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Imaging Assessment of Renovascular Hypertension
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[ Abstract] Renovascular hypertension is one of the most common causes of secondary hypertension, which is caused by renal artery

stenosis (RAS) . Most RAS is caused by atherosclerosis or fibromuscular dysplasia. With the rapid development of imaging technology, the early

detection rate of this disease has been increasing. In particular, various non-invasive imaging techniques play a crucial role in the diagnosis

and treatment of RAS, which can early identify abnormalities of renal artery, renal structure and function, and help patients achieve early

diagnosis and obtain early adequate treatment. This article reviews the application progress of imaging in the evaluation of RAS.

[ Keywords] Renovascular hypertension ; Renal artery stenosis ; Imaging ; Computed tomography angiography ; Magnetic resonance imaging

W 1M 54 & I 1 ( renovascular hypertension, RVH)
SEH T 3 kB ZE (renal artery stenosis, RAS) 5|2 15
JIFE I 3 70 2 L, U R - I R K R - [ R R
5 | A 88 3l JiikOES T 8, i PR 3 B A i 2R 45 1 T i
HSPEOEVA PR R LS , AN R0 1 B 1 1 PR
B RVH SRR IR I I 2 — , 4k
RN ISR B 20% ~40% , 5 — R ARERTA = I
FERRI) 1% ~5% , o5 7 4 T4k A 1 v i Hs 9 31 174
5.4%'" . RVH FZ i ghiikol BERE L IE RAS 51 (4
90% ) , HUCELAHENA K EAR (L 9% ) , b4 HAth
DL, sh ke j2 el ZE v A

RAS AT S BOETE PE 5 1%, 146 W] 38 kA 71
B DIRE T B A0 IR AL LA 5 Ak, B K b 2t &
PKERAAE A M 7S I ) s v N 2 M O
Bk aE o PR, R0 % B RAS Ak w2 h, L
FEXT AT 5000 IR YT A BB AESE RVH R 18 VE I
T R 300 2 B D RE AL, DT 982 2 A o 1Y)
R TR R RE KAt a5t o B R X
P RVH 35, #E 47 HU 1Y RAS 12 W7 B D) g PFAh

BEMESE A, E-mail ; jx761225@ 126. com

JEVAYT RVH f3ERE . RVH P75 1% WAL &1
oA A CT I % 1% ( computed tomography
angiography, CTA ). ®% 3L ¥ Ml % i 1% ( magnetic
resonance angiography, MRA) 1% Z & 278 B8 M+
TR 1L 45 1% 52 ((digital subtraction angiography, DSA)
&5 M F #% 2L YR 18 ( magnetic tesonance imaging,
MRI) $ A 4 P 3 & e, 2 e i 2L Ik i 14 ( functional
magnetic resonance imaging , fMRI) £ >k — Fif GE 5 e &
LI he FH B Ik 45 4 A8 A0 1) o B 52 AR R A, © B A
RVH [l K PEAS h AT ORI R . X s T
VAL RVH G R R AT 2558 , B T HO I K12
NERINEES - a
1 BEHAZLE RVH 5 IG KRN A
1.1 ZELHBE

Z #8575 ( Doppler ultrasound , DUS ) J& 41 Fi £ 3
BN Iz Bl H AR i AR RS (R 5 3T Bos 5 4
Pt AR E A, 7T IR B7n 5 3l Bk AR D & 3l ik
I3 B A I 49 33% . DUS DAL TG A 2% AR . o4
O O EE MR SEILT, © O RAS I ERAR



- 202 - DR 2024 423 A5 45 B55 3 8 Adv Cardiovasc Dis ,March 2024 ,Vol. 45, No. 3

fig > . DUS EXT T B A =60% Y RAS 1Ak o
BBz EitEGe, REE R 60% ~97% , e 57 &
5 85% ~99% 'Y . Zhang U WFGE Kk I DUS fit i
I 2 B0E 3 ko 46 18 04 i 3 3 ( peak  systolic
velocity ,PSV) Fil PSV % FUAE (5 g ik 5 £ 3 ik iy PSV
LAl =B Sk 5 S Beali ik i PSV LLARL LA K 3215 5 ik
ke BBk PSVHC(E) B4 8T, TR v
RAS (875 =70% ) ({32 Wil i 2 . EL3% 1 30 Bk IR
BE BB 2 AR EE A | Il SR R B K
25 DR 2 T BB 2 i A DUS JG vk ol i ) B RAS R,
HH BB A R R 2 BT
1.2 BFEE®

