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REBRI R M EThEE RSB PR A
EXR BET
RBEIER LHREIBRZAHEHABARN

B X—HAREBEBI T EHMA, AR OENE, EE—&N

—. & HFR

HEBHREFPENBREF LAOBEBRITHEERR, BRRAAIBILEULERBE ZHEBMIEBES. HK
AR E WL Y . 5 E Benabid ZE#H 1T LA SR F AR B, BRI Vim B A M EBRICRN R, B
F B (K TF 100Hz) Vim BB AT 05 R 8, R #E LG, BB X F K 3. Ei 1987 4 Benabid FF 4 A fo I
MAMU BB RMEARRBITTRE, 23 10 RFHER, X—HARECHBB TR ZHMA.

T4 R AIE T BRITABHRT R RIMNELRIT BRI A FiR. 1997 £, R+ At R Ihaed
SAKE M BIF AL b, Amano K 4538 VB MA & 25 S 7% B Z2 5E £ B M Pergolide( ¥ R 47 ) BX & 16 7 7T BL48
B RIFRCR A RRATT I N A RIB T REEHE. RITAKH PD RAERBEZARRT AT
TR R 2 7= Ak T E T IR AR A AT RSN RN T .

%0 00 20 384 B A AR < A B B0 2 1 R R ER ( Gpi) N R SR R Y 5 SR R i U R A AR R Y B,
IR BE., BEERRERMBREA TSR XFF AR B4R AL %A %, F 47 DU F AR T
MYEK, BARGE R TSR A A 2R, MREGEFRE . BRERER ABRRFERS
20% ~25% . T DBS MG E/N T FAR KAEFRENRERAERL 1%, B 78 5 B3R 8
BHEFRRKBEYPITR, WA RIE. DBS B MR &SR 57 %R B ¥ 7T 3% 89 T 3 95 89, R F R
REEM,

BRI\ PDHRARHAHSERSRMARMEL, BN AT DBS FAN K AR ERAR: EMBE F B &
(Vim) , & HERA W (Gpi) 8 £ IR (STN) .

Vim R BRI BIA NG PDRARBMBRTES. Vimn B BEFBURERRANBE. X Vim
BT R set, ER D RBIEERK, BEEZESAY PDRANESHBL, EHRAENRESESEREE
R, SHBEILFER , EEZME,

GPI ) DBS JCRRIRE BV, 64K Gpi AT % PDIRAK B RE ZFHAB AXAR BELS BY
AREREFERTHBEEF  AEMNERSBEFRBENEHBEREEEE. EXEAXNBBROKEERAN Vim
Bio Gpi BB HIBARTE 1992 EFHEMA TR, M EEREBE . BB . RHEFAR NEHARMPSE
MRBERBES—,

STN RIBAR7E 1993 4EFF 45 8 F TG IR, 22 DBS B AR R, BRI AAH 5% BB M ERE
STN fE R # B# f. STN BRI ¥ REMEERREL , W31 R 8 MR EEBREK, W EE EHMF
WREBERE N ER GBS SERTHBHER,

DBS R AEE &4 5 RMIAITTRREHEL. ENIE: A PDRALEEZIRRITHIBVE#T TE
HRZYIAIT, M2 YEIT TR B E R AR R o R B IR WIR T BT A R A RN £ e B BIAIT A R
2 2 : BT A AN E R E B F AR B A AR IE R F DBS 197, i m AL E 5 &, W S B 4 i 89 R M R
% WE AL FERRENFA,ENM STN 8 DBS BT B A IR S HE R NE, X #E 8%k
BRATHH, BRATEN ., XK 69 FULHEFRALZERLZLER, BHMW STN RETHE H
WERDVER,

REWEREREMEBTERNER., CENESENTERERET AC-PC A, FIAMZEKEA
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B A% 51 1) % A0 AR U AR PR R B E STN BYME A 445, STN BB BIMWER: X=12mm; Y= - 2mm;Z= - 4mm,
XM FEEAELEIRALRR AN MEERTHER PR EERAEREEIEZR, E—BHAH,Rb
E#TERFNA BRI TR, XN T HA B BB R RN AR E LR, B#F MRIHERK
BB AEVRERA MRI R HRERGE,# STN REABRLWHEWERE MRI B& L, STN ZH
A A BMEE STN KB R A EMNBER T HRBESHABRNSHWNOE AC-PC HEEHTHE STN
MERME BT ARPHRITRN, BORANFREE, BMEEAS T B8R 5RRA LR REILE,

DBS $l3# 28 X B =3 A MR, B A AR X T s AR%EE . BRrtt R L AL # A DBSHA
% & 3% H Medtronic ARIAEFHHEMAEARER  ARELR 1.27mm, BN EMESKH 1. Smm, B FF
1.5mm, RPERFEBRAZHRBETFREAL, NBEXERSEZAFH, BORHER SR8 AKH
BRI FEHBR . KEBEFAIORHSER JTE 130~ 160Hz; Bk F : 90 ~ 120us; L E :2~4V,
PD WIERBBFBEEERBE 1-3 5 HA.

FER SR B BRI TF R b, 8 SR AR, WP A & M R BB, Wil — RS, S
ROEL, BREFRTH. A, HaRlichiEs—enEl. BREXEFRPAREFEH PDHA
HWECRAASENENEETEEES HYLEHM PDRARESCRIAB ORI R8s, LR
BEHEICR,ERELFEN,. AMERIERABERS PDRAFRIAE -SWHARENER. A&
BT PLOMEIBETN S, NBRARTR EMT RPRBNAMBRIERBEARHTEBEREZR AR N
WWTEREETEMT FAFLZECLFEHMMHIILE, FAEEIRETHRERICR,HNT FREE
MRHRER, WM TRBAAXE. P.Cintas M. S5 8, LEIA) STN B1iEsH7E STN B A F 1.9+
1.3mm &b FEHBCESE) . YT EBRPIEN,ZE STNEAE 1.5+ 1. 3mm 4R ¥ TRLIIMERL
W5, A48 H GBI R PR AR T R I R B R B B A9 DBS RIS,

Z 1R A

18 [ P A R — PR R PR AR AR, B R BRI A AR, XMENB SR AN A AR RE
fls e SPRHEGUR R8T R E KR REREZE S 1%, B R BN A 2R, 700 MO 2 5 B R B R ™
HEHHRE.

