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ABSTRACT

The objective of this study is to analyze and evaluate the diagnostic performance and utility of elastography
and artificial intelligence program in distinguishing between benign and malignant thyroid nodule. In a hospital
outpatient clinic, we performed thyroid ultrasound from January 2023 to June 2024, and retrospectively analyzed
126 patients who performed elastography, S-detect, and fine needle aspiration cytology(FNAC) because nodules
were found. The analysis of differences based on cytology results showed statistically significant differences in
age, nodule size, echogenicity, nodule orientation, margins, shape, presence of calcification, posterior shadowing,
K-TIRADS ultrasound interpretation, S-detect results and elasticity contrast index. The ROC curve analysis
determined a cut off value for the elasticity contrast index at 2.32, with diagnostic concordance rates of 0.66 for
expert interpretation, 0.49 for S-detect, and 0.67 for the elasticity contrast index, indicating superior diagnostic
performance with elastography. Thus, elastography may ge used as an adjunct tool to minimize unnecessary repeat
examinations and the frequency of tissue biopsies in the diagnosis of thyroid nodules.
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Fig. 1. The image show an hypoechoic nodule in the
thyroid. The longitudinal peri-intranodular ECI was 4.57.
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Fig. 2. Tyroid nodules were automatically classified as
benign and malignant using S-detect.
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oo Fuk S(posterior feature)< Presence
1017H(80.2%) 2.2 Absence 2578(19.8%) XU} o &
o] gl= AT

2. A AR AFAAESY ALo] B4
K-TIRADS 7|9t HZ9] Z2gvf a5 232 4
5978 (46.8%), °FA 67%(53.2%) ©10 2™ S-detect:=
G 587 (46.0%), 1 6818 (54.0%) 2= A H Y
ol HFTHOoZ FNAC Z¥oA FAd 787H(61.9%),

I ooXx

o}A] 487 (38.1%) 0. = A= Q).

FNAC A3t dnkz 549 o] Ao A
Age(p=0.016), Size(p=0.003), Echogenicity(p=0.001),
Orientation(p<0.001), Margin(p<0.001), Shape(p<0.001),
Calcification(p<0.001), S-detect(p<0.001), ECI(p<0.001)
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Table 1. Results of differential analysis based on general characteristics [Unit:Person(%)]
] FNAC s
Variable n(%) - - X/t p value
Benign Malignancy

Male 54(42.9) 29(23.0) 25(19.8)

Sex 2.70 0.101
Female 72(57.1) 49(38.9) 23(18.3)
< 30s 9(7.1) 1(0.8) 8(6.3)
40s 27(21.4) 20(15.9) 7(5.6)

Age(year) 50s 40(31.7) 26(20.6) 14(11.1) 12.20 0.016
60s 32(25.4) 21(16.7) 11(8.7)
70s < 18(14.3) 10(7.9) 8(6.3)
< 0.5 30(23.8) 15(11.9) 15(11.9)
05~ 1.0 48(38.1) 23(18.3) 25(19.8)

Size(cm) 1.0 ~ 1.5 17(13.5) 13(10.3) 4(3.2) 15.68 0.003
1.5 ~ 2.0 14(11.1) 12(9.5) 2(1.6)
20 < 17(13.5) 15(11.9) 2(1.6)
Solid 114(90.5) 67(53.2) 47(37.3)

Composition Predominantly solid 10(7.9) 9(7.1) 1(0.8) 5.05 0.080
Predominantly cystic 2(1.6) 2(1.6) 0(0.0)
Hypoechogenicity 100(79.4) 52(41.3) 48(38.1)

Echogenicity 20.16 <0.001
Isoechogenicity 26(20.6) 26(20.6) 0(0.0)
Pararell 83(65.9) 63(50.0) 20(15.9)

Orientation 20.21 <0.001
Nonpararell 43(34.1) 15(11.9) 28(22.2)
Circumscribed 58(46.0) 47(37.3) 11(8.7)

