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Abstract

Objective: To compare the value of conventional ultrasound, color Doppler ultrasound, and contrast-
enhanced ultrasound in differentiating benign from malignant renal tumors, and to construct pre-
dictive models based on single techniques and combined techniques, and evaluate their diagnostic
efficacy. Methods: A retrospective analysis was conducted on 174 cases of pathologically confirmed
renal space-occupying lesions, including 106 malignant lesions and 68 benign lesions. The two-di-
mensional ultrasound, color Doppler, and contrast-enhanced ultrasound features were recorded and
standardized. Statistically significant features were screened by univariate logistic regression and in-
cluded in multivariate logistic regression models. Receiver Operating Characteristic (ROC) curves
were drawn to compare the diagnostic efficacy of different predictive models. Results: The multi-
modal model integrating conventional ultrasound, color Doppler, and contrast-enhanced ultrasound
is the optimal ultrasound diagnostic approach for differentiating benign and malignant renal space-
occupying lesions, with an area under the ROC curve, sensitivity, and specificity of 0.938, 93.4%, and
83.8%, respectively. Conclusion: The logistic regression risk model based on multimodal data can ef-
fectively predict the risk of malignant renal space-occupying lesions, providing an important refer-
ence for clinicians in the diagnosis and decision-making of renal space-occupying lesions.
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R AT A R R, BB S AL ZE TR B e Oy 1.30/10 73, &y 0.54/10 73, Btk
ZINLHVER 2.4 £5[1]. 541 )% (Renal Cell Carcinomas, RCC) & ¢ i WL B Sk b i P pssg, 20 5 Fr '
WM AL 90% LA (2] AT S EE o, HABRRREL S TG AER) 3%, JF2M B Fs: B
(3] FEIMARTAR S b, BRI T L5 1 B I SRS 5 7 . B RAAR P A A I &, HEId 60%
) RCC AHEIRKIN[4], HILAIIERE . (AR BERIE =R 8 Hal OB D W, Hal# $e7R g &
R M5 ]o KR 5 A M AR A R R AT AT RE R ) B SR B RIS th o DRIk, R o o M
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2. AREH®
2.1. HARIMHR

[ EPE AR 2020 4F 9 H & 2025 4F 9 H &b B TR 5 Bt & B= Be w1 a2 W o ' o AL A2 1 174 1
BEWRHA R OB AR SRR, Hrh B EAE 106 61, RIEHAE 68 4, A& E &g N iJ#E(Renal
Angiomyolipoma, RAML) 52 . & F&ER 2 i JiR )8 (Renal Oncocytoma, RO) 15 5. RAML ff:Hi 1 1 41, &
HH 41 ffd ' 41 Ji9 9% (Clear Cell Renal Cell Carcinoma, CCRCC) 88 i, FL kIR & 4l ffi & (Papillary Renal Cell
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Carcinoma, PRCC) 12 {51l Rl ¢4 41 1 '\ 41 J}d ¥ (Chromophobe Renal Cell Carcinoma, ChRCC) 6 .

DINBRUE: H7EFR B #2527 M 75 (Conventional Ultrasound, CUS), F{0 % % #)(Color Doppler Flow
Imaging, CDFI) 1 7 i 5 (Contrast-Enhanced Ultrasound, CEUS) ¥, {7 B 5¢ B AR SOk K ps L 45 31
CEUS f # 5 & 38 Bl J@ S s HARE B A 4 W1 AN S A AR, HoREZ R+ HaTT .
HEBRbRiE: AT b BUE R R A  r id G AR B O ThRERE . AR A
W, MARTRIATEE, EBRREAE.

22. U{/EFZE

K H A& RE Aplio 1800 F €42 3 ¥l A 12 Wi (X L % CEUS M=/ BT Th k. PRIFHS IR b
Wk, BN 1~8 MHz. A i B H R REUMENM « OB, 2 B B BN, 78 90 2% a8 OB
X B EAT e oK T B R DD T A A, SREGE M) CUS K& CEUS BEl%. & Jafdi F CUS St 5 7 M A2 E AT
Mg, WIEME. K. . AL [\E, M. kAT CDFL KA, 2% Adler & BIE[6)F
ARG5S N O~1 e T~ s FEMEER AR R A . &5 H#E4T CEUS £, SR & ARG $uE
FRABRE N, GRS AR T B OROR 5 2), A AT L 5.0 ml ZEBEKEE, 2
FlkE . SIRRGNIGRE AIGEEIEE, FE 1.0~1.5 ml, &EEEBHUIEES MI A 0.06~0.08 [7],
FreEah W80 Ik b J5 B B SR &S/ 3 0 bh, TEMEEI A AR . WUEOR AR (MG SRt AL, HSRAERE, 98
By 51 1 R A TEA R o . R R 2 AL R S R DL L IR A R 8 0 R 43 A AT AR AR AL 4
H, GRAE, B ASEREA R OVRHEE R AR, A RSN T T I —
B e A
2.3. GHERZE

