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Diagnostic Performance of Quantitative Shear Wave Ultrasound
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Background and Obijectives: Thyroid ulirasonography (US) is a useful diagnostic fool for the evaluation of thyroid
cancer. And US elastography is a newly developed dynamic fechnique that can provide an estimation of
thyroid nodule stiffness. The aim of this study was to evaluate the role of conventional US and shear wave
elastography in the diagnosis of thyroid cancer. Materials and Methods: Eighty one patients who underwent
both conventional US and shear wave elastography were included in this study. Patients were classified into
benign and malignant groups according to the cytopathologic results. We evaluated and compared the
diagnostic performances of conventional US, shear wave elastography, and combination of conventional US
with shear wave elastography. Results: Of 81 nodules, 58 were benign and 23 were malignant. All diagnostic
performances of conventfional US were higher than those of shear wave elastography. The area under the
receiver operating characteristic curve (A2 of conventional US was superior (Az=0.792) to that of shear wave
elastography (Az=0.609) (p=0.049) and that of combination of conventional US with shear wave elastography
(Az=0.72) (p=0.118). Conclusion: Conventional US was good diagnostic modality for diagnosing thyroid cancer.
Shear wave elastography itself or a combination of conventional US with shear wave elastography was not
as useful as the use of conventional US alone for predicting thyroid malignancy.
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Table 1. Diagnostic performances in the differentiated malignant from benign thyroid nodules according to the diagnostic modalities

Criteria TP TN FP FN Sensitivity Specificity PPV NPV Accuracy
us 19 44 14 4 82.6 75.9 57.6 917 778
SW elastography 14 35 23 9 60.9 60.3 37.8 79.5 60.5
US+SW elastography 22 28 30 1 95.7 48.3 423 96.6 61.7

FN: false negative, FP: false positive, NPV: negative predictive value, PPV: positive predictive value, SW elastography: shear
wave elastography, TN: true negative, TP: true positive, US+SW elastography: combination US with shear wave elastography
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Fig. 1. Receiver operator characteristics for diagnosing thyroid
cancers of conventional US, shear wave elastography, and
combination of conventional US with shear wave elastography
in this study. The cutoff value of shear wave elastography for
diagnosing thyroid cancer was 33.34 kPa. The area under the
curve is 0.792 (95% confidence interval 0.696 ~0.889), 0.609
(95% confidence interval 0.463~0.755), and 0.72 (95% con—
fidence interval [0.642~0.797]) at conventional US, shear
wave elastography, and combination of conventional US with
shear wave elastography, respectively.

o] A& Hluwelr] flste] A2 253 dekdk
B 253} Z12te] A S e} uAA x3uke) A
G B 2SS A o] &S "ol IS EE
TFokaL o]o] FAIEHY f2]4d& Lol R ATH(Table 1).
XA Sy Ayl e xSutHT e Ay
FAREo| =t 1AA 2guket duy) B x5t
5 W o] &S w AA 253wt o] &S Wb
Hl WA ko] W7k = SR A8 e = "ol H
o el oAt S T & ek ek
A 2S5 BAAIGTY cutoff S 33.30.F o|uf
AGATE Az FHE 0.609 (95% A F 7Y, 0.463~
0.755)9t} o] & AlA Zeke] Az gkl 0.792

95% A ZT7F 0.696~0.889) Wt} SA|8HH 07 fo
A WA THp=0.049). 1124 ZFTkel ddks} A
259 o] o] 83k Az 3EE 0.22 FASHE Alol=

—~

111 J Korean Thyroid Assoc

SRov 14H 2Eoek o] &S Wl Az R
Skthp=0.118) (Fig. 1).

i

=

=

X,
o
r o
ox
o

AR Rtte|| 712 A3}
ok 18 5
o] 1~16%c AE7t S8 A
(inadequate) A2 Zlcto] Fo?®
Fob gk AR SRR o] T Ade
S Ho|A R o] W3] 4~16.7%
B E JURITP 7 AR ] w8
AR A7 AAPE ] SAIE AL
o] 7] X ofuet B2 8%k X

3
S ST 5 Qe A2 AP

L)
o>
I

oft
v
R
=
9,
=
Ny
Jt

i)

