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Abstract: Objective To investigate the value of quantitative analysis by contrast-enhanced ultrasound
(CEUS) and serum thyroid stimulating hormone (TSH), galectin-3 (Gal-3), and cytokeratin-19 (CK-19) in the
diagnosis of papillary thyroid microcarcinoma (PTMC). Methods Clinical data of 128 patients with thyroid
micronodules who underwent surgical treatment in our hospital from April 2019 to April 2022 were retrospectively
analyzed, among which 59 patients with PTMC were included in the PTMC group (n = 59), and 69 patients with
goiter accompanied by papillary thyroid hyperplasia were included in the benign group (n = 69). Both groups of
patients received CEUS after admission. The serum level of TSH was detected by chemiluminescence immunoassay,
and the levels of Gal-3 and CK-19 were detected by immunohistochemistry with the streptavidin-peroxidase (SP)
method. The CEUS -characteristics (sequence of enhancement, washout pattern, enhancement pattern, ring
enhancement, peak intensity, and uniform enhancement) and parameters [peak, time to peak (TP), sharpness, and
area under the curve (AUC)] were compared between the two groups. Serum levels of TSH, Gal-3 and CK-19 were
also compared between the two groups. The value of CEUS parameters and the serum level of TSH in the diagnosis
of PTMC was analyzed by receiver operating characteristic (ROC) curve. The clinical diagnosis was set as the gold
standard, and the efficacy of Gal-3 or CK-19 alone and that of the combination of CEUS parameters, TSH, Gal-3,
and CK-19 in the diagnosis of PTMC were analyzed by agreement analysis. Results The proportions of centripetal
enhancement, fast washout, slow enhancement, absence of ring enhancement, low enhancement at peak and absence
of uniform enhancement in the PTMC group were higher than those in the benign group (P < 0.05). The peak and
AUC in the PTMC group were lower than those in the benign group (P < 0.05). There was no difference in TP and
sharpness between the PTMC group and the benign group (P > 0.05). The serum level of TSH in the PTMC group
was higher than that in the benign group (P < 0.05). The positive rates of Gal-3 and CK-19 in the PTMC group were
higher than those in the benign group (P < 0.05). As shown in the ROC curve analysis, the sensitivities of peak, AUC
and the level of TSH for diagnosing PTMC were 55.1% (95% CI: 0.489, 0.697), 63.8% (95% CI: 0.608, 0.761), and
62.3% (95% CI: 0.724, 0.848), with the specificities being 77.2% (95% CI: 0.492, 0.701), 74.6% (95% CI: 0.610,
0.788), 96.6% (95% CI: 0.729, 0.859), and the areas under the ROC curves being 0.615 (95% CI: 0.517, 0.713),
0.708 (95% CI: 0.618, 0.798), 0.810 (95% CI: 0.733, 0.887), respectively. The sensitivity, specificity and accuracy of
Gal-3 in diagnosing PTMC were 93.2% (55/59), 94.2% (65/69), and 93.8% (120/128) (K = 0.874), respectively. The
sensitivity, specificity and accuracy of CK19 for the diagnosis of PTMC were 91.5% (54/59), 89.9% (62/69), and
90.6% (116/128) (K = 0.812), respectively. The sensitivity, specificity and accuracy of CEUS parameters combined
with TSH, Gal-3 and CK19 in the diagnosis of PTMC were 96.6 (59/59), 97.1 (67/69), and 96.9 (124/128) (K =
0.937), respectively. Conclusions CEUS parameters and levels of TSH, Gal-3, and CK-19 can all be applied in the
diagnosis of PTMC. However, the agreement analysis suggests that the diagnostic efficacy of the combination of all
indicators is superior to that of any single indicator with higher sensitivity and specificity, which should be paid
attention to among clinicians.
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BB M WL 5% 45 0048 bi B 512 B PTMC 9 018, 19928
i PTMC 236 TAE M T S e R Bh . BRGE I~ .

