F49k Sl El R mFMEIIRFRE Vol.49  No.5
2022 4F 10 A Journal of International Neurology and Neurosurgery Oct. 2022

o—,;—_:ji .

PT/R R iR R E A R TR

MrAas'2, K2, HAS S, AL MR, BT
l.#aPEHRFE =ZWEERAZAFH, HE 2 412000
2.HAFTESLZEEHERMES —ERAMMZNA, #d M 412000
.M P ESHELHFRME S — ERASF, #d 4 412000

KO IEER (AD) e — i e i 2T A e b 28 R GEIR AT PRI , I PR _E AT AZIGR AR FIAT M RS A RIS fE
PRSP B 45 2 A RRAE , DA P 22 S8k SRR b 22 S 2T £ 9 45 14 SR B M . E RTINS DR T T S LIRT 2 4 il A
PR AG S EETAG S A AL R BB T L 2 25 BB (1) AD £ 2, (RJGIA SR 1 SR RIS 0T . TIfERE A2 A4y
TRARZ 5N RE T RE K F 23T /KAl AD B 4 S HERR AR AL , DI RESE AR 2 BOR AL 4T CT HETE R S RERE LR (8 3l ik
F R YT A5 , 36 5 G 78 2L it 7 8 T 472 A R D SR 15 S AN D BE ) RIS , X2 Wil PR AT AD AT B 18 s A . 7 2%
SRR IR T RS Z A3 AT RS R Z A0 R IR DS RS TEO0E AD BRAEVE A P i A L TR
ARNE B RO 78 B 00, PURIFIES 5 AD RFAE VLT BE G5, DAL J22 1T B BEAZ ARSI AD 1R B, AR L T2 RO RESE AR 2%, 43
TRARAHORNS AD R R B Sy GV Al R ITRCR BN AT B SECBIVE I, D B A LR AR 25 W R R AR B T A A BRI
oo A T AD B IS BRI S B 0B T AR S B A PRI B, PN A R HAR B0k 5, IR iR 1
AR PRI [EFREREMAEINIFERR, 2022, 49(5): 60-66]
SRS« IR JMEBI 5 B AR 5 T REALITZ 430 5 RESEIR MG s B0 T S TS ALIT 2 430 5 T vl T S 2 41

HES S RT41 DOI:10. 16636/j. cnki. jinn. 1673-2642. 2022. 05. 013

Research advances in the imaging findings of Alzheimer’s disease
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Abstract:  Alzheimer’s disease (AD) is a progressive neurological degenerative disease with an insidious onset and has
the clinical features of memory loss, personality and behavioral disorders, cognitive impairment, and mental disorders, as
well as the typical pathological changes of neuroinflammatory plaques and neuronal fibrillary tangles. At present, the struc-
tural imaging techniques commonly used in clinical practice, such as computed tomography and magnetic resonance imag-
ing, can only find AD patients with structural changes of brain tissue and cannot realize the early and super-early diagnosis

of the disease. Functional imaging and molecular imaging can assess the progression and changes of AD respectively from
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the functional and molecular levels. Functional imaging techniques include CT perfusion imaging, functional magnetic reso-
nance imaging, and arterial spin labeling and have an indicative role in the diagnosis of preclinical AD by detecting the
changes in local cerebral blood perfusion to evaluate the change of brain activity and function. Molecular imaging techniques
include positron emission tomography, single-photon emission computed tomography, and magnetic resonance spectrum im-
aging, and based on the identification of AD biomarkers, corresponding radioactive tracers are developed to identify and
combine the characteristic pathological molecules of AD, so as to realize the early identification of AD from the pathological
changes of cells. Compared with structural and functional imaging techniques, molecular imaging techniques have a greater
role in the early identification, grading assessment, and treatment outcome prediction of AD and provide new technical
paths for the clarification of pathogenesis and the development of new drug targets. This article summarizes the latest re-
search advances in various imaging techniques for AD, analyzes the clinical and scientific research value of related tech-
niques, evaluates the advantages and disadvantages of different techniques, and discusses future prospects and challenges.
[Journal of International Neurology and Neurosurgery, 2022, 49(5): 60-66 ]
Keywords: Alzheimer’ s disease; neuroimaging; computed tomography; magnetic resonance imaging; single - photon

