A L O Mini Mental State Examination (MMSE)
27 DIIMElT PD-CogNL & PD-D BEDHREICH
Y, MEEOBICBERENROONZ, PD-MCI 8 TH
HLEAEICADNICRANEE TRIEREZRITHERE
T, RIEEBREHIZH DIz PD-MCIDHFHELT,
BHOBRICOI-DEELVE, E—EFTEENR
5NBdZENEN DI, PD-CogNL & PD-D DREICIE
BEDRKERZ # ORIEEDEREN B, AD DI
EVERE L THDNSD MClI EEHROEENERTE D,
PD-MCl DE#ZRfE{t T 52 & T, PD DRAEE(C
BB DEFMLEMAENTEES RN, ThETKWUELRBIC
SAENRBTEDEEAOND,
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FIG. 1. Pie chart shows the relative proportion of PD-CogNL, PD-
MCI, and PD-D in the PD sample (a). The relative proportion of

PD-MCI types by cognitive domain classification is shown (b).

TABLE 2. General characteristics of the three groups

PD-CogNL (N = 53) PD-MCI (N = 18) PD-D (N = 15)

Age at Baseline (y) 75.2 (8.5) 74.6 (8.8) 79.9 (7.3)

Age at PD Onset (y) 70.0 (11.2) 65.1 (12.1) 63.5(9.4)
Education (y) 15.3(2.9) 14.6 (2.5) 15.6 (2.8)

PD Duration (y) 5.4 (4.2)** 9.2 (5.0) 16.8 (6.6)**
UPDRS Motor 17.5 (9.5)* 24.9 (16.2) 36.1 (11.7)*
Levodopa Equivalents (mg) 479 (392) 621 (363) 647 (314)
MMSE 28.7 (1.2)%%#%* 26.8 (2.1) 17.7 (6.9)***

The values are mean (SD). Asterisks refer to significant comparisons to the PD-MCI group: *P < 0.05;

#P < 0.01; ¥*P < 0.001.
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Prevalence of Essential Tremor in Patients with Parkinson’s Disease vs.

Parkinson-Plus Syndromes

*Elan D. Louis, MD, MSc and Steven J. Frucht, MD

*Gertrude H. Sergievsky Center, College of Physicians and Surgeons, Columbia University, New York, New York, USA

ERARERN Cld, AREMIRE (essential tremor; ET) &
IN—F>) 4% (Parkinson's disease; PD) &MESE
MHTRKBEEINT VD, /o, REOKREFMACTIE, ET
BECLE—/MEOHRMRESNTIVD, —BBDET
BEILE—NMERTHDERETDE, ETBEIC
IN=F 2 Z XL EELIBE, LE—/MEDRE
IN—=F I ZZTLEWUE, LE—/MEAEIRT D PD
ERELCVDABEMASNEHAIEIND, RART
IE, PDBEE/N—F V- TSRIEEEE (Parkinson-
plus syndrome) BEZXIRIC, ET DEMIERALLEL
7=o Neurological Institute of New York (NI) (D25
FagsEEIClEa—Liz, PD&&21061&/N—
FUVY - TORERBEEE 210 LB LIZE 3,

(ENED ArMREE, /—F>VU Uk, LE—IME

BRERIOEBRHRE A RO SNIZDIF PD BEDAN
Z2hofz (11961 (56.7%) X3 70 B (33.3%), p <
0.001), PD B&II/NN—F V2 - TSORERBEE
ICEER, TTICET DEEkiAEZIITL\DENZL (7.1%
33 2.4%, Xtk (OR):3.16, 95%fE5EX[E (Ch):
1.13~8.85, p=0.02), /=Nl OHREAREICET
EoMansdELZEN oz (5.3%xF0.0%, OR:
12.85, 95% Cl: 1.66 ~99.8, p =0.001), PD &
ETIE, N—=FoVr - TOERBBEELVE 3 ~
1382 ET &I NT Ve MEDT—F D5,
ET & PD EOORS&EMN RSN, Ffe, ET ELE—/)©
RN EHET DA RS ND,
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TABLE 1. PD patients vs. patients with Parkinson-plus syndromes: demographic and clinical
comparisons

Parkinson-plus syndromes

PD (N = 210) (N = 210) Significance (P)

Age (years) 66.6 = 11.4 69.4 =93 0.007
Gender (male) 139 (66.2) 101 (48.1) <0.001
Family history of tremor 0.002

None 172 (81.9) 195 (92.9)

ET 9(4.3) 2(1.0)

ET and PD/parkinsonism 4(1.9) 0 (0)

PD 18 (8.6) 11(5.2)

Other type of parkinsonism 0(0) 2(1.0)

Tremor type unknown 52.4) 0 (0)

Family history unknown 2 (1.0) 0(0)
Hoehn and Yahr score 2.1 %209 3.1 %£1.0 <0.001
Presence of rest tremor on examination 136 (64.8) 46 (21.9) <0.001

Values are mean = SD or numbers (percentages).

