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Prospective observation of contrast-enhanced patterns of thyroid
nodules with SonoVue
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[Abstract] Objective To characterize the enhancement-patterns of thyroid nodules on gray-scale real time contrast-en-
hanced ultrasound (CEUS), and to evaluate the potential value of CEUS for the differential diagnosis of thyroid nodules.
Methods One hundred and four thyroid nodules in 95 patients detected with B-mode ultrasonography (51 malignant and 53
benign) were examined with CEUS prospectively. One cystic nodule, 41 mixed nodules and 62 solid nodules were included.
After intravenous bolus injection of 1. 2 ml of SonoVue, lesions were scanned at least 3 minutes at low MI (0. 05—0.08).
Combined with the echotexture of the nodules, the enhancement patterns were evaluated. Results Following administration
of SonoVue, four enhancement patterns (homogeneous, heterogeneous, ring and absent enhancement) were observed. There
was significant difference in enhancement patterns between benign and malignant nodules (P<C0. 01). Ring enhancement cor-
related highly with benign nodule (sensitivity 83. 02% , specificity 94. 12% , positive predictive value 93. 62% , negative pre-
dictive value 84. 21% and accuracy 88. 46 % ). Heterogeneous enhancement correlated highly with malignant diagnosis (sen-
sitivity 88. 24 %, specificity 92.45% , positive predictive value 91.84% , negative predictive value 89.09% and accuracy
90. 38%). In both mixed and solid nodules, ring enhancement was highly predictive of benign finding (the positive predictive
value were 93. 10% and 94. 12% . respectively) s whereas heterogeneous enhancement was highly predictive of malignant find-
ing (the positive predictive value were 88. 89% and 92. 50 % ,respectively). Conclusion CEUS is a useful tool to differenti-
ate thyroid nodule.

[Key words| Thyroid nodule; Ultrasonography; Contrast media

A BE 1 W 22 K BR 45 75 #9 SonoVue 8 7518 #2158 4R 50

kORLVEEZH OB OWBH O#H.5 ¥
Cof ] B2 2 k2 B b DM B 2 B b 0 B B M 7 IS R LB 100730)

(# E] B BT AR IS STt K W 5 1 5 (CEUS) (4 1 88 4 20 R S0 xS FOIR IR 25 1 i Ss BIs Wi (. e X
BRI RN Y 95 ] E 104 A FRIRZS 1947 CEUS R 75, Jorb R M kL 53 A4S B MR AL 51 A s 8EMESE T 1A, 250k
SEAT AL A SEELETY 62 4, SR AR AL SR B bk it S AT I 8% . Bk L T SonoVue 1.2 ml, W B [A] =3 min (MI
0. 05~0.08), WAL R MR B LS5 B BB Y36 18] 75 45 Fg 1 CEUS 33l , 8 HAERHE . FRELSE 1 20y
ASIHETR RIS BB RAR TR TG AR 4 PR IE . FLRIR ROBE S o iR AT Bk B 2200 (P<C0. 01D, FOR B SRR
R R AT AR R KL SRR 83. 0206 KRS 94, 12% . FHETIIIAE 93. 62 %0 , BAME TN AA 84. 21 % , AT 2% 88. 46 %0, A Hy5 4
SRR M T RE K L SR 88. 24 %60 FR S 92. 45 % BH MR TN AA 91. 84 %0, B ME T A 89. 09 % , iy R 90.38%, 1 4~
PEEETT N RAESE T R IFRIE R, 0 T 28 0451 RIS PR 2570, PRI 302 W R Mk 450 0 BRI 0O {8 43 501 > 93. 10 %
F 94, 1296 , 78 24940 B8R 15 7 08 1 495 15 1) B 000 16 43 590 2 88. 89 %6 I 92.50% . # i CEUS 76 HUR R 45 1 BL W 1 % 5
LW B R A .

[xgim]  HARMREE W B KA 5 6 5% 7

[(hESEKS] R445.1; R653 [XHHRIRAE] A [XZEHS] 1003-3289(2010)05-0844-04

[E£WA] 863 i1 RI¥ I H (2006 AA02Z4B3) ,

CEER A sk (1970—) Lo I KA A Bl 3R R . BF9E 7 ) /N B 2 R A 755 . E-mail: 20ral9702006 @ yahoo. com. cn
CEWAES] 22 50, EE SRR 6T DRI EE 24 Be 650 B RS 2 B 8 75 2 Wi B, 100730, E-mail: jiangyx@ pumch. ac. cn

[ A #] 2009-12-20  [{&E HH#] 2010-03-10



o [E] ZE2E AR TR 2010 AR5 26 %245 5 ] Chin ] Med Imaging Technol,2010, Vol 26,No 5 e 845

TRy R £, 2238 2y 68 P I DT Afh
ARBREEST I W T ¥k . @t o b PR
BRESTT A E RN TERS RS ) K&
T FEARZS A 5 FRAE R ) W7 R
BWHER R R 740 ~82% . HATH
RIS Wi B — 2 i
TABHER G LIS WReER.