emission computed tomography ; positron emission tomography
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[i] /R P2 165 1975 ( Alzheimer”’ s disease, AD) & i ULAY
PAAEIE 2, MR A 4 P i 2 000 97 A, i3 21 2050
ARIX — B B — 7, T R I AD BRCH B A
5510 AD 9 %2055 SR BEAR IS 1 s T N, Rk E K 65 % LA
BN 49%0~8% , TN K 39%~T% , % 85 % LU , i 3~4
PLBAE NG 145 AD 4% .

AD HH B2 5 SR A2 Wi e b, R B H
FR S LI R R 25 B i 3R SO SRR A A EA T W) A8
W, B2 AT B2 W X AR KRR B AR T AD YR
W2 WA Y, B EAE S R iy & S I 5, S R
A B AD BRI e 2 B EE AR [ K (H 2
WAL 509% 1) B 58 M 76% 1) 8 AN RHLEA
AD , AR 28 G AR BH G i xR 2 W R
V. 70 s ) A AT B FRAT A B e R UE 4030 A ok
AD BR85Sk, DR AT 2 8 AD
1 BHEEES
1.1 HEEEREHE

T ML Z 13 (computed tomography, CT) E.A5 £
T ) PR PG i S5 O, T AD I Bk & . AD
R S CT 448 R 2 B B ot ) S 22 4, A ol S v T e
PRSI o T 2 P 50 R SL 350 CT E4 7 AD 5 1f 45 1
s (vascular dementia, VD) 1l IR %5 I AF 5T, & B AD 41
R B S5 v ES ZE A 1 e AR R s T VD AL FE IR K
PR R CT R BLIL SRR 22 R BN 2 78 AD /9 nl fiEd
R AR KA S S S 22 40 AT 28 200 i 4 i 2 o 22
4, AT AR Ry U R R S SRR 2 R A, CT 21877
TGS AD HLAY {14k 20K PR R SR O 19 i 2200 3 2%
DG, 7] Ryl RS W S S 52 e AD 32 B2 4K A . X1
g‘rfmﬁ AD ¥R F R T IR ZTE 2% (voxel-based morphome-
try, VBM) [ CT F SR 521810 LIS vh K B, 75 CT-
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ST U Ey B TR A AR A Y B R 5
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CT X 25 {9 i S £ 3 (15 491 i 48 P i 28 #1110 i AD) A1 25
504 1% DT T 4 5% B2 AR A T 04, SR FHIRE 1 0 A A 1
i (cerebral blood flow, CBF) . I Ifil. 5 #& (cerebral blood
volume, CBV) . “F43i 5L 15} [8] (mean transit time, MTT) Fl
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221l B UM 8 - RB TR P | RE R A R R DO
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YIAH G, B MR, BT 2R 0 rCBF XI5, AD i 5 3%
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3.1.1 "FRLAH FH#(F-FDG)-PET  FDG-PET #1281,
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OEF=RU N
3.1.2 B AHZG-PET HARFDG AT HRE A
TSR B ), AN T R S RS W B SRS L (H FDG
SR AR SR 0, A0S It A 2E 2 A A A R A L R A
VERYRE R 1 F tau 2 PET RO A 20 T UG R B &5
BT X 22 B 22 3R 4 T T I A 14 I PR T2 T (L
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TE K RE AR 1 DORR 4 T8 B B B 1 -PET APTAk 46 28 A C il
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Chételat 25 * B 52 K& BL, W& YRR R (1-PET 0] ALABRUEIL A
T 2AE R PRI S AR A, I AD ELA AR v %) B T
Wil 5UERREE A A A D bR A L, SE R R R
FI-PET FH T 22 o B B AR B, DR A6 I B 301 5 A0y b 2
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(4 2 vCBF T A5 58 ] I, 6 4 P 1 A IR 2 Bl Rl it
AD i3I 39 2 B XI5 190 G 1 30 9 2 R X R R B



2022,49(5)

