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ABSTRACT

Neurovascular coupling reflects the close relationship between neuronal activity in the brain and
cerebral blood flow, which provides a new perspective for the occurrence and development of central
nervous imaging. However, neurovascular coupling can be applied clinically mainly through transcranial
Doppler ultrasound, single photon emission tomography and xenon scavenging technology. The
inability of these technologies to better understand the pathologic mechanisms of diseases limits
their application to a large extent. Compared with the above techniques, magnetic resonance imaging
has higher soft tissue resolution, no radiation and other advantages, so in recent years, magnetic
resonance imaging has been widely used in the detection of neurovascular coupling. A great deal of
practical work has been carried out on the study of neurovascular coupling function, and new progress
has been made. In this paper, these magnetic resonance imaging techniques are described to provide
a new understanding for researchers.

Keywords: Magnetic Resonance Imaging; Neurovascular Coupling

ARIERNFIRHEREZORE, KABDATFFHERSHNHELTEDN, X2
R TASI M MR EN 2 BN EBBEFTEERN. MEERMNERT, NREFE
BRIMTE, KAEAMFZNEBNENETRE. TEERMGT, AHZETMNERMN
IME RS A B M I E B TR RIF IR T UM & MR & B B MAB LR (042 ol R
FAARE) N ARBER. MENERSE— MRS, TMUXEAHRECHARLR, TN
REMERFEROLEN L REH— 2N,

1 mEmMERSHNERINE

BWAMERSRATHETNOEEN— 1 BE, TEE2HBET. BREABRURL
MEHRNBENEST, SPREERENER, BERNEH0, FAREY AR
MM EEMY, BERNESTHNEMRDIRGHTEMEINEREN, SHEEN
MEAMEBERSY, HLHBIRHERENEGEARN T, BENRITHENERS K
IR, MEERAE. F/RZERE. BHosE. NeLEBA%ER, AN, 8R%
AR%RE, BENSENERS, RETEFREHNFERS, HEEEFIETER
RTREMNERY, Hit, M2NEESELRNEDNTFRIITEFRNREMRFEDT
UEERNNINR, EOTREMATRER G TEENATER, HBENMELAT
MR RIR MBI T,

2 BANERIERGERLDERSNA

MR G R T B RGN —F, BENAREIRINEMAGRREBEERES, BT %
FUEREMBENEE., EXRMIVFEREDR, BEIRMEGEEIEMINDEEWS
M= ERIEEIN, BT AZRRESHNNTESHNE, AIUERIT. ST AR INNE
B(WI), BEIT.WIFITWI,

HERRAM, FATIMREE(T-Weighted imaging, T:\WI)FEEBHELMERBEH
AREHFREES, TERTEHERRNEE. TEFETRANDEIEAR. BERARS
%K. MEFEHEENFSZHH(voxel-based morphometry, VBM)®, BT % K M
ZENMENENT K,

3 e RRRERLNERSNMR

3.1 DHRERE IR Thac iR G E B R B IE5 S SMAHELIRAE( resting-state
functionalmagnetic resonance imaging, rs-fMRI) Fzhfk B fetric(arterial spin
lablin%, ASL)rs-fMRIZ—f A FNE TR B ES RS THRIZARM B FENNF A&
FEAY, BRFESRETHAMR, EEARESE. IMRINREGRAREFMEK
Fk#i(blood oxygen level dependent, BOLD)®M N HZ LR MiRHE, BEIERX
fREm4IE A (deoxyhemoglobin) S ERE/LD SR EIRES VIR, BIXNX—ES
THBNE, MRIBEISIEERMBZTHER, HE5RMIEMABRXE, rs-IMRER
B EERIR S BE(@mplitude of low frequency fluctuations, ALFF) KXig—2k
M (regional homogeneity, ReHo). EF#FXIFHAIEEE (functional connectivity,

[E—1EE] M, B, MIREN, TBHRAME: PREZLAKREF, E-mail: 630828090@qgg.com
(@EiffEE] BRIEE, B, FEEM, TBHRRAR: PREZLRARESF. E-mail: wschen_ok@126.com
166



FC). JRIIA 9 #7( independent component analysis, ICA)
%P FoxBE AEF&HERBMEMRIIMR)ER, @3 mak
TARFE(BOLD)ES MRS, BRERMBETERN,

