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Abstract

Objective: To explore the differential diagnostic value of TI-RADS grade 4 thyroid nodules between
benign and malignant based on multimodal ultrasound imaging. Method: 80 patients with TI-RADS
grade 4 thyroid nodules treated in our hospital from January 2022 to December 2024 were selected
and underwent color Doppler ultrasound (CDU), elastography (UE), and contrast-enhanced ultra-
sound (CEUS) examinations. The detection rates of benign and malignant TI-RADS grade 4 thyroid
nodules by CDU, UE, CEUS single and three combined examinations were compared, and the differ-
ential diagnostic value of CDU, UE, CEUS single and three combined examinations was compared
based on surgical pathological diagnosis results. Draw the receiver operating characteristic (ROC)
curve to analyze the diagnostic value of CDU, UE, CEUS alone and their combination in thyroid ma-
lignant nodules. Result: Among the 80 patients, 62 (77.50%) were diagnosed as malignant nodules
and 18 (22.50%) as benign nodules through surgical pathology. The detection rate of benign and
malignant TI-RADS grade 4 thyroid nodules by three combined examinations was higher than that
of CDU and UE single examinations (P < 0.05); slightly higher than CEUS examination (P > 0.05). The
accuracy, sensitivity, and specificity of the three combined examinations for differential diagnosis
were higher than those of CDU and UE single examinations (P < 0.05), and the accuracy and sensi-
tivity were higher than those of CEUS single examination (P < 0.05), with slightly higher specificity
than CEUS examination (P > 0.05). The area under the curve (AUC), sensitivity and specificity of the
three combined examinations in the diagnosis of thyroid malignant nodules are higher than those
of CDU, UE and CEUS alone. Conclusion: Multimodal ultrasound imaging has high value in the differ-
ential diagnosis of TI-RADS category 4 thyroid nodules, which can provide a reliable reference and
is worthy of promotion.
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FORBRES 2 A 70 R G L RIR AR, HOROR RIB 4 ETH[1]. R AR B3 & A 8s R 48(TI-
RADS) -y — M AL K FUR IR G T 0 K R G, RIS B A RHEEAT 02, A BT ImRELYIEH
W41 RSB E[2]. SR, {XSE TI-RADS 70 RIFANRE e 2 45 OB, JCHGEXS T TI-RADS 4 2
4575, HROBYEERIAAE E MR AE. Bk, FHREOER . WERERNCHTIERAIUNER ., B
A BRI O L A (CDV). A 3k R (UE). B G R (CEUS) S 2 Ao, R
ABRE SR Z T I A FIPE T [3]. CDU AT DAL AE TR . Bl . A5ALSEHFAE, UE AT LSR5 55 ) A
J&, CEUS A LAVEAl &5 A MR REEF DL [4] o IR EEA B A IR BRI %, EWRAAE—ER
JRBRAE o JBC £ N 22 bt P AR B, BREHE— D4 ey PR GS 19 7€ 12 Wi i) 57 FE AN UL« 2 T 0k
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2. ZINEH*E
2.1, —PRER

HEE 2022 5 1 B 3] 2024 5F 12 AEREEIZIER) 80 5] TI-RADS 4 2 FUR R 4h 1 H (455 S M =R
N 5%~500%), Forf 5 38 fl, 4 42 fl; 4EiL 32~74 (49.39 6.88) % ; MK E 5% 19~28 (23.24 + 2.05) kg/m?;
IGPRRER : WREL G oK 47 5], 75 S WAL 41 5], ASIEAHEERZ K 10 51, FFMH S PR IR A 6 s & IFIE: &
Ik 15 %1, BERH 12 f.

2.2. GRHFHE

PINHRIE: (1) R R SERE; (2) EFARMBLIESL, FFEHFARIRE T2 Wi, TI-RADS4 2. 4A
oo GETIBMERER N 5%~10%, S5TTRIUNIE, WA IE, (B BB A RRE, WRUNMS LA 4B
SRR 10%~50%, S5 RAANEMNT, TSR, PR AR 5] HAA 2 ] B0 AE
() ITEHEEAE G, FIGRERE, WEsWFRR: (4) M.