#7515 5 ( contrast-enhanced ultrasound , CEUS) &
I P 7 55 ) 3 1] ST ] 7 3 i, e I 4 v
7 G I 43 B D7 R R R S8 . CEUS 48 DUS
AY#P FEKE AT, 3E F F DUS %E12 RAS \RAS JRYFRTIZ M
MG T e Vi, 5 CTA M tb, CEUS HA JGA] . oA
b R AR R TR0 A A, I B P s R R G
P 38O R % s AR AR . CEUS %% DUS fig 3 4
b SR B Bl bk T, B R L T B R S R, AR 2
WiE i RAS 15 DSA HoA & 3% 1 — 5™ . Cui
2 UBE SR Bk CEUS 12 0 RAS Y WER R W] 55 T
DUS, 534, CEUS RIE S —FhPA B i v 3 10 i B
FB 0T IO E Bl K S 4R AR JE B ) e i i 2
AH—EME " . Ran 25 F1 Wang 21 g5 & BH
T RAS [BETE B sk 8 AR G, CEUS &R
AR B F R T bR R -3 BB T 2 A AH 06 S 505 Ak 5
B NERE S R E (S IE M 56, W] DUS —#, CEUS b
25 2 RO RE B M SRR AR K R
RN
2 CTA 7 RVH ¥4 s il K Bz 3

XTI RE IE B H 3, CTA R e/ MK e
RAS HE HI W T 5, th il ok fa i i i A 1 5L
il s B 3h ik S S A R SR 9T TR B R A S % K
0 S HA TR Sk A FOR A [, CTA BA
I 2 LA B ] R O S ) 43 HE R AR AR 055 LA,
CTA BEHEFT 22V T A = 48 1 45 P4 0 2, T AR 47 3t
B Sk B SR 2548, FE 12 W RAS J7 i HA TR & 12
WrrERE!"" . CTA BEAR &4 T om FTA5 £F 240 10 ) B 3h
ik, B B TR CTA o ny e it % B A 4
SLEMIHEAT IS, 0 4 B0 B e 4 Mg L i
gt CTA XL RAS B2 K [R) e BLAT 45 v i AUk
JE RS ATV JLE RVH [0 T8, [7] i B
AT BRI E . B CTA A —E 1
JR R T I ReAS A, KA ER K T S

XS SR 2 I A 7, SR B D RE AT RE it — 2P
SEAR s AR AE S PR X H AN B SORY s s S 1 T
fiE; 734k, CTA Ki #r ik A7 75 X 5 2k o 2 4 S 1) 2% B

PR o
3 MRI £ RVH ¥ fh il K Bz A
3.1 MRA

MRA 73 JJy X%} Eb ) 3% 58 MRA ( contrast-enhanced
MRA ,CE-MRA) F14E X7} Et 55 ## 5% MRA ( non-contrast-
enhanced MRA , NCE-MRA ) W KZ5H K, CE-MRA 2%
L CTA 238 1 # KR S & LAY MRI X HU5R LT ' 3l
kA, PR 1570 12 W ot P s i e )z TR
I RAS, Wang 25" 2526 7347 % B CE-MRA A1 CTA
X RAS B B m 2 W (8, —# 255 BSR4 8
Mo 5 CTA AL, CE-MRA EA7 JC H, 25 58 5 FIX F 7
ToE #E LA . CE-MRA W fE7E— & ) B M 11
TN E 5 B Bl BN o SR B2 5 A R IE A A
FER Wil AR ot i X T B /N BRI G R (glomerular
filtration rate, GFR) <30 mL/min HAEHE S HHEEAN L
RVH [, FH 5 LAY MRI G HGFRIAAAE B I R Stk
AL KU

