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Abstract

Objective: To investigate the value of ultrasonography, *°»Tc-MIBI SPECT/CT, and biochemical mark-
ers in the preoperative diagnosis of parathyroid lesions. Methods: The clinical data of 81 patients with
suspected parathyroid disease were retrospectively analyzed. In the entire cohort, agreement between
ultrasonography and SPECT /CT was evaluated, biochemical markers were compared between patients
with positive and negative SPECT/CT findings, and cases with discordant imaging findings were de-
scriptively analyzed. Thirty-one patients with complete postoperative pathological results were in-
cluded in a pathological validation subgroup. Using postoperative pathology as the reference standard,
the diagnostic performance of ultrasonography, SPECT/CT, and two combined strategies—“any-posi-
tive” and “both-positive”—was compared. Receiver operating characteristic curves were used to eval-
uate the ability of serum calcium, parathyroid hormone (PTH), and their combination to discriminate
pathology-positive lesions, and a multimodal model was constructed. Results: In the entire cohort of
81 patients, ultrasonography and SPECT /CT showed only slight agreement (i = 0.138). Serum calcium,
PTH, alkaline phosphatase, and creatinine levels were higher in the SPECT /CT-positive group than in
the SPECT/CT-negative group (all P < 0.05). Discordant ultrasonography and SPECT/CT findings were
observed in 35 patients (43.2%), including 21 with positive ultrasonography and negative SPECT/CT
findings and 14 with negative ultrasonography and positive SPECT/CT findings. In the pathological
validation subgroup of 31 patients, ultrasonography and SPECT/CT both had a sensitivity of 73.1%,
whereas SPECT/CT had higher specificity than ultrasonography (100.0% vs. 80.0%). The any-positive
strategy achieved the highest sensitivity (92.3%), while the both-positive strategy achieved a specific-
ity and positive predictive value of 100.0%. Serum calcium and PTH levels were higher in the pathol-
ogy-positive group than in the pathology-negative group (P = 0.039 and P = 0.001, respectively). Re-
ceiver operating characteristic curve analysis showed that the areas under the curve for PTH, serum
calcium, and their combination were 0.923, 0.800, and 0.915, respectively. The multimodal model in-
corporating ultrasonography, SPECT/CT, serum calcium, and PTH achieved an area under the curve of
0.977; however, this finding should be interpreted cautiously because of the small number of pa-
thology-negative cases. Conclusion: Ultrasonography and ?°mTc-MIBI SPECT/CT have complemen-
tary value in the preoperative diagnosis of parathyroid lesions. PTH demonstrates good discrimina-
tory ability, while serum calcium provides supplementary diagnostic information. Multimodal assess-
ment combining imaging findings and biochemical markers may improve preoperative diagnostic per-
formance, although further validation in larger cohorts is required.
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1. 5|18

FFPR 55 AT A2 N 43I0 R 05 LI 2 v DA R 1 HFOBR 53 IR T B TUEE S FFOR 55 i B 35k s L
[1]. 1205 H P HOIR 52 IR B4 2% (parathyroid hormone, PTH) T3 MABAC 53 K A FIFEEE i B 4 2],
PR TR IR REEA B H AL . WAEREIR ) = 055, 0 B TR AR I S0 = 4R br 7
[3]. Bl A= ARSI FISAR A 7 (1038 2, ERoREE 22 O IR B (A W B T30 T ARG YT 1 A8 T
= ARHTHERR A FUIR S5 AR AR A TR AL AL, W TR IETT SRS AL i AR B R A R X [4]

HHT, #AF ©"Tc-MIBI SPECT/CT RAZ A2 F MR 55 Mo 8 AT VPAL o 85 F TR AR 5245 2% 77 [5]
AR A A BRERE. O Jofms & 2 BRSNS [6], JUHIEH T 800 R b i (A
HAER T ZE 8 G50 ARG 17 T-I0 i AR AR S e o A o7 B 25 PR 22 R [ 7] 99" Te-MIBI SPECT/CT
BAG M LI AR SR e g, REMETE— e RERE kb R Al S R R, R HAE AL B
R I T B 2 o b B e i N AN B8] - 4R T, SPECT/CT [FIFE AT RE A2 kAR R A /N . A0 Rl 3 2 57
LR PR e DL S FROIR IR G5 T B A R 3R e i), BB B 1k BB B PR 45 SR [9] . U mT UL, SR —5eA5 Y
AAE—E JR PR, #A L SPECT/CT M Al g2 HANC R, 1mAEMR S B AR RK[10].

