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Ultrasound image analysis based on AI-SONIC™ Thyroid 5.3.3.0 to predict malignant risk of thyroid nodules
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[ Abstract ] Objective To investigate the application value of artificial intelligence (AI) system AI-SONIC™
Thyroid 5.3.3.0 based on ultrasound image analysis in the risk assessment of malignant thyroid nodules. Methods A total of
573 thyroid nodules were selected from 453 patients who were admitted to The Second Affiliated Hospital of Naval Medical
University (Second Military Medical University) from Apr. 2019 to Jan. 2021. With the postoperative pathology as the gold
standard, the differential diagnostic efficacies of preoperative Al system examination for benign and malignant thyroid nodules
in different gender groups, different age groups, and different nodule size groups were evaluated by ) test and receiver
operating characteristic (ROC) curve. The efficacies of preoperative Al system examination and conventional ultrasonography
by different seniority ultrasound physicians before operation in diagnosing benign and malignant thyroid nodules were
compared by DeLong test. Results Of the 573 thyroid nodules examined before operation, 411 (76.5%) were malignant and
162 (23.5%) were benign as confirmed by pathology after operation. The sensitivity, specificity, and accuracy of conventional
ultrasonography in diagnosing benign and malignant thyroid nodules were 85.2% (350/411), 55.6% (90/162), and 76.8%
(440/573), respectively, with an area under curve (AUC) of 0.721 (95% confidence interval [CI] 0.672-0.771) in the junior
ultrasound physicians; the sensitivity, specificity, and accuracy were 93.9% (386/411), 74.1% (120/162), and 88.3% (506/573),
respectively, with an AUC of 0.865 (95% CI 0.825-0.904) in the senior ultrasound physicians. The sensitivity, specificity,
and accuracy of the Al system were 92.5% (380/411), 69.1% (112/162), and 85.9% (492/573), respectively, with an AUC of
0.809 (95% CI 0.764-0.854). DeLong test results showed that the AUC of the Al system in diagnosing benign and malignant
thyroid nodules was significantly higher than that of the junior ultrasound physicians (P=0.032), and there was no significant
difference between the Al system and senior ultrasound physicians (P>0.05). There was no significant difference in the
accuracy of the Al system in diagnosing benign or malignant thyroid nodules among patients with different genders or different
ages (P>0.05). For nodules of different sizes, when the maximum diameter of nodules was 10-<<15 mm, the AUC of the Al
system was the highest, being 0.882 (95% CI 0.723-0.916). Conclusion AI-SONIC™ Thyroid 5.3.3.0 can identify benign and
malignant features of thyroid nodules, and its diagnostic efficiency is close to that of senior ultrasound physicians. It is expected
to be a practical tool to predict the risk of malignant thyroid nodules before clinical operation.
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AR A PR, 3T AL & 4t AI-SONIC™ Thyroid
5.3.3.0, WEANARFT AL RGXSAFIER 5320 . ASRARE
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1.1 —f A gy A 2019 45 4 H & 2021
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J& = e F FLAn AR R 1 453 51 WK R 2851 R
(Jk 573 FCHARRES 1Y ), b 55 106 4] (234% ) .
2347 151] (76.6% ) , PR 18~71 (47.0£123) %,
SEAEAE R (1406£14.00) cm, Hirp EAEZSSS 162 42
(235%) , AN (2552+41940) cm; EPELETY
411 #¢ (76.5%) , EHIEHK (9.584+7.50) cm.

12 Bl AANL HebAF g AU EIE A
I 25 B 2 W B W 55 v 1 98 A5 o R HEBR B
W AR (1) RATEESZ R U A
) C-TIRADS 4325 . Al RS MRS TEAL; (2) £
ARJGREER A SRR, (3) WA AT
HESERE R . AV 5 XU RE R . HERRARE -
(1) JRELSEIES A, (2) Hisghim@hy)
RIS, (3) AW 32 3 F AR il &5
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MWk . BammfGs . g S+
1.3 #HMRFHEL CTIRADS £ 47 KH
2% B4 A (A R Ol 7.5~12 MHz ) L74M 4% 3k Hil
Hitachi Preirus #712Wi{¥ ( H A Hitachi A7 ) #8417
HURIRH BB KA . RESHE: Hi2E (gain)
A 30 dB, B [a]44 75 %M (time gain compensation,
TGC) JF #hf%, R HEWE (depth) 4 2.00~
3.75 cm, HAPFEEL (thermal index, TI) <0.4, #l
WFE%L ( mechanical index, MI) & 1.2,

C-TIRADS 73 hmifk : 2515 M A UG AIE
FIALFEINE . AR . RS L. SRR .
TE S AP Kz K e > 1, i R R AE N R R4
TR AR o Goi R A B R, AR
143, A0k RPERRAE i 5 2L B AR ek 25 1 4,
HRYEGETT 10 S FUR IR 35 BEAT /3260, gk
1. # C-TIRADS 2~3 Z 2515 51 M R P, 4A K
DL 25355 S e

F1 ETIHHUER C-TIRADS 533
Tab 1 C-TIRADS classification based on counting method

Nodule Score Malignancy rate/% C-TIRADS classification
Nodule free No score 0 Category 1: nodule free
Nodules —1 0 Category 2: benign
0 <2 Category 3: benign possibility
1 2-10 Category 4A: lowly suspected malignancy
2 10-50 Category 4B: moderately suspected malignancy
3or4 50-90 Category 4C: highly suspected malignancy
5 >90 Category 5: highly suggestive malignancy
No score No score Category 6: malignancy confirmed by biopsy

C-TIRADS: Chinese-thyroid imaging reporting and data system.
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B 1 Al RS ERRRETREIEEEEZE (A~ C) RENHKFELER (D ~F)

Fig1 Sonogram of risk assessment of thyroid nodules by Al system (A-C) and pathological classification (D-F)

A, D: The risk score of the Al system was 0.1, indicating a benign nodules, and the recommendation was to follow up (A).

