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Abstract

This study retrospectively analyzed 115 patients with papillary thyroid microcarcinoma (PTMC)
and compared the efficacy of ultrasound-guided microwave ablation combined with contrast-en-
hanced ultrasound (ablation group, 52 cases) with that of traditional surgery (surgery group, 63
cases). The results showed that all lesions in the ablation group were completely ablated in a single
session and fully absorbed within an 18-month follow-up period, with no significant differences in
lymph node metastasis or recurrence rates between the ablation and surgery groups. However, the
ablation group demonstrated significant advantages in safety and postoperative quality of life: the
incidence of complications was significantly lower, the procedure time and hospital stay were
shorter, postoperative pain was milder, and there were no neck scars or need for drainage. Quality
of life assessments indicated that the ablation group had fewer issues related to voice, psychological
well-being, and scarring, and postoperative thyroid function (TSH, FT3, FT4) was better than that
of the surgery group. The study suggests that microwave ablation is a safe and effective treatment
for PTMC, offering the advantages of being minimally invasive, having a faster recovery, and having
fewer complications. It also better preserves thyroid function and improves patients’ quality of life,
making it a promising treatment option between active surveillance and surgical resection.
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1. BY

FECDR i 2 B i LI N 2 e, 32 SRR T8 b R i [1] . ik 25 30 E ], 4Bk HUR AR Rw R
FRapud BT, 2020 4F, AxERETR FOIR IR B L34 58.6 Jifl, 7EFTH REER R HEA 5 11 A7[2] [3].
R BV IR i B 0 SR SEVEDIR BB SR ki, b LSRRI 2 di i L IR K
Rz —, HRVREE 59.9%~89.0% [4]. &57H KBS <1 com K PTC NHURERGH/N AL SR (papillary
thyroid microcarcinoma, PTMC), 4k 28 B 2 1 n[5]. {H E 4 kTR K25 PTMC & Tl R 4F,
HBREFEBAK, EAEK, 10 F4ALEE A 90% [6] [7], 20 FEH i FA fE %8 99% [7][8]. HATFAR
TIEIT PTMC 13697 7730, BEAE XS PTMC 1 T f# R 5 I AN, 22 0 N 46 w9 al DURECE Sy
FZM L, R PTMC AT RIRMK, (H 20 FRHEKFEN 2%~8%, mibFEH RN 1%~2% [9],
XL n] BRI SR AR R 2, 3 S WA BE ST 20 T R LA HA B 22 f B T A N 4
B, IX G PR 2R A A5 A AR PR R B AR, A 2 3 MU BRI A5 PTMC 2K iy m Rede, Rk,
XFFRYT PTMC, IEBRR R Ii6 Y7 77 RE N E L 5 51 SR RGN — M aia sy 7, 78RR

ik
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JEIRYT T OIS T RIFRCR[10]. AWFTT 5 £ 10T L e B T i AR 5 1% 88 T AR IO Rk
ZAVEAMAR G TG, 8 RN FL SRR IR T 3R BLE 2 iR T R e -

2. #IRE I
2.1. FAEHR

Y4k 2022 4F 6 H %2 2025 4F 2 H T 5 1 0 37 B BE kAT i v Al R A R I R AR R F AR VIR AT
IR IR AN N FL SR e £ 3 Bk, 7 A R AN TR 4 . N2 B3 L 145 4, iR 52 ], “FI4ERS 47.02
+13.40 %, Lt 39 41, 1 13 9, TR 63 i, Pkt 49.82+14.06 %, M 42 ], H1E 21 4,
For s A2 AT R R ARG T T AR, TR AT B AR SR IR AR, AT H AL VI Xk 2T
.