Wi, 56 « BT IR ) R AR~ W St

http://www.jinn.org.cn
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JIBR K P35 v, 3k 4 DX AL REE K Y- 1 B84 -5 9 2R ks T
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F1 FEBREHEALEAD OB E R HHE
YRR pen ok P
R AT 8 SR
S AW 25 | B W k9 2 ) 25 A 68 A SRR R B AN | e E R R A 3125 A

W A AR IR, A T

F | R R ILIR ) At 7 3h Fo i 28 2R AR 3 69 AL

T 5 20 27 i) 4 M) B AT R B IS T

A IR, 16 R AR, s B

| T A F K T T AR AD 69 K JR AU B
JE, B IR IR TS T R femBE R R fE

fic

Ae 89 AL, A ) TR IFHAD

B 48 12 W R K L AT A B g
) 75 A R HLE R 6 - A TR

RALHAT = S A%, R oo PR R BUK,

Wi 3¢

2 £ x M

SINHA S, THOMOPOULOS SI, LAM P, et al. Alzheimer’s dis-
ease classification accuracy is improved by MRI harmonization
based on attention - guided generative adversarial networks|[J].
Proc SPIE Int Soc Opt Eng, 2021, 12088: 120880L.

BANERJEE D, MURALIDHARAN A, HAKIM MOHAMMED
AR, et al. Neuroimaging in dementia: a brief review[]J]. Cureus,
2020, 12(6): e8682.

FAEVE IR R, SR, AR SSTCT V- 78 4 ) 2 4R TR
PRUE RN 55 1A PR R D I R (D). AR EE A,
2021, 27(1): 43-45.

XU ST, E SR BRI BN R B TR RIE Y
[ CT FIRE L IR 2 1R 0 LIRS (0], S AR50 55 B2 2 i
2020, 4(10): 75-76.

CHANDRA A, DERVENOULAS G, POLITIS M, et al. Magnetic

(3]

resonance imaging in Alzheimer’s disease and mild cognitive im-

pairment[J]. J Neurol, 2019, 266(6): 1293-1302.
[6] YU Q, MAT YR, RUAN YT, et al. An MRI-based strategy for dif-
ferentiation of frontotemporal dementia and Alzheimer's disease
[J]. Alzheimers Res Ther, 2021, 13(1): 23.
NI, A 55 1 SR MRIZAZ AT Al RV T
el RS, 2020, 17(4): 66-70.
TUFAIL AB, MA YK, ZHANG QN. Binary classification of Al-
zheimer's disease using sMRI imaging modality and deep learn-
ing[J]. J Digit Imaging, 2020, 33(5): 1073-1090.
LIAN CF, LIU MX, PAN YS, et al. Attention-guided hybrid net-
work for dementia diagnosis with structural MR images|J]. [EEE
Trans Cybern, 2022, 52(4): 1992-2003.
[10] LIAN CF, LIU MX, ZHANG J, et al. Hierarchical fully convolu-
tional network for joint atrophy localization and Alzheimer's dis-

ease diagnosis using structural MRI[J]. IEEE Trans Pattern Anal
Mach Intell, 2020, 42(4): 830-893.

c 64 -



2022,49(5) B, 55 - B R PRI BRI AR 2 T o 0 i http://www.jinn.org.cn
[11] KHATRI U, KWON GR. An efficient combination among sMRI, [23] MATSUDA H, SHIGEMOTO Y, SATO N. Neuroimaging of Al-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

CSF, cognitive score, and APOE &4 biomarkers for classification
of AD and MCI using extreme learning machine[J]. Comput In-
tell Neurosci, 2020, 2020: 8015156.

FENG JW, ZHANG SW, CHEN LN. Extracting ROI-based con-
tourlet subband energy feature from the sMRI image for Al-
zheimer's disease classification[J]. IEEE/ACM Trans Comput Bi-
ol Bioinform, 2022, 19(3): 1627-1639.

DASH S, AGARWAL Y, JAIN S, et al. Perfusion CT imaging as
a diagnostic and prognostic tool for dementia: prospective case-
control study[J]. Postgrad Med J, 2022: postgradmedj - 2021 -
141264. DOI: 10.1136/postgradmedj-2021-141264. Epub ahead
of print.

