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[ Abstract )
nostic methods are not sufficient to provide an early and accurate diagnosis before a significant loss of do-

Parkinson disease is a widespread progressive neurodegenerative disease. Clinical diag-

paminergic neurons. Molecular imaging techniques can be used for early diagnosis of Parkinson disease
through a variety of imaging agents. In this paper, the research progress of molecular imaging in the diagno-
sis of Parkinson disease is reviewed from the aspects of imaging agents and imaging methods.

[ Key words ]
Trends

Fund program: National Natural Science Foundation of China (82360352) ; Inner Mongolia Science
and Technology Project (2021GG0236) ; Inner Mongolia University Youth Science and Technology Talent

Parkinson disease; Positron-emission tomography; Magnetic resonance imaging;

Program ( NJYT23074)
DOI;10.3760/cma.j.cn321828-20240508-00158

4 %% ( Parkinson disease, PD) &t B HERZ 56 — 1) ik
FrikppzeiBarrEgons " . HOREAR sk TR 22 1 e 2800
BB IREOR T B AR P SORIR X B 2 B ST Rk, £
UL g3 o A J B %, % 5 /A (Lewy body, LB) B iK% £
LAl R 5 S RORAE R G0 T 08 . PD I8 W 3 B AS
THE AR AEAE , s 2R 22 LR B B i 1k PERR R DL K
S P RN A L K R [ R PEb N 07 B B ok 1o e s |
W, Rt PD A2 W A M iR A 3R . SRR A
LW PD Y Bk, 2R AR PET 5 SPECT A% 0]
o 2 5 il TR 2 Al 5 SOIR A 22 P R RE T R, A TT S 3% 441
PD (WS HT . A SCN BARSA AR5 25 2 D Ir A 450
FRBHA A T12W PD ST,

—. PD R& 5 E AT R &7

LA 2 3 1 R AR, AR R IS 1 AR R T
A fiky o A 4 G, — M R P F-FDG 12 24 38 A i A
W12 72 50 28 18 1- i 57 5 O 32E A B 22 06, 9 O B DR g e
BEMR LA B 6-B5 1R -FDG , J5 & RS 5 A e — 251G
s B AE A2 0N, *F-FDG PET A% T L& MRT T 2 iR
BT RESH . BB BRI, PD B PR

BBk B WA N R Sz Bl T R, 18 B X
FE T RAC I, B BB JE 5 28 PE (corticobasal degenera-
tion, CBD) FIJy SUMAR - | To 12 5 | o o AR R A% AS X ik
R ; 2 R G025 48 (multiple system atrophy, MSA) R K
XUMFEAZFMRARARE LB Fi 2% ( dementia with LB, DLB) %
BRI R P T00 L i R i S I 0 ) G i B A i
WA, I, “F-FDG Xf PD (% Bl Wiy EEA/E M,

22U ERGMAZIRRAZR . (1) Z HHRE AN 258 R
AR, L-6-"F-3-3,4- IR N AR (1-6-"°F-fluoro-3, 4-
dihydroxyphenylalanine,, "*F-DOPA ) 222 244 . * F-DOPA
PET/CT BA8R , fE52E PD B, B SUIR IR £ 1 B g
ZRPITIIREREARAISE S, 75 T2 BB PD g P O F-
DOPA PET 5755 {000 i JE 400 Jo& R A2 AR o A2 300 4% 5] 42 Tk
b *F-DOPA PET 4845 Al 2 D12 2 (B g i 48 K W 1) 58
BEHEAIPEAY PD AR & ™ R A9 S brifi” ' " F-DOPA
PET WAG T SCHRAR 9 43 DX 4B AT LA H 3 39 28 fih i 22 L4 e
BB B R EM 2 E R

(2) Z B %% 32 35 1 ( dopamine transporter, DAT) .15
o DAT &P 2 fil i HRZR 11, LT 204 58 fnk [l i 11 22 1



- 318 - PR B A 5 0 TR A 2025 4E 5 A5 45 555 5 Chin J Nucl Med Mol Imaging, May 2025, Vol. 45, No. 5

