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[ Abstract] Objective To evaluate the value of lacrimal gland herniation ( LGH ) in judging the activity of thyroid-associated
ophthalmopathy ( TAO ) and predicting the efficacy of glucocorticoids. Methods A retrospective analysis was conducted on the
clinical data of 238 patients with TAO who were hospitalized at the Department of Endocrinology and Metabolic Diseases, the Third
Affiliated Hospital of Sun Yat-sen University, from January 2014 to November 2022. Magnetic resonance imaging ( MRI ) was used to
measure LGH and its differences were compared among different activity groups. Spearman rank correlation analysis was used to assess
the correlation between LGH and the clinical activity score ( CAS ) . The effectiveness of LGH in staging TAO activity was evaluated
using the receiver operating characteristic ( ROC ) curve. Follow-up was performed on 92 patients receiving glucocorticoid therapy to
analyze the differences in LGH between the different efficacy groups. The influencing factors of efficacy were analyzed by multivariate
Logistic regression analysis. Results The LGH of patients in the active group was higher than that in the non-active group ( P <

0.05) . Spearman rank correlation analysis results showed a positive correlation between LGH and CAS score ( P < 0.05 ) . The ROC
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curve analysis showed that the staging efficacy of LGH for TAO activity was optimal when the cut-off value of LGH was 9.78 mm, with
an area under the curve ( AUC ) of 0.703, sensitivity of 78.9%, and specificity of 54.8%. Combining external ocular muscle thickness
(EOMT ) with LGH further improved staging efficacy, with an AUC of 0.752, sensitivity of 62.7%, and specificity of 78.1%. The AUC
for the combined EOMT and LGH was greater than that for LGH alone ( Z = 2.052, P < 0.05) . In the glucocorticoid treatment efficacy
group, LGH was lower than in the ineffective group ( P < 0.05) . Multivariate Logistic regression analysis indicated that LGH was an
independent predictor of efficacy (P < 0.05) . Conclusions The LGH of TAO patients is correlated with the CAS score and can be
used as a good indicator to judge the activity of TAO. The combination of LGH and EOMT can effectively improve the staging efficacy of
TAO, thus providing effective assistance for precise clinical diagnosis and treatment.

[ Key words ] Thyroid-associated ophthalmopathy ; Hyperthyroidism; Magnetic resonance imaging; Lacrimal gland herniation
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Figure 1 Flow chart of research grouping
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1L WEESHUIRARZ (free thyroxine, FT,). WfE)—
UL IR AR R 2R (triiodothyronine, FTs). g HUHR
xR ( thyroid-stimulating hormone, TSH ), ENEER N
BRE HPUAK (thyroglobulin antibody, TGAb ), it H
IR AR E ALY EEHTAR (thyroid peroxidase antibody,
TPOAb ). $T i F R R 3 = Z R P4k (thyroid-

stimulating hormone receptor antibody, TRAb ) Ul

Lo FAEBAE RO S g b TR SRR L
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2.2 W 5IEESIEE MRI S8R
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WA ($HP<0.05), W2,

2.3 MRIZH 51 RIE ) E TR R
Spearman A X378, LGH, EOMT, EOM-

SIR 55 CAS 2 IFEAE (r. 2305120 0.353, 0.440, 0.229;

¥ P<0.05),
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Table 1 Clinical characteristics of 238 TAO patients
mwooH MR (n=238) % (n=102) & (n=136) Ziy* i Pl
W 1 % 42.6+13.5 43.4+13.2 42.0+13.7 0.733 0.464
F U AR 1 %/ 40.2+13.2 419+12.5 38.9+13.6 1.630 0.104
AR /n (% ) 50 (20.9) 48 (47.1) 2(1.5) 74.306 <0.001
SRS /n (%) 165 (68.8) 81 (79.4) 84 (61.8) -8.536 0.003
FTy/ ( pmol/L) 498 (4.07, 7.03) 5.00 (4.20, 6.46) 4.85 (3.92, 7.31) 0.859 0.391
FT./ ( pmol/L) 14.22 (11.46, 20.51) 13.90 (11.45, 18.60) 14.35 (11.47, 23.31) -0.988 0.323
TSH/ ( wIU/mL) 0.15 (0.01, 1.96) 0.31 (0.01, 2.15) 0.33 (0.01, 1.82) -1.308 0.191
TPOAb/ (U/mL) 31.50 (1.56, 160.70) 15.59 (0.64, 134.72) 44.63 (6.51, 203.78) -2.573 0.010
TGAb/ (U/mL) 3.98 (1.28, 27.17) 3.23 (1.17, 22.80)  14.06 (1.48, 46.38) -1.864 0.065
TRAb/ (U/mL) 4.80 (2.64, 17.70) 4.00 (2.00, 11.53) 5.60 (2.98, 27.10) -2.245 0.025
K2 EZHAMIEFEIEA TAO £E MRI S LR
Table 2 Comparison of MRI parameters between active and inactive TAO patients
i H TeiGshd (n=73) Wzl (n=165) ZIt 8 P1H
LGH/mm 9.79 +2.67 11.79 +2.67 -5.336 <0.001
EOMT/mm 4.68 (4.25, 5.30) 5.61 (4.71, 6.94) -5.590 <0.001
EOM-SIR 1.70 (1.44, 1.97) 1.92 (1.60, 2.26) -3.001 0.003