HeBbrt: (1) FHARHUIRIRE S (2) BEAFRIRFAR S, SHF AL (3) MAHAITE: (4) FrhE
Jiis (5) HAMEAE; (6) Zurid; (7) AR,

23. Bk

fif 44T CDU. UE. CEUS f& 75,

CDU e /57%: {EH P ] Sequoia ACUSON #HFE IZWT{%, #RILMIZ 9~11 mHz., 3 ZBRIHIMn
atn, DUMEMY, BRSNSk ORREIES, AR BRI . 2 USRS BRI,
REGATIR . RN ATEHEL SIS, s N RE S .

UE R & 7k B9k b Je vkt B T 25 1AL AT B2 OB Bl o 1 A0 28 11 7 s A8 AL BT Y [ 1y 3~4
B A, KRR BRI 3~4 (8], S#PEEBARE RS 3~4 1b. HAENIRSLRE S RIKEE, Ik
HLZ I 5] RIS, SRS i 12U 5 B EAR(VTIQEIE, »iTEG i E. HE)
VTIQ iz #%t, KR EH LG OILRTTE R WIS P8 S AR AR IE 2L BT D) H % 5 K, B
FHIME

CEUS tr & 7% i 4% Al [F) I B8 o FOIR IR 45 19 R A S AH S8 IE W A SR D) Ty, e 3 A I S X,
MUMFE£L 0.07, AL T-457 . &5 A Ak 1373 1& 52 75 SonoVue 2 mL (Bracco A #]), £ 5 mL A8
K, SR 5T, MELERLANEANTT I, B OULSE R I IR T A 400 DA A AR ) 4 5
B

2.4. MEIGHR

(1) Z3H7 TI-RADS 4 ¢ FURBRES 15 I F AR EIZ W45 53 .

(2) ¥ CDU.UE.CEUS HLIj A DA K — TR & K 75 %0 TI-RADS 4 2 FUR IR 45 1 R 0t 1A HH 2%
CDU ZWriBME4s W I bsitE: S5 TR, I FAEMN, v 28 SR m A B HZRE: NBEE 2 A
B157, AT BRI A SRR R s IR NS A, R SR, RPBREEEBOIRES A s 45757 P4 38 2 i
WESHFEESMD, ZE2AMM ST UE IZWRBE bR Sk EEEIAL SR it 1m, 45
5 PN BY L) P B S i T ARAR IE H 2N . CEUS 2 WMk S5 T bl . AN S 355, 8 i G {2 sf )
T Bl T B R FOIR IR AR B omnm i = T BV T BLE & FUR IR 2R . =Sk 22 Wl v 4577y
MobrE: =T A, AT IS T H P 45 797 B = IR A 4512 Wt 2 P 454
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(3) LAFARBHIS WIS FoNME, b CDU. UE. CEUS SLIGURS 25 DA K = T4 46 25 (11 4570012 Wi fA 1
(4) 2= #F TIERHE(ROC)HIZE, 4rHT CDU. UE. CEUS BTG £ DL K = TR BE A A6 A it FOR i
LSS RS WA
25. GitEEE

KH SPSS 24.0 B4, THEUEHE LL%FRIR, 1T 2 K58, tHEHIELA(X£5)FR, 17 tiE4%, ROC HiZk
IS, P <0.05 HZERGLTE L.

3. &R
3.1. FRRIELEER

80 17l B3, FAIRELIL W AR 457 62 1511(77.50%) ; He At 4A 2 35 151(56.45%), 4B £ 27 151 (43.55%);
FLIMRIE 25 151(40.32%), JEIRARHE 20 11(32.26%), HEFEHEE 11 1(17.74%), AK4r4b¥E 6 151(9.68%);
SEE S 27 191(43.55%), NiliftH% 6 11(9.68%), % 1 41(1.61%). RIELET 18 £(22.50%), o H 251k
FOR IR 10 611(55.56%), FUIRIRZEIM 5 51(27.78%), HRIRIRIE 3 151(16.67%).