Kummar ¥ %58 2 8 = K2 B34 F Y% (nociceptive pain, NCP) 1 £ 5% 1 7 7% (neuropathic pain,
NPP),iX%f DBS AR KK F &L,

1LEBZOGEREAE(NCP) XETHEAXHALARNTEANN/INAGFRZHEORE  ZFANKRHEY,
BT PRI RN, 5 DS .

2 MZHEEI(NPP) BN AMEE Y BN PE—AMRES R, ERIAN DR A FHhE
B RekesE , BB RSP A9, X AT G — A S B SE 10 T X 51 < 38 B O T AR T SO e SR AR, EL X R Ik
TR T B MR MR T, R 0 B 5 T M (NCP) 5 X G I i 25 35 5 O 44 22 5% 1 2578 (NPP) 5 1 ik BB %8
SRBHRARERIF T HAEREY, HAERALT A BB ERE , XHRANERERIRBEEHN,

BERRMEREES R ER NER RS SR, KEHTHERELR(NPP), URKEM
1% 28 J8 BB K i 0 3 ( periacqueductal and periventricular gray stimulation, PAGS/PVGS) 34 7 %78 81l B 5 A o
S 838 TR 45 % 1 s (NCP), '

UTRARE SR HA

1. 9K ERB KR (PAG)RIEA . EATEE:AC-PCA L F 3mm ZFH Tmm, 5SS F 3mm /5
7 2mm, FLF 2~3mm. RIBIHH 25~50 Hz; B E 1~5V; 8 0.1~0. 5ms,

2HEEREEREIFKA(PVG)RBMA BEBE:AC-PCE EF 0~8mm; GBS R 2~ 8mm; F
&% 3mm. FIKSHS LA,

SVAEEHM(PCHRMA . BEFE AC-PCL LF 0~4mm;AC-PCAF EEH 8~ 14mm; P& F
23~27mm, RIS E R BKF .50 Hz BT 0.25ms, HRIBRE R 0. 7TmA B, 38 X 0] i BLES BE KK 70
BB RER 1.5mA RS IEXMNREAZS . BRI S 4HEERERMREREHEER THRBER
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4~12 /hBE , BB RIMA R

4, BRB K E(HCD) RIBOAR - 3 S 7EZ 8 FLAT 12mm. E 11mm P L 16mm. REEBH3~5 Hz BT
0.3ms Bk 3~5V, BRI 5~ 10 2905 BN AR, RIW 20 ~45 4T REBHBERBUER,

SERBEE(VP, Vo) RIBMA A% AC-PCL& L H 0. 5mm; EEARH 4~ 8mm; F4&% 10~
14mm, RIFSEHNIUR kb, BER 0.5~ 2ms JHHE 5~20 Hz ¥ 0.8~1.2V,

HtWRMBEEAER PRI B (CM) HRFE(PH BFLE M LR RE B8, LRiT 3%
o

= T A A

O [ P AR 9897 TR B SNRHIRIT H A R TR AR RTEIBRAR D H BB AR . X
REBRIIBRAR S, 20 42 40 FREFHRFEALEE M FARRBT R EHEER, LEBENESFEREA
BK R N2 A B Forel -H X%, 4 % A BB — EIT 8 1985 4, Cooper Ml Upton F i i F 18
ERRIEARET B EMEMRE . Bi/S Velasco F Sussman BB TR T, HBE T —EHIT3. BRitH
BEMBER LR RPB(CM),

1,48 4 B 1oy o R

B4 R FIMAR BT RO BTN A HE, TRV E - OEREARFTEREBETEHMS
B —NEE PN, KR KRN E 5465 % R 25848 R A 65 57 i B BGE BE P e . [Rled, i
RBHMEERT BAEFH—-NEERN, AHEEFH TR T OFEXRMTE S R IEH MM KR
ERMHLTHEEEERTFESXHRR, ERESEARRBITARKERNHETEE. OEREE
BRI VERZS XM EERR, TRSSIBRERARBNEEFAYES L. OEIYMIBERP R
B, AT B BB A SR, A R S A A S A0 R SR B, B 5 10 RO B9 R AE

18 1 63 B CM A% B9 08 SR 45 : AC— PC £ 2~ 3mm; PC A R/jH Smm; AC - PC & 3% FF 9mm,
U0 70 87 5 T B, B R B R U CM % B A AR .

18 1 Fr o ) 8OR A9 3E B IE - (1) B R 2P TR, EM AT 2 E XM BITHE, EANRE
4L E, QREEHBICRAREBERBER T, NP R B R EERFI, (3)CT-MRI /R 5 AT &
HEHRE, BB KTF 70,

B RRMANERIE: VFEERSAERZREMFRAE, REFTENL I EERE,
CBABTUNFIOHEAREHREE. QFAFTLUERESERARRETALE. O ENRESR W
ZEVRKBERMFEREE. O LERYUB T KRAEBEBRRRE,

2 /MR HR % BB AR (cerebellar dentate nucleus stimulation, CDNS)

Codkevskii 231 B #8 i #E4F CDNS, M4 T M B , Sramka ZEXF MR MMM A 1T ® 8 CDNS, &
EWHTHRARER ORGP TRERE. EEEFAEROKRIEERHR 0.5~2.0ms; 57
H.5~15Hz; K :1.0~3.0V, RIS K I &3 8min, ATLL 24 DT EZERIM, LTU REBXH
94T T U 45 A 8

M. HE%H KA DBS :

AT, MR ERF DBS M HE#EIRERAHHET BBH EEATS AR FmA K IEH ;L
A R A DBS M BB TR RO T HYA R HFRS R, BRF T EES.

DBS SR MFARME, RATABHE ATk, ERMHFT MR AFR  AERLE FEELBHRA.
HAE) EMATEREBERERNET CENEER FRAERE. EMAERES HFTENNHEL
K R EE (Vim) , & B ERA R (Gpi) M £ R & (STN) .

