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Abstract

Objective: To investigate the safety, efficacy and superiority of ultrasound-guided microwave ab-
lation (MWA) in treating primary hyperparathyroidism (PHPT) caused by parathyroid adenoma.
Methods: A total of 26 patients diagnosed with PHPT with parathyroid adenoma by ultrasound
were selected from the Affiliated Hospital of Qingdao University in 2022. The improvement of
clinical symptoms, intact parathyroid hormone (iPTH) and serum calcium, phosphorus were ob-
served before and after MWA. Besides, the occurrence of postoperative complications was noted
during follow-up. Results: The median follow-up time was 6.38 months. The clinical symptoms of
all patients were improved after MWA. Until the last follow-up, the blood calcium and iPTH de-
creased significantly, and the blood phosphorus remained at the normal level. Postoperative pain
was observed in one patient, which was relieved the next day after analgesic treatment, while no
hoarseness, hypocalcemia and other adverse reactions were observed in patients. Conclusion: Ul-
trasound-guided microwave ablation is safe and effective in the treatment of primary hyperpara-
thyroidism caused by parathyroid adenoma.
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1. Bf
FROIR 55 i@ A AR B L) Ik 2 —, & 40 WA 1 FIR 55 iR ¥ 35 (parathyroid hormone, PTH)/E A T~ /N
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B RS 2S E, R AERPH LRSS 5 7+ o> (1] J5UR M HUIR 55 iR D e TCESE (primary hyperparathyroidism,
PHPT) & —Fi WL P /Wi, a2 H ATTE N b i h HE 56 =, e AURHUIRSS IR B £ 0 PTH
2, SEGERE iR T, UHRE M, SR T R B, FRESIN. FREEE N,
T8 4= B HUIR 55 i (intact parathyroid hormone, iPTH) Tt . PHPT & WL AL HOIR 55 AR, s
ALHE RS IR 28 L SRV SR [2]. YRIT IR R EAREAYIRTT . FARGRIT . SHIHERELAR (radiofrequency
ablation, RFA). 1% 4 i A (microwave ablation, MWA). B0t AR ZEHGE T 75 P FRIG T 2 H il
ZHIIRIT INE, PHAARIE, RFA Bl MWA 5/&5FARMLL, Gh Z0k/ MBI, Kigd1, KRG 1-6
HBIA] BE T BB AR AR /N, ~FEENIA RN 85.1%. 7EMAR iPTH 545 K7 AR A G I RORE K AE &
Jithl, SHEGFARMIEAE %R, BAEMTERTMEIFAR, W EE—BRGERBAL, FARR A,
WA, BAMERRIILA3] [4]. ASCHEHARTT 26 51 PHPT 3% MWA 87T 12 A1 KA 3tk
2. BAS|I S THRUEERARE

MWA J5 & —Fi i o B bR SR s AR VE R VR I 7 7 v FLBEAR SR B2 (5 F s R = AR i, 1B 3 — e iR
JE G Ry — B (R), @ AL R FO R A, [ B D R O R T R — AN IR N, A A
REm MR gtitn, B MR FERS, X BNAITRCR5]. MWA ITSSEFFRRAT T/ NS ERG)T, EZH
THRYT — SRR N RSB E R IR, ARG R, T B . B EOR AR
MaYT, TERRAARTT T FEZ A T AR E IR . A e VBRI HR s BRI AR 5 2k AEFREA
REM 2 AMRL PR B E 2. M TG TAR, MWA BTEBMEITA, BIreaE. BEfRE. Bk
8P, BEIRE D REWED. SN HACR B 2#[4] [6].