Pathological findings showed nodular goiter with cystic changes (D). B, E: The risk score of the Al system was 0.56, indicating a

suspicious nodule, and the recommendation was to take further examination (B). The pathological findings showed papillary thyroid

carcinoma (E). C, F: The risk score of the Al system was 0.85, indicating a more malignant nodule, and the recommendation was to

take pathological examination (C). Pathological findings showed papillary thyroid carcinoma (F). D-F: Hematoxylin-eosin staining

(10X). Al Artificial intelligence.
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M. FTEERILL X +s Fow, ALR) FLReR ST B
A RIS, THECTRHUAECR B ER, UAR)R
TR BZE S (2022 4F WHO R g 4 2brofe )
Ve 4 bnfe, T B IR AT 22 402 51132 iy H
ARBREET OB R . Fe . . RA
7 R LU AT RGEXFAS RS . R R AR I R
ARBREE T BOGAE S W s i . #97E ROC Hh
LIPS MRS, R DeLong #6560 2" H A A R 4F
T RIS AT R GLSE B2 W HUIR IR 5 RO
FIREE . RHKIE (o) 8 0.05,
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R 2% 2 AT D, AT W% 7 S O 5 512 W IR
PREETT OB REUE . Fe B MR B 5300
85.2%( 350/411 ).55.6%( 90/162 ). 76.8%( 440/573 ),
T AE T P T S 2 T FOR AR 2351 R 1 R
FEL RRERIE L WEWRE S35 93.9% (386/411) |
74.1% (120/162) . 88.3% (506/573) , Al &4t %
FRZWTHUR BREE 17 RGO R . R W
FEAY5°H 92.5% (380/411) . 69.1% ( 112/162) .
85.9% (492/573) . ROC HiZksr#ras i s, K4
TR BRI, R AR B WA AL R G842 K
PR I 45 B B9 AUC 2391 K 0.721 (95% CI
0.672~0.771 ). 0.865( 95% CI 0.825~0.904 ) . 0.809
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RY 5 EAEVER A BT A AUC 22573 422 X
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Tab 2 Diagnostic efficacies of Al system and ultrasound physicians of different seniorities for malignant thyroid nodules

Pathological diagnosis, 7

Diagnosis method

Sensitivity/% Specificity/%  Accuracy/%

AUC (95% CI)

Benign Malignancy

Junior ultrasound physician 85.2 55.6 76.8 0.721 (0.672, 0.771)
C-TIRADS 1-3 90 61
C-TIRADS 4A-6 72 350

Senior ultrasound physician 93.9 74.1 88.3 0.865 (0.825, 0.904)
C-TIRADS 1-3 120 25
C-TIRADS 4A-6 42 386

Al system 92.5 69.1 85.9 0.809 (0.764, 0.854)
Risk probability 0-0.40 112 31
Risk probability 0.41-1.00 50 380

Al Artificial intelligence; C-TIRADS: Chinese-thyroid imaging reporting and data system; AUC: Area under curve; CI:

Confidence interval.

22 Al 2 RRABEFRIRLE T BTG
M H LB AE 453 B R, M 106 B, dE
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20 KB, AL RGeS RIS i Wi
RGO EE L (P>0.05) .
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g5, 212 MG ARJE R P AA R A 45 RARATE, e
K 89.5%; 45~60 % #H 209 7] B #, Ik 267 K4k
T, 222 MUS AR G B K A 25 AR AT, HER N
83.1%; >60 %41 57 il i, 369 #ahiy, 584K
ARG A A AT, W R 84.1%, 4
R, AT R GEAEAS [ AR I B TP 32 i i
ZRTgitEE X (P>0.05) .

2.3 Al ZAATRE) K WARAE 2 7 B b KU Fe 69 15 187
A WK 3 PR, 45 ERKEA N 10~<15 mm
I AL R G2 % 5132 W ORI 45790 OB MY AUC 5
K, H0.882 (95% CI0.723~ 0.916) ; 45Kk
HA<S mm B R BUE e, 8 99.0%; 451 m K
H# K 15~<20 mm & =20 mm I 7 5 31K,
A3 59.1% . 59.5%.

®3 Al RGN ARRIR/NEMERARBRE T HIS BT R 8E

Tab 3 Diagnostic efficacies of Al system for malignant thyroid nodules of different sizes

Pathological diagnosis,

Maximum diameter/mm - - Sensitivity/%  Specificity/% Accuracy/%  AUC (95% CI)
Benign Malignancy

<5 99.0 25.0 91.1 0.803 (0.652, 0.835)
Benign 3 1
Malignancy 9 99

5-<10 97.3 24.0 88.4 0.760 (0.609, 0.823)
Benign 6 5
Malignancy 19 177

10-<15 98.6 56.2 90.7 0.882(0.723, 0.916)
Benign 9 1
Malignancy 7 69

15-<<20 59.1 66.7 63.0 0.701 (0.742, 0.920)
Benign 16 9
Malignancy 8 13

=20 59.5 91.8 82.0 0.773 (0.681, 0.875)
Benign 78 15
Malignancy 7 22

Al Artificial intelligence; AUC: Area under curve; CI: Confidence internal.
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