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BZE] BB RT3 ke 1k v B 3 ik 32 % (atherosclerotic renal arterial stenosis, ARAS) B 3 75 & 5t 7 ik v
WP W% 3% R (acoustic radiation force impulse, ARFD & 2805 MR ) 120956 R T B & VE0 B 30 bk ik 28 12
BERIME. FiE I ARAS B 138 il 1E WG 2H 08 1+ 15000 3 35T 300 4 RR 1A K % 138 Bl x4, e it
2 2H B Rz LW RS L S RO BT U I 4% 3 JE (shear wave velocity, SWV) B 3 sl ik i i 3h 71 238 A% LB 32 3h ik ik
4 1) g 8 i 3% (peak systolic velocity, PSV) (4T 7 K ]9 34 (end diastolic velocity, EDV) "B 3 ik 5 1§ 3 3h ik PSV
{H (renal-aortic PSV ratio, RAR) . £ 3h ik 5 M- [a] ) ik PSV [ {H (renal-interlobar ratio, RIR) |, Pearson 43 #f % 45
P TRDAH DG T3] B AR 40 W 20 K e 7 A 8 43 S b B L BB R A L LU BEOR [ B Bl KB S AR ARFT JE 1 4. L 30
1% K H Z AR H T AE B AE fl 26 (receiver operating characteristic curve, ROC) & i £ F 1 2 (area under curve,
AUC) 46 %F ¥ 558 4 25 48 B (net reclassification index, NRI) | £ & H 51 2k 3 45 %X (integrated discrimination
improvement, IDD PEH B sh ik Sk B2 Wik GE . R OWZEA Y £ 51k EDV.PSV.RAR.RIR K 'B K it . & 56
JVE 5 SWV[(40.4548.85) m/s.(151.12+35.35) m/s.(2.38+£0.66).(7.554+2.26).(3.284+0.55) m/s.(2.40+
0.46) m/s,(2.3140.41) m/s]f FXHRA[(25.62£4.41) m/s,(114.42+£34.43) m/s.(1.70£0.48) ,(5.244+1.58) ,
(2.66+0.43) m/s.(1.8140.30) m/s.(1.88+0.33) m/s(P<C0.05)]. @ARAS B#H ¥ L Jf HHEE 5 SWV 5
EDV.PSV.RAR.RIR B IEHIX (P<C0.05), O B F 3 bk A% i ¥ B ot VBT 32 SWV K E5)ilik EDV,
PSV.AT .RAR.RIR # F- % i B B 3l kg %5 (8 4 (P<<0. 05) ; @ B B I B 86 i L B 32 SWV & EDV,PSV,RAR,
RIR 2B 8h kB 25 2 B ) AUC 2 0.813.,0.827.,0.752,0.809,0.802,0.758.,0.819, H. SWV %5 & IfiL 3t 30 J1 2% 46 4%
A2 Wi NRLIDI K, 43 514 0.688(95 % CI :0.450~0.971) ,0.089(95%CI :0.030~0.115) , £i& ARAS H# %
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[Abstract] Objective

acoustic radiation force impulse (ARFI) and hemodynamics in patients with atherosclerotic renal

To investigate the relationship between quantitative parameters of

arterial stenosis (ARAS), and to analyze their value in combined evaluation of severity of renal
artery stenosis. Methods A total of 138 ARAS patients were selected as the observation group,
and 138 healthy physical examinees were selected as the control group by 1:1 principle. The shear
wave velocity (SWV) of the renal cortex, renal medulla, and renal sinus, as well as the
hemodynamic parameters of the renal aorta [ peak systolic velocity (PSV), end diastolic velocity
(EDV), renal-aortic PSV ratio (RAR), renal-interlobar ratio (RIR)] were recorded in two
groups. Pearson analysis was used to assess the correlation between these parameters. Based on
the degree of renal artery stenosis, patients were categorized into mild to moderate, and severe
stenosis groups. The quantitative parameters of ARFI and hemodynamic parameters were
compared among patients with different degrees of renal artery stenosis. The receiver operating
characteristic (ROC) curve, area under ROC curve (AUC), net reclassification index (NRI),
and integrated discrimination improvement (IDI) were used to evaluate the diagnostic efficiency
DEDV, PSV, RAR, RIR, and SWV of the renal aorta, renal
cortex, renal medulla, and renal sinus in the observation group [(40.454+8.85) m/s, (151.124+
35.35) m/s, (2.38£0.66), (7.55£2.26), (3.284£0.55) m/s, (2.4040.46) m/s, (2.31+£0.41)
m/s, respectively ] were higher than those in the control group [ (25.62+4.41) m/s, (114.42+
34.43) m/s, (1.70£0.48), (5.24+£1.58), (2.66%0.43) m/s, (1.8140.30) m/s, (1.88+0.33)
m/s (P<C0.05), respectively ]. @ In ARAS patients, the SWV of the renal cortex, renal
medulla, and renal sinus was positively correlated with EDV, PSV, RAR, and RIR (P<C0. 05).
@ The SWV of renal cortex, renal medulla, renal sinus, and the EDV, PSV, AT, RAR, and
RIR of renal aorta in patients with severe renal artery stenosis were higher than those in patients
with mild to moderate renal artery stenosis (P<C0.05). @The AUC of SWV in the renal cortex,
renal medulla, and renal sinus, EDV, PSV, RAR. and RIR for diagnosing the degree of renal
artery stenosis was 0.813, 0.827, 0.752, 0.809, 0.802, 0.758, and 0.819, respectively. The

