LEBXBEREFER (BEFEWR)

Vol.40 No.10 Oct. 2020
? ¢ ¢ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

| 1393

W - IHRIF

3.0-T Gk F IR BN AR IR Bx S B A5 48 3 A 4R 3 FRVIR R R & 1%
SR ERHE

EFE, fL4ER, Fos, ® B, WEE’
EHPSRR R R R BN RERBSIE, £ 200011

[FZE] B8 - &w it 3.0-T @bk 9 BomAL g (diffusion-weighted imaging, DWI) Bt & ) 25 34 98 i 3L 9% i % (dynamic contrast-
enhanced MR imaging, DCE-MRI) %fHUARNR RGBT SRS B g, J5iE - mUBPE 7 2018 45 1 H—2019 4% 10 A T L5l
KA B R 58 LN REEBE 86 H 4 F AR BLIE S04 BRI ES 1T B 3% 65 B, ARiT B H17 3.0-T MRI 4 @45 % #L MRI, DWI
(b fHER 0, 1000 s/mm’) #F1 DCE-MRI #:7%, -4 3 & WH 5 =% (apparent diffusion coefficient, ADC) 1 f1 DCE-MRI &%, R
& Logistic [ VARRY 43 H7 45715 RGP MSL B 7, IR 62 i H IR ERE M R T A BRI S Wi . &R - 5ENE
Tk, RMEFARBETE ADC 55, ki R (3 P<0.05), & Logistic RIH AT, ADC 8 g i i i) 2 25 17 1%
PR TN R T, ADC i Frik i i (] (i B 2 B 280 6 301 IR A RSB PR 5T il 2% i AR 0.93, REUE S 82.4%, FE5JEH 100%,
2518 - ADC fE kg iy a2 % 0 BBV HURIRES VT B B S, MBRKASHSTEIGIR, AARRTISE RIS &G,
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Value of 3.0-T MR diffusion-weighted imaging combined with dynamic contrast-enhanced imaging in
differentiating benign and malignant thyroid nodules

YUE Xiu-hui, KONG Wei-dan, REN Ji-liang, YUAN Ying’, TAO Xiao—feng"
Department of Radiology, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China

[Abstract] Objective - To investigate the value of 3.0-T MR diffusion-weighted imaging (DWI) combined with dynamic contrast-enhanced MR
imaging (DCE-MRI) in the differential diagnosis of benign and malignant thyroid nodules. Methods - A total of 65 patients with thyroid nodules
confirmed by operation and pathology in Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine from January 2018 to
October 2019 were retrospectively analyzed. All patients underwent 3.0-T MRI scan, including routine MRI, DWI (b value was 0, 1 000 s/mm’) and
DCE-MRI examination before operation. The apparent diffusion coefficient (ADC) values and DCE-MRI parameters were measured. Stepwise Logistic
regression model was used to analyze the independent predictors of benign and malignant nodules, and receiver operator characteristic curve was
used to analyze the diagnostic efficacy of the combined model. Results + Compared with the malignant thyroid nodules, the ADC value of the benign
thyroid nodules was higher and the time to peak was earlier (both P<0.05). Stepwise Logistic regression analysis showed that ADC value and time to
peak were independent predictors of benign and malignant nodules. The area under the curve of combined model of ADC values and time to peak for
differentiating benign and malignant thyroid nodules was 0.93, the sensitivity was 82.4%, and the specificity was 100%. Conclusion - ADC value
and time to peak are important parameters to distinguish benign and malignant thyroid nodules, and their combined model may be helpful for clinical
diagnosis and provide reference for preoperative diagnosis.
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AR, WL IS [ Y, CT 45 4 %t &
Ik CLEE T LA — i BN (B, AEAF A5 8 S 4075 B 3 52 71
AR B, MRUBAG B & AR oy P | ok SR
B, AR BRI e T RIS SRR PR s H
fr, ZhEE MRI £ R P #omA sk % (diffusion-weighted
i gh & K 58 Wt 4R B 1R (dynamic
contrast-enhanced MR imaging, DCE-MRI) & %y 5| M fi 0
1M EL IR kL N K o T3 BOR 2 B LR 3 R AE, A
SN RGBS W IR R 5 . HAT, AHSCHFI R B
DWI™* F1 DCE-MRI“" {15 W b ifis 15— 2 W7 2R A5
&, HEZEHEWIREET 1.5-T MRI, #456T &% 3.0-
T MRI (5T, BBk, AR08 3.0-T #idkdz DWI FI
DCE-MRI A& b7 FH 6 BR B R MR A5 1 S S W (A
M ARSI T 1R 2%,

imaging, DWI)