PN SHERR R

INPRHE: 1) BAERE IR PARIRE TRKER <lom; 2) B ARFTEAR R EIE SO AL IR
3) FL I = BRAE [ FFOR AR O JE 5648 5 4) MR RS AR AR H I S AR A B A0 bk 28 285 K% it Ak e 72 B
I S bk L 5 e AL m A B 2 SR G AR SR BRI AE R 5 5) MR A 0 58 K% 35 Pt A8 R A BILR SR AE
B; 6) JCIARIUT B R S B HUIR B MR S5 7)) WRBEALE SOOI 7S Y DI RETE 7

HeBRARAE: 1) XA IIRESH: 2) M EAELMIhRERERT; 3) & JFH Al ™ HAE SR PO oA 52 T
RFE s 4) DGR 5E 38 BUCTERL & 58 BRI B4

22. (UBRE

P RE R ATE A A . oF RITE A T AR AR DL SR S (6 U7 032 4 FH 3% % (Resona R9 Mindray
Resona R9 Diagnostic Ultrasound System)if 7512 Wil &1 7 HF 3 4R BEER Sk 56 i, f#H ECO-100A1 B4k if
ST (B AR R G TRRA R A ], St Th3: 0~150 W) AL AL3 B — R R o T b B (R 5L
FMEREAR AR, EAE: 1.6 mm, £ 10 em) BT RLIA YT, A RS E A Sonovue (B
KF| Bracco A A])i& s I3 T A

2.3. BESE

2.3.1. jHmbeR

PR RRER A 5 5 R T, B BUNEMT, 7850 5 85 200, FERFEL 2 0 i 18] R ifi S8 v A 2
O AT, TR SRS 1% R 2 REHTIRIE R . R R K HOR IR A 12 5 0
HIME S O A A, T 200 A LT TR ST K 7 BS BEAR, B IRTE AN D T 4 mm B2 2R E iy . (el A
SRS, KRR ENHORIE A . RABSIS BRI E R, DL 20~40 W Th3iE X
PR AR 4TS, E A BRI S R R X E A SR A5, MU A AT

SR G, SCRMTE G A, DU A Al XOR 75 58 B 7 55 R 45 1 Y L PRl T R BOR )
(bR A s K TE R ST Rl X 5 A fu s R IR R, WISZ RO RM FRVE R . A I8 I A IS B
B, B G A AEME BT A MR AP ThRE, R R TR DI, DAR R BRI AL AR DG IR R -

23.2. FRA

PRI 2 ) o NBCFEME, JB N ENKL, Sk, 2 EE S0 . H I 3 TR Rk, B o i .
T T ARBSARTACACR DI O, YOI R N L SR, W80 LR 2 R, 2R HUIRAR, WER
FEODR R 7L SR 2 AT FR ) A B Ul 3 D) Bk R B b sk B S R, 3 R AR e ol 3 B MR IR A 8, TRk
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G VB RS AR, A TR sh e H L, FORARGR S BCE RS 1 M, AUIDiags i, ZBE%EY)
M,

Bl M s FARBUBMBUE & EREYRATYI, YT R . e NS, L, s i L
LU R, BT e, @ rifEaiE, B MR A, R FUIRER, JREE
71N FEUIR R L SkobR 8 2 AT BB IR AR R U i DD B AR B bk R B R, AR IS B RERG FUERBIR 1 ML Bl
O5l i, BE&ESYIH.

2.4, VN IERR
2.4.1. BYIEIEFR

WHRLAM 22 FebR: 1) kLR BT, 2) HEMAR RAERSE/NR,; 3) REERE; 4) FEHE
GEHERS R

FARAMEZEIR: 1) FRIREHERE; 2) FHMEEEBER,

TRl = nabe/6 (a NWRENEBOR B4R, by ¢ N R KEAMEEK B EZ).

R ARG NR = [R5 %03 520 B AR R (7.7 JE2K) — 24T BE VT I Bl AR AR O 7 KR 5
R Z211 3 5 0 Rl AR AR (32 B K) % 100%

24.2. REMER

Fe AR B 5 A B 75 i D) RE FRURS (R B P 5 WUTNE 5 1 PRI« 7 PR ip 8 e e (AR ZK I I D9 R ALE)
B ALV BRI S HORSE IR DD BERIOG « 75 2501 T v LB P LA R AR J 0] 1) BR A A Uk e
SElm PRI, 58 T ARM R IFARAE « ZRGEIC T FxT B 7B P9 B 1) 9 AORE A A= 246 e Ll R TG VA1 L

