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[ Abstract ]| Objective To evaluate the value of an artificial intelligence (Al)-based real-time ultrasound diagnostic
system combined with strain elastography (SE) for the differential diagnosis of benign and malignant breast nodules.
Methods A retrospective analysis was conducted on 299 breast nodules from 280 female patients treated at The First
Affiliated Hospital of Naval Medical University from Jan. to Oct. 2024. With pathological results as the gold standard, the
diagnostic performance of the Al-based real-time ultrasound diagnostic system, SE, and their combination was compared.
Statistical analyses were performed using logistic regression, Z-test, and Kappa test. Results The sensitivity (84.85%),
positive predictive value (98.82%), negative predictive value (76.74%), and accuracy (89.30%) of the combined diagnosis
were all superior to those of the single methods, with a specificity of 98.02%. The area under curve of the combined diagnosis
was 0.941, which was significantly higher than those of the Al-based real-time ultrasound diagnostic system (0.863) and SE
(0.890) (both P<<0.05), and the combined diagnosis showed the best consistency with pathology (Kappa=0.776). There was
a moderate positive correlation between the Al-based real-time ultrasound diagnostic system and SE (r=0.471, P<<0.05).
Conclusion The combination of the Al-based real-time ultrasound diagnostic system and SE can significantly improve the
diagnostic efficacy for benign and malignant breast nodules. The high specificity and positive predictive value are conducive
to reducing overdiagnosis and overtreatment.
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WU AR, LA N2 W45 SR8 & n e, 1% ACR
US-BIRADS 2013 43 2% F1 SR {H (% £ Kl 4% i )

YER H AR &, 14— JC logistic [B] 5 43 BT 44 L &
WAL, 2 ROC i £8 911155 AUC{H, LT
i SE. A AL SLIIZ W &R 48 S P B 112
Rhe, IR Z RS T e i, R0 BRI
2 K% . R Spearman B AH /M EAf ACR US-
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P (Kappa<<0.40 F/x — B PE 2, 0.40~0.75 F£oRn
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(a) 4 0.05,

2 # R

2.1 B ¥ %W 2 % 5 ACR US-BIRADS 2013
S 299 DNFLARES T oA 198 4 (66.22% )
RAE 101 4> (33.78% ) o EHESS 5= IEMES:
B 1454, TR0 22 1, FLRORE 144, B
i 8 A, RIEME/INE 5 AN, MBI . R e
. R . BPEREIRIE A 1 B RAPESS TR
LRAERRIE 554>, FUERI 21 1, FLRRE 13 4,
RIS 8 >, RAEM-RIMPIE S 245 2 14
B AL SLHHZ KT 2481 ACR US-BIRADS 2013 43
W1,

®1 BFE Al SRS REXTZIRE TR
ACR US-BIRADS 2013 534§
Tab 1 ACR US-BIRADS 2013 classification of breast
nodules using Al-based real-time ultrasound
diagnostic system

n

. . Malignant Benign Total
Classification N=198 N=101 N=299

0 1 3 4

2 1 2 3

3 4 27 31
4a 34 55 89
4b 60 9 69
4c 94 5 99

5 4 0 4

ATl: Artificial intelligence; ACR US-BIRADS 2013:
American College of Radiology ultrasound-breast imaging

reporting and data system (2013 edition).

22 3R EOLTHERA S REERG —F K
ST 198 ANEMESS T, B AL LRSI RS2
HPE 158 1>, SEIZWREME 165 1, BEG2WDEE
168 1~ 101 SRS, ALSCESWT RS2 R
P 87 14, SEZWT R 99 4, BB 2WT R 99 4.
R AL SERHZ K R SIS SR A R — ek
4% (Kappa {H 4 0.620 ) , SEi2 Wi 5% 25 -1l —
FerE s (Kappa{d-0 0.757) , MiEBCE2H 595
PREE R — SRS (Kappa {649 0.776) o W 2.
HAIZET (R PR S RS DL IR 1 R 2,

R2 IMAEMIBRENICHERSREERNY—BESH
Tab 2 Consistency analysis of diagnostic results from 3 methods with pathological diagnosis in breast nodules

n

Al-based real-time ultrasound diagnostic system Strain elastography Combined diagnosis

Pathological result N

Malignant Benign Malignant Benign Malignant Benign
Malignant 198 158 40 165 33 168 30
Benign 101 14 87 2 99 2 99
Total 299 172 127 167 132 170 129
Kappa value 0.620 0.757 0.776
P value <<0.001 <<0.001 <<0.001

Al: Artificial intelligence.