ASL(arterial spin labling, ASL)R 2+ MAALE&REY—Fh,
ASLEEI BhRK MK S FH BRI RS, HERNMBXIE
WHEHITHAMARIE, BRIMNMEEGRSBEGIER, M
M43 {E (cerebral blood flow, CBF), #RA{EMRETMNFE
PEMITEY, ASLTETE—LME: LURREMKSD FRTER,
REEEEF. FEERMMA, D755 ERIX R RECBF
HITRENE, BHFHEFNNES. EFH—Mrs-IMRIZASL,
T34 FIBY = B4R [ 3B A RS
3.2 EMELERGEHESNERANNE XRZNARHA
fMRI%KIE, WReHo. ALFFFIFC, JiT{EAMT B & MATHE
ik FE, HESASLIFEMCBF, BRTEEERHET, MER
TESRETNER, UWREREEHT, AMKIEE@E
mEEa",

LiangZ " i@id £ Ff-MRIFASLIT BB R WIS EREE
(functional connectivity strength, FCS)FICBF, & WH#£&
TEMMBIITE, H9BTETBAEN CBF-FCS XM
CBF/FCS LbfE, RRMTHEIMEBSHRE. WFEMmHB»
A3k, CBF-FCSHE%Y, RRTLMMBEZMERS, MCBF/
FCSHfE, R THEEREHMRXABZMERS.

3.3 BESHHRRGE SRS M ERA NI B
3.3.1 ZEBHERRE BRI BZNERANA 184
R (CM) 2—FhE M BER R GER . ER XS RR
MRENARER, FIURZBERRGAFMENSE, B, B85
BT AR B 46 B F B 4730 M5 WA A7 CM, Hu B4
B3I B B AR S THEEMRIH BIALFF/fALFFEIBK B HEARIC A 831 &
CBF, fER#&ZMEEYATicYBIALFF-CBF, fALFF-CBFREZEZ
NVCINRERERSRY, RIINVCEMITEM T EMTF MM & ER
BHOA SRR, FEAXERK, SUERBRMEBDEEX,
BIX 7K T _EMINVCHREZME EYIRE YR BB ENA S K
1§, RIFT, SESMRIETAFENIEMRLREBEHINVCINEER
18, MITHIBMERR BN AR MR T — R .

3.3.2 LESHARM GBS UENRZNEBATR B
DRER— MR R, FERE, E—RABREREYR
1%™, MENBEHEZINEINFEDHEE, Zhaox " HF 5
ERSIIREMRITT B ThAEE 558 E (FCS) M Bk B FEtR e & &
CBF, RXIHZMERBSHORT; KW, SEEXRAML, &
WOBEREN SR ARCBF-FCSIBAXKIE; TREINESRE
f, CBF/FCSHLETHFEMTFINNMBEEEENMKX; fHCBF/
FCSHEMEENFRMENX, XLELMKE, ABPHESE
MR M B A MR A L RIS M ) BUER —FBTE A & A,
3.3.3 SESHHRREIINMOMEZ MEIBATERHR NMOKTE
NAHRBEAGZRN—FE S RESROB BN EER", &
RN BRI EZHEEE, TEREENRARE, TREFH
%A, NMOBEBZERH T AR RENE LR RAMIRGM
WETEL, ERREABRRGHEINDENMOM X BRIBIE,
XATRESIRIANVU, HBRASHRENMANEBA" . GuoZ
U5y FR g BURAS THAEMRIIT B ThAEE 38 B (FCS) FIBhAX B HEAT 12
&t BECBF, 930it+8 ReHo-CBFHIReHo/CBF{E; MiZTAM
ENRAS BEATY LN T CBFSRe HoY BB E R EMBHEE
XM B E LMK ER CBF-ReHo B8 BRI, XRMTA
KAMAEER SR MERST NMOBE /K RAEEHEMNE
WARIEE; B9h, NMOBEMBLFXCBF/ReHoLEHI B E R
TREM EF, XREANMOEE M ARPE777E 5 20 AN X BY 342
BHMREATIR, S EFR, CBF/ReHothEMRESETHENMO
BEBINESTER TN A EEE R 2N EEEANE,
3.3.4 ZESHHREREW 2 EBRFENRZNSBSHAR 2808
PR (T2DM) FIEEINR AR E, H B 5IAFPEFHE AR R R
wing X", T2DMSINFER BXRHBENEN A= LM
BER., ZhangE "B REEEH—3 (ReHo) MICBFEL A A

CHINESE JOURNAL OF CT AND MRI, SEP. 2024, Vol.22, No.9 Total No.179

MRT2DMEBEXIFHLMERS (NVC)WKET, RWT2DMEE
mReHo: mCBFLLENNB FREESHRELMSMH, AMNFR
BEl, aMl&sEs, AMFREIE, HESREXNRAMEL, £
EHBmMReho: mCBFLLEEERE; EAIm ReHo: mCBF
LbEREFEMEZBINMER S, XKRBTT2DMATEENNE 7 AM
Y5 E DX (22 B & ) BONVCHR 5, MTTSRUCIZ TRERE; #AB
ReHo: CBFLEL{E(m ReHo: mCBFLL{E) 2 M M E T AYH
ER B S.