M7 % 8 (contrast-enhanced ul-
trasound, CEUS) i i3 I 7~ 1 52 57 i
WLIIZ 3N B A A s T A SR 2% 8 DX 38R0
0378 R A B B AR Ak R
JEFE Ji K 1 5 AE 1912 W LG
E57 ., CEUS f 8 7 % 71 F R B B
ARG RS BG4 N
IR B Z RFEA I HT RS ST . AT
FEFI A SonoVue #8 75 i 5 i, X 104
ASFOR R 45 5547 CEUS #4843 Hr i
DR R 8 4 0 1 R A 2, 5 A K
By P 38 101 7, 4R 357 CEUS 7812 W BTk
Ji R S 5 rp A I A
1 #MEHE
1.1 BEEEst4: 2005 4F 8 H—2006
A 12 A, 100 17 3% B 4 52 BRI
REHE RS2 CEUS, @iz A
O R s ARAE AR ARAE R 12 33 4], FHE
FEB g 75 5 WL L R | S A e o
AN HEAT PR3 N L MR ON OE L 3
L ZE IR @k s A AR K
B HOIR AR5 Y IR 38 fE AR 59 B ©
FFCBR T 28515 1 3 ORI B A VI BR AR 5
520 8 i, A 4 5 T M LR R e AR
PREAR G AR REARE . A
BEARAE - F AR 7 S B IR IR 5 0
M KR KT 0.5 em ([H 5% 3 3 3 ik
FH B FOT U Y 52 R 8 R i R B R
B9 K AR A [l — D0 D o HEBR bR
i : CEUS 2% 5 iE (PR 22 | i 2L 30) B 45
B/NT 18 %), 4 Hil B FHF AR,
KRIFAFFHLE R 1 B CEUS % ok
IR, 95 B 3 3k 104 A4 A
AW R 5B 21 (22, 11%) , 2 itk 74
BCT7. 89%%) A 19~80 %, F-3(44. 2
+13. )% P LRI 20 M H (2 K
~154F) , ARSI S VA0S B fe
PRZE Rt RE B R I AT
FEAEEET.

1 SRRkl B L. 43 0 HURIRKRER 2 VI BR RS » 22 W S 4515 AL SRR D) R
ZEM YA L RN 16 em X 1L 7 em;y BRI R R S5 T R ISR L 5 A [ IR IR O FUA T

2 RS R B L. 28 B R BB M 2 4 A S D) 7R A2 AR I R, R
N2, 5 emX 201 em FE A AR BN L P02 hE SRR 55 5 BLOR (0 2 38 ) R A 1R R L A
M5 C. M55 & 5 Wos i 2 s aa it AL o 70 ANKg . g 3. ORI 2L Sk R

3 MOIRMGIRAR S BE L, 59 4 TR & IR IR N 4 Y AL HUIR IR ZE A L 72 0 v A
B RN 2.3 em X 19 em. A 4% s BB (0 28 8 R 8 0 il i #1585 COf 5 6 5% R
S5 A R L R B ERAR ARG 5 g B FHODR R B Y TR

4 TR RF A 44 0 R BRI A N S A AL U D) 7R 22 0 AR [E]
LR/ 15 em X1 7 em, A IR IE R OR B Bl R R TOH R

L2 & 5@Ammn KN 5% 6288845 %A Phil- P, L7-4 33k % iU22 RUB A2 WL, L8-4 #k . wk#
ips HDI-5000 #1 iU22 ##E A 2 Wi, L12-5 #83k . BEREAUAR {08 T 1 FOBR IR CEUS #5745 44 . ALAKAE £ (MD 0. 05~
T B R RG22 4. CEUS £ A Philips HDI-5000 %I # 0.08, Compress33~35,DSR(Middle), ZH & E G, HIFA



e 846 - Hr [ 2 AR R 2010 AR50 26 %45 5 8] Chin ] Med Imaging Technol,2010, Vol 26,No 5

AF B RR B S i 4E (SonoVue) , f# FIRTH 5 ml A 3
EhKEA SonoVue HTH M AT . H IR EE D L H 6 SF,
TREMIE.