3. MM
3.1 W&

AHTFUIEI 2022 47 26 B2 T BCEMBER B, $o2 BN R R MEHUR 55 BRI e CRERE I AT 1
HE 515N MWA [ HUIRSS BRARE B, IR B R Bk, XL MWA RiTJE SEE IRACRE IR . 45
M iPTH LS BB AR AR AL, FF R I AAE AL ERG BL XF SE HEATREV, WS4 N _EIR4RFR I

3.2. IR

GINFRAE: 1) FRTE 18~70 ¥ HIBHEZ MWA VRIT; 2) IRAIEIR & PHPT; 3) HIKIAIT; 4) 48
U FREAEEF AN PHPT &35 ; 5) 85 B R 5 IR BAZ = A A BAAREG 6) IRAREIR
ANBA S AH — T B 22 TS 0 e b S (IS _E PR 0.25 mmol/L, ‘E8%. BiEZ R, BiEARRET eGFR
<60 ml/(min-1.73m?), ‘H& KT 2.5 MaifEZE), HA N ORI AR BB SAR R
3.3. HiBrtRgE

HeBrbrt: 1) kM. = RVEEUBIERVIR S IRINEE TCHPE; 2) B IhReREas s & 3) &
TR RGN O BERBR BRI 2, — ORI 4) IRPRIEEIR BUTAT fAAS A8 B P A B AR
%, 5) HFEIRL MWA B AT O T HAR G )T .
3.4. UK ERLAR

MWA 2. R RIGaTT 280, AR T FAR S IR AR A S IGER, W FOR55 IR
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BORAE . TS Kb BH . BRI, M FARC . RATYIPEhE, #Hlae 7 EaE 08
Mg, R AR AN IR B o BB AR, SRS e, FEr BER I, CUEA A L, 242 15 om,
LRI 7 33, AT, 29 2 R AR AR IR, ERE S 515 N H 0.9% S ANTE SR S 25 HOR 55 B
FESLRG BT, AR VL R PR SE AR S B Sih ik . Wi, . RUE S EEHLALESE, B
IR R R R L i R S . AR S S R R R A I R B T RS IRE T, I R S
BEAT 2 m M R ERE S Rk, T RLSS IR 2 min J5 N IS R PP Ak B, R] LU AR A TR R IR
A RN R Al X, COFI s JCMiAts 5, Zom il R, ¥ bR AN T B2 P i . AR A
MR, NSl 20~30 min FRTHM, AEREE FIKER L. PARSREEVIGEREMEENL, &
BARPHBPRAE, Fa RN RER SRS W& SRR L& ETAR, #ITEH. K
HAUC SRR AR 55 JIR 0 1 31 Rk ) S T R Zh =R [ 7]

AREIARJGEFIER: 1) {5 ml JCREEE KRR Sonovue ¥177l, 4rcva LRI . ek
FEAIEAN 1.5 ml. 2) MEEHUAR S BRES TR BTG & BN TS I 00, A e A AR 38 5251 T 78 SN 5 Rl ol
i

35. HRBEKSHET

W % MWA RET. RS 2h. 4h. 48h. 15d. 2m. 6 m 45, M. iPTH K, 2SI ARRE
RIS, e ToH ARE I R A S B ATE L, A8 5 BE U IR AR AR ARk o AR5 W AORE B 45 3%
S SRl MR POKSTE. R G A R RS IILE S B AR S

36. BIHFEHRZE

M. F SPSS 26.0 #EATHHE 4 H, A FHEC A t AL SECRTFEA Wilcoxon 4575 FR AR 36 5% A [5] B 15
A B AT EU B . BRSO AR G UM+ bruEE RIS, ARIES A BUE LU A BUR FE R R,
BT SR XU 5, DL P < 0.05 1HAZ R A it X,

4, R
G RILAIN 26 B, JELR RN 1, @5 11 250, 15 24, FHER N 5029 ¥, H
v 3 AL HEFRIR B 2 MOHUIR S IR AR, AR ELIN R . 29 MR AR AT KN 0.419 ml, B3

rh A7 B U5 S E] 2y 6.38 m, ARHT iPTH. LS | 1fiL B 7K ~F43- 1 4 131.00 (94.90, 203.00) pg/ml.2.57 + 0.17 mmol/L.
0.91 +0.09 mmol/L, MWA R[4 104.17 + 102.04 5.