AR+ ZEHEKER, £ Vim BRBETHEFRRBEAEAEREC BB X2 M T.o Benabid
RIET 100 4] £ DBS KBTI R, KBS W AR UIEEE 8 LU E, HEREIR 85% MW A
MREBIHENES . RALBERAMERTEFRMOEMMEBERTREARZRAR. STHERERN,
ZHMEES 0% KRFIRELABIRENER A0 EENRABRBELHER  ARSBRANEERES
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PHEHRE.. Vin-DBSIHT SRR MR IUEAREAREARERE R AR FTE, KPS LRY
E #R % 80% LA b, R T Z AR TES ARRMSER K E I BRI FATRBBITHR,

T EERE M RMOR MEUR SHERTE Gpi IR ER X, MEARIHABERREBA—B, S ARy
WL, TUBRBHERFWIBERO ERESEIIENEHE, MMESSEBNEHBE; MAKEH
B Gpi MHEWFSNTTLIRES S, BEMNEHEE, ST ERSESI RN ZHETR.

STN -DBS AT & FW B R EWIF S 1EH FEL, STN M : QA% UPDRS ¥4 50% ~ 60 %
(FEFIEMABFRET ). OSTN - DBS et £ RZGRAE T X UPDRS AR ERHE . QAWML R
MEXEROERE . BE. 2328 FHERPRERSEHESIAAZHE. @STN - DBS 5951 R W3
£ 5 Vim - DBS Fris 2|l M E 2 R4, @STN - DBS B8 A %2> L — dopa IR B 40% ~60% ., ©
IHBEYE L-ZEERHORIIE, O FLERARIFMNBTHR . EHRANB LS IUBRE, &8
MERTHANEETR. @STN-DBS HIBFRBANRERT SR XN EHAE.RE. BN .5
VPR BB RE R E. WA STN AT ERERERFRAN EREEH KM P L5
Ro BEHFEN 26 FIARPRB L E, R E SINB(HA)ANARUESRME RO XL RIEH STN &
(B) A b b SRR CFF 108 ) RISOR B8 N IE R B B AL B, T B iR s 3R 3 40 53 B R 18 5 B 8 sl RO R
Ao BT STN HERB /D, ERHME, B EAEESEW, RIMAFEHRABM L, T STN-DBS BA T
AR RS, R ERRIT NS R E BT %

BERRAEARNHREFTERALE=AFTE:OSGFARAMEXMNIFRE, TEHMA LI R . RS
Fo OMARBMXWFRIE, EEAERITE RBHER ERBES, ORFHEXNIERE, 2 h BN
W51 R B H A B R, FOAE R B T RIS SO e AR A1 B, T 7T LASE 5 17 0038053 500 K /Nl 3 10
fil ORI, DBS IR G RHFANHZ BB R, DBSWHIT WA IERE H#TH K, BBIARE.
BE KRBT,




EREZBRERDBERNBEITFHEFRBERIEEK SPECT M
YiE AwF k4 HIE LFH54
¥ _EEA¥MEBEKEER #E248 BEFH LE 200433

(BEIEW &t LS RESRE 3 (STN DBS) BT W4 M (PD) BE IR % & Bk T
S AN ERR (SPECT) WER¥T. FiE 4 HlEFTHEM STN DBS B H AR M A T & RME#TT
VA4 2RSS E4 (UPDRS) #I SPECT ME. &R STN DBS ARJ& i JKiE R85 B ek 3% , UPDRS 32 3 ¥ 4>
ZER60%, 3PIkERFHAE SPECTRERFNURAKX B L EKEEA(DAT) BB ARGERS, 5 16
TR RENEE DAT A RRE, FANBEZEHK D, ZAXDRRMERWENBER, Hik STN
DBS T BB 8 3% PD A #9ilf BRE R , SPECT 2 B 78 WM SR X DAT & B 7 & 375 STN DBS
AHEME T SEMRAARB, X Fhek#ETRER STN DBS Z## PD EERMEANMZ—,

(@8] ERRE; R ERIRGIHE R JOEFREHTHE TR #

The follow-up and SPECT study of patients with Parkinson’s disease undergoing deep brain stimulation of
the subthalamic nucleus CAO Yiqun ,ZHOU Xiaoping , ZHANG Zhifeng , HU Xiaowu , JIANG Xiufeng .
Department of Neurosurgery Nuclear Medicine Changhai Hospital , Second Military Medical University
Shanghai 200433.

[Abstract] Objective To investigate the effect of deep brain stimulation of subthalamic sucleus (STN
DBS) on Parkinson’s disease (PD) patients with data of follow-up and single photon emission computed tomog-
raphy (SPECT) examination. Methods 4 patients were be studied before and after unilateral subthalamic nucle-
us deep brain stimulation using the unified Parkinson’s disease rating scale (UPDRS) and SPECT . Result Clin-
ical symptoms were significantly improved in 4 patients after STN DBS, and motor scores decreased by 60% .
SPECT studies showed that the dopamine transporter (DAT) binding of corpus striatum increased in three pa-
tients with good outcome, and decreased in one patient without improvement after STN DBS. The D, receptor
(D,R)binding of corpus striatum had no obvious change in all patients. Conclusion STN DBS significantly im-
prove symptoms of PD patients. SPECT manifest that DAT binding of corpus striatum increase after STN DBS.
The possible increase of the metabolism of dopamine in striatum by STN DBS may play a role in mechanism of
STN DBS.

[Key words] Subthalamic nucleus, Deep brain stimulation, Parkinson’s disease, Single photon emission

computed tomography

= Ji% JiE % (subthalamic nucleus, STN) i % &5 68 3 (deep brain stimulation, DBS) X} F 1457 F BE i b &
FE i (Parkinson’ s disease, PD) A R iFHIT 3, (BEAVLH BT HA B . B TEEEMELBEE PD KRE
REFHEITREEN/ER, Bilti#@d X STN DBS 357 /5 8UR ik X 89 £ B i #% 15 4 (dopamine transporter,
DAT) & £ E ik D, 3%k (D, receptor,D,R) & B #9744t , 4347 STN DBS X SUR K X £ B e 238 F 9 AR B B
m L, EAEERANEEEENE . R A 2000 £ LIk, BRI #EFT STN DBS FRIGTHEHK
(Parkinson’s disease, PD)60 & B, A B 5 X H & 4 BT M STN DBS & B F #4778 31 743 SPECT
BEV7 383 % STN DBS 57 /5 SUR KRR A9 DAT & D2R & B #7414k, 417 STN DBS 57 X 8UR KX £ B %
Mz R AR BB,

— X H{MAE



1. — R YEkl:4 BIBE B3 B, Lt 1B, F8 52~69 %, FHERK61.25 % WERENS £, KK
IS4 FH 9.2 5, ARG A MARZ ELXAYAEB(UEXEZE R F), RATHT R FHAHTEIKER
$# (Single photon emission computed tomography,SPECT)# % , R G BB 1 £, 3 6 B F U0 i (& 2
AR AEE, P 2 GILUAMEE L FIAENRE, S | fIRENE AN IERBEAEE. 4 608 246
BRifTd— %A REH AR, 2FH ORI ERRY &R RES AT HL T LSS 4 (unified
Parkinson’s disease rating scale, UPDRS) ¥4}, R J5 43 I 7E XL A R HLUR A T34 .