L3 Medorik oSl R B AR O XOx BRI
2H AR T SR 2 AT ) B Y R A A . R T AR
SR R S B R R A W SR RV L B E RSk U S
W AR R R E TR A TR AR AL LT K. AR
WE 21G 455 20 000 28 38 A1 JE) i ok A 58 T Bk 5 TR 50 1 5 R
J r BRI ER 1. 2 ml PR i A B R o R R K 2.0 ml, [
B BT R I R e X8 U1 T AN AR, 7 252 S B 6 A 1
SIS AR WL F] =3 min, #& Ksh & K% L DCOM
b XAV & N B &L RO R D, BR RHE BE LT 4
i, A AR RS R A N G B IR S FRIE
A R AR VS AN B DR TR b 5 0 BB kX
L4 EHREAHT AL ST B R B 7 2 I TAF f4E DL
1) B A B AL ST 43 BT R BURE 7R R CEUS #38  sh & B&, I
T SREE R X T B WA R 6, 3598 J5 15 0 e e AW . AR %
IR I G547 53 S e M CEEASZ5 7 BREERE SN, (N ER I S TG
175 ) 5% S0P (4545 P9 G [l 735 0 EL A 2 80 (] 75 47 L Sk (4
WA TETE) , IR CEUS I, 48 H 1 4) o ag (H) 5 1
TRIB VR £5 T RIS IRIE G IR L B 1) R YA R (FF B 5RGA
WA B 235 5 8 40 1 SR IRV 0 A AN ST AN A R BRI AR
2) ERAR IR Gl 5% o B v 25 70 S o B o R R L JEE
WX S) T RO S I R T R S R, — B
JaL i1 B EATR 1 5 5 A U] 4 SR A S R IR R, iR
PR AR 9 S 75 o B L 38 A0 A A BN 29 5 43 A, DL IR 3) A G v
Gk N AL B D

1.5 fRE2E2W 1A 5 F LU L TEZE N FARE
9 B 2% I A R N R0 TE BRI I DR 3R B GEE A A2 i LR
FT A T AR UI B A B R AR kR B0 Rk S W SR S g a2 . 2 W
I WHO(2003) bRife

1.6 ZEitaEsrdr R SPSS 11. 0 G5 3t 8 44 i 47 Ge it 2% 4%
Bro WHERBERILL 2 s RoRRA c 5. THEBRRERA
5 56, Fisher ¥ #3875 , Kappa —E Mk 56, P<C0.05 Jy 2

FAGITFE .
2 #R

2.1 FURBRHEIZET  FARUIBRM 104 ASFURRZ T, 1R
P53 AWM ST A, R K/ (0. 90~5. 00) cm, -
FJ(2. 4940, 87) cm; JE 5 45 1Y /N K (0. 90~ 8. 00) cm, -
(2,561, 35)em(P=0.50), JiHI2Em L 1,

#1105 A HUR BRSS9 B2 Wi 4

g b IR ¥ B2 W IR AR
R 25715 P FEOR R i 44(83.02)
i3 7(13.2)
BELL A 2 i 1(1. 89)
A IR iR 58 1(1.89)
Tk ESRIN7 47(92.16)
A I 3(5.89)
R 1(1.96)

2.2 HUARBRES TR M 1 R R 2 Wi P
WL E XS 96. 152 (100/104) 25 35 8 75 1 5% A =X ) W — 24
AN —BOAb A 56 £ ) B SR R B ST B s PR R B 3R . Kappa {8
0.93, ZiFIHUE —FE I, 104 (51 FF AR 555 25 1 38 588 A% X
2,

2 HURIRESTY B A R R ()

U RsR T I B2 K WA TR R AIETR PRRIG SR TR R
R 45 P AR R 3 3 37 1
fig s — — 7 —
RAE 1 1 — —
g FL 3k R 2 44 1 —
e 1
=gt 1 1 1 —

Ty = 7120, P<C0. 0015 x 1 /S0 5 4575 g B85 2R Oy 45 35 14 HOIR
igt i £ I B IF 4 s