TSR MRA $ K & i, CE-MRA | NCE-MRA
1 CTA TEi2 W RAS Jy i R Bt i A 22 TC L, 7E12 W
HERRPE D IO B3 25 5L FEVEAG RAS Jy i, 3%
TP AR SR AR P S Y NCE-MRA AL H AT
BRI IZ AL RE , 7] B B X B 2l Ik O 4 300 A A RE
BEHR JE 4T — 2 B PEAE . {5 NCE-MRA 77 78 & 1
RAS F 8 1 &l B 2l bk 5% KA )8, 53 4h, NCE-
MRA HLAFFEFI I T B Bk /N 73 3 R 8022 LA K%
SEE R A AR e SR B R R, B,
NCE-MRA HARBA TR Toxs o i 00, vl 2 'E
HREA 2R RVH B R4 T — M 224 %00
WG
3.2 fMRI

EMRT 7 B JE A 0 P 98 PR e, i 450 B 1 W
5% RVH [E8 10 B JIE s A8 BRAZ AL s vl B, H i H]
TR MRI $2 R 3 2240 455 1fi 407K - i MRT
(blood oxygenation level-dependent MRI, BOLD-MRI) |
Y-8 MRI, 3l ik H JiE 5 MRI ( arterial spin labeling
MRI, ASL-MRI) I T1 mapping i{{%. X2£& fMRI i {%
BORNT 7R B 4R () BT 4 8 Aot 6 8 12 R T
LT YA SR HE
3.2.1 BOLD-MRI

RVH & H B MR 2 BEE RAS F2 2 B = 1M
A, BB AR A, BOLD-MRI {5558 B F1 R2 ™
SNt AR, BEAE 2 IS A AR



O MBI R 2024 4£ 3 A% 45 #4553 W] Adv Cardiovasc Dis ,March 2024 ,Vol. 45 ,No. 3 + 203 -

Lal 20 1F 5% % $8 BOLD-MRI 1 R2* {7E4 RAS Fi
JC RAS B2 el A7 A 8 5 25 5 Li 2600 BF9E om
FEAE ' RAS B e Jo i v 1 B & % 41K, {H BOLD-MRI
07 B T 1 R BRI B A A DL T A DA, 5 At B
FEAHSF. KL, BOLD-MRI (i R 1 FH i i 4k 22
3.2.2 ¥ H MRI

B MRT 258 3o 45 00 7K 43 32 3l 7 U 10 2k S
BB I 2T 24 A R U OO A 8 AR A R S AR 2 R A
T3, W AR B LG VR B AR L VR 5K A
1B AR AT 12 3 BUAG FN R 00 B A% . R HIOn
FUSR BY F2 BRI $5 B Y B R B, B 2R
P 7K 32 Bl 1 0, [R) B B S e B SIS 170 A
TN IREK R AR G T B AR A% ) S 4 KR
WK o312 2l A 7 T 4, PRSI B U 2 241 A AL i 1
o TEVRECK B LR IEAL RAS B3 19 B iReHifn
I Bz J5 3 LA™ R 2R 50 R 8 Joi 4% [ S Pk 3 1 1Y)
WA RE S M ShRER AR . (AR A Tis 3
JIA% T OB 0 L T ) A 1 B A 1
WEbERTTE > R, HY R B D (L Y R KK
D "B BT 53850 £ (B 508 1 B I 23 B 52 AR A O
D S0 E /RIS AR B IR AH DG . PR HIC0E B2 R
FEIEAMK S B Y HOWAE B Hiz s, RBE IE
L1 Ak r 1 R 240 L 1 B B AR Ak, SR I i
B K AAEBE P BR B D (A IS, 301 S8 T N
IKG>F-IB B 32 SRR, Sz B B S R A RO, A
DG T08 R A R AU B IR I S,
ST DAE S B A LU P AR A AR IE A SR A OG,
T B S R34 KR 5 2 SRR
3.2.3 ASL-MRI

ASL-MRI (1) J5i 2 K 0 A 3l ik i o 14 7K 53+
VE R AR IR 7S B R SR A T ZH 2 1 . ASL-MRI
FARMRYEARIC I AR 538 4 RS RS % 228 ASL
Jokh A ASL |l % 22 70 ASL I JIF 6 % A ASLP
ASL-MRI £ AR BAG Jo A a] 5 5 A0 a5, AT S e ' i
(14 XL P98 A, A S B L9 i 1 R K A R AT
E8 T RVH B B Ih e,
3.2.4 TI mapping

