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JiE EH 2017-01/2019-12 FEARBEWIA K TAO & 82
i 155 B, TAO 41, I3 B BRI GR 19 J6 TAO H)i2
Graves J3 [ 50 151 100 HR , S XT HRZH . TAO 4B E RIS
PRIESIPEES3(CAS) 43 A iE s ARG sh i, A AR E
YISzt MR KA, %F e TAO 45 %3 B4 ) RESOLVE -DWI
FUY HREC(ADC) H 2 5, LAzl TAERAAE ih 28
(ROC) i%" RESOLVE-DWI ¢) ADC | & {& %} TAO 12
Wri . 5531 AT RE 52 W TAO 3% 3h ¥E i A 6 &, L
Logistic IEIE&HEED%@%F@I% ROC £ PF4 ADC fH
X} TAO 1% sh itk i AN (8

LB . TAO 4189 ADC { KT Xt B 4H (P<0.001) , ROC Hfi
%%E/T RESOLVE-DWI 1) ADC {52l TAO 1 e FE# T
FOA 1.302% 107 mm? /s, H RO 45 7 B 4 T AR
(AUC) 4351k 87.10% 81.94% .0.895, TAO I 3l A (1 4E
% 5% [ FHOBR AR 2 2 AT 19 53 2 b5 E ( NOSPECS ) \ADC {H
IR TR 31 (P<0.05) ; Logistic [ )43 47 i 75 4F #
NOSPECS 434 . ADC {H & 5 TAO 7if sh W B9 fa |6 R &
(P<0.05) ., ROC £k 534, RESOLVE-DWI ) ADC {i il
T TAO 15 3l M 9 S5 A 8RBT 25 1,522 %107 mm? /s, L R
R SEEE AUC 4390 82.58% 76.77% .0.801
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Abstract

e AIM. To study the application value of magnetic
resonance (MR) high-definition readout segmentation of
long variable echo - trains diffusion weighted imaging
(RESOLVE-DWI) in the diagnosis of thyroid associated
ophthalmopathy ( TAO) and its predictive value for the
activity of TAO activity.

¢ METHODS: A total of 82 patients (155 eyes) with TAO
admitted to the hospital from January 2017 to December
2019 were selected as TAO group. Another 50 patients (100
eyes) with Graves disease without TAO who were
admitted during the same period were selected as control
group. According to the clinical activity score (CAS) the
patients with TAO were divided into active period and
inactive period. All the participants were examined by
magnetic resonance ( MR). The difference of RESOLVE -
DWI apparent diffusion coefficient (ADC) values between
TAO Group and control group was compared. The
receiver operating characteristic curve (ROC) was used to
evaluate the diagnostic value of the ADC measurement of
RESOLVE - DWI for TAO. Count the related factors that
may affect the activity of TAO, and use Logistic
regression analysis to clarify the risk factors. ROC curve
was used to evaluated the predictive value of RESOLVE -
DWI ADC for TAO activity.

¢ RESULTS: The ADC value of the TAO group was greater
than that of the control group ( P<0.001). ROC curve
showed that the best cut-off point of RESOLVE-DWI ADC
value in diagnosing TAO was 1.302x10°*mm?/s, and the
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sensitivity, specificity and AUC were 87.10%, 81.94% and
0.895, respectively. The age, grading standard
promulgated by the American Thyroid Society
(NOSPECS) and ADC value of TAO in active period were
higher than those in inactive period, and the differences
were statistically significant ( P<0.05). Logistic regression
analysis showed that age, NOSPECS grade and ADC
value were the risk factors of TAO activity, and the
differences were statistically significant ( P<0.05). ROC
curve analysis showed that the best cut - off point of
RESOLVE-DWI ADC value in predicting TAO activity was
1.522 x 10° mm?/s, and the sensitivity, specificity, and
AUC were 82.58%, 76.77%, 0.801, respectively.

e CONCLUSION: The best cut- off points of RESOLVE -
DWI ADC value in diagnosing TAO and predicting activity
are 1.302x10*mm?/s and 1.522x 10 mm?/s, respectively,
and use the best cut - off point for TAO diagnosis and
activity sexual prediction has high clinical value.

