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vestibular approach, such as restricted operative space and high complication risks, our team proposed a
modified technique—endoscopic thyroidectomy via oral vestibule and submandibular approach
(ETOSA). Preliminary studies have confirmed its safety and feasibility. This study aims to systematically
evaluate the key factors affecting postoperative complications and operative time in ETOSA, explore the
interactions among these variables, and construct a learning curve model to support its broader clinical
adoption.

Methods: A retrospective analysis was conducted on 125 patients with papillary thyroid carcinoma who
underwent ETOSA at Xiangya Hospital, Central South University, between March 2022 and March
2023. Clinical characteristics, surgical parameters, and postoperative complications were extracted. A
random forest model was employed to identify the major influencing factors for complications and
operative time, as well as their interaction effects. Partial dependence plots based on case sequence were
used to generate the learning curve.

Results: All 125 patients successfully underwent ETOSA with no conversion to open surgery. The
median operative time was 95.0 min, and the median intraoperative blood loss was 15.0 mL. The overall
postoperative complication rate was 16.0%, with no cases of permanent hypoparathyroidism or
hypocalcemia. The average neck appearance score was 1.05, indicating high patient satisfaction. The
random forest analysis identified case number, surgical extent, lymph node yield (LNY), Hashimoto's
thyroiditis (HT), and body mass index (BMI) as the key predictors of postoperative complications, while
surgical extent, case number, LNY, HT, and blood loss were the key factors affecting operative time. A
significant positive interaction was observed between case number and both surgical extent and HT,
particularly in the first 20 cases, suggesting a higher risk during the early learning phase. The learning
curve analysis indicated that surgical proficiency stabilized after 20 cases. Operative time and
complication rate in the proficient phase were significantly lower than those in the learning phase
(90.0 min vs. 102.5 min; 11.4% vs. 40.0%, both P<0.05).

Conclusion: ETOSA is a safe and feasible technique characterized by minimal invasiveness, favorable
cosmetic outcomes, and a relatively short learning curve. case number, surgical extent, LNY, HT, BMI,
and blood loss are key factors affecting complications and operation time.

Thyroidectomy; Endoscopic Surgery; Oral Vestibular and Submandibular Approach; Thyroid Cancer, Papillary
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(endoscopic  thyroidectomy via oral vestibule and

submandibular approach, ETOSA) . % A K 10 = A
FED) RS = P AU, WEYTOR TR, IR
6T Trocar BYMCE , MR/ g8 W E] T4, FEARIE
KNE R By A AR KR . AR L 2 s SR
ETOSA J&2—Fh 2t 4x . AT AR, BA e
AREERFNEBARR I RAE R AH . T — PR
AR B AT PE R, ABERMA T HE L2 8
i, 23 B 52 Wi ETOSA A XY IF % 4 AT AR IR Y
RN R BT AR, Jf# 8 ETOSA 927 > il
2, IZBORIIMET SRR

1 B"RETE

1.1 MRIIH

[ Joi P 43 A7 2022 4F 3 H —2023 453 A 7 K
27 RE B2 52 FHOIR BR 2 B2 52 ETOSA 19 125 151 HE AR i
FLR I B F IR IR B N ABRUER . PR o
KAR<3 em . JCHFR K 25 5% B ol G Ab 5 A% . AR
B J5 R BRI . JC B R A R s % T R
SR YL o FH R A SR A 45 FEOBR AR T B T ERE K
Jip g 57 T FOIR R A HL e K AR >2 em IS5 . T A

A

1 HXFATE

Figure 1 Relevant surgical steps

approach for dissection of the upper pole of the thyroid

B AR G KUK, FE R 2~3 d T IR Al
MEIFACEMROWEEHE, HFEERE
5~7 d; ARHG 1~2 d iy H BB R B 2F 5 R
30 min W PEFFIKR TEDUAE R, PR R ARG 24 he
AJF 12 hBEEERBEEY, KJ524 h K E IEH K
o ARJE BN FEAS ), IR B AR E A 1R
IV B 22 IR % ( parathyroid hormone, PTH) #
Ca™ K V-3 ] 18 4 25 Wy 3 o LA ) TR 20 B8 e T
A A PRAE A VRS Z 1/ 0 B 58 TR AR

BEAEFARIGE DMV AF . W5 R 2
BEfe PR ZE B Ss At (% . 202210652), FrA A
HUESSRINEE T WHAERE .
1.2 FATBREREARHRERE

S, TOERMEERERT L1 em
I — K215 em AT Y], & A 10 mm Trocar DX
YERWEEFL o T WM SRR 5 A 4~5 em 20 R
Jr270.5 em Wb UY B2 S04 — 0.5 em BEAT V) 1T, B A
5 mm Trocar LIAE N EAEFL (F1A) ., Bl FAR25H
(FZER-EH, wiMEReiFLEMANMZ), 7 Co,
PLYEREF AR ZS[A)[ 71 6 mmHg (1 mmHg=0.133 kPa) ,
it i 20~30 L/min], JE M BB AE 5825 (] B2 T Al 1 Af
KA mkdgsiam (F1B). MBIk,
i A 4 B A R AR R A R L, B DR R R e S R
AR A o KL R MR A AR e, )
SR Bt R UAILTAD A B — 43 25 i B FROIR WL 5 M &
HL, BN R IR U 1 [ B ) A
e /R I w1 R N 1S
([ 1C) o Bl fnb 5 0 3R pi 28, T HEHR R v 38
T A, PDBR H R R 0E . T B b X
EL&E,