1 #AREFE

Joa 5] B3 4

[LEPE 20 BT 2019 4F- 4 H—20224F- 4 H F/F 1L
T NEBEATFARIATTHY 128 51 AR PR/ INGS 5 i
() I PR 95 k), He v 59 ) PTMC H8 & 1 S PTMC 4,
69 {5 FF R AR i £ 2L Sk OtR MG AR R VRO R 4L
PTMC 2H 55 ¥ 18 1], 2 P 41 1) ; 4R 4% 37 ~ 59 %, -4
(47.98 +6.05) % ; {4 )57 5 $5 %4 (body mass index, BMI )
20 ~ 23 kg/m?, F ¥ (21.57 + 1.20) kg/m?; 45 45 H 1%
0.4 ~0.9 mm,F37(0.66 + 0.22)mm, EPEZHH 204,
49 1] 5 AF % 38 ~ 60 B, T4 (48.16 + 6.22) % ;
BMI 19 ~ 24 kg/m®, -4 (21.84 + 1.33) ke/m®; 25 45
0.3 ~0.9 mm, F34(0.64 £0.20) mm. P20 8 F Pk
B AR BMI M &5 EAR L, R G #FE X
(P>0.05) . ZHAbRE: ORI 2 AR FEE &
Bi oy HBRUE 3 ~ A JEHUR BRGNS 151 Q485 HAR <
1 mm; @B EEAR P2 2 F RIGIT , A5 G0 B A
HESE s @A 37 ~ 60 2 5 @& IIm R 8 BHE B 58 3% .
HEBR bR - O H R BRI/ INGS 19 1838 R0 C #2452 HoAth
J5 AR, W HOR R TR s 5T AT 4 s @CEUS
5 25 P50 o 2 25 5 O ST P 235 4 il Py S AL R A5 1k 45
EHOEE R N EE RS O NEEEar i
TRy s 3 A HE B 43 50 5 © 4 A 8 3L A 1
7o ARG B BB A B 23 it (Nos
2GRYY-LL-2019-38) .
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121 CEUS#HE K {UE% 8 far 2= R A A
) TU=-22 G4 % (8 1 75 22 3% 312 W i a8l 36 [H GE 24 v
(%) Logiq E9 % 8, 75 2 5 82 Wil . w623
) 8 7 P 2R B R Sk L12-5 . 9L-D, F Sk TR 5 ~
12 MHz, CEUS i FH] 19-3 . 9L-D &3k , ¥Rk % Hy 3 ~
11 MHz, A5 4 i A8 35 B M | 78 4 5% 68 090 )5 2
75 IR (8 22 5 ke A, Bl s 3 30 kA I 97 o =
& YV, 4T JT CEUS 8 2K, 4 ML H5 B0 E < 0.1,
T 52 R R o A (R R OR PSR 2 | ) 28 Ik AT T
2.0 mL, FBEMLIE A A BRER K S mL, ERIR A543 T 1T
i 5 Bl A A B, % 22 B A UL 2 min 38 52 ) HE 1T
B[] 5 0 e R s, 7 O () AR T PR I O
A AF I, H CEUS W8] U] R R A A2 . XA 24
2571 I JR X B 45 1 40 04T CEUS K 4y

122 BEE5A AL CEUS KA 45 05 B 3k
K& AL 2 QontraXt B4, T80 2) ¥ 45 5 Sb G AE R
TSR X, 3 PR DR T 1 R O R AR AT
f ] — i 32l 2k, 75 300 1 U8 E (Peak ) | 35 162 5 [A]
(time to peak, TP) . ¥ V¥ % (Shapness ) . i Z& T 111 1
(area under the curve, AUC) , 14538 K ALBR i 2 7
20w (TAERHA 10 45 2L _E) BER AT, 2 437 = Uil
M ST 5E RS W, 25 2 457 B IS W AS AH A WU 1 7 ) 3k
RS QN ER i T o VDS A G T BTSN | S T TN
PE) THR B CHe (R 8 ) B aE AT (PR
[ aE P2k ) PRI R SR (F7 TG ) (iR U aR (R 4 o
e ARG TR) AR () .
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131 g TSHAM  BEYEABRE FARIGIT
T R 25 A1 JE KL, 28 3 000 t/min 2.0 10 min,
B BN bR A 4 B 2 IRA R E-170 4 H 3)
FL b 27 206 G 98 43 B A R e 2 3K R 6 DA A 22 RO
G 28 V5 G I 1l ¥ TSH o

