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ABSTRACT

All types of kidney diseases have different degrees of abnormal renal blood perfusion (RBP) and are
closely related to patient prognosis. Arterial spin labeling (ASL) technology, as a dynamic detection
technology, can accurately detect RBP without an exogenous contrast machine, and has shown good
clinical application value in the diagnosis, prognosis prediction, and intervention guidance of various
renal diseases. In this article, we review the overview of ASL technology and the research progress in
the use of ASL in the assessment of kidney disease.
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EHFESFEHMRMER, BTHRE0EEEM20~25%MMmE " BB
BRIITHRNRDEL, EARNAEERSTEESEERY., ARKRHE, &%
SBE%. EEARMKEMERRFETIIEEEMEE(renal blood perfusion, RBP)HIZ
%P RBPFREESIAEEWK. SHREFHENIRIFZMEE, HBKEETIE arterial
spin labeling, ASL) A NIGKIQNRBPIRE T 5%, ASLEATTINEMEITLLFI, FIE
EIBK IR K D FIERPRRMEST LRI 1TRER, TTE. B2, EBMNRBPKE, 7
SRS E AR AN S, RPHASLEATEEATMALGN, FBAKE
M MRESRNARETEELEERATFUEE#TEREEMRE, MEERNHAR
R, ASLEARTENBREITEPEE FNRATE, AXHASLE AR RIS B
TIPS A R IR 1T BEF 4.

1 ASLEI AR MRE

ASLE A E R ML B R FIER RN, o BBy SsE s, Nmel
SRR MRAE SRR, FAEMURBP(EE A mL/min/100g 447) ) S A1f440
EINTEESHER, BAN ASLENBEARERHE S, DA 4R M X
B B, RNFFIAY, Tk EMSMBRE sk MR T AL, 3 —BE
MIERE REBHITICES; MEIEERMNNIEER FRENBEG, BRI
Fi#ITIRG. ERRRNZE, REMTBEGREERD, MaEIETMNER,
HESBESRBPRELY, 8E, @IRIBX I (regions of interest, ROIEAR &k
B& LU B S HRBFE 2, @EROIMAE—MRA T SN LR Tk, ANEEY
45NMBER, HHERBE. BENESSETFHER", XEEREEASIENRIER,
HEFAEEEE G E MR SUE# 1T, SRS A IRBPIEME,

2 ASLKMFET
FRE ASL BRI ER 2 48RL . (DARICEIR, SERAB MR EITHALITIC;
()R EIRHER, £ “Mric” M WR FHTERBREARNSHER. ASL KNG

FAARESMERNWEANHITOR. ENXRBFRREL
R1 BRASLRWFFIRIS R
ASLFFF  BR
FRISHER CASL EHITIERFT], AR, RS,
FESGEINRR
PASL FRICRTIEIRE. MRS, BfERRLLE
pCASL SEETCASLEPASLMEMLSE, BHE. BEERE
FR&IEIR 2D-GRASE  EAMMGERFT!
3D-GRASE MIfBEER. SEEK, &fEELL
3D-RARE  RGRASEfSMELLERS, BithiEK, BERE—R

2.1 #RigER RHASLE R FEEMMITICER: Bohshik B hetric (pulsed arterial
spin labelling, PASL) 5 %42 hBk B iEARiE (continuous arterial spin labelling, CASL),
WEEAFCNT B EEMEENE EEARKY, CASL RAMNERGTE LEH
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EEGE, UFEEREZTFEMBNN RN RE R, M
PASL #2 AR MIE A 8 N 52 ko X #0 = A R AV koA >R | B sh Bk 7k
RFHNENE. ©XARBIRCERNGED NRE HMEKAE
SEAL(STARES); =HIIEHIRM N BT R ¥ (PICORERFS!)
FRENBE R B REWRE (FAIRFES) Y, hELEhEX B hEtRiE
(pseudocontinuous arterial spin labeling, pCASL) A /EHASL
W—MEFY, EFEA—KBERESMIkr, REa~=EMRR
FEENRE, AEEEGRES, ERILENES"Y,