T1 mapping j& LA T1 5t BB RS -S IMAU Bf4
AT 2 R 2E 2 A 1) st 4 ) T L, AT i B 20 21
LA RRIE ™ . T1 mapping B 32 B T K18
O WLEF 44k 19 5 12 PEAL LB DAl T 21 2 Ab i) 7
HATC A — Lo & I B B S B B Ah £ 4E 1k 2 1
B /INBR B R S R E S i T ER 2 T, B 518
PR WL 20 30 LB DR 2 4 Ak I D B s e HAT R AT Y

AHSE , ZEVEARL B T BE A JC B A I 5 I £ 4k 4k 1T
TR B2 W EERE . T1 mapping 7159 RVH
S R i AL 7 T EAT ) A B R S
4 ZEBHEBEE RVH P RIGKN A

HAT, & S shaS AR 55-99m-— O ¥ = 1
Z, 1 (”"Te-diethylene triamine pentaacetic acid, " Te-
DTPA) J& 5 /NERUE o B AL 5], B LT 58 24 5 /)
BRUEAT T B, 3 1 AR A5 Te-DTPA f 5 K35 Bk 2R nf
e T GFRYY B IR B2 AE J1 85k, RVH
# RAS ' DhBe 48 FE T K, AT | ol 1 5 B A0 A, s
AR LI I LI A 25 8, 45 2 1 B 12 L 5 a4
VATT S B S KA AR T B AR B AL T 52 TS .
Ul Hassan 272 [l 58 S BUX T B0 AR B 45 /) | [F]
s D R T B2 T 1E 3 ) SR, Te-DTPA. 1fi 4 5%
2R AL A ) S S A AR AT — e 4 TG
B U R S H 2 A AR R A T s, AT T HERR
RVH, B2 308 BARE T T 5 3 ik SCA A AR
PR TR o (AR Sl AR A H B AR
HIRERUSLAGRE /R T IME S, B2, BRE
AR LAZR AT 43 5100 5 BB ERS GFR, AT fE6f Hb 1H 5]
RVH i 35 5] RAS J5 "5 2 6E 19 42 1k, K i b 15 =
RAS B4 AJAYT B BUS 7 o
5 DSA 7 RVH i s gy il PR Bz B

DSA JEi2 W RVH ARl 241 K o5 JE 1 &€
B RAS T I A A 25 RANBE R 2 B, 3 BOR H DSA
SKHATEE RAS B2 . 765 3k DSA #5251 7]
B X FARE A AR IE N IE R B ] TRy,
DSA 2 —Ff A 1 528 R A, H B AR S K, O JL
BRI, AN 3E T H AT RAS i & AT I AR ST I
RVH 8, WXt T2 MBS e ) RVH 83, 7
DSA 5 A5 52 78 Hh R ol FH IO b 7] 25 388 AR X B
FE T AR o DRIk, S T R B ),
WX R . A Akl DSA 1R —Fh 0 B
PR AR R A, AT 6 L7 B e G s E
o 0 o (A ARk DSA FEAE RIS i
2EVA A Ty R M A RO R E AR T T RORE 1Y Bk
AT BB FE A DSA AL AE A fe R X A B9
IO fif o bad — A A ik DSA [ A0 3¢ [R) B, A Bif
T2 T 2 A B A X L ) AT RS AT DSA
KBk SCHRAE AR, B B m i Im IR Al 17, o3
Hh, — LR 5 AL BB R AE DSA R -4k 1, A 3
R R e PR 102 1) 1 14 Ak BEAA 2 1) DSA R 7
B Bk AR T A R AR B A A I I 3 B )
R LA TS AT AR
6 RES5RE

ZE PR AR A KA AR RVH PR iR 21 1T 25



- 204 - O MBIk i 2024 4E 3 A5 45 #2553 ] Adv Cardiovasc Dis ,March 2024 ,Vol. 45 ,No. 3

HE AR AT, ol R L AL 1 X RAS A0 A\ RAS
OrERAS W B AL I T A SRR VA L 15 SR T A
PURBEVIAF , 2 1 XM A FRARSAITIETE AL RAS i
T IE LSk R EAT TS . DUS DU 2% FHAIK o 4R
St 7 R PR LB RVH /1 2L R A4
#r, CEUS X[t DUS, AMUALEZ W RAS th BAA B @12
WAL RE , 30 RE PPl ' 52 I A9 L3 8 2, W R Sl Bk
SCRAHAAR G B BEVT o Bk CTA KA HAT 5L
1o 25 8] 73 B3 BEAR G 3 2 7 ' Sl K A A 7 45 44
TEN R A VR RVH (35 1912 W TR A E 3l bk
SAMEARIGI AR AR RIS % K A 5 (5 CTA A7 45—
SE M RBRYE, ANl A E S A R R H A TER
FEF BE R AN R s B I 9 T R, LA R A