My o rlo

o %

|

o

o
T

o to
-
iz
2 ox
i

&‘1-4
o
—_

{1

(HU

B

oo =
&

ox HF e
ol

O it rlo o
o

ol
i
i
B

m&j;f,:tojzrioéﬁnﬁlﬂ
o
ox
2
(o]
3

X
0, ©

;

o 1o,
jatal)

o N
= o
NS
<
uk

)

BN

o o
e

O, op
L

>
lo 1
T
1o, B
-z
lo
ol
o,
N
[0
i)
o & 1©
N
»
r g WO
= ofl

& ox flo oE P
N
N
o,
2
N
N
o rlo
aUle
oo
I
oy o
o
lo, oo
ET
© 7
N
oL
g
o
ox O 0o ooy

O
]

o Mt ool i
rII.

ok
)
oX,
o 2
By
o,
ox, o M %o

(RSN
ok il o2 K

o
0%
Mo oy
0%
(2
PN
)
f
oo
18
18
QL
fd
NN

Hob=

o
o
)
o
By

.

&

c

"

ey

_{

k)

Ir

o o
;Mg

o4

o

ftl

I

2 g{i i

NI

oo

2 o N

N oo X

EO
41 L ode
HOOPN b o &

)
oflt
N oo &

=2
ol
il

o o oo B orlr mi X % (% ff (R o

™,
ofl
f lo
Jm
ox.
=
=)
i
K
ol
r
5
P
o
&
X, 1o
)
(2
(g &
oX,

e
¥
%0,
v
oy
oz
R
iih)
i)
lo
™
mv
2,
2 o

)
o
oo
L)
it
td
(i)
rlo
K
ol
oX,
B
oo
K=
o
o
o
ok
i 9

N

B

B
o

I,

e
MoxoE
24

ol
ol
2
of
oz
rd
=
—
r‘%

Ol
o
rl
o
rE
e
o
o
m

>~
=
e
Lo
2



A

BN
N
A X

o hshAE gt Qwst

=
ol
S

Ir

o
-2
=)
o
o
I
a2
o
2
>
-
o
)
ol 0
o2
oz
o T
L
oo lo

o] Fx4 EAe
Holghs BHS 7}

A7 AR B,
oews 7 14 gy
= A AR
o] gL Aol A

(transient pulse)E ©]

o
119
T

k]

b
~

>

oA 22
2 & o
»

o

33

o oty
T oo
o

e i

o

oo M

£
H
s
2
=

dlo

r
2o B M

o L M

o
Ir ) 1=
)

gy
!
i)
[>

I
H

b
>
>,
g
lo
N
N
o
Cl
N
it
2
4
2
o
Mo
o
__):1_1“

O, P
i o

% oX
o
o
o2
ox
[o n

>
2

Y

7]
g
=

>,
Y

{|\

ol

i’,L‘

L

N

N

a0

oX,

k1

il

1

o

O

o

=2
o
N
N
5

-
A%5719] o] Faclglort B o2 3
AR 3 QTR B4 4

!
i
o

oX
LN

_—

o
=
BT 1/ < M o S PR A Ay > (- A o

of
o
s
BN
of\
2
o
fu
dpx
k
>

LA

o rfr
2 My o B o

i oo oo

lo o &
£

H2L

i

oX, oX
by

oi"jr
r’r‘“oZi

)
o,
P
Ul{o

K

-
it
H
N
iy
1o,
=
)
2
P
o
&
go N b 2ol off i

o
(o3
re )

il
=2
o
N
_|_‘ —
X

N
-
o,
AE
a8 _§i o
N =+
[o—}oﬂ
b
Y, S,
>~ q0 O
-— g =
T2

[y
>,

)

2

o

frt

k1

> I
2

P

L o

[0 Ry 2

=
N
N
N
1
rO
™
ey
N
N
BN N
%0,
2
o
)
o,
2
=
X
ojo
o

ox
P
o

sk

BN R R A A LAY
N,
N
%

rlr r_ﬁil
oX,
BN
dlo
&
il

2
it
H
—(l)J

7F

R L
HA
S
i;“z o,
re
oy
rlr
N
r
fo
P
oo
<l
E o,
™
Ay
iy
)
ﬁ',
2
o
- -

b
dlo

so g sdobuid 3]
shsh gt g

;:O
=

o
Q
4
2
>
(2 Roox
1>
X
B B
[o
il

3 ZoloiA] the Zlakel A A@Ae] Wed 5 )
A, ZE5ke) JEATE o]z} o] AT 1
9] eroiel.

I

A AR Ackel] 1AA ZLubs Ayl w4
zesol Ha] $48 AeS otk w9 A
oFs d=sh=tl Qo] AA ZSukel Avka)l %
S3E &7 o] &S uw 1A 283 vhE Ax
Hul 834 kgkth
4 THolr M, =g EbgE o

References

1) Mortensen JD, Woolner LB, Bennett WA. Gross and micro-
scopic findings in clinically normal thyroid glands. | Clin
Endocrinol Metab 1955;15(10):1270-80.