R 25356 IO A2 (] S i S 41 A1 2 B J K SF- 1 98 5 o
EFEEAEM . DAT BARJE A6 AR L5 5 A8 12 W 0 T 205
BhF-Be. H ) DAT B850 2R F-N-(3- 9N 2 ) -2B- 1
TR 4E-3B- (4 - KL ) 2 F 4G5 [ V- (3-fluoropropyl ) -2B-car-
bomethoxy-3B-(4'-iodophenyl ) nortropane, FP-CIT] " C-2p-H
figJE-3B-(4-F 25 3 ) L b [ 2B-carbomethoxy-3B-( 4-fluorophe-
nyl) tropane, CFT] " F-( E)-N-( 3-fll PJ 3L-2-4 3L ) -2B-32 9
LR FE-3B-(4 - 23 ) EHHEHE[ (E)-N-(3-iodoprop-2-
enyl ) -2B-carbofluoroethoxy-3B-( 4’-methyl-phenyl ) nortropane,
FE-PE21] ,'® [-FP-CIT, '® I-FP-CIT SPECT 7E 6 /K b 3 4%
2 REMEDN X 43 PD MSA FIFEAT P A% L P BRI ( progressive
supranuclear palsy, PSP) 1] o Delva £10) i 9 2 B , BE_FE-
PE2I AT TR DAT 18R, BA RAFRY 25080 127 ShnifE
I A2 e v e T 199" 1-FP-CIT 845040 1L, 10 min #25" F-FE-
PE2I ARSI ERf R IF A 22 .1 C-CFT AZG A k45 &
SUIRTAR DAT LU AR A5 T AL, T DAT SRpE X, 4n
BRI S5, AN G R ARR), R C-CFT A5 mT LAPEAR SR
I8 i 2 L R RE A 22T B B8, O S e s R B b il 2
JUARMERY e ERREE Y RS R W, C-CFT PET " N &
PEFIGE A PD JEE B HE R Y 22 S 4RI WL 4 3218
SR 5 FTAE AT Ak 7™ i 8 R W 0 s e i) E
WAEFR

(3) Y R4 2 8 2 (vesicular monoamine transporter
2, VMAT2) BAG50 . VMAT2 il Bl GE 26 o0 R ik, 0 50K
i 2 5eh A0 55 6 32 3 e Tt BRIz A
VMAT2 BAZFE" C-— & T AR 8 ( dihydrotetrabenazine ,
DTBZ) ,Sanchez-Catasus 251V 7304 1 30 5l PD 2k # H1 30 44
RREXT I /" C-DTBZ PET {4, & Bl 2 % A MR TS0
PP 2R A 1 58 B M2 401 PD (19 R BSR4l 58 T g e i
A5k, RAE" C-DTBZ TSI T NS, {FIE RIS 7T
R 22 3 30 T A A i S M A" PN k- (+) -DTBZ
[ fluoropropyl-( +)-DTBZ, FP-DTBZ] Bl >k 5638 A Il PR # KR
FHIY VMAT2 BLiA, BF9T R 1245 & —Fe 4 1) PET WAS5H)
A FOEFE KRB T VMAT2! | Liu 25 (BT 45
R, UF-FP-DTBZ X i A8 37 T J5 5 58 1% 1 PD 12 Wi 1
Mt ; 5" C-DTBZ A HE, * F-FP-DTBZ AL 5 1 5 | 1
HXF VMAT2 3206 BLAT B @ (R 5 A g

(4) Z 2R WART . ZEHZAE D1~D5 5 Fflill
B ARPEHAC R LR A 2G BR2A VR i, f D1, DS 52 1R K D1
FEZAR K D2, D3 D4 Z KRR D2 FESZ A, (S)-(=)-N-(1-
I A M 5 -2 B R R ) -5-(3-"°F) -2, 3 AU R T e
W[ (S)-(=)-N-( 1-allylpyrrolidine-2-N-methyl ) -5-( 3-*F) -2, 3-
dimethoxy benzamide, "F-Fallypride | J&—F= 25 /17109 D2 #:%
PRECHR,  H RN P 2 1 22 T e 52 4% 584550 5 F-Fallypride
FF-3 53 F ( desmethoxyfallypride, DMFP) 41, 84" C-F7
S LA (raclopride) , " C-N-F B2 WR BEH ( V-methylspiperone
NMSP) | "#1-(8) -2-F Hk-3-f- 6-FH S J-N-[ (1-2 H-2-NL I
Je R ) B 3] 2K W BE B% { (S)-2-hydroxy-3-iodo-6-methoxy-N-
[ ( 1-ethyl-2-pyrrolidinyl ) methyl ] benzamide, IBZM | 45, Malén
& [19) FFR T REEAR (n=437) ASHE" C-raclopride PET ik 1%
HF5E, B PD 321035 (1 S AGGRIHRIBCT Bk de W1 2. ™ F-Fallypride

