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ABSTRACT

Objective To explore the value of SPECT/CT standardized uptake value (SUV) combined with
ultrasound in predicting benign and malignant thyroid nodules. Methods A total of 92 patients with
thyroid nodules diagnosed as non cystic by ultrasound and non thermal nodules by thyroid imaging
from April 2022 to May 2024 were selected. After undergoing thyroid imaging, *>™Tc-MIBI tumor
imaging and quantitative SPECT/CT examination were performed at an appropriate time. The region
of interest (ROI) was delineated using a fixed parameter automatic delineation method to obtain
SUV values, with pathological results as the gold standard.Using ROC curves to analyze the sensitivity
and specificity of SUVmean and SUVmax in evaluating benign and malignant thyroid nodules, and
get the diagnostic cut-off value of SUVmax. Comparative analysis of quantitative SPECT/CT SUVmax,
ultrasound, and combined diagnosis in the differential diagnosis of benign and malignant thyroid
nodules using x 2 test. Results Among the 92 patients, there were 32 cases of malignant thyroid
nodules and 60 cases of benign thyroid nodules. The SUVmax and SUVmean values in the malignant
thyroid group were higher than those in the benign group, and the differences were statistically
significant. The ROC curve results indicated that the SUVmean and SUVmax diagnostic thresholds, as
well as the area under the curve (AUC) of tumor imaging were 2.57g/mL,0.840 and5.17g/mL,0.892
respectively.The diagnostic efficiency of SUVmax was higher. The diagnostic sensitivity of the SUVmax
group, ultrasound group, and combination group were 53.12%, 75.00%, and 87.5%, respectively,
with specificity of 88.33%, 78.33%, and 83.33%, and accuracy of 76.09%, 77.17%, and 84.78%,
respectively. The x 2 test results showed that there was a significant difference in the accuracy of
diagnosis between the ultrasound and SUVmax groups ( x 2=20.488, P<0.01), and the accuracy of
combined diagnosis was better than that of the SUVmax group and the ultrasound group ( x 2=46.142,
P<0.01; x 2=58.536, P<0.01). The ROC curve results showed that the AUC of the three groups were
0.707, 0.767, and 0.854, respectively and the combined group had higher diagnostic efficiency.
Conclusion Accurate quantification of SPECT/CT SUVmax values, especially in combination with
ultrasound diagnosis, can improve the detection rate and diagnostic efficiency of thyroid malignant
nodules before diagnosis through puncture biopsy or surgery. The diagnostic cut-off value for
distinguishing benign and malignant thyroid nodules is 5.17g/mL.

Keywords: Standardized Uptake Value; Ultrasound; Thyroid Nodules; MIBI

FREEARRANASREE, YARENEEILESRFEES, SHIRIER
BLARAARMMEYE, BHOERaHEE. B, £FERRERS, BHaEL
SCREE. TR, BERE. RO, EEMARES, HNET%-15%0 %ML
W, BENREHEISFAERE, HESFHRORRESEY, BaLR)siaR
SETREMNSETEQEBA. HENMEREECT). BHREMRI). BHFRHET
HENMEEA&(SPECT/CT). EBFASTETENMEE&(PET/CT)MELIER, Rl
HTSHERARSRESRILEEMN “SRE" , BRERKIED, REEER
NEREFEORIE, B IREMERYE, BG—MEENE, ELEIRE, &
XFSHERAFRBISHIRS PRETHE TS WL HERAIGRARNRS, BEFR
NREEMERERS, MESE. RE. £Es, SRREETRISHEINE
e E?, BEICEMRABIS EHT AT ST E RS ERED IR R T
MEZY, HEANEEESHRESHEBESHMA Z( NSEHNFREER. 07
MAE S, BMERGRA, HOBERA. BESEER. BARBERA, CT. Wi
CT(DECT). MRI. ¥FEZE%K. FERESG&. PET/CTE ") # TR AL, BRBIES
FRIEETHENLERERRBE. REMBRERTNATFPET/CT, IRKFER
B ZHISPECT/CT R BT MB SR T AR RIS M TR E S E 8 (30 AthE) nE",
TE RS TR A RISUTRT 0T, #MEERIMUBEATHNEN, RE
X, BERGBEREGERE MR RE, TRNNNNE R MR RMHES,
I AFFAEFSPECT/CT, EERNEEKEUFTHME. REHE8, MRS
BERHTENRNITE, B ETENATEEBENT R LUKk BRI L AE
ZxFEHHRY, BPREBETRBSBEE S BREARRGTEI BN B
T OCRET RET RET , AET EABERMETY, wAmRE
TEI “JERET