& d
»
i ." B "V. *
W A v

e — B B 5
A: UIHBiT; B 2458 mAF AR Co JJUELA AL R R Ak

A: Incision design; B: Suspension with sutures to maintain the surgical space; C: Intermuscular
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Table 1 Baseline characteristics and surgical outcomes 125 patients

TitH . T H HfE
RS, MUIQR)] 35.0(31.0~41.0) IR HEN (%))
PG (%)] St ke 20(16.0)
u 122(97.6) P I
5 3(2.4) Bt 2(1.6)
BMI [kg/m*, M(IQR)] 22.6(20.6~24.5) TRA 0(0.0)
JitrEE fee AR [mm , M(IQR)] 7.7(6.0~9.4) FARSS IR SRR IGR
MIMZALI (%)) Bt 12(9.6)
= 8(6.4) TRA 0(0.0)
1 117(93.6) ARCES 1l i
ZHEME (%)) i 5(4.0)
b 27(21.6) KA 0(0.0)
7w 98(78.4) MEL 58 5 1(0.8)
HT [n(%)] TR BT IME 1(0.8)
2 39(31.2) S R IR 2R AL 1(0.8)
3 86(68.8) R BE 1(0.8)
FARVEH (%)) WA i 3(2.4)
LT 66(52.8) i 0(0.0)
TT 59(47.2) RIGEIES (% + 5)
ARl mL, M(IQR)] 15.0(10.0~15.0) 1d 2.000.10
FARBHK [min, M(IQR)] 95.0(90.0~110.0) 3d 1.27+0.07
43 [E] ST 25.0(25.0~30.0) 7d 0.49+0.07
FHBR AT B3+ S5 SR X 2 25 T 41 70.0(65.0~80.0) 14 d 0.12+0.04
A e X R B 25K B AR, M(TQR) ] 6.0(5.0~8.0) 30d 0.04+0.02
Firh e X FER I B 45 Ak, M(IQR)] 0.0(0.0~2.0) RIGREATES (% + 5)
RIGH 1 KM PTH [pg/mL, M(IQR)] 21.1(16.5,25.4) 1d 2.140.08
ARJGH 1 RIMAE[mmol/L, M(IQR)] 2.1(2.1~2.2) 3d 1.88+0.06
A5 EmL, M(IQR)] 7d 1.42+0.13
EABS 50.0(30.0~50.0) 14d 0.92+0.11
EUEBS 20.0(15.0~30.0) 30d 0.38+0.05
ARIFE R, MUIQR)] 2.0(2.0~2.0) RJ5 30 d FERINPES (% = ) 1.05+0.03
ARG HEBERHE[d, M(IQR)] 2.0(2.0~2.0)

T DGR H G5 > Fhf A
Note: 1) Each patient had >1 type of complication
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Figure 2 Postoperative appearance and sensory outcomes A: Submandibular incision 1 month after surgery; B-C: Sensory

changes in patients after ETOSA
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B 4 F 242040 (90.0 min vs. 102.5 min, P<0.001),
TAEZs A @ Af K (25.0 min vs. 30.0 min, P<0.001)
AR OIR BR DT BR o @t e IOk S5 0 e K
(65.0 min vs. 72.5 min, P=0.028) U R4, HAl
FARGREF KGRI EX (B P005) . FRE
IF R AE KA BN 2E 2T B BE IR 40.0%  (8/20) [ 28 34
BB 11.4% (12/105) (P=0.004) , {H % FpRF e
It RNE Z 8] 22 5 e ge it 2 @ L (B4 P>0.05) . M4
) 35035 A0 UL T 43 1 AR H AR (1.08 vs. 1.04, P=
0.576, AR BEAER W) o AN, P IR
FURATE 28, HEARF 1, 3d, %
IRV E T 2= 4 (35 P<0.05) (£2).
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A: Hf&JE; B: F

Analysis of variable importance and interactions in the random forest model (Node size and color represent the

importance of each variable, while the width and color of the connecting lines indicate the strength of

interaction between variables. Both importance and interaction metrics were normalized using min-max

scaling) A: Complications; B: Operative time
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Figure 4 PD plots of key variables [From the upper-left to the lower-right diagonal: one-way PD curves (black) and individual

conditional expectation curves (colored); above the diagonal: bivariate PD heatmaps; below the diagonal: scatter
plots of raw variable values. Color indicates the predicted complication risk based on the random forest model.
Variable order corresponds to their ranked importance] A: Top 5 variables associated with complications; B: Top 5

variables associated with operative time

http://www.zpwz.net



886 W E AR A 55 34 45

2 $IASHEBIERIER LR

Table 2 Comparison of clinical parameters between the learning group and the proficient group