NiFH Excel 2015 ZES EUEEE, K SPSS 22.0 k. WA BRI M NS B IR, ekt
PLEE I IR AR 25 AT — B AT, 11 S R — BB (A FE R AE AT SR 35 Logistic 204, &
A et 5 U AR BT 2 N & Logistic [FIVAHT. 283+ CUS. CDFI. CEUS HJ¥— &7
AR, LR CUS + CDFI. CUS + CEUS. CUS + CDFI + CEUS =fEEAH a5 147 . R ROC #
281 B TH A (Area Under the Curve, AUC)X AN M AU BE AT R B0 VEAY,  ERECAS [RIAL L (2 B ke . Uil
P<0.05 AZERAZIHF R L.

3. 58
3.1. MEHE—BMESHT

JITA REERFIE S R I R 47— (Kappa > 0.60) HiHb, B KARH)— Bk i (0= 0.952), 45855
SIPER) — B R AR (e = 0.699). WA 1o P AEAE 2257 A0 Wi ik il — B, JFR T IR i

Table 1. Interobserver agreement in interpretation of primary ultrasound features (n = 174)

F 1. EEBARFHEFIZHINRE B —H 0 = 174)

B Kappa (1)t P MR
K% (=4cm/<4em) 0.952 <0.001 et

B B (AR AR R AR R 4R 0.844 <0.001 et
I CEMT/ANIE 0.759 <0.001 4f
TEAS B/ A 0.799 <0.001 4f
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[ 75 (o [ 75 /46 B 7 ARG [T 7)) 0.791 <0.001- I
WAL /T) 0.845 <0.001 W tef
CDFI it 43 2% (0~1 Z/~ITT 2%) 0.754 <0.001 f
CDFI J&iL i (F /) 0.830 <0.001 Wi
J:fg%%m SRS (P EE PR IR S a3 1 R L 1R /PR PR/ [R] g IR/ [R] i 2 0.821 <0.001 WiT
TR R (IR 5/ 1 1Y 5 0.754 <0.001 I
BRI SIVE(Y SIS 0.699 <0.001 F
SR (A /TE) 0.747 <0.001 uf

3.2. B EAM RN SESEAFHELER Logistic EY3 547

R E Logistic 74145 R8RS SO R AR i K 45t B4, [BIS . CDFI MLifi /4% CDFI &
W SRR BESRINAIME, ARG SR ZE e A ST R (P < 0.05), B SR AEIIALE L A5
W RTG T 5 (P > 0.05), HAGERZM B RS E TR E, 408 R, &
SR A it 58 (P <0.05), HARMmEEA S S RA 2 A7 RS T E (P> 0.05). W4 2.

Table 2. Results of univariate Logistic regression analysis for ultrasound features of renal space-occupying lesions

2. BAEMRERBERMELRE R Logistic BIYFNHEER

R B OR 95% CI P1H
= PN 1.047 2.85 1.508~5.387 0.001
(A - - - -
% - - - 0.803 (B])
Tk 0.333 1.395 0.626~3.107 0.415
R 0.448 1.565 0.492~4.983 0.448
Ak -0.071 0.932 0.400~2.173 0.87
T 20.958 126 x 107 0.000~- 0.999
s 1.654 5.227 2.517~10.855 <0.001
Vi 1.288 3.625 1.857~7.077 <0.001
G - - - -
N - - - <0.001 (&)
e 1.629 5.1 1.795~14.491 0.002
KR 7 2.91 18.36 7.930~42.511 <0.001
1k 20.901 133 x 107 0.000~ 0.998
CDFI L5 2% 1.418 4.128 1.949~8.744 <0.001
CDFI Ji i i i 2.468 11.803 4.004~34.794 <0.001
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=

T8 57 SR AR

R S
JEL ARG 55

—3.402 0.033 0.010~0.110
—-0.441 0.644 0.126~3.276
0.727 2.069 0.431~9.925
19.222 222 % 106 0.000~-