(5—1FE] BER, 5, TREM, TEHRRAMR:
(BRrEE] B8R

40 -

PDFHGSEEAIT. E-mail: 724871843@qqg.com



AIRENF B BT R ARE EE B SPECT/CTHR AW IREVER
FHREHTEFZERRER “IFR STREMMNZEHAE, A
FEREAEEESPECT/CTESBERS LAWK IR 41
REMNNE, BRIMNITHEXIRE,

1 BERS5HFZE

1.1 FARXMR EFETF202F48 F2024FE5BEERTREXA
RERMIZHNELBEZH AR RBIERBEETNO20/EE (B
1561, &T7fl), E#524~73(48.77110.38)%,

NI BEERIZEAIERE. BRIEEGA “JERE
T HERRBETEE, HFinE: B2 XA=RBPREE
%, EEEGNTBRRIEARRG, BERSERE M5
FREZEEERERG,; BRIEN—IMRT: MWBC. HE
. BHC-RNEH. AR REERER, MRMAEERKT
FEXAREREFCEEZRSHE, THENEENBRE,
1.2 (NBS5R8K BETESPECT/CTRSHEEGE NM/
CT 860 SPECT/CT, WiRk, LEHRSETIAEER, 257
Na”"TcO4F1™ " Tc-MIBIREKXREF SR BB B IR A S S ERKFRH
ZHRAERABREM, BEAIIATF 5%,

1.3 FRBEGKRBEGRDT 25k “s8h” F5185MBqg
Na*"TcO4, 200 HEITRERERSER. RELXHRN: FIEM
K&, XEIH#200kets, #E1£140.5kev, EPE128X 128, K
Z32.57, B5320%, MR MEREBETHHREED S, BE
=2F. Hif. BETRAREERALR, HEBLHEES BN ENA
CRET g g Y, BgOH3
ZEVFENZEZEMERTE, BERA—SES IR,
1.4 #®"Tc-MIBIFEMHE R G REGAITSHE EMEREES
R BET” RET BET 8F, TE4NNET
9MTc-MIBIEMEE K, ZEBCEST40MBg “"Tc-MIBI, 55!
F2007 8. 1200 HHTREBRNIERE &, REXMHERN: 5151
K&, KEITE1500kcts, BEIE140.5kev, EFFE256 X256,
AEHHL.0, BR20%, EREGRELRGEETHESER,
SPECTR&EEHA: 5EfF256X256, Zoom 1.0, 20s/Mi, 1M
/3°, BEl&140.5kev; CTIENEHESE. BE2.5mm, E8BE
120kV, EER120mA, BEST. MR FERBEETHIMAUZE
EHEERE""T-MIBIEE, BSTUS e TFREEERBREA
LNABRY, BTFRABEESARNAREY. BGITHIZER
FENZEZEMERTE, BERA—EHEER
1.5 fREHBEME(SUV)UE XAESHR(RAEFFERAH
BELEZEERR G, SRR 40; RESUVIT0%ERE
D 2 EE) BshaE A A BB X (RO FKFEHBES
RISUVIE, SUVEEITE AR SUV=ROIMSHSEE /TR
SRR/ BERRS](g/mL)", REZEITEEEE(ROC)H

