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Abstract

Ultrasound diagnosis is a physical examination method that closely combines the physical charac-
teristics of ultrasound and the acoustic properties of human tissue structures. Among the methods
of ultrasound examination for prostate diseases, transrectal ultrasound is the most common. In re-
cent years, ultrasound technology has made significant progress, establishing various modes such
as Doppler ultrasound, contrast-enhanced ultrasound, micro-ultrasound, and multi-parameter ul-
trasound. However, ultrasound examination still has limitations in the diagnosis of prostate dis-
eases, requiring comprehensive assessment with other technologies. This review will discuss the
application of ultrasound in the diagnosis of prostate diseases.
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1. 5]

jEH PG AE BT A IR RS W T A% OoHbA, AES— PR NI R 22 AR R, Jl I e A A
HN M SS, RS ZIIRITEES . RN RN, AR A S B s A [ 1], @A A A
AN RE B A S IR AR S5 4, 8T DAR G R Xk, UL AERS I BT B R G A B B R 58 I 1 A
(Prostate Cancer, PCa)55 it A WA . BRI S, AR ERRY 5| SRl IR mligks, X2
BTSRRI B B B o BT SRR S8 51 5, BR AR AT DUORS HEM KRB AR AU A, 32 12 T (1 v 1 2
M REE AT B IRAFAEBE I SO AT RS, R AR A T LGS D FIW,  (HOE T A A M VR R R R
J#f% (Magnetic resonance imaging, MRI)RHER %7 72 5 AFE 5] PCa [2]. A ERFEAW K R ATA H
R REAR, WFEZ MR . X B 58 75 (Contrast enhanced ultrasound, CEUS). 8 5 5% il 45 Al
HAE[3]-[7]. EABIFIEY], TS MBERREROR, $aE R AR [8] [9]: IEFTEA
W AR S MR BUHARS W T RAEGE A, AR H R s Xk, HARME 415 B8 SRR
[10]

2. ATaI5IBRERmICETIBEEN

22 B i 75 (Transrectal ultrasound, TRUS) 5| T F FIRTFI MRS RAT 2 H 52 PCa WEE . &5F He s
MFE, RELIRMIHEZ NARMYE, THRBIMNET T, T AR B[ 11]-[14]. BEE R
KR, RO Z AR Z S . CEUS. A . AT RE .

2.1. SEEBEEMIIBRERISE DN AN E

Tt 2245 888 7 (Color doppler ultrasound, CDUS)JE T 2 MW BN, My 5 2040 i A AR X2 BT,
SRR, S MR, BT PA CDUS BE T 5 I 7 ML ARd B2 AN 7 1) 5 T% Rk (o I EHR 3]
IR 4 #4875 (Power Doppler ultrasonography, PDUS)& CDUS f)— M=, & BTG MR 1E 5 1%
B, RetEmfRR A S, A RORMSS M, e H AT a8 A AL T MR A B, AT DS R X
Sy R AR AR B S SR L[ 4] o REER 223 B 75 R OQVE LS 5 I Re (B D)%), (H'e 5 PDUS fEH
PSRN B BTANIA

PCa MR, AHEKRA . ERPIRIRFIEZ —[15]. 21 8l GERs 0 U0 s A0 el 51 IR P IR
BAFEE, XHZW PCa VB REFEA HEAMME[3] [4].

T Jay 3 v JRUS: PCa BYA YT HR w7l & R ) Jo 30 BE B9 U ¥R 97 (High dose rate interstitial brachytherapy,
HDR-BT)C oA — i FHRE A [16], 7€ PCa ) HDR-BT JAyrH, TRUS Bf4te SAHREMN EHREE,
A B A A EHR O s B Ol DL, Wl R R EOTE w2, FFi3R H—FhE T EDUS R B o4 UK
PRZ #7128, FHUE A HAE LTS A AR 1] b Be S ORI AL [ 17]. PRIE, RS AT K EZ 5
Z A AL G T, 145 PCa Wi 51697 ARG HE.
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&2, CDUS. PDUS VLK feg 5 2 8 8 /5 7§ SR m 2 W 57 h 2 0 S 18], EATANGH
Sk DN L P AN T R OGRS W R, I R VA A 5 1) 5 P R 6 B M A A 2 2
TEAMGARE3] [4]. BEGEHARMABEGE, 52588 H %G 0 2l — Bz PCa 2
5897 ks AL .

2.2. CEUS F# RIS ISHT I N R

R 75 1 R UK CEUS, A — Pl s 7 2 7 HEe . SUCPERRE S 0 oA, el 3o 7 ok v S 3 5 )
SR ZUM R AR M BE F7, TSR IE % SR AR SR AN B G50 [5]. 22 Bhtl s B RS RE R VP4t K I
B, AHZIRT EANT 200 FOKME BAG . BEERGHEAR KR, DU v s R AT 8 ) A .

R 2~6 WOKGSIEHIFI CEUS, A8 2 B4 5T 71 BRI R rTRRAL, Al A2 (e I 2 (L 37
MIATRE[19]. WFFLRI, CEUS RERGHEVEAG PCa H EAE 2 40 WOK GV FREFENS B, JLRH P TRNE &
5 91.7%, REFEIES] 79.3%, BARMERLRIEEL 83.7% [20]. ME TAES RG0EK, 454 CEUS 51 5/
A ) 2 RS T 2 PR AR (R %, RO AN VEAT R [21], N PCa [ R EARILANG ST 5
Bt 7 5RA S BISCRR[22] [23]. CEUS 52¥UUGHE AR T il Dh$e i 1 PCa AN Al B 2 FLIATT BT
B, FHUER TR R [24]

Zx LFri&, CEUS £ PCa Wi e Il th 2 W5, QS WrroRE ik o (2 2F B0 1) 2 ) v o 1 v s 12
[25]. XEARIAILE PCa 2 W, J0IT AR T RAAG . BEAE BORIA TR A 56, CEUS #AEARK
I RIZTT R HE 5 N B B R -

2.3. MR AERITIBRARRISHE PR N A MHE

7 75 R AR AR W S A SR AR ) R AR AR B R AL TGS R, T E 24
THEOUT, BYEASHE T REH AR 6], P BAR R BT X 75 51 51 g o P 2
L5 RIEAHZ, HmAE) PCa W, NAZFAYE R (Strain Elastography, SE)FIBI ]I 3 1% A% (Shear
Wave Elastography, SWE)J& # K H 21 PCa R [26]. SE ikl & B 3k i LN 11 2H 28
AF, VPASRTSIRRAEE ;T SWE WZET-H UM 7E AL (4% 36 0 B VP4 50 B BRI [27] 0 X B4 AR B WL
RGN, SRR AR BT T B

SE {E PCa #IH (HIvERf P = T4 48 TRUS. —T4TXT 508 44 JBF LR/ Hr R, ¥ SE 45 51R
TEPERT SR IR A JG I B2 AR L, PCa R BUS N 72%, Rt 76% (28] 1 — Wi 7t
Je 1840 4 %, KILY SE L MiER 5 TRUS RGUEK S G THE, ME T HRMAGER, L& PCaku
HERIEIN T 7%~15% [29].