o KEYWORDS:.: diffusion weighted imaging; apparent
diffusion coefficient; thyroid associated ophthalmopathy
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FFOBR B A 5 P BR 9% ( thyroid associated ophthalmopath ,
TAO) J&—Fl & 955 54K o 1 AR BIE S5 . 18 48 3R W1 TAO
1 R T U IR EBER 28 1 67, 2970 20%, & Z
PRI 3k 5 11 IR B e Ji B 40 1 7 e i 5612, B A B i 3K
RN T AR 2% S RO R T R
S XF TAO M A R W, TR IA T S B e 17 %
TRECH M 5, B8 TAO W6 3l M 43 06t e PRIG T J7 s
HYERE EA B X WX TAO 15 S 2 AR 48 i K
15 P43 (clinical activity score, CAS) , {HiZ J7 2l fig 2>
AETE—E 1 E WM | PRI A 028 5K — P B S 2 WA P-4
Tk, B AT TAO Wiz Bl B h s 2 T A
W5 LY ( magnetic resonance , MR ) 1 S — T 458 387 A9 = 2% A
BAAR VL ZT5 6L 2 S BOMTC U i L35z B T
I RBEHS 11297 TP L IR T O AU AR ( diffusion
weighted imaging, DW1) /& H [if M — AT DL I 3% 1A 20 4Ly
KA T BB S eI 75 %, i DWI EIVEE H 75 ) 73 B
RBEH R (readout segmentation of long variable echo—trains,
RESOLVE ) ~DWT, ELA7 45 R 9 25 8] 53 9 24 010K 1 AU Oy
S, 0T R L DWI, RIS 11412 W i A4t S5 n v | %5 WL
fofs . ERT I R 56 T RESOLVE-DWI 72 % 4 it 938
W 09T S TS A W T A S 2 T OG T HAE
TAO B IZIT N A D . e AR WF 5T 85y
Hr RESOLVE-DWI £ TAO 2 ¥ 9 b FT S g G336 3l
BT A A, LA S TAO i B2 W O 29 ik 5 42 it
2%,
1 &M
1.1 %5 BEHL2017-01/2019- 12 ZEFKBEHEIZ B TAO
# 82 1 155 IR, Herfrtz 65 4, 55 17 il s A I 28 ~ 75 (K3
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54.01+6.12) % ; BHR % 9 191 9 HR, XWLHR & 73 4] 146
AR5 AR AR D RE T 7Y HOBR AR D e paiaR 2 | HUAR AR ) fig 1F
WAL R 55,225 Bl HORBR B & e R 2 ~ 12 (CF 8
6.20+1.45) a; TAO Ji§F2 0.2~2.8( -3 0.78+0.16) a, ik
HURIAMOA I TE TAO ¥J12 Graves Ji B2 50 1 100 AR,
iz 40 1], 5 10 ] ; 4F 4% 26 ~ 71 (-1 53.45+6.00) % ; H
ARARTRETCHERY | FH R AR T BE R 7Y | FFIR R ) i I A
43R 30,155 4 HUOMR AR R & i FE 3~ 9 (1 6.14 %
1.20)a, PRALPEG AFEY  HURAR DD REIS AL | HR AR IR & 9
A, ZF WG FHE L (P>0.05), D AbRHE:
(1)TAO H¥%5 4 Frueh 2 WidRUE" ; (2) AR5 14 52t
RESOLVE-DWI ;%5 (3) ABEHT 3mo WK 4% 32 B8 iR
J7 BRJGRR T A ORI T B HERRBRIE. (1) A
HEE J5 o5 6 A A5 25 At FIR 358 5 0 2 K v L B R
SEAHRIRIE I KRB 5 (2) tHA A B e e+ ; (3) Bk
T2 MR HIE I8 A 55 R T2 sl 2, I 9 A S i 28 4R A%
= BEAe TS 3 A R AR AN F L IR AF 58 45 2 S v
1.2 ik

1.2.1 TAO 2l =M Frueh 2WiksE. (1) BIHAAEAE
PRI s HRERZE Y, 28 = 20mm , HR 1632 45, 16 2438 K
>1mm, BRAMILZ B, =1 ZRHRAMIL N BRI AR | 152
2 I 7 LR B U IR AMILAE K (2) MR ER 28 | HR B IR
45 MRAMILAZ 23 AMRAEYE B, =2 AMRAE Ry SR ¥ 77
TE; (3) BRERZE M R BSR4 52 R 5 K A & SR AR UL
K,3ARAE R A 1 IRAAAE =2 MERAE, £55 0134
BWibRE T — TR AT 1287 TAO, CAS'™ . F & MEARER
JE PR I BN R BRI (A5 R A 21 TH MK HR B 7K i |
BREE K I MR IS & 21, DA BRI ie S 1 43, CAS=3 4%
i S A R AR S