Margin 16.68 <0.001
Not circumscribed 63(54.0) 31(24.6) 37(29.4)
Oval 51(40.5) 44(34.9) 7(5.6)

Shape Round 28(22.2) 15(11.9) 13(10.3) 22.86 <0.001
Irregular 47(37.3) 19(15.1) 28(22.2)
Presence 84(66.7) 61(48.4) 23(18.3)

Carcification 12.27 <0.001
Absence 42(33.3) 17(13.5) 25(19.8)
Presence 101(80.2) 67(53.2) 34(27.0)

Posterior feature 4.24 0.039
Absence 25(19.8) 11(8.7) 14(11.1)

K-TIRADS 126(100) 59(46.8) 67(53.2) 62.34 <0.001

S-detect 126(100) 58(46.0) 68(54.0) 35.09 <0.001

ECI' 126(100) 1.53+1.03 3.57+1.33 -9.632 <0.001
Total 126(100) 78(61.9) 48(38.1)

*Elasticity Contrast Index, Unit:MeantSD
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Table 2. Results performed by a radiologist and the diagnostic of K-TIRADS, S-detect and ECI [n=126]
Variable AUC (95% CI) Sensitivity Specificity PPV NPV p value
K-TIRADS 0.86 (0.79-0.92) 97.92 74.36 70.1 98.3 <0.001
S-detect 0.77 (0.69-0.84) 87.50 66.67 61.8 89.7 <0.001
ECI 0.85 (0.77-0.91) 89.58 80.77 74.1 92.6 <0.001

3. ROC curve ¥4]

ROC curve ¥4 23} 2&ugA} #59] AUCE
0.86(95% CI 0.79~0.92, p<0.001), S-detect®] AUCE
0.77(95% CI 0.69~0.84, p<0.001), ECI®] AUCE
0.85(95% CI 0.77~0.91, p<0.001)Z F2FAc}t. =
S9edd By Ao v EE 97.92%, SolkE
74.36%, PPV 70.1%, NPV 98.3%, S-detect 2] Z 3}
o] WIZEE 87.50%, 66.67%, PPVE
61.8%, NPV 89.7%%= UFEFRLTE ECIS] cut off
valuer 2.32% HIZFEE 89.58%, Eo| =+ 80.77%,
PPVE 74.1%, NPVE 92.6%% UEFYTH A3t
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Fig. 3. ROC curve analysis of reading results and
K-TIRADS, S-detect and ECI based on result FNAC.
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AUC: Area under curve, PPV: positive predictive value, NPV: negative predictive value

7V 918l Kappa AlFE AbEsilth. 1 A#
K-TIRADS: 0.66(95% CI 0.49~0.84, p<0.001)°. %
Eo AAEE YEFH O, Sdetects 0.49(95% CI
0.31~0.66, p<0.001)= A3 A%, ECI&

0.67(95% CI 0.50~0.85, p<0.001)= 43t A v =
Bt A3 Table 33 2t}

Table 3. Diagnostic agreement of K-TIRADS, S-detect
and ECI based on FNAC

Variable Kappa SE 95% CI p value
K-TIRADS 0.66 0.09 0.49-0.84 <0.001
S-detect 0.49 0.09 0.31-0.66 <0.001
ECI 0.67 0.09 0.50-0.85 <0.001

SE: Standard error, CI: Confidence interval

IV. DISCUSSION

Ade wmd e A iy @
q Adelr] fio] AastA W A7} Bl

752 EA0 wEw 201619 %8 20204 7HA)
[e]

Hazpeta ke A= A3

= = =

= Asst7] Hal deAs 7R AFEH Asdd
AlaEls HEshs A7F Ede] JdEa gle
o= HARRE BE el VA glo] MW
A ES FIANA AFe FEES Fol=H 7
ofahar Il B Are M= g AE ) AR
SAAEHAL AE vt ez Wt Aol
5 A} Q1FAT BEHT X2 Sdetect, T




Performance of Artificial Intelligence and Elastography in Thyroid Nodule Diagnosis

Ho

3 w2

ol

Gt

=0

H

=
-

I[N

e
N

o

%ﬁ

N

s

Folt}, o

.
R

AT WEA FF 126 o=

o]
PR

g
o 2~
o] A& F

s

oY e

=

o] §lo} 7iAkxt
Z

1
e

Sloll A

==
LN

1

R

4

E

ol

[e)
Ao ECI7k

=]
E
=

3hgie.