iH 2223121 (n=20) I (n=105) P
AEW[% ,M(IQR)] 34.5(27.8~36.0) 36.0(31.0~45.0) 0.069
P (%)]
& 19(95.0) 103(98.1)
0.410
5 1(5.0) 2(1.9)
BMI [kg/m?, M(IQR)] 21.9(20.1~24.4) 22.6(20.8~24.5) 0.398
Ji9d F</Nmm , M(IQR)] 7.80(6.9~9.6) 7.6(5.7~9.4) 0.454
HRIMZALI(%)]
P 2(10.0) 6(5.7)
0.613
= 18(90.0) 99(94.3)
ZH (%) ]
b 3(15.0) 24(22.9)
0.561
i 17(85.0) 81(77.1)
HT [n(%)]
= 6(30.0) 33(31.4)
1.000
o 14(70.0) 72(68.6)
FARIEF(%)]
LT 14(70.0) 52(49.5)
0.142
TT 6(30.0) 53(50.0)
A L mL, M(IQR)] 20.0(15.0~21.3) 15.0(10.0~15.0) <0.001
FARMF K [min, M(IQR)] 102.5(90.0~115.0) 90.0(80.0~100.0) <0.001
23 [A) 5T 30.0(25.0~30.0) 25.0(20.0~25.0) <0.001
FRUPR BB o+ 350 g DXk 2 45 3 4 72.5(65.0~85.0) 65.0(60.0~75.0) 0.028
Fr o Xk L 2 G B, MCTQR) ] 6.0(4.0~8.8) 7.0(5.0~8.0) 0.253
Firh g X RS R S5 M, M(IQR) ] 0.0(0.0~2.0) 0.0(0.0~2.0) 0.851
ARJGH 1 KM% PTH [pg/mL, M(IQR)] 21.0(15.7~24.6) 21.1(16.9~26.7) 0.311
ARJFE 1 RIULES[mmol/L, M(IQR)] 2.1(2.1~2.2) 2.1(2.1~2.2) 0.728
A5 EmL, M(IQR)]
EADS 50.0(40.0~60.0) 50.0(30.0~50.0) 0.418
2R 22.5(20.0~30.0) 20.0(10.0~30.0) 0.066
AJE 51 HEHd, MIQR)] 2.0(2.0~2.0) 2.0(2.0~2.0) 0.749
RIGAERBERHEd, M(IQR)] 2.0(2.0~2.0) 2.0(2.0~2.0) 0.698
I ERAE (%))
IR 8(40.0) 12(11.4) 0.004
7 T WO
B 1(5.0) 1(1.0)
) 0.295
TR 0(0.0) 0(0.0)
FEUIR 5% BT AR R
Bk 3(15.0) 9(8.6)
; 0.406
KA 0(0.0) 0(0.0)
RS I AE
B 2(10.0) 3(2.9)
. 0.181
KA 0(0.0) 0(0.0)
WL S 1(5.0) 0(0.0) 0.160
TR AT IS 1(5.0) 0(0.0) 0.160
S R R ZE AL 1(5.0) 0(0.0) 0.160
SIHRIFEEE 2(10.0) 1(1.0) 0.066
Zth 240 0(0.0) 0(0.0) —
I 0(0.0) 1(1.0) 1.000

T D EIEH5> 1 T A
Note: 1) Each patient had >1 type of complication
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Table 2 Comparison of clinical parameters between the learning group and the proficient group (continued)
L] 22 4 (n=20) BRI (n=105) P
RIGIRVE (7 = 5)
1d 2.62+0.15 1.66+0.09 <0.001
3d 1.65+0.14 1.06+0.06 <0.001
7d 0.65+0.12 0.40+0.08 0.096
14d 0.15+0.07 0.11+0.05 0.581
30d 0.04+0.04 0.04+0.03 0.933
RGPS (% + 5)
1d 2.35+0.14 2.02+0.09 0.051
3d 1.68+0.08 1.06+0.06 0.052
7d 1.15+0.10 0.40+0.08 0.090
14d 0.72+0.07 0.11+0.05 0.136
30d 0.19+0.10 0.04+0.06 0.095
AR5 30 dHHBIMIFS3 (% + 5) 1.08+0.05 1.04+0.03 0.576

T DEAIRH @ 5> FIF AT
Note: 1) Each patient had >1 type of complication
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Figure 5 ALE plots showing the interaction effects of two variables on complication risk or operative time in the random

forest model

JE A Fie 00 1K) 20 5 51 F L 9 LSk BRI 2 Bl
P By B3 b (1815) ¢

http://www.zpwz.net



888 W E AR A

5 34 45

3 i it

it 2520 4, BUAMA B HUAR AR U BR T AR AS i b
BEOUHT AN R, © A 20 2 FPOR [ A B 1 HOIR IR T
AR R FH A I PR S e PO SR,k 1 R X
BRI A AT R 25 R 2z R i 2
PR 2 g R 4 i . AMRHBE A 1800 46 e /Mb
B3 1 ) B 38 B e AR R A ROR , X s T4 K
BT HAR B UDBR AR 19 K % o