TABLE 2. History of tremor and ET in PD patients vs. patients with Parkinson-plus syndromes

Parkinson-plus syndromes

PD (N = 210) (N = 210) Significance (P)
Had had a complaint of action tremor prior to the
initial NI evaluation 27 (12.9) 15(7.1) 0.05
Diagnosis of ET prior to the initial NI evaluation 15(7.1) 524 0.02
Presence of kinetic tremor on examination 119 (56.7) 70 (33.3) <0.001
Diagnosis of ET (with PD or Parkinson-plus syndrome)
assigned during the initial NI evaluation 11(5.3) 0(0.0) 0.001

Values are numbers (percentages).
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Huntington’s Disease Like-2 Neuropathology

*Penny E. Greenstein, MD, Jean-Paul G. Vonsattel, MD, Russell L. Margolis, MD, PhD, and Jeffrey T. Joseph, MD, PhD

*Department of Neurology, Beth Israel Deaconess Medical Center, Boston, Massachusetts, USA

INITF N EREIRRSE 2 B (Huntington's disease
like-2; HDL-2) &SN BREMERBIIRERE
SNEFREREHEGHERT, N\F UMUK
(Huntington’s disease; HD) &K< =45 ERT 5,
HDL-2 BEDHFREBZMMRICDONTIE, —BlIERS
THRNSNTNBIZT L, KA TIE, DFEERIT
RS NICHREE 2 fIDOBRKERSREZNAMRZ
REL, BBOERASSUHDEB LB T D,
HDL-2 B& 2 flDEEFEZL E1—L, REXRILA
FLI—CEREZECRENLHRFEZNREICK
WEBEEDOMZRAN, £, RUAZ—EEHERIG
(PCR) ICKWUE—MRZAN, FEBEDSUIZHETE
Lo GER) 1 IS8EMRBEDER VDB Y, EF 2135
DREBNETEBL TV, 2B EELMEBERAES
WMEKEREZRRL TS, ERT7TN—EESH

(choreoathetosis) (IHSNEN DIz, BIREZPBIUHE
MTlE, FICHAEAICLSESHEREENRDON
feo INUTHNZ, FER) 1 TISRAISEESMAIRE, BIZAE
NMARE, RERBEREDEMRE, EF 2 TIIREER
BRSUHBEERSICERGHREEMNEROONT,
WITNDBEL/NNCHBICERLBERITAONE
Mofeh, AEFFURBREMEDBEZRNT AR
(neuronal intranuclear inclusion; NIl) (& 2 & £1258
HoNfc, AR TLE1I—LIZHDL-2 B&(CI3, /¥—
FVUERBZHOBIBEEREOERLIG], FHiE
BEREBDORU, 77 HRABENDFHNH DO,
RIEFRIC HDL-2 BE THONDIRFAENDREL
HD CEML T2, D e<&H—8dD HDL-2 fEf)
ICHNTIE, BBEEZSOCANREBMREZDREEN
HD &IFBLDEEZDND,
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FIG. 1. Family tree for Case 2. The proband is indicated with an
arrow. The dotted lines indicate no legal marriage. The gray shade
indicates family members with presumed involvement based on family

reporting but not on direct observation or genetic testing. (Abbrevia-
tions: Dx, age at diagnosis; CAG, number of CAG/CTG repeats).
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FIG. 2. Case 1: Gross Pathology. Panels A through C show a serial set
of half-coronal sections through the central brain. The lateral ventricle
is moderately dilated and the head of the caudate nucleus is flat (Panel
A, arrow). In Panel B, the external segment of the globus pallidus is
dark rather than pale (arrow). While the putamen is small, it is less
involved than the caudate nucleus (Panels B and C). The third ventricle
is also moderately dilated (Panel C, arrow). In Panel D, the inferior
surface of the cortex is gnarled, especially in the orbitofrontal areas
(arrows), indicative of tissue loss. Panel E shows the cavum vergae (cv)
plus the greater atrophy of the inferior thalamus and hypothalamus. The
hippocampus is mildly to moderately shrunken (arrow).
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FIG. 3. Case 1 Histology. Panel A is a low-magnification view of the
head of the caudate nucleus. It shows a gradient of decreasing spon-
giosis from the ventricular surface to the internal capsule (arrow). In a
representative region from the central area of the caudate nucleus body
(Panel B), neurons are rare (arrow) and the background is spongiotic
with many reactive astrocytes (arrowheads). In contrast, Panel C shows
that the accumbens at the same magnification is relatively spared; the
neuropil is relatively uniform and mildly gliotic. The low-magnifica-
tion view of the putamen (P) and globus pallidus (GP) in Panel D is
assembled from an overlapping series of higher-magnification images.
The internal segment of the globus pallidus (GP1i) is nearly normal. The
external segment (GPe) has fewer myelinated fibers dorsally (d), com-
pared to ventrally (v). As demonstrated by pencillary fiber density, the
putamen (P) also shows greater involvement dorsally (d) than ventrally
(v). Panel E is a low magnificent view of Brodmann area 18, adjacent
to the primary visual cortex. The deeper layers of this cortex (Layers
v—vi) show a moderate loss of neuropil, compared to the more mild
changes in superficial Layers (i—iii) or with less involved areas of
cortex elsewhere. Although it showed few degenerative changes, the
parahippocampal neurons contained frequent ubiquitin-immunoreac-
tive neuronal intranuclear inclusions (arrows). (Panels A—E: H&E/LFB
stain; Panel F: ubiquitin immunoperoxidase stain).
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Short-Term Cortical Plasticity in Patients with Dystonia: A Study with
Repetitive Transcranial Magnetic Stimulation

