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[Abstract] Objective To assess the value of three-dimensional dynamic contrast-enhanced MR angiography (CEMRA) in
the diagnosis of renal artery stenosis. Methods Twenty-eight consecutive patients suspected of renal artery stenosis under-
went both DSA and CEMRA. Two radiologists evaluated the main renal arteries on CEMRA and DSA images in consensus.
The renal arteries were recorded as five grades: Grade 1: normal; Grade 2: stenosis<<50% ; Grade 3: stenosis 50% —75% ;
Grade 4: stenosis™>75%; Grade 5: occlusion. The data were analyzed by SPSS 11. 5 software. The sensitivity, specificity,
positive predictive value and negative predictive values of CEMRA were calculated. Receiver operating characteristic (ROC)
analysis was performed for depiction of hemodynamically significant stenosis (=>50%). Cohen Kappa analysis was used to
assess agreement between the two imaging modalities in grading of stenosis and depiction of significant stenosis. Accessory
renal arteries were also evaluated. Results The sensitivity, specificity, positive predictive value and negative predictive val-
ue of CEMRA for depiction of renal artery stenosis was 95. 0%, 94. 4%, 90.4% , and 97. 1%, respectively. The area under
the ROC curve was 0. 955. Kappa was 0. 924 for detection of significant stenosis and 0. 899 for grading of stenosis. The de-
tection rate of accessory renal artery was 87.5% (7/8). Conclusion CEMRA should be the first choice method in the diag-
nosis of renal artery stenosis. It can accurately diagnose significant stenosis (=>50%), and have consistency with DSA in
grading renal stenosis. Performing CEMRA in patients suspected of renal artery stenosis can help to avoid unnecessary DSA
procedure.

[Key words] Magnetic resonance angiography; Renal artery stenosis; Contrast media

=HhSIEE MR MEIEHZICH B3 ki E
5 DSA 3R R

(:HSE’ j(”“’ BE B B b st 100034)

[ ZE] BH 0 =43 S8R EILIR M4 1S (CEMRA I E i Ik A M. ik X 28 1 AT &8 & 2 Ik ok %
95 A4T CEMRA Fl DSA K28, iy P A7 B2 0 20 37 % R AT 50 07 #8900 e & 3B i — 20, 43 5 il 5 B 8l Bk i 1% 20, e it
CEMRA 2 i 5 3 ik Bk 78 (>>50 %6 ) i URR B by 54 L BR800 1 0 B 44 35000 4, 9 A ROC ¥ i Hei2 Wi 16 . i Cohen
Kappa % PF it CEMRA 5 DSA 7512 Wi 5 20 kO3 78 XS B A5 43 9000 T () — Bpk . MRS Sk s i, &R CEMRA
B Wi B Bh kA (50 %) BUSBURKEE R 95. 0% R SE R 94, 4% BHYETIIAE 7 90. 4% BAMETIMAE A 97. 1%, ROC £k
AR 0,955, BiR %12 Wi B B bk e AS RN S B AR A LB« fE 43 R 0. 924 A1 0. 899, CEMRA &' 3h bk o /m R N
87.5%(7/8), #it CEMRA o LIERIZ WA B XI5 8 ks 45 (250 %) 480 B 3l iopk 28 19 Bk A1 12 W 3 S S b 21
DSA K25, o] 4 912 W B 3 ko 48 09 8 1 AR A 5 1.