S

=
ST

= 83.7%,

A
]

=
=

=
T

¥ | 1=}

Ry
AT g

St ECIS] cut off value

[€)

1
R

o
e A

o

1

82.9%, ¥7d e

T
a

of zpolef 7]1E

o]

=
=
T

ECI A3=7} 85%= H|xL
=

S-detects= 77%%= H]anla- =ol| A 7F¢ &

2 BEAE
91.2%= e} o

Di et. al®] HIlo] ¢
@ 7]

21605 A Ay}l 232 B}

3}

]

SR RERG

90.3%,

“
sy
a

S

)

Aoz AApAe

==
-

5t}

T7hAs

o

1

fu

5t
Bl ofof wr

°

LS
=

g

)

o
He
i

o

Ko
T

3]

3

S-detect?]

| Cong et. al

o7

B
o

™

oy
s

N

LS|

o]
hs

!

A

7} 7F A=

Aol

sk
=

=

S| _g_iﬂ—

d0] Zgke] gloj A o

Reference

A7} 7% ¥ ofof
o,

1

k)
8l

V. CONCLUSION
Aol 9tk walA 2F7HA 9
Acknowledgement

s

[e)
AA QA Kkl

< 71

-

7}
_]

3

=
Y. J. Park, E. K. Lee, Y. S. Song, S. H. Kang, B.

[e}]

H

This paper was supported by RESEARCH FUND

offered from Catholic University of Pusan in 2024.

Y 7hs

[1]

R

el

s}k
=

7}

o

]

by
1 S-detect

°

A
A A}

=
Kappa Al5=7} 0.67= %

o] Zgtel QojAl ECIL}

ECI7}

}

1

R

°

p

7} S-detect, BH 2 S-ule] <]

3
sha glal & AT Aste] A

3
F

p=0.592% 1

)
o AA
Jeh)

]o

&

4

MRt o &t

L
e

S

=
=

tha

]

o

514

3

S

sk ECI

o
Ao

Chny. WHEFA 7
AYAT

ofv]
PN
T

424

]

253} FAre)

[e)
-
il
Kol
=
z



"J. Korean Soc. Radiol., Vol. 18, No. 5, October 2024"

[2]

[3]

[4]

[5]

[6]

[71

[8]

S. Koo, S. W. Kim, D. G. Na, S. K. Baek, S. W.
Oh, M. K. Lee, S. W. Lee, Y. A. Lee, Y. S. Lee,
D. J. Lim, "2023 Korean thyroid association
management guidelines for patients with thyroid
nodules", International Journal of Thyroidology, Vol.
16, No. 1, pp. 1-311, 2023.
https://doi.org/10.11106/ijt.2023.16.1.1

L. Hegedus, "Clinical practice: The thyroid nodule",
The New England Journal of Medicine, Vol. 351,
No. 17, pp. 1764-1771, 2004.
https://doi.org/10.1056/NEJMcp031436

K. H. Kim, E. K. Kim, J. Y. Kwak, M. J. Kim,
"Detection and management of thyroid
incidentaloma", Korean Society of Ultrasound in
Medicine, Vol. 27, No. 3, pp. 111-117, 2008.
https://doi.org/JAK0200810103435312

Korea Central Cancer Registry, National Cancer
Center, "Annual report of cancer statistics in Korea
in 2020", Ministry of Health and Welfare, From