FOR AR R PR g s A X SR R A 25K D, R

PELET 83,0206 (44/53) Ry BRAR M5 . I FH HAOIR 14 50 12 7
PR BL A4 BB 83. 0296 4R I 94. 12 % . FH 1k T i
93.62% . [AE M AL 84. 21%, MEH K 88.46% ., WikLE Ty
88. 2496 (45/51) AN 5 38 . F A B 5 346 5812 W7 HIR R
kgAY, R 88. 2400, R B 92.45% , BH Pk 1N A
91. 84 % , FIMETMAE 89. 09 % , fERA K 90. 38% .
2.3 HURMR ROCEMESE 0 Rl A5 i S g R At 1
AR KL, Ry 857 HCR R & 5 i i B % A, CEUS %
A B AL AR 0 . 41 ST ME AL L 31 A R 10 A
R, 87.10% (27/31) K Pk 52 M R kL S 3 OIR 3 5
80. 0096 (8/10) bk & ST R AL R &) ok, 62 AL 2
T 21 A N RYE AL A REE. 76,1900 (16/21) KPSk
o kL FROAR KGR L 90. 24 06 (37/41) S M SR kb Sk R 34 5 4
(K 3D,

F 3 HUARMR RARGE N P [l 75 4 115 3 52 1 56

AR T B 5 2 (4
WO WM AR SRR Jog
Pk 0 0 1 0
Bk 3 1 27 0
ek 1 3 16 1

o4 HDIR IR 545 P 0 0 P B 3 3
TENRINE EAE

RS Yisphgne AWSHEE FORIG R TG HE 5
e 0 0 0 0
2k 0 8 2 0
S 3 37 1 0

CEUS AR 1 58 12 W7 B R IR R 1k 98 50k 45 09 10 B0k B
87.10% » 4 5+ BE 80. 024, BH 1 Wi {5 93. 10 %6, BH 4 il il {6
66. 67 0, MERH3 85. 3720 5 12 T FHIR i R 4k S0 25 9 1) Rk
JE 76.19% RSB 97,56 %, FHPETRINAA 94. 1226 , BF o4 i



o [E] ZE2E AR TR 2010 AR5 26 %245 5 ] Chin ] Med Imaging Technol,2010, Vol 26,No 5

. 847 -

{H 88. 8920 MERH AR 90. 3200, N Hy5 R W FH R R 44 %
SV LE AT Y RO 80. 006, R SR 96. 77 % . BH b 1
88.89 % , YL (A 93. 7550, MERH 2R 92. 68 %0 5 12 Wi FF IR A
A SR 5 A R BUREE 90. 24 %, 4 SR 85. 71 %4, BH M TR
4 92.50% . FAPETIIAE 81. 82 % , fEMI % 88. 71%

R

A SonoVue 1 B i » 15 H HR IR 2 80K Pt 1y 4] —
O, HURBRES T IE BT - I & 04 000 45 4 DL % B 2
RS R AU, BBLR T IEW SRR ER . A5
AR A5 FE DR 85 715 P B A0 20 AT 8 B SR AR 2000 o B S 3R R
YA ) B ik BACIR B g R G B R U 2k

CEUS # ik W 5t T2 W B M 4577 B & 28 Bl
83. 02 %6 A PR R B M 451 F B R PR i L L BAOIR 3 9 A
B 5 78 14932 W s A 50U BE (83, 02 %0) AR 57 BE (94. 12%0)
AT o I 559 TR 340 0 PR AR 3 5 T R 5 5 T R A A LR
I AE B DA B SR A2 TR A RO IR SR N A R E R R
5%, FLARGE N7 A 95 FHL 25 4 S kAT Rr alE — 2B AT . HOIRIR A
S5 RLH LA B SR AR O R B Ay 1, 88.24% ., IR
AY SR AR Rk S5 1 132 W R B0 BEE (88. 24 90) Al R
BE(92. 45 YO IREL 5 &

PELPELE Y 2o RPN, Uk IR 2 14 %60, ARG
SRS OGS A S 24.39% (10/41), G HLRE 2 M
SEHESE AT BB I A — M ; CEUS 1] 42 4 IR B f &2
L LA I S A A B 0 SR A 2 SR 5 5 0 SR i IR
B, D) R Y RTRE I S O R R B S B s D) M Y RT R
PERG R . 48 SR 255 O A 35 50 14 53 B, o 950k S M 5 4y F
TIAmEr ERN AN A TG R . D9 A0, B 238 AR, Y B STk 45 Y
(R BLAY /NI 1~2 mm (R B GE A T , CEUS W £ 3
R SIHEE . ARG 3 3% SE P Y B A B A/ L
AYHL, RPN S5