S P S R B R R — e R, (RN AT A AR SR PR . AR R AR T AR RE R D) bR &
TR S ALt AN S R IVERIRES . tbah, HAd DI Z el 0 I AR ARG N 540 A £F 4E2H 2455 mT g 3 3
FHESS A= A2(30]. DAL, TESWE R s G B IE &M, IR iZ B HEmfi .

24. WBEAENTIBRERSE PR E

TS & —FPHT Y 29 MHz B EIAR, HOWR LG & 3~4 £5, A AL PCa R ARAR |
HERS W[ 7] OB 7S VR SERT PTARAL, DAEAT HERR AR A [31]. SRR G100 2 35 Bt 75 T s Rl 41 21z
SN PR A 2 LS, (ARG 7 S I M AL B B T IR B AR ELE S, AN AR I A S [32]
e 2 S 8 mE A, Aol e T L ZIg i, R mmiiR . | iR, maR BUE Ll E D>
HizshhE2[33].
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FE B2 AR U, RERA TS R 2 B0 T HER A 0 BRI . i i 2 . 48 ST 81I RS A
PABARARIG IT SR B R B L34 W TR A7 0T, UNet DAICHwASES - WD s B4 M R4 B R AR AL
JENE A T2 N I M 2% (3510 Transformer #EAY, fE HARKN, &R 70 SRS 3L FISETHRNIALGE
R A[36]. Bk, ¥ Transformer 5 UNet 454, RERSRIERTTMME, T EE > BN
Bt MicroSegNet # A1 F F £ R 7B 1) Transformer UNet fift i 1 5 51 iR 70 BUMERR, 454 w75 Aok
FRAEEOR, I RGBSR MIGHELT,  SCBLEAE AT A BRBAGOF X B 1S 5, AT SRR 6T
FEMLHTIRNR[37]0 TR SRR il 75 UG 0 R I HE i R ) PCa AR RO 70, JEMEREAE R T2
PSR LA RIRIE, 5 MRI SORMTES, IFReld A e T emE& i, A 2Oy E [ T 51 iR
LA ) TR [38]0 N iZadt— 2D W T 0B P IR BE 25 SIAE U 4L 1A AT S BRI AL (R A2, JFREIRBE 22 ST NI
T PCa I IR RS CR . HERIME, A 8RS AR T4 R

FEBYT g, AL NS0 T AR O . T B S RIS B E AL, AT DR AE A 2K B R I DR
e sE MRS AL B A A E[39]. ExactVu microUS Z ¢ H SIS N4 T RS HE 3D Rl A KR SRER,
PURILAERTSURRAS AR N AR P ) 2 B TSR [40], [EARE— PIRE LA N R GUAERL i i 51 AR A
I T

BEEBARKIA, TR R R G5 G IR 5 ) IR AL N BRI R, A HE1E PCa RIS W IR YT
KA, B RIS 1 HL s S iia T ROk -

25. ZEHBEREARNTIBRERISE FHNANE

% Z ¥ 75 K 25 (Multiparametric ultrasound, mpUS)/& —F#E4 17 2 Fil S AR H AR, BrEfE
P RSAR B BBUR BE AR e 1, XS CEHE CDUS, e 2 3 A . CEUS. flEE A5 (8] [9]. IXLEHIR
gEE, NEEARMEAT RH S LR | B S TS 2, AT SERG B b DAl i 27 i b 0 v S8 0 22
N PCa S50 M2 Wi (A J) SRR, J6 0] F TR B Il 8, DUELE AR R a7 IR AT £ 3h i
WATETT THRI[9]

PCa ZWiks TN R GTEH, (HZ S50 H Wi 7 (Multi parameter transrectal ultrasound, mpTRUS) 7]
WIS T B . AE—TEXT 40 44 RPEH 2 B35 M 38 4R PCa AZEAnAEw b, (R 1 &
Gt B R o RS DAl X 8 8 2 (R AR . DE TS IR R, a5 & = Fhi A s (R TRUS. SWE LA
K CEUS)i}, mpTRUS JEILH T 1 PCa KillPERE, mpTRUS B REBUE N 97.4%, Frith N 77.5%, BT
THIMME A 80.4%, FAYETIME N 96.9%, HEHHIE N 87.2%, HIHLAEZAHE TIERHEMZ T AN 0.874
[41]. FTEA, mpTRUS 7E$E [m) A mT DUR 2 52 5 PCa K tH 28 T HER 26 .

A G, S FAECE A 7 e AR SRS WA . A FUIR A5 mpUS AL %78 & (14 bl
PUARMBLY,  GeG 2Pl PCa A2 PCa, Ron R MIHERE[42]. HAE W TR XS PCa i
1TEAL, UL 48 4 5 ARG YERT ZU IR VIR ARBRAAE N2 Wity e hrifE, ZEVPAl PCa Al PR S 25 Hi 51 e
(Clinically significant prostate cancer, CSPCa, & XN PCa> GG2)f, JE& H.— U S RRE I f 1 RE AR
TR TAERHEN 4 PR A 2] T 0.69 A1 0.76, {HZ FHBUN SRHIER 2 S8 & B E R & T 12wk
Witk, K PCa F1 CSPCa HI3Zi0E TAERFEMIZE T AR 7 sl 2 0.75 F11 0.90 [43]. FEAYEENLES 2% )15
RURE, FEVE. S HOFI SRR DGR BN 22 R E R € O PCa 70 RINE S 4. [EfERNE, RXESH 5
Ak E B XA . SWE Ml CEUS =FA R SR HAR, B EATZ 80 R E AR, R WX = g8
3UFE PCa Pl B BLAM:

AR, HIE—IiRKERAE (The Lancet Oncology) MIRFFLE R, mpUS #AHLE 2 S5 AR BUAE (Multi-
parametric MRI, mpMRI)ZERG I H A I R 2 ) PCa B R BUE ISR 4.3%), (EAE T34 MRI 1)1
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R, AR AL AL R PCa IR, A BT WIS A A [44].
L5 LR, mpUS MBI 2R A U EAR, BEEE THSIRIORSHINEE, ST PCa (0

B2, H454 CDUS. AeB 8. CEUS Z5HoR, AR R HLLL L0 30 i s FIRE A 1, Sl A 4

B RIS W EEE . 76 EZ IR MR AN A B 550 R mpUS AR A . (5 AT B2 Wi v R A

FeE IR

3. MRI-TRUS @& ERFEAR

PCa )R GEIERE A 15 € IR AR AL BGEAR 3R, TR FA X472 1. RS
i, W RES Ol B M S A8 [45] . FEIREA 2 — P RS A HE M RVE R TR . AR T RAR A
BRI MR EHARIZ M T RRARIR AL X Ik, SR 5 B X L8 X kAT HURE[10]

MRI 2 HEJE T A RIS, UG 7 R i BME,  Bom AR B 2R an S F i
FiR[46]. WSEWESLIR 1% (Biparametric magnetic resonance imaging, bpMRI)/& /£ MRI (13 At _E 59 s
FEWK 41, LA3E S MRI )75 (8] 4y HE28 I F 0 &y I8 sh i) — PR [47]. SR bpMRI AE S HU3E ] RE
HIR, EHEPREY, bpMRITRUS @i &G E PCa HI2KidERGPE 5 mpMRI A 24[48], AIEARE] 9 4
BN TR IEREFITE R, A PCa Kl FRfE T —Fh o . i BT B AR [49]. IXEMAE, fE3EEEN
., bpMRI Al fig & —FHEEZ U T I RN B AT 20 DR AR 7 SR R0 8 1) RLAR IR 50 A= B 11 150 6 A
RIGFEEIE I AR AR

mpMRI J& — T MRI K SRR, BRI FA T1. T2, BT EESH, EREE4m
TG, DR HEVEAL AT ZI IR SR 2 AR B B [S0] . B AT H B AR AT H 510 B 28 TRV A 1A SRR R T
TERE T —ASEAR, 2 T PR )= BRI PCa & SAFERAMESN I B E R TH 2 —[51]. #F IR,
MRI 5 TRUS Ffil & @it 456 MRI FI =G M7 G TRUS RSER 51 56877, 1T B0 ] 56 A, 1X
RS BOR T IE T RE S 42 B MBS A R R IO VERE, PR B RE NS IR w3 XU PCa S5 i PR AH 99597 1)
For i, (] B 98D KB fEJeRE AU (52, AT 2l e 1 X6 3k 6 £ 25 (1) AN A YR T RV TE I AOE « el & 7E
R = XU PCa B, PIE 4N E R, BT PI-RADS 5 J 48 (R & PRS0 E I AR),  REiE Al
W AAEAE VSR 25 R ORI PR A TR HEAT, DAt — B2 i [53].

3.1. MRI-TRUS @& ER AR AN E

MRI-TRUS il & i k6 3 A i 45 & 22 280 MRI (mpMRI) ) 5570 F 252955 1 58 AL BE 7 588 75 S2 i 51 51
FEAEZERIOE A, TERTH a2 Wb L B35 (I R BB . A EL T PCa B A 2, MRI-TRUS fil
B RL B AR ARG T A 3 1) 250 LA KR kb (2075 R R (R W, %o 9 o7 B Aoy B AR KT B () A 1
BE LT AP A, RS RN IS W R PN SE AR bR . R CEUS Mgk g R
PEiE T PCa B IHERGTE, (H5 B RGUIE R A L, 30 R B RS S PR T MRI-TRUS @il & 3d A4
AREZHE T PCa HLEAR HE[54]. LA, H—ITWHT IR, £ MRI-TRUS BlG SR w0 a4t
RS e L A ) PCa PR S 2 DL HH — BHE[S5]. IX3R W] MRI-TRUS 1 R i REAH IR i)
LR, XHZWS I PCa I SN R BOFIHERS . BRECRYEVEAL 5, Wl RIGTT 77 SARAL 4 Bl A FH LRk
DG I3 A H R AR AR e &5 5 RORE /& MRI-TRUS fl A G K B R A2 2RI . AE T R T
Bi7 1 JR3 SRR T 5 2222 FH Y MRI-TRUS il &35 K6 J5 0BG 2608 2%, H. 58% 35 R BT FE B T BE[56].
AT 1 I [E P A 9 A T S 3 R A I, KT S B R P i R B G 00 A7) 75 B 48— A AR E AT IR N 5250
WA . BeAt, & B 4P R A IR e PR HE S N B MRI-TRUS 2 11 471 IR A6 i e R R 4
A8 E o AN 0 B (1) ZR SR A LA RRAIC I R0 7 A RS2 [5 7]
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3.2. MRI-TRUS @& BRI ARPEEK

MRI-TRUS & i i ARTE NG PR 2 Wi 8 A BAT 3 0 B AR E . SR, L 2 N AT I 22 75
T Bk K o — 7 T, AR LSRG , MRI-TRUS fili 75 16 75 2 5 AE 75 22 H 4 MRT R TRUS [R5 22 508,
DA RIS B B0 . 55— 7T, #AZRME ] MRI-TRUS AR 75 B4t T i85 )1 3F 347 I B 11455
MsEE. R0, CAPHRIRH, AR T FZE SRR A 7R H MRI-TRUS fil& 364 AR AT PCa £
DU o FLAS H 260 A e[ 58]0 A IZMF 702 BRT- [l B vk S FE AR/, AT ARSI & R Se it 2000,
(BHAYESIR BN RIS PP ZH AR GRS & 3 4 T IMEM S H s . 1Tk, BERARKE
o, B ARG T H MRI-TRUS #6535 R H AR R TR HBT I R R BT 55([59] [60].