2.4.3. £FEREER

I AR 5 A FI M AR IR R (TSH) I 28 =AU HR IR 2R R R (FT3) . Ui R IR 3= (FT4) KPR
AL IR IR T RE,  FER I B8 8 R S A 3% 0T VP A0 R BRI e e S A R A DG A 08 T B &
(THYCA-QoL). % &R I 24 A BARRIR, Frf 2 HERA WGP, N “BA7 (L3 “Gri” (2
¥ AT B A “AEET (4 47). Mo, AREREE UG MAE RS, AR EAKCT R
1%,

2.4.4. HAteiats
XA T ORI (8], AEBERSTEL, FARVIIREE, ARJa g1 e & DU ZOR PP #EAT LLAL 2y
#re

25. GiES R

KH SPSS26.0 Siitsrtr. tHEFE TS IER S MEE % £ bR E(X£s)Kw, HALECR
FHBRSTREA ¢ 656, ASFF A A0 A0 B HE 47 Hh A BRI oA Bk, 4H08] B %% A Mann-Whitney 6
36, THECRRH n ROk, H ARIHET SR, PAP <0.05 NERER BEMEHTE .
3. &R
3.1. BEFHBILE:

WA TEAE RS (P = 0.183), AP = 0.312), ARETLETTAFI(P = 0.066), A HTH IR AR T HE (2 F R AR

B P =0.295, PR =MHUIRIR KRR P = 0.201, 7B HURAR & P = 0.356) LA K FE A0 (o0 fivd I 5
% P=0.503, #EPRJG P=0.399, ik P=0316)ESil#LuEZER, WE 1.
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Table 1. Comparison of baseline data
1. EREEREER

bEf- e FARA tly? P

Gt 47.02 +13.40 49.82 +14.06 1.337 0.183

4531 1.024 0.312

SETARIR 0.09 (0.03, 1.57) 0.18 (0.07, 2.36) 1.838 0.066

TSH ({2 F AR IR %) 2.05 (1.48, 2.59) 2.15 (1.59, 2.90) 1.048 0.295

FT3 (i B =W R I 2 SR 2 ) 5.01 (4.76, 5.40) 5.15 (4.77, 5.55) 1.279 0.201

FT4 (i 25 HUIR IR ) 11.62 (10.70, 12.72) 11.40 (10.42, 12.56) 0.922 0.356
FEREIR

Lo I 10 3 5 0.447 0.503

B PR 4 2 0.711 0.399

& 7 12 1.005 0.316

VE: P<0.05 H4i2m .

3.2. BHEEER

TH Rl E A A FOR R LSRRI 1 3 I8 B — IR M B i kb o THRRAE BT B R BIFESS 1. 3. 6. 9. 12
HHRAREE i, WA 20 B L, RS 1N HBRE, PTMC M Bl A FR 46 /N2 737 2 (39.54 +
18.64)%, (68.64 +14.89)%, (86.41+9.52)%, (92.73 +9.22)%, (96.31 +4.96)%, 18 /> I FrG i il [X 4]
Wi SE AR, S AR AR 4R /N 3R IK 100%, PTMC 2H 40 [a] L i bk R AR 46 /N R 22 e B35 Gk 2 (P

<0.01), W.# 2,

WHRHHAERE VA 1 BB Kk, AR UM E SR . FRALERE VT HIRAE 1 5] PSRk 45 52,
REEER, WHTATIEITRIBTT, EREP=0.548) K ERR(P=0.452), WASGHHFELEFHMEZER,

W 3.