ZHOU Y, SONG ZY, HAN X, et al. Prediction of Alzheimer's
disease progression based on magnetic resonance imaging|J].
ACS Chem Neurosci, 2021, 12(22): 4209-4223.

AMAEFULE CO, DYRBA M, WOLFSGRUBER S, et al. Associ-
ation between composite scores of domain - specific cognitive
functions and regional patterns of atrophy and functional connec-
tivity in the Alzheimer’s disease spectrum[J]. Neuroimage Clin,
2021, 29: 102533.

SUN WQ, ZHANG M, ZHANG YY, et al. Brain intrinsic func-
tional activity in relation to metabolic changes in Alzheimer's
disease: a simultaneous PETAMRI study|[J]. Annu Int Conf IEEE
Eng Med Biol Soc, 2021, 2021: 3467-3470.

GUAN 7Y, ZHANG M, ZHANG YY, et al. Distinct functional
and metabolic alterations of DMN subsystems in Alzheimer's
disease: a simultaneous FDG-PET/fMRI study[J]. Annu Int Conf
TIEEE Eng Med Biol Soc, 2021, 2021: 3443-3446.
MCDONOUGH IM, FESTINI SB, WOOD MM. Risk for Alzheim-
er’ s disease: a review of long-term episodic memory encoding
and retrieval fMRI studies[J]. Ageing Res Rev, 2020, 62:
101133.

FAZLOLLAHI A, CALAMANTE F, LIANG XY, et al. Increased
cerebral blood flow with increased amyloid burden in the pre-
clinical phase of Alzheimer’s disease[J]. ] Magn Reson Imaging,
2020, 51(2): 505-513.

MCKIERNAN EF, MAK E, DOUNAVI ME, et al. Regional hy-
perperfusion in cognitively normal APOE &4 allele carriers in
mid-life: analysis of ASL pilot data from the PREVENT-demen-
tia cohort[J]. J Neurol Neurosurg Psychiatry, 2020, 91(8): 861
-866.

SOMAN S, RAGHAVAN S, RAJESH PG, et al. Relationship be-
tween cerebral perfusion on arterial spin labeling (ASL) MRI
with brain volumetry and cognitive performance in mild cogni-
tive impairment and dementia due to Alzheimer's disease[J].
Ann Indian Acad Neurol, 2021, 24(4): 559-565.

ZHENG WM, CUI B, HAN Y, et al. Disrupted regional cerebral
blood flow, functional activity and connectivity in Alzheimer’s
disease: a combined ASL perfusion and resting state fMRI study

[J]. Front Neurosci, 2019, 13: 738.

- 65 -

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

zheimer’s disease: focus on amyloid and tau PET[J]. Jpn J Radi-
ol, 2019, 37(11): 735-749.

LOTAN E, FRIEDMAN KP, DAVIDSON T, et al. Brain "*F-FDG
-PET: utility in the diagnosis of dementia and epilepsy[J]. Isr
Med Assoc J, 2020, 22(3): 178-184.

MINOSHIMA S, MOSCI K, CROSS D, et al. Brain [F-18]FDG
PET for clinical dementia workup: differential diagnosis of Al-
zheimer's disease and other types of dementing disorders[J].
Semin Nucl Med, 2021, 51(3): 230-240.

BERGERET S, QUENEAU M, RODALLEC M, et al. [*FIFDG
PET may differentiate cerebral amyloid angiopathy from Al-
zheimer’s disease[J]. Eur J Neurol, 2021, 28(5): 1511-1519.
ROWLEY PA, SAMSONOV AA, BETTHAUSER TJ, et al. Amy-
loid and tau PET imaging of Alzheimer disease and other neuro-
degenerative conditions[J]. Semin Ultrasound CT MR, 2020, 41
(6): 572-583.

CHETELAT G, ARBIZU J, BARTHEL H, et al. Amyloid - PET
and "F-FDG-PET in the diagnostic investigation of Alzheimer's
disease and other dementias[]J]. Lancet Neurol, 2020, 19(11):
951-962.