132 Gal-3.CK—19#m  HHEH7ET RIGITRI
A7 FR R 28 0 3 A B AL SR AR, D e e 4 84k 2 SP
A Gal-3 \CK-19 Kk, PRASZE 10% Htk H v
W [ 5 JE AT A b B A S A HE L@, i
B4 pm JEEEY] R 1R I 7K Ak 5 R B g i 41 41
k27 SP R G il W B SEATHRAE , DAWR IR R 22 vh i
R —H N BAYEXT IR . Gal-3 ., CK19 4T A B 78 [
PRI H A B A w BRI S g A 2k 2 N &
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Gal-3 A2 [f 2% 55 40 B A2 ] D 3 €0 SR Sy BH Y
CK19 LA 4 A 3% 77 DA% 2 60 50k Ry B PEN . gy a2
K mam™: DEAmEIT S, RARNE A
(043) IR A (147 FRE A (2450 HWEEA357);
PLBHPESIAR 5t it , B (043 ) (< 25% (1 43) (25 ~
<50%(243) .250%(341) . WIETR ARG 43 I
(0~1740) 55FHYE2 ~343) R FHYE(4 ~ 643) 5 FH
PE(> 643) , 55 B L rf BH P i BH 1 35 80 Sk BH A
1.4 —HESH

B ilm R 12 W4l FAE b S bn e, 38 i — Bk 3 Hr
Gal-3.CK-19 [ CEUS Z %3k 5 TSH . Gal-3 . CK-19
LW PTMC B H{f , Peak< 53.62% . AUC< 10.805 . TSH>
2.995 mIU/L A 2 W g PTMC , B¢ 4 12 W A —F8 45
LW PTMC BT,

1.5 SitEHE

HOHE 23 7 R I SPSS 19.0 G i+ 4 . ¥k
DA + bRt 22 (x £ 5) R, OB « K 560 5 1 400%¢
B G L B (%) o, B P K56 5 221 &2
I E TAERRE (receiver operating characteristic, ROC )
Mizk . P<0.05 025 A5 5E L.

2 4R

W 4H B CEUS $E L3

[N R L IR AN ERIEY S Wil W77
B o | TN VA SR RN B S AR LA, 22 A Gii o
(P <0.05) , PTMC 21 3 53 55 ] 001 L 91 18 AR =X
Pty 38 0 45 18 0 | 0 R R Y | Ok 06 iR R IR 4
O A TR LR T R R, LR LRI 2,

2.1

&1 WHACEUSHHIELLE: #1(%)

T TR I THIRRL HhnAE

PN Ak o P [Fi] 14 18 S [F] 3 {313
PTMC 41 59 45(76.27)  14(23.73)  34(57.63)  19(32.20) 6(10.17) 18(30.51)  16(27.12)  25(42.37)
RME2H 69 10(14.49) 59(85.51) 15(21.74) 44(63.77) 10(14.49) 26(37.68) 35(50.72) 8(11.59)
' 1H 49.534 17.614 16.611
PAi 0.000 0.000 0.000
- IR RIS i BRI

A & [l S R 5 H ¥

PTMC 21 1(1.69) 58(98.31) 6(10.17) 14(23.73) 39(66.10) 17(28.81) 42(71.19)
R 53(76.81) 16(23.19) 10(14.49) 48(69.57) 11(15.94) 57(82.61) 12(17.39)
X’ 1E 73.580 34.756 37.737
P 0.000 0.000 0.000

2.2

PTMC ##& CEUS{Rigs8iER

FEEE CEUS S# LI

E2 R4 HEE CEUSIRIEEE

H CEUS 5L TP, Shapness Wi, ZR Y LG

Wi 2H 58 3 Peak \AUC W5, Z R A G5
X (P<0.05),PTMC 4% F R4l . PTMC 45 B 1

X(P>0.05), W#2,

.« 87 -



HEBURESAGE

H33 %

x2 WMABRECEUSBSHLLE (xxs)

PTMC £ 59 47.56 + 10.46
R 69 54.16 + 14.78
tH 2.869
P{H 0.005

19 427.15 £ 405.72 0.42£0.11 9.21£2.05

19 455.33 +412.46 0.43 £0.13 11.54 £ 3.51
0.388 0.465 4.485
0.699 0.643 0.000

2.3 WAEBREMETSHKELLE

PTMC 21 f8 75 1138 TSH 7KF- 4 (3.05 + 0.33)mlU/L,
B4 R (2.18 £0.17)mlU/L, £ t Ko 56, 22 54 5i it
23 X (1=19.138, P =0.000) , PTMC 275 T R k4 .