[x$R] WOILIRINAT &5 B Bkpsas ; XA

[FESES] R692.16; R445.2 [X#EFRIREE] A [XEHS] 1003-3289(2005)12-1918-04

B Bl Bk B %45 (renal artery stenosis, RAS) &5 4k & 1
[EER AT FEA978—) ., B Wb A AR . BF5 )7 1 . BT e I R0 B T RE 9B 1Y DL R R 22—l T AR AE A

1R . E-mail: xuyf1978@ sohu. com Ve BT DL BBk B2 W A B, H AT, R DSA &
D RAEE] L7 3 Jemt R o — BB A+ 100034, B OB 25 1 T R4 G A e AR D EL AT ) A K i
E-mail: bjwxyen@tom. com P X L3 I AT % A RO S AT R A 2 B AR K A 7 1k T B S

(W Fs B HI] 2005-06-12 [1&E B #] 2005-08-20



Iam wg AL PR 1 95 & 52 (contrast-enhanced MR angiography,
CEMRA) ELA T | I file 5508 0 2 5 13 s 45 1 o, 2 — AR
A R R A T IET AL W B Bl kOB AE B A (R0 2B A5 Bl
FE L H X B A 4 G oE B Tk A9 5 4K DL AR S0 CEMRA 5
DSA 45 % B A 55, 1 i o X 5 3 bk Bk 45 32 W R 43 4 9
fH.
1 MRERFZE
1.1 fATERE 2002 4F 9 H —2005 4F 4 H F K &S o ik ok
T K BEAT CEMRA #4819 A 3k 82 49, Hovh 28 fil B 5
HEATT DSA K2 BN A TR BF 5, B 13 fi), £ 15 4, 7
WAERE S 52.2 % (15~84 %),
1.2 f# ik f# GE 1.5 T Signa Twinspeed #3:3E 49
1%, TorsoPA HHIEBFL I , ffi ] Fast TOF SPGR #5315t <
TR, TE/TR 4. 2/8. 6 ms, flH M 45°, MLEF (FOV) 40
em X 32 em, JEBF 256 X 128, i % (Bandwidth) 31. 25 MHz, ]
2R 3.0 mm. BURRECNEX) 1, 28 0] Ji § # Wk OT {5 22
ik 68 B AT, f i R 1 5 4% (Spectris-Medrad) 7 556 e 57 £L
Wt R R A FP % ( GA-DTPA) 30 ml (0. 2~0. 3 mmol/ kg) ,
K3ml/ s ,EHEE AR 30 ml ALK (HEEK 3
ml/ s), HEREFHE (Smart Prep) £ KR B 3 # & 4 7 46
BB i)
1.3 E&a8  Frfi CEMRA # DSA B4 i w47 i 5t B
BEfph 7 AT AT, HE R AN SRR — 5. H— AT
ADW 4.0 TAENS 438 CEMRA B, Sy 500w 22 , BE L%
B 5], X A% 3547 = 4 MIP (maximum intensity projec-
tion) & MPR (multiplanner reconstruction) 2 & , # I ¥ 3) fi
e RSt b AT 395 1 G R PR 52 G B4 <<50%
3G HAE 500 ~T5% 54 G BRAE=>T5%0 55 G, B ik A FE [k
AERE= (- REEEER/EWEREER X100 %1, [
ML RS PR EIE L. 5 =26, — LS F RVRE (04 5 o 5 B
DSA Ff%.,
1.4 BRgeit i SPSS 11. 5 B %8s #E47 4110 H7 .
PL 50 % 1 0 5 B 3h Tk 82 25 (9 AR ik, XF B/ DSA 3R O
CEMRA 12 Wi & 20 ke 7 i SRR L5 552 L BRI 0000 4 R 197
PEFMAE , 7 FH ROC J7 1% 43 8 A 8, il 26 1 Bk 42 3
L 0.2 Wibr e 52 35 . @ Cohen Kappa &3 CEM-
RA 5 DSA 1£12 W ¥ 3l ik Bk 7= A 3l ik Bl 4 43 9% 07 11 (1 —
e, >0.8 0. 8=k>>0. 6 NE 0. 6=k>>0. 4 J 4,
0.4=>k>>0.2 N c<<0.2 N2,
2 R