RAMUSINO MC, GARIBOTTO V, BACCHIN R, et al. Incre-
mental value of amyloid-PET versus CSF in the diagnosis of Al-
zheimer’ s disease[J]. Eur J Nucl Med Mol Imaging, 2020, 47(2):
270-280.

SCHINDLER SE, LI' Y, BUCKLES VD, et al. Predicting symp-
tom onset in sporadic Alzheimer disease with amyloid PET[J].
Neurology, 2021, 97(18): ¢1823-¢1834.

MALPETTI M, KIEVIT RA, PASSAMONTI L, et al. Microglial
activation and tau burden predict cognitive decline in Alzheim-
er’s disease[J]. Brain, 2020, 143(5): 1588-1602.

CHANDRA A, VALKIMADI PE, PAGANO G, et al. Applica-
tions of amyloid, tau, and neuroinflammation PET imaging to Al-
zheimer’s disease and mild cognitive impairment[J]. Hum Brain
Mapp, 2019, 40(18): 5424-5442.

BUCCI M, CHIOTIS K, NORDBERG A, et al. Alzheimer’s dis-
ease profiled by fluid and imaging markers: tau PET best pre-
dicts cognitive decline[J]. Mol Psychiatry, 2021, 26(10): 5888 -
5898.

SONG 1U, IM JJ, JEONG H, et al. Possible neuroprotective ef-
fects of rasagiline in Alzheimer’s disease: a SPECT study[J]. Ac-
ta Radiol, 2021, 62(6): 784-790.

NI YC, TSENG FP, PAT MC, et al. The feasibility of differentiat-
ing Lewy body dementia and Alzheimer’s disease by deep learn-
ing using ECD SPECT images|J]. Diagnostics (Basel), 2021, 11
(11): 2091.

TAKAHASHI M, TADA T, NAKAMURA T, et al. Efficacy and
limitations of rCBF=-SPECT in the diagnosis of Alzheimer’s dis-
ease with amyloid-PET[J]. Am J Alzheimers Dis Other Demen,
2019, 34(5): 314-321.

MIYAGAWA T, PRZYBELSKI SA, MALTAIS D, et al. The val-



2022,49(5)

Wi, 56 « BT IR ) R AR~ W St

http://www.jinn.org.cn

[38]

[39]

[40]

ue of multimodal imaging with '*’I-FP-CIT SPECT in differential
diagnosis of dementia with Lewy bodies and Alzheimer's disease
dementia[J]. Neurobiol Aging, 2021, 99: 11-18.

DURO D, CERVEIRA P, SANTIAGO B, et al. Clock drawing
test in mild cognitive impairment: correlation with cerebral per-
fusion in single-photon emission computed tomography[J]. Neu-
ropsychology, 2019, 33(5): 617-632.

TRE, FEAKI, VIS 5L Z-Score B AR 2 St il By il 5% E
TE SPECT -1y ZR 2% it B 58 2 (12 W A e s LD .
FIJ7 BERLRSE2A4R, 2021, 41(7): 1093-1100.

SHAD KF, SOUBRA W, CORDATO DJ. The auditory afferent

pathway as a clinical marker of Alzheimer's disease[J]. J Al-

[41]

[42]

[43]

- 66 -

zheimers Dis, 2022, 85(1): 47-53.
DAS N, REN JM, SPENCE JS, et al. Relationship of parieto-oc-
cipital brain energy phosphate metabolism and cognition using
31 P MRS at 7-tesla in amnestic mild cognitive impairment|J].
Front Aging Neurosci, 2020, 12: 222.
SHUKLA D, MANDAL PK, MISHRA R, et al. Hippocampal glu-
tathione depletion and pH increment in Alzheimer’s disease: an
in vivo MRS study[J]. J Alzheimers Dis, 2021, 84(3): 1139-1152.
JOE E, MEDINA LD, RINGMAN JM, et al. '"H MRS spectrosco-
py in preclinical autosomal dominant Alzheimer diseaselJ].
Brain Imaging Behav, 2019, 13(4): 925-932.

THLS IR R