3.2.CDU, UE. CEUS BT EURZMBKSKRENHELER

USRS TI-RADS 4 27 R IR 4575 KRB MR H 255 T CDU. UE i &, P<0.05; —
WA R 26T TI-RADS 4 2% FOR R4t 15 BB MR U R i = 1 CEUS /i &, P>0.05. L& 1. % 2,

Table 1. Comparison of detection rates by CDU, UE, CEUS alone and their combination [case (%)]
F 1.CDU. UE. CEUS BIiie & DI =Tk S0 & A 2= LA [51(%)]

[ORCWARFA 1% A FR ARG T R R ARG TS
CDU f& 7t 80 41 (51.25)" 39 (48.75)"
UE &7 80 47 (58.75)" 33 (41.25)"
CEUS 80 53 (66.25) 27 (34.75)
=T AR A 80 61 (76.25) 19 (23.75)

e S=UURA R ERE, "P<0.05.

Table 2. Comparison of diagnostic results by CDU, UE, CEUS alone and their combination with surgical pathological diag-
nostic results (n)

%< 2.CDU. UE., CEUS B E R =ZINHKSHEMNIZHER S FARBIEISHERELE ()

FARIRT CDU it UE f % CEUS it SR "
DWIER  mbegh BRSSO OBMELY RMEST OB RS BHST RiEgY it
gAY 33 29 40 22 49 13 60 2 62
R 8 10 7 11 4 14 1 17 18

it 41 39 47 33 53 27 61 19 80

3.3.CDU. UE. CEUS BIREUR =MEARENLEISENELL B

SIS A AN TI-RADS 4 2 HUR B 4517 B S RS Wi E i 2 . BURE . $ 5 T CDU.
UE HLIUAGE, #EfR. BUSE ST CEUS Uik &, P<0.05; —IECAR A X TI-RADS 4 ¢ HUR AR
25T BB RS W R R EE RS = CEUS /&, P >0.05. L& 3.
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Table 3. Comparison of differential diagnostic value by CDU, UE, CEUS alone and their combination [% (n/N)]
%2 3.CDU. UE. CEUS BI#e & AR = IMEBA R T E RSN EELE[% (n/N)]

OREWARTA HER R U e 5

CDU #i 53.75 (43/80) 53.23 (33/62) 55.56 (10/18)

UE #a % 63.75 (51/80) 64.52 (40/62) 61.11 (11/18)

CEUS ki 78.75 (63/80) 79.03 (49/62) 77.78 (14/18)

=T AR A 96.25 (77/80) 96.77 (60/62) 94.44 (17/18)
72 E(CDU K5 5 =Tk & ) 38.533 31.355 7.259
P {i(CDU & 5 = L& i ) <0.001 <0.001 0.007
PE(UE i & 5 =B Ak &) 26.406 20.667 5.786
P {EH(UE fu & 5 =it A R ) <0.001 <0.001 0.016
22 1H(CEUS k2 5 =Tt & 1 A) 11.200 9.177 2.090
P {E(CEUS i 5 =B A K £) <0.001 0.002 0.148

3.4.CDU. UE. CEUS B EUR =MEKSHENRREEEESSE N E

IR A R A PR BB S T2 W RO M 28 R A (AUC). REUE. $pRJEm T CDU. UE. CEUS
BRI A WK 4.