DSA #l CEMRA #] & 7% 28 % A K 56 55 3 ik (%
1), DSA BT 31 Abers , o 11 Abpe7E<<50% . 6 AbMk%E
9 50% ~75% ;12 Ab Bk AE >75% ;2 Ab bk I %€ s CEMRA #Y
ZERA 8 A5 DSA AFF, Horp A 1§ DSA K A 2, T
CEMRA KBk gk (A I & A 58 22, DSA L&
8 &RI'E K. CEMRA KT 7 4. BREH87T.5%.,

CEMRA £ Wb 5 3l ik B 78 (B 28 > 50%) M i R B
95. 0% RS 94. 4 %6 BHAETUMAE S 90. 4 %6 B M W00 A
HF97.1% ,ROCH £ T i L 0. 955K 1) ; DSA Al

F 1 ATEEE sh KBk AR N B S ko
DSA 5 CEMRA b 19 Fb %%

CEMRA DSA 54
5% 14 2 % 349 1% 5% it
1% 23 0 0 0 0 23
2 9 2 9 1 0 0 12
3% 0 2 4 0 0 6
4 9% 0 0 1 11 1 13
54 0 0 0 1 1 2
At 25 11 6 12 2 56
ROC Curve
1.00 4
0.75
-
e
=
‘S 050
o=
w
=
@
v
0.25 -
0 0.25 0.50 0.75 1.00

1-Specificity

B 1 CEMRA Wi sh bk k% (50 %) B ROC ik,
4 F A (A2 % T 0. 955

CEMRAHIE & sl Ik B 745 19 — B0 R < e=0. 9245 X 5 2 ik pk
AEGY R —FUER 1 =0. 899,

3 itig

3.1 BhAHEIRAL LR A % (CEMRAY H R4F 5 CEM-
RA 32 B2 ) F R 1 ok b 390 4L 28 & 4 Re 45 i T1 3t 7%
Pt TR ) 2 o 68 3 Ik A5 ) T A 400 i R 5 X B 65 G bl o
W1 P 5 . 7E— IR B R] P 58 B EE 1B B0 Tk e P B R R
M M55 R 4 L S R 1 R 1l 8 B Y T 4R T 4/l
MG e F I CEMRA I Y 6B 7E T O Xt b 5
B A A B . A A 5T R GE X LR T SR R 0. 1~
0.3 mmol/ kg, {EABEEH 2~3 ml/s"" s FATH AT L 55
930 ml, KU EIES RS LA 3 ml/s MR EEVEA L RS T i &
FIBCR . QFH LR B [A) (Y 2E 88 . E Al 32 224 MR 7 % . /N
(2 mD Xt AN EE AR A A sk & B RTY AT GE
“Smart Prep” A ) 45 i 5 AR & 1€ 3R 4 wsf (], — M 4 6
UE K Z5 i RES S KA LRIEHEY A, ORIk
B ESRZEARERT 3 mm, UG 25 BURLN 52 R 558/ 145 1
ML, A 2002 4 9 H Lok, I AT AL 82 6 5 bk CEM-
RA F4 HAOUCE 16 FmAARE A 1 B & 5 28 AL
R B S O W AR I T .

3.2 CEMRA WS sh ke pe vt k™ fe



BB AS B bR v W A S R N & BB A5 B Bk A KT 75 % R
85 AR R /W58 R 50 %6 S A o BT ik 18 19 12 W7 o B 1
WA 225, Tan %51 4F 2001 4E LLAT A BFSEAE Meta 43 M7 2 BH
CEMRA 2 Wi B 3h Bk B4 (50 %) B BUBEBE 97 % 1 S i
K93 %6« B TOI(E S 87 %6, BH M UIAA A 98 %0, Rl 3h Bk
HIR HZR 82% . AHIESY L 50 % 1E 1 Bl Ik B 48 1912 W b
e 45 R 2 W CEMRA 2 W' sh Tk sk 78 1 U % 95. 0% .
B VE R 94, 4% A S H SR 90. 4% . B S AH
97.1%, #—H ROC %L G TF M CEMRA 2 Wi 15 3l ik ik
R AE 45 Wos Holl R R ALk 0. 955, AT RLE
CEMRA & Wi 5 sh ko 22 50 e i AR w5, 0 L2 A3 38 LAYk
7%, 1 H. CEMRA 2 Wi & 3l ik B 2= 09 B P 50 00 (B AR & » 3 B
PREE S B Ik Bk 78 B A, #F CEMRA IE %, il A 47 DSA #
LA 2EH I CEMRA AT LLEE G K2 80 %0 A9 DSA #ia™,
ABIF 5T T 5E B B ko 22 i 4T CEMRA 1Y 82 {7l i # A 66.
990(54/82) Iy L H & A #E— 41T DSA kit ,

