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Abstract

Ultrasound assessment of arterial blood flow parameters, characterized by its real-time, non-inva-
sive, and repeatable nature, holds significant value in the diagnosis and prognostic evaluation of
vascular diseases. In recent years, with the rapid advancement of ultrasound technology, novel
techniques such as contrast-enhanced ultrasound (CEUS) and Superb Microvascular Imaging (SMI)
have emerged, substantially improving the accuracy of hemodynamic assessments and expanding
their clinical applications. Regarding research background and significance, alterations in arterial
blood flow parameters are closely associated with various vascular pathologies (e.g., peripheral ar-
tery stenosis, thrombosis). Early and accurate assessment facilitates timely diagnosis, risk stratifi-
cation, and formulation of therapeutic decisions. The main research content encompasses: Detec-
tion methods for ultrasound hemodynamic parameters (e.g., flow velocity, resistive index, pulsatil-
ity index). Application advances across different arterial systems (e.g., carotid, renal, and periph-
eral arteries) technological breakthroughs in hemodynamic research using new imaging modalities.
Clinical value analysis demonstrates that ultrasound assessment of blood flow parameters not only
enables disease diagnosis and severity grading but also predicts disease risk, guides treatment
planning, and plays a vital role in postoperative follow-up and scientific research. Looking ahead,
integration with Al-based analytics is anticipated to further enhance the precision and clinical po-
tential of ultrasound-based hemodynamic evaluation.
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1. BATERIBKILA S B A B AR E Al

P PG B K MR S AR OB R B T 2 8, B 7S OB Bs 2L A, S S A
R RN, B, SRS MREERIEL, 77 M5 iy e, EdEms, ot
SR W I 77 1l o AT 2 e 4 HUEAE JALE (PSV, Peak Systolic Velocity). #77K AR BAViL# (EDV,
End-Diastolic Velocity), 1] 157 FH /1#6 5(R1, Resistance Index) 5 48 15 £ (P1, Pulsatility Index)Z5Z %[ 1].
T2 W AR AT LB R M 7 W) AR 7 —Fh ol S5 T8 3 R0 ) i A T A
o bR A AR A I AR r i B AR 7 AL ) IR B AR R PR 3G 5 . o AR A BE R 1 T T A K
BRGMW IZWEIR, 5 s Kk (arteriovenous fistula, AVF). 254K 1L 45 #2) B Ja) 30 11L& 8k 75 (vascular
stenosis), 5 I {H ML IE JE (peak systolic velocity, PSV)Ii. 2 Ft 5. JHRE P 5587 26 1O L B 45 s 4 /N
EREH Y. s WUZBRES, A LR RN Z RSB . thsh, FiK P2 (venous tumor
thrombus) FJ T i 7] BE ZE If1 &7 J2 1% 5 ity (blind end), FEAS &K IR, 088 A % FH /1 (intratumoral vascular

resistance) & & 4 5[ 2]
2. BAE AR MR AR AR R
2.1. BEE®

P IE2(CEUS) 2 — MU RE R B o I8 I 8 B S0 5 A 1 SRR I 75 220 70 XSS Rn oy
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W H R B MR R T, RENS I I 3R T EN 2 B TIE IR R 48 I SEit L A SE 5 A o /e
Joa ek A BRI A A o A RS L VRN R DA ARRIE AR, CEUS R 1 H FUE A U E Wosae ) iR
PR o X Ao0S SO IR SN 7027 BIARS AR AAL (3], Al RIS AR SR AL 1 e 0 A B R £ 22 5 B 75 1 =
BEWEE4]. B TR AR B IS WTRE 77 DR VA Rl S e AR B P B A AR
2T, BONBARKEHERC R 2 i T R . #7515 #2(Contrast-Enhanced Ultrasound, CEUS)/& 12 Wi i
I JR3 A 5 A8 ) R B AR 2 AR 2 — o B LB 7 36 5 7S . 22 (Sonazoid) F A MURF IR WD 57 Re 1, T BT
JIE Kupffer 4HMIRS PRI . X —HpEAE L BERE AR5 )5 SEIACIE 1 /Ny PA_E Y SEIRAH (R Kupffer #H)EE
TE S5 o BT PR b8 (g 1) A2 4 e ) B B 2 /9 ek N ) Kupffer 201, PRI HLAE Kupffer
FH R 2 ORI [X o 383X oo A b X385 A L9 4 23 Kupffer AH PO REVERFE, FExp At
BIHE TR SRARE BE AT 40 SvPAl AT B35 52 5 41 e (Hepatocellular Carcinoma, HCC)-5 At 1 AT %44 i
TSR W RE JI(5].