1

CHINESE JOURNAL OF CT AND MRI, OCT. 2024, Vol.22, No.10 Total No.180

ZXTSUVmean. SUVmMax7EXT IR R E T BB M # TG B A9
RBEMNBEERITON, KERESHAE, MBELEHB
SUVmaxf& >SS RE, NRME, INFulXppE,

1.6 BEEREREGINSHE FKABL(RS: ARIETTA 70)
TaSEHMBESEN, L12-28%, ART-10MHz, £H4i%EER
FREBER, #IRMNEBERE, NRERPREESHUE.
B W%, Be. 4. BE. EER. BHERER. A
I BHEEES, SEREEYABEEYHREHMN (2020
ERE RS T MERE R DRI/ C-TIRDS) #1745
%, mRAEXEE " REEEMHR", ZIEHLIC-TIRDS 4b
ANEMEBORETE, 1. 2. 3. JaXBREBESEN N
¥, 4b. 4c. SEBRBLETENRAY, BEEEHIEEES
FRES R LB T AR U BRSO (B DR —REERR).
1.7 SUVmax5BEBAB KR MSHE BREL. 2. 3.
4a. 4b. 4c. SEETHIEMMELFN0%. 0%. <2%. 2%-
10%. 10%-50%. 50%-90%. >90%, ZBEXIEEKEEZH
fEFR" Y, AEMAE ERE T IRBRE TS HIUT
4%, BI3RETFEFRELT, 4aLBFREFAEMLA, 4b,
LCBFEMAREMA, SKEABFEMLS, FHEESPECT
SUVMax#E A TR AR, MEMASE T FMBEGINE
MEBRERE S E5BERANMEXAR", EXBEELH
SITSHERRER: SUVmaxFElE, BAESE L. 2. 3. 4a
BY, MIKREME; SUVMaxBElE, HBAISHISLETREME; SUVmax
FBAME, RBAEISH RPN ARFAM; SUVmMaxiski ArRE, 8
EiLWi4a. 4bXRTHIBAM; SUVMaxiZ i JoBaM, BEISHTN
13RESBAEY, “SRE" HESE: SHER: TRV
%, BHRIZE, 1. 1L V. VESEERSHARGHES
2; REFRE: THENRREBIRE. BARE. SIS, %
SR, EEME; RMENAMEE. BUET. SHEERE
B, ARk, BsRE ERAR AR,

1.8 B E RASPSS 27.055H DR, WHAES
DI B AR BMean T SDER, (ARILLRRAMII At
%, RFEAROCHIZIISUVmMean. SUVmMaxEX ERRET B4
HTITEN MR BERIESEH TN, HECER BB ST x
Wi, LP<0.05HESEEHITEEN,

24 R

2.1 FRRAREHEERESHFES RELROT: PR
83215, BL&tbfIA5: 27, FEi824~68(45.1819.96)%, Hm
FLIR3040, FEER1G], BEERMAREELS; BRERMLETI60
B, B&tbflA10: 50, F#526~73(50.68+10.18)%, HejE
AMERRESA, ST ERIREMS5, PRIBETEEEMEE
%GR EBSPECT/CTEHFGILEL,

1c) ®

EIA-EIC L, 528, WRBAILRE. 1A "nTe-MIBUR B AH B 75 4 1 3040 AT WA B0k 3 (48D 1B: AE3RAM; 1C: SPECT/CTHE B BAR BT 45 4 #AL ¥

BAAHERER.

- 41



REICTRIMRIZRE 20244108 5224 $ 1087 S 5518048

2.2 BRI B EELE T EISUVELLBRIEARMER RSN
MEEDT FARAENBEGIHBERBETNISE. 57
E. EME. BAHETNE. BHEFTNIES517959.38%(19/32).
73.33%(44/60). 68.48%(63/92). 54.29%(19/35)#
77.19%(44/57), HIREREMASUVmMax. SUVmeanfB¥E TR
M, ERBEHITFREN(P<0.05)(F1).

2.3 SUVIEERROCHIZ I RAROCHLZLISUVmMean.
SUVMaxfEX FRBRE T BB E T NN R BENRRESH
794, SUVmean. SUVmax@hiZk FEF3(area under curve,
AUC)£51790.842, 0.890, EAIMNIZHTRED517/92.57g/mLAT
5.17g/mL. ZIEBUER T2 EEEFHISUVmaxfER BIRER R
EHEFIS NS (B2 FR2).