2.2 FRBER EHRHITRBPI G — N EERIIR AR
&, LUREIEGNIZE SO TR, B, ASL RAT
ZHRREGIREEAR, BRIASLRBIRESEART KD N4
(2D)3% =4 (3D)# E B he[el Rk (gradient and spin echo, GRASE)
5, 3D-GRASERIFH#AT|E1%ZF2D-GRASE, ZBEIEN T EEH
GHVEE, HoKE T 2D-ASLEGIEIRELE. EFRIYIEF0R
&, EEERGEEREEEanT e, 3D-tKiLERE
X% (rapid acquisition with relaxation enhancement, RARE)&
3D-GRASEMEN AR, HERLER, EBRFIRHEERK, 8
LS HEEGER",

3 ASLERIEZAT B RHITE

3.1 BEME SHEEKRIBASICES N ISMAE. B
. EMHESET R, ASL BB Bl it 3 3T T 1ok B R 1Y I 1
BEREFNMENFRELRNH L ESBMARANKS, HIER/
BB AT R, YeZ TETASLR NI LRI, 1S5
AEEERENMENREEEESTEBAEHEERE, ASLE
AR ARG AEALNIERR, ESHENLINPLER
e, B—TNE SR ARRKIESELH2006) 85 BRI
33%BE, ASL BT LB RBPEHIE RIS M s e
BEEIRIER", o, ASLEARTNEIER S S AT MR
TR, TsaiZ iR T 174 IR A BL S B AR 1D 4170 1 |5 40 B
BRERAGESL. B2/, 5128, E4AZ AN SEETE
N, RUASLEIE B FiRR 2B S B MBS I &I RS T B SR
WKL, HOABEBTFRUNBHEBY SHE, )R,
HarteveldZ""MHR LN, SEEEINESHEALL, SERM
BRI BIRAETINAES, A ASL-MRI ETIE@ A it
HMBRP, oSS IS AER RS MR (HEEL R,

32 SMERG IRARTHREER, 2M4S#%(acute kidney
injury, AKN2— 1" 5B 2 FRENALDERE, 2EEEMEE
SBRERREENRIE, ASLEESLAKIYIER AR RN
BTN E, HueperZ BT iMAR B &ERA R #H1TAKI
FS, B2TR/NRDRREAKIA(FEFZ55 )5 EREAKIA (EH
455§ BTASLARN, H 53T SHERINAEN ST ER Y ER
RERHITIR. MRS RASLENERITRE/NE AKI ERBPAEX
B SAFRFAR LT WRXNRG, HEEN AKI BIERANEE
YIRFEN. WangZ P NISHEEFIES A RBTASLRN, HiTME
THMRAMEERRESEXIEREHEL. MEMNE C. REE
SERF-1 ZAKIR B INEEIE T, 45 2 RRBPLE R 5HE%15474E
XM, ASL ATAFEAIMMAERNESFIMEXAK . EIRHK
AR, HellmsE"MEARHNT 24 BRELEE, BIASL
S5 B IHREIRITORITIEL, S IMASLE AR B %5 TAR A & 7
EWRSHRESHMRBP TR, NIGKAGYITEIRESE,

3.3 1B EThRE R 1815 B AT (chronic kidney disease, CKD)
2 REEMRG MR, S RCKDHYEEE FRRREN S/
BoEd & (glomerular filtration rate, GFR) T, RASHE RIS
KE® GFRSRBPEYIERX, EILINEHRNRBP, (T SHE R
MiEREEF RHITE S ThAEM R RIZE, NCKDWFAEBE
EIRFKIESE X, PP 452 2 EMITSMCKDEREM 1745
BESEEHITASL 0E, FIRSRRMAE, WHERERBP. M
EHET. eGFRMFIETS ZEMEX ., HRAMBZESHRBA
RBPIMESIRME S FHERE BIRGH, RPASLEAFBEFEEH
ToIiTE, S EFNCKDREN R BEERG. MaoZE 7z
S MR RO R AE b 3 — 5 ER T ASLIE SIS &SRR E
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M, RMRBPINMESREAEEENEX, M5CGFREEZIEE
%X, XiongZ HBIMEE DM T L 18TIE H*CKDHIIIREN
MR, AUAEMERNCKDEEMBENBAMNSKRA.
BEFRRBPEERMR A, ASL AT FEIRMEE X BIhEENEIE,
BrjgeELmit T REENSHEEERS,