URL; https://www.ncc.re.kr/cancerStatsList.ncc

S. Y. Hahn, J. H. Shin, Y. L. Oh, Y. 1. Son,
"Discrepancies between the ultrasonographic and gross
pathological size of papillary thyroid carcinomas",
Ultrasonography, Vol. 35, No. 3, pp. 220-225, 2016.
https://doi.org/10.14366/usg.15077

W. Tian, S. Hao, Y. Jiang, S. Zhang, L. Guo, D.
Luo, "Comparison of diagnostic accuracy of real-time
elastography and shear wave elastography in
differentiation malignant from benign thyroid
nodules", Medicine(Baltimore), Vol. 94, No. 52,
e2312, 2015.
https://doi.org/10.1097/MD.0000000000002312

Y. J. Lee, D. W. Kim, Y. M. Park, H. K. Park, S.
J. Jung, D. H. Kim, S. M. Lee, M. K. Oh,
"Comparison of sonographic and cytological
diagnoses of solid thyroid nodules:emphasis on the
discordant cases", Diagn Cytopathol, Vol. 43, No. 12,
pp- 953-959, 2015. https://doi.org/10.1002/dc.23363

B. R. Haugen, E. K. Alexander, K. C. Bible, G. M.
Dobherty, S. J. Mandel, Y. E. Nikiforov, F. Pacini, G.
W. Randolph, A. M. Sawka, M. Schlumberger, K. G.
Schuff, S. I. Sherman, J. A. Sosa, D. L. Steward, R.
M. Tuttle, L. Wartofsky, "2015 American thyroid
association management guidelines for adult patients
with thyroid nodules and differntiated thyroid

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[171

cancer:the American thyroid association guidelines
task force on thyroid nodules and differentiated
thyroid cancer", Thyroid, Vol. 26, No. 1, pp. 1-133,
2016. https://doi.org/10.1089/thy.2015.0020

E. J. Ha, J. H. Baek, "Applications of machine
learning and deep learning to thyroid imaging:where
do we stand?", Ultrasonography, Vol. 40, No. 1, pp.
23-29, 2021. https://doi.org/10.14366/usg.20068

C. K. Zhao, H. X. Xu, "Ultrasound elastography of
the thyroid:principles and current status",
Ultrosonography, Vol. 38, No. 2, pp. 106-124, 2018.
https://doi.org/10.14366/usg.18037

S. Y. Hahn, J. H. Shin, E. Y. Ko, J. M. Bae, J. S.
Choi, K. W. Park, "Complementary role of
elastography using carotid artery pulsation in the
ultrasonography assessment of thyroid nodules: A
prospective study", Korean Journal of Radiology,
Vol. 19, No. 5, pp. 992-999, 2018.
https://doi.org/10.3348/kjr.2018.19.5.992

E. Y. Ko, "S-detect in breast ultrasound: Initial
experience", Samsung Medical Center, Medison,
Seoul, Korea, From URL;

http://www.samsung.com/global/business

J. Y. Park, Y. I. Cho, S. H. Yang, "Diagnostic
Usefulness of Deep Learning Based S-detect Using
Thyroid Ultrasonography", The Journal of
Next-generation Convergence Technology
Association, Vol. 8, No. 2, pp. 343-350, 2024.
https://doi.org/10.33097/INCTA.2024.08.2.343

A. Jha, "Ultrasonographic elasticity contrast index of
palpable breast lumps", Journal of Nepal Medical
Association, Vol. 56, No. 212, pp. 787-790, 2018.
https://doi.org/10.131729/jnma.3536

W. K. Moon, J. M. Chang, N. Cho, "Elastography
of the breast:Imaging techniques and pitfalls in
interpretation”", ULTRASONOGRAPHY (USG), Vol.
30, No. 4, pp.245-249, 2011.