B W 28 R B A 0 I A E T AR A 6 I 5%
FLEFH T, JFm a7 0w v e b o
REEVEF AR, HARTTAT, (H X Fp vk PR A
TFARUEF, FHCT EH LS
RAERAEFR, MF, X —HAREH SR, WEAL
ARV E T ORI EE N, 3Kk 2 3R AT A
) TOETVA®21 | TOETVA ffi 13 F R ¥ 9k, H
WA TN R AR R AS A R . SR, BT
ffE I aE Ay CH AR SUE 55 ) RYBHAS, s BE 4
14 8 A 31 1B 32 30 PR AT, 3 T A 5 Wi 4 A 1Y) T 4 AR
PE DL K MR IR W A ) o A A OGS4 T
GEUOAR W], A 4 4 L Trocar 1Y 8 I8 5 T — 2
HEMMRGE, WMEREI . B E . mHss
FTUPANINAE o $FEAEFL Trocar Y4 A Fliz 3l o] e 5 3
FENG WLT R 22 BT, 20050 A 1 DX 8 DA i 5 i
Jip22201 DL R AR G AT R A 2 W 5%
LA 2 20N LA D K e fife 351 R 20 e 22 40 4, 1
BAEFL I R AR SR AR AE o BLAh, Ziph &4 i &
R B R S T 2 0 00 TR JEE D) RN 2 A s 8l 5
A B LA L AN e 7 A2 R, miRE e X
B g 4x, T LA akE G R 2 051

IR Z -, EH BN T ETOSA F R .
ZARR WS T 1AL T H B FTEE AY 10 mm W8 £L
M2AHBLT R A5 mm BRVEFL . 38 a6 5 1) 1
JEE W RE YD RS 2 R AT X 8k, ETOSA A DL 4 it
A PR B B A — AL, IF HLIS N Trocar 22 [H]
MIFE BT, B T “HEFRUN T . ETOSA #5 1 H A
Xt Trocar BRI, 380 T #AEZS Wiz s A B,
W FARMERE 5 450 T Y10 EUIR R 2 R BB,
WD T A SR R F AR AN 5 2R T TE Trocar FY)
(VA N K T R I U N =3 R R 1
O S RREALBCE T D A, RIRT R
TR AL 0 SR e XU 5[] I 3 3 1 5 U A
BT SR, ETOSA fy — A Bl gt 2 587 51 A

http://www.zpwz.net

TR, REKBIOBETFH FRXE, 25
BORA T2y, (AEARBG b, B X HE A 0
JEF . X ETRE AT Y] /N B
LA EA G 50, SR, REETEENE, B
B bk A A B AT ANy R 2 98 s JE M E R ) i)
() 5 & n] B S A i B TOETVA. S ki &
ETOSA 1T 7 £ AR . Atk . et mFR
82 A 22 RV BUAS T 5 4 1 - £l

FE X5 B B AN B F AR B PEAN b, a0 5 O & E
KPR AR R XELE, KR E
5 I A AH O 0 A i EE R PR R R
S FORJEHE . LNY. HT #1 BMI, 15 F AR
FOC I TA e 2 i &R 2 FARJEE . kBl Iy
5. LNY. HT AU & . 4 LNY @8 &k 56k, wJ
AE 2 38 0 I & AE A AR KU o H: 32 R AT R R
TRV L I O 485 3 1 BG T H R 55 Rl A 4 A0 F
FHR 55 B 2 A VT B 1 KURS: DTG 51 & HR AR 5% i o)
REWAR o mbAh, ARWFRME R, M EE W BMI
it 26 kg/m® I, I ARE A AR XU 3G 0 . 3X AT RE A A
Shy FIE R B e B R T 1R s TR 3 A e A
-0 = YN (11 3170 RO 19 OS2
%2 300 25 L A5 I E 9 XU .

FAN, AWFIE KB AT FLTF ARG 5 i I &
E S PRI S R, JF H HT 8 TT 722 2 [
B (1~20 ) X If A& 5E & Az KU AL R B 7 AR
TR BRI AR, L 3 e B HT B AFFE s b 4T TT &
14 I ETOSA 2% > By Be i) T AR MEJE . X AT fig =& K
HT 2 3 30 AR IR 41 20k 208 1 R R Ak, fiff
O T M AR A HRE 55, 18 M AR AE AT RE S BCHT AR IR
HEEHL (ARSI . R M%) ARG
BEINT 43 B RN AR B 3k B 25 48 B HE R L 4 RE R AT 4
Ry HR R B 2 =F s HoMEss , R %5
M, #F— e K FARBE . BLo, FAREE MY
AN AT sk B b 25 18I0 TR A0 43, DT n JF & A
RAERIFER FARB K, B, @ IFE ETOSA 1
B BOE R ECA HT R B E BEZ LT 8, LA
P /D 1] B B 0 I ARE R R BTG .