2.4 WHEE Gal-3.CK-19fAMH HE L

WI4L B Gal-3 . CK-19 PHYEAS H 3R i, &k
KL, 22 390 Gt 8 L (P <0.05) , PTMC 4 5
TRMH, WRIMES,

*3 THGal-3.CKI9FIKERELE (%)

PTMC 41 59 4(6.78) 7(11.86) 20(33.90)
[EE i) 69 65(94.20) 4(5.80) 0(0.00)
714 97.010

P 0.000

28(47.46) 5(8.47) 4(6.78) 27(45.76)  23(38.99)
0(0.00) 62(89.86) 7(10.14) 0(0.00) 0(0.00)
91.160
0.000

A:PTMC# Gal-3 fH%; B:PTMC 4 CK-19 FHYE; C: RYEZ Gal-3 FHM:; D: RPEZH CK-19 FH: .
B3 ™M Gal-3.CK-19REHLALZELRE (x10)

2.5 CEUS&#{.Ii& TSH 7k £Xf PTMC 8912 Bt
e

ROC i £k 45 5 .75 , Peak . AUC . TSH 2 7 PTMC
() B8 U Ml 55.1% (95% CI1: 0.489, 0.697) . 63.8%
(95% CI: 0.608, 0.761) . 62.3% (95% CI: 0.724,
0.848) , 4 S M43 1K 77.2% (95% C1:0.492,0.701) .
74.6% (95% CI:0.610,0.788) .96.6% (95% CI:0.729,

0.859) , AUC 43 %l 4 0.615 (95% CI: 0.517,0.713) .
0.708 (95% CI:0.618, 0.798) ,0.810 (95% CI:0.733,
0.887). WLFE4FE 4,
2.6 Gal-3.CK-19 % CEUS £ #{Bt& TSH.Gal-
3.CK-1912# PTMC FI—EiE 45 47

Gal-3 12 Wi PTMC 1 U R 93.29% (55/59) , 4#
SR 94.2% (65/69) , HEHH A 93.8% (120/128) , k=

%4 CEUSS#.IMmE TSHKE PTMC B2l %

Peak 53.620 % 55.1 0.489 0.697
AUC 10.805 63.8 0.608 0.761
TSH 2.995 mIU/L 62.3 0.724 0.848

772 0.492 0.701 0.615 0.517 0.713
74.6 0.610 0.788 0.708 0.618 0.798
96.6 0.729 0.859 0.810 0.733 0.887
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TERZAMZ AL 00 T WO e o
AHFFCE T R , PIMC AL OobE e 3k
5 TCER I S0 A 3R TC 3 S R L T R
& PE4L . L PTMC 20 Peak . AUC /K F- & % (% F° B #E 41
HE 7R PTMC 5 FAR e i P L Sk IR 98 78 S8 % 19 CEUS
EIE S BRI T o e 5 HE WLEE PTMC 1)

0.4 0.6
1 S
E4 CEUSZ#. M5 TSHKESH PTMC i ROC # %k

0.2

0.0

0.874; CK-19 12 b1 PTMC 1 US4 Ry 91.5(54/59) , #¥
SR 89.9% (62/69 ) , HEHH 24 90.6% (116/128) , k=
0.812; CEUS Z 5B 4 TSH | Gal-3 . CK-19 B¢ & 12 W
PTMC A9 88 N 96.6% (57/59) , 45 5 ¥ 4 97.1%
(67/69) , Ut i % S 96.9% (124/128) , k =0.937.
s,

%5 Gal-3.CK-19 % CEUS £#Bt& TSH.Gal-3.