MRA 7Ei2 W RAS rf HLAT B & 192 1B o 1 1, o
NCE-MRA FA JCf M Joxk o7l A &80, T HGE
AT EIREA 4 RVH &% . fMRI a] JoRIPEP-Al B
HIE S I R B A, A 8 0 R R 2T 4 Ak, {5 H Rl
AETFRESERR G BE, 1 T W e PRIZ B bs ofe . AR
A BB IR IE GFR AT BE, REMER ML iR
7 RVH i85 0 RAS J5 5 DhaEr A2tk DSA 0512
Wi RAS (< hnifiE, al [Rl I BEAT B Sk AdR)7 o E4F
K, CEUS \NCE-MRA \fMRI fi BEXT FUF 9 DSA KRz (8
Zifith DSA SERTBOR PR & B, 7 RVH 19287 | D BE
P K BN A5 T TR A A o I PR ST AR, A
FRE— LU TR R R .

®1 TREBEFEFHEEFMS RAS R ERIER KRS

ORI RES 38 IR = T,
pus!? o7 RAS 1 B2 ik TR BRAC TGRS O EEMLY | A Z B SIKIEEE IR RE B e i 454 | S A 4
B B AR EE R 50, 185 B 1 A M1 PP R 45
CEUS'®* 5E12 RAS RASIBJTHITL | WERRUIE R T DUS BRI LE | A5 Z IRk B Wil S AR B AR K- R R 5
W7 K 3697 e Wl bk, i U N K A R AR
CTA!Z3 1112 512 RAS fEBIHAEIE W | FIRmt eS8, AV b B /R B skt | ST B IR & 3, 78780 FL 3R AR B S 85 g
B, B AR | I LA RS Bk, AT R PEAG | RO R TR A A B R
R A B KB AN LRGSR 36 T L RS
CE-MRA'™™ | GFR=30 mL/min H5¢12 | Jori 2485, 0 L7 0 B HA I B Bk N SR E 2 W R A A R R
RAS By &% WS, X GFR <30 mL/min g , {4 2L MRI
of FLFAAE 1 U5 28 ek 27 4 Ak vy XU
NCE-MRA'™' | %2 RAS iR % EHATE IR ERE Al RAS FREE , B sk /Nar S Bl i sl ik R #5622 , I
T A AR W A I A
fMRI FAT RAS B B IhAEM | RTJGOIME RS B IE A R 8. | H b FRFSIR R B B, M JC IR I PR I2 W br i
PEAL I RN B 2T AL R T
BEE s T RAS BEBIIRER | JORIMEDEAG 201 hAk A B RS, MR 22 K, AN RE R B I
G PEAL
DSA LB RAS (14 i REH 6 0 B B Sk T A 40 52, T TR) | Al B AR, A ), T R e
A6 IT

= ¥ 3z

[1] Mannemuddhu SS, Ojeda JC, Yadav A. Renovascular hypertension [ J]. Prim
Care ,2020,47(4) :631-644.

[2] Aboyans V, Ricco JB, Bartelink MEL, et al. 2017 ESC Guidelines on the
Diagnosis and Treatment of Peripheral Arterial Diseases,in collaboration with the
European Society for Vascular Surgery ( ESVS ): document covering
atherosclerotic disease of extracranial carotid and vertebral , mesenteric , renal ,
upper and lower extremity arteriesEndorsed by : the European Stroke Organization
(ESO) The Task Force for the Diagnosis and Treatment of Peripheral Arterial
Diseases of the European Society of Cardiology ( ESC) and of the European
Society for Vascular Surgery (ESVS)[J]. Eur Heart J,2018,39(9) :763-816.

[3] Anderson JL, Halperin JL, Albert N, et al. Management of patients with
peripheral artery disease ( compilation of 2005 and 2011 ACCF/AHA guideline
recommendations) [ J].J Am Coll Cardiol ,2013,61(14) :1555-1570.