4 NE5RE

BE X LS MEBMR, &KMrs-IMREXSASLII SRS
BRGNS PIREEEBRAL T T — T HNAEEARRWEMNE
BEER, EIRNMT BRRHRENG, WRRRREME
W7 I ez M E RS PR IR IR kiR,

253X

[1]1Zlokovic B V.Neurodegeneration and the neurovascular unit[J].Nature
Medicine, 2010, 16 (12):1370-1371.

[2]Merlini M,D Davalos,K Akassoglou.In vivo imaging of the neurovascular
unit in CNS disease[J]. Intravital, 2012,1(2):87-94.

[3]Wardlaw JM,Smith EE,Biessels GJ,et al.Neuroimaging standards for
research into small vessel disease and its contribution to ageing and
neurodegeneration[J]. The Lancet Neurology,2013,12(8):822-838.

[4]Kooistra M, Geerlings MI,Mali WP,et al.Diabetes mellitus and progression
of vascular brain lesions and brain atrophy in patients with
symptomatic atherosclerotic disease.The smart-mr study[J].Journal of
the Neurological Sciences, 2013, 332 (1-2): 69-74.

[5]Espeland MA,Bryan RN, Goveas JS,et al.Influence of type 2 diabetes on
brain volumes and changes in brain volumes:Results from the women’s
health initiative magnetic resonance imaging studies[J].Diabetes
Care, 2013, 36(1):90-97.

[6]1Gold SM,Dziobek I,Sweat V,et al.Hippocampal damage and memory impairments
as possible early brain complications of type 2 diabetes[J].Diabetolog
ia, 2007,50(4): 711-719.

[7]Wang Y F,Ji X M,Lu G M,et al.Resting-state functional MR imaging shed
insights into the brain of diabetes[J].Metab Brain Dis, 2016, 31 (5):993-1002.

[8]Liang X,Q Zou,Y He,et al.Coupling of functional connectivity and regional
cerebral blood flow reveals a physiological basis for network hubs of
the human brain[J].Proc Natl Acad Sci USA,2013,110(5):1929-1934.

[9]Phillips A A,F H Chan,M M Zheng,et al.Neurovascular coupling in
humans: Physiology, methodological advances and clinical implications[J].
Journal of Cerebral Blood Flow and Metabolism, 2016, 36 (4):647-664.

[10]Merlini M,D Davalos,K Akassoglou.In vivo imaging of the neurovascular
unit in CNS disease[J]. Intravital, 2012,1(2):87-94.

[11]Buckner RL,Andrews-Hanna JR,Schacter DL.The brain’s default
network: anatomy, function, and relevance to disease [J].Ann N Y Acad
Sci, 2008, 1124: 1-38.

[12]Tarantini S,Tran CHT,Gordon GR,et al.Impaired neurovascular
coupling in aging and Alzheimer’s disease:Contribution of astrocyte
dysfunction and endothelial impairment to cognitive decline[J].Exp
Gerontol, 2017, 94: 52-58.

[13]1Zhu J,Zhuo C,Xu L,et al.Altered coupling between resting-state cerebral
blood flow and functional connectivity in schizophrenia[J].Schizophr
Bull, 2017,43(6):1363-1374.

[14]Dowson A.The burden of headache: global and regional prevalence of
headache and its impact.Int J Clin Pract Suppl[J].2015, (182):3-7.

[15]Hu B,Yu Y,Dai YJ,et al.Multi-modal MRI reveals the neurovascular
coupling dysfunction in chronic migraine[J]. Neuroscience, 2019, 419: 72-82.

[16]Lewis DA,Lieberman JA.Catching up on schizophrenia:natural history and
neurobiology [J]. Neuron, 2000, 28: 325-334.

[17]Zhao Z,Xu G,Sun B,et al.Altered coupling of spontaneous brain
activities and brain temperature in patients with adolescent-
onset, first-episode, drug-naive schizophrenial[J].Neuroradiology
[J1.2019,61(5): 575-584.

[18]Wingerchuk DM, Lennon VA, Lucchinetti CF,et al.The spectrum of
neuromyelitis optica.Lancet Neurol[J].2007,6(9):805-815.

[19]Wang Q,Zhang N,Qin W,et al.Gray matter volume reduction is associated
with cognitive impairment in neuromyelitis optica.AJNR Am J Neuroradiol
[J1.2015, 36 (10): 1822-1829.

[20]Hu B,Yan LF,Sun Q,et al.Disturbed neurovascular coupling in type
2 diabetes mellitus patients:Evidencen from a comprehensive fMRI
analysis. Neuroimage Clin[J].2019;22:101802.

(WeFsHEA: 2023-08-09)
(Bexg4mas  wkamy)

- 167