A0 SOIR R R SCR A Sh D2/3 AT AR A A

3.CBERAR A7 AR AR, L WE AR A7 AR 4G M (35 2
) A N CUEmE) 2 B, H LA BRI C-JE 1 T ( Nicotine)
P15 (=T B8 -3- AR BL IR 0E ) 2- B2 B 2R [ () -5-iodo-
benzovesamicol, IBVM ] ,"' C-Nicotine 1] JJ T PD F1 B /K 7% #§
BRG], K IE ST C-Nicotine J& 24 8 ~ 10 s, A% 57 75 ik
HIREE R, SIS 90 s P Y S K T S B A
Hif 5~37 s JI1a] Ul b TR P IBVM 2 — s e B 1Y
SPECT 455, " 1-IBVM RARUESE 145 Fh e £2aR A1 PR 5
Hh B BEA R R Gz

4. 5-F2 (O 3Z 1R (5-hydroxytryptamine receptor, 5-HTR) I,
&5, 5-HTR 432 7 FlE 84, Horpr 5-HTR 1.2,4~7 |8 T G &
PR Z A, 17 S-HTR 3 J8 T8 7l > " C-AZ10419369 2
5-HT1B A% 4 W% 5] |, Jorgensen 2512 %) 13 f7] PD B3
17" C-AZ10419369 PET %A%, e L4532 i i 6 o A H0R 7 114
PD SRH B AT B b S-HT1B 22 A4 & R IEAL, 5-5%
G2 B T BCOR A T R T PD SR FE T 2 R RE R
GEFFE " C-3- R HE-4-(2- W R A I SR MRS ) DR Y I
[ 3-amino-4-( 2-dimethylaminomethylphenylsulfanyl ) -benzonitrile ,
DASB & rfr— 7t , BT LA A0 0 AT 404k 58 35 R o 4 A 2 1k g
W I 2R a2 AR 1, T i e R T 5 fs A ARl PD BB Y
kP

5. - E A BN, KM EANERTES
BE AR AR AP AL, X SRR 54045 PD \DLB I MSA
TE P IR R AT ISR AT G, Matsuoka %5177 R R T —Fluk
M) o- 2 A% B (R AT 2 1) /N T BLR P F-SPAL-T-06 /£ a-
MR R AL PET 4950, ZBCAAE MSA [ T vk
T T B 24 e I A T A T A AR, BT S BT 0 1) 12
Wi, F-ACI-12589 JZ B & (¥ AR, Smith 2% (B 55 %
H, " F-ACI-12589 7£ MSA F3 149 /N i 11 5% A1 /I B v i v i
R (AALE PD B E vk AR AR, X AP AR A BT
MSA &1 PD BEH M ERISW, F], Endo 557 FFE T
—Ff F T T AR A 32 R R Y 28 il AR TR
BB R AR P F-C05-05, %MF5T R, S FEXT B ZA AR 1L,
PD F1 DLB 3 [ i v * F-C05-05 {55 3#45% , 31Xk PD &9
HURI A ER BRI R AL T3 0 7l

HAb, Hoglinger 2511 #2117 SynNeurGe 732K 2R %5, %R
FHHEET o-5 il H R (a-synuclein pathology, S) !
Z25B AT VEIEE ( neurodegeneration evidence, N) IR 3 K 48
% (pathogenic gene variants, G) , BIVAR H5 4 2 sl i 5 P 2 75
FELE - Ml AR e 3 R SR B R B A s M A B
PD HICHUR I N A8 5 1 %5 58 X IR B b A7 00 260 AR W bs
EYTF R R R 5 o- 28 il A% 2 AR DG ARG T

6./ IEAZ B 22 WAR ), O NEAR I 2 AR T e LA
LW PD WS, T PD BB AR H E ML ) RE R
fig, H: ' - 8] 5 AR ( metaiodobenzylguanidine, MIBG) A% 2>
FEIH A O I 45 HO A, 4 /R o0 W 58 JE A 8 S D A7 Y
Eckhardt 225 % 19 61 PD #1112 ] MSA 5 747 i IS v F
F,RIAER Z 50 MSA 3 WAR 2 ¥ 5 8, R 25
PD B ELZ OB AR, 278 PD BEAEAEARIREE R