NHE 2y 30 Yo Fr A 8 B 3l ik, R 4 I 3h kR IR T I
F Bk, BN BBk & . Tan™ 38 B 5 ) Bk 8 os %
Sk 82% , AHFFT  CEMRA 8IS 3h bk 1 s ok 87. 5% (7/
8) ., Xt DSA BB 4 B » & A RE w0 — 25 W5 o Bk o7
BT AT B A B s X LR T A A, = 4 R
AW . FRATIA R WL FI S 3 kT 24 3D MIP 45 Ay )
B9 MPR &5 & ek — 2 43, I H i 20K 2238 U B 30 bk RS
T B

EL N Sk A R E X HIRIT A BRI SR L,
BATH B sh ke A REE 404 5 2. 3 A Cohen Kappa J5 ¥
X DSA 5 CEMRA i) — Stk #E AT M0 45 SRR AW & ] o=
0. 899, Ut B W B 7 % 8] £F 76 1R 4 19 — Bk, SCmk i
CEMRA ¥#mfhife R E, LMW LM 8 filEH DSA 5
CEMRA ¥ ghJk 53 B4R A FF 6, CEMRA 6 1 28 & 4 . 4347
HFHE, 224 . OCEMRA %5 [0 73 ¥R L T DSA., @& Fh
BSOS RSk N AT PR 55 . PRIRGE 3l n] DL R R
S S B 50 Ik £14 0 08T G A R VI e A BR SRTURU AT AE 4 k20
SR AR B A BT 58 S Ve W AR5 . Vasbinder ' R 1 B <UR B
U th 45 S A — T AR 26 IR B9 3k B O a2 B L (B X iz 3 A
B DR L5 R B B0 G g N 9 3 S A B B OBk A K
Gy RAETEE SRR IF 0B E T ANA 3% KT — R A S
TRE BT LAKE B s K AE B TEA S AR N . R TE O 52 X Bh
ok X2 55 Wi A K = A B R AR L B Sl kR R E B
g, Sk A ARMEL B, T 7E MPR &% 18] L % B8 3h Bk 55 s N
WL — 2o BUAC B 2k S I A S A 3 (R 2) 5 3 P Oh B2 T i
2 P B0 ok P o b v B AR Ak 5 | A, o G o 2R S SR A e )
A fi 233 G B R R R AT AL SR IR G PSR A 2 T MPR
EEEGE TR . 540 1 4 CEMRA k3
B B Wk B B 2R T L PO ATE A R BRI I A
Wi JE 4T DSA i, F 3 0 B 3h Dk A1 2€ S HE B 19 0] 1fn %57 5
sk kA b JE, A T RESE R MRI A4 R w F
DSA, > EXTHRI7E DSA ERRER R .M MRI gt 5w ok
(K 3).