MR A b, mAS. M@, PTH. B8 BEEL A (alkaline phosphatase, ALP). #E4:3 D LK &4
AFE A0 FEOIR 55 R 075 12 Wi R0 18 VP Ay 1) B8 AR B . b, PTH R AT 7K T R 4 T b e e IR 55 i
THEEIRAS[11], M. ALP. 4E2E 3R D JULEF I T AASBEAR U L B AR AT Thik 25 A FE SR A 7845 B [12] -
X F AR FRIA BB SR ARG AL RA BB, T Fs ol e IR W SR LA oh S FF . Rt
M “EERIFAR + DhEERR + AATabn” RO AT SR AVEAL, B IR I PR SL[13]

BEFERF T 2 4 rh T — A VA M2 I R B[ 14], BN HLEGHE 5 MIBI BAR IR AR X T4
gE PG EACTR bR AT RS 0T, I RIS 45 400 FRIG AR T 4L PEAN HA2 Wi R BE BT AR A BR[15]. TCHEE
TG ARZER, A E AR B R A AN FRLAS B B2 I OC R, HAE B AR SARE 1) B3 TP IR
SWiE, EA e,

BT, AW TR AT AR 81 451158 AL FFR 55 e s AR B I R W), 1 e TE A4 ) v PR 7
L5 9mTe-MIBI SPECT/CT 45 i —8tk, FEai ARG R EE 1 E M ahn 2R i —PIEF AR
Hrf, DIRJERERSS FONEhRitE, FLBGH A . SPECTICT MANFIREE SEms L R hE, RIS HR T e AR

% 2 AT SR 1 FROIR 35 B 25 R RS T BRI, DU IR R AR BT VR AL T AR 5 %
2. #REHE
2.1. FAEHR

ASHIT ST O [ BT 7E, G N S AL TR Y I B e i BIOAs: 2 ) SR UL IR 55 B J8 4 3k 81
Bl A B R FUR S IR EhRe . S AU S . SRR AT SE kL . IR R A A AR R Bl R
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Figure 1. Representative dual-phase %™Tc-MIBI imaging of a parathyroid lesion
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TEREIIET A, #— PR REARLE LA SIS W (. HEBFEARGIR, ikt
G, BN B IR E SCHA A S, PP RE T
o MM 1. R
o B 2. SPECT/CT;
o FEAI3: A + SPECT/CT;
o JEAL 4. S + SPECT/CT + 45 +PTH.

R B B AT A R B AN T A SRR 2 IR Logistic [81H, USRI Fi A6 PR/ sl R MR A 0 A, A
SRAT R A S A TR A A

2.7. GtFESH

A SPSS. R B Python #EAT Gt BT, i BVRME& IES A8 UGS + frfiden, dLibihs
SRR SEREAS s A A TEAS 4 2 DA e B ORI 4 4%, 200171 LR I Mann-Whitney U Ko .
FECVOR LUBUSOR B 2 e 5, 4L BEBOR 2 Kok Fisher KSR 6 .

DU SN G b e, LR SPECT/CT KU £ MG 7 MU . R FE . HERR . T A
BIME T . R Kappa FeBo (5 55 SPECTICT 2 ik, R ROC 2k bPA: 1L 16 b K ik
SRR, I FER. P<0.05 % RA Sl 8 3. WA 5 SPECT/CT A—Uhilil X
HEAF LSO R L O3

3. &R
3.1, —iREE

AT 5T I N BN R R 55 e s fE 3 81 9, FLrp B34 26 441, 2ok 55 9, ~PIAFEEY(55.9£13.1) % .
Fesz TR 314, 55 BRAIE SE HOR S5 i A% 26 i HE S BH A 41 5, SPECT/CT BHME: 34 i W T G2tk
FEAE DL 2, VEAH— M T0RE S S0 % 48 b W72 1o

Table 1. General characteristics and biochemical profiles of all 81 patients
= 1. 248 81 fIBE—MRERSE LIBFREHE

(=23 SEHBHE
1% (f1) 81
FER(%) 55.9 +13.1
R () 26/55
45 (mmol/L, n = 73) 2.65+0.41
I (mmol/L, n = 70) 1.04 +0.45
FUIR 25 iR PTH (pg/mL, n = 74) 124.45 (88.07, 399.58)
Bl I i ER A ALP (U/L, n = 69) 94.00 (72.00, 119.00)
25-#4:4: % D (ng/mL, n = 50) 18.30+8.71
WLEF (umol/L, n = 70) 67.50 (53.25, 93.50)
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SPECT/CT FHA4:[#1(%)] 34 (42.0)

B2 FARBI(%)] 31(38.3)

975 B FH 14 [451] (%0)] 26 (32.1)
TFEEEGFEESSAE X s £R, MESMERLL M (P25, PT5)%R ;TR LLFIE(%) R R, PTH: R
SENRESE; ALP: BRI BEIR NG .