[4]  Vipparla N, Kichloo A, Albosta MS, et al. Resistant hypertension secondary to
severe renal artery stenosis with negative duplex ultrasound: a brief review of
different diagnostic modalities[ J]. J Investig Med High Impact Case Rep,2020,
8:2324709620914793.

[5] 7Zhang Y, Wang Y, Ma N, et al. Application of simple ultrasound Doppler
hemodynamic parameters in the diagnosis of severe renal artery stenosis in
routine clinical practice [ J ]. Quant Imaging Med Surg, 2023, 13 (12):
8042-8052.

[6] Cui Y,Zhang Q,Yan J,et al. The value of contrast-enhanced ultrasound versus
Doppler ultrasound in grading renal artery stenosis[ J]. Biomed Res Int,2020,
2020:7145728.

[7] Villegas L, Cahill AM, Meyers K. Pediatric renovascular hypertension:
manifestations and management[ J]. Indian Pediatr,2020,57(5) ;:443451.

[8] Ran X,Lin L, Yang M, et al. Contrast-enhanced ultrasound evaluation of renal

blood perfusion changes after percutaneous transluminal renal angioplasty and



O MBI R 2024 4£ 3 A% 45 #4553 W] Adv Cardiovasc Dis ,March 2024 ,Vol. 45 ,No. 3

- 205 -

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

stenting for severe atherosclerotic renal artery stenosis| J]. Ultrasound Med Biol
2020,46(8) :1872-1879.

Wang Y, Li Y, Wang S, et al. Role of contrast-enhanced ultrasound in the
evaluation of patients with suspected renal arterial stenosis[ J]. Front Cardiovasc
Med,2022,9.721201.

Wang X, Wang S, Pang Y, et al. Contrast-enhanced ultrasound assessment of
renal parenchymal perfusion in patients with atherosclerotic renal artery stenosis
to predict renal function improvement after revascularization[ J]. Int J] Gen Med,
2020,13:1713-1721.

Fleury AS, Durand RE, Cahill AM, et al. Validation of computed tomography
angiography as a complementary test in the assessment of renal artery stenosis:a
comparison with digital subtraction angiography [ J ]. Pediatr Radiol, 2021, 51
(13) :2507-2520.

Orman G,Masand PM, Kukreja KU, et al. Diagnostic sensitivity and specificity of
CT angiography for renal artery stenosis in children[ J]. Pediatr Radiol ,2021,51
(3) :419-426.

Wang L, Zhu L, Li G, et al. Gadolinium-enhanced magnetic resonance versus
computed tomography angiography for renal artery stenosis:a systematic review
and meta-analysis[ J]. ] Formos Med Assoc,2021,120(5) :1171-1178.

Lal H,Singh RKR, Yadav P,et al. Non-contrast MR angiography versus contrast
enhanced MR angiography for detection of renal artery stenosis:a comparative
analysis in 400 renal arteries [ J ]. Abdom Radiol ( NY ), 2021, 46 (5):
2064-2071.

Albert TE, Akahane M, Parienty I, et al. An international multicenter comparison
of time-SLIP unenhanced MR angiography and contrast-enhanced CT
angiography for assessing renal artery stenosis:the renal artery contrast-free trial
[J]. Am J Roentgenol ,2015,204 (1) ;182-188.

Park SY,Kim CK,Kim E,et al. Noncontrast-enhanced magnetic resonance renal
angiography using a repetitive artery and venous labelling technique at 3T:
comparison with contrast-enhanced magnetic resonance angiography in subjects
with normal renal function[ J]. Eur Radiol ,2015,25(2) :533-540.

Gaudiano C, Busato F, Ferramosca E, et al. 3D FIESTA pulse sequence for
assessing renal artery stenosis: is it a reliable application in unenhanced
magnetic resonance angiography? [ J]. Eur Radiol ,2014 ,24 (12) :3042-3050.
Jiang B, Liu F,Fu H,et al. Advances in imaging techniques to assess kidney
fibrosis[ J ]. Ren Fail ,2023,45(1) :2171887.

Zhao L,Li G,Meng F, et al. Cortical and medullary oxygenation evaluation of
kidneys with renal artery stenosis by BOLD-MRI[ J]. PLoS One, 2022, 17
(3) :0264630.