2) Hegedus L. Clinical practice. The thyroid nodule. N Engl |
Med 2004;351(17):1764-71.

3) Tan GH, Gharib H. Thyroid incidentalomas: management
approaches to nonpalpable nodules discovered incidentally on
thyroid imaging. Ann Intern Med 1997:126(3):226-31.

4) Kim KW, Kim EK, Kwak JY, Kim M]J. Detection and manage-
ment of thyroid incidentalomas. | Korean Soc Ultrasound Med
2008;27(3):111-7.

5) Kim EK, Park CS, Chung WY, Oh KK, Kim DI, Lee JT,

et al. New sonographic criteria for recommending fine-needle

aspiration biopsy of nonpalpable solid nodules of the thyroid.

AJR Am ] Roentgenol 2002;178(3):687-91.

Papini E, Guglielmi R, Bianchini A, Crescenzi A, Taccogna

S, Nardi F, ez al. Risk of malignancy in nonpalpable thyroid

&)
=

nodules: predictive value of ultrasound and color-Doppler

features. | Clin Endocrinol Metab 2002;87(5):1941-6.

Peccin S, de Castsro JA, Furlanetto TW, Furtado AP, Brasil

BA, Czepielewski MA. Ultrasonography: is it useful in the

diagnosis of cancer in thyroid nodules? | Endocrinol Invest

2002;25(1):39-43.

Cappelli C, Castellano M, Pirola I, Cumetti D, Agosti B,

Gandossi E, ez al. The predictive value of ultrasound findings

in the management of thyroid nodules. QJM 2007;100(1):29-35.

9) Khoo ML, Asa SL, Witterick IJ, Freeman JL. Thyroid
calcification and its association with thyroid carcinoma. Head
Neck 2002;24(7):651-5.

10) Chan BK, Desser TS, McDougall IR, Weigel R], Jeftrey RB,
Jr. Common and uncommon sonographic features of papillary
thyroid carcinoma. | Ultrasound Med 2003;22(10):1083-90.

11) Cappelli C, Pirola I, Cumetti D, Micheletti L, Tironi A,

Gandossi E, ez al. Is the anteroposterior and transverse diameter

~
-~

oo
=

ratio of nonpalpable thyroid nodules a sonographic criteria for
recommending fine-needle aspiration cytology? Clin Endocrinol
(Oxf) 2005;63(6):689-93.

12) Frates MC, Benson CB, Doubilet PM, Cibas ES, Marqusee
E. Can color Doppler sonography aid in the prediction of
malignancy of thyroid nodules? | Ultrasound Med 2003;22(2):
127-31; quiz 32-4.

Vol. 4, No. 2, 2011 112



Shear Wave Ultrasound Elastography

Kang HW, No JH, Chung JH, Min YK, Lee MS, Lee MK,
et al. Prevalence, clinical and ultrasonographic characteristics of
thyroid incidentalomas. Thyroid 2004;14(1):29-33.

Frates MC, Benson CB, Charboneau JW, Cibas ES, Clark
OH, Coleman BG, e al. Management of thyroid nodules
detected ar US: Society of Radiologists in Ultrasound consensus
conference statement. Radiology 2005;237(3):794-800.

Tae HJ, Lim DJ, Back KH, Park WC, Lee YS, Choi JE, ez
al. Diagnostic value of ultrasonography to distinguish between
benign and malignant lesions in the management of thyroid
nodules. Thyroid 2007;17(5):461-6.

Cho BY. Clinical thyroidology. 2nd ed. Seoul, Korea: Korea
Medical Book; 2005.

Shiina T, Yamamoto M, Nitta N, Ueno E. Real-time tissue
elasticity imaging using the combined autocorrelation method.

MEDIX Suppl 2007;2007:4-7.

18) Asteria C, Giovanardi A, Pizzocaro A, Cozzaglio L, Morabito

A, Somalvico F, et al. US-elastography in the differential
diagnosis of benign and malignant thyroid nodules. Thyroid
2008;18(5):523-31.