FoniEE Bl sws% e 5594131 %
000 H\BEUARZTMEREE 20 -
g@n (N=81)
15 - i |
: ' : ,
BEkE CAg\) SPECT/CTHE BRF RS ~ 10 A o - :
' FRTE: 41 (50.6%) I@Jl PAME: 34 (42.0%) 31 (38.3%) % S
BAfE: 40 (49.4%) FtE: 47 (58.0%) ® X 0
K 5+ ,/I \.'\\
___________________________________ mELE ol mm NS i, i
MiE: 26 (32.1%) 200 30 40 50 60 70 80 90
FR1%: 5 (6.2%)
Fig (%)
B & EoksskR (N=81) AHEHH
ek m FELEUIERST
m$5 PTH 25-FHEED
RE (n=73) (n=70) (n=74) (n=50)
(mmol/L) (mmol/L) (pg/mL} (ng/mL)
26 n o= 40 25 10,000 ; 50
(32.1%) 26 (32.1%) 35 20 : 20
30 15 1,000 30
®
g 25 10 20
55(67.9%) 100
20 05 10
15 0.0 10 0
2.65 + 0.41 1.04 +0.45 124.45 18.30 8,71
(88.07, 399.58)
iE: PTH. ALP. MEFAIRES %, RASLE (P25, P75) Fox; HAMNESHH, RAME + iREERTR.
Figure 2. Baseline characteristics of the study population
E 2. R RELLAFHE
3.2. A5 SPECT/CT WELRHN—BME S
1E4d 81 BB, RS — 0 FhrvEXT 75 F1 SPECT/CT 45 itk ir — 8t b 53R ER, #

FERAYE 41 451, B4 40 451 SPECT/CT FHYE 34 i, [HIE 47 fi]. PR & 45 R FIEER WL % 2.

Hrp, A5 SPECT/CT [FIFFHYE 20 i, [RFINFBATE 26 1; A FHMET SPECT/CT BT 21 4,
SPECT/CT PFHM:ffi i 75 B % 14 141 . Cohen’s Kappa 43T .7 , PR £ 77 V5 (1) — B UK (Kappa = 0.138),
FENE A 5 SPECT/CT & FUARSS MR Ak th i R — 8, — B EI WK 3. RA—BURpI& it
35 i, 44 43.2%. HTHUDREIZORAE RN BB L M R SR EYORE, AT AR AT AL
1) W0 4 A

FIREE K, WAL SPECT/CT &R MM LRI IR A e — g 25, &AM EN.
RS E 30 209 ) PP T B2 BOIR 55 ARk R ) wT Bk, 1T SPECT/CT UGBS & BT 438 75 A RE R 1) Th g
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Table 2. Agreement analysis between ultrasonography and SPECT/CT results
2. ¥F5 SPECT/CT &R —H M5

SPECT/CT PR SPECT/CT Btk it
A FH A 20 21 4
jed A A 14 26 40
&t 34 47 81

VE: R Cohen’s Kappa #36iF4/ 8 7 5 SPECT/CT 45t —#it, Kappa=0.138.

e
B¢
38
fE
EE]
- 18
A I
- 16
T — 14
SPECT/CTRHM: SPECT/CTHAM:
SPECT/CT& %

Tt - AR, B RE406]
FIET © SPECT/CTRHM:34%1, SPECT/CTRAM:47HI, Eit814
¥ : Cohen’s Kappa = 0.138, #&/RMfe#E T RN ERE—E,

Figure 3. Heatmap of agreement between ultrasonography and SPECT/CT results
3. HFEH0 SPECT/CT AR —EIHHE

3.3. FEIHGERBERNELIBIRLER

TEAz4H 81 Bl B, HRYE SPECT/CT &5 o NBHPEARIFA ML, X4 Atbfa bRt AT Lhi, &5 1
% 3. 458, SPECT/CT FHVEALIMAS . PTH. ALP KULEF /K T4 SPECT/CT BItE4L, R HA4:
TH#E (¥ P <0.05), HHr, PTH 7E SPECT/CT PHTH:4H . 3 Tt #1[244.75 (129.93, 571.85) pg/mL vs 91.28
(48.90, 143.30) pg/mL, P < 0.001]. 4k 2 D fERZH H) 2 i G it 2% 5 (P = 0.056), ML 7 R L4 i
= X (P =0.247),
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Table 3. Comparison of biochemical parameters between patients with positive and negative SPECT/CT results
< 3. I[E SPECT/CT R BE L {LIRHRELER

&t SPECT/CT P4 SPECT/CT Ff4 P

145 (mmol/L) 2.70 (2.59, 2.86) 2.43 (2.32, 2.69) 0.005
1A% (mmol/L) 0.89 (0.71, 1.12) 1.01 (0.87, 1.11) 0.247
PTH (pg/mL) 244.75 (129.93, 571.85) 91.28 (48.90, 143.30) <0.001

ALP (U/L) 118.00 (74.50, 167.00) 85.00 (72.00, 101.75) 0.007

25-$2 44 & D (ng/mL) 15.31 (10.47, 20.00) 19.60 (14.28, 27.14) 0.056
JULEF (umol/L) 81.50 (58.75, 109.25) 59.50 (50.75, 74.00) 0.022

e HHEERILL M (P25, P75)#E R, 4R LR Mann-Whitney U #4:36 . PTH: RUIRSZARIESZE: ALP: BliEmiigns.