AR 2R 5 0 TR 205 2025 45 5 A4 45 855 S Chin J Nucl Med Mol Imaging, May 2025, Vol. 45, No. 5 - 319 -

RIERZTIRERE AT, N-" C-FF 3L Z 1 (V-" C-methyldopamine,,
"C-MDA) B i & 9 AR, Zhou S5 AYBIFST BoR , 76 E
INIRE P LR AR R Y C-MDA PET 7R 4.0 JUL B4
B K M R T AR T O WU B AR BE 1 C-MDA ] i
D R RS AR 2 B3 , DX B AT T PD R D SR e
AR, ST PD A B RS

. BERAENRE—PET/MR

TR T-HF9E PD B9 PET H1 SPECT 48 B4 75 R0 L)
PR B AR N 25 o0 A 0 SR S WS R B8 B P AR
FPVEAL AR X AU SR 18 AL B TP, PET/MR f[a]
AR RS T IR TRAFNERE, PEI/MR AHF PD A
BLUUTH A,

LEREH SN Lo B2 R0 2 () 43 BE s, (5B PET & R U
MR XTSRS0 0, T LS BT R A% i ) 45
BARME AN, Laurencin 25 {di Ff PET/MR %} PD 2  Fid
FEXTIRE B ER S LR REREAT TN, 50 ER. 5
XHRLAAREL,PD B IR £ B R (5 5 RRAR,)ZH
B S5 X (B2 3h W ) | e i e Hh i) B A8GR B D

2. 0] Rl BRI A A BE (5 B . PET/MR 7E# £
RGP EIS WO B BRSO ST IR 7 TR, BT AL
Hu 255 iy 52 26 9, ® F-FDG PET/MR ] ] T> PD Hl MSA
RS B2 W, A BF5E BoR, *F-FDG PET/MR 5% 41 2+ 7F
Y] PD Al MSA WA B MOALAE" . PET/MR 7E 5 2 BEAF
LA B R

3. Z25HUNME . MR THREAUS , IR BORLAS  DR I 32
BUAS THE T AR B i ) RE TN 0 B 55, = A X T PET/CT 1Y)
BEEHEY D Sun 2%} 119 Fl#FH 4T PET/CT 1 MR £
FFEFIAT 558 B R PET/MR JiST -1 AR B4 4R R AT DL 52
2[X 4> PD I MSA(AUC=0.993) , 1A hlc St 4 2 45 B4 T
BT AR AR 2T PET/MR U 4124 75 4 51
PD F1 MSA J7 TH A R AT H N RS,

4. 7] TR £ Bl % AR LN B9 AC I ¥ ) . Shang
SO il PET/ MR ARSI SR SIS SR 8 A 119 76 A% 22 110 JH e
JEE 2B ST SO A [ P RO . Xk g It — 2 R,
FAMEA T T PD R S U RE A 0 Sl A AL IR

= HiE

UEAEK, PD B A T A R ) B FLI A2 W v
F MRI,CT 25 2 LSRR W2 80 PD., BE 7 AL 81257
BRI 22 R0 BAR T 2% (0 98, B I 244 TR R B R W5 PD
FI IS 0 S BB W BT A AR AR L 2 R B
PR A AEE I TOR 5 2
EERBAEE MO 8RS Bk 38 SUB Y 2RI  BdE S i

2 % x #t

[1] Tolosa E, Garrido A, Scholz SW, et al. Challenges in the diagnosis
of Parkinson’s disease[ J]. Lancet Neurol, 2021, 20(5) . 385-
397. DOI;10.1016/S1474-4422(21)00030-2.

[2] Beitz JM. Parkinson’s disease: a review[ J]. Front Biosci ( Schol
Ed), 2014, 6(1): 65-74. DOI:10.2741/s415.

[ 3] Armstrong MJ, Okun MS. Diagnosis and treatment of Parkinson dis-
ease: a review [ J]. JAMA, 2020, 323(6). 548-560. DOI; 10.
1001/jama.2019.22360.

[4] 2288 S 4246, 45, SF-FDG PET WAR 5% G151 2 508 4
BrfEm & REEAAETT S S B [T ] e E 2 5 57
B4, 2019, 39(6): 331-336. DOI: 10.3760/cma. j. issn.
2095-2848.2019.06.003.