% ) 438 R T DL R R A RE BE A A R R —
FARER S B iy 2 B 18 = ik #2 o @ PD &
AT LA e, AMRFEAEE SR 20 1 F AR5, FARM
JERIERAE R KBE TRENE, XEY
ETOSA )24 > i1 20 6 . AR B, FARBS
LRI A AE M 27 2T B B 30 380 25 B B 359 4 35 2



%5

AW, % ZuBRAFATEEFPRRFAFE S FARKN Y WA Z M 889

X A AR B A TR OR B ek E RN AR A R A R
(I EJ] 5B FZREE . M R &R U1 E 8y
TFRA KB 0 FAREAR =R AR hHETHE
4%, HREEME, FARAMEIFLE (nH
I L | R R R 2 LA R R ARE ) KR
TE5 2 B B, Dt DR 0 00 R e A 4R AR R Y L i
Gh, 2E B BELNY RLRCH WL A RE (8 ik
W RN R OBR 2% MR T BB UGR ) M & AR RIS Ak
By BEAH 2, a2 B AR A B EL 28 7 251 AP o X0k [ 2
T8 9 LA B HR R 55 B R 0 SR A 28 1 R4 T ERAS T
GR35 15 T A1 BN AR Gt S A B i
THARBUBEATHESLER . ERALENE, R
JE 1. 3dMEmMBERM. XEEEH TEAL
By Bt rb, Rz R A6 i R ER DR IR U B 0O o,
BN 5> . EE N R, BEE SN REEE A A2
R AR N, FAMK ., FAR
FH I 0 A RS LA B B 493 4B 1T L 3% 265 fe Nk .

bR b, w0 BE AR AR EOR B 2SR R B
KFIHARES, WRTFZEERE RS T
B L T TR B I NI i R I 2 R S (ol
FARBGENSH . BEFTME . AWK FARE
VIR AR Jr i DL AR BE A i e a4 96 . 76 BLA SC
ERUIT e TOETVA 122 S MR AR B % 2 &=
7~58 Bl ANAE . FERXEEWFIE T, TR B R R
)25 ) iR PEA S 8k, — S A1 BV ] SR8 5
S Bk BE Al B oE ) B & O 10~15 i), — 2B g
FEIOCSIN R H CUSUM J5 ¥, PP Al 2% 20 il 4k ok 35~
58, AR, AN[E D7 kAR 2 o) i S AE AE B B
M2 MR, X—BEFEXEFHEIE LR,
HAFE A, AP P T8 T 0
PD &% ) i e PP Al 7 i, AR T A 5 AL
e BMUER . — T, i PD AT A 2 i 4
S3 B RE % ) LA E IR 2 R R S — T,
B AIL AR PR Y BE % VEAf A SR AE e PE C &R o (H AT 5R
WA SE, ETOSA (5= > it £ 20 5], [k TOETVA
) 2E ) 2 (35~58 f)) Zhd ., BbAbh, AT H
BT R E K N 95.0 (90.0~110.0) min, fLF L
TOETVA 1 F AR B K (96.6~216.6 min)
JE TR0 ETOSA B0 1Y) 2% 2T i 4 A F R B K AT
DAV PR 458 4 1 17 58

KR RAFTE— R R, Bk, RT%
F2 A b e AR N B AT B L e R L S R g
BE UL R BB DAL 4 1 PR R X ETOSA 2 4= 1 il

AT . R, AR T ARE R EA
FEBEFREE M EEER, KRBT NN A
W EZAF SRR E A (0 RS T A
LA RE), ik—3 P4k ETOSA i % 4t K H
M. BJa, ARBFRAEAREAG R, B
B, REWEIREREALRZ. Z2Hh0S35H5K
KA BE DT 9 AF5E, A4 PFAl ETOSA X & % #i s
1) 52 1)

WHIF S . FARMEE . LNY, HT 1 BMI &5
ETOSA A J& If & i # 56 A9 L4 i 53 22 5 0 R &%
FARWHE . WHFS . LNY ., HT A &S T
AR M S B B A e R N R . ETOSA AR5
(9 2% > i 28 4 20 ], ETOSA TR & —Fh 42 4> H Af
TR, BHAREMNET I RIFMWERL
e I iU B @ e o

MEHTHR AR 3 —WL BREAE R T L F IR A3
e 5 B R T BAB MR BT IS T T Bk
LRXFRE ;T i TR EBEWR; 4T
fF AR IR A LTSI, AR IATAIAE
FRELEL.

SERT MV L ES SRR

£ % 3k

[1] Han B, Zheng R, Zeng H, et al. Cancer incidence and mortality in
China, 2022[J]. J Natl Cancer Cent, 2024, 4(1):47-53. doi:10.1016/
j.jnce.2024.01.006.

[2] Arora A, Swords C, Garas G, et al. The perception of scar cosmesis
following thyroid and parathyroid surgery: a prospective cohort
study[J]. Int J Surg, 2016, 25: 38-43. doi: 10.1016/.
ijsu.2015.11.021.

[3] Kang YJ, Stybayeva G, Hwang SH. Surgical completeness and
safety of minimally invasive thyroidectomy in patients with thyroid
cancer: a network meta-analysis[J]. Surgery, 2023, 173(6): 1381-
1390. doi:10.1016/j.surg.2023.02.021.