*Francesca Gilio, MD, Antonio Suppa, MD, Matteo Bologna, MD, Cinzia Lotenzano, MD, Giovanni Fabbrini, MD, and Alfredo Berardelli, MD
*Department of Neurological Sciences and Neuromed Institute (IRCCS), University of Rome “La Sapienza”, Rome, Italy

Bik%% 5 Hz &L, ZERFREEIRAE (resting motor
threshold; RMT) PA_EM3#E T REFREZ MR
(repetitive transcranial magnetic stimulation; rTMS)
ZEMBLICIEBE, EBFHEEENM (motor-evoked
potential; MEP) ODIRIEISRZICIBAL, RIBKRTEL
MBIIFHRT Do DL DBIRKRIS, KBRRENEZ1—
O DOEEARENICTTET DI ETHRET D, KAFR
TlE, EROANZT7ERELBRBEICS HZOIMMS %
EEL, BSRIEBO MEP DIRBEEAE, RIBKRTE
DMRFEN BRSO ONDNEN EEFT LI, |
BEZLBHREICHEE, —REEBEFICRMT D 120%
MEETH5[E, 10E, 20 B0 KERHM %N & /=
rTMS #, conditioning-test paradigm ZR\TER2 74
IR (0.5~ 10#) TRMT D 120%DEETE
ED test FEE, BFED conditioning RIBEMA /=,
Fre, BEEAE 1 Hz &L, RMT 288 238EICEL

2 rTMS £EfeLfco RERHPSSIOT R MRIEAIC
MEP DiriaZ AIE Lc, WHRSEER CTIdREHE % R#
L, ABUREICK DRI > Ty MY MEP IRIBIC R
IFTHEZRY L. AMFECTIE, BEBSLURES
IZHNT 5 Hz DRERAHD MEP #xkigld3EEITIEX
L, 5 HZzDrTMS 8 7#&% MEP IZ3 9 23RN 5565
L7ch, ZOBESIUEHGIEIIREEIVE LR
ANZFPEBETHEECH D/, 1 HzDrTMS TIE, #
BRBIORBEE MEP DIRIBICEEITASNEA D
feo RE®RZRIHLIZIBE, test RIMBFIC MEP DR
BOZISRHSNEN Dz, #ERELT, ERIRL
ZVEBEICRMT 282 2#ET D5 HzDrTMS #1375
AL MEP DEHEBRICEENADNIEZEND
AR EDEEREMICHITDEE /NI —HRIBS
hs,
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FIG. 3. Effects of suprathreshold 5 Hz-
rTMS (trains of 5, 10, and 20 stimuli)
and a single stimulus on the amplitude of
test MEPs at different ISIs in dystonic
patients (continuous line) and healthy
subjects (dashed line). Each point corre-
sponds to the mean MEP test amplitude
expressed as percentage of the uncondi-
tioned responses. Vertical bars denote
means * SE. Note that 5 Hz-rTMS trains
elicited after-effects on the MEP ampli-
tude more pronounced in patients than in
healthy subjects.

FIG. 4. Effects of suprathreshold 1 Hz-
rTMS (trains of 5, 10, and 20 stimuli)
and a single stimulus on the amplitude of
test MEP delivered at different ISIs after
trains ended in dystonic patients (contin-
uous line) and healthy subjects (dashed
line). Each point corresponds to the mean
MEP amplitude expressed as a percent-
age of the unconditioned responses. Ver-
tical bars denote means * SE. Note that
the test MEP did not significantly change
in amplitude after 1 Hz-rTMS trains.
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Does Ageing Influence Deep Brain Stimulation Outcomes in Parkinson’s Disease?

*Fabienne Ory-Magne, MD, Christine Brefel-Courbon, MD, Marion Simonetta-Motreau, MD, PhD, Nelly Fabre, MD, Jean Albert Lotterie, MD,
Patrick Chaynes, MD, PhD, Isabelle Berry, MD, PhD, Yves Lazorthes, MD, PhD, and Olivier Rascol, MD, PhD

*Department of Neurology, University Hospital CHU, Toulouse, France
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KA TIE, /N—F> V9% (Parkinson's disease;
PD) BEICHIVT, R TZDREBRRIA (subtha-
lamic nucleus deep brain stimulation; STN-DBS) &
EROERIRER, B, £EOHEICEIDT7UN
HLIZBBDERNFET DN EDN R LT, TRl
BRUME 12 hB, 24 hBOKRT, PD B&EDE
EhiAE (Unified Parkinson’'s Disease Rating Scale
(UPDRS)), 5, s3%0t&EE, £E0DE (Parkinson’s
Disease Questionnaire-39 (PDQ-39)) &L, B
EERLEHRLI. BRAMERANT, IhoDfiiE
DFHMIEE DFER & Fiis & DEBBGRERE Lz, B
D ZDNE /) NS AN Y ORETEHAEL /=, &
MREICIT A5 BlDEE (FHHER 60 =9 5, #H:

CENED) =8, FEBRE, BET

A0~73%) 2EH/ LI, MEI12HBDR AT,
UPDRS & U PDQ-39 WX O77 MDEfE & Fiin & DA
ICERGMEEIIROONEH DTz, fiiE 24 hBOR
MTIE, PDQ-39 D3 DDH TR —I)L EEIHAE
(mobility), BELEEENIE (activities of daily life),
FNHEEE (cognition)) DEEEERMEDBICBERLED
TERENSRD Oz RAES I ERH B L BN DD,
ERIEE D DRI, R EDBICIEDHEREN RO SN,
B R UICITBEDEHHLEFE Lz, ETHIPD
DEHBEZICHLVT, STN-DBS [ IBEMEABEETH D,
SHEENRLDEFDELERICHEL, EROH
m') R OZPFSHMNITDICIE, KURRENDRHBED
EBHERENRETH D,
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TABLE 1. Results of the assessments before, and 12 and 24 months after STN DBS

After surgery, on stimulation

Before surgery, 12 months, 24 months,
N =45 N =43 N = 39
UPDRS 11 14.2 (8.2) 9.2(5.4) 11.7 (5.7)
UPDRS III On Drug 18.1 (8.2) 13.8 (9.4) 14.4 (9.2)
UPDRS III Off Drug 44.7 (14.5) 21.2 (12) 22.1(12.0)
Axial subscore On Drug 2.6(2.1) 1.7 (1.7) 2.1(1.9)
Axial subscore Off Drug 7.4 (3.5) 2.6 (2.7) 3.2(2.9)
UPDRS IV 10.2 (4.9) 2.6 (2.5) 3.8 (3.3)
Subscale IVA dyskinesias 5.1 (2.9) 0.9 (1.2) 1.7 (2.3)
Subscale IVB motor fluctuations 3.7(1.5) 0.7 (1.0) 1.0 (1.4)
Levodopa equivalent doses (mg/day) 1466 (665) 595 (437) 602 (458)

Value are means (SD)

TABLE 2. Quality of life, neuropsychological tests and mood test before, and 12 and 24
months after surgery

After surgery

Before surgery, 12 months, 24 months,
N =45 N =43 N = 39
Quality of life
Mobility 58.5(2.6) 31.7 (22.9) 38.2(25.5)
ADL 52.1(19.8) 27.4 (19.7) 31.5(21.8)
Emotional well-being 43.1(18.9) 27.7(21.3) 32.1(26.2)
Stigma 44.0 (26.8) 20.6 (24.1) 25.5(26.0)
Social support 18.7 (22.2) 13.8 (18.3) 18.8 (21.4)
Cognition 34.6 (13.3) 25.1(17.8) 29.9 (19.4)
Communication 39.7 (19.9) 30.5(21.3) 36.3 (24.2)
Bodily discomfort 55.6 (20.9) 30.9 (22.1) 37.8 (23.4)
Neuropsychological tests
G&B total/48 45.8 (2.9) 46.1 (4.7) 46.8 (1.5)
TMT A (sec) 65.7 (44.2) 57.8 (34.7) 71.1 (60.2)
TMT B (sec) 186.3 (168) 200.5 (161.6) 187.1 (141.4)
Stroop color (no.) 84.1 (27) 80.7 (25.4) 83.1(25.4)
Fluency (no.) 16.9 (7.9) 15.2 (8.0) 15.7 (5.9)
Mood tests
MADRS 11.0 (7.0) 8.3 (6.1) 10.5 (8.3)

Values are means (SD).
TMT: trail making test; G&B: Grobber and Buschke; MADRS: Montgomery-Asberg Depression Rating
Scale; ADL: activities of daily living
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Pathophysiological Concepts of Restless Legs Syndrome

*Walter Paulus, MD, Pascal Dowling, MPhil, Roselyne Rijsman, MD, PhD, Karin Stiasny-Kolster, MD, Claudia Trenkwalder, MD, and Al de

Weerd, MD, PhD

*Department of Clinical Neurophysiology, University of Géttingen, Gottingen, Germany

LZKL Ly T REIRRE (restless legs syndrome;
RLS) DmREEIRIY, EICHREGATR &HREIEFH
T—HICEDNWTHEREINTIVD, TR, EEZED
EHICKOTREBROEENBIBSNDZ EHEIFS
n3£00m, REFATIE, ABRWRDEFZELT
RLS # BB 545871\, RLS DRREEEELT,
RINI AMEEIROBEEEE (BZ5<BRABLU /&
FoSBRED RN UREEDZE L) W, RN EER

D—BfCHDBRRTEICHEEIT DA Z1—OVED
HREEENBESNT\D, INODZ1—OVIIERE
BROBEZHHT 2/EIZE5, TOEBICENIE
Ld&, BERTIIEICTROROMEFHEDORELIEL
BEERTD. DL OB EHREEZHLREDENIS,
RBREDAE, HRERE, TEENRERES, K4
BFHECFHICTE D,
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Controlled Study of Decision-Making and Cognitive Impairment in Parkinson’s Disease

*Javier Pagonabarraga, MD, Carmen Garcia-Sanchez, PhD, Gisela Llebaria, PhD, Berta Pascual-Sedano, MD, PhD, Alexandre Gitonell, MD,

PhD, and Jaime Kulisevsky, MD, PhD

*Movement Disorders Unit, Neurology Department, Sant Pau Hospital, Autonomous University of Barcelona, Barcelona, Spain