Table 2. Changes in ablation lesion volume and reduction rate before and after treatment in the ablation group
2. HRMEBR AT RIEIERA AR R AN R T

WP (CemY) BESTEREE/NE (%) P&
ARET 1.637 £0.972
ARG EPZ) 0.179 £ 0.090
R 1A 0.990 + 0.588 39.54 + 18.64 <0.01
KRG 3 MH 0.560 % 0.441 68.64 + 14.89 <0.01
AR5 64 H 0.261 +0.280 86.41 +9.52 <0.01
ARJE91MH 0.120 £ 0.150 92.73+9.22 <0.01
KJF 12 MH 0.060 + 0.080 96.31 + 4.96 <0.01
DOI: 10.12677/acm.2026.1641291 654 Il PR % 2 3k e


https://doi.org/10.12677/acm.2026.1641291

et M5

Table 3. Cervical lymph node metastasis and local recurrence

F 3 DMHBEERBSREBELER

HRA(n =52) FARH(N=63) )
SER AR L5 7 0 1 0.548
JREER 1 0 0.452

E: P<0.05 H4itEE .

3.3. FHEELLE
THBhAE I REIL I 2 B, PARAIRAESL I 15 6, WEhE I RE R AR BT P ARH(3.8%
vs 23.8%), LA W E M EZ R (P <0.01), BEAANE 4,

Table 4. Comparison of complications between the ablation group and the surgery group

4. HEMAS FAREHF R AELLAL

Rl (n = 52) FARH(n =63)
T Ml 1 4
i 1 3
KA 0 1
TRIK % 0 2
AR 0 1
B 0 1
BT I 0 1
VNEVESS 0 2
FFORR 5% it 3 0 2
LS 1 2
Bt 2 15
HRAER A 3.8 23.8

E: P<0.05 H4itEE .

3.4. RIBEFEREIGIRELE

TH AL B AR J5 4R35 B R THYCA-QoL 173 245 70K T T R 4H(99.75vs143.58) , H P #E /4 & (P = 0.021)
TP = 0.017). OFE(P = 0.027). JEIR P < 0.01) F A BT ARAS T, 27 EHBEN
=S N

Table 5. Postoperative quality of life scores for papillary thyroid microcarcinoma in the ablation group and the surgery group
7= 5. HRMAMFARBRRBRM NI LR EREEERETENER

BEf= e FARA P

FRZ LA 9.25 (0.00, 21.67) 12.17 (6.67, 23.33) 0.389
BE 2.92 (0.00, 0.00) 5.42 (0.00, 15.00) 0.021

HEN 7.55 (0.00, 15.00) 5.42 (0.00, 16.67) 0.472
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gk

A AP L
(S
WSLit
IERBEREIR
TR ]
JRETEVS
T A g
PR E SN
S
PERK R BE
pse

12.50 (0.00, 31.67)
3.58 (0.00, 11.11)
9.75 (7.50, 16.67)
8.50 (0.00, 16.67)
0.75 (0.00, 0.00)
6.83 (0.00, 0.00)

14.17 (0.00, 33.33)
3.08 (0.00, 0.00)

16.25 (0.00, 33.33)
0.38 (0.00, 0.00)

99.75 (70.00, 130.00)

17.08 (0.00, 33.33)
4.58 (0.00, 11.67)
13.58 (8.33, 16.67)
9.33(0.00, 16.67)
25.83 (0.00, 33.33)
7.92 (0.00, 15.00)
16.92 (0.00, 33.33)
6.67 (0.00, 0.00)
13.75 (0.00, 33.33)
0.67 (0.00, 0.00)

143.58 (102.50, 176.67)

0.017
0.415
0.027
0.534
<0.01
0.498
0.245
0.091
0.162
0.614
<0.01

HE: P<0.05 H4itEE .

Figure 1. Comparison of postoperative quality of life scores for papillary
thyroid microcarcinoma between the ablation group and the surgery group

1. HRE R FARE RN IR EAR FEBERE TS XL

(0 W
O FR4

HEAHAR G 1. 3. 6 MM TSH ¥R T FARAP <0.01), WHREARHEE 1. 3. 6 NHIK FT3. FT4
YiEmTFARAP<001), ZREAFEFER L, Wk 6~8; HARG/NA AR TSH. FT3. FT4 JHahs:

FARHAPEN L, HEHET RAX HUR IR D) BER

MR, WK 2. 14 3.