Li L, Wu P, Xu Q, et al. Differential diagnosis value of single-case
statistical parametric mapping analysis with *F-FDG PET imaging
for Parkinsonism[ J]. Chin J Nucl Med Mol Imaging, 2019, 39
(6): 331-336. DOI:10.3760/ cma.}.issn.2095-2848.2019.06.003.

[5] Lorek K, Maczewska J, Krdlicki L, et al. Slowing of EEG waves
correlates with striatal [ '*F] fluorodopa PET/CT uptake and execu-
tive dysfunction in Parkinson’s disease[ J]. Eur J Neurosci, 2023,
58(9) : 4070-4083. DOI;10.1111/ejn.16156.

[ 6] Depierreux F, Parmentier E, Mackels L, et al. Parkinson’s disease
multimodal imaging: F-DOPA PET, neuromelanin-sensitive and
quantitative iron-sensitive MRI[ J]. NPJ Parkinsons Dis, 2021, 7
(1):57. DOI;10.1038/s41531-021-00199-2.

[7] Stormezand GN, Chaves LT, Vallez Garcia D, et al. Intrastriatal
gradient analyses of *F-FDOPA PET scans for differentiation of
Parkinsonian disorders[ J]. Neuroimage Clin, 2020, 25 102161.
DOI:10.1016/j.nicl.2019.102161.

[8] Niello M, Sideromenos S, Gradisch R, et al. Persistent binding at
dopamine transporters determines sustained psychostimulant effects
[J]. Proc Natl Acad Sci U S A, 2023, 120(6): e2114204120.
DOI:10.1073/pnas.2114204120.

[97 Nicastro N, Garibotto V, Burkhard PR. '2I-FP-CIT SPECT accu-
rately distinguishes Parkinsonian from cerebellar variant of multiple
system atrophy|[ J]. Clin Nucl Med, 2018, 43(2) : e33-e36. DOI;
10.1097/RLU.0000000000001899.

[10] Delva A, Van Weehaeghe D, van Aalst J, et al. Quantification and

[l

discriminative power of *F-FE-PE2I PET in patients with Parkinson’s
disease[ J]. Eur J Nucl Med Mol Imaging, 2020, 47(8) . 1913-
1926. DOI;10.1007/500259-019-04587-y.

[11] Stoessl AJ. Developments in neuroimaging: positron emission tomo-
graphy[ J]. Parkinsonism Relat Disord, 2014, 20 Suppl 1. S180-
183. DOI;10.1016/S1353-8020( 13)70042-7.

[12] B s s S5 IR AR IR B R FRECIRAR ' C-CFT mi-

croPET/CT Z LIz 1 AR 5 I R 5T 2 LU RE M 4200 %
BRI IE[ )] P RS 500 THR A, 2021, 41(5)
291-295. DOI:10.3760/ cma.j.cn321828-20200822-00320.
Huang SM, Yue JL, Yin L, et al. Correlation between ' C-CFT mi-
croPET/CT dopa-mine transporter imaging of striatum in Parkinson’s
disease model rats and damage to dopamine neurons in the substan-
tia nigra of midbrain[ J]. Chin J Nucl Med Mol Imaging, 2021, 41
(5):291-295. DOI:10.3760/ cma.j.cn321828-20200822-00320.

[13] Kangli F, Hongguang Z, Yinghua L, et al. Characteristics and in-

[

fluencing factors of ' C-CFT PET imaging in patients with early and
late onset Parkinson’s disease [ J ]. Front Neurol, 2023, 14.
1195577. DOI:10.3389/fneur.2023.1195577.

[14] $oRIG R EEGE, 4. C-CFT PET A% 505 737 il AR
HYEEST B RIS TE T ] h AR R 2 5 4 F A8 Ak i, 2023, 43
(4): 216-220. DOI:10.3760/cma.j.cn321828-20211014-00354.
Jiang CF, Wu P, Ge JJ, et al. Establishment and clinical verifica-
tion of brain template for analyzing '' C-CFT PET imaging data[ J].
Chin J Nucl Med Mol Imaging, 2023, 43(4) . 216-220. DOI; 10.
3760/ cma.j.cn321828-20211014-00354.

[15] de Natale ER, Niccolini F', Wilson H, et al. Molecular imaging of
the dopaminergic system in idiopathic Parkinson’s disease[ J]. Int

Rev Neurobiol, 2018, 141: 131-172. DOI: 10.1016/bs.irn.2018.