IN—F>2 4w (Parkinson's disease; PD) Tlg, B
NERI R DEBERE ICH# D EENFIHIESE (impulse
control disorder; ICD) ARESNTL\D, PD B&EIC
BT, 1DFRIEBEEE DERR ¥ — 1 — & AMRETFERY
MR AR IARE & MRS EM IS R EBEOMNIENT
VLY. ANFRFETIE, ICD DEFEMEDA \FESREME PD
BEDRKRPY >V TILICBINT, DBRREEEESER
MPEEEDREEMEEEE U, $HlllCIE, RERERE

|CB89 B risk-taking test & SIEM/Z R DIBZIRE
Rz FERRANE PD BE 35 B & BR#EEERE 31 61
(PD BEB & Fip, 4RI, ZEN—H) ZWURETD
BIEE LB BRERER (2 H50 VT, lowa gambling task (IGT)
ZRWCERBRERENZZEIL, sBANHEESMIS Mattis
Dementia Rating Scale (MDRS) &EERIBE, ZEiT

50

30
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FIG. 1. Impaired decision-making in the PD group, as shown by lower
mean total IGT score (—10.8 = 19 vs. 6.1 = 17; t, P <0.0001) versus
controls (CG). PD patients significantly chose the high-risky decks, that
offer immediate rewards but result in long-term overall loss.
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DFEREFHEBEERL, MDRS EREBREADZOTH
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Movement Disorders Vol. 22, No. 10, 2007, pp. 1430-1435

IN—F 2V ¥R, lowa gambling task, #REMES, FENIEEE, BA

A

Control Group - Mean IGT scores

Advantageous
minus
disadvantageous
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Control Group - Mean IGT scores

Advantageous
minus
disadvantageous

-3 -3
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FIG. 2. Defective reward-related reinforcement learning in (B) PD

patients, who failed to progressively choose the most advantageous

decks in each block of 20 trials, compared to (A) controls (CG), who

showed a normal pattern of learning through the performance of the
IGT. (C + D) advantageous decks; (A + B) disadvantageous decks.
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A Nationwide Survey of Excessive Daytime Sleepiness in Parkinson’s Disease in France

*Imad Ghorayeb, MD, PhD, Anderson Loundou, PhD, Pascal Auquier, MD, Yves Dauvilliers, MD, PhD, Bernard Bioulac, MD, PhD, and
Frangois Tison, MD, PhD
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TABLE 3. Patient distribution within the different treatment groups and the corresponding levodopa equivalent and mean
Epworth sleepiness scale score

DA alone* Levodopa and DA**
Levodopa Levodopa Levodopa
Population Levodopa + + + Levodopa +
study alone Piribedil ~ Ropinirole ~ Pergolide =~ Bromocriptine  piribedil ~ ropinirole  pergolide ~ bromocriptine
Number of patients 1625 404 73 65 31 3 179 180 110 35
DA mean dose (mg) 154.3 7.7 23 45 142.9 8.8 2.4 27
Levodopa mean dose (mg) 455.5 436.2 507.7 569.3 503.6
Levodopa equivalent mean
dose (mg) 585 455.5 308.6 128.3 230 450 722 654.4 809.3 773.6
Mean ESS score 7.1 6.7 6.5 6.6 6.6 53 7.6 7 7.9 75

*172 patients received DA alone, and the mean ESS score was 6.6.
#%548 patients received levodopa and DA; levodopa mean dose was 712.2 mg; the mean ESS score was 7.5.
DA, dopamine agonist; ESS, Epworth sleepiness scale.

TABLE 4. Number and percentage distribution of drivers as a function of chance of sleepiness (A) and sudden onset of sleep
(SOS) episode (B)

A. Dozing while driving (item 9) B. SOS while driving (item 9)

Number of Percentage Number of Percentage
Chance of dozing drivers of drivers SOS episodes while driving drivers of drivers
0 (never) 712 84% 0 (never) 745 88.9%
1 (slight chance) 101 11.9% 1 (occasionally unpredictable) 81 9.7%
2 (moderate chance) 28 3.3% 2 (often unpredictable) 8 1%
3 (high chance) 7 0.8% 3 (always unpredictable) 4 0.5%
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A Novel GLRA1 Mutation in a Recessive Hyperekplexia Pedigree

*Rob J. Forsyth, PhD, FRCPCH, Artemis D. Gika, PhD, MRCPCH, Ieke Ginjaar, PhD, and Marina A.J. Tijssen, MD, PhD

*Sir James Spence Institute, Royal Victoria Infirmary, Newcastle University, Newcastle upon Tyne NE1 4LP, United Kingdom
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FIG. 1. Electropherogram of GLRA1 sequence.
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Analysis of Olfactory Function and the Depth of Olfactory Sulcus in
Patients with Parkinson’s Disease

*Ji Youn Kim, MD, Won Yong Lee, MD, PhD, Eun Joo Chung, MD, and Hun-Jong Dhong, MD

*Department of Neurology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea
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1R & N8 (olfactory deficit) IE/X—F >V VIR
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Yahr (HY) =88, UPDRS Part Il (GZ&p) D377,
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FIG. 1. Coronal view brain MRI in the plane of the posterior tangent
through the eyeballs shows the olfactory sulcus (white arrows) and the
olfactory bulb (black arrows) in the PD patient.