23 MEAIENGE R%, SEAHEKEGY
Bk o AT LUREIZIA R S ARiE, 738 ACR
US-BIRADS 2013 43 2% J SR 1) 12 Wi 2L 6, 15
ACR US-BIRADS 2013 434% >3 2% a] 1 hy et UK
FHE, SR iAW ROEMER BIE R 3.65. logistic
[l 9 43 #F % 7k, ACR US-BIRADS 2013 43 %% Fi
SR {H ¥4 Sy 485 5 S A% XU 6 2k ~7 00 [ F- ( OR=

3.654, 95%CI 2.414~5.532, P<<0.001; OR=4.753,
95%CI3.129~7.221, P<<0.001) , ACR US-BIRADS
2013 ARG 1 GUBME B N2y 3.65 %, SR
(ELRERG I 1A~ B RUBS: 1S I 24 4.75 £ R A
logistic [ 9 77 2 #4 2 1) 16 A 455 784 5 72 logitP=
—10.473+1.296 X ( ACR US-BIRADS 2013 43
%% ) +1.559X SR,
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E1 #ABERUIRETHERSHREERRK
Fig1 Typical ultrasound and pathological images of a benign breast nodule
A 46-year-old female presents with a hypoechoic nodule in the glandular layer of the upper inner quadrant of the left breast,
with smooth margins and regular shape. A: 2-dimensional grayscale ultrasound image (the arrows indicate the nodule); B: Strain

elastography image; C: Al-based real-time ultrasound diagnostic system; D: Pathological section image (hematoxylin-eosin staining,
100 X). AL Artificial intelligence.

B2 AIEMIRETHEESREERRK

Fig 2 Typical ultrasound and pathological images of a malignant breast nodule

A 66-year-old female has a markedly hypoechoic nodule in the upper quadrant of the right breast with ill-defined margins and irregular
shape. A: 2-dimensional grayscale ultrasound image (the arrows indicate the nodule); B: Strain elastography image; C: Al-based

real-time ultrasound diagnostic system; D: Pathological section image (hematoxylin-eosin staining, 100X). Al: Artificial intelligence.
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Spearman Bk AHSC /BT o, # A ALSEEHZ W
G SE 1Y AUC fHE P EEIEAR (r=0.471, P<
0.05) . MEEIKIZWIRERE, BEA2WIH AUC
fH (0.941) &FHEA ALLHZBI RS (0.863) 5
SE (0.890) (3 P<0.05) . MiEFBALWFLIRG
WM SR (84.85% ) fr, {H 5 ALSE

W 240 (79.80% ) H1SE (83.33% ) 27T
GiiteEE S (¥ P>0.05) o FEFFSFE . FHEET
EAPHMETONE -, BA 12085 SE RIARY, 1
LTS ALSERFZIBT R4 (¥ P<0.05) . ILAh,
K2 AERGEE (89.30% ) T THEA AL SERHS
Wr&40 (81.94%) (P<0.05) . W3 HAE 3,

R3 3IMAEMIRET RIS EALRELL R

Tab 3 Comparisons of diagnostic performance of 3 diagnostic methods for breast nodules

Method AUC (95%CI) P value Y‘I’lu‘ii“ Sensitivity/% Specificity/% PPV/% NPV/% Accuracy/%
Al-based real-time ultrasound 0.863 (0.819,0.907)  <0.001 0.659  79.80 86.14 91.86 68.50  81.94
diagnostic system
Strain elastography 0.890 (0.851,0.930) <0.001 0.814  83.33 98.02°  98.80° 75.00°  88.29

Combined diagnosis 0.941 (0.914, 0.968)” <<0.001

0.829 84.85 98.02° 98.82" 76.74" 89.30"

"P<C0.05 vs Al-based real-time ultrasound diagnostic system; £P<0.05 vs strain elastography. Al: Artificial intelligence; AUC:

Area under curve; 95%CI: 95% confidence interval; PPV: Positive predictive value; NPV: Negative predictive value.
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B3 3#AERSHTEREIRS TR ZIXFIRIERE 2
Fig 3 Receiver operating characteristic curves of
3 methods for diagnosing malignant breast nodules

Al Artificial intelligence.
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FIAERG I . HE75 ALSERT IS R 403 T KA KB
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AH R (79.80% ) AR (86.14%) 5 Jin
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REVERA N RAVESS TS | AP vE. SR, H R
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