Table 6. Preoperative and postoperative TSH levels for papillary thyroid microcarcinoma in the ablation group and the surgery

g%ogF THRAZAANFARLE R BRI AR B AR BT R ARG TSH
Vanik KA TSH ARJG LmTSH RJE 3mTSH AR JG 6mTSH
FAREN 1.93 (1.28, 2.70) 3.12(2.37,3.94) 2.77 (2.28, 3.67) 2.48 (2.14, 3.68)
Y R 1.75 (1.26, 2.39) 1.40 (0.83, 2.40) 1.56 (1.07, 2.81) 1.84 (1.30, 2.93)
z -0.601 —6.356 -5.173 -3.785
P <0.001 <0.001 <0.001
H: P<0.05 4 L.
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Table 7. Preoperative and postoperative FT3 levels for papillary thyroid microcarcinoma in the ablation group and the surgery

%o;p THRAZA AN FALE R BRI SR B AR BI R AR FT3
Baxil KA FT3 AJE ImFT3 ARJG 3mFT3 AR JG 6mFT3
FAREM: 5.09 (4.78, 5.56) 3.88 (3.42, 4.3) 3.78 (3.44, 4.22) 3.82 (3.55, 4.05)
VH Rl 4.89 (4.35,5.38) 5.03 (4.6, 5.43) 4.91 (4.46, 5.26) 453 (4.25, 5)
z -1.810 ~7.426 —6.553 —6.974
P 0.070 <0.001 <0.001 <0.001

E: P<0.05 H4itEE .

Table 8. Preoperative and postoperative FT4 levels in the ablation group and surgery group for thyroid micro-papillary carci-

noma

7 8. JHRAR FARAF KRNI REARBRAG FT4

il AT FT4 AJG ImFT4 ARJG 3mFT4 AJG 6mFT4
FAREM 11.28 (10.42, 12.4) 10.04 (8.68, 11.38) 10.32 (8.61, 12.17) 10.73 (9.29, 12)
T A 11.64 (10.85,12.47)  13.07 (12.16, 14.12) 12.62 (12, 13.74) 12.97 (11.79, 13.74)

z ~1.402 ~7.499 -5.645 —5.544
P 0.161 <0.001 <0.001 <0.001
H: P<0.05 HHiERE L.
6 .
— FARTSH
— JHERTSH
4_ Fk *kk *kk
=
=)
£
2_
0 T

1 1 1
AR RfFlm R)G3m AKJE6m

Figure 2. Preoperative and postoperative TSH levels in the ablation

group and surgery group for thyroid micro-papillary carcinoma

E 2. HRAEFIFARE PR NI R EARBIEAE TSH
15 Tk - *hk -m- FRFT3
-m- VHRIFT3
N — AR
] ~ T
=]
E *kk *kk *kk
51 BreooE----d--l
e o
0

T 1 1 1
AR ARJEIm RJE3m AR5 6m

Figure 3. Preoperative and postoperative FT3 and FT4 levels in the abla-

tion group and surgery group for thyroid micro-papillary carcinoma

3. JHRRAAFNF AL BRIRR AN EL SR EARBI R AE FT3, FT4
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3.5. EfhBERIEbE:

TH BT RIS 8]/ A% G F R 41(21.67 vs 120 min), JHBRAAEREI /N T FARHAB dvs 8d), THANA
ARG HEBARBE S RE, TARARGBE SR T L5 109 mL Bk HRASHCR L FAUIO, FA
HPRYIOA 08 5.07 + 1.76 cm, HREAHAS 1.d 13 d ZmiEn M TUIBRA, ZRHAE G2
=X (P<0.01), W& 9.