3.3. MRI-TRUS Ri& BRI ARK L RAIS

MRI-TRUS f&EREARIEA PCa MW EE K R IT M, HIERNE ARz 58k, 2R,
GRS F AR &R 7= RN L . W CEUS W AR P AETE 4 @ AN W) skl P 2 ARE B 5 H 43t
BARIZWI T 55 B A AR BE S SEILA Hh ST 2H U 5 DAk, 6 B e Ao v P AR X k. I PR SR
Wi R R TR LA 2 B R MRRHIE R YT SEACE, P AT RORRI R S T ok . AERORERAERYE T
[, 2B ZFERIE 5 RN S 2 B S s e = N A R HEE T 2, (0 7 iR B s 1t
RS . [ERERNE, DA WEF[55] [56] [58]2:T [BImiPE v 4 VA £ VP4l AR 5 2 5 B e
KA, KHEEFURRZEFRFEEIER AL, R RTFEIATIEE R T B R 7835
EHR A R

MRI i& 1] 5 HAhEE 75 UG BR S5 A ET PCa 2, BRI R, fERTFIIER a4 EhE e
B0 LR A AN RS 73 2 91 46 BETEAT MIRT 513 RV A%, A R0 s A Im PR R L PCa K th 2, [A]
I PR L Z SR 2, O PCa R ISRt T —Fp R4k Heng[61]. AMLAntk, MRI 5|5 F CEUS f£
PCa Wi R I L T4 48 MRI IVERE, HoE ERHMEJC AR & T2 W iR e AR 14, 2 PCa 1fE
HiZWrit gt T A MMERN T A[62]. FFFRIL, 7E PCa KIEGINHBEEER 2AMEM B MH, FHEER
KGRm0 N HJE, R TR0 YRRE 7 YU (Prostate specific antigen, PSA)/KF, (3
T B4y o B 1E B ET A1) BRSE IR PF 43 (International Prostate Symptom Score, IPSS),  H.% 5 41 B AR FA 76 i 25 52
Wi, AT REA BT SRS HERL AR I KR PCa v KUK 8 63

&2, PCa BNZW £ X0 H B, mpMRIEIAGHEETTZIIRHFURABE I, SEmERR A, &
Hiem PCa ki, PHEALEEAL . MRI 5 TRUS 454 MRI 51§ F CEUS KA4FE IR & TTild )y PCa
W ALE SRS . ST JCET TRUS SR FA M 5%, MRI FE R yGAS AR Il Y o 2 = i, A PCa 2 IR
BERALTT R X IX —AR 8, WA IRAMRIEE AR S B, AWERmIUA R, EREEFSITHEA, #
—BARAL PCa 11297 7 H (2]

4. IG5

A ZWHOR, A PR K AR RE DM BIESE I s 2 Wil 51 By i HI /2 TRUS 51 %
WA, T RENETE N RN BT SUAR TN ER A, KRB AR X S 2 WA EOR, RAERE T
Fp AR X I MR 0, BE— 55 Sis Wi R I CEUS BORFIRNESHG A, SR 18 A IR
XHLEIE, AR AE X IR s DA 7 SRR R R R Sk SEBLE RS A R 4348 4R T2 W (1 R8O 5
mpUS 456 1 2Rl A RS, vBF R 7N 2B E e . B R N X SRt 1 =
WK, BERS 525 e il A BRI 12 W A TR MR

DOI: 10.12677/acm.2025.1551510 1428 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551510

nﬂf
B
b

&5k

(1]

(2]

[12]

[13]

[14]

Ren, Y., Chen, W., Zhang, M., Zhang, X., Zhou, J., Li, Y., et al. (2024) Case Report: Prostatic Malakoplakia: A Rare
Disease That Has a Profile Mimicking Prostate Cancer. Frontiers in Oncology, 14, Article 1348797.
https://doi.org/10.3389/fonc.2024.1348797

Mehawed, G., Murray, R., Rukin, N.J. and Roberts, M.J. (2024) Prostate Tumour Visualisation with PET: Is Image
Fusion with MRI the Answer? BJU International, 133, 4-6. https://doi.org/10.1111/bju.16335

Nizanski, W., Ochota, M., Fontaine, C. and Pasikowska, J. (2020) B-Mode and Doppler Ultrasonographic Findings of
Prostate Gland and Testes in Dogs Receiving Deslorelin Acetate or Osaterone Acetate. Animals, 10, Article 2379.
https://doi.org/10.3390/ani10122379

Ashi, K., Kirkham, B., Chauhan, A., Schultz, S.M., Brake, B.J. and Sehgal, C.M. (2020) Quantitative Colour Doppler
and Greyscale Ultrasound for Evaluating Prostate Cancer. Ultrasound, 29, 106-111.
https://doi.org/10.1177/1742271x20952825

Zhu, Y., Sui, P., Wang, C., Wang, H. and Wen, Z. (2021) Evaluation of Contrast-Enhanced Ultrasound for Activity of
Rheumatoid Arthritis: A Protocol for Systematic Review and Meta-Analysis. Medicine, 100, e24417.
https://doi.org/10.1097/md.0000000000024417

Skerl, K., Cochran, S. and Evans, A. (2017) First Step to Facilitate Long-Term and Multi-Centre Studies of Shear Wave
Elastography in Solid Breast Lesions Using a Computer-Assisted Algorithm. International Journal of Computer Assisted
Radiology and Surgery, 12, 1533-1542. https://doi.org/10.1007/s11548-017-1596-3

Jiang, H., Imran, M., Muralidharan, P., Patel, A., Pensa, J., Liang, M., et al. (2024) Microsegnet: A Deep Learning
Approach for Prostate Segmentation on Micro-Ultrasound Images. Computerized Medical Imaging and Graphics, 112,
Article ID: 102326. https://doi.org/10.1016/j.compmedimag.2024.102326

Steinkohl, F., Luger, A., Bektic, J. and Aigner, F. (2017) Ultrasonography of the Prostate Gland: From B-Image through
Multiparametric Ultrasound to Targeted Biopsy. Der Radiologe, 57, 615-620.
https://doi.org/10.1007/s00117-017-0274-3

O’Connor, L.P., Lebastchi, A.H., Horuz, R., Rastinehad, A.R., Siddiqui, M.M., Grummet, J., et al. (2020) Role of Mul-
tiparametric Prostate MRI in the Management of Prostate Cancer. World Journal of Urology, 39, 651-659.
https://doi.org/10.1007/s00345-020-03310-z