Lal H, Singh P, Ponmalai K, et al. Role of blood oxygen level-dependent
magnetic resonance imaging in studying renal oxygenation changes in renal artery
stenosis| J |. Abdom Radiol (NY) ,2022,47(3) :1112-1123.

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.

Gaudiano C, Clementi V, Corcioni B, et al. Diffusion tensor imaging in renal
artery stenosis: a preliminary report [ J ]. Br J Radiol, 2020, 93
(1115) :20200101.

Zhang H,Wang P, Shi D, et al. Capability of intravoxel incoherent motion and

diffusion tensor imaging to detect early kidney injury in type 2 diabetes[ J]. Eur

[24]

[25]

[26]

[27]

(28]

[29]

[34]

[36]

[37]

Radiol ,2022,32(5) :2988-2997.
Mao W, Zhou J, Zeng M, et al. Chronic kidney disease: pathological and
functional evaluation with intravoxel incoherent motion diffusion-weighted
imaging[ J]. ] Magn Reson Imaging,2018,47(5) :1251-1259.
Mao W, Ding Y, Ding X, et al. Diffusion kurtosis imaging for the assessment of
renal fibrosis of chronic kidney disease:a preliminary study[ J]. Magn Reson
Imaging,2021,80:113-120.
Golay X, Hendrikse J, Lim TC. Perfusion imaging using arterial spin labeling
[J]. Top Magn Reson Imaging,2004,15(1) :10-27.
Mannelli L, Maki JH, Osman SF, et al. Noncontrast functional MRI of the
kidneys[ J]. Curr Urol Rep,2012,13(1) :99-107.
Wu W,Su M, Chang C, et al. Renal perfusion 3-T MR imaging: a comparative
study of arterial spin labeling and dynamic contrast-enhanced techniques|[ J].
Radiology,2011,261(3) :845-853.
Cox EF, Buchanan CE, Bradley CR, et al. Multiparametric renal magnetic
resonance imaging: validation, interventions, and alterations in chronic kidney
disease[ J . Front Physiol ,2017,8:696.
Wu J,Shi Z,Zhang Y, et al. Native T1 mapping in assessing kidney fibrosis for
patients with chronic glomerulonephritis[ J]. Front Med,2021,8 :772326.
Assadi M, Eftekhari M, Hozhabrosadati M, et al. Comparison of methods for
determination of glomerular filtration rate: low and high-dose Tc-99m-DTPA
renography , predicted creatinine clearance method, and plasma sample method
[J]. Int Urol Nephrol,2008,40(4) :1059-1065.
Ul Hassan M,Khan SH, Ashraf M, et al. " Tc diethylenetriaminepentacetic acid
angiotension-coverting enzyme inhibitor renography as screening test for
renovascular hypertension in unilateral small kidney: a prospective study [ J].
World J Nuel Med,2022,13(3) :159-162.
Ma N,Li Y, Wang S, et al. Dynamic changes of renal cortical blood perfusion
before and after percutaneous transluminal renal artery stenting in patients with
severe atherosclerotic renal artery stenosis[ J]. Chin Med J( Engl) ,2022,135
(13) :1570-1577.
B RIS ATFRHT, 4. " Te-DAPA ' 3h 745 54500 3l K ots RF R AL 1k B 3
JokA A SRR ARSI T B TR T]. rh A AT 2 B F 4%k, 2020, 8
(2):175-179.
Oyama Y, Koiwa S, Maruyama T, et al. Percutaneous transluminal renal artery
stenting using digital subtraction angiography with diluted contrast medium in a
patient with severe chronic kidney disease[ J]. ] Cardiol Cases,2022,26(5) :
317-320.
Hasjim BJ, Fujitani RM, Chen SL, et al. Utilization of carbon dioxide
angiography and percutaneous balloon angioplasty for treatment of transplant
renal artery stenosis| J]. Ann Vasc Surg,2020,65:10-16.
Kawano M, Suzuki K, Fujimura N, et al. Ultra-low-dose contrast using
transluminal renal angioplasty: the ULTRA study [ J ]. Vasc Endovasc Surg,
2023,57(4) :324-330.
Augustin AM, Welsch S, Bley TA, et al. Color-coded summation images in the
evaluation of renal artery stenosis before and after percutaneous transluminal
angioplasty[ J]. BMC Med Imaging,2021,21(1) :21.

KA B 4220240114