of renal artery stenosis. Results

combination of SWV and hemodynamic parameters had the highest diagnostic accuracy for NRI
and IDI, with AUC of 0.688 (95% CI: 0.450 —0.971) and 0.089 (95% CI: 0.030 —0.115),
respectively. Conclusion The SWV in the renal cortex, renal medulla, and renal sinus of ARAS
patients shows high expression and is positively correlated with hemodynamic parameters.
Combined detection is beneficial to improving the diagnostic efficiency of renal artery stenosis and
guiding clinical diagnosis and treatment.
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R Ml PRRE AR I A2 A ME B, U 22 . B0 0
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1.1 —f%eR HEE 2020 4F 6 2023 4E 6 i
JEER RS R BRI ARAS B & 138 BifE
FLEE AL, B I ARAS 2 Wb i, Bl 2=/ HoA 1
A B ik ol BE AT Ak Y fa B B2 CRE e O DR L 5 I B
JE R 40 & KRBT L 2= HA 2 T8l ki
FERE AL I 52 AR 27 2R B HERR ™ B0 10 i 45 05 L
BhKAE R & E S5 oAb K P 208 sh ko 2 4k &
PG Bl WK A L3 B2 52 A0 C 25 iR 9T VB Bh kA A
YA S " RS PR LI R B R B G E . Pk 83
1], Ze Ve 55 1 4RI 40~75 %, 2 (57.95+6.63)
B IR EAEE19~25,F 1 21.564+1.33, BEAE 1:1
JERC U] 35 5] 0 4t e AAAG: 5 138 {51 by o B 4L L TG
PRI | o 10 95 52, Al 2y ok B Ak 48 b 0E . B
88 il , L 1 50 Bl AE e 45 ~75 %, FHy (59.01+
5.15) % ;iR H 45 %k 18.00~24.00,F#21.73+1.05,
2 M —MBERL 22 S e g it o i (P >0.05) , B A ]
ek

A FE A1l B R R A 5 TR B A B B it
ESH 3 (AL 5 2020-R078) L T A WF 58 % 4 B K &
PG & ot & M R 1.
1.2 ik
1.2.1 HEfadr EAHEA ARFI BUQE AR M@
AR WL (P17 AUCSON S2000) , 5 3k 451 %
4.0 MHz, B EM7 39485 B R 25 D0 1, 28 B R
B AR R S TR 00 S S Mk oA A B 0 1L
(peak systolic velocity, PSV) | &F 5k & ] i # (end
diastolic velocity, EDV), 311l & "B 3h fik 2 46 &5 . 18
Bk E KB T AR PSV LT E S kS
h ik PSV H.{E (renal-aortic PSV ratio, RAR) .'E 3
Sk 5 (8] 3 fk PSV L {H (renal-interlobar ratio,
RIR) . JiH e ZE ARFI H#i5, [ B IE R K il
DD 3 A O A A 0T 08 A2 38 B AR R, £F
FLF W RS A Ja & S — A A A BT VI L J5 3 VTQ
FEAR RS DU T R T B L S AR X