2.SPECT ¥ % : 4 il B35 43 5 F AR R ARG EEM 1 F£47%° Tc™-Trodat — 1 M1 I-Epidepride SPECT i
E T AERAESERBRGEL TIE, UHRAYHNE R, REHEERFRE T H#T. XERH SIMEMS
AH] E.CAM W3k SPECT B84, B REJG 2 Butter-worth JEI & 51 5 M WAL IE 4 F8, 8 2 I
Wi BAR . 1 BT T A — DT SOR (A% B T AR AT 4 A

Z &R

1. I BRAEAR : STN DBS ARG 3 ) 8 & s ARAL A U B (ARl PRAER B B ok 3 , 1A B 8130 EEE B
IR RSFIER , UPDRS 2 3153 /% 60 % , FPORAE BT R IE K, SRS B A9 32 sh B it A B B ol 3, 0 AR T v
ERELGYHFBBERATTIE20% ~50%. A 1HREERPRALRNE £ 3hH RR, BBAE A BIE
BOARBFZRERBRESE, W BEASE £ BikE B EERAEELER.

2.SPECT ¥ : RHJ SPECT K & #2585 i A B & SUR 1K X DAT A5 B B0 B B B P A, LUER B &
A Az 4 Xt SO 1 X PR BE B B, Do R BT MR BRI BE FT B B A B B AR, A A A8, B 1.3 RETH
SPECT 6 75 $2 7 XU SR 1 X DAT 505 1 48 HR ok B2 B AR, A5 ) 28 6K 48 ) B SB , U4 BOR 1& [ D2R 80 5
PR RO B B B PRI, A U PR AR B A B B (B 3 R A5 SR LI 2) ;0% B 4 RAT DAT ISR BUKE N
Zo U PR BE B B, B SOREK X D, R B P SO B2 B B MK . 3 BIFEARJS UPDRS #F4r % R, RG ¥
£/ SPECT 2 275 R B SCR AR X DAT 08 1 3 B B 3 AR 3 5 , S BUR IR X D, R 7 5 1 48 B vk
EEARRMEHBEE. w2 BEEE EARmEAM3 B (WA 1), Rij SPECT K& #7£ USCR{E X DAT
TS P 5 BB e B A Z M B S PRI, T A 0 D, R A SR B R AR , RJG 1 4F SPECT K 21 3278 WU &
AR DAT S BRI B8R BT R A, 4 U DR A9BSR R B T 240,

1:9%5%12 SPECTRZE
Fig 1 SPECT scans of case 2
A:The right DAT binding of corpus striatum was less than the left before stimulation; B: The right D2R

binding of corpus striatum was more than the left before stimulation;C:1 year after stimulation the right DAT
binding of corpus striatum decreased;D:1 year after stimulation the D2R binding of corpus striatum have no ob-

vious change.
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2:%%%13 SPECTREZE
Fig 2 SPECT scans of case 3

A:The right DAT binding of corpus striatum was less than the left before stimulation; B: The right D2R
binding of corpus striatum was less than the left before stimulation;C:6 months after stimulation the right DAT
binding of corpus striatum increased;D:6 months after stimulation the D2R binding of corpus striatum have no
obvious change.

=.itig

JEAER , % F STN DBS i BRI BF5 B &, X 2645 R 8= STN DBS B9 2 &% PD #I BT A IE
R, 8% URPDS EZEAH B E o2 Tk mAT IR ZEMEY BB LRSS EFRBRE
FE5-7), Bl STN DBS 5 k3 vt U B (R AR & A F A — MR8 £ EE Bl TRMURBUEER
A 2T R H R AR, RE ORI S BRI BN T 265 — MR R ENH R,

OB EREFEESEMEHED INAERFRESAA. SEERMETEELTHE, mE
W& ST, 5E SRR MAT A %, R EEERERENOER, ERIX S EEEMLERRLH
A TR . BT STN DBS RJS A D BE R BE VIR 58 YR 20 o AR 0 A0 BF 5 45 R R AR BB
R DAT Joic 5T 4t 5 B B AR , 375 2 0 000 R AU 80 X 000 B 8, LA SR 14 (X D, R 0 S o 58 B R 2 S
16, EER 3 B A7 A0 28 5 R 5 I SOR R X DAT 5 4 S B ok B SRR AU BT 48 0, 1 BT SO R AR R AR 3
RIS SOR R K DAT B 58 B vk FiE 486 AR T e 406 5B BB, B 0 0 91 00 SR 14 X DR i 3 OO JEE
RETEH Bk, HATXTF STN DBS J§ DAT 254k K4 i BRBE 17 JE 8620, 2 H il ad PET BF 5 K % DR
TRERMETFNERATFTRAZED®, DAT Wk Z8 D,REWBH L, THES P H PD BESURE
PN 2 B i R 4 5 A 3T RO #E38 , DR Ab7E— Fiim AR R B MRS A % . BB ATTIAN DAT fEh —Fii
WA TG SURIA R 2 BRI O MBI R R B B . I PR 847 10 B F 7E R BORIMUE SPECT Ri &
2T W B SR 14 £ B 7 32 A A & I G L X T RE 4R R T X XIR £ EER8 3] T $2 8 , X STN DBS
K BIME RS R A TR AR B R HE— IR

v

5% Wk
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1k 0 1% 1A & 7% 5 B BY Y B % A8 B8 ol LA 3
i ARt HIOE L£F5F KF
¥ _FEAFKEER WEHH HEFEHM L#E 200433

[WEIAG Bt R B B % 3R e W B (STN DBS) X 8CR A Z BB Em. HEk 2 Rmo
M (PD) BT , 76 AR A A R AT R s RI8UE 1.3 A 4 5147 86 F 8 T E AL 2 534 (SPECT) W &
10§ 4 1 §% 53 4 (DAT) R Z B D, 244 (D,R) K& & ; F FA R B0BUAH 3% 4 #7 (HPLE - ECD) R 3 I ¥
PEEBEEXRBEYH SR, 52 W0 PD ARG B3 BRI T iR B2 ®,SPECT R
EERRBERER DAT Rt RERT DR FEFERRETR., BHBRPSEREARBTYH
SBRE5RMHLEHEZR, 4it STNDBS AT AR EFMME PD HEWIER, SPECT #7A B #l
HSTNRE THURERZERARBEE.