Yacoub, J.H., Verma, S., Moulton, J.S., Eggener, S. and Oto, A. (2012) Imaging-Guided Prostate Biopsy: Conventional
and Emerging Techniques. RadioGraphics, 32, 819-837. https://doi.org/10.1148/rg.323115053

Osama, S., Serboiu, C., Taciuc, 1., Angelescu, E., Petcu, C., Priporeanu, T.A., ef al. (2024) Current Approach to Com-
plications and Difficulties during Transrectal Ultrasound-Guided Prostate Biopsies. Journal of Clinical Medicine, 13,
Article 487. https://doi.org/10.3390/jcm 13020487

Tsuboi, 1., Matsukawa, A., Parizi, M.K., Klemm, J., Mancon, S., Chiujdea, S., et al. (2024) Infection Risk Reduction
with Povidone-lodine Rectal Disinfection Prior to Transrectal Prostate Biopsy: An Updated Systematic Review and
Meta-Analysis. World Journal of Urology, 42, Article No. 252. https://doi.org/10.1007/s00345-024-04941-2

Krsakova, E., Cermak, A. and Fedorko, M. (2024) Comparison of Different Regimens of Short-Term Antibiotic Prophy-
laxis in Transrectal Prostate Biopsy. Journal of Hospital Infection, 145, 83-87.
https://doi.org/10.1016/j.jhin.2023.12.012

Hiffa, A., Chen, M., Boghani, F., Oberle, M.D., Reed, W.C., King, S.A., et al. (2024) Prostate Biopsy Sepsis Prevention:

External Validation of an Alcohol Needle Washing Protocol. World Journal of Urology, 42, Article No. 279.
https://doi.org/10.1007/s00345-024-04955-w

Pan, L., Baek, S., Edmonds, P.R., Roach, M., Wolkov, H., Shah, S., et al. (2013) Vascular Endothelial Growth Factor
(VEGF) Expression in Locally Advanced Prostate Cancer: Secondary Analysis of Radiation Therapy Oncology Group
(RTOG) 8610. Radiation Oncology, 8, Article No. 100. https://doi.org/10.1186/1748-717x-8-100

Thomas, H., Chen, J.J., Abdul-Baki, H., Sabbagh, A., Shaheen, H., Chau, O.W., et al. (2024) Safety of High-Dose Rate
(HDR) Brachytherapy for Patients with Prostate Cancer and History of Prior Chemoradiation for Rectal Cancer: A Case
Series. Brachytherapy, 23, 173-178. https://doi.org/10.1016/j.brachy.2023.11.001

Dupere, J.M., Brost, E.E., Uthamaraj, S., Lee, C.U., Urban, M.W., Stish, B.J., et al. (2023) A New Way to Visualize
Prostate Brachytherapy Needles Using Ultrasound Color Doppler and Needle Surface Modifications. Brachytherapy, 22,
761-768. https://doi.org/10.1016/j.brachy.2023.07.002

Jung, N., DiNatale, R.G., Frankel, J., Koenig, H., Ho, O., Flores, J.P., et al. (2022) The Role of Multiparametric Ultra-
sound in the Detection of Clinically Significant Prostate Cancer. World Journal of Urology, 41, 663-671.
https://doi.org/10.1007/s00345-022-04122-7

Kundavaram, C.R., Halpern, E.J. and Trabulsi, E.J. (2012) Value of Contrast-Enhanced Ultrasonography in Prostate

DOI: 10.12677/acm.2025.1551510 1429 I A [ 2 3k

B


https://doi.org/10.12677/acm.2025.1551510
https://doi.org/10.3389/fonc.2024.1348797
https://doi.org/10.1111/bju.16335
https://doi.org/10.3390/ani10122379
https://doi.org/10.1177/1742271x20952825
https://doi.org/10.1097/md.0000000000024417
https://doi.org/10.1007/s11548-017-1596-3
https://doi.org/10.1016/j.compmedimag.2024.102326
https://doi.org/10.1007/s00117-017-0274-3
https://doi.org/10.1007/s00345-020-03310-z
https://doi.org/10.1148/rg.323115053
https://doi.org/10.3390/jcm13020487
https://doi.org/10.1007/s00345-024-04941-2
https://doi.org/10.1016/j.jhin.2023.12.012
https://doi.org/10.1007/s00345-024-04955-w
https://doi.org/10.1186/1748-717x-8-100
https://doi.org/10.1016/j.brachy.2023.11.001
https://doi.org/10.1016/j.brachy.2023.07.002
https://doi.org/10.1007/s00345-022-04122-z

g
g&
=

[20]

[21]

Cancer. Current Opinion in Urology, 22, 303-309. https://doi.org/10.1097/mou.0b013e32835483 1

Seitz, M., Gratzke, C., Schlenker, B., Buchner, A., Karl, A., Roosen, A., et al. (2011) Contrast-Enhanced Transrectal
Ultrasound (CE-TRUS) with Cadence-Contrast Pulse Sequence (CPS) Technology for the Identification of Prostate Can-

cer. Urologic Oncology: Seminars and Original Investigations, 29, 295-301.
https://doi.org/10.1016/j.urolonc.2009.03.032

Zhao, H., Li, J., Cao, J., Lin, J., Wang, Z., Lv, J., et al. (2020) Contrast-Enhanced Transrectal Ultrasound Can Reduce
Collection of Unnecessary Biopsies When Diagnosing Prostate Cancer and Is Predictive of Biochemical Recurrence
Following a Radical Prostatectomy in Patients with Localized Prostate Cancer. BMC Urology, 20, Article No. 100.
https://doi.org/10.1186/s12894-020-00659-6

Aigner, F., Pallwein, L., Mitterberger, M., Pinggera, G.M., Mikuz, G., Horninger, W., et al. (2009) Contrast-Enhanced
Ultrasonography Using Cadence-contrast Pulse Sequencing Technology for Targeted Biopsy of the Prostate. BJU Inter-
national, 103, 458-463. https://doi.org/10.1111/j.1464-410x.2008.08038.x