CK-19i2 i PTMC B9—E1E 54 Bl
Efeun e Er
= )
PR 55 4 59
Gal-3 [k 4 65 69
Hit 59 69 128
PR 54 7 61
CK19 [ 5 62 67
At 59 69 128
PR 57 2 59
BRI G 513 2 67 69
it 59 69 128
3 itig

R OB i T PN 43 8 T A iR ) —
PTMC DU HOBR Ji g v i) 3 WL A, 32 1) PTMC i At
BN ZE W 5E 0, H L2 W R UL A e
2RI EA, WA B CEUS AE Y, 7RI
PR T AR PTMC 255 5 b o 2% B0, FECER B Ao
FH bR e i 585, 80 4 5 VI 48 78 HOBR R AR T AT
VKR, T A £ J5 AR 15 W 12 I, LAV T 12 i
2 AR UKTRY) R WA — e B, B HE 55 T AR AR
FLICIRIG 2E 22 WLFL Sk S5 A7 AE £F 4 1l 45 S0 540

CEUS R IERT 4 H L 28 588 DL M AN Y ) 58
FERI, SR REE AR —EMLZAL . CEUS
SRR AR IEAT 28 8 43 BT J5 3R A5 6 s ) — 5 3 iy
285280, REME B g B U0 Ml X AN [ 95 k 1XC S ) 484 5
i [ 5 B AR R AT SR, & T AW S b PTMC B 3
Peak B 0 R&AIC, 1T GBS B 37 28 1 19 N B o A
JERAR GBI AL IR LA, BN 257 N AR TE
L3k 5 e Zu (£ e L U0 R AR A A R, S
SR AE P A I A A7 D 5 T) s Ao 8 4 L 1 28
P AEBT AR A 138 T B 1R 58 35, s iR X I
AR Nl T W U 7 182 N AN 1 AN e
B, 5B BELZE o A T R A I A Y T RE
9, HETT T BB Peak FEALYY, 5 ZHAO ZIHF 5T
SESAHENE ., 1 PTMC 5 AUC B 35 A% ] fig 2
32 50 3 5 R AE S5 1 N R S R B . D3 AMA
15 RS2 4 R TP, Shapness & WLEH i 22 5%, 7]
AE 2 37 2 VRS 5 B AR 22 R 0, ekl
PTMC 55 FFR B o 2L S R 18 A 1 6 S B2 AL 85 )

A 5T & B PTMC 41 1ML 3% TSH /K 3 5 T R
PEAL, B PTMC 55 R R i £ 2L Sk bR 348 A= f8 3 1
T TSHAFE M i 22 5% 0 I TSH 2 i o 4% 5 B 554
J I TR) 43 S5 6 AR, el R TR A4 3 b L L SR 4
R RIR DI REM B E W R Z —, IEH H LT TSH Af
A IR R 41 2055 40 B 0 8 R A, 52 1) FRR AR
P 1 52 M FR LR B ) 6 HE B S R TSH L 2 8
o S T O 3R ER MR A T R R A R
B9, 1M TSH A 58 3k il fE — @ R 2 B3
FHOR IR 35 T 2 A8 1) ABE 23R, 5 S0 M o A8 XU 1 34
IR, A E A IE TR 2 1S TSH K19 5
B T T T R R A T 0 XURS: S, ot Y
TSH 7K -3 3k 5 BRI 2L SR 98 00 & B S R % 1T,
5 A YRR 5T 45 AN B ARER

Gal-3 ;& PR H 4 G BEER 1 —Fh, AR
A A B R AE T, BT A B SR S
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Gal-3 76 B U L HRMR FL Sk P98 S5 P00 A i =
R ERIK, B 52 EKRH LA KR,
CK-19 3 # FF7E T b Jz PR 2 A0, 78 H R e g op
FEAEAE T HUR R E D, B R SE™48 ) CK-19
T PTMC 52 30 o 20 A R 18 5 R 36, 7 45 10 PR
R Tt AR A 7L Sk R 388 A= 0 25 4 R B Mk £ 7L 3k
ARIE A IR GE , S ARG 45 SR BEA AT o

i Ji i B B CEUS 2 % ) TSH | Gal-3 | CK-19
12 Wi PTMC 19 # i, 28 3 53 147 ROC I £k 5 — 3
PE 23 1, UE 52 Peak< 53.620% . AUC< 10.805 . TSH>
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