[X8RiA) IRV B ; o R 30 o 00 3805 WA & 3% Ik ; B B Jik s SPECT

Deep brain stimulation of subthalamic nucleus in the hemiparkinsonian monkeys Cao yiqun , Zhou Xi-
aoping, Hu Xiaowu , Jiang Xiufeng, Zhang Zhifeng . Department of Neurosurgery and Nuclear medicine,
Changhai Hospital , Second Military Medical University , Shanghai 200433, China .

[Abstract] Objective To investigate the change of striatal dopaminergic system of hemiparkinsonian
monkeys treated by deep brain stimulation (DBS) in subthalamic nucleus (STN) . Methods Two hemiparkinso-
nian monkeys were implanted simulating electrodes in right STN according to stereotaxic atlas of the monkey
brain. single photon emission computed tomography (SPECT) examination were performed at 1,3 month after
being stimulated. The dopamine and its metabolites in cerebrospinal fluid were tested by high performance liquid
chromatography and electrochemical detection(HPLE — ECD) . Result Symptoms of hemiparkinsonian monkeys
significantly improved after STN DBS. SPECT examination indicated dopamine transporter (DAT) binding of
corpus striatum in stimulated side increased,and D, receptor (ID,R) decreased to the level of normal side. HPLC
— ECD demonstrated that there was no change in the dopamine and its metabolites of cerebrospinal fluid com-
pared to pre-stimulation. Conclusion  After stimulation, the symptoms of hemiparkinsonian monkeys improved
obviously by STN DBS. SPECT examination indicated that activity of striatal dopaminergic system may be pro-
moted by chronic high frequency stimulation.

[ Key words] subthalamic nucleus;deep brain stimulation; Parkinson’s disease; monkey ; dopamine; SPECT




£ IR JFE #% (subthalamic nucleus, STN) iz % &5 B3 %1 3 (deep brain stimulation, DBS) % F 15 57 o M 3 bh & 7%
#%5 (Parkinson’s disease, PD) A R IFIIFR, FR L 2R, REH KV, B STN DBS H iF £ R B #
o, ZEBEMZEKEPD WRBERATFPRATEENEM. B, ARRARA 1 - P -4-FHK -1,
2,3,6 WEMEE (1 — methy —4 — phenyl —1,2,3,6 — tetrahydropy — rindine MPTP) R KA S PR, X STN
95 F K- 3148 1 7 57 b ) 3, A MR STN DBS 677 Ja SUIR 14 & B i ¥ 223 B A9 AR B 28 1k o

— . HEMAEE

1B PD AR B BT R R TR 2 R, B AT E TSN I EEEA MPTP(1mg/Kg) .
| BERESMEEL T EHP BB, EHRE1ANABEHEBRES 6 4L L, FIAMDHER 35X
) B M B BEHE 3 B o

2. BN IR R R R A AR TR KBRS B E T H AR L SN — 2 BB ST GE Rl Y b, 2 BBl 5L A RE 1l
B2, LA M STN Boh S A RERRIMBEHRREL.

3. B 6 F i 5t 8 HLIT 2 49 3 (single photon emission computed tomography , SPECT) £ 2 : R Hij 1 i #
WS 1.3 4~ A X A £ B 5 1K (dopamine transporter, DAT) & £ B D, & (D, receptor , D2R) # 47 1
. DAT B8R EH A% Tc™Trodat-1,D,R 818 7 87 ) %' I-epidepride. B 5K 5 J5 22 i 7= RAR , 3%
HH 5 775 BAT £ — T SR A 5% T T R4 R AT AT o

4. RiH WA £ B R B ARB W R B

TEH & PD BB RIS K& 48 T8 1 & 4 b RIS 15 2 AT IEHER BRF R, & SRR H WA 4, R OB A 6
EAEM ZEEERRETY 3.4- _BAEZR AEERSBNE,

ZEBR

1. iEENIhRE AR A AR — FEUS T I Bk ob & £ 2%, A 1 RIS B E B PD FEAER G , BT AR 10 Ml % & e %
ST I Yot 5% o i 5 R R 3802 B AT B 0 (O ML 5 3 BK SR 60ms S5 130Hz HLE 1.7V %% M2: fil i 2 KT
60ms $iZ 130Hz B E 1.5V),

2.SPECT %l :

2.1 DAT W& : RETBEANSCR KX DAT 4 5t BRI A M 19.7% . @HERBERBE 14
A, EFH8.7%,3 MABREE EFH 94.9% , 7N EA BORBCT A W SCR i X DAT #9805 1 38 0K 22
Wi, (K1)

C

B 1 X STN DBS Rij/§ ®Tc™Trodat-1 SPECT fafr45 R
Fig 1  ®Tc"-Trodat-1 SPECT scans of the hemiparkinsonian monkey befor
and after deep brain stimulation of subthalamic nucleus

A: The right DAT binding of corpus striatum was less than the left before stimulation;B:1 month after

stimulation the right DAT binding of corpus striatum increased; C:3 months after stimulation the right DAT
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binding of corpus striatum increased obviously.

2.2 ZERD, ZAEMWE(E 2): AR AR I-epidepride SPECT ## #2754 | SUR (A X D,R
FrAtERBERARLEME 4 5. A TEREERBERRE 1A RLENK 1.44 65,3 MAR MR 1.23
5 RAREA BRI T AMSCRE X DR RS 48 UK BE 2 87 B 2 823 1E % WK F o

3% TN TN TN T,

-

& 2 #& DBS ARHijf5 “'I-epidepride SPECT f#45HE
Fig 2 "I-epidepride SPECT scans of the hemiparkinsonian monkey before
and after deep brain stimulation of subthalamic nucleus
A:The right D,R binding of corpus striatum was more than the left before stimulation; B:1 month after
stimulation the right D,R binding of corpus striatum decreased; C:3 months after stimulation the right D,R

binding of corpus striatum decreased to the level of unstimulated side.