-y
-

B2 ,52% iR B S s ko 4E , CEMRA = 4 MIP
B2 A) 7 A7 B 3h ik b B BB 78 (2 90 (i) s Hofl 2 MPR(2B)
T UL AT B Bl Ik b B A M N SRR R () L 5 A I A O B M L i AR
=4 MIP BRI A 4 DSA 8 (20) 78 F 5 8K IE 7

B3 .54 %, FWREAS,CEMRA =4k MIP B (3A) R A
FE40 408 B BkOF 0 R B A L R i A 5 AT X E R E A
(F0) , AN Y DSA K (3B s 45 B s ik T H A1 98, W] s, CEM-
RA E7R &S s kIF 0B 78 (3 20, 5H DSA B R #—3

3.3 CEMRA 5HAh LM E  E4R. B ks T &
Shy v S A SR U A R R A A O I L L
MBS e I 3 0P O ) % v A5 R R O R LT R
Wiz W RIATRYT T LLBH T A 22 B T RE B R . 2
7788 PSR A T TR R BRI S R W Sl OB 7S 0 i
L SR 7 52 B 1R A Y BR a3 A8 W 0 R A
SRR T H US PR 6L A% DSA i, B7S
XoF R B ko) B AN UK, R R R 2% HLS W HE R R
W AT ZHe3Z . DSA 58K R I PR & 09« 4 hr i 5 4R
AT DSA K2 & P A IR K L 4l 2 IE # 19 . DSA 2 Bl R 7
HIR A4 B 9 R AE B 7. 3% A 1. 8%l A kA o —
PR i 0 M2 AW T iR W B ok 7 . S AESE CTA fE
Sk — A 0 7 R A T SR T A A S T L R
TR R AR N R — B KA . S BT
AL, CEMRA 12 W5 3h ke 75 i) i AR &, 0 HL2 B 33
AR 75 %) PR 2 B4y BE 5 DSA — b AR & . i H. % 4 e 4l
B50 @1 K O N A ) E N B = s O | R S = D SR T =
Bl ok A% 1Y) 1 A A k.

5 DSA M It . CEMRA 1 3= 22 it o5 J2 25 1] 43 B R A1
Al AT A B R A 34 (0 DSA H BB LR IS s B AR
B AR AL ANRE T A RE I AN L, T CEMRA 5 MRI #H



ZEAAA] DL R LG R N S RE AN R AR L R IT S P IEE ) MRI & phy: current debates and developments in imaging of renal artery

PR 32 3 kOB SRR BE B (B A T DSA s MRI 4141450 B 3R 55 stenosis[J]. Semin Ultrasound CT MR, 2003, 24(4) :255-267.
F DSA, i . CEMRA é?:fé’fj]*’r’z% ||% (MR renography) [7] Liang CH. Three-dimensional contrast-enhanced magnetic reso-
Eﬁﬁﬂzﬁf U\&E&{ﬁ l%ﬁ]ﬂﬂ(ml{}ﬁij]j]% I%EHE/% e Hﬂ%’% % l%ﬂﬁzlj] nance angiography[ M] . Beijing: Science Press, 2000.11-13.

SRARMT L 3 5 T G R R R = U R (M b st B R A,
2000.11-13.
[8] Luo JJ, Li XB, Xu JM, et al. Three-dimensional contrast-en-

AEJT AT AR 1 2 25 A X SE 05 5 NS0T LLSE #1218 2l ok
B i HLAT Al BE 2 B 20 M B 40 3 AR 2 O ik — AR AR A

SRR 3 BIBAE 75 % M 1 1S B bk P FE Y hanced MR angiography technique[J]. Chin J Med Tmaging Techn-
B AR FR B RN Sh A B E v E I B IR B F ol,2004,20(6) :891-893.

3D CEMRA J¥ 3] bsf [6] 53 H S8 A AN RE W 25 WL B O 100 8 1 BT AR VR, A B T L 0 = 2 R AR R B
i 0, B R (15 B T E— 25 T D7 AR 0] P E BE 2 AR R L 2004, 20(6) :891-893.

[9] Prasad S, Bannister K, Taylor J, et al. Is magnetic resonance an-

- > T3 1 S aQe P 1sease? o P ~dicine

[5232H] giography useful in renovascular disease? [J]. Internal Medicine
Journal, 2003,33(3): 84-90.