B, H B W E AR 85 U 1% 5 3 B (shear wave
velocity, SWV) , 25l 7 KR BE BT 7 RAVE & TH
AT ) 1 JE O R X, BROREHE /NN 10 mm X
6 mm, FAFHERCEE Ry 3 A T U AE S B 5 5 1
R T 8] A IR £ A R L i 2 75 T e 20 ) L LG IS
HUOREZ 52 M 29 30 7, R dk PR E BURE HE 15 4583k
Z A e R P B <78.0 cm, A fR 5 [] — 5 Ao 24 46 )
SWLHCFHME, FiRk Al 2 4 H A& 10 4 TAE
250 1 R P R I i A ) 0092 R, O S T4 08 I
VAT B2 Sl o 3 Y [ RS R 7ol

1.2.2 kAR E e R R
kA A <5000 P BE CF 3l kOB %8 R 5196 ~
7000 HEFECE SRR AE AR 7106 ~99%0)3 MR,
Horb il BE B 25 35 1), Hh BE B2 66 ], B RE B A
37 i,

1.3 MEdEtr  O2 4 ARFI &S50 M5 sh 1
FHEbr. @QARAS % ARFIERSHS MK J
FARARAHOCHE . O A B 3 kP 7 #E R E ARFI
E SR MR T F bR . DARFI & & 254 1
TLBh T 2 AR bR B — KRR 12 W 3h kB e R
RUBE

1.4 SEibs05ik R SPSS 22.0 Gt 8 4r br
s, THE TR O BCR IS REAS ¢ K 3R AH OGP
I3 MR ] Pearson, 12 Wi 2 RE >R H] 52 10 T AR R 1E
i £k (receiver operating characteristic curve, ROC)
Je i 2k 1 A Carea under curve, AUC) | 45 X 4+
2K F8 B (net reclassification index, NRI) (284
OB B ¥ ¥ OB (integrated discrimination
improvement, IDI), P<C0.05 & £ % f 4 i ¢
2 % R

2.1 2 41 ARFIE & 2 8, i i 3 J1 24 35 4 LA
WLEEZH B H BT, BB BT, S SWVOCHE 8 ik

EDV.PSV.RAR.RIR ¥ & F X B4, 254 4% 1T
2BV (P<0.05), Wk,
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Table 1 Comparison of ARFI quantitative parameters and hemodynamic indexes between the two groups

(n=138,x £s)

- SWV(m/s) WML 3L 30 77 24 36 b
5 Rz 5 B 1 R 55 EDV(m/s) PSV(m/s) RAR RIR
W 5% 40 3.28+0.55 2.4040.46 2.3140.41 40.45+8.85 151.12435.35 2.3840.66 7.5542.26
pOpiEAi| 2.66+0.43 1.8140.30 1.88+0.33 25.62+4.41 114.42434.43 1.704+0.48 5.24+1.58
t {8 10.433 12.621 9.598 17.619 8.737 9.788 9.841
P i <£0.001 <<0.001 <<0.001 <0.001 <<0.001 <20.001 <<0.001
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2.2 MRV Pearson 40 M4 R /8, ARAS
BEBER.EME, T % SWV 5 EDV, PSV,
RAR.RIR ¥ [EAH K (P<C0.05), W& 2.,

2.3 AEVESh Pk PeAE TR R E ARFI & & 240 1ML

WA I AR bR LA H R Bl KO AR R R T
BHERT . B 5 SWV K 'H F 3 Ik EDV.PSV, AT,
RAR\RIR ¥ TRTEENKKRERE . ZRA
GitFE R L (P<<0.05), WE3I. A1,

F2 HEXMESWN
Table 2 Correlation analysis
5iH B R i CE
r P {H r Al P r i P H
EDV 0.620 <0.001 0.586 <<0.001 0.541 <0.001
PSV 0.618 <<0.001 0.591 <20.001 0.533 <20.001
RAR 0.656 <0.001 0.600 <0.001 0.562 <<0.001
RIR 0.602 <C0.001 0.608 <0.001 0.574 <0.001
x3 AEEHREFEREEE ARFIEESH MR 3 N FERE
Table 3 ARFI quantitative parameters and hemodynamic indexes in patients with different degrees of renal artery stenosis
(xr=£s)
B ke 72 - SWV(m/s) WL 312 30 712 4 b

i BB 1 It S EDV(m/s) PSV(m/s) RAR RIR
B 103 2.89+0.86 1.90+0.65 1.96+0.60 35.11+9.63  129.03+38.37 1.85£0.55 6.6342.00
Gigi 35 4.434+1.13 3.87+£1.16 3.347£0.89 56.164-16.24 216.13+64.81 3.94+1.23 10.26+£3.08

t 8 8.420 12.458 10.310 9.243 9.591 13.732 8.005

P i <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Vs=0.93 mis
Dopth=5.5 cm
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Figure 1 ARFI image