2.4 ERREHE SRR BB SSEbR RAE DR

Spearman FAHIE 78, LGH 5 FT,. TPOAb,
TGAb 2 HAH% (¥ P<0.05), 5 FT,. TSH., TRAb
TCIRASENE (#P>0.05), W3,
2.5 MRIZS¥T TAO K2 WAL AE

it ROC i & A5 MRI S 0%t TAO 3 sh
(5 REE, EOMT Yl BN 5.39 mm A RLAESAE,
£k F i (area under the curve, AUC) 25 0.726,
RPE R 55.9%, FF5 N 82.2%; LGH Y) sifA
}9.78 mm B} 5 g i £, AUC 4 0.703, R ¥
g 78.9%, i N 54.8%, W 4. Fl2A. LU
EOMT 5 LGH # 7B A AR AR Ln (5) =
0.578 x EOMT+0.167 x LGH #F 17 ROC [ £k 43 #7,
AUC 4 0.752, REUEH 62.7%, FrHFIEH 78.1%,
W25, K 2B, K MedCale #4347 ROC £k
Mas, 453 Eon, B4 LGH. EOMT ) AUC KT

£ 3 LGH 5RIRRRINEEMA XS IEHRAY Spearman FEHE X
b2
Table 3 Correlation analysis between LGH and thyroid
function indicators

mi H r {8 PAH
FTy/ ( pmol/L) -0.071 0.303
FT./ ( pmol/L) -0.196 0.004
TSH/ ( wlU/mL) 0.054 0.437
TPOAb/ ( U/mL) -0.166 0.031
TGAb/ (U/mL) -0.154 0.032
TRAb/ (U/mL) 0.066 0.348

LGH ) AUC (Z =2.052, P =0.040), 5 EOMT
1 AUC b 22 R I geit 2 B X (Z =1.569, P =
0.120 ).
2.6 WEEFEBEARLA ST LGH K

AR B 43 5% T g A B T B U5 /9 TAO f8 & 92
], Horh 3B 47 6] (51.09% ), 245 ) (48.91% ),
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iEE 47.0 (320, 52.8) #; CASH (341+1.13) 47,
MR B 2 TR Stk B (74 1] os. 14
B ); FT, ¥ B R (536+3.34) pmol/L, FT, ¥k J&
9 (14.55+8.53) pmol/L, TSH ¥ & 0350 (0.002,
2.370) ulU/mL, TPOADb ¥ 4 15.65 (1.26, 134.72)
U/mL, TGAb ¥ 2.76 (1.05, 71.20) U/mL, TRAb
Wl R 5.60 (293, 18.68) U/ml. HEASFYTF LA
1] MRI 24025 5 WoR, A 34 LGH (IR T okl

x4

(P<0.05), i 241 EOMT, EOM-SIR [ 452557648
A (P >005), WL 5. Spearman FRAHC
3R, LGH, EOMT, EOM-SIR 5 CAS 343 &
EARX (r.=0.438, 0.500, 0.273; ¥JP<005), £
2 Logistic MIHZ A ) J5 ik o, BRIEMN . 4F
1. WM, TSH., EOMT, EOM-SIR J&, LGH il
BE R T I PR S R (OR=0.811, 95%CI
0.672~0.979, P =0.029 ).

MRI S#12 W iEZE TAO HIAERE

Table 4 The accuracy of MRI parameters for diagnosing active TAO

o H AUC REJE  FrRE O VSME FMETIE BEMEmIE P 1{E AUC 95%Cl
LGH 0.703 0.789 0.548 9.780 79.4 54.1 <0.001 0.640, 0.761
EOMT 0.728 0.559 0.822 5.390 87.5 45.5 <0.001 0.666, 0.783
EOM-SIR 0.622 0.596 0.630 1.790 78.0 41.1 <0.001 0.546, 0.698
B4 LGH. EOMT 0.752 0.627 0.781 0.699 86.3 48.7 <0.001 0.687, 0.816
100 | 100 F
A I B j
80 sol-
S 60} S eof
N 3 i
] & ]
40 wo40r
20 201 ' T mean
r AUC =0.703 3 — RZMNIUEEE mean
P <0.001 Fd — BESfEs
0 1 L 1 I (0] =i 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100

100-F5E 5 14 /%

100-F5E5 /%

TE: AN LGH 2 3tk TAO i ROC H1£k; B WIS EOMT, LGH X3 A& TAO (9 ROC £k,
B2 MRISHIZEEE TAO B ROC BiZk
Figure 2 ROC curve of MRI parameters for diagnosing active TAO