3.4. FRFBETLEPFBAE,. SPECT/CT REES EREAVIS AL

TEFZ FARIFRGA GBS S 31 IR, DURBRE AR A EhritE, XS . SPECT/CT KBk
A FIWT SRS B2 W R HEAT A0 AT, G5 R ILF 4. #8755 SPECT/CT W REE N 73.1%, {H SPECT/CT )
R 5 P 7 T8 7 (100.0% vs 80.0%), #E7s SPECT/CT 78 HERR AR FUIR 55 B A8 7 1h 8 B AR 38 . AF— PR oK
I P R P B 11 (92.3%),  #ERfI% N 90.3%, Kappa {EN 0.669, o EirMsiaizWisiae. SILFER,
I e B 2 S % 4D A S P88 R P 1k IO 3404 100.0%, {H R BB N P4 %5 53.8%, $/n Ho & A T ARl mds
PEE AL I F AR IR 5

Table 4. Diagnostic performance of different strategies in the surgical pathology subgroup
4. FAREBL LA SR EISHIRERRISHI N EE

FiE REBE (%) KR (%) HERIR (%) PPV (%) NPV (%) Kappa
i 73.1 80.0 74.2 95.0 36.4 0.358
SPECT/CT 73.1 100.0 774 100.0 417 0.467
E—RAE 92.3 80.0 90.3 96.0 66.7 0.669
[Fi FF o 4 53.8 100.0 61.3 100.0 29.4 0.273

W DRGSO hrE. PPV YIHYETRMIME, NPV BTG . Kappa iK% Cohen’s Kappa #6515 .

3.5. HELigHRX IR B UM BN IS T B

75 31 B FARBE A, FREEPHIEZ 26 51, FRELFAMEL 5 Fl. WAA L FRbr b4 R 5, JREE
PHAEZE M5 A0 PTH K-F3mm TR IvEA, 225 R Siih & X (P =0.039, P = 0.001). Hrfv, JiHERHME
2 PTH 7K~1*}y 244.75 (116.00, 641.00) pg/mL., BH %=1 BE [ 144 1) 46.24 (37.25, 85.33) pg/mL. [MLf#.
ALP. 443 D RUUBFAE R 2R 1H) 2 3 To4e it = L (3 P > 0.05).

HE—B 4 ROC M PPN MAS . PTH A —# A X BB MR S 2 Be . 45 R EoR, PTH HIHliZk
AR K (AUC = 0.923),  Hio Houk s B BH 1R 1) %0 B /0 8LaF: L5 AUC 4 0.800, 78 BA — €4 El
LW ME: 455 PTH BEE AL AUC 25 0.915, AK#% PTH HldEfr o BRI G . kg R,
PTH J2AMF A R IBAL R B bR, TS WA NS E b . & 4 RIS, PTH ISR
ROC ffiZk.
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Table 5. Comparison of biochemical parameters between the pathology-positive and pathology-negative groups

72 5. TRIEPAMELE STRIERA LA S (s REL R

L0 opliakeeiiy R EE B4 P&
114%(mmol/L) 2.73 (2.57, 2.93) 2.30 (2.24, 2.31) 0.039

1A (mmol/L) 0.86 (0.73, 1.16) 0.95 (0.95, 1.07) 0.254
PTH (pg/mL) 244.75 (116.00, 641.00) 46.24 (37.25, 85.33) 0.001

ALP (U/L) 103.00 (72.00, 146.00) 87.00 (81.00, 99.00) 0.656

25-72 484 % D (ng/mL) 14.42 (9.66, 20.31) 16.83 (14.79, 18.86) 0.749
JLET (umol/L) 82.00 (58.25, 118.25) 49.00 (49.00, 69.00) 0.081

W HHEERILL M (P25, P75)E R, IR LK Mann-Whitney U #6556 . 955 33 BH 41 9 AR 5 95 3 1E 52 BOIR 55 AR A8
#s B G ERUESE RS AR . PTH: HURSSARISE: ALP: TRMEBEIRES.