Zhao, H., Xia, C., Yin, H., Guo, N. and Zhu, Q. (2013) The Value and Limitations of Contrast-Enhanced Transrectal
Ultrasonography for the Detection of Prostate Cancer. European Journal of Radiology, 82, ¢641-e647.
https://doi.org/10.1016/j.ejrad.2013.07.004

Jung, E.M., Engel, M., Wiggermann, P., Schicho, A., Lerchbaumer, M., Stroszczynski, C., et al. (2021) Contrast En-
hanced Ultrasound (CEUS) with Parametric Imaging after Irreversible Electroporation (IRE) of the Prostate to Assess
the Success of Prostate Cancer Treatment. Clinical Hemorheology and Microcirculation, 77, 303-310.
https://doi.org/10.3233/ch-201000

de Castro Abreu, A.L., Ashrafi, A.N., Gill, L.S., Oishi, M., Winter, M.W., Park, D., er al. (2018) Contrast-Enhanced
Transrectal Ultrasound for Follow-Up after Focal HIFU Ablation for Prostate Cancer. Journal of Ultrasound in Medicine,
38, 811-819. https://doi.org/10.1002/jum.14765

Gandhi, J., Zaidi, S., Shah, J., Joshi, G. and Khan, S.A. (2018) The Evolving Role of Shear Wave Elastography in the
Diagnosis and Treatment of Prostate Cancer. Ultrasound Quarterly, 34, 245-249.
https://doi.org/10.1097/ruq.0000000000000385

Bucci, R., Del Signore, F., Vignoli, M., Felici, A., Russo, M., Maresca, C., et al. (2023) Canine Prostatic Serum Esterase
and Strain and 2D-Shear Wave Sonoelastography for Evaluation of Normal Prostate in Dogs: Preliminary Results. Re-
production in Domestic Animals, 58, 1311-1319. https://doi.org/10.1111/rda.14435

Zhang, B., Ma, X., Zhan, W., Zhu, F., Li, M., Huang, J., et al. (2014) Real-Time Elastography in the Diagnosis of Patients
Suspected of Having Prostate Cancer: A Meta-Analysis. Ultrasound in Medicine & Biology, 40, 1400-1407.
https://doi.org/10.1016/j.ultrasmedbio.2014.02.020

van Hove, A., Savoie, P., Maurin, C., Brunelle, S., Gravis, G., Salem, N., ef al. (2014) Comparison of Image-Guided
Targeted Biopsies versus Systematic Randomized Biopsies in the Detection of Prostate Cancer: A Systematic Literature
Review of Well-Designed Studies. World Journal of Urology, 32, 847-858. https://doi.org/10.1007/s00345-014-1332-3

Egevad, L., Delahunt, B., Furusato, B., Tsuzuki, T., Yaxley, J. and Samaratunga, H. (2021) Benign Mimics of Prostate
Cancer. Pathology, 53, 26-35. https://doi.org/10.1016/j.pathol.2020.08.006

Rakauskas, A., Peters, M., Martel, P., van Rossum, P.S.N., La Rosa, S., Meuwly, J., et al. (2023) Do Cancer Detection
Rates Differ between Transperineal and Transrectal Micro-Ultrasound mpMRI-Fusion-Targeted Prostate Biopsies? A
Propensity Score-Matched Study. PLOS ONE, 18, ¢0280262. https://doi.org/10.1371/journal.pone.0280262

Matsugasumi, T., Iwata, T., Yamada, Y., Shiraishi, T., Fujihara, A., Okihara, K., ef al. (2022) Intraoperative Ultrasound
Monitoring with Superb Microvascular Imaging in Focal Cryotherapy for Prostate Cancer. Journal of Medical Ultrason-
ics, 49, 497-498. https://doi.org/10.1007/s10396-022-01206-6

Zhu, Y., Shan, J., Zhang, Y., Jiang, Q., Wang, Y., Deng, S., et al. (2019) Prostate Cancer Vascularity: Superb Microvas-
cular Imaging Ultrasonography with Histopathology Correlation. Medical Science Monitor, 25, 8571-8578.
https://doi.org/10.12659/msm.918318

Li, X., Li, C., Fedorov, A., Kapur, T. and Yang, X. (2016) Segmentation of Prostate from Ultrasound Images Using
Level Sets on Active Band and Intensity Variation across Edges. Medical Physics, 43, 3090-3103.
https://doi.org/10.1118/1.4950721

Liang, B., Tang, C., Zhang, W., Xu, M. and Wu, T. (2023) N-Net: An UNet Architecture with Dual Encoder for Medical
Image Segmentation. Signal, Image and Video Processing, 17, 3073-3081. https://doi.org/10.1007/s11760-023-02528-9
Zhang, H., Mao, F., Xue, M., Fang, G., Feng, Z., Song, J., et al. (2023) Knowledge Amalgamation for Object Detection
with Transformers. /EEE Transactions on Image Processing, 32, 2093-2106. https://doi.org/10.1109/tip.2023.3263105
Singh, N., Chérin, E., Roa, C., Soenjaya, Y., Wodlinger, B., Zheng, G., et al. (2024) Adaptation of a Clinical High-
Frequency Transrectal Ultrasound System for Prostate Photoacoustic Imaging: Implementation and Pre-Clinical Demon-
stration. Ultrasound in Medicine & Biology, 50, 457-466. https://doi.org/10.1016/j.ultrasmedbio.2023.11.010

DOI: 10.12677/acm.2025.1551510 1430 I A [ 2 3k

B


https://doi.org/10.12677/acm.2025.1551510
https://doi.org/10.1097/mou.0b013e328354831f
https://doi.org/10.1016/j.urolonc.2009.03.032
https://doi.org/10.1186/s12894-020-00659-6
https://doi.org/10.1111/j.1464-410x.2008.08038.x
https://doi.org/10.1016/j.ejrad.2013.07.004
https://doi.org/10.3233/ch-201000
https://doi.org/10.1002/jum.14765
https://doi.org/10.1097/ruq.0000000000000385
https://doi.org/10.1111/rda.14435
https://doi.org/10.1016/j.ultrasmedbio.2014.02.020
https://doi.org/10.1007/s00345-014-1332-3
https://doi.org/10.1016/j.pathol.2020.08.006
https://doi.org/10.1371/journal.pone.0280262
https://doi.org/10.1007/s10396-022-01206-6
https://doi.org/10.12659/msm.918318
https://doi.org/10.1118/1.4950721
https://doi.org/10.1007/s11760-023-02528-9
https://doi.org/10.1109/tip.2023.3263105
https://doi.org/10.1016/j.ultrasmedbio.2023.11.010

ey e
ol
Wy

AL

il

[47]