[4] Moris DN, Bramis KJ, Mantonakis EI, et al. Surgery via natural
orifices in human beings: yesterday, today, tomorrow[J]. Am J
Surg, 2012, 204(1):93-102. doi:10.1016/j.amjsurg.2011.05.019.

[5] Arikan M, Riss P, European TOETVA Study Group. Transoral
thyroidectomy: initial results of the European TOETVA study
group[J]. World J Surg, 2023, 47(5): 1201-1208. doi: 10.1007/
500268-023-06932-7.

[6] Yu X, Jiang Y, Li Y, et al. Comparison of different mandibular

http://www.zpwz.net


http://dx.doi.org/10.1016/j.jncc.2024.01.006
http://dx.doi.org/10.1016/j.jncc.2024.01.006
http://dx.doi.org/10.1016/j.ijsu.2015.11.021
http://dx.doi.org/10.1016/j.ijsu.2015.11.021
http://dx.doi.org/10.1016/j.surg.2023.02.021
http://dx.doi.org/10.1016/j.amjsurg.2011.05.019
http://dx.doi.org/10.1007/s00268-023-06932-7
http://dx.doi.org/10.1007/s00268-023-06932-7

890 W E AR A 55 34 45

jawlines classifications on transoral endoscopic thyroidectomy for

papillary thyroid carcinoma: experiences of 690 cases[J]. Front

Endocrinol (Lausanne), 2022, 13: 842148. doi: 10.3389/
fendo.2022.842148.

[7] Nguyen HX, Nguyen HX, Nguyen TTP, et al. Transoral endoscopic
thyroidectomy by vestibular approach in Viet Nam: surgical
outcomes and long-term follow-up[J]. Surg Endosc, 2022, 36(6):
4248-4254. doi:10.1007/s00464-021-08759-6.

[8] Zheng G, Ma C, Sun H, et al. Safety and surgical outcomes of
transoral endoscopic thyroidectomy vestibular approach for
papillary thyroid cancer: a two-centre study[J]. Eur J Surg Oncol,
2021, 47(6):1346-1351. doi:10.1016/j.6js0.2021.01.028.

[9] Dong F, Yang A, Ouyang D. Retroauricular single-site endoscopic
thyroidectomy-a balanced endoscopic approach for thyroid
excision[J]. JAMA Surg, 2023, 158(5): 548-549. doi: 10.1001/
jamasurg.2022.7723.

[10] Celik S, Makay O, Yoruk MD, et al. A surgical and anatomo-
histological study on transoral endoscopic thyroidectomy vestibular
approach (TOETVA)[J]. Surg Endosc, 2020, 34(3):1088-1102. doi:
10.1007/s00464-019-06856-1.

[11] King SD, Arellano R, Gordon V, et al. Anatomic variations from
120 mental nerve dissections: lessons for  transoral
thyroidectomy[J]. J Surg Res, 2020, 256: 543-548. doi: 10.1016/j.
j88.2020.07.018.

[12] Zhang D, Wang T, Kim HY, et al. Strategies for superior thyroid
pole dissection in transoral thyroidectomy: a video operative
guide[J]. Surg Endosc, 2020, 34(8): 3711-3721. doi: 10.1007/
s00464-020-07577-6.

[13] Wang Y, Fu Y, Wu G, et al. Initial experience with transoral
endoscopic thyroidectomy via the submental and vestibular
approach for the treatment of thyroid cancer: a retrospective cohort
study[J]. Front Surg, 2022, 9: 882150. doi: 10.3389/

fsurg.2022.882150.

RRBANE, Jli, Bk, 45 . & TG F EBEA B HARIR T AR

Wi RAICAE : BEF 31 i 41 5[]+ 3 3 M BE 2% AR, 2022, 31(12):

1666—-1673. doi:10.7659/j.issn.1005-6947.2022.12.015.

[14

i)

Ouyang H, Zhou D, Xia FD, et al. Clinical efficacy of endoscopic
thyroidectomy via oral vestibule and submandibular approach: a
report of 31 cases[J]. China Journal of General Surgeryg, 2022, 31
(12):1666-1673. doi:10.7659/j.issn.1005-6947.2022.12.015.

[15] Liang J, Zhan L, Xuan M, et al. Thyroidectomy for thyroid cancer
via transareola single-site endoscopic approach: results of a case-
match study with large-scale population[J]. Surg Endosc, 2022, 36
(2):1394-1406. doi:10.1007/s00464-021-08424~y.

[16] Fisher A, Rudin C, Dominici F. All Models are Wrong, but Many

are Useful: Learning a Variable's Importance by Studying an Entire

http://www.zpwz.net

Class of Prediction Models Simultaneously[J]. J Mach Learn Res,
2019, 20:177.

[17] Friedman JH, Popescu BE. Predictive learning via rule
ensembles[J]. Ann Appl Stat, 2008, 2(3):916-954. doi: 10.1214/07-
AOAS148.