J. Ophir, B. Garra, F. Kallel, E. Konofagou, T.
Krouskop, R. Righetti, T. Varghese, "Elastographic
imaging", Ultrasound in Medicine & Biology, Vol.
26, No. 1, pp. 23-29, 2000.
http://doi.org/10.1016/S0301-5629(00)00156-3

Y. Hong, X. Liu, Z. Li, X. Zhang, M. Chen, Z.

Luo, "Real-time ultrasound elastography in the

425



Performance of Artificial Intelligence and Elastography in Thyroid Nodule Diagnosis

differential diagnosis of benign and malignant
thyroid nodules", Journal of Ultrasound in Medicine,
Vol. 28, No. 7, pp. 861-867, 2009.
https://doi.org/10.7863/jum.2009.28.7.861

[181 S. H. Yang, J. S. Lee, "Evaluation of breast
ultrasound lesion recognition rate using machine
leaarning application", Nest-generation Convergence
Technology Association, Vol. 7, No. 8, pp.
1261-1267, 2023.
https://doi.org/1033097/JINCTA.2023.07.08.1261

[191 Z. Di, Z. Li, J. Tian, D. Wang, L. Liu, C. Liu,
"The value of elasticity contrast index in the
differential diagnosis of thyroid solid nodules",
Ultrasound Quarterly, Vol. 35, No. 3, pp. 259-263,
2019. https://doi.org/10.1097.RUQ.0000000000000457

[201 P. Cong, X. M. Wang, Y. F. Zhang, "Comparison
of artificial intelligence, elastic imaging, and the
thyroid imaging reporting and data system in the
differential diagnosis of suspicious nodules",
Quantitative Imaging in Medicine and Surgery, Vol.
14, No. 1, pp. 711-721, 2024.
https://doi.org/10.21037/qims-23-788

1211 J. L. Reverter, F. Vazquez, M. Puig-Domingo,
"Diagnostic performance evaluation of
computer-assisted imaging analysis system for
ultrasoun risk stratification of thyroid nodules",
American Journal of Roentgenology, Vol. 213, No.
1, pp. 169-174, 2019.
https://doi.org/10.2214/AJR.18.20740

[221 P. Sun, Y. Feng, C. Chen, A. Dekker, L. Qian, Z.
Wang, J. Guo, "An Al model of sonogarpher's
evaluation + S-Detect + elastography + clinical
information improves the preoperative identification
of benign and malignant breast masses", Frontiers in
Oncology, 2022.
https://doi.org/10.3389/fonc.2022.1022441

[231 S. H. Park, S. J. Kim, E. K. Kim, M. J. Kim, E. J.
Son, J. Y. Kwak, "Interobserver agreement in
assessing the sonographic and elastographic features
of malignant thyroid nodules", American Journal of
Roentgenology, Vol. 193, NO. 5, pp. 416-423, 2009.
https://doi.org/102214/AJR.09.2541

426



"J. Korean Soc. Radiol., Vol. 18, No. 5, October 2024"

o

or

)

B

T

1 o) goll A 2023 1€5-E 20243 6E7HA 7

7N H

gtk o

1
R

5

b 842 Bt

S

R
ol
Jo

0

Y
=

S
X -
;OlL \ml
B
" X
< 0
~
B o
il
W o
X —
W o
B X
T )
ol &
o
xS
=
T
—_
)A
<

EFATE ROC curve 4 23} g thH] x| 42

e

0
i it
oy
oy~
o X
S
~ od
%0 or
) ok
B
B o
- T
B =
o o
I T
W
=
T
M X
T T
=0T
umo
mw
o
w
e

o]
2

1
T

cut off value

N

&

Jo
TOo

X

o

x4

@
e

o

0
olz
wA

N

B

1__10

A7t Fu o]z

=~
Flw 4
lx 0
o M
(Gl
ol
o5
Zo @
o Iz
iz 2
iy
F
W
KO 1:_A|.._
ol
B o
g | 8-
KT
o o0
T K
w K
E

427