(48]

[49]

Wilson, P.F.R., Harmanani, M., To, M.N.N., Gilany, M., Jamzad, A., Fooladgar, F., et al. (2024) Toward Confident
Prostate Cancer Detection Using Ultrasound: A Multi-Center Study. International Journal of Computer Assisted Radi-
ology and Surgery, 19, 841-849. https://doi.org/10.1007/s11548-024-03119-w

Victorova, M., Lee, M.K., Navarro-Alarcon, D. and Zheng, Y. (2022) Follow the Curve: Robotic Ultrasound Navigation
with Learning-Based Localization of Spinous Processes for Scoliosis Assessment. [EEE Access, 10, 40216-40229.
https://doi.org/10.1109/access.2022.3165936

Vassallo, R., Aleef, T.A., Zeng, Q., Wodlinger, B., Black, P.C. and Salcudean, S.E. (2023) Robotically Controlled Three-
Dimensional Micro-Ultrasound for Prostate Biopsy Guidance. International Journal of Computer Assisted Radiology
and Surgery, 18, 1093-1099. https://doi.org/10.1007/s11548-023-02869-3

Zhang, M., Tang, J., Luo, Y., Wang, Y., Wu, M., Memmott, B., et al. (2018) Diagnostic Performance of Multiparametric
Transrectal Ultrasound in Localized Prostate Cancer: A Comparative Study with Magnetic Resonance Imaging. Journal
of Ultrasound in Medicine, 38, 1823-1830. https://doi.org/10.1002/jum.14878

Li, J., Zhu, C., Yang, S., Mao, Z., Lin, S., Huang, H., ef al. (2024) Non-invasive Diagnosis of Prostate Cancer and High-
Grade Prostate Cancer Using Multiparametric Ultrasonography and Serological Examination. Ultrasound in Medicine
& Biology, 50, 600-609. https://doi.org/10.1016/j.ultrasmedbio.2024.01.003

Wildeboer, R.R., Mannaerts, C.K., van Sloun, R.J.G., Budaus, L., Tilki, D., Wijkstra, H., ef al. (2019) Automated Mul-
tiparametric Localization of Prostate Cancer Based on B-Mode, Shear-Wave Elastography, and Contrast-Enhanced Ul-
trasound Radiomics. European Radiology, 30, 806-815. https://doi.org/10.1007/s00330-019-06436-w

O’Rourke, K. (2022) Can Multiparametric Ultrasound Be Used for Prostate Cancer? Cancer, 128, 2399-2399.
https://doi.org/10.1002/cncr.34277

Deivasigamani, S., Adams, E.S., Kotamarti, S., Mottaghi, M., Taha, T., Aminsharifi, A., et al. (2023) Comparison of
Procedural Anxiety and Pain Associated with Conventional Transrectal Ultrasound Prostate Biopsy to Magnetic Reso-
nance Imaging-Ultrasound Fusion-Guided Biopsy: A Prospective Cohort Trial. Prostate Cancer and Prostatic Diseases,
27, 294-299. https://doi.org/10.1038/s41391-023-00760-5

Ahmadian, K. and Reza-Alikhani, H. (2021) Self-Organized Maps and High-Frequency Image Detail for MRI Image
Enhancement. IEEE Access, 9, 145662-145682. https://doi.org/10.1109/access.2021.3123119

Wetterauer, C., Matthias, M., Pueschel, H., et al. (2024) Opportunistic Prostate Cancer Screening with Biparametric
Magnetic Resonance Imaging (VISIONING). European Urology Focus, 10, 332-338.

Shimizu, R., Morizane, S., Yamamoto, A., Yamane, H., Nishikawa, R., Kimura, Y., et al. (2024) Assessment of the
Accuracy of Biparametric MRI/TRUS Fusion-Guided Biopsy for Index Tumor Evaluation Using Postoperative Pathol-
ogy Specimens. BMC Urology, 24, Article No. 79. https://doi.org/10.1186/s12894-024-01473-0

Kuhl, C.K., Bruhn, R., Krdmer, N., Nebelung, S., Heidenreich, A. and Schrading, S. (2017) Abbreviated Biparametric
Prostate MR Imaging in Men with Elevated Prostate-Specific Antigen. Radiology, 285, 493-505.
https://doi.org/10.1148/radiol.2017170129

Pandey, S., Snider, A.D., Moreno, W.A., Ravi, H., Bilgin, A. and Raghunand, N. (2021) Joint Total Variation-Based
Reconstruction of Multiparametric Magnetic Resonance Images for Mapping Tissue Types. NMR in Biomedicine, 34,
€4597. https://doi.org/10.1002/nbm.4597

Kobayashi, M., Matsuoka, Y., Uehara, S., Tanaka, H., Fujiwara, M., Nakamura, Y., et al. (2024) Utility of Positive Core
Number on MRI-Ultrasound Fusion Targeted Biopsy in Combination with PI-Rads Scores for Predicting Unexpected
Extracapsular Extension of Clinically Localized Prostate Cancer. International Journal of Urology, 31, 739-746.
https://doi.org/10.1111/iju.15451

Boesen, L. (2019) Magnetic Resonance Imaging—Transrectal Ultrasound Image Fusion Guidance of Prostate Biopsies:

Current Status, Challenges and Future Perspectives. Scandinavian Journal of Urology, 53, 89-96.
https://doi.org/10.1080/21681805.2019.1600581

in de Braekt, T., van Rooij, S.B.T., Daniels-Gooszen, A.W., Scheepens, W.A., de Jongh, R., Bosch, S.L., et al. (2024)
Accuracy of MRI-Ultrasound Fusion-Guided and Systematic Biopsy of the Prostate. British Journal of Radiology, 97,
1132-1138. https://doi.org/10.1093/bjr/tqae080

Smrkolj, T., Taskovska, M., Ditz, 1., Cernelc, K. and Hawlina, S. (2024) The Initial Results of MRI-TRUS Fusion Pros-
tate Biopsy in High Volume Tertiary Center. Radiology and Oncology, 58, 501-508.
https://doi.org/10.2478/raon-2024-0060