TABLE 1. The results of the Smell Test Including the CC-SIT and Threshold Test Using Butanol and the

Depths of the Bilateral Olfactory Sulcus Measured from the Coronal View Brain MRI

Control PD H-Y Stage I H-Y Stage II H-Y Stage III

(n = 25) (n = 59) (n = 21) (n = 21) (n=17)
Sex (M/F) 10/15 37122 15/6 14/7 8/9
Age 599 = 11.6 63.4 £ 12.1 60.5 = 13.9 67.2 £9.8 624 £ 11.5
Mean UPDRS III (Rt/Lt) NA 7.4/7.0 4.1/3.1 7.1/1.7 12.7/11.3
CC-SIT score (Mean * SD) 103 *1.3 7.3 *2.6 7.7*+1.8 7.4x25 6.7+3.3
Normosmia (n) 14 (56.0%) 8 (13.6%) 2 3 3
Hyposmia (n) 11 (44.0 %) 41 (69.5%) 18 14 9
Anosmia (n) 0 (0.0 %) 10 (16.9 %) 1 4 5
Threshold 53%05 44+09 4805 43£1.0 40=*1.0

(n=29) (n = 42) (n = 13) (n = 15) (n = 14)
Sex (M/F) 3/5 21721 9/4 10/5 17
Age (years) 62.0 £ 14.1 625+ 11.6 61.3 £ 13.0 68.3 = 13.6 63.3 £ 13.0
Mean depth of olfactory

sulcus (Rt/Lt) (mm) 7.0/8.0 7.6/7.6 7.8/8.1 7.6/1.7 7.4/7.2

NA: not applicable in this case.

Abstract
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Basal Ganglia Cholinergic and Dopaminergic Function in Progressive Supranuclear Palsy

*Naomi M. Warren, MD, Margaret A. Piggott, PhD, Elizabeth Greally, BSc, Michelle Lake, BSc, Andrew J. Lees, MD, and David J. Burn, MD
*Institute for Ageing and Heath, University of Newcastle upon Tyne, Newcastle upon Tyne, United Kingdom

34
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TABLE 2. Pathology and disease duration

Caudate Putamen GPi GPe
- Disease
Case N loss NFT N loss NFT N loss NFT N loss NFT duration (yr)
1 0 XX 0 XX XX XX 0 4
2 0 XX 0 x/0 XXX 0 XXX 0 10
3 0 XX XX XX XXX XX 14
4 0 0 XX XX 11
5 XXX XX XXX XX 4
6 5
7 0 X 0 X XXX XXX XXX XXX 7
8 XX XX XXX XXX 5
9 X XX 0 XX X XXX X XXX 5
10 0 XX X XX 0 XXX 0 XXX 3
11 X XX 0 XX XX XX XX XX 8
12 0 0 XXX 0 XXX 4
13 0 X 0 X X 0 X 7
14 0 X 0 X X 0 X 4
15 0 X 0 x/0 XXX 0 XXX 0 2

Blank spaces indicate data not available.
N, neuronal; 0, none or minimal; X, mild; xx, moderate; xxx, severely affected.

TABLE 3. Striatal and pallidal results for PSP and controls

Ratio of geometric means

Controls, mean (SD) PSP, mean (SD) and 95% CI, mean (SD)

PE2I (DaT)

Caudate 4.8(0.1) 1.2(0.4) 3.8 (2.7,5.3)%**

Putamen 5.1(0.1) 1.0 (0.4) 5.0 (2.9, 8.6)***

GPe 0.4 (0.6) 0.2 (0.4) 2.5(1.1,5.8)*

GPi 0.7 (0.3) 0.1(0.3) 4.9 (2.1, 11.4)%*
1251 51A85380 (nicotinic)

Caudate 3.0(0.3) 2.2(0.2) 1.4 (1.0, 2.0)

Putamen 3.5(0.2) 2.2(0.2) 1.6 (1.3, 2.1)***

GPe 1.4 (0.2) 0.9 (0.2) 1.6 (1.1, 2.2)**

GPi 1.3(0.3) 0.5 (0.5) 2.6(0.9,7.7)
Epidepride (D2)

Caudate 15.6 (0.1) 19.9 (0.1) 0.8 (0.7, 0.9)*

Putamen 16.6 (0.1) 18.6 (0.1) 0.9 (0.8, 1.1)

GPe 10.6 (0.2) 11.8 (0.3) 0.9(0.3,1.3)

GPi 5.4(0.2) 8.4(0.2) 0.6 (0.4, 1.0)
Pirenzepine (M1)

Caudate 975.0 (0.2) 861.0 (0.3) 1.1 (0.8, 1.6)

Putamen 875.0(0.2) 781.6 (0.3) 1.1(0.8, 1.6)

GPe 97.1 (0.4) 137.7 (0.4) 0.7 (0.4, 1.3)

GPi 74.8 (0.6) 114.3 (0.5) 0.7 (0.2, 1.8)

Values expressed as X 10~ '® mol/mg, using geometric means.
*P < 0.05, #*P < 0.01, #**P < 0.001.
GPi/e, Globus pallidus interna/externa.
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TABLE 4. Risk of essential tremor among first-degree relatives of patients with Parkinson’s disease referred to the Mayo Clinic
(comparisons across strata defined by clinical characteristics)