2.4 SUVmax. EBEE&GSH LUSUVmax 5.17g/mLAIZETR
B, EEMEEGPRERELETIRELSUVmaxE>5.17g/mL
7R, BRWARY. FitEEAW, BAEET246], EHE

METLTH, REETTH, FBHETI6sH, HPERIEETS3

=1 BRBRBEE N RMEDSITECENELR

B, RAMELET156, FMASUVmaxiZi R EHRT FHBEER
OFIEFRMLET, BRNAE2FEEMETIRIZABMLET (IR
3) BEIZHBIRIREEETITH, BIELET554], RIBKFEER
PRMLETI 240, REBMLETISH, ERMETATH], RAMET
131, BESIZWRBEMESETI38%, PAMLETS40, RIBRIEEMM
£128%1, BERRMETS06, FREEMSETI10M4)(HFRE-5),

2.5 SUVmax4l. BEARKAAXNRREBEET REMENN
CHMBESHT SUVMaxil. BEAKRBSALZMRBEL AR
53.12%. 75.00%. 87.5%, 1B E531588.33%. 78.33%.
83.33%, BMESRNHT6.09%. 77.17%. 84.78%, BAMTHA
MESFHF70.83%. 64.86%. 73.68%, PEMFNESFIH
77.94%. 85.45%. 92.59%, FExt x ‘ieIhsERRA, BAEM
SUVmax4BiZWreEME S E M ZE R (x °=20.488, P<0.01),
B A MR AR RSUVMmaxiliBEE B2 E R ( x =46.142,
P<0.01; x’=58.536, P<0.01), =4AKIROCHILERZAUCHES
3190.707, 0.767. 0.854(ME3)o

2 ®"Tc-MIBl #EA BN ESUVmax. SUVmean ROCEI&R

e BiE(n=19) RIEAM=16) HE 2 PE sy AUC HHE9SEEXIE BIEERFE RBE HRE
SUVmax(g/ml)  551+0.28  5.04£027 5044  <0.01 TR ER (gm) %) (%)
SUVmean(g/mL) ~ 2.80+0.33 2442019 3849 <001  smyc.viBISUVmean 0.842 0709 0976 257  73.70 87.50
9mTc-MIBISUVmax  0.890 0784 0995 517  89.50 75.00
&3 ®"Tc-MIBl SUVmax{E5KRELRER RABESRELSRILR ;|5 *"Tc-MIBI SUVmaxSBEBRA S MRELERILR
EESPECT/CT B RIELER Bt P"Te-MIBliREKIBRESBEKS RIELER ‘it
SUVmaxfE ﬁiﬁéﬁ% éi‘l’ E'E E'E ISID]%AIJ__-EI— E:IE
e al 24 13 37 A 28 10 38
FAME 17 7 24
T 15 53 g MM 8 47 55 BAM 4 50 54
&it 32 60 92 At 32 60 92  Ait 2 60 92
o ©
B2 "Tc-MIBI #ArvE{h4ZE{ESUVmax. SUVmean ROC %k .
B3 EESPECT SUVmax4l. AL, BEALLLEAD W F Rk EE T ROCH: .
33 i 90%HNZHIF, BEFRENENAESTRIEFE, IRNFTE

FRIBET N XREREHLEN", SRERERITE
gAY, BRATHER NGRS, BasEsRMIERE
BEERFLEEERRETZRE., RLNEESHE0RRAY
TUEERRELETBERTHLMNMANE, BERLE, B
NBRERSHEEFEEE R EMINSERATHNEERRA
YRS, 99mTe-MIBIR—HM RIFHEMER &R, Hb

42 -

FRIEENIZ USRS R REE e Y, EAHRF,
EHZERBEGLMPRBESHNRINE. BEE. EHE.
BRMEFME. BRMEFUME 2 5959.38%. 73.33%. 68.48%.
54.29%%#077.19%, 1ZRFEMEE G EENISARREBLESE—
T, SHEERRAZER", EhBSEHESEMBER
KRN, BEERTHER: (1)MAM0E EWPEEATMTMIBIE