1.0 >
08 T ///’
06 T ////
iid g
& .~
B e
0.4 1 e
0-21 o — 1% AUC=0.800
e e PTH AUC=0.923
et — [[I55+PTH AUC=0.915
0.0 += . . . .
0.0 0.2 0.4 0.6 0.8

1.0

1- %5 (BRRHPESR)

T BETFEARETEH (n=3D) £, M1F5AUC=0.800, PTH AUC=0
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Figure 4. ROC curves of serum calcium, PTH, and the combined model

4. Mm$5. PTH FBt&1EEAY ROC Bhik

3.6. ZARBEKRAEE ST

RPN 2 BASE B SGEE LW E, A REFARE L H P RRERE T 4 FH2 Biis,
GER L 6. KA 1 RIS 2 T — A% vk, MR 3 N A FN SPECT/CT BEAHRAY, A 4 F
PN IS FN PTH i 2RSSR . 5% 4 dh 3N BYBES HIMT AR, 4 6 th A 3 A Al 4

AFET Logistic [A] 42 2 FBCA AR

GG R, BM—ERBIE AUC N 0.765, SPECT/CT #iB![ AUC 4 0.865, 327~ SPECT/CT &t
7B B IR FI B RE S . BRI SPECT/CT Bk& /G, A% 3 1) AUC #2552 0.935, o~ HEHR 14

DOI: 10.12677/acm.2026.1693272 2285

[MANFSE St A/


https://doi.org/10.12677/acm.2026.1693272

R S

HeWiRRE. EILERE, BN PTH 5, A 4 /) AUC T+ 0.977, REUE N 96.2%,
SN 100.0%, A 4 PR A R IR B A

BRI, AT T AR A PR B, O R R A 3 100.0%, {HHL 95% CI Y lH
B, WoRgRNTIEEMAR. SN, BEEEESKEE IR 2R AG e EAMME, S
WA R R R H B I BRI BB T, B e BT T REAR B B ER B RA M b, Hegh DR 1
FERFEA A — B IRIE

Table 6. Comparison of the diagnostic performance of different models
7 6. TEIMEENSHIRELLER

it PNZE AUC  REE(%, 95% CI) R E (%, 95% CI)
PR 1 et 0.765 73.1 (52.2~88.4) 80.0 (28.4~99.5)
F A 2 SPECT/CT 0.865 73.1 (52.2~88.4) 100.0 (47.8~100.0)
FEAY 3 A + SPECT/CT 0.935 73.1 (52.2~88.4) 100.0 (47.8~100.0)
Y 4 A + SPECT/CT + 145 +PTH 0.977 96.2 (80.4~99.9) 100.0 (47.8~100.0)

: AUC N2 TARRFAEdh 28 R Al F8 3 A 4 SR Logistic [BJA#%E, REEERIFR: A% Youden 15%
BB, 95% CI SRH Clopper-Pearson ¥ #fivEit 5

4. ¥1ig

AW FEIET 81 BilBEALL HR 55 e B IR IR B R, SR “ A ZHSRHES BT + FARWEITA
CWIRREIRAE " FIRF R, RGN T #8775 . ©MTc-MIBI SPECT/CT AL FEAR1E HUIR 55 I 28 R A2
W e FR S A - 45 SRS, 87 5 SPECT/CT £E 4 4L 6 b i — St B4, AN 525 —# (Kappa = 0.138),
PEORPIFAS 73 775 I I 7 LA B A EF AR F, #H5 SPECT/CT HRA—EiL
Wixkhe, FHr SPECT/CT Rpm i, 1 “AE—BHME” BEG SR BA T & R B, sAh, PTH A, X
TRELRH M A — e i B S AN E, 2SI AR SR I A R A )

KT A5 SPECT/CT M —3tE MR, AL Ritn —#H IR BB R, 24 81 pliE#F+,
i A SPECT/CT A 258 — 8, X —45 R 5 IR SEFRBCAVIE[9] [10]. 8875 5 BRI AR5 454 TR,
BT BRI R A RS, (A5 2 EHEAR . FARIRE T A B & SRR E R R
M [6]. SPECT/CT NS R DR ARSI € A A0H,  RERE I 43 8 75 2K Be 15U 1) D e 14 53 4 o A [5]
[8] [16], fHIFIFE R RE ST ARFRE N BREUAS & B HOMR R 45 15 B B S DR sl [ 7] [17]. DRI, S BE A
1M SPECT/CT MM, LLA SPECT/CT BH 4 1y e 75 B 14 B A7 0 AE AR B 55 i 255 m) DL 380, 3t DAY T 50 B V9 o
AT 5V AE HOIR 55 B AR R o AT AN . 6 TR AT E AR I &, B AR R — P vk T REAS
&, BRE R ERFG SEPRIGIKER AT . AHE ST 21 {518 P BHE/SPECT/CT BIPEAT 14 1] ) 18] A — B (7§27
PRS2 B BAME . AN AL E . MIBI B 5 R R AR A7 A8 ] B3 b 5%, H R0
BBk, AR FABRIGIE IR AL