1.22 MR&ZE {H#/HVE[ ] T Prisma 3.0T BRI %, &
Fil 64 HIE AT FEL R F AT IRHE MR P4, #5245
W AR AZ TSE FS-DIXON T,WI( TR 4050ms, TE 79ms,
JZJE 3mm, 2% 23) , BEfh 2 TSE FS-DIXON T, WI( TR
3000ms, TE 79ms, /25 3.5mm, 2% 15) , #4h {7 FL2D
T,WI(TR 160ms, TE 2.46ms, )25 3.5mm, JZ2 %0 15) , BI K
JRAZ TSE FS-DIXON T, WI( TR 3710ms, TE 79ms, JZ J&
3mm, /250 14) ,FOV 200mmx200mm, 764K A7 #3478 7 2%
S R )i L LA S E (DR VA A o e wl Ui 5 S S N YA
Hitie M AT T MK, RESOLVE-DWI ¥ 314
R F B b AL, 49 45 = 8. TR 3300ms, TE 54ms, J2 2
4mm, [\ JE 1.2mm, E %L 24, b {HH 0. 1000s/mm’, FOV
220mmx220mm , 4 % 160x160,

QAT < T A5 S5 0h 5 A 6 AL B T AR, 34
e R P A 3 e AR R WY BL R 2L (apparent diffusion
coefficient, ADC) & , £ ADC [& -l & ADC {H,Z% T, WI
AT, WIS, 2E £ R 2 LG A 7R B BH 8 (0 B 9 3
SO AR BEALLIC) 1Y 2 T, T2l 20 1 5] J % R X3 ( region
of interest, ROI) 315 ADC {H , M & 3 K, 45 L BCEE , W
Kl 1~6,

123 ABER M TAO FEahMEHEXBEZERKE Sil
TAO BE LTG5 16 s 1) — M ook 22 55 A HG AR i |
PEG W2 K PR | A 5T 45 %X (body mass index, BMI) |
TAO 55 TAO Ji e R AR & i & L ADC {8, 35 [
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B 1~4 SERAL T,WI SRR AERE IS T, W1 BB T, W1 i RE R 1 T,
[& 5~ 6 1#%H 4 RESOLVE-DWI.ADC &, X8 E 1~4,MERHAL ADC &,
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[ A5 T H A TRAE

AE FELEASEY NOSPECS /4% JELLAE i
el H=0,2c=1 WIMIUEE ELZFLE
BMI HEgAs e REREHE ESAE
Ui =0,2=1 IRIERM ELTE
eli] £=0,5E=1 FT, HEAN
TAO ZEfE L =0,E=1 FT, HEAR
TAO it SUBA Ry TSH USRIy
HARIRE ARt S8 m M) (LogMAR) 442748 i
ADC 1 SR iR HEAR

FROPR R 25 23 i A 1) 43 AR TE (N TCHRAEFIREAR , O AT HR
fEM TSR IR, S A3 R fE AR 4 0E , P IR R R >
18mm, E HRAMILZZ 22 HRERZ B fig 2, C Mz 8, S
A 2557 B L)) RS NOSPECS) 43 2% HR AN LSS HR
RIS R AR HE T AR R AR T BB 48 b [ — L H R AR IR L
2 ( free triiodothyronine , FT,) . Il T U B H R MR R (free
thyroxine, FT, ) | Ifil % &2 1 4R it & ( thyrotropin — releasing
hormone , TSH) ] . JJ (LogMAR) iR K,

1.2.4 Logistic BIYA4>#7  H47T BERZ A TAO I 1 Y AH ¢
AN A28 & (X)), TAO J6 s AR & (Y) , TAO I
=1, BTG S = 0, AT IR, WA S5 SR L2 1,

BEiT 45307 : LAGE T3 A SPSS 26.0 20T 88 , 114K
BRILA n( %) 1R T HEAT XA 56 11 R A B+ A
HEZE (x%s) TR B0 LU BCR TSI HEAR « K5, AR
Sy Mg H AR, 2 R AT AR 55 Logistic 11943
Mr (B I FTE , #EA a=0.05, 518k «=0.10) , P<0.05 %
NEFAAGIEE X, R Med Cale 9.3.0 224l Z i &
T AE %5 AiE i Z6 ( receiver operating characteristic curve,
ROC) , 33 Hh £ F 1 2 ( area under curve, AUC) , AUC>
0.85 F/NIZWIRL AT
2R
2.1 TAO A5 HR AR ADC LB  TAO 4 X HEZH Y
ADC B 43 % 4 (1.535+0.125) x 107, (1.102+0.105) x
107 mm*/s, TAO 41 ) ADC {HH K, 25 HA S8 X
(1=20.475,P<0.001) ,