2.3 WHEBRTZEREAEAH"IHEE

47 MPTP R RAZE LR YE 1 AERE R, FYTREIB%L L, FH—-BERFE
BIEHKF. ERTHAHE 6 MAN BERFZER AR~ YRS ETHEEL,

=4

HATK AR A SIY STN #T KA ERMA LR R R R A RE, KRB RAKRN PDER,
HEARE IR B AR, 45 F STN K4 & WM. EAEA BR8N —A Ay & BT X0 Bz 30 2h
REE R R SE, FIREH TRREAIAANBRMBMGIER ST STN M—I RS . K4A3WE
ATABEREE,PD FERY B R FAM D HEFE ¥ 52 50 T 1R 4F b 30 3 R 32 B89 A Bt . Benazzouz
%0.413556 2  MPTP Rl PD # 8, A FREME ARG BEMEHRESERVABER, SERSEST
B o

STN DBS B E#RE TR AZE M S BRABKF, BRIRXRTFRXFEAMNHRNPOHERA—, B¥
DT B OB B BR & B S F I STIN AT LA 3% A S0IR 14 4 B ik 9 B f AR i8F . {8 A3AH STN DBS
AR INSCRIE X B9 & B R, B MPTP #il4& 9% PD AR T A HEER, DAT HE T, EH
W D,RAREEAE, ZRE P ZALM DAT BT HERBKER BRI AHBHRE®E. DLDRAHIH
TR S ER T STN 18 1 47 RIS SOR KX 9 2 BB RS P= 4 T . Thobois %7/ #]i STN DBS
MR EBREFMERET DR B ERBEEREBENZH . HEAPR P HEHNE 18R
EHARAEBAZEEERARH N LT ERERERNFERTESKETEMNERNHETER
Ko

STN DBS ] A 3% 8 20 3 W U PD A2 B 9 IE R , SPECT i 75 45 5 $2 7 o IS 8UR 1 £ B2 AR i 42
Ho BT HATMFFRBR /D, STN DBS AT A REZ BRI EAMBRET EH# — S HRRMB
R

BE XM :
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iy i 50 EE R A 3h M AR B A 3 5T
BERH ARE A0E LA%
FoFEA¥KBERNEAN L# 200433

[WZE] B&) @i BWMME4E 2% (Parkinson disease, PD)# & F- 3 i # (subthalamic nucleus, STN)
v % B ¥, ) 3 (deep brain stimulation, DBS) & 4 B9AH A X B R S L RIWSH B B HI £ T T8t A%
2 R PD RS, 3% MR AR S 1A R B 2E A 0 STN A BTSSRI M 4R, H RN R THAKS R &
o REEELM XK VA MRILABHMSHEATRERB BRI, FRESHERKE. AR 2
HAR0U% PD A R h A9 RS A DBS R4, R/ 952 R W 2 1 B #h 1% Rk (apomorphine , APO) ¥ & B ¥ 3¢
WAESE STN 8 # R MIMCA B 0 B T PD REER, #it Bty AE M RFM% DBS REMA
SYRA, AT LA A B B Sr DBS 3R, b DBS EM SR WA A RRET RFNTRER,
(X)) BRI RNGHYHER R NS HR; ERER

Animal models of deep brain stimulation Cao Yiqun , Zhou ziaoping , Hu xiaowu , Jiang Xiufeng .
Department of Neurosurgery, Changhai Hospital , Second Military Medical University, Shanghai 200433,
China

[ Abstract] Objective To investigate the establishment of animal models of deep brain stimulation (DBS)
by implanting the system of DBS in right subthalamic nucleus(STN)of hemiparkinsonian monkeys. Methods
Two hemiparkinsonian monkeys were implanted with DBS leads in right STN according to stereotaxic atlas of
the monkey brain. The pulse generators were implanted subcutaneouly in back of monkeys simultaneously. The
examination of MRI and X plain film, regulation of stimulation parameters and the examination of behavioral ef-
fects of DBS were performed after surgery. Results Two hemiparkinsonian monkeys were implanted with DBS
systems successfully . Behavioral observation and APO-induced rotation test indicate that PD symptoms of mon-
keys significantly improved after chronic high frequency stimulation of STN. Conclusion Animal models of DBS
can be established by the system of DBS including of leads and pulse generators implanted simultaneously in ani-
mal models, which are important tools in experimental research of neurological disorders treated by DBS.

[Key Words] deep brain stimulation;animal model;monkey ; Parkinson disease ; subthalamic nucleus
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g 3 38 . ¥ W (deep brain stimulation, DBS) E & B BT NBHEMES RAEERNBRBITFR, LLE
7E 5 e 3 ¥ & FR 75 (Parkinson disease, PD) EMRYES L3k 7 BRI MR IO R A, ZE MR KIS T RIF 997
B 3 B BA R T @R S, BEEBF R A A, DBS 5 LAR F 3IE £ A Th et 5
#5240 GRIA A RO R R RO ER B R TR T S HRM T DBS MHLE BRI R LM
B, ZREA i — B BR,S3% DBS B L /E AP & B AE 2% BAE F 7T BB Sk B B /E Al LA & DBS &
TRKPITRANES, IR AR TAERME T RIFOEM, BRI X T DBSHaI XM EFANE
BB AERER, XTRMABERFARMYSIPEE L, NEERABRHAMREHEATIVER, XH
B AR 3 88 Y o 47 4K 30 18k o S b MU SKOBT 5T, $6 X DBS A9 B 5T T4 $ 436 T m o o 0 2 U 1 B A B 9
TR EESE RSO REE IS ERM. BHHADFR L DBS ZE5K WM PD SR & i B B A 61, 725
STN 47840 DBS R4 AR , %t DBS sh448E &Y &4 4 7 B e A 47 39