2.4 Bk PAEREZ LW RE T LIEE 3
kB 7 H 3 D B AR AR L DL o 8 Bl bk Bk 72 S B
PEARAS 22 1l ROC il 28, 45 3 7w B B Joie L 4 ot
55 SWV 2 EDV.PSV.RAR.RIR 12§ 3l ik %
AR AUC 4 0.813.,0.827.0.752.0.809.,0.802

0.758.0.819, WLz 4./ 2,

25 IDI.NDI 08 SWV 454G Il s J1 24 $8 b Bk
HiL W5 o Bk B 7E 2 B 1) NRILIDI ¥ K F SWV,
ML B J1 248 br B — 2 Wi e . WL 5.

=4

BEh kIR E R E IS BT R T

Table 4 Diagnostic efficiency analysis of degree of renal artery stenosis

U TS WER R PHETRONAE  BA b
55 H AUC 95%CI o 1 T - P
%) %) % ¢Z9) %)
SWV
B H o 0.813 0.738~0.875 4.22 m/s 71.43 88.35 84.06 67.56 90.09 <£0.001
5 T 0.827 0.754~0.886 3.13 m/s 88.57 68.93 73.91 49.21 94.67 <<0.001
55 0.752 0.671~0.822 2.97 m/s 71.43 73.79 73.19 51.92 88.37 <<0.001
EDV 0.809 0.733~0.871 47.16 m/s 80.00 70.87 73.19 48.27 91.25 <0.001
PSV 0.802 0.726~0.865 212.39 m/s 62.86 88.35 81.88 64.71 87.50 <0.001
RAR 0.758 0.677~0.827 3.35 68.57 71.84 71.01 45.28 87.06 <<0.001
RIR 0.819 0.745~0.880 7.71 88.57 66.02 71.74 46.97 94.44 <0.001
% 5 IDI.NDI & #f7
Table 5 Analysis of IDI and NDI
5 H NRI 95%CI RS A P DI 95%CI T o 15 A P
SWV 0.531 0.356~0.712 0.120 3.268 <0.001 0.081 0.032~0.142 0.060 3.317  <<0.001
i 2h J1 %448 4%5  0.600 0.408~0.799 0.114 4.112 <20.001 0.075 0.034~0.134 0.044 3.956 <<0.001
W%H}f\% 0.688 0.450~0.971 0.512 5.350 <<0.001 0.089 0.030~0.115 0.046 4.887 <20.001
—T JEE BN, ARAS 8 'F £ ik EDV.PSV.RAR,
il RIR Wk 15 F fe B PG 40 AR B G WA 5 2 —
- T SRR 15 B AT K T TR 4R
— W BB Zo Pl M2 PR 0 L A0 R LR OB PR 9 L 32 0T R 3 bk ok
— WIS B SPSV L o ' oo i i
— B EZ kS RIBKPSVLL FERE AL, 5| 1L 5 T2 1T i, Fe & 30 3% i o L B
FIBEINT . E— T LB, O o kO A R
. Mmyish ¥ 4abn¥m TR ET skl E L. 5
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Figure 2 ROC curve
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i £ %% B, DU LI 9 B F1 24 48 bR 2 L& B sh bk ke A2
FREE 2 Wisk hE . (B4 7 26 $2 7+ 25 0] . RIR 2 W8 ' 3y
Jikak 7 A2 B 1) AUC 3 F RAR. B Wi R ¥ & T
RAR, ¢ HENTE T, RAR {H B 5 %k % &b 5 3 ik i
WA SRS, i 5 T [ 2 ko A O 18 B ik S %
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500 T AR AR O RO 2 BT SOR [] L 45 AL SU RN A
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ML I, e ARAS &K R, BT
o 23 A 7 280 ARFI & 1 2 500 — 2 15 o)
ik e 75 i B O AT R L 28 3 BT 1% SR H IDILNDI 43
B 5 B & 12 Wi s RE . 45 S & 8L IDLLNDI 4331 A
0.089.0.688,#1=>0, i I A 12 W 5 8 ik ok 75 2
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