2.2 RESOLVE-DWI xf TAO B2 #F M {E 44 ROC
2k 7~ ,RESOLVE-DWI 14 ADC {H12Wr TAO 14 f {85
BN 1.302%x 107 mm’/s, H R AHE S 87.10% FE 5 Bk
81.94% AUC(95% CI)>} 0.895(0.781~0.975) , WLIK 7.
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155 52
& 7 RESOLVE-DWI £ TAO By ROC #iZk,

ST W KT TAO FE S F R HE , BMI L, TAO %5
T HCR AR R e R IR AN ULIE B AR BR 5 H B | AR HEE 1
BUFT, FT, \ TSH M 71 R M4, 2 R RG24 8 X
(P>0.05) , W% 2,
2.4 Logistic Bl & TAO EHMEMNEREE %4
Logistic 1943 #7 7, 41 L ADC i \NOSPECS 73 % & 5%
Wi TAO 36 shPE M fE R N % (P<0.05) , L& 3,
2.5 ROC #i%k 4 #7 RESOLVE-DWI %t TAO & zh it B
MNE  ROC ML 455, RESOLVE-DWI Fiill TAO 1% 30
YRR ADC (B AT 5 A 1.522x10 mm* /s, H RAGE K
82.58% , ¢ S & K 76.77% . AUC (95% CI) K 0. 801
(0.732~0.920) , LA 8,
3itit

TAO J&—F 5 Fr il - 44 — HOBR ARl AH DG 19 1
HAZ Z= 0 A B oy M, B U0 IR i oK B A, 4T3 02 It R
TRITHOME S . W9 IA AT TAO A 95 B 25 4k Sy R A0 LAY
ST T A7 b P A0 i B S BR B 1 o A S PUR, PR
PUARS AP UTR T HE YR AL 2L, 5 | S Ik 2 41 B i3, R
Kt RAEH T, 5 AR AE LT 2K i HRBRZE HH S8tk . H Al
TAO MR YT RIS ILIE Sk o AU E 16 S TAO X b iz
FUIRER A 25 SRy B G 7 5 s T 2l 3 )
ZRAFARBITY . WL RIIRT TAO 2 Wi, W T
Bliar X TIRYT 7 R R K FiUs FIW A R L,

DWI & —Fh GBI I 3% A 20 2L N 7K 4319 12 3 i
MR HJRERLR A  BREAE 73 7K1 b S B 2 2 g 24 ek
A5 HATE T2 B Tk S A g™ . TAO B
R R AE L 2R K, SRR IR ALK & i 2 5
BLRE S 3, ADC {3 . ASBFFE b k7R TAO 411
ADC {ERTXI AL, ABH 3L F RESOLVE-DWI (1) ADC {H

2131



ERIRRIZE
E81E . 029- 82245172

2020128 55208 128
85263940

http://ies.ijo.cn
B8 F{57%§.1J0.2000@ 163.com

&2 TAO EZHSIFFENHHM AL MERERIILE

CiNiE- 201 S 5 L5 B X? P
%L 53 29
AR (XES ) 55.32+5.89 51.32+4.30 3.215 0.002
PN 2,0 ( %) ] 40(75.5) 25(86.2) 1.314 0.252
BMI(X%S kg/m”) 22.85+1.30 22.92+1.21 0.239 0.812
W AR (1], % ) 25(47.2) 15(51.7) 0.156 0.639
PRI (B, %) 19(35.8) 14(48.3) 1.204 0.237
TAO FKIEL(H,%) 3(5.7) 2(6.9) 0.050 0.823
TAO JEFE(X£S ,a) 0.80+0.18 0.74+0.15 1.527 0.131
FOIR B R i T (X S L a) 6.45+1.82 5.74+1.70 1.728 0.088
FT,(X%S, pmol/L) 8.23+1.50 8.01x1.55 0.628 0.532
FT,(X%S, pmol/L) 26.75+3.85 26.01+4.01 0.820 0.415
TSH(X%£S , wIU/mL) 0.88+0.20 0.82+0.25 1.187 0.239
HIREL 101 54
ADC ff (X£5,x10 7 mm?/s) 1.626+0.110 1.367+0.121 13.485 <0.001
NOSPECS 434 (XS ,2%) 4.45+1.01 2.23+0.50 15.172 <0.001
R SMULE S (X £, mm) 3.01+0.65 2.95+0.70 0.267 0.790
HRERZE H B (X£S, mm) 18.58+2.52 17.85+2.40 1.747 0.853
AR HE BB (X S, mm?) 685.42+50.58 678.44+53.58 0.802 0.424
B A7 (XS LogMAR) 0.13+£0.04 0.14+0.04 1.483 0.140
i (X %5, mmHg) 16.01+3.11 15.78+2.90 0.449 0.645
% 3 Logistic B34 #7820 TAO iEH M EREZE
K&K B SE Wald X* P OR 95%CI
A 0.851 0.311 7.488 0.005 2.342 1.623~4.581
ADC 1.285 0.305 17.750 <0.001 3.214 1.752~6.014
NOSPECS 4344 1.330 0.301 19.524 <0.001 3.774 1.820~6.758