EFAREA T, HAE S SPECT/CT B nth— i Wi E. 455K, W& REEHN 73.1%,
FEINNT 93 B BH 3 Kk (RS H e 4230 5 {H SPECT/CT 57 524 100.0%, =1 1748 75 1) 80.0%, 15 B SPECT/CT
FEHERR IR FOIR 55 s 42 5 T o LA A [14] [17]. X —&5 595 SPECTICT HeBiLhft (a5 B AR 5 A7 F4F A
—8 WA ISR, AT —BHME” NS REUE A (92.3%), R HA R TR RS, HiE
B ARRBITE A RIS R« [FIREBHAE” SFms A S 5 A SH ME TRINE 2 100.0%, {H R 8% T B& % 53.8%,
T A T B R e R R AT R AL . R AT L, AR RIBCA S IE F TR RIG R H bR, 2 Wi

DOI: 10.12677/acm.2026.1693272 2286 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1693272

N

EHERE N2 G I B 77 oK« 8 AL 75 R X FAR UK T REEH 1E[4]. 5WEAHE Meta T AHLL, ASHE Tl 75 R
B 73.1%F%30 SCHR & 9FH 76.1% [14]; SPECT/CT REE 73.1%. 4553 % 100.0%5 Wan 541 45 ) 68%
Al 98% Ak —F([15]. AW PTH A AUC A 0.923, {HH B RSN T2 CalP Ui E &4 1kig
FR[18], 2 HARAE, A E B

AW TEGE KSR A AR ARTE HUR 55 B AR 12 W b A BOAE A . il o3 A 27, SPECT/CT BaE
A5, PTH. ALP RALEF/KFE T HIvE4L, e PTH ZR AW E, $FERIhRs B4R M5 IR 5% IR
RETERRFLE 2 [ v] BEAEAE — @I R [2] [11]. TEFARBE A A L BRI, 7 EEBH R4 45 F1 PTH ¥ 835
m T RERAEA, W, ALP. 4B D RNIEFE R LG5 L. ROC hirit— IR, PTH 1)
AUC 24 0.923, A 7 ih R BLUEL I S B0 A R b s 145 AUC 2y 0.800, 78 BA — & Gl B %0 RE 71[12]
M55 PTH BAABR AUC 2 0.915, A& PTH HlFgbr i R B I a6 . 1245 IR, fEARW AR
Hh, PTH X 22 BH M 1) 2 70 R i, L85 nT VRSN ai Bh 2 2 48 o5 , (B SR80 AT I A — € 53552 T+ PTH
iR, XKWL, ZEREEES I EWE AL ENIRES NG R e e, e TR
Z 1B s B EANMERE

TEMCEERD b, AP RIR RS T 2 EEAHEA . 4R ER, B—HAERA AUC  0.765,
SPECT/CT #5%! AUC 4 0.865; #i/5 SPECT/CT Bt& )G, f7A! AUC $2m4 0.935; 25 i A 45 1
PTH J&, Hi%Y AUC J+2 0.977, iG55 AW ARAR Z I ] BEA7/E — & TAMME . NERE
HRE, ZESEEER G IERE BRI RIRE ). B BRI, AT F A
FRBIAN 5 i, HB A AVER 7 ik $1) 100.0%, H 95% CI JEHIE %, #7ni%4s Bl fe 32/ INEEA I . A,
SRR g RN VR R R VE R, TN BB RN O T TR E . AT BT BN T . SRR
SERREA B 22995 BB P03 91 R W 7 ol — 2D 3R IE

A FREA B IRKRE L. —J7H, EMEEERE R, BONEREMER T “HE 8 - 2
RURE - FAIRARGHENNE - ZRESBEGIA Y X— ks N—m, ERFAREARKFLGT, XA
CEWoT + PENEALGUE” PRTE, BB G R R TR AR 51 T SR S B ) O 2 T R XTI PR
SEERIN 5, AR : A ESEAYIS A TR, SPECT/CT /&4 ke A A T e A 77 1 B A 52
Yl PTH FMAES il AE A AR BRI, 111 2 BEES LR G VPG 50 B T3 AHT 21 W7 1) 58 B

AT TRR B, AT RP ORI, FEARSEIR, JEHZETF ARG
PERR IR, PTRERCMARE S A B A IR AR e . 36 =, JRAERTE A B TR ISR
gESL, R AAUR B CIE TR SR IE M. 5=, S B IRARAEAE B, FORFE R ARG I
NEATEAE—F, ARG Tk — . S0, ABF AN AR EEIHT R, Mk
BE— BN AL RN AEFR L AL B AR SECE TR IE B . ARATEY KA E A E, JF
BZ RO, HEGEEENRGTERR SRR TSR, ClE— PRIE 2 RS E P E HIR S
BRI AR BT WT R IS FANME . teAh, IR BRI DA — SR B /N ALE L gt A I
X RS ER AN, BRI T X 52 AR 5 5 R IR N 44T