2.2. BRMER &

AR RIS (SMIDR F B i 1 3 S 55002, FE DR B ARG UL A = (R R IN, BRASA Rifl 4H 2i2 3))
WP S B = R N T, AHEL T SR (2 I Bl Re B 2 R, SMI Jo 7 kst 1 s 148 7
TS, B AT ey R R b S T AR I AR T BRORE A S5 4, 2 5T T X AE FR EE HPE A R 1 (6]
FR AR 2L Sk IR 18N e (Papillary Thyroid Microcarcinoma, PTMC) ) i 724 48 B A AE ARG - SVERAR 1] 75 455 .
PRELL > 1. WEA S AR . IX LRI 5 5 B IR 95 46 45 17 (benign regressive nodules) ¥ 75
BENRE. WKL E, geas T LA DTSN 3 B ET KT 1 PTMC 7547 4% % JIIE K (Fine-
Needle Aspiration, ENA)JIFZWr . a7 FIE FARBREE T FNA 5 AR AR, 280297 0T —4¢
IR RE FEREAE MR SN 77 5% 2 50 ARG R AR, DR bR (4 565 1) 245 705 P o 28 O B 22 . B L 7 B £ (Superb
Microvascular Imaging, SMI)$H; A i fi SR E WA ML RAE 5, FE0E T A& 48 2 3 it 7= i iU IR
i, S TEAIZHEEN TR AT TR B (7] .

23. BEEEMARARK

8 75 ] B OISR (V-Flow) & — P SRR I I nT ML S5 B R o 5 4% Gt 22 5 4% J 3 1)
R FE JTVEAN R, V-Flow it ELEEARHT 75 o) N B RL T8 gl il &, SEIL 7 ORI 1) 2R DA Rt
LILAMEN . LR HAzORHAE TR 1 A FEROBUE R, BI AT ZEAR AT 68 A JE T 3R
HER R MR 2 J1 2415 S, @ BV IR LR L8] [9]. M O J5 BNah R R IS T, RN a7
10 5 (Left Atrium, LA)JCH 2 A2 O B (Left Atrial Appendage, LAA)TE A 2AIAR . ThRE S5 M B L 1
FHIRAN . [FR, T A0 NI SN 77 2R E (i oA « BI VIR 5 IR R R E A 2 o i
I i B AR B AR (Vector Flow Mapping, VEM)FEAE HOGHC I AR R SR < @ 7 1n) A Re AR MU RS 1 AL e
J3, AR CLSON RN J3 2 TE R H 2 T R[10]

3. BRIEGFIBKMASBEAR RGN N BHR
3.1, LINERS

jebCad 99 PRI At SR B AK A ZE SRR AL . b & S BUIRBIIKE BEXE 2. e PIE R, T
T RS s T A e B A S A P o ™ B R SR o JULI R B D A RN AN A
MGG ARG CUESESF IR AER o 25 el RSN kAN T8N Bk AL 1L AL St REBE A A A LA Tk
HA i BEARAUNE,  SahfioR 75 A & 3RS M S8 Bl ik PR . EHURAS 20, s S e
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el

FESE, NIRRT e R R T EE ARG B . XS A ORI Be W R B — e s
WA, B Z R T MBI RS ROR, kS . PUBIBKAEAIATT I R0 DA B TR0 £ 5 A 0 I
TR RS, RIS VRAG[11] [12]. 220K 75 A 2 AE D —Fh o0 vl s SV s AR 5 T B, Refig SERT .

275 b s S9N K O A R AL AR (1 R AR P SRR . IR BRI S HOA N A 1 TR S S
JE ~ E fE NFETR AT DA S R AR A b 83 B I PP Al 597 8 B A TR D AR KR [13] [ 14].