34 BRBER RSB (diabetic kidney disease, DKD)
ERBERFSIENHOEHLE, S2KEBEEE=RRENE
—i1"*, RPHDKDEEMFETIREILSHNES, BFDKDH
LHEmERNB NS SR, BEMIGREMIEIREDKDITME
FREREFARE, AILERHZHREMTIKRAEE
T, BrownZ UM N30 DKD1-5HBEM 13 R BEAEE
STASL MFENE, AWM= IAERBPMNEEHAA480136mL/
min/100g2B4RZ 4 N EI3. 4F588DKDAY302+95, 2297
f1152+32mL/min/100g. EEIENE, HRENTNEE
BREZARNFHDKDEERBPA593E12mL/min/100g, i
ST EREAE, BT SEREH, ASLEDKDREZHEHER
7, BEERGWEEES, Z—MaBESEZSHEERMRA
WY, NLARITAE M B IR S WA RIFR S GFRAO A, H¥E
DKDSEESHX 2F X, HPASLERCNN S MR HFE
S5GFRIEXMRE, NDKDAERRIEL RS HEH M KRR
FiuRBENENEE,

35 HIREWHEMER HREFEREHMCKDRIEEBEEMNE
ERZ, #EBINT SREMAREIE. TS/ NERES NS
R A RIE & 15 SE RS BRT (1S £ 4 b)) R R 220 1S A AR 1R
BT, Ehe iR E AL ER R EMAR TSN 5 ALBRE
EraE Ry, HuS P B R ASLIT A A BB i i R S AE M
=B AER AR R T, &I RE #EFES5 B RBPRERY (&)1 10
BRAE, EARFERRMGIEM; FEAREIELEHEE SN
EhhiK, BRALES SN, RIFFRES/NEMKER, IR
ASLEEEBIFERER CKD MR, HFTAREERN. IRKMAR
B, LanzmanZ " WrF5ad £ 056 R BB A B & #ATASL N
A R g IR R BRIE R, R IMASLET R 57 H b B0 A3 PR 18 48
fE, flIREERSENERNYERRIFiSR.

3.6 BMERRE SOEREHBTEERAZULECKDEHE
M5 —EH. FenchelZ W6l T IS bR LS MESE
0 12 IS EHRKIEZ (renal artery stenosis, RAS) B& 15 7 PASL-
FAIR IRk 1&. TEFAIREFEGR L, EERAS(>T0% BRI D]
LB RS, BERAS(<H=T0%E M%) #ITXF), ELILASL
S5EIMESHESRZEEFEEEERXYE, EAT RAS £&
BT E 2R . FERRSE, WyttenbachZ ™ sdth T
3D-ASLE ME RS AR, RAASL FAESRSSET
RASIW=EZE, MAEKRNTEESREE. FRM. HRM,
T BEF R .

3.7 BIEE SBERAKMBREEIRKATHNRES X, A
mEEENEERNM(EEMHFRN)MAGERN(SEARR. 8
PE. Skt EE)FmEm N S8 TRG, TEXNESBENK
=,

ASLEREEBIEFARTE. BEGEIH EYAS
R&FMNE. HEVNHEEBMEER (computed tomography
angiography, CTA)iFft @ E1E B I EAARF 'S mE P4 E
Bik. A, CTA REERS AR BRENBIKERXTALAAE
%, PatilZE"E—MAEE ML RARD, HE 43 ZEBESR
EERT CTA 5ASL, ASLEAHETR 64 L8k, 20 £W
HRkF 2 & =chhk, EMEATEMS ERMEZTFERBICTA,
R TE TG B S RAE, BRHASLE RTER CTA BIBTE
BRAER, B—WPengE WIHLHRER, IGKBBIEIIAED
ASLEY 83 Eb fn &7k F4k#i (blood oxygen level dependent)
MEREAREEIGENREGER. ZRANLERESITETR,
ASLEYIZ T AR 980.00%, L FBOLDHIT1.85%; ASLiZHR
BEfMREBESERERISBRENFRME D RT79.57T%F
80.95%, fLFBOLDRYT7.42%%159.52%, 7EBEESIEIFEHT
HH, LEY@BIASLIERMBABERFETEERE, 7