Number of relatives

Number with

Clinical characteristic at risk ET (%) HR (95% CI) P value
Analyses for all relatives
Onset >67 yr (oldest)* 1,079 59 (5.5%) 1.00 (reference) -
Onset 58-67 yr (middle) 878 47 (5.4%) 1.08 (0.74-1.59) 0.68
Onset =57 yr (youngest) 727 53 (7.3%) 1.96 (1.35-2.86) 0.0004
Women relatives of PD patients” 1,316 61 (4.6%) 1.00 (reference) -
Men relatives of PD patients 1,368 98 (7.2%) 1.92 (1.39-2.65)° <0.0001
Other first symptom 1,112 53 (4.8%) 1.00 (reference) -
Tremor as first symptom 1,544 101 (6.5%) 1.45 (1.04-2.03)¢ 0.03
Akinetic-rigid 839 29 (3.5%) 1.00 (reference) -
Tremor-predominant or mixed 1,838 130 (7.1%) 2.15 (1.44-3.21)¢ 0.0002
Analyses for relatives of PD patients with onset =57 yr
Women relatives of PD patients 359 19 (5.3%) 1.00 (reference) -
Men relatives of PD patients 368 34 (9.2%) 1.84 (1.05-3.24) 0.03
Other first symptom 322 24 (7.5%) 1.00 (reference) -
Tremor as first symptom 390 25 (6.4%) 0.93 (0.53-1.63) 0.81
Akinetic-rigid 193 10 (5.2%) 1.00 (reference) -
Tremor-predominant or mixed 527 43 (8.2%) 1.59 (0.80-3.17) 0.18

“Because an adequate group of controls was not available for the referral PD patients, we compared the risk of ET in first-degree relatives of patients
with PD onset in the middle and youngest tertiles with the risk in relatives of patients with PD onset in the oldest tertile (reference). Tertiles are
presented from the oldest to the youngest to keep the reference on top. Because referral patients were younger than population-based patients, the age
cut-offs in Table 4 are different from the age cut-offs in Table 3. A test for linear trend of the log HRs across age tertiles was significant (P = 0.001).

Fathers had an increased risk of ET compared to mothers of PD patients (HR = 1.94; 95% CI = 1.24-3.03; P = 0.004). Brothers had an increased
risk of ET compared to sisters of PD patients (HR = 2.17; 95% CI = 1.27-3.71; P = 0.005). However, sons did not have an increased risk of ET
compared to daughters of PD patients (HR = 1.16; 95% CI = 0.46-2.93; P = 0.76).

“Results were consistent in a sensitivity analysis excluding the 85 relatives who developed PD or parkinsonism (HR = 2.10; 95% CI = 1.45-3.04;
P < 0.0001; 37 relatives belonging to 35 distinct families developed ET 5 or more years before developing PD or parkinsonism), and after excluding
the 97 cases of ET reported only at proxy interview (HR = 1.94; 95% CI = 1.15-3.26; P = 0.01).

dResults were consistent in a sensitivity analysis excluding the 85 relatives who developed PD or parkinsonism (HR = 1.57; 95% CI = 1.07-2.29;
P = 0.02), and after excluding the 97 cases of ET reported only at proxy interview (HR = 1.51; 95% CI = 0.89-2.58; P = 0.13).

“Results were consistent in a sensitivity analysis excluding the 85 relatives who developed PD or parkinsonism (HR = 2.09; 95% CI = 1.32-3.28;
P = 0.002), and after excluding the 97 cases of ET reported only at proxy interview (HR = 1.80; 95% CI = 0.98-3.31; P = 0.06).

A B C
<)
>
~ 25 254 25
n
]
=
T 20 20 20
[ Tremor Tremor-predominant Men
c first of mixed form relatives
- 15 151 15 H
] i
3] I
5 !
T 10 10 . 10 i
(3] ]
: L]
(4 5 - 51 et
2 # Akinetic- Women
K rigid from earll relatives
= I - i I o
£ 0 0 T T 1 0 T T 1
5 30 30 50 70 90 30 50 70 90
Age, yr Age, yr Age, yr
Relatives at risk
Soild line 1,538 1,185 607 61 1,832 1,403 735 78 1364 1,023 499 46
Dotted line 1,112 839 433 60 839 839 321 44 1,314 1,024 558 76

FIG. 1. Cumulative incidence of essential tremor (ET) among first-degree relatives of Parkinson’s disease (PD) patients with and without tremor as
the first symptom (A); with the tremor-predominant or mixed form versus the akinetic-rigid form of PD (B); and in men versus women (C) (referral
sample).
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TABLE 1. Demographic characteristics of the control and
PD groups

Healthy
PD OFF PD ON control
Sample size 19 24 30
Age 67.4 (10.1) 69.7 (7.4) 64.1 (8.5)
UPDRS Motor Score 28.0(5.8) 18.8 (4.1) NA
Average hours since 12.5 (1.8) 1.25 (0.3) NA

last dose of
medications
(respectively)

Values represent means with SDs in parentheses, except where

specified otherwise.
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Dopaminergic Modulation of Timing Control and Variability in the Gait of Parkinson’s Disease

*Quincy J. Almeida, PhD, James S. Frank, PhD, Eric A. Roy, PhD, Aftab E. Patla, PhD, and Mandar S. Jog, MD

*Movement Disorders Research & Rebabilitation Centre, Department of Kinesiology & Physical Education, Faculty of Science, Wilfrid Laurier Univer-
sity, Waterloo, Ontario, Canada