5. &g

8 N 9MTe-MIBI SPECT/CT 7E RS I B R AT Wi & BAf i, & R — 8RR, HEF
—E HAMME . B EH TYIL 0 A, SPECT/CT fE42 Mk St FIAR AT e Ay 1 o A% Horep, “AT—
FHE” BEA RIS A B THem R, i “ RN BHE” SRS B T3 ks 5 BRI P M e . PTH 2 AT
FARRIEM MBS bR, TR EA — B2 WE . 5T RS A TR bR 1) 2 AR L5 A VG
BN IR I REAR RN RE T, A EBIAR AR EIR, JoHWRE RG>, MR R TR EE

DOI: 10.12677/acm.2026.1693272 2287 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1693272

R S

KFEAR it — BRI

=

A

BA

IR I A T 4 i A v (I HE SC S . KY20251027036), s [m] 1t AfF 97 4 258 R R 295,

PR T RE 88 P Ry B AL, A A e B

SE K

(1]

(2]

(3]

(4]

(5]

(6]
[7]
(8]

(9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

Khan, A.A., Hanley, D.A., Rizzoli, R., et al. (2017) Primary Hyperparathyroidism: Review and Recommendations on
Evaluation, Diagnosis, and Management. A Canadian and International Consensus. Osteoporosis International, 28, 1-
19. https://doi.org/10.1007/s00198-016-3716-2

Bilezikian, J.P., Brandi, M.L., Eastell, R., Silverberg, S.J., Udelsman, R., Marcocci, C., et al. (2014) Guidelines for the
Management of Asymptomatic Primary Hyperparathyroidism: Summary Statement from the Fourth International Work-
shop. The Journal of Clinical Endocrinology & Metabolism, 99, 3561-3569. https://doi.org/10.1210/jc.2014-1413

Udelsman, R., Akerstrom, G., Biagini, C., Duh, Q., Miccoli, P., Niederle, B., et al. (2014) The Surgical Management of
Asymptomatic Primary Hyperparathyroidism: Proceedings of the Fourth International Workshop. The Journal of Clini-
cal Endocrinology & Metabolism, 99, 3595-3606. https://doi.org/10.1210/jc.2014-2000

Migon, J., Miciak, M., Pupka, D., Biernat, S., Nowak, L. and Kaliszewski, K. (2025) Analysis of Clinical and Biochem-

ical Parameters and the Effectiveness of Surgical Treatment in Patients with Primary Hyperparathyroidism: A Single-
Center Study. Journal of Clinical Medicine, 14, Article No. 996. https://doi.org/10.3390/jcm14030996

Casara, D., Rubello, D., Pelizzo, M. and Shapiro, B. (2001) Clinical Role of ®™TcO4/MIBI Scan, Ultrasound and Intra-
Operative Gamma Probe in the Performance of Unilateral and Minimally Invasive Surgery in Primary Hyperparathy-
roidism. European Journal of Nuclear Medicine, 28, 1351-1359. https://doi.org/10.1007/s002590100564

Van De Flierdt, E., Dropmann, A., Béck, J., Spelsberg, F. and First, H. (2004) Primarer Hyperparathyreoidismus. Der
Chirurg, 75, 794-798. https://doi.org/10.1007/s00104-004-0827-7

Shah, S., Win, Z. and Al-Nahhas, A. (2008) Multimodality Imaging of the Parathyroid Glands in Primary Hyperparathy-
roidism. Minerva Endocrinologica, 33, 193-202.

Zhang, R., Zhang, Z., Huang, P., et al. (2020) Diagnostic Performance of Ultrasonography, Dual-Phase ®"Tc-MIBI
Scintigraphy, Early and Delayed *™Tc-MIBI SPECT/CT in Preoperative Parathyroid Gland Localization in Secondary
Hyperparathyroidism. BMC Medical Imaging, 20, Article No. 91.

Zhang, X., Zhang, C., Huang, H., Wang, J., Zhang, Y. and Hu, Q. (2020) Hemorrhagic Cholecystitis with Rare Imaging
Presentation: A Case Report and a Lesson Learned from Neglected Medication History of NSAIDs. BMC Gastroenter-
ology, 20, Article No. 172. https://doi.org/10.1186/s12876-020-01312-0

Lu, R., Zhao, W., Yin, L., Guo, R., Wei, B., Jin, M., et al. (2021) Efficacy of Ultrasonography and Tc-99m MIBI

SPECT/CT in Preoperative Localization of Parathyroid Adenomas Causing Primary Hyperthyroidism. BMC Medical
Imaging, 21, Article No. 87. https://doi.org/10.1186/s12880-021-00616-1

Khan, M., Jose, A. and Sharma, S. (2026) Physiology, Parathyroid Hormone. StatPearls Publishing.