- 185



HEICTRIMRIZRE 2026418 $24% £185 2519588

ﬁﬁﬁﬁFﬁﬂM“ﬂ%EﬁKEo%U%mﬁxﬁﬁﬁ,ﬁmg
PR T 630 SHEE KIS BIEEFEE, HRBPAITIEN
% eGFR MR EMMEE, EREUR, ASLA{EASBERGN
I,

INESRE

Snfer R F IS RBPEYIS XY B IR E ATy RE R A
BERX. NAENERUUEARERLBRFITEPRAEET
ZRR. ASLIXARfEAsIBKMAERFENER, FiFMERBP
KFELEERBERS. RIFEE. TeMmiE. ERETNEENT
S T‘HEF‘%TIEF“J%?E“T\RFE?%’IE’ B, £E8
EER. B tERPIRERAG, BiEHF
IBEASL}&*E’J?ET“&E, T‘E%’?"ZHFTE’\JW\BE\ AT
ZL 0, RESENE F“?Evar%f

2ER

[1]Edwards A,Kurtcuoglu V.Renal blood flow and oxygenation[J].Pflugers
Arch, 2022; 474 (8): 759-770.

[2]Staruschenko A,Ma R,Palygin 0,et al.lon channels and channelopathies in
glomeruli[J].Physiol Rev,2023,103(1): 787-854.

[3]Yang J,Yang S,Xu Y,et al.BEvaluation of renal oxygenation and
hemodynamics in patients with chronic kidney disease by blood
oxygenation level-dependent magnetic resonance imaging and intrarenal
Doppler ultrasonography [J]. Nephron, 2021, 145 (6): 653-663.

[4]Chuang KH,Meier M,Fern dndez-seara MA,et,al.Renal
using arterial spin labeling (ASL) MRI:experimental
principles[J].Methods Mol Biol, 2021, 2216: 443-453.

[5]1Reid M, Tadros GS,Mcdougall CC,et al.Arterial spin labelling reveals
multi-regional cerebral hypoperfusion in patients with transient
ischemic attack that are unrelated to ischemia location:a proof-of-
concept study[J].Cereb Circ Cogn Behav, 2023; 4: 100164.

[6]Echeverria—chasco R,Vidorreta M, Aramend { a-vidaurreta V,et
al.Optimization of pseudo—continuous arterial spin labeling for renal
perfusion imaging[J].Magn Reson Med, 2021, 85(3): 1507-1521.

[7]Panda A,Francois CJ,Bookwalter CA,et al.Non-contrast magnetic resonance
angiography: techniques, principles,and applications[J].Magn Reson
Imaging Clin N Am, 2023, 31 (3): 337-360.

[81Ahn HS, Jung Y,Park SH.Measuring glomerular blood transfer rate in
kidney using diffusion-weighted arterial spin labeling[J].Magn Reson
Med, 2022, 88 (6) : 2408-2418.

11 48, AF, DEM. o0k & AR EOR 72 it 8 k7 8 s KRR R L], IE
CTHIMRI 2% 75, 2020, 18 (5): 149-152.

[10]Chuang KH,Kober F,Ku MC.Quantitative analysis of renal perfusion by
arterial spin labeling[J].Methods Mol Biol, 2021, 2216: 655-666.

[11]Ku MC, Fern 4 ndez-seara MA,Kober F,et al.Noninvasive renal perfusion
measurement using arterial spin labeling (ASL) MRI:basic concept[J].
Methods Mol Biol, 202, 2216:229-239.