R

0.2 r
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8 RESOLVE-DWI il TAO i&Bh4AY ROC B E,

A7 B+ %4 TAO 2 W7, Kilicarslan 51 5T 7R
Graves 9% B & IR SMNIL ADC {H XY = X 4, 5 A0
FERIEE R —FL,UESE DWI ) ADC {H Rl TAO [y b1 32 2
W AMKYE . FH MR 9 DWI SR 5135 - 1 5% )7 51
(echo—planar imaging, EPT) , 714 38 B H R RURR P 32 458
K, HRIE ] Pl 223 s 28 2R 485 1 %) s SRRSO, 5% T Jey 38 1 4
M55 50 1, 5 SRR AT, S i ADC 9 & 25 0
RESOLVE-DWI X} 35 th 77 [a) #£47 73 BoR A, F 421 A 2l
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MEWERR A3 IEAT RAEFA W T A A7 i 05 5 1) 1) R A 4R
AR T B SR AL B[], I i b A TR i BURR PR R R
GA , A R S R IR e D oF
X R, 5 EPI-DWI 4, RESOLVE-DWI X HR AE (5 {37 14
S AR M Ll AR P bE B R U P RESOLVE-DWI HAY
B BB RS R, % T ADC A B TC R e, A BF
FE4E R RESOLVE-DWI i ADC {H 12 Wi TAO 4 Fe (1 #%
Wr 54 1.302x 107 mm*/s, AUC 47 0.895, 136 B RESOLVE -
DWI ) ADC {E X T2 TAO A5 = A i,
ABEFESS R b TAO 15 3 I A 4E 3% NOSPECS 43 4¢ |
ADC H ¥R T AT 33, Logistic [0 43 M UESE LA | 2 2
SZI0 TAO &SI ER & . ADC BB T R4l 4
K F 13z sh S e D) RE , FCR AR 0 JE AR T R B 2 F IR
BRUE UG I K TR IE AR I PN I D T A T, R OK
SrFEIY L ADC [HFH R . 7540 TAO BB TEBR G i,
ot RAE R TR, TR LURE K B0 B B4 0 1 14
T, B AR P A A ADC {E TR . Lingam 25 BFSEIE
51 Graves MR AR B DWI A ADC {H 5 7% BR1 HR 4
LI MR 15 5 5% B 2 (8] A B W /9 1 A 5¢, 36 B3 DWIT f19
ADC {HE B 1A 55 Graves HR G A9 16 s M A K4 A 40 56
P, BEREEUOAN  TAO ™ E RS S4ER R IEHE, 5
A FE AT, 43 BT JE DR AT R 2 vh B A I 10 3
HUA SRS 7T B, R B e 1 405 A g 32 7 2 IR AR LAz R o
RZ L, MiAEE: TAO B3 LIBE 8 AR L 0, A 5 al it —
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AAIFFE RESOLVE-DWI 1 RSP LIS A5 70 A i 384 A 15007
Y225, NOSPECS Jp 2 J WS 19 32 3R | A il i
BETETR S, ARAE S ™ SRR AESE I e . 53 Ah AR
W3¢ ROC. 12 43 7 fil. 7% RESOLVE-DWI ) ADC {E F
TAO 36 hVE ) e FE G B 05 1.522% 10 mm®/s, AUC Ny
0.801, FEFHMRICEE BT iR TAO 1 4 IR
SMILADC {E 5 T IE W 41, BAG s ) ADC {6 m TR )
1, Lk ADC {H =1.40x10" mm*/s F W7 TAO 1 g i) AUC
4 0.766, 5 AW 5T 45 R AR, DL E 53 55 45 2R Ul ]
RESOLVE-DWI fJ ADC {ELl 8 % FU0 TAO %5 6 B 1
A B G R H

5 ik, RESOLVE -DWI 1y ADC {5 Il 4 X T 12 1K
TAO FNTHIN B A 1 3h 1k B AT — % 19w RN {E, 74 )5
TAO I 297, K RESOLVE-DWI (19 ADC ] it i
VE R BRI 2 WT B3 Sh PR ) MBS R, AT
B Z AL SRR DWI S5 L2 X A S BN s, 7
OIGIEARUIR R b N NS T REZ IR, A B — 2
XA A7 B SRR DWT 34 LGB0 B AT BT
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