®5 ARETRAEIEREER MRI F5HRELE

Table 5 Comparison of clinical data and MRI indicators among different efficacy groups

o H TR (n=27) HH (n=65) 1 Zl (8 Py
THMREZEH B /mm 13.10 + 2.46 11.91 +2.68 1.990 0.049
EOMT/mm 6.32+1.54 5.74 £ 1.60 1.582 0.117
EOM-SIR 2.09 +0.52 2.11+0.61 -0.161 0.872
TS (B4 18/9 29/36 3.712 0.054
G 47 (36, 55) 47 (32, 52) 0.785 0.432
WS /n (%) 9 (33.3) 13 (20) -1.864 0.172
CAS/ 4y 4 (3, 4) 3(3, 4) 2.037 0.042
FTy/ ( pmol/L) 4.16 (3.63, 5.00) 4.45 (3.76, 6.08) -1.093 0.274
FT./ ( pmol/L) 11.46 (9.38, 13.49) 12.86 (10.50, 18.34) -1.548 0.122
TSH/ ( pIU/mL) 0.315 (0.08, 2.18) 0.389 (0.001, 2.67) -0.347 0.728
TPOAb/ (U/mL) 12.54 (0.55, 434.15) 16.68 (1.65, 112.45) -0.310 0.757
TGAb/ (U/mL ) 2.81 (1.46, 71.97) 2.54 (0.92, 65.88) 1.090 0.276
TRAb/ ( U/mL ) 7.40 (3.00, 34.15) 5.60 (2.92, 12.42) 0.751 0.452
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AT AT, HoAp TG sh 4l B3 LGH & THETE sh4l,
Spearman Fk £ Fr ik s LGH 5 CAS PE4r £ 1F
FAOG, $275 LGH AJE A AW TAO % S vk HE ix,
5 Gao 2>/, Gagliardo SN R S A — B
X} LGH 4§ MRI 24117 ROC 1450 #r, 4580
7~ EOMT, LGH X TAO &% BA R 4r 4 M.
ROC M4k tb#c 45 R WoR, B6A EOMT., LGH i —
AR T TAO B IRkRE, 88 TG MRI 2
BT HR e S A 18

B Bz JoT ik 2R 9T 2 B AT IE s M TAO HE 1
—GARIT TR, WIWE R PR IRYT 0 AR S
—o  H A TE I PR T 2 RN A% TR i
AR P2 ( European Group on Graves’ Orbitopathy,
EUGOGO ) f8mIHERE 12 J& 1 (] B 3= i 7 2,
SR T B 130 b 37 47 EUGOGO HE 75 19 18] B 1k 8L
F bl 67, TAO B A B SR A AL 40%~
80%, X 55 1% Sl R PRGN E Al KOs R R AR
SV 25 AN FE A L AR FEE IR
PRGN T F T RS A B B R o I Y,
TEB o £ T 3% S ROV B B R B A TR
Wi BB R P BRI T R, ARCRE R, TERK
It R IO FH v L2 2 A s (7 O e &k o AT
AT R I 1% 7 £ 5 EUGOGO 7 B X e, 45
RERZTEBIT3INNAMNABLETI8%, 5
EUGOGO F EA KR (63.6% ) H124" JiFRH
Al i B2 I R IR YT I %, A —R o R X
RIRITRUOR A, TERAY B e S 3 bl v 97 T
REFEURIE IR, HE B0, YL, B
BAA, PEE R AT . Ik, WA
FEITRO T TAO A Tl T orE 2

WEFEWFIE R, AR ZEIRE . EOMT, HRAk
WUESE / IRBEAS G (orbital fat thickness, OFT)
W TR, OFT W E(R TR, BAa
WFE 5 TR SR BE . EOM . AR BE BB B K iH i,
25 W R A4 EOM-SIR. LGH. LGH/OFT & 3
fm TR, OFT (R TJoakd, 2 IR,
EOMT 23 4511245 L, EOM-SIR, LGH/OFT J&
TOINME K B TR ST A ORI R BREE AR
S I H MR DA SSIN b B BB R IR T T AL, 4
RBRA A LGH = FIesakdl, 1 2 i HAlvH
SR g4 X, LGH 5 CAS WA I1E
FHOG, 4878 LGH W] S BREEms stk . TR
I Tt 10k IR 2H 2 L) U AR R o R 2R 9 R
FEED, A IS AR ABFRZE R,
LGH. EOMT 5 CAS V43 2 1EAH ¢, 4275 LGH.
EOMT [ Jiz Wi 16 sl i, 5 AR SCHITR 25 A4 —
B, SIRAMLL, AR LGH BAL, HpRSH
FEWZL R 22 5 g4 X, R E S LGH ¥
FITALTREEE 22, wIRJRIRAN . O MR
TRYT T ST REAS A2 AP TH IR 0 S AE TG 3, @ H
HHE K B I7 ROT Al v e — A e, AN FIBESE
KT MR R R, W] e S SO R 45 R
25 OAMRHEARR /N, Kigx g B it
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