GBRIHE, PEEASESSENHEME; ) FREN
SUIZEZH T I " Te-MIBIBEEY; (3)”°"Te-MIBIBHMERI T4
e, FhEsmBA TAMAIMNGLGEE, BT AMREeiE
PRER™, Hih4MREERTTAe SRR ; (4) AL KMmE k.
REABURMBEARSERSS, BHRMESEEMEER
RRUKMAMY, TEERAFTMEES. RSER, BEKTE
B, EKR, RBEEHRERZESRZENFRAST, Bt
EMHEESNBREREM T—Far sRmEE"™", 254,
FRIRE M A SUVMaxFISUVmeanfaa F BRI (P<0.05), &
BE¥E AEEESPECT/CT SUVmMax. SUVmeans] AR iFith 3 BIR AR
ZEHHRTMRTED,

ROCHELE—FhR AT 2 BB ST 555, B FEMafE
RN E— LW R AR MR, BN E—E AN 2T
WWHITILE, BIEBRIEEHSRELSE AUVENTFO
21208, INFOSKRFELIRER, TN ELLRENIBENTEE;
AUV=0.5, HBASRLEETNMNE, FTUIEREMIBNNE—
B¥; 0.5<AUC<0.7, FUMISHIMNERIE; 0.7<AUC<0.9, it
BATUIAMERE; AUC=0.9i%BBTIIIMEIRES; AUC=1, 2%
MNEER, BEASRERT, REETRENTONSH,
KIFRETRSUVmean. SUVmaxBIAUCH 590.842. 0.890,
SUVmaxisakae S, BislRESFH2.57g/mLAN5.17g/
mL, XBHEMERRINEESGAELT, FERNE
REANTUNNE, RTEM T 12 8KAE B FRISUVmaxtE R B
REER T LRSS, FIESUVMaxis ki SR T =5
BEGOBIEPELS, BRNG2HEMRELS RIS HALELE
¥, HESHBERBED RN RHBE. BRE. ARE.
PRHEFME. BRMEFUME 25 953.12%. 88.33%. 76.09%.
70.83%. 77.94%, BERFEMBEHE, E=SPECT/CT SUVmax
SRS ERREE SN EREAS, HEERNSHRERIFHX
NTERRBESHRTYE, ARESEHEASHTEERZSE
R 287 R B B FIFE.

AHRT, BEANRHE. HHRE. TG, PR
MESFREMSUVMaxd, BREALHIZES T FRETHLE
PR, BESERSUVmaxik. =AHAUCHIH0.707.
0.767. 0.854, ¥JAF0.7, HEBFNISUNES, =Fh75EEw
ISR A DUS B B R R B R T M, BIh x it
SRBEA. SUVmaxAMESA KK ERIENEEEY
%E(x2=20.488, 46.142, 58.536, P9<0.05), REAELEHZ
W7 AR R S BB AE S, BB FSUVmax, 1BEESISHT
XAEFSUVmaxfiBE,

FHARGENTARAR: Bk, SHREMUTFERERAR, o
BEEMERRE, 2k, RAHERAE. RENaKEEREES
SPECT/CT SUVmaxti@&EAREFCT. MRIFEMEGBERE,
THEERD,

& FERR, BT ESPECT/CT SUVmaxE L E 2 51BaE:
BULM T UETEERRFRBIZES FRET L B R T
EHNILHNAE, HPEMETMRRRET BTN RER
5.17g/mL, ERLUANRERELES BERE—NERELLNLE
Bk, EEREMHLSINMEE, BERLE, BERSHESR

CHINESE JOURNAL OF CT AND MRI, OCT. 2024, Vol.22, No.10 Total No.180

FRERUREMIMIMERATNEER, EFIRKE

BEHR

UL ¥, Bl weir, /04, . B A5G 5 BT T IR MRS T R BHE R LA (D). #7 T
B2, 2023,45(13): 1411-1415, 1419.

(20 i, KX, R, T H AR F R F R LR DW FRBRELEE T 5L LR
U1, EEFPEEAR, 2021, 37 (9): 1302-1306.

(3143, 40, BAF, . B e RET ARG E % &8 i &bk 5 e 7R
BEGREGHRERFEFRRET LN S U], #EES R,
2023,20(7):165-168.