[18] Friedman JH. Greedy function approximation: a gradient boosting
machine[J]. Ann Stat, 2001, 29(5): 1189-1232. doi: 10.1214/a0s/
1013203451.

[19] Chai YJ, Chae SM, Oh MY, et al. Transoral endoscopic
thyroidectomy vestibular approach (TOETVA): surgical outcomes
and learning curve[J]. J Clin Med, 2021, 10(4):863. doi: 10.3390/
jem10040863.

[20] Dionigi G, Tufano RP, Russell J, et al. Transoral thyroidectomy:
advantages and limitations[J]. J Endocrinol Invest, 2017, 40(11):
1259-1263. doi:10.1007/540618-017-0676-0.

[21] Wilhelm T, Metzig A. Endoscopic minimally invasive
thyroidectomy (eMIT): a prospective proof-of-concept study in
humans[J]. World J Surg, 2011, 35(3): 543-551. doi: 10.1007/
500268-010-0846-0.

[22] Wang C, Zhai H, Liu W, et al. Thyroidectomy: a novel endoscopic
oral vestibular approach[J]. Surgery, 2014, 155(1): 33-38. doi:
10.1016/j.surg.2013.06.010.

[23] Anuwong A. Transoral endoscopic thyroidectomy vestibular
approach: a series of the first 60 human cases[J]. World J Surg,
2016, 40(3):491-497. doi:10.1007/s00268-015-3320~1.

[24] Yang HM, Shin KJ, Min J, et al. Anatomical study of gasless
transoral thyroidectomy and clinical application[J]. Surg Endosc,
2020, 34(8):3414-3423. doi:10.1007/s00464-019-07117—x.

[25] Liang TJ, Wang KC, Liu SI, et al. Multimodal assessments of
altered sensation after transoral endoscopic thyroidectomyl[J].
World J Surg, 2022, 46(3): 600-609. doi: 10.1007/s00268-021~
06356-1.

[26] Karakas E, Anuwong A, Ketwong K, et al. Transoral thyroid and
parathyroid surgery: implementation and evaluation of the transoral
endoscopic technique via the vestibular approach (TOETVA) [J].
Chirurg, 2018, 89(7):537-544. doi:10.1007/s00104-018-0635-0.

[27] Tae K, Lee DW, Bang HS, et al. Sensory change in the chin and
neck after transoral thyroidectomy: Prospective study of mental
nerve injury[J]. Head Neck, 2020, 42(11):3111-3117. doi: 10.1002/
hed.26351.

[28] Perigli G, Cianchi F, Badii B, et al. An easier option for "invisible
scar" thyroidectomy: hybrid-transoral endoscopic thyroidectomy
submental access (H-TOETSA): experience on twenty-two
consecutive patients[J]. Surg Endosc, 2021, 35(4):1796-1800. doi:
10.1007/s00464-020-07576-7.

[29] Ralli M, Angeletti D, Fiore M, et al. Hashimoto's thyroiditis: an


http://dx.doi.org/10.3389/fendo.2022.842148
http://dx.doi.org/10.3389/fendo.2022.842148
http://dx.doi.org/10.1007/s00464-021-08759-6
http://dx.doi.org/10.1016/j.ejso.2021.01.028
http://dx.doi.org/10.1001/jamasurg.2022.7723
http://dx.doi.org/10.1001/jamasurg.2022.7723
http://dx.doi.org/10.1007/s00464-019-06856-1
http://dx.doi.org/10.1007/s00464-019-06856-1
http://dx.doi.org/10.1016/j.jss.2020.07.018
http://dx.doi.org/10.1016/j.jss.2020.07.018
http://dx.doi.org/10.1007/s00464-020-07577-6
http://dx.doi.org/10.1007/s00464-020-07577-6
http://dx.doi.org/10.3389/fsurg.2022.882150
http://dx.doi.org/10.3389/fsurg.2022.882150
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.12.015
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.12.015
http://dx.doi.org/10.1007/s00464-021-08424-y
http://dx.doi.org/10.1214/07-AOAS148
http://dx.doi.org/10.1214/07-AOAS148
http://dx.doi.org/10.1214/aos/1013203451
http://dx.doi.org/10.1214/aos/1013203451
http://dx.doi.org/10.3390/jcm10040863
http://dx.doi.org/10.3390/jcm10040863
http://dx.doi.org/10.1007/s40618-017-0676-0
http://dx.doi.org/10.1007/s00268-010-0846-0
http://dx.doi.org/10.1007/s00268-010-0846-0
http://dx.doi.org/10.1016/j.surg.2013.06.010
http://dx.doi.org/10.1016/j.surg.2013.06.010
http://dx.doi.org/10.1007/s00268-015-3320-1
http://dx.doi.org/10.1007/s00464-019-07117-x
http://dx.doi.org/10.1007/s00268-021-06356-1
http://dx.doi.org/10.1007/s00268-021-06356-1
http://dx.doi.org/10.1007/s00104-018-0635-0
http://dx.doi.org/10.1002/hed.26351
http://dx.doi.org/10.1002/hed.26351
http://dx.doi.org/10.1007/s00464-020-07576-7
http://dx.doi.org/10.1007/s00464-020-07576-7

%5

AW, % ZuBRAFATEEFPRRFAFE S FARKN Y WA Z M 891

update on pathogenic mechanisms, diagnostic protocols,

therapeutic strategies, and potential malignant transformation[J].