19.222 222 % 106 0.000~-

1.654 5.229 2.589~10.558
2.483 11.983 5.564~25.808
2.563 12.972 5.162~32.596

<0.001 (&)
<0.001
0.596
0.363
0.999
0.999
<0.001
<0.001

<0.001

3.3. ' Rt foe 38 B X B UM AR B3 ST R IS MRS RE 3 4

FHRER Logistic 74 Z A Gl e XL EAANLZ R E logistic HIHFFEHEA, RER,
2RI T B R . TR BRI r, CEUS B2 W RE i, AUC N 0.883; TEZ 1%

AR, CUS + CDFI + CEUS = MBS B 12 Wi dihe e, AUC A 0.938,
H CUS + CDFI + CEUS Bx & 1R ] AUC & T 58— CEUS AP < 0.05),
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Figure 1. ROC curve for differentiating benign from malignant renal lesions using single-modality ultrasound
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Figure 2. ROC curve for multimodal ultrasound in differentiating benign from malignant renal lesions

B 2. ZRSEBELEHNE SAMREREMER ROC Bk

Table 3. Comparison of area under the ROC curve, sensitivity, and specificity among models

3. ZRA ROC L THIR,. REERFFELLR

TR A Y AUC (95% CI) REEY% R IE % P A
CUs 0.872 (0.814~0.930) 85.8 76.4 <0.001
CDFI 0.741 (0.669~0.813) 63.2 77.9 <0.001
CEUS 0.883 (0.831~0.936) 78.3 88.2 <0.001
CUS + CDFI 0.909 (0.861~0.956) 76.4 92.6 <0.001
CUS + CEUS 0.930 (0.890~0.971) 90.6 85.3 <0.001
CUS + CDFI + CEUS 0.938 (0.902~0.974) 93.4 83.8 <0.001

4. it

AT 3 B N TR R A RS M TR, BZ09F45 7 CUS. CDFI. CEUS Bfi % I
£ R PTG R A S W e . E BRI R 55—, MRS, CEUS JEBLH T RS mis i
fe: BB, ZROSHIT RIS S SR TR (454 % 5188 /1, FirP CUS + CDFI + CEUS B2 W RE 5 -

4.1. B—IEAISHTBRERI L B S S

AT, RE—EBASKISEI A ER . CUS BAIR I H 4 m 1 R B (85.8%), &/~ CUS TEL
DB S AL RS | e 1207 A EEANE, A%#F AR R, CEUS XE b AL A B 200 1)
REPERFT CUS KI[8], X GAM G RAFAEE R X RE SN 7T N B S AR A a5
WEZAE CUS LRI MASRMERHER M, (13 CUS MRIRTHFAMEN B, JEAERKSREF, CUsS
NN AL S AR AR 2 A 1R 7959, CDFI BEAIRLAEAAHAR(AUC = 0.741), AT RER LR
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ity o ke AL B A 2 SR PR, Sl L PR T AL A 5 AU (101 CEUS 2R [ AUC {E(0.883)
55 L (88.2%) fre ey, IR ARG SR HEE O R AR PR R R L, R AR R 2 R
HE[F] ARG GBI 11], CEUS SR LB 2| 3E SIS0 b 3 Ui A O REVE R, U0 R
o7 T R RO ML AT 22 55 12], ASHIE T2 45 SR U0 A S0 W o oz M 28 RO 77 T CEBUS BA L%, Homke i
R A RO AN 1) 5 A