Goltzman, D., Mannstadt, M. and Marcocci, C. (2018) Physiology of the Calcium-Parathyroid Hormone-Vitamin D Axis.
In: Giustina, A. and Bilezikian, J.P., Eds., Frontiers of Hormone Research, S. Karger AG, 1-13.
https://doi.org/10.1159/000486060

Alexander, R.T. and Dimke, H. (2023) Effects of Parathyroid Hormone on Renal Tubular Calcium and Phosphate Han-
dling. Acta Physiologica, 238, €13959. https://doi.org/10.1111/apha.13959

Cheung, K., Wang, T.S., Farrokhyar, F., Roman, S.A. and Sosa, J.A. (2011) A Meta-Analysis of Preoperative Localiza-
tion Techniques for Patients with Primary Hyperparathyroidism. Annals of Surgical Oncology, 19, 577-583.
https://doi.org/10.1245/s10434-011-1870-5

Wan, Q.C,, Li, J.F, Tang, L.L., Lv, J,, Xie, L., Li, J., et al. (2021) Comparing the Diagnostic Accuracy of 4D CT and
9mTc-MIBI SPECT/CT for Localizing Hyperfunctioning Parathyroid Glands: A Systematic Review and Meta-Analysis.
Nuclear Medicine Communications, 42, 225-233. https://doi.org/10.1097/mnm.0000000000001331

Ibrahim, E.A.G. and Elsadawy, M.E. (2015) Combined Tc-99m Sesta MIBI Scintigraphy and Ultrasonography in Pre-
operative Detection and Localization of Parathyroid Adenoma. The Egyptian Journal of Radiology and Nuclear Medi-
cine, 46, 937-941. https://doi.org/10.1016/j.ejrnm.2015.07.006

Keidar, Z., Solomonov, E., Karry, R., Frenkel, A., Israel, O. and Mekel, M. (2016) Preoperative [*™Tc]MIBI SPECT/CT
Interpretation Criteria for Localization of Parathyroid Adenomas—Correlation with Surgical Findings. Molecular

DOI: 10.12677/acm.2026.1693272 2288 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1693272
https://doi.org/10.1007/s00198-016-3716-2
https://doi.org/10.1210/jc.2014-1413
https://doi.org/10.1210/jc.2014-2000
https://doi.org/10.3390/jcm14030996
https://doi.org/10.1007/s002590100564
https://doi.org/10.1007/s00104-004-0827-7
https://doi.org/10.1186/s12876-020-01312-0
https://doi.org/10.1186/s12880-021-00616-1
https://doi.org/10.1159/000486060
https://doi.org/10.1111/apha.13959
https://doi.org/10.1245/s10434-011-1870-5
https://doi.org/10.1097/mnm.0000000000001331
https://doi.org/10.1016/j.ejrnm.2015.07.006

N

Imaging and Biology, 19, 265-270. https://doi.org/10.1007/s11307-016-1013-2

[18] Picon-Jaimes, Y.A., Mauri Juliachs, J., Arrufat Martin, 1. and Lopez-Castafio, M. (2026) Serum Biomarker-Based Diag-
nostic Tools for Primary Hyperparathyroidism: A Systematic Review and Meta-Analysis with Implications for Primary
Care. Healthcare (Basel), 14, Article No. 1001. https://doi.org/10.3390/healthcare14081001

DOI: 10.12677/acm.2026.1693272 2289 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1693272
https://doi.org/10.1007/s11307-016-1013-2
https://doi.org/10.3390/healthcare14081001

	基于多模态影像与生化指标的甲状旁腺病变术前诊断价值研究：单中心回顾性分析
	摘  要
	关键词
	A Study of the Preoperative Diagnostic Value of Multimodal Imaging and Biochemical Markers for Parathyroid Lesions: A Single-Center Retrospective Analysis
	Abstract
	Keywords
	1. 引言
	2. 资料与方法
	2.1. 研究对象
	2.1.1. 总体研究对象(81例)
	2.1.2. 病例验证亚组(手术组)

	2.2. 影像学检查方法
	2.2.1. 超声检查
	2.2.2. 99mTc-MIBI SPECT/CT显像

	2.3. 生化指标收集
	2.4. 病理结果与分组
	2.5. 联合判断策略
	2.5.1. 任一阳性策略
	2.5.2. 同时阳性策略

	2.6. 多模态联合模型
	2.7. 统计学分析

	3. 结果
	3.1. 一般资料
	3.2. 超声与SPECT/CT检查结果的一致性分析
	3.3. 不同影像结果患者的生化指标比较
	3.4. 手术病理亚组中超声、SPECT/CT及联合策略的诊断效能
	3.5. 生化指标对病理阳性的辅助诊断价值
	3.6. 多模态联合模型分析

	4. 讨论
	5. 结论
	声  明
	参考文献