[12]Tanaka F,Umino M,Maeda M,et al.Pseudocontinuous arterial
labeling:clinical applications and usefulness
entities[J]. Cancers, 2022, 14 (16): 3872.

[13]Prevost VH,Girard OM,Callot V,et al.Fast imaging strategies for mouse
kidney perfusion measurement with pseudocontinuous arterial spin
labeling (pCASL) at ultra high magnetic field (11.75 tesla) [J].J Magn
Reson Imaging, 2015, 42 (4):999-1008.

[14]Lu F,Yang J,Yang S,et al.Use of Three-dimensional arterial spin
labeling to evaluate renal perfusion in patients with chronic kidney
disease[J].J Magn Reson Imaging, 2021, 54 (4):1152-1163.

[15]Robson PM,Madhuranthakam AJ,Smith MP,et al.Volumetric arterial spin-
labeled perfusion imaging of the kidneys with a three-dimensional fast
spin echo acquisition[J].Acad Radiol, 2016, 23(2): 144-154.

(6] 42, x ¥, KRR AR 3 B 0 70 B i B2 2R AL\ B S0 1 o 68 e 7€ 30
[J]. FECTAMRI 44 5, 2024, 22 (2): 121-124.

[17]Ye J,Xu Q,Wang SA,et al.Differentiation between fat—poor angiomyolipoma
and clear cell renal cell carcinoma:qualitative and quantitative
analysis using arterial spin labeling MR imaging[J].Abdom
Radiol, 2020, 45(2): 512-519.

[18]Zhang H,Wu Y,Xue W,et al.Arterial spin labelling MRI for detecting
pseudocapsule defects and predicting renal capsule
cell carcinoma[J].Clin Radiol, 2017,72(11):936-943.

[19]Tsai LL,Bhatt RS,Strob MF,et al.Arterial spin labeled perfusion MRI for
the evaluation of response to tyrosine kinase inhibition therapy in
metastatic renal cell carcinoma[J].Radiology,2021;298(2): 332-340.

[20]Harteveld AA,Littooij AS,Vannoesel MM,et al.Perfusion imaging of
neuroblastoma and nephroblastoma in a paediatric population using
pseudo-continuous arterial spin-labelling magnetic resonance
imaging [J].MAGMA, 2022, 35(2): 247.

[211Zhu Z,Hu J,Chen Z,et al.Transition of acute kidney

blood flow
protocol and

spin
in head and neck

invasion in renal

injury to

186 -

chronic kidney disease:role of metabolic
Metabolism, 2022, 131: 155194.

[22]Hueper K,Gutberlet M,Rong S,et al.Acute kidney injury:arterial
spin labeling to monitor renal impairment
comparison with histopathologic results and renal function[J].
Radiology, 2014, 270 (1): 117-124.

[23]Wang B,Wang Y,Li L,et al.Diffusion kurtosis imaging and arterial spin
labeling for the noninvasive evaluation of persistent post—contrast
acute kidney injury[J].Magn Reson Imaging, 2022, 87:47-55.

[24]Hellms S,Gueler F,Gutberlet M,et al.Single-dose diclofenac in healthy
volunteers can cause decrease in renal perfusion measured by functional
magnetic resonance imaging[J].J Pharm Pharmacol, 2019, 71(8):1262-1270.

[25]Wang L,Xu X,Zhang M,et,al.Prevalence of chronic kidney disease in
China: results from the sixth China chronic disease and risk factor
surveillance[J]. JAMA internal medicine, 2023,183(4):298-310.

[26]Pi S,Li Y,Lin C,et al.Arterial spin labeling and diffusion-weighted MR
imaging: quantitative assessment of renal pathological injury in chronic
kidney disease[J]. Abdom Radiol, 2023, 48 (3):999-1010.

[27]Mao W,Ding Y,Ding X,et al.Capability of arterial spin labeling
and intravoxel incoherent motion diffusion-weighted imaging to
detect early kidney injury in chronic kidney disease[J].Eur
Radiol, 2023, 33(5): 3286-3294.