[41 5. — M F RGOk iR KRB E RAEBAR LA FIRIRE T R SHENE
7). B E ¥R, 2021, 25 (29) : 4223-4225.

SIHA. FARFHREEFEDDHFRBETRISENNED] . FERELTILE
F247,2023,40(3): 332-333.

O] PHRR M, TR, F EH, F. Wite40EBHCTH FREEL R, BRETHELND
Wi OB [T]. K R AR AT 2 22 5, 2024, 43 (4): 528-531.

. FRME TR A M RG LR FEYRED W N EREMXELH U] TH
FE¥EE LR FR R, 2024, 36 (2): 177-180.

(81421, % %. 'Tc"-MDP-MDP  SPECT/CTH BAR 2 & & 27 ¥F 5 & iU B AE &9 16 AR A
8 [I]. ARIE ST 5 I R, 2023, 30 (2): 293-297.

(91 5% WA ik, ARAEAT, X1k, 5. SPECT/CTH & & 78 (L AR BUE AT HH AL & 44 1508 09 8
1. S EHM IR, 2023, 31(5): 408-412.

[10] TR, %F, x| #F. ""Tc04-SPECT/CTE B ERAMN S H MR B M T
RRMEHSUVERFRBERFHEA[T]. EEXBRFFR(EF
#R), 2020, 40 (12): 1637-1640.

[ #R A&, o &, #E K, % "Tc04-SPECT/CTE: & B2 Bk &40 7 i B 72 X 7)) W IR B
BB G P T (1], A Rk B B 4], 2022, 44.(5): 729-734.

(121 B 40, HIEBE, B X, . 99Tc m-MIBI % 8 B 1% 1t FR IR 4 ¥ 9L B8 [J].
s s 2 2, 2020, 37 (8): 1030-1034.

(131 F 3, B EM, E w8, . 99Tc " m-MDP & SR MEAEATERIE S
(0], & [ E 440K, 2020, 36 (07): 1070-1074.

[14]Zhou J,Yin L,Wei X,et al.2020 Chinese guidelines for ultrasound
malignancy risk stratification of thyroid nodules: the C-TRADS[J].
Endocrine, 2020, 70(2): 256-279.

(1512248, & 4 4%, 8748, 4. (99m) Tc04-5 (99m) Tc-MIBI B2 Bt &% 6. 4 L ¥4l 7
SR ORI A R T S W ], S B AE 245, 2016, 26 (5): 434-440.
(16T XA, A2 7 . MSCTX 7 HUR MR B Btk 45 % 2 fb eyl KA 5 [0, & B CTAIMR 4

&, 2020, 18 (10): 23-25.

(715K A, X 3L FORRB A 5 . CTH M 75 5| B T 5 A B 4 Rt B4 (7). o
CTHMR1Z% 7, 2020, 18 (5): 89-91, 95.

(18] 5 & e, &40, R, 5. "nTo-MIBLE AR A48 7 % 51 0 B 254 B B i
Wyl A AT ). R B ¥ 5 5 F k4, 2016, 36 (4): 326-329.

(19 K, BAhar, 2/, &. St B X L5 FIRRE T R BHGME U] FEE
FRF R, 2022, 44 (1) : 40-44.

[20]Park J W,Hong S P,Lee J H,et al.99mTc-MIBI uptake as a marker of
mitochondrial membrane potential in cancer cells and effects of MDRI
and verapamil [J].PLoS One, 2020, 15(2):e0228848.

(211 5k 4hi%, B R, KT, . "mTc-MIBL AR 7 WAR IR &5 0 % Wi o o b B 52 (D). o
B S2 1%, 2008, 12 (12): 1560-1561.

[22] B, RAHE, REF, §. OMRVARL ¥ B A 16K E & FUAE A S LR L2 M
AERHE B IME (1], s3I R AR, 2024, 15 (4): 63-T1, 87.

(23] B otk 7 2L SR P4 A0 2R A 3 R 3 K Ak 2 A R 4 0 ) 2 T 00008 B0 g 2 TP
i [D]. RIE A, 2023,

B BLEE K

(WafsHHA: 2024-05-29)
(RxS4meE: TI%E)

- 43