Thd. [FEHon] DPDBETIINHZEDYAIY
TDEEBNKREL, HTICET 2IBEIEE (FIE)
ICEENHONIZEND, BEERT ([F off] D
PD B2EHCISHRIIC), BERBELBLLIDICIE
ST TERNZENPEOMNIIE D, /2L, TORR
SHERF 1 —RIAZRNCIBSICBRESNIZEDTH
Y, WEBRENBEDDR—IATEHWIBEICITRDONG
mofze URIDMARBEREBERIC, PD BEICHOND
SITREOETICIISEORIHDEESLTHY, AEE
ISmEDEMKBDERISERLLED Dfz, BIRR
W2 &I, BERRECIIFTFI—DERENERLDIFE
HRHRELLoH, @PD BEHCIIFI1—DEE
ICBIRE S BIBII—ETH D, PD BELBERERERS
T, 1 HTE0EEFRICENAONIIEND (B
ARBEHSE, WEZEMER), STORBNERDS
HICKHBEEZIMFENICAS LTSI ENTRES
ns,

Movement Disorders Vol. 22, No. 12, 2007, pp. 1735-1742

zEst, y13I27

130

120

110

100

90 T

80

Stride Velocity (cm/s)

70 I I.° = Healthy
3?)1.....___,__,...;3 55 PD OFF
60 S r -#- PD ON
50 *
Self 60 80 100

Cueing Condition (beats/min)

FIG. 1. Externally-paced stride velocity for healthy participants, PD
OFF and ON.
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Pathological Gambling in Parkinson’s Disease: Risk Factors and Differences from Dopamine Dys-
regulation. An Analysis of Published Case Series
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TABLE 1. Characteristics of patients with pathological gambling (PG) compared with a representative sample of patients with
dopamine dysregulation syndrome (DDS)"

Patients with

Patients with pathological gambling (PG) dopamine Statistical
dysregulation comparison
syndrome between
Statistical (DDS); Evans patients
comparison of et al.% with DDS
PG patients (Previously and non-
with and unpublished DDS PG
Total No DDS DDS without DDS data) group
Number (N) 177 50 13 - 25 -
Sex (males) 118/156 (75.6%) 35/50 (70%) 10/13 (76.9%) NS 19/25 (76.0%) NS
Age (years) 57.3(%£9.9) 56.2(%£9.3) 61.5(£7.5) P =0.04 55.4 (%8.1) NS
PD onset (years) 49.5 (£10.3) 49.9 (£8.9) 53.0 (=8.1) NS 42.4 (=8.7) NS
Duration (years) 7.8 (*£4.9) 6.3 (£3.8) 8.5(%£3.4) P = 0.05 13.1(£5.9) P < 0.0001
All dopamine agonists(DA) (N) 174/177 (98.3%) 50/50 (100%) 12/13(92.3%) P = 0.05 20725 (80.0%) P = 0.001
All non-ergot DA (N) 120/177 (67.8%) 42/50 (84%) 5/13 (38.5%) P = 0.0008 1/25 (4%) P < 0.0001
Pramipexole (N) 78/177 (44.1%)  24/50 (48%) 2/13 (15.4%) P =0.03 0 P < 0.0001
Ropinirole (N) 42/177 (23.7%)  18/50 (36%) 3/13 (23.1%) NS 1/25 (4%) P = 0.003
All ergot DA (N) 53/177 (30.0%)  8/50 (16%) 7/13 (53.8%) P = 0.004 7/25 (28%) P = 0.004
Apomorphine (N) 0 0 0 NS 14/25 (56%) P < 0.0001
Levodopa (N) 110/130 (84.6%) 36/50 (72%) 12/13 (92.3%) NS 25/25 (100%) P = 0.003
Total levodopa equivalent daily
dose (LEDD) (mg) 909.2 (£621.1) 710.4 (+424.2) 1581.7 (x857.5) P = 0.003 1,993 (£833) P < 0.0001
DA LEDD (mg) 308.9 (£146.6) 307.0 (£105.9) 361.2(+224.9) NS 706 (£309) P < 0.0001
W history (N) 45/70 (64.3%)  19/33 (57.6%)  9/13 (69.2%) NS 20/25 (80%) NS
Depression (N) 38/91 (41.8%)  12/33 (36.4%)  9/13 (69.2%) P = 0.04 12/25 (48%) NS

“Figures given as mean (£SD).
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TABLE 2. Sensitivity, specificity, and area under the curve
of tilt table testing, MIBG H/M ratio, and putaminal trace(D)
values for the differential diagnosis of MSA-P from PD

MIBG H/M ratio

DWI
OH tilt 15 putaminal
table min 4 h trace(D)
Sensitivity (%) 55.6 44.4 55.6 100
Specificity (%) 55.6 88.8 88.8 100
AUC 0.563 0.778 0.802 1.000

OH, orthostatic hypotension (blood pressure drop = 20 mm Hg
systolic and/or =10 mm Hg diastolic); MIBG, '**I-metaiodobenzyl-
guanidin; H/M ratio, heart/mediastinum ratio; Trace(D), trace of dif-
fusion tensor; AUC, area under the curve.
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FIG. 1. Plot of putaminal Trace (D), 15 min H/M ratio and 4 h H/M
ratio of MSA-P and PD patients and NC. H/M ratio, heart/mediastinum
ratio MSA-P, parkinson variant of multiple system atrophy; PD, Par-
kinson’s disease; NC, normal controls; Trace (D), trace of diffusion

tensor.
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