1 HRERE

1.1 WFFER%

|l g 2018 4 1 H—2019 4F 10 AT Lilgsdd K
S B R TL REBE IS HUARBRES YT B35 654,
FRRBUHAER . A0S . &5 B AR BB RS — BT

PANFRME: O & F RUIER, H £ 5% BIE Sk,
@ MRIASA T, RZGH. BHBILHERTT. O TUIERAR
Hi AT MRURS A, 7 71 B4 3 ¥ MRI £ 4, DWI 1 DCE-
MRI %, @@L EE> 1 om, OXTIREL KT, Uk
TUREEUE AR KRBT, HEERARE . O A Hith Tk
R s . QREILIRER DGR, , R2mn S ALB T,

AT CARA L3Sl R R B R 3 LN REERE
EPEZE S HUHLHE

1.2 MRI ;4

MRI # 75 % F Ingenia 3.0-T #% 4R 945 (X (Philips,
22 ) BRI A Lo g . B EUMEML, UATEsr
i FUAR IR . e A e AR b 0 &, MRIAG AR AT,
TATBERINGR, BRI T,

OB MRI S 7. % W7 1 T1 A % (T1 weighted
image, T1WI) e# A liE[ElE (turbo spin echo, TSE), &
2 I Al (repetition time, TR) 450 ms, [& i i} ] (echo
time, TE) 20 ms, EJ¥ 3 mm, E[EE 1 mm, FTHLE
240 mm x 240 mm, ZEPE 300 x 240, BYEhRE 25 K5
K 56 R T T2WI DIXON-TSE, TR 2 500 ms, TE 100 ms,
EE3mm, EEFE 1 mm, HiGHE 240 mm x 240 mm,
HEFE 300 % 240, #UEHEL 2,

p
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DWIKSA . 124845 R FH B T [l % (single-
shot echo-planar imaing, Ss-EPI) J%41)i#t47, TR 400 ms, TE
70 ms, BEJ/E3 mm, E[EFEO0 mm, FREF240 mm x 240 mm,
SEFE220 % 180, ik %3, bIEEOFI 000 s/mm’,

DCE-MRI ##: fE55 5 I AH A& 2 o8 R S 2 U,
AR R e AT 26 T B O i A R 3 A 3 %o L 75 L P i e
(Gd-DTPA), H &2k 0.1 mmol/kg, # Bk 2 mL/s; F-LJ
[RAE ) 6k 8 ) it e e A AR BRER 7K 20 mL, iff f5 A7 JC Il Bk
3, SR S min, 375 WIAE, AR
IWHiE A 45,

1.3 %5 b B AP

FII ] Ingenia 3.0-T f R4 (LAY f5 AL FRER A 0E 4 T4
oA, W2 (L EA 10 4FLL ESKEES MRS TAEL R

TRARBHEIMAA TS 6 f, HA s — B = WA

R EE R BT AT

5 FF LR B RSB S TR R WY i &R %L (apparent
diffusion coefficient, ADC) {EI}, FEFBEHXEET Y EH ALK
W, Fzhe)m e tHBX (region of interest, ROI), 4545
I 3 RBCESE, [, EFES R T2WI RS8R 5
TIWIL, BEFFE TN, SRFE. F510 B i 48 5 DA Je &5 i
IR %, R oy 25 BB

I B HUIR R A SR L B BT A X s, 13 EIE5 Y
e - 2 5 B th 2% (time-intensity curve, TIC), AR#fE i
LICER A 3 FRAL. 1 RUOGIRATLY, SRkLAE 5 8
¢ BTF, it 10%; TR FEER, FkhiE 5 mE e
FIHERFEAKT, BITE & SEARAE 10% 2[R TR At
R, kS SR AT R TR 10%, RN, B
R RAFLLT DCE-MRI 24, W45Hx 458 (relative
enhancement) . H¢ A58 (maximum enhancement) . #x Ak
FE % #4958 (maximum relative enhancement) . FF 44 5& £ i+
[@] (time of initial intensity, TO). ikl (A (time to peak,
TTP). {#H A& Z (wash-in rate, WI) . 7% @ 2 (wash-
out rate, WO) Kz 45 % 1 58 (brevity of enhancement,
BrevEnh), TIC Je 2 ¥ IR BUR B B an &l 1, TH8E I ik
AR © A X458 (%)=[L(D)/I(Dref) —1]x 100%, Hh
1(D) RREFE M ATHY B SRR F 9, 1(Dref) fREZ%
MEGRIGFBRE., QR Mg ®R =S1 (I {f5% %) —S0
(WARSREE ). O KM AR (%) Firfsh&is b
FY B A B K AR 3 98, @ WI(L/s)=[I(D)— I(D—-1)],,./T,
Hoh TR ER I |, ©@WO(L/s)=[[I(D)— I(D-1)],./T|,
® BrevEnh (s): e ki A28 i 5l ki = 15 2 )
I 1],
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Note: SI—signal intensity; SO—initial intensity; S1—peak intensity; T1—time of
peak intensity.