SRS B AT AR AT, 66. 1326 (41/62)
SEPESE AT R, BFR S MEAE Y M SR R AR N
. 5 Bartolotta %5 BF 77 25 S A0 [H] . A 20 % B HF AR R 5
PELETT B Z AR s, TR S B Rk T
PR RV FE B B, SCTk b i s 5 20 20 28 o o DL 48— A o L AR
X A 6] A B 5% $EAT 1L 458 1B T J0 38 s s =X A 2 R A A
I7] » R 52 300 1 AR 96 72 JR) 38 T oy [ml 7 . A 2T 4 S
S5 YA TR EE A L R ST G Y R D O R O 9
g 43571 IR AR b 9 R R £ b A TH 2 B I s i Barto-
lotta 25501 13 (1 1 4595 o, 4 ) JC 3% 58, 13X R 22 390 7 g 2
TR A 3E A L R ot G U R v T K T A AT 5T A
R IR A 3B TR 9 45 A6 1) TG T BBt B R T R &5 T P R A
Kt fig 1.

T 5 Y i AR 2 7% 2 T B R e RS E T KT 1

2E5 . MEMILHLE] ol B8 by T AR £ 9 A T HAY S B L &4
AR AL 3L 23 A AN B4 SR T R S ik = [ I A A L 5 B
ANE 5]

ABEFEF W] ORI R 255 1) CEUS 1Y s A X 34 47
FEAN [A] S  ) I P AR08 500 X 02 W R PR 45 74 A 3 203 1 L T AN 2
SYHE SR XL W RS T AR B, BRI 45 9 0 A CEUS
WS AR B R T R A LA R R W A
T 5 X T M0 HOR R BB R 25 B o AR L O AT 1 R R
A Z UL BT B BRI

(5% sk ]

[1] Papini E, Guglielmi R, Bianchini A, et al. Risk of malignancy in
nonpalpable thyroid nodules: predictive value to ultrasound and
color-Doppler features. J Clin Endocrinol Metab, 2002, 87 (5):
1941-1946.

(2] k&M, RAH, KT 4G, 55 7 75 HOR MR R G V25715 12 0 b 1 i
. B 2R AR B R, 2007, 27(3) 1 385-387.

(3] dkd, L0, W0, 45 HORIRES T IR B AR (5 2235 ) 8 75 R 1E 11
Logistic [A] I 43 #r. o 48 48 75 218 % 24 1, 2008, 17 (12): 1061-
1065.

[4] Jun Peter, Chow LC, Jeffrey RB, et al. Pictorial essay: the sono-
graphic features of papillary thyroid carcinomas. Ultrasound Q,
2005,21(1):39-45.

[5] Catalano O, Nunziata A, Lobianco R, et al. Real-time harmonic
contrast material-specific US of focal liver lesions. Radiographics,
2005,25(2):333-349.

(6] EIF, ZIFH, MO I, 45 . 8 75 3 5% X P AE /DS o 02 95 728 32 W7 4 11
A ASEAR 58T 2, 2009, 6(3) :199-202.

(7] Bl S0, Q03 , 45 S92 A i 52 12 W JFF JOE ) R i Iy dte 2%
BB . P A A AR5 IR T 5% 2009, 6(4) :314-316..

[8] Averkiou M, Powers J, Skyba D, et al. Ultrasound Contrast Ima-
ging Research. Ultrasound Q, 2003,19(1):27-37.

[9] Bartolotta TV, Midiri M. Runza G, et al. Qualitative and quanti-
tative evaluation of solitary thyroid nodules with contrast-enhanced
ultrasound:initial results. Eur Radiol, 2006,16(10):2234-2241.

[10] Delellis RA, Lloyd RV, Heitz PU, et al. Pathology and genetics
of tumors of endocrine organs. World health organization classifi-
cation of tumors. Lyon: International Agency for Research on
Cancer Press, 2004:49-133.

[11] Frates MC, Benson CB, Charboneau JW, et al. Management of
thyroid nodules detected at us Socitety of radiologists in ultra-
sound consensus conference statement. Radiology, 2005,237(3):
794-800.

[12] Lannuccilli JD, Cronan JJ, Monchik JM. Risk for malignancy of
thyroid nodules as assessed by sonographic criteria: the need for

biopsy. J Ultrasound Med, 2004,23(11):1455-1464.