- 320 - PR B A 5 0 TR A 2025 4E 5 A5 45 555 5 Chin J Nucl Med Mol Imaging, May 2025, Vol. 45, No. 5

08.003.

[ 16] Sanchez-Catasus CA, Bohnen NI, Yeh FC, et al. Dopaminergic ni-
grostriatal connectivity in early Parkinson disease: in vivo neuroim-
aging study of "' C-DTBZ PET combined with correlational tractogra-
phy[J]. J Nucl Med, 2021, 62(4): 545-552. DOI. 10.2967/
Jnumed. 120.248500.

[17] Lin KJ, Weng YH, Wey SP, et al. Whole-body biodistribution and
radiation dosimetry of " F-FP-(+)-DTBZ ("®F-AV-133): a novel
vesicular monoamine transporter 2 imaging agent[ J]. J Nucl Med,
2010, 51(9) . 1480-1485. DOI:10.2967/jnumed.110.078196.

[18] Liu XL, Liu SY, Barret O, et al. Diagnostic value of striatal '8F-
FP-DTBZ PET in Parkinson's disease[ J]. Front Aging Neurosci,
2022, 14. 931015. DOI;10.3389/fnagi.2022.931015.

[19] Malén T, Santavirta S, De Maeyer S, et al. Alterations in type 2
dopamine receptors across neuropsychiatric conditions ; a large-scale
PET cohort[ J ]. Neuroimage Clin, 2024, 41 103578. DOI: 10.
1016/j.nicl.2024.103578.

[20] Stark AJ, Smith CT, Lin YC, et al. Nigrostriatal and mesolimbic
D,, 5 receptor expression in Parkinson’s disease patients with com-
pulsive reward-driven behaviors| J]. J Neurosci, 2018, 38(13):
3230-3239. DOI:10.1523/JNEUROSCI.3082-17.2018.

[21] Garg PK, Lokitz SJ, Nazih R, et al. Biodistribution and radiation
dosimetry of "' C-nicotine from whole-body PET imaging in humans
[J]. 7 Nucl Med, 2017, 58(3) : 473-478. DOI; 10.2967/jnumed.
116.180059.

[22] Mazere J, Mayo W, Pariscoat G, et al. Simplified quantification
method for in vivo SPECT imaging of the vesicular acetylcholine
transporter with >I-iodobenzovesamicol [ ] ]. J Nucl Med, 2015,
56(6) : 862-868. DOI;10.2967/jnumed.114.147074.

[23] Dutta Gupta O, Karbat I, Pal K. Understanding the molecular regu-

[

lation of serotonin receptor 5-HTR,;-B-arrestinl complex in stress
and anxiety disorders[ J]. J Mol Neurosci, 2023, 73(7-8) : 664-
677. DOI:10.1007/s12031-023-02146-7.

[24] Jgrgensen LM, Henriksen T, Mardosiene S, et al. Hot and cold
cognitive disturbances in Parkinson patients treated with DBS-STN .
a combined PET and neuropsychological study [ J]. Brain Sci,
2022, 12(5) : 654. DOI;10.3390/brainsci12050654.

[25] Walker M, Kuebler L., Goehring CM, et al. Imaging SERT availa-
bility in a rat model of L-DOPA-induced dyskinesia[ J]. Mol Ima-
ging Biol, 2020, 22 (3): 634-642. DOI: 10.1007/s11307-019-
01418-2.

[26] Wilson H, Dervenoulas G, Pagano G, et al. Serotonergic pathology
and disease burden in the premotor and motor phase of AS3T a-sy-
nuclein parkinsonism; a cross-sectional study[ J]. Lancet Neurol,
2019, 18(8) . 748-759. DOI.10.1016/S1474-4422(19)30140-1.

[27] Matsuoka K, Ono M, Takado Y, et al. High-contrast imaging of a-
synuclein pathologies in living patients with multiple system atrophy
[J]. Mov Disord, 2022, 37(10) ; 2159-2161. DOI:10.1002/mds.
29186.

[28] Smith R, Capotosti F, Schain M, et al. The a-synuclein PET tracer

[

[F] ACI-12589 distinguishes multiple system atrophy from other
neurodegenerative diseases [ J ]. Nat Commun, 2023, 14 (1)
6750. DOI.:10.1038/s41467-023-42305-3.