4.2. SESBEEBISEMEELL B S S5

e, ZHEPEGEIIN AUC 55 T —BESHA AUC, XIR 2 Pl S HoRICE R, AL
SN THI A AT AR REAE s AT A o A7 P 9 A 1 B ARG T B2 4t e R A o X S BR AR AT[13] [14]
0, RIE As  Fe DA R R AR 0 N FH AT DA R B o A M AR RS A FI IR T . ARSI H, CUS
+ CDFI + CEUS & TR 2 RS BT 5 o 7 14 07 A% 1 R 2P 4 51 B8 i (AUC = 0.938), 164520 Ji 1o 4%
BTHRB=AEERNGEE, RMHLGEE TS WM SHETRFE. 2 a— SRR A,
B (01 o5 P08 A 0 W LS 5 A B, B PRCC R I N Z AL 15], 53 PRas iM5 BT HR it
NYGAIF e S . FIRE, 4B RAML AR Ly, CUS BRIV /5 5 nl iR A E B, (UEH
— RS RIS B A I s, RSB CDFI 5 CEUS E£HLA B2 Wr it . R F ke R
U T d ) R U (93.4%), IX RS AH L LAY B SR INIR 2 %6, AT Refd BE 22 B3 RETE B0 1.
ALV T BRGNSy, MR A 3% 35 . CUS + CDFI A5 R4 5 B 5 15(92.6 %), IX H 7R A6 Y
FERE G B SE 7 T AT AR 3, (EAZBEAL) AUC 1H(0.909) A1 R UL (76.4%) BN = FhIBC & B8 o B A,
W B Z A BYLE 12 WA BB (0 5 S |5 S AR B B R BR P o IX R RE S F T AN T BN (0 S 1 0 A v DA
CCRCC N, HAENEEHHE WA, & e HIRRHEZ —([16]. CUS + CDFI BEAU G I fE A
PEHL IR B LR IALF B, B CCRCC A WAFEAMAL ) = M4 R s AR ARG, B, X atis
BT 72 ) CDFL FREAS LAY, 1 CUS AT it A 215 BAS R UL #eaf b, 5 800y
RORA . FrUAESE T2 RN RN T FE, FEIRPR 1 S A SRR3R 2 AU

4.3. RSB HIGPRSERE &

BT AT TR, FATEVCRH 7 Z it iz ins, MIFEA S MR ELBRE, MR
Pl R S B e i 2R A . Xf T CUS A1 CDFI K &), SIS ALERE s R RAVERFAE AN AE, B EAT
i R R S FT REAE e A LR B 0 o TS TR I R4, 24 CUS A1 CDFI A2 » W] LAt CEUS fnBLAh7E,
CEUS 4R St B e IX —4E R AR B, RENE BB RTHE W I R U RS AR e e, e S As il
LR IZ B BT
4.4. HRBRE

H5E, AT G R EERT T, B AR RETEIR S AR 2 N, HAF AR A Ak
ffare FLUC, FRATAREIY i AR A AL 55 B 2 59 LI HHSR A (A S A B BA S Fh EAT B0

L LRk, AHETCE R LU AU [F RS S LA e W ee, IESE T SRS EN SRS R S AL
AR I B . CUS. CDFI 5 CEUS =FHIKE MBI IERER AL, it 2 4ERERHEA XOT 12T
RN SRp ek, FEAR 0 22 L PS5 AN SRS PR T 12 XS o SRR IOAT 78 AT — 2D PR R A T A 7Y
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BT AT T R s, 5 ERE G R E AL, ME RS R AR IR I TR

DOI: 10.12677/acm.2026.1641423 1835 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1641423

B R BB A0 B 25 A (RS K'Y20250929014).
EE U H

AL B 2= R0 5T IR (2026064 1) o

&5k

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Han, B., Zheng, R., Zeng, H., Wang, S., Sun, K., Chen, R., et al. (2024) Cancer Incidence and Mortality in China, 2022.
Journal of the National Cancer Center, 4, 47-53. https://doi.org/10.1016/].jncc.2024.01.006

Powles, T., Albiges, L., Bex, A., ef al. (2022) Renal Cell Carcinoma: ESMO Clinical Practice Guideline for Diagnosis,
Treatment and Follow-Up. Annals of Oncology, 33, 1437-1448.

Ljungberg, B., Albiges, L., Abu-Ghanem, Y., Bedke, J., Capitanio, U., Dabestani, S., et al. (2022) European Association
of Urology Guidelines on Renal Cell Carcinoma: The 2022 Update. European Urology, 82, 399-410.
https://doi.org/10.1016/j.eururo.2022.03.006

Vasudev, N.S., Wilson, M., Stewart, G.D., Adeyoju, A., Cartledge, J., Kimuli, M., et al. (2020) Challenges of Early
Renal Cancer Detection: Symptom Patterns and Incidental Diagnosis Rate in a Multicentre Prospective UK Cohort of
Patients Presenting with Suspected Renal Cancer. BMJ Open, 10, ¢035938.
https://doi.org/10.1136/bmjopen-2019-035938

Thorstenson, A., Bergman, M., Scherman-Plogell, A., Hosseinnia, S., Ljungberg, B., Adolfsson, J., ef al. (2014) Tumour
Characteristics and Surgical Treatment of Renal Cell Carcinoma in Sweden 2005-2010: A Population-Based Study from
the National Swedish Kidney Cancer Register. Scandinavian Journal of Urology, 48, 231-238.
https://doi.org/10.3109/21681805.2013.864698