Table 9. Surgical and ablation-related details in the surgery group and the ablation group

F 9. FAESHMEFAEXER

VH Rz FR z P
F AR 1] (min) 21.67 (21.02, 22.75) 120.00 (120.00, 150.00) -11.05 <0.001
519 0.00 (0.00, 0.00) 109.00 (79.50, 145.50) -12.689 <0.001
A B B 1) 3.00 (3.00, 4.00) 8.00 (7.00, 9.00) -11.705 <0.001
FARY)OKEE (cm) 0.00 4.50 (3.80, 5.50) -13.2 <0.001
VNETLS A0
2h 5.00 (4.00, 5.00) 5.00 (4.00, 5.00) -1.39 0.164
1d 3.00 (2.00, 3.00) 3.00 (3.00, 4.00) -4.071 <0.001
3d 1.00 (0.00, 2.00) 2.00 (2.00, 3.00) -8.683 <0.001
H: P<0.05 B4R L.
4. g

AR, FURARGE TR H 28 2 0 A BRI PR & 35, X F B T 5 o P M A S AR Bk
(190 % AR AR, R R PR 1 B o 7 v SRR 7 R, — RN ) FROIR IR 45 719 A6t 26 1] il 20%~76% [11]
Hodp, 4K Z (2 90%~95%) 0 R PELE YT . SUbFEIE, HURIE AR S, JUHE BUR IR N 7L S R
(PTMC), RIMRERE < 1 cm MFLSRSE, BHBBLT REREKESE, PTMC SR T8 & FUR Ak 5 51
(1) 50% LA F[12]. T PTMC VRITIEM “— 017 M4 HURBRVIBRA, e e B3 U (1) M0 22
F BN I (AS) U B b B A 2 3R S 3B, B G T T AN R ) B 20 XU Bk AME R PT RE AR VE
JRE . 20 FIESE, KKK PTMC 78 AS T ik @ 2% (<10%), JoBmiE R Estro[13]. (HH R
R R AR M E R JABE Vs s 500 2 T Oy BR R 77 DA R IR F7 0 HODR MR AR 1) ok A 2 AR XU
PTMC 2R HAREE T HAR IR 6E, Z2HUEFH LT IRE . Sl G0, FAETARIFIE R
HAREHRII R S ERHE, FTRER —IRFAR.

POHRBAR A AR A R HDIRIRDIRE . E P TR . X TRERE . & IFRE T AREEE
Y F-RIAS BIFe AR PTMC B35, SO —FE 201 B AR B [14] 6 T BUR IR B 2Lk 98 (PTMC)
BEM S, WIREIERIEIE “FURIIN” 5 “FRFIM” ZRKMFESN. STHRIESE, RE2H
PTMC RIL M MEIiAR, (R A D HOm ) 75 i 17 B0 BBt e o 4 — g A\ g 3000 il 56 % (1) R 407
iR, fE Pkt 5 EmEshRMBHKN, P EAE >3 mm FEAERLN 5.1%, #HiRKEEERT
Felshy 1.5%, gt J A0 T R AG, LT ol ZBE AN TH[13]. $R1, Aw ZALR, KIHBE U pray
SRR B A7 A0 —— SR AR DR e gk R i = AR BB AR, e AR SR R, BEE “LUREN
Hl” BIBEST EEABIRN, 1897 HAR AR RR T Mo f A v, Eaaii e roge. OERES
s R RAR Y . IEAR, SRMBINANEAR, WEoeH R, SRR ER R, O
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A R ot FH TR B PTMC Wi, WD SR L BG0I0/h IRE TR, BEBIOEIREMSE, AR
FEHE 52 F AR B B 0 B8 PR T T R B [15] o TE I 8 M T R, B8 A 75 45 VAN bR 08 2 XU
BB R ) S F AR TE R AR, DU SE T RS AR T IRES 1 A P [ 16]

AW S A T R ZEL P T A FROIR R L SR TR 91 3508 B — U M B kL. Y RRALETA RBITESE 1. 3. 6.
9.12 AN I AR FRIZ W 4 /N, A58 1A IR R, PTMC 23 Bl AR FR 45 /N 2843 51 9(39.54 + 18.64) %,
(68.64 + 14.89)%, (86.41 +9.52)%, (92.73 + 9.22)%, (96.31 + 4.96)%, 18 /> I} BT 74 Rl [X 141 58 4=t
e, TR ARFRGE /NS IK 100%, PTMC ZH 20 1) b A i il A R 48 /N % 22 S A i3 Gt 24 3 (P < 0.01),
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