1 TIC RHEXSHTEE

Fig 1 TIC and schematic diagram of relevant parameters

1.4 il itk

R H SPSS 19.0 Fr b xt s dm it it o b, e
EBSAARE BT X +s For, RIABOLFEE 485
BEATELIR . R MB A Logistic [\ K Y 3R B 45 1 RBAERY
ST TR T, Gl 2 2 R R IERRAEdh £k (receiver
operator characteristic curve, ROC curve, ROC i £ ) P
fili & JST P . ADC {E A TTP A BEAD R BPEL,
WIS WiBRE, IR H Delong #5565 FLAE & PRI .
AWy ah 28 T Y (area under the curve, AUC) [A] 2 &,
P<0.05 ForEFAAGHFE L.

3.0-T R FCHRY TSl AR B9K B 2l 785 394 3 e P 0T FR PR VR B0 S8 P 451 H) S 0 1 | 1395

2.1 et

AWML FR IR ES 5 3 65 i, o Rk 31
B, ok 34 B, fERPEFFRIREE T EE T, Bk T .
etk 24 B, ik (53+12) %, S5 ER (28+11) om;
TREE AT B, 15 BIAZEVE AR 9 B4 AR B
T 4 PUARARRIR AR, RIS, 2R b
RIRR L FRIBPETEE F AR & 1 65 A 10 (10h 2 % 45
Mo FEBPEFARIRE T EE T, BB, Lotk 25 fi,
e (44x18) %, i ER (1.9+12) om; 4k Hl 5y
BriLom, 31 B4 HARBRFL KR 2 B4 HAR R g TR
LB FRAR AR LR s A S Bl 2 A5,

2.2 MRS

221 R B S 1 DWI ) DCE-MRI 43 #7 =% H
DWI it 8 3% BBk 45 15 19 ADC 5 3647 0 01 (b (IR
0 F1 1 000 s/mm’), £5 5% o R P H AR R 25 45 1) ADC
B[ (1.24+022) x 107 mm¥/s] &5 T3 M4 [ (0.91+£0.23)
x 107 mm’s], HZESAAGIHEZ (P=0.000),

Bifi f5, i ik DCE-MRI %t &35 R %M 25 77 1Y TIC i
F160 47, G50 Bon RAE R IREE 1Ty TIC 224 T S &Y
OnfltneE 2), HIMAS (22 6], 71.0%) ZF M5 (9 4,
29.0%); MEHEFURMRE I TIC K1 . TIMA, Kz

Note: A. Axial T1-weighted image. The left lobe of thyroid shows the well-circumscribed nodule with equal signals. B. Axial T2-weighted image with fat suppression. The
nodule was high signals. C. ADC map. The ADC value was 1.27 x 10~° mm?/s. D. Type Ill TIC.

2 64 FETHRRIRMLERF MR R

Fig 2 MR images in a 64-year-old female patient with nodular goiter

Note: A. Axial T1-weighted image. The right lobe of the thyroid shows a heterogeneous isointense nodule. B. Axial T2-weighted image with fat suppression. The nodule was
high signals with separated shadow. C. ADC map. The ADC value was 0.87 x 10”° mm’/s. D. Type Il TIC.

3 42 SRRBRIL K ES B ER MR R

Fig 3 MR images in a 42-year-old male patient with papillary carcinoma
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KRB AME (26 6], 76.5%) CGrflanE 3), DEFRM
Jy 1R (4450, 11.8%) sIAY (445, 11.8%),

fE DCE-MRI [y Hia s R (£ 1) o, 5EMEH
RMREEHTAHEL, ROPE RS TR B R3S 98 . W 5=
H TTP /L (¥ P<0.05),

21 REMERRIRES 1 DCE-MRI 28 Lb
Tab 1 Comparison of DCE-MRI parameters between benign and malignant thyroid

nodules
Thyroid nodule
Parameter P value
Benign Malignant
Relative enhancement/% 159.8£61.1 170.4+£77.8 0.543
Maximum enhancement 2159.7+£692.0 1724.5+5358 0.006
Maximum relative enhancement/%  202.1+£73.7 196.3+£93.2 0.784
TO/s 18.3+8.1 413+13.8 0.266
TTP/s 82.5+23.0 150.7+84.8 0.001
WI/(L-s™ ") 170.5+57.2 133.3+412 0.004
WO/ (L -s ") 5834293 56.9+322 0.865
BrevEnh/s 150.3+93.7 182.9+80.6 0.137