[28]Xiong LQ,Ma LL,Shi LY,et al.Functional magnetic resonance imaging
for staging chronic kidney disease:a systematic review and meta-—
analysis[J]. Int Urol Nephrol.Published online April 17,2024.

[29]Rossing P,Caramori M L,Chan J CN,et al.Executive summary of the KDIGO
2022 clinical practice guideline for diabetes management in chronic
kidney disease:an update based on rapidly emerging new evidence[J].
Kidney Int,2022,102(5):990-999.

[30]1Zhang Z,Chen Y, Zhou X,et al.The value of functional magnetic resonance
imaging in the evaluation of diabetic kidney disease:a systematic
review and meta-analysis[J].Front Endocrinol, 2023, 14: 1226830.

[31]1Brown RS,Sun M RM,Stillman IE,et al.The utility of magnetic resonance
imaging for noninvasive evaluation of diabetic nephropathy[J].Nephrol
Dial Transplant, 2020, 35(6): 970-978.

[32]Makvandi K, Hockings PD,Jensen G,et al.Multiparametric magnetic
resonance imaging allows non-—invasive functional and structural
evaluation of diabetic kidney disease[J].Clin Kidney J,2022,15(7):1387-
1402.

[33]Ngrregaard R,Mutsaers H,Frgkiser J,et al.Obstructive nephropathy and
molecular pathophysiology of renal interstitial fibrosis[J].Physiol
Rev, 2023,103(4):2827-2872.

[34]Wang Y,Deng X,Yang Z,et al.Global research trends in unilateral
ureteral obstruction—induced renal fibrosis:A bibliometric and
visualized study[J].Medicine, 2023, 102 (32):e34713.

[35]Hu G,Yang Z,Liang W,et al.Intravoxel incoherent motion and arterial
spin labeling MRI analysis of reversible unilateral ureteral
obstruction in rats[J].J Magn Reson Imaging, 2019, 50(1):288-296.

[36]Lanzman RS,Wittsack HJ,Martirosian P,et al.Quantification of renal
allograft perfusion using arterial spin labeling MRI:
results[J]. Bur Radiol, 2010,20(6): 1485-1491.

[37]Fenchel M,Martirosian P,Langanke J,et al.Perfusion MR imaging with
FAIR true FISP spin labeling in patients with and without renal artery
stenosis: initial experience[J].Radiology, 2006,238(3):1013-1021.

[38]Wyttenbach R,Braghetti A,Wyss M,et al.Renal artery assessment with
nonenhanced steady-state free precession versus contrast—enhanced MR
angiography[J].Radiology, 2007, 245 (1): 186-195.

[39]Mamode N,Bestard 0,Claas F,et al.Buropean guideline for the
management of kidney transplant patients with HLA antibodies: by the
Buropean Society for Organ Transplantation Working Group[J].Transpl
Int, 2022, 35:10511.

[40]Patil AD,Shailage K,Nadarajah J,et al.Comparison of computed
tomographic angiography and noncontrast magnetic resonance angiography
in preoperative evaluation of living renal donors[J].Indian J
Urol, 2017, 33(1): 30-35.

[41]Peng J,Hong Y,Zhu F,et al.A clinical study of using ROC to compare the
efficiency of ASL and BOLD in diagnosis of renal allograft functionv.
Transl Androl Urol, 2023,12(4): 612-621.

[42]Li X,Wang W,Cheng D,et al.Perfusion and oxygenation in allografts with
transplant renal artery stenosis:Evaluation with functional magnetic
resonance imaging[J].Clin Transplant, 2022, 36 (11):e14806.

[43]Jiang B,Li J,Wan J,et al.Arterial
mapping for assessment of kidney function and histopathology in
patients with long—term renal transplant survival after kidney
transplantation[J]. Quant Imaging Med Surg, 2024, 14 (3):2415-2425.

reprogramming [J].

perfusion in mice-

initial

spin labeling combined with T1

(WeFs B ER: 2024-06-27)
(RT4REE: FHHCK)