Table 1. Baseline materials for 26 patients in the study
= 1. 1Z5R 26 B E &R

() AT HRIRE RN Y e Ta] it 5 B[] PTH 155 IR
N (ml) ©) (m) (pg/ml) (mmol/L) (mmol/L)
50.29 + 11.00 0.419 £ 0.248 104.17 +£102.04 6.38 + 2.56 131.00 257 +0.17 0.91 +0.09

(94.90, 203.00)

IR/ V (mI)ERIR, V = nabe/6, a il A R HAR(em), by ¢ 5 AR SAH B L B AR (cm);
PTH AR FRZ BRI K, AW A3k, HRERMER P8 + irlEERR: ZFUH: PTH
(15.00~65.00) pg/ml, I 45(2.11~2.52) mmol/L, Ifif#(0.85~1.15) mmol/L.
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26 7 S F IR 29 AT, Hob 1 BIEEARTTR G B BERAM AR DR E S WA 1~5. rf
BE MWA EREIINGR], RJG 24 h A 18 ISR, A M. A, Yoksmess, ot
ITHURIGYT FIEIRAE R H R . HARBHERSG 24 h AR HIEE O Kk, FEE ., oK. If
WA EA RS, T 1B MBURASIAE | SRS A . 7E 15 d BEVII, A3 6t B 4% 7
IR VEE B, VR EmIR, ZUOK, gi/NREVIRIRG,  DURIT R AT, EAERIKEE Y,
ISR AT IEH V. fE 6 m BEVIIN, 43 1 GIRHT 2 MUBR ) Lotk S fEULAT 3 m BV IR, iPTH
RINGEWRE) LTS, EEAAET EF K, ZRKEEVIR, PTHIIER, JF BAEANBE U5 58 (45
R FIEH KT, A S EREARII R, HiZE8E AR RAERER, IR SRR K.

Figure 1. Parathyroid gland MIBI (*™Tc sestamibi) imaging
before MWA shows increased MIBI accumulation in the low-

er right pole
1. RETFRERMEEGERPRBREMTREXAES
E&FIHSE

o : -

Figure 2. 15 min after the contrast agent was injected, the thyroid gland area developed and
MIBI accumulated in the lower right lobe, 2 hours later, the thyroid gland area subsided while
MIBI remained in the lower right lobe

2. FESHEFT 15 min ERRBEXER, GHTHBRESFIRE, 2h ERRREXER
HIR, A TEEGTFE
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Figure 3. Bone tomography imaging before MWA
[E 3. MWA REIB B Z 1%

Figure 4. Intraoperative image of the right lower pole parathyroid adenoma
during the MWA

4. ATHREIREIRIZIE MWA JEREAR G
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Figure 5. Mild hyperechoic nodule after MWA
5. MWA R RiEE E A LT

BE VT HRIAH DCHR bR AR5 e e 2. % 3. &6 Fion, fE MWA RJ52h. 4h, 48h, 15d. 2m.
6 m Bl U7 AR iPTH. LS BEORET I, EA G342 . RJG 2 h A5 iPTH SRR AT FER R B 2. [12.70
(9.63, 14.00) vs. 131.00 (94.90, 203.00), P = 0.024]. 7ERAVI AR ATLAMEEE], 2m. 6 m 5 15d ALk, iPTH
H ETHES, BERTELE%E (P =0.273,P=0593), HEMUISHR, iPTH WA T IEHE R, g s
HARJG2h, 24h, 48h, 15d. 2m. 6 m MESKFIIEARR TR, ZRAEAGIFRE, RXBEVIS5AR
AT EEEN[2.40 + 0.08 vs. 2.57+0.17; P = 0.028]. LB 7EA GBI 4ERFE IR 5 /K, AR IR BE VT B FT T
ER A G4 X[1.09 £ 0.13 vs. 0.91 £ 0.09, P = 0.018]. 26 BIHE ARG 2m M 6m EEEHE, E
PRI AARAR, IS BRI AR R BT B B, H2E R B 422 X [0.073 £ 0.197 vs. 0.419 + 0.248, P =
0.024; 0.026 + 0.277 vs. 0.419 + 0.248, P = 0.013]. AKRJ5 2 m. 6 m BEUITAT, FRIRAARFIEAFT I/ 53 7 M
82.58%, 93.79%, IfRFREE. 26 FlEHBFRR MWA QI1/N, TFAREIR, TR, AR,
HEeH MR MRER, HBEETR, Skds.