2.2.2 DCE-MRI 1 DWI 3t [ B 45 1 2 Wi Zie &
¥ Logistic [a] 45y 7 i 7x, ADC {E 11 TTP &2 W7 F R i
S5 RCBAPER ST T 7 (3% 2), ROC ghgksr#r (&
4 ~6) Wor, ADC (AR EISWETEh 0.97 x 107 mm’s
(b B0 F1 1 000 s/mm’), F AUC, 7B FrE 5 B 4 Bl
3 0.88. 73.5% Fi1 96.8%; TTP (1 5 (£ 12 Wi & [H % 61.3 s,
HAUC, R FIFE 5 5 5k 0.75, 79.4% F1 67.7%;
ADC {1 TTP B A AU AUC,  REEFIRRR 5 51k
0.93, 82.4% F11100.0%, @it Delong 4856 %t 2 Tl 5| e
e 2 BUBHE ORI 15 BN T H9E4 Logistic 1815447

Tab 2 Stepwise Logistic regression analysis of predictors of benign and malignant
thyroid nodules

Factor B SE OR (95%CI) P value
ADC value —0.009 0.002 0.991 (0.986—0.996) 0.000
TTP 0.015 0.006 1.016 (1.005—1.027) 0.005

2.0
. 1.8 8
v 161 °
~ o
£14 % °
g é&’} )
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4 RIEMRRIRE TR ADC EE=E

Fig 4 Scatter plot of ADC values in benign and malignant thyroid nodules
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Fig 5 Scatter plot of TTP in benign and malignant thyroid nodules
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Fig 6 ROC curve of ADC value, TTP and their combined model in differential
diagnosis of benign and malignant thyroid nodules

BRA AL AUC bR % B, ADC{E5 TTP 2R L4t
2220y (P=0.113), LA KA 5 TTP (P=0.008) . ADC
8 (P=0.061) Al RHEALGIHFE XL,

3 i¥ig

WFE ™ R B, FARIRES T & R R AR LT
ok b, et HUARBRES 5 WA i M IS W — B SR 0
TR B R, AT T B MR ASI (4T 254
AESE) ARME LB AR MRES T RO B, Rl &
JH DWI 11 DCE-MRI E47AHI Al A58 A B 22

A PR V5 P A R A IR B K L AR A A BN
Koy ToREZ R, T DWI#A& KL ADC [ IR, 4
PR A R R IR B LS 5 1) ADC (B B AR T R4S
5, H24 b HELO 11000 s/mm’ [t EpEEEE Y ADC
15 4 0.97 x 10° mm?/s, BEAERFZE ™ HiEse, HREE
PEEET Y ADC 1A 0 T RAPESS T, A b [HAYEER
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WK T ADC [R{EAIf7 £ 25 5. A SCHk " 1Rl 7658
3.0-T MRI #4314 b {EE 0 F1 1 000 s/mm” fif,  FR AR L
PEEEYI) ADC {82 2.04 x 107 mm’/s, {75 B4 iFoY
N7, 1.5-T MRIA&IA 5 {EEL 300 s/mm’ ik ADC (&Y
EWiIE R 1.98 x 107 mm'/s, KNS, ADC H{E
(1922 5 T RE 22 REt 5 AN b TH ISR, BRiE E, Kb HR
M I 1 0L, 0 b TELUISE RE R ok o TR s
PE. kAN, ADC HiIE 523k, HfEs%. Fyl. &
REBE 22 GERBEE 7 BT 55 1 22 K 3252

VER N b Ee B, FR BRI R A H b 2 20 S 5
;oMYA . ORI R A AT S
FOM A A B VEZ 0, W RBL Z )i g2k, A&
PFFCE L EEAR R . B IR IR EE 15 ) DCE-MRI -2 & 2
BORFL, BMEFCRIREE 5 B9 WI R 90 2 2 T
PEEETE, H TTP B3RP, oM ERE, BT+
WL, k3658 Je TTP & f 7 S0 B B4R AR, AL 5l
THEEETMIG: 2E5INA, FURIEMLS iRz,
R 7 2 AR AR ooy A AN, (% bl R Re gtk
HEAFTE, ARFFFER TIC P70 M & B0, Rvk RS,
I TIC Z A4 A HTE 1 B A R fhek, BrEs1i%
PEE AL HATRE S AR RIS Rl B R A e, H
FLAHLHI M AT, BEAEA TS " R BB E AR B4
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