[10] Vasbinder GB, Maki JH, Nijenhuis RJ, et al. Motion of the dis-
[1] Derkx FH, Schalekamp MA. Renal artery stenosis and hyperten-

tion[J]. Lancet, 1994,344(8917):237-239.
[2] Zhou DF, Wang HY, Wang M. Clinical development of athero-

tal renal artery during three-dimensional contrast-enhanced
breath-hold MRA[J].] Magn Reson Imaging, 2002, 16 (6): 685-
696.

sclerotic renal artery stenosis[J]. Foreign Medical Sciences Section )
[11] Harding MB, Smith LR, Himmelstein SI, et al. Renal artery ste-

of Internal Medicine, 2001, 28(9) :372-375.
JAGEAR e, A B0 Dk ok AR B A Y B 0 K PR A Il R T O ok
(1] EANE PR 50 0F, 2001, 28(9) :372-375.

[3] Prince MR, Yucel EK, Kaufman JA, et al. Dynamic gadolinium-

nosis: prevalence and associated risk factors in patients undergo-
ing routine cardiac catheterization[J].J Am Soc Nephrol, 1992, 2
(11):1608-1616.

[12] Waugh JR, Sacharias N. Arteriographic complications in the DSA
eralJ] . Radiology,1992,182(1) :243-246.

[13] Prasad PV, Goldfarb J, Sundaram C, et al. Captopril MR renog-

enhanced three-dimensional abdominal MR arteriography [J]. J
Magn Reson Imaging, 1993,3(6):877-881.

[4] Dong Q, Schoenberg SO, Carlos RC, et al. Diagnosis of renal vas- ) » ) )
raphy in a swine model: toward a comprehensive evaluation of re-

nal arterial stenosis[]J].Radiology, 2000,217(3):813-818.
[14] Coulam CH, Lee JH, Wedding KL, et al. Noninvasive measure-

cular disease with MR angiography [J]. Radiographics, 1999, 19
(6):1535-1554.
[5] Tan KT, van Beek EJ, Brown PW, et al. Magnetic resonance an- . . . . . )
) ) } ) ) ment of extraction fraction and single-kidney glomerular filtration
giography for the diagnosis of renal artery stenosis: a meta-analysis
[J]. Clin Radiol, 2002,57(7) :617-624.

[6] Schoenberg SO, Rieger J, Nittka M, et al. Renal MR angiogra-

rate with MR imaging in swine with surgically created renal arte-

rial stenoses[]].Radiology, 2002,223(1):76-82.

B e e e e e Y e e N e e Y e e e e e e Y e e e Y Y L N N N N N S N N N N N NN

CT WS B J& RN 11l E 58 5t A

X 7T e R e 4 1 BB B AT CT Al A 20y Ik 2R 47 140 , 25 [ 42 R0 K 2% 4 BE Anderson 5535 2R FH 2 48 MU 32307 T
BWitE CT R MR H e K4 R A %7 9 AW Am J Surg 2235 E. P58 A Bl i Medline 8 262 7 23 WHFSE
FRATZEBR CT A 262 W 7 i R AR 4 (0 . ORIk 8390 ~ 97 %0, B 5 1k 93%6 ~ 98 % . BH M Fii M 15 86 %6 ~ 98 % . B 1 i 0l {5
94%~99% , HERHR 92% ~97% . T MR ¥E R A CT A b 11 AR 3 52 5700 348 5 (0 UK ME (95 %0 EE 9296, T 78 SO Al
IS LI (259 R 96 96) 5 T ARARL , TT 8 45 571 (97 Y0 Eb 94 %60) L FEPETRUINAEL (97 %6 L 89 %6 RV K (96 96 k. 92 %6) 7 T i A\ =kt
HugF (P<<0.0001) . HFFE ALK X FHERMIZH L AERR CT HH#S 0 IRE A58 CT AH bR AH 2 505 47, I g2 il
HEAT — AT SCHE SR B AR G 5m CT 450l 00 17 s 14 L 80 PR 3t 96 R A1k JEL 336 1z i

— i AR AR E AR B )