Table 4. Diagnostic value of CDU, UE, CEUS alone and their combination in thyroid malignant nodules
F 4.CDU. UE. CEUS BL#8E R =K &R TS FRBRE ST IISENE

KA 77 12 AUC i iR P AUC ] 95%CI  REgUE e 5
CDU #i 0.543 0.065 <0.05 0.415~0.671 53.23% 55.56%
UE #a % 0.628 0.061 <0.05 0.508~0.748 64.52% 61.11%
CEUS ¥ fx 0.784 0.050 <0.05 0.686~0.882 79.03% 77.78%
IR 0.956 0.021 <0.05 0.915~0.997 96.77% 94.44%
4. i

TI-RADS 2 R4 HRBREE T A RHE, WA FBIFA. 84, 5%, Wil iro%, HUT
il LM R [5] . 3 A T E WA AT BE RIEN, SRR/ N T 5%, 1 4 GAE TN AT B
P, TWEBR-DRE. 4 QSRR LGN das 4b Al dc, PR R AR VK3 N .

Rz, CDU BB E TR, R WER LT IES. REEEARGEE, TS H
Wt s R OB R BE (6] — Bk, BRI AEE MG S FEE, HIXIFIELEN, OV s
SZRNENTRAN AL EEZ P H R W[7]. UE B VPG 4515 1R SR e a2 Wi s 5., BbEgs @
bb RPESE TSR, [RIME SR A P AT A SR N4 LB R R (B D [8]. AR, TRELEREME, ik
R 5 4 T R 2 th T RE R L e i (BB FE[9] . CEUS 38 it WL 82 45 1% 1) L EVE 1S ok — B A HE R
W, 1RGSR, BRI A S p R s, T R PR Sh  E R I 3 A1 5 [10]
{HIX —HREE IR AELaXT, PO FRB 7R s h R I AT BEAAE £ 5.

SR G HEARGE S T 2P0 S5 R BB AL, D HRIRGE 1 RS2 Wi A T S Dy AT
HEFR RS S, TEVPAS HDIRIRGE I Mt o . B E DL K oA S Sl 46 4 7 Th B R 35 R34 1] [12]. BEAk,
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SRS G AR BA O, Sert vl E S ML A [13]. A EL T H ARSI, W CT. MRI A,
A AT TR AL SO Y BT, o B RS A [14]. [, A R A AT DASEIN B 1 5h A AR L,
NI R B A SR AR AL B I e . HERRIOAE B . Bbah, @SR EM AT EE LR, (BT 7EAS RN R A 4
TR VIS, PP AR K8 AT A AR [15] .

AR ETR, ZDA R AN TI-RADS 4 ¢ FUARBREE T ROGIE IR 2 mrs R I 2R K
BAEENETE AT . B RES 1 PR A RRE, AT sk tHa . SRR ATREAE T, ASIRIHE A g e e s
AR 7 B S 45 B A e bk, RS [BIFE . BB, MIRREVESE, BRA R ATDASEIL ST i £
YEFEVEAY, AR ARE . ZIBEA R A SIS HI R R . BUKE. fFRESRE; REZHEEE
FE AR AE S 4571 RO T T BB v i, REAS TR T SEHLAR SRR LR . JRRTTREAE T, BEERE
RS LR G A R UGB 3s, SEIRT 51 A 5 AL vPAL AT B2 i S 72 W i AEff 7% . ROC i
LRI HTHE— D IRAIE T 2B S R AE R BB 45T i Wb ) B 03, L AUC, REUE. FrR ¥
ET RIS, NIGARISEIIR ML T EON TSRS, BT 2 AR R B AR TE Ak 1 N
18-

HavieW. EERNSELERARML, SHEEARAE ARG RERA. L0, mst, s
MEETAE MR, EEAEERE, HRARIIC, sRPSE NGRS S WKk, JLHE A
ST (BEAZTE AR TCVAR I DA I (G BRAF J5 [R5 AR 8 ) A0 E S A e S5 M 7 2 1HT
R, RN AR AR BT REAN R, HiZWigs R EH SR MK Bk, IGRRT %
ZASHE 5T I2WEE N, CDUEAMENR, 3 —P5ETt TI-RADS4 2% FUIR R 451 R 4 5 7 (v ke
P

gi b, HET ZRESHEE S TI-RADS 4 2% FURIRGE W IS 2 Wi B mr, ARG RS iR g T 5
SHEMKYE, (AT

B B
IR E 3R S R
S5 3k
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