Lokeshwar, S.D., Choksi, A.U., Smani, S., Kong, V., Sundaresan, V., Sutherland, R., er al. (2024) Pathologic Prostate
Cancer Grade Concordance among High-Resolution Micro-Ultrasound, Systematic Transrectal Ultrasound and MRI Fu-
sion Biopsy. Urologic Oncology: Seminars and Original Investigations. https://doi.org/10.1016/j.urolonc.2024.10.018
Giinzel, K., Magheli, A., Baco, E., Cash, H., Heinrich, S., Neubert, H., et al. (2021) Infection Rate and Complications
after 621 Transperineal MRI-TRUS Fusion Biopsies in Local Anesthesia without Standard Antibiotic Prophylaxis. World

DOI: 10.12677/acm.2025.1551510 1431 I A [ 2 3k

B


https://doi.org/10.12677/acm.2025.1551510
https://doi.org/10.1007/s11548-024-03119-w
https://doi.org/10.1109/access.2022.3165936
https://doi.org/10.1007/s11548-023-02869-3
https://doi.org/10.1002/jum.14878
https://doi.org/10.1016/j.ultrasmedbio.2024.01.003
https://doi.org/10.1007/s00330-019-06436-w
https://doi.org/10.1002/cncr.34277
https://doi.org/10.1038/s41391-023-00760-5
https://doi.org/10.1109/access.2021.3123119
https://doi.org/10.1186/s12894-024-01473-0
https://doi.org/10.1148/radiol.2017170129
https://doi.org/10.1002/nbm.4597
https://doi.org/10.1111/iju.15451
https://doi.org/10.1080/21681805.2019.1600581
https://doi.org/10.1093/bjr/tqae080
https://doi.org/10.2478/raon-2024-0060
https://doi.org/10.1016/j.urolonc.2024.10.018

g
5
P

b2

[57]

(58]

[59]

[60]

[61]

[62]

[63]

Journal of Urology, 39, 3861-3866. https://doi.org/10.1007/s00345-021-03699-1

Lv, Z., Wang, J., Wang, M., Hou, H., Song, L., Li, H., et al. (2023) Is It Necessary for All Patients with Suspicious
Lesions Undergo Systematic Biopsy in the Era of MRI-TRUS Fusion Targeted Biopsy? International braz j urol, 49,
359-371. https://doi.org/10.1590/s1677-5538.ibju.2023.0060

Taha, F., Larre, S., Branchu, B., Kumble, A., Saffarini, M. and Ramos-Pascual, S. (2024) Surgeon Seniority and Expe-
rience Have No Effect on Cap Detection Rates Using MRI/TRUS Fusion-Guided Targeted Biopsies. Urologic Oncology:
Seminars and Original Investigations, 42, 67.e1-67.e7. https://doi.org/10.1016/j.urolonc.2023.11.007

Derigs, F., Doryumu, S., Tollens, F., Norenberg, D., Neuberger, M., von Hardenberg, J., et al. (2021) A Prospective
Study on Inter-Operator Variability in Semi-Robotic Software-Based MRI/Trus-Fusion Targeted Prostate Biopsies.
World Journal of Urology, 40, 427-433. https://doi.org/10.1007/s00345-021-03891-3

Erbin, A., Caglar, U. and Turkay, R. (2024) Evaluating the Effectiveness and Safety of Robotic-Assisted MRI/TRUS
Fusion Transperineal Prostate Biopsy Systems: A Narrative Review Based on Current Literature. The Eurasian Journal
of Medicine, 55, 125-130. https://doi.org/10.5152/eurasianjmed.2023.23370

Guo, Y., Su, K., Lu, M. and Liu, X. (2023) Incorporation of Trans-Rectal Color Doppler Flow Imaging and Risk-Strati-
fication Nomogram Reduce Unnecessary Prostate Biopsies in Suspected Prostate Cancer Patients: A Bi-Centered Retro-
spective Validation Study. BMC Urology, 23, Article No. 81. https://doi.org/10.1186/s12894-023-01245-2

Liu, Y., Lu, D, Xu, G., Wang, S., Zhou, B., Zhang, Y., et al. (2024) Diagnostic Accuracy of Qualitative and Quantitative
Magnetic Resonance Imaging-Guided Contrast-Enhanced Ultrasound (MRI-Guided CEUS) for the Detection of Prostate
Cancer: A Prospective and Multicenter Study. La radiologia medica, 129, 585-597.
https://doi.org/10.1007/s11547-024-01758-2

Van Der Eecken, H., Vansevenant, B., Devos, G., Roussel, E., Giesen, A., Darras, J., et al. (2024) Nutritional Supplement
with Fermented Soy in Men with an Elevated Risk of Prostate Cancer and Negative Prostate Biopsies: General and
Oncological Results from the Prospective PRAECAP Trial. Urology, 188, 131-137.
https://doi.org/10.1016/j.urology.2024.04.028

DOI: 10.12677/acm.2025.1551510 1432 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551510
https://doi.org/10.1007/s00345-021-03699-1
https://doi.org/10.1590/s1677-5538.ibju.2023.0060
https://doi.org/10.1016/j.urolonc.2023.11.007
https://doi.org/10.1007/s00345-021-03891-3
https://doi.org/10.5152/eurasianjmed.2023.23370
https://doi.org/10.1186/s12894-023-01245-2
https://doi.org/10.1007/s11547-024-01758-2
https://doi.org/10.1016/j.urology.2024.04.028

	超声诊断在前列腺疾病中的应用进展
	摘  要
	关键词
	Progress in the Application of Ultrasound Diagnosis in Prostate Diseases
	Abstract
	Keywords
	1. 引言
	2. 用于前列腺疾病诊断的超声模式
	2.1. 多普勒超声在前列腺疾病诊断中的应用价值
	2.2. CEUS在前列腺疾病诊断中的应用价值
	2.3. 弹性成像在前列腺疾病诊断中的应用价值
	2.4. 微超声在前列腺疾病诊断中的应用价值
	2.5. 多参数超声检查在前列腺疾病诊断中的应用价值

	3. MRI-TRUS融合活检技术
	3.1. MRI-TRUS融合活检技术的应用价值
	3.2. MRI-TRUS融合活检技术的挑战
	3.3. MRI-TRUS融合活检技术的发展前景

	4. 小结
	参考文献