Table 2. The changes of the observational indexes for the 26 patients before and after MWA
7= 2. 26 5l BE MWA RFT. RENEIERHOTRIER

PTH (pg/ml) 45 (mmol/L) I (mmol/L) & K /N(ml) R R

YN 131.00 (94.90,203.00) 257 +0.17  091+0.09  0.419 +0.248
AJ5 2h 12.70 (9.63, 14.00) 239+035 091011
ARJG24h 2170 (21.60,43.30) 227+0.18  1.05+0.17 - 1 B, IR D22 AR
ARJ548h  21.40(12.08,39.43)  2.17+0.06  1.00+0.12

1 B s A i T IR 7K B B

N .90 (21. . 252+0.1 95+0.1 Y "
AJF15d  35.90 (21.90, 60.35) 52+0.18  0.95+0.19 AT T 2% 5

RJG2m 48.95 (39.83, 66.40) 2.41+0.94 1.11+0.20 0.073 £ 0.197

1 BT 2 M HUIR 5% R e ) 2B
ARJG6m  46.70 (46.00, 62.30) 2.40 +0.08 1.09+0.13  0.026 +0.277 3 iPTH f£iF 3 m 218 FFH#
#, HETE®EKF

e BN R INERER 1
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Table 3. P values of the PTH, calcium, and phosphorus after MWA compared with baseline
F 3 MWA R/FEH PTH, 45, MBSELELEMRESPE

2h 24h 48h 15d 2m 6m
PTH 0.024 0.018 0.048 0.042 0.038 0.032
145 0.016 0.038 0.038 0.048 0.024 0.028
iRz 0.144 0.116 0.180 0.141 0.019 0.018
S NGN - - - - 0.024 0.013

E: P<0.05iPAZEREAERIE L.

3—
.\I\.\./.\I—I -
29 & Ca
§ AP
i e BRIRAREL AN
1
O | ] | ] | 1

|
AH 2h 24h 48h 15d 2m 6m
AR5 A S5 b 17 I [7]
vE: PTH: x102pg/ml; Ca. P: mmol/L; JWRARIA/N: ml.

Figure 6. Comparisons of the mainly observational outcomes before
and after MWA
6. MWA ARETS AR EIMHEFRHIELER