— . HERA %

1.3 AR XRIYRAETE 2 R(EHERWRTRME), D v, 10 ¥ 8 E &E
6.7~7.4Keg, RAMBAN AT EEMBANRBBKEA 1 -FE-4-FH-1,2,3,6 WEMRE(1 - methy -4
— phenyl —1,2,3,6 — tetrahydropy — rindine, MPTP) (I & % [ Sigma 22 7)), #H & B WM PD @ BB R
J& 7 8 B 2 O B A T B A LK 138 w6 S PD RE B RVSE AR , BTAN S B (apomorphine, APO) 5 & IR #5 3L 1
PHtE, W2 3 N AR HMI PDER ASMKE HER . REFE R AR LK (¥ B X E Medtronic A 7)) 8 =H 4
R, - 3389 T R R 0 0 34 R AR, 7495 BUERE B4R, 7426 BBk s & A28, TR WK A A AR % (NAR-
ISHIGE)SN-2 B, R BB MXUAEHEENREFRN=ZELHRRAEERM, X=THREFEHIC
ARRE=ZRLMRARNT N LA E M E R RZ B KR 1961 4F 1 ARE % 5L K € E
gl 5 E AR SN -2 BTk XA AL TR S . BB STN BEAEMSHREFEE R
B MW RX/MARRET &4 A%,

2.DBS RGMA SN 100mg REE 10mg LA HERMERE,2.5%RMEZMEHEKBER
2ml/30min BHEEFFRRE, L BRAME RS BELBEAESTILhEMLE L HEBRBANEE, F
PR REEHE TR LARE EERKEETEBRES. BLBAMPRFEHN Smm 4, #— 2cm
KEYO,ME 45— Smm L, % DBS 1R EE T AE M L, AE M STN A& (% M1:A 9.0mm R
4.3mm D 1.5mm; % M2:A 9.0mm R 4.5mm D 1.2mm) @B REZSLIFSH, HEREN LB BEER
B . ZREERBAZTERS, BIAAEAEREHM, &5 A BB E & TR, AT R KRR
BE, EERE-ABUA, KLY 8em, 5LMU AL E— K TRE  BEESFKTT, ERORE . HERS

SGEZEBUWORT R, 7426 WRHREREART . FRERERIRNHBE, HELESED

o, ZEREFEBEARENT XZR MRIBREUAHSERME. MRIREREXFA KM RAER, LB
Bkrh R A BRIE

.RWESHAE RESFEREARE R, THARFRESR, EENMOMESHSH, EXHAS R
K 60~120ms; B 130~ 185Hz; B E 2.5~3.5V) M ERE |, 8B T 60ms. 5% 130Hz , B8 i1 1.0V F iR
BWHM, EARNASMESHETUEZHER, FANSES APOBARERBBERE SNV RHESH,
HEAT R IR R

&R

LARERE 2 AHEUE PDEBSINEMMEADBS R4, EARBREN—ARIHIT X MK
BB Th B R A E  ER AR MBI RHEE, R EEN NEKER T ARAHRES. B ML
EREBERMREBOPMUERFHATHRE, 2REME, MESIL, — A5 BT 2B, X kb & 4 3%
EERAREW, 247 0 WEMFTFMHET R IE TR M1 7l 5 3, ETE 1.7~2.0V S4% 0 A PD B E
REBEB,BM2ZEMS2HEE1.5~2.0VEMME L HE 1.7V~2V BT B E, APO B R EEE S
TEWK , BAHAELMAOBER, B, & M ZRAMA3 BEL.7VEAIRRSE K M2 RS2 8
E 1.5V ARES%.
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2. X &% MRI E3 HAREE B BLBEERNORLAE 17 X L0HE, TRER I AL
TR, AR TE SN TS, SRS R AERER T EBAATILE 1),

B M1 M2 EHEBEARE 1 AKX 1.3 40 A%1kM MRI K2 . MRI AR Bk R & £ RS TR
WA, T1 K& T2 AR b R38R A 4 ke T B AT o 1 JE B R 2 4 SR RN, FE AR SRR K B AL A R
R 4R K e o AR T B 30 i L 4t R B K B (L 2) ,1 4 AU S 2 o AR R R AR AL UK T R K, 3 1 it
EEERMR. B M2 f iR A BRI, A 3 BT, R 2.1 B7E STN BN, R 7E R 504 HtAR
BE () IR UK B 1 A4S AR R K K

B 1 DBS RGMARE—FFH
Fig 1 X-ray picture at 1 week after DBS system implanted

K 2
Fig 2 MRI pictures at 1 week after DBS system implanted

=.itig

3 B AR 22 #5847 T 2h A T 5 45 o ) 9 S R B g oo 10567 (L R i AR R A B W AR
71 34018 1 R 8 A 4508 14 o b TR0 T 7 90 e A 2 O S R IR R R P, O T B L R A
BRI B EMEEMAY . A 58E S &m0 PD BRI A STN # DBS RMAGEHWEANSY
H T 0 I R o R SO R AT T T B AR RO R IR ZE N APO JiE 55 B Uk 5K DBS # B il & 2. &
S SR B B9 DBS 1477 & 46, 13 & Medtronic 3389 % fif % 3 4 3 3 % , Medtronic 7495 R % #: 24, SOLE-
TRATM 7426 I Bk ph % A4 32 . Medtronic 3389 i R 3R A M AR B2 0 1.27mm, A3 A 4 A il s, A

I

Medtronic 7452 % ik nh % He 58 2 4 B4 (00 ety 4% o U000 e 03, 00 1) 2 T LA oy A (R AE MR SRR AT I B AR
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48 M o A 18 B, R 9 STN B —MR7E 3.5 X 3.0 X 1. Smm3, B i, R 37 {8 i 4 S8 L ME W, R I B 2
A 1B 2 ASE STN BEE M, R AT LUR 3 b S AR 48 T A ORI SF AR PR R EEEN
BAANER-BRENFERER A THREREBRBER. BAlCLH % R O H & 10 R
MR AL A T ERRR R AL EN TR F AR RN NRTTHE, AR SR
f o ¥ R LA R (01080 L7