BB K LI B0 772 2 B0 A 1 U0 2 2 VA 39350 3 JDok 2 R B (R R B G 61 T2 B[ 15« B P PPl B ik i 2
HAE SN B RKB I (I R VPl B AN T Bk 0B . 75 '8 T 225 0 75 VP Al v, WS4 SR (B R (PS V)
AEF K AR AV (ED V)2 S BB B 4 1 IR 78 2 RS R A K I B ZE S 4. PSV R 2 Ui 4 A
VEAE AR, T EDV R BREF IR AR A . B9 N2, B Bk IR B 1 HE B (RO AVE Ny — Nk S
fa#5, RI=(PSV—EDV)/PSV, HMEHE IR . EAMN AL R0t & 1 VP8 B I8 R K S ARBE I PIRES

T RE (R0~ A R R S M R AE M SO o AR T FAh 2 5 80 2400, RU B 235 1A B2 ARMOm I £ 25,
BP0 21 52 6 7 R Iy T R M BRSSO s T O E AR e R RS (2], IEREE T
RI K ML BE 77 SO REAE () S B RE 77 DA R N B AR e 1, RT — BLAA 92 S i I AR A Uk Lo
MOFRIC, SR B R A A Jze ity PR BE A5 5L, RIAEBR/)S, 150 BA 1 45 378 o B8R4, e oz 1 B 1M 55
iz PE k[ 16] [17]6

3.2. F§

TEIGIR PR AR A, A6 LBk ML 20 77 2% (0w a i &2 AR ) LA RER 0 I S B AT . US4
e {8 ML Y03 B 5 46 5 A J ML 97 38 1) ELAH (systolic/diastolic velocity ratio, S/D). BH /746 % (resistance index,
RI)FI4 345 % (pulsatility index, PI), YEN=KiZCBEAEfabR, oA HRT MR B ARG P10
(R B Bk, X LE LR S HOON T I PRI I e LA K B e B D g S 7E 8 BROPR S 1) B 224K 4 [ 18] S/D
E AR 8 i o SRS i SO W AR I i P2 5 7 SR OR S ML O FE BB O &, DU I 1 IS 7EAS [R) Lo 3l i SR
B MR . R D Re RAF, M RR UK, #F5KIADA 72 Mg, S/D H{E4EFRFE RS
YOI TR E IS MR SRR, SEORM IR T, &Pk, S/D HAEE
W3 BTt BRERDM T3 — AN B A ME B Sy, At EAREREH R 1 i A&7 5K 3 if 7t
FE, REns SRS HERD S Wil i PRIGBE JPIRES o RUE AR A S IR R VS R B R AR, B 55U E
e BRAR MRS R VI OE, £ LIEIE IR M EEZSH[19]. MECT R, Hahis50P)
HAMEEAIE RS [20]0 P w50 00 A7 I 000 2 PR 38 S 0 B5E 5~ 350 LRt i R () LU AR, A S bk 1 2
ANCEN T AR R 3 ) FRE 78 SRR A PRI RE H, PTANSZE MR A BE sz, BOAEERG ) LA fr
A M RRAEAEAMEO T, KA IRSRE RN EE. XFhmmiee ks, (65
PI fE/ FhE A A 2 2 Bk,  JCHAEVHE G ) UBE Bk RMK b Zh kS s ML I, AR 2 Wi fit 1
S REHE A o A 0T TLIAEE VT S AR RS PR PR BT I BB 4, o 1 I PR = AT G ) LA Kk
B G ThAEe S 7 BRI BRI [21].

4. &g

A PP SRS B — R e B W AR AR ST 1%, AE 2R BhBKIIR R2 T
T AT TS VAl o R P BRI . BER R S BRI AW A RS, 0 BB AR O TR e R AR 10 45
B, A LB K LA DAL AN Y LR A O, ERR AN SRR D R . RS AR SR IR
P, BRI PSR S I 2 TR, IFA7 AR RIS PEAL BT A T IS 22 i R 5 TR
MR o PR B AR N 78 73 AR A5 PP Sk LR S8 e, BRI —BOR, B SR i)
BRST AR5 -
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