5. g

ZMT IR 7 BT 2022 SEFNZI 26 BHZ WY JE R VEHUR 55 IR D RE TCRERE HE T A 51 3 T MWA
M. B 11 4 B, 15 &4tk “FHER N 5029 £ . PHPT /TSR, iZmaERAERES
PR = 200G, FLw IR 50 B LG, AR ERE N, i N AEHERT FUIR S5 IR IR [8]. MWA
AR ARG I AT IPTH 7K, AR T, 2RXBEVIMAES . ik, iPTH H7EIEFEE A,
BRI AR R4/, FARIEBITUAA . BV AR, Jor= s RE R A, AR RS MAE 33 F 245
BEARKRN. ARJE 15 dA 160 8E HI e = T IR EHE LR, 4254 mmol/L, HAERE. £
YOKJEFRBEYT, ZRRBEV ARIBER RIS Fk s T BIR, HEEV RN E S iPTH 354 T IEHKF, %
FE M5 TR AN BRAMA R . 161 2 AORIRE ) oM BB SE AE 3 m &2 6 m BV IAIA], iPTH SR8z BT, %
KIRBEVT iPTH 4 67.42 pg/ml, IML45 2.20 mmol/L, L&y 0.90 mmol/L, 3548 1EH yaE _FRR, #
RPN IR K, BERA TR =, Wb, Rk, FEAE. R RS AR R .
FEZAPIERIATT PHPT MM 70 HRESE, JHRAATE iPTH M2 RS 2 SEm R R AR G R4 & iPTH
AR G R 2R [3] [4]. % ARRT iPTH Ay 418.21 pg/ml, 7E/ FAIA N2 5] W, 1 A FFIR 55 g i
87, K/ 1.2 em*1.0 cm*0.7 cm. 1.3 cm*1.1 cm*0.6 cm, fE 26 il kb T8 & iPTH /K F, 1H
BARE D>, A0, HENEA RBIFRIESEE K. 25 b, AR MWA JAI7 FOIR 55 i i
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oS B R R HOR S IR Th RE TUREE A U SR A A, HAE BRIP4, WLMENTTSE. B
MR F Bz —. B2, AFREREEGEA YL, MILIIRRIEAIR, &8, WIR RGN HkE
VIMREE A, A EA R PR,

SR PHPT BA s IAS . mi RS . m R, & iPTH. ARIMEE “ DU K7 eI s 48hrikas. HK
ZHEH BT BIGARER, (RN —Tk 2 LI = 45 B8, SO IAEIRTE PHPT, X2k
N, IGR EFREVHE BN EEZ R0, BUIBEUIMEE[0]. SAAEIR. 5 BRI HUR S IR R
B, HETEIR L3697 7k EEAFEAIEIT . FARIGIT . RFAL MWA. BOGIH IR S5 #0H fl 772 [10].
HAZPaTr AR ZER R, WIESHRE, MFERIBITAAAEAREF A JE R A LT AR EBIBRAT 4
Gt AL AMEAFEM RETFEHhE. S MR I RRE R A 5 S i s [11] [12]. #h9 fl
AR JUEBCAIRIT N —F B, 5 RFA REERIHE FAE, MWA AT BR5 H ST
£ 5, TRRINESRA B, @A RIS EEE A SR ETHE 150°C, Al DR ik f
AT KRR ik, S22 FE K 2 F 25 K S SV ST T B2 ia 7 k4T, S03& & T B BT 4L 2,
Pt H55[13] [14]. MWA G5/ RJEFHERED> HACR R, SAM, MWA G 8w, thin, RiE
AU T AR RS LA T o I IR A 2 SRR, R X 2 TR R AL AR R £ SR AT A i AR 3
MWA FIA BB R A2 6.9%~11.6%, 5 FARIGITAHLL, PIAARG IHIORE 1K AR 2R Guit 5 2 5 [4]
[7] [15] [16]. —MCiEREEE, KA. H FT Sk AL RO A R A R e [17], CREsA KR
T MU T RSO T RlG T HUIR 55 B B8 G RAFE 78, 45 1R @ X I KT A R HR PR HECER 55 B R iR A T 0k
THRRE A, BTS2V R A, FF BT DK FRaR BRI L iPTH AIIMAS K, (E R EoAE %D,
AT 5 B SR R B R IR S [18]

g b, HASIST MWA BT TR M FUIR S IR D Re TUBbE B R AF 1 e Atk oA ok, BEEARE
Il RE IR B B8R, BANRE R ARAAEL, A 515 MWA J87T FHUIR 55 IR R T8 PHPT I 1A1%6E . B4/
WA FERAED, ARJE0T LA RAEIREE TR, Gk, Ehx FRASREANE, SKRE, BHE—
ORI, HBEFARZRSEE N ANBLFARITEOL T, MWA B HUEE I 25[19].

A

L R R L
e

P 1 % Y 7 WA AEAE R B R

&E 3k
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