B R 9 S8 17 3L R T0 1 R F MIRT B8 2 4 B S (A€ 1) B8 SRE A2, CT RGO i A A B ) 43 e e 32
H AP R ERBRERAN, B EERA CT BB E AL 2P 5 AR IR L 14 1l B 1 € 11 %
RN ZAES,  TRESLELRIVEDHALFERRKDNETENER BEBRRAKESALESHK
R RBE, B FTRE R — E iR 2 . LK 6] B 45 & Bl A A B ) O e R o A R L R L B v R R o
BB —F T ARE - ERNNSRE, B THRRS R TR, 7 4 SR % 35 K AE #9513 1048 5L
WK, FEHERMELTHYRAKANSERGES TSR E— W, F AR E 42 B K, 57U
FARERERATEZRDYRALAHHANELERTELE - SHOTRANRR. BHCLFEERME
AR B S 0 B P B sh R R o HE R T8

HR B8 908 04 7 4 16 [ 3, % MIL B9 STN BB S 45 % :A:9.0mm R:4.5mm D:1.5mm, &RJG
MRI E 32 o AR A7 B AR R , AR T © HE PR RR , R AR 3 Ak 2 B9 B WAL T STN B, R
BRSPRBIEL T X — &, EMA 3.2 3R EH S, A 1.0 WBREE EEHAT V&Y
BETFE, B FRIEM. 5 BERMEEMERE RN YELE—ERRE, K M2 HARRE, R E
LB B AET T AR, BERADT 0.3mm, i TH M2 8% M1 9K BIERM A, TUBSELEN 0.
2mm, XHEHER S STN BWEMATE L, 2R/5 MRIIESZ il & 3 BT, AlA 2 7 STN BA, A FEH
FARB RIS AER GBI THEMNER, BIRAERETERTIUTEREREA X (1) FRRLAE W E S
LR Z AW ERERMNRE; QERERBN A THENER, EREATHES. G)hTHRARBHRE
W, EEEABREENEER, TRKRBAEAER, AGHARBROMRIMBL. RELZULERG LR
HLTELE SR AR A B SEAT T e, B ERSE BRESERE ARG EBRFBEEK.

i 57 P SE B B AR R DBS R G A S ¥4k Y T DUER 3T K 0 18 R A R RN S R, R R
DBS #4E FIHLE , DBS 3677 ¥ 2 507 1938 RLAE , 285 R A 77 2, BIME R SF A0 EE R B SR 4R AL T BLSF A 3K
BHEAM,
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NMEMEZREDRERERTHERR
WhE FEmE Tkt E£5% hEAE E4KH £%1
F_EEA¥YMEKBEERAHZL4M LAE 200433

[(HWE] BY B4IREFHE(DBS) ZEEITMEFR(PDRFRTEMUMR. Ak LUK
K LERBE A TEERE 4G, UBRANTEERE 6 B, URBAMBRENTEERE 94, LUBRE.R
W EESRENEIERERE THUBRESESRENTEERE 26, UZHBENFEIERE 2 6], AL
PREREMINBENTEERE 16, HPHEAHBF - X7ER 76, R3hiE 3 Hl. 3+ RARWER
31 P4 B R E T T RO LK DBS 677, RARRABESMERICRERHFTEA
Efl. RJEF UPDRS B AN RIMBE. &R ARPRMBIERNRSBIEO~3 MA.0~1 fAH
2~3fE 18V B ERIM, MERMB/ER. £6~8VHALE MR BLFAEREREBEFTANRYG
IS 2.5~4V IR MBEM 2 0,7 6~8V HIME MR 4 W, £2.5~4V BB AERS 4 0,7
5~8V MKk S 8 M, 315 PD AEARGHI3AMA ~3E, ¥ 6340, KrpRAEBRFRN, &
“X"RAET ,UPDRS BN FHRER 62.3% HPMERSOERXAY R NEERE LB RIK 75.5% ;1
“FF”IRAETF ,UPDRS i Sh R4 & 5 24.2% , R R B RIE. LA W00 Fr o0 R B By 8 340 700 00 28 R 38
AT B B 3% PD M EE S ThRER NIRRT ik

K 2B £ FF 7% (Parkinson’s disease, PD) B 7 XU A 4 R SR M R, U A B A RBE B RHAAR
01 04 RS S0 A BB AR R S R RBEAE — U, RIS I U B AR RERE, BRIEKE RPN A. B
2000 4E LA , AT R 3 SUM B A 4% (STN) A3 38 it 2% 3 ) 3 (Deep Brain Stimulator, DBS) R4t (4 5§
“—3E )W 13 PR U B A R R A AR M E R R E SR E AR A RENT

— ERARS A& -

1. — ek A d 31 B, B 25 B, & 16 B, 4E#S 56~77 %, F3 67.1 %, WP 4~14 F,F 1 8.8
., DR LERRENIERERE 46, UBRENTEERE 6 5, LREARE N EEERE 94,0
BH.BY SAEREIEEERETH URESBRENFEERE 2H,UZH . BENERERSE 2
B, EABEREMNBENTEEERE 16l XPEARAB T - X"ER 76, R3hiE 3 H, -

2. FARNMRIERENERSELRGYENEAS N IR . BEHRc A, RAERSELLYE 0.5~
2 /bt B R TR B ER AR W, B R e BE, U 1~3 et P E8UR 15 41,
RALZESEXAYEERTIER, EERBEHERSCRXAYNBEERREER 104, BEER
KPRALRZERAGY ,BIFBAHEE,

3.MRIBEEN R T K% CRW-FN R E Rk, H 1.0T 5 1. 5T Siemens MRI 13$. it
FIEPRRE T M AERER#E, REU AC-PCE I L, FFTFAC-PCE . FSRRMFEH,HIT
W T2 DAL R R T AR B BE B S, BAE S WAL B W R RGO AR E E M R AL T2 hn AR F 0 AL
BREEB M. 7 T2 AR, STN a8, RAKES.

4. 2R HE . RARGEEE U MBIREEMHEE SN T ETER SR, BIS% STN B KB AL IRE:
X=12~13mm,Y= -2~ —4mm,Z= -4~ — 6mm, 7 AC~ PC & F 4mm W& . JR S)5 2mm &R AL
% 484 MRI B2 B R8 STN ZH B E%EBE STN B TREPLHFBIRI, HBERSRE BEETF
FARBIF AC- PC 1@, AR AR(E B STN A9 &S 445,18 4 ARGREE YT HEENRRE AL LIRE.

S RLAE AR, TR SOR R TE WS TL, R FHC AR M AEIRIER RS, i RAMSM B, BES
BMK2ABELNBERERTRL R EEESHERFERY . EMERHIEA STN B, AREHKIE
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