Adler, D.D., Carson, P.L., Rubin, J.M. and Quinn-Reid, D. (1990) Doppler Ultrasound Color Flow Imaging in the Study
of Breast Cancer: Preliminary Findings. Ultrasound in Medicine & Biology, 16, 553-559.
https://doi.org/10.1016/0301-5629(90)90020-d

Claudon, M., Cosgrove, D., Albrecht, T., Bolondi, L., Bosio, M., Calliada, F., et al. (2008) Guidelines and Good Clinical
Practice Recommendations for Contrast Enhanced Ultrasound (CEUS)—Update 2008. Ultraschall in der Medizin—
European Journal of Ultrasound, 29, 28-44. https://doi.org/10.1055/s-2007-963785

TEGINL, FO T, BRI, S DL 4 2R I I R PR (000 000, A BB, 2021, 23(5):
479-483.

TR, W, BRI WU SO A IE RS W I AR AR ANMELT]. T AREE S, 2022, 43(12): 3227-3229.
Li, C., Qi, L., Geng, C., Xiao, H., Wei, X., Zhang, T., et al. (2025) Comparative Diagnostic Performance of Color
Doppler Flow Imaging, Microflow Imaging and Contrast-Enhanced Ultrasound in Solid Renal Tumors. Academic Radi-
ology, 32, 3475-3484. https://doi.org/10.1016/j.acra.2024.12.057

S, B¥E, TR BEGERBEEE CT £ SR F M ANED]. E CT M MRI &, 2022,
20(4): 118-120+129.

Jia, Z., Yang, F., Zhang, W. and Li, W. (2023) Application of Contrast-Enhanced Ultrasound in Renal Space-Occupying
Lesion Puncture Biopsy. BMC Medical Imaging, 23, Article No. 178. https://doi.org/10.1186/s12880-023-01137-9
IR, 1508, 20 B P2 PR TV SO R S B W00 L) R 9 S5 R, 2025,
9(9): 117-119.

XE, HEE—, BFR, & RO G I TR S R S S W IR R R[], Rt
B2, 2022, 20(3): 458-460, 472.

Mendhiratta, N., Muraki, P., Sisk, A.E. and Shuch, B. (2021) Papillary Renal Cell Carcinoma: Review. Urologic Oncol-
ogy: Seminars and Original Investigations, 39, 327-337. https://doi.org/10.1016/j.urolonc.2021.04.013

Nezami, B.G. and MacLennan, G.T. (2025) Clear Cell Renal Cell Carcinoma: A Comprehensive Review of Its Histo-
pathology, Genetics, and Differential Diagnosis. International Journal of Surgical Pathology, 33, 265-280.
https://doi.org/10.1177/10668969241256111

DOI: 10.12677/acm.2026.1641423 1836 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1641423
https://doi.org/10.1016/j.jncc.2024.01.006
https://doi.org/10.1016/j.eururo.2022.03.006
https://doi.org/10.1136/bmjopen-2019-035938
https://doi.org/10.3109/21681805.2013.864698
https://doi.org/10.1016/0301-5629(90)90020-d
https://doi.org/10.1055/s-2007-963785
https://doi.org/10.1016/j.acra.2024.12.057
https://doi.org/10.1186/s12880-023-01137-9
https://doi.org/10.1016/j.urolonc.2021.04.013
https://doi.org/10.1177/10668969241256111

	多模态超声预测模型对肾占位性病变的诊断价值研究 
	摘  要
	关键词
	A Study on the Diagnostic Value of Multimodal Ultrasound Predictive Models for Renal Space-Occupying Lesions
	Abstract
	Keywords
	1. 引言
	2. 资料与方法
	2.1. 研究对象
	2.2. 仪器与方法
	2.3. 统计学方法

	3. 结果
	3.1. 观察者间一致性分析
	3.2. 肾占位性病变的多模态超声特征单因素Logistic回归分析
	3.3. 肾占位性病变的风险预测模型建立及诊断效能分析

	4. 讨论
	4.1. 单一模态诊断效能的比较与分析
	4.2. 多模态超声模型的诊断效能比较与分析
	4.3. 预测模型的临床实践考量
	4.4. 研究的不足

	声  明
	基金项目
	参考文献