[29] Endo H, Ono M, Takado Y, et al. Imaging a-synuclein pathologies
in animal models and patients with Parkinson’s and related diseases

[J]. Neuron, 2024, 112(15): 2540-2557.€8. DOI. 10.1016/].

neuron.2024.05.006.

[30] Hoglinger GU, Adler CH, Berg D, et al. A biological classification
of Parkinson’s disease: the SynNeurGe research diagnostic criteria
[J]. Lancet Neurol, 2024, 23 (2):. 191-204. DOI. 10. 1016/
S1474-4422(23)00404-0.

[31] Hoglinger GU, Lang AE. The why and how of the SynNeurGe crite-
ria of Parkinson’s disease[ J]. J Neural Transm ( Vienna) , 2024,
in press. DOI.10.1007/500702-024-02797-9.

[32] ST, BT, P-MIBG S AR T 0 4 A2 i 1 1. 3

B L)) PRS2 5 0 TR AR AR, 2023, 43(3): 182-
183. DOI:10.3760/cma.j.cn321828-20230202-00027.
Ma JY, Luo YP. A case of 1311-MIBG scintigraphy in Parkinson’s
disease; principle and clinical significance[ J]. Chin J Nucl Med
Mol Imaging, 2023, 43(3) . 182-183. DOI: 10.3760/ cma.].cn321828-
20230202-00027.

[33] Eckhardt C, Krismer F, Donnemiller E, et al. Cardiac sympathetic
innervation in Parkinson’s disease versus multiple system atrophy
[J]. Clin Auton Res, 2022, 32(2): 103-114. DOI. 10.1007/
$10286-022-00853-6.

[34] Zhou W, Wang X, He Y, et al. N-'' C-methyl-dopamine PET ima-
ging of sympathetic nerve injury in a swine model of acute myocardi-
al ischemia: a comparison with '*N-ammonia PET[ J]. Biomed Res
Int, 2016, 2016 8430637. DOI.10.1155/2016/8430637.

Laurencin C, Lancelot S, Brosse S, et al. Noradrenergic alterations

[35

[

in Parkinson's disease: a combined ! C-yohimbine PET/neuromel-
anin MRI study[ J]. Brain, 2024, 147(4) . 1377-1388. DOI.10.
1093/ brain/awad338.

[36] Hu X, Sun X, Hu F, et al. Multivariate radiomics models based on
BF-FDG hybrid PET/MRI for distinguishing between Parkinson’s
disease and multiple system atrophy[ J]. Eur J Nucl Med Mol Ima-
ging, 2021, 48 (11): 3469-3481. DOI. 10. 1007/500259-021-
05325-z.

[37] S0, fhidh, T3y, 45 JE T AR 430 )y i 9 S F-FDG PET/MR

MARAFENMERRMEZ REER )] MEREES 5§

BARZE, 2023, 43(1) : 25-30. DOI:10.3760/cma.j.cn321828-

20210507-00152.

Hu XH, Sun X, Ma L, et al. "F-FDG hybrid PET/MR radiomics

based on different segmentation methods for distinguishing Parkinson's

disease from multiple system atrophy [ J]. Chin J Nucl Med Mol Ima-
ging, 2023, 43(1): 25-30. DOI; 10.3760/ cma. j. ¢cn321828-20210507-

00152.

B, 3R — &1L PET/MR 7E I & i 5 F B kB[],

AR B oy TR AR Ak, 2021, 41(7) : 385-387. DOI: 10.

3760/ cma.j.cn321828-20210525-00175.

Xu BX, Tian JH. Application and progress of PET/MR in clinic

[J]. Chin J Nucl Med Mol Imaging, 2021, 41 (7). 385-387.

DOI:10.3760/ cma.j.cn321828-20210525-00175.

[39] Sun J, Cong C, Li X, et al. Identification of Parkinson’s disease

[38

[

and multiple system atrophy using multimodal PET/MRI radiomics
[J]. Eur Radiol, 2024, 34(1) . 662-672. DOI. 10.1007/s00330-
023-10003-9.

[40] Shang S, Li D, Tian Y, et al. Hybrid PET-MRI for early detection
of dopaminergic dysfunction and microstructural degradation in-
volved in Parkinson’s disease [ J]. Commun Biol, 2021, 4(1):
1162. DOI:10.1038/s42003-021-02705-x.

(iR H 197:2024-05-08)