19) Rago T, Santini F, Scutari M, Pinchera A, Vitd P. Elastography:

new developments in ultrasound for predicting malignancy in
thyroid nodules. | Clin Endocrinol Metab 2007;92(8):2917-22.
Sebag F, Vaillant-Lombard J, Berbis J, Griset V, Henry JF,
Petit P, et al. Shear wave elastography: a new ultrasound
imaging mode for the differential diagnosis of benign and
malignant thyroid nodules. | Clin Endocrinol Metab 2010;
95(12):5281-8.

Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL,
Mandel SJ, et al. Management guidelines for patients with
thyroid nodules and differentiated thyroid cancer. Thyroid
2006;16(2):109-42.

22) Yang GC, Liebeskind D, Messina AV. Ultrasound-guided

fine-needle  aspiration of the thyroid assessed by Ultrafast
Papanicolaou stain: data from 1135 biopsies with a two- to
six-year follow-up. Thyroid 2001;11(6):581-9.

Danese D, Sciacchitano S, Farsetti A, Andreoli M, Pontecorvi
A. Diagnostic accuracy of conventional versus sonography-guided
fine-needle aspiration biopsy of thyroid nodules. Thyroid 1998;
8(1):15-21.

24) Takashima S, Fukuda H, Kobayashi T. Thyroid nodules:

clinical effect of ultrasound-guided fine-needle aspiration biopsy.

113 J Korean Thyroid Assoc

~

=

J Clin Ultrasound 1994;22(9):535-42.

25) Carmeci C, Jeftfrey RB, McDougall IR, Nowels KW, Weigel

R]. Ultrasound-guided fine-needle aspiration biopsy of thyroid
masses. Thyroid 1998;8(4):283-9.

Bukhari MH, Niazi S, Hanif G, Qureshi SS, Munir M,
Hasan M, ez al. An updated audit of fine needle aspiration
cytology procedure of solitary thyroid nodule. Diagn Cytopathol
2008;36(2):104-12.

Sangalli G, Serio G, Zampatti C, Bellotti M, Lomuscio G.
Fine needle aspiration cytology of the thyroid: a comparison of
5469 cyrological and final histological diagnoses. Cytopathology
2006,17(5):245-50.

Moon HG, Jung EJ, Park ST, Ha WS, Choi SK, Hong SC,
et al. Role of ultrasonography in predicting malignancy in
patients with thyroid nodules. World ] Surg 2007;31(7):1410-6.
Cai X]J, Valiyaparambath N, Nixon P, Waghorn A, Giles T,
Helliwell T. Ultrasound-guided fine needle aspiration cyrology
in the diagnosis and management of thyroid nodules. Cytopathology
2006;,17(5):251-6.

Ylagan LR, Farkas T, Dehner LP. Fine needle aspiration of
the thyroid: a cytohistologic correlation and study of discrepant
cases. Thyroid 2004;14(1):35-41.

Lee YH, Lee NJ, Kim JH, Suh SI; Kim TK, Song JJ.
Sonographically guided fine needle aspiration of thyroid nodule:
discrepancies between cytologic and histopathologic findings. |
Clin Ultrasound 2008;36(1):6-11.

Ogawa Y, Kato Y, Ikeda K, Aya M, Ogisawa K, Kitani K,
et al. The value of ultrasound-guided fine-needle aspiration
cytology for thyroid nodules: an assessment of its diagnostic
potential and pitfalls. Surg Today 2001;31(2):97-101.

Park SH, Kim SJ, Kim EK, Kim M], Son EJ, Kwak JY.
Interobserver agreement in  assessing the sonographic and
elastographic features of malignant thyroid nodules. AJR Am |
Roentgenol 2009;193(5):W416-25.

34) Athanasiou A, Tardivon A, Tanter M, Sigal-Zafrani B, Bercoff

J, Deffieux T, ez al. Breast lesions: quantitative elastography
with supersonic shear imaging--preliminary results. Radiology
2010;256(1):297-303.

Friedrich-Rust M, Romenski O, Meyer G, Dauth N, Holzer
K, Grunwald F, er al. Acoustic Radiation Force Impulse-
Imaging for the evaluation of the thyroid gland: A limited
patient feasibility study. Ultrasonics 2012;52(1):69-74.