Autoimmun  Rev, 2020, 19(10): 102649. doi: 10.1016/).
autrev.2020.102649.

[30] Dabsha A, Khairallah S, Elkharbotly IAMH, et al. Learning curve
and volume outcome relationship of endoscopic trans-oral versus
trans-axillary thyroidectomy; A systematic review and meta-
analysis[J]. Int J Surg, 2022, 104: 106739. doi: 10.1016/.
1jsu.2022.106739.

[31] Anuwong A, Ketwong K, Jitpratoom P, et al. Safety and outcomes
of the transoral endoscopic thyroidectomy vestibular approach[J].
JAMA Surg, 2018, 153(1):21-27. doi:10.1001/jamasurg.2017.3366.

[32] Qu R, Wang J, Li J, et al. The learning curve for surgeons regarding
endoscopic thyroidectomy via the oral-vestibular approach[J]. Surg
Laparosc Endosc Percutan Tech, 2018, 28(6):380-384. doi:10.1097/
SLE.0000000000000578.

[33] Razavi CR, Vasiliou E, Tufano RP, et al. Learning curve for
transoral endoscopic thyroid lobectomy[J]. Otolaryngol Head Neck
Surg, 2018, 159(4):625-629. doi:10.1177/0194599818795881.

[34] Kim SY, Kim SM, Makay O, et al. Transoral endoscopic
thyroidectomy using the vestibular approach with an endoscopic
retractor in thyroid cancer: experience with the first 132 patients[J].
Surg Endosc, 2020, 34(12):5414-5420. doi: 10.1007/s00464-019~
07336-2.

[35] Lira RB, Ramos AT, Nogueira RMR, et al. Transoral thyroidectomy
(TOETVA): complications, surgical time and learning curve[J].
Oral  Oncol, 2020, 110:  104871.  doi:  10.1016/).
oraloncology.2020.104871.

[36] Luo JH, Xiang C, Wang P, et al. The learning curve for transoral
endoscopic thyroid surgery: a single surgeon's 204 case
experience[J]. J Laparoendosc Adv Surg Tech A, 2020, 30(2): 163~
169. doi: 10.1089/1ap.2019.0560.

[37] Fernandez-Ranvier G, Lieberman B, Guevara D, et al. Transoral
endoscopic thyroidectomy vestibular approach (TOETVA) learning
curve: a regression analysis of complication rates and severity[J].
Surg Endosc, 2022, 36(7): 4839-4844. doi: 10.1007/s00464-021~
08832-0.

[38] Kuo TC, Duh QY, Wang YC, et al. Practice patterns and learning
curve in transoral endoscopic thyroidectomy vestibular approach
with neuromonitoring[J]. Front Endocrinol (Lausanne), 2021, 12:
744359. doi:10.3389/fendo.2021.744359.

[39] Russell JO, Razavi CR, Shaear M, et al. Transoral thyroidectomy:
safety and outcomes of 200 consecutive North American cases[J].
World J Surg, 2021, 45(3): 774-781. doi: 10.1007/s00268-020~
05874-8.

[40] Lira RB, De Cicco R, Rangel LG, et al. Transoral endoscopic
thyroidectomy vestibular approach: Experience from a multicenter
national group with 412 patients[J]. Head Neck, 2021, 43(11):
3468-3475. doi:10.1002/hed.26846.

[41] Pérez-Soto RH, Ponce de Ledén-Ballesteros G, Montalvo-
Hernandez J, et al. Transoral endoscopic thyroidectomy by
vestibular approach-initial experience and comparative analysis in
the first reported Mexican cohort[J]. J Laparoendosc Adv Surg
Tech A, 2019, 29(12):1526-1531. doi:10.1089/1ap.2019.0537.

(AL %h#H RiE)

35| AR X, BREHE, M35, 45 2 HIBRG A R i HUIR IR
FARI S AE S T AR B0 R 23 M (9], b [ i AR,
2025, 34(5):879-891. doi: 10.7659/j.issn.1005-6947.250027

Cite this article as: Liu YF, Ouyang H, Xiao L, et al. Key factors
affecting complications and operative time in endoscopic
thyroidectomy via oral vestibule and submandibular approach[J]. Chin
J Gen Surg, 2025, 34(5): 879-891. doi: 10.7659/j. issn. 1005—
6947.250027

http://www.zpwz.net


http://dx.doi.org/10.1016/j.autrev.2020.102649
http://dx.doi.org/10.1016/j.autrev.2020.102649
http://dx.doi.org/10.1016/j.ijsu.2022.106739
http://dx.doi.org/10.1016/j.ijsu.2022.106739
http://dx.doi.org/10.1001/jamasurg.2017.3366
http://dx.doi.org/10.1097/SLE.0000000000000578
http://dx.doi.org/10.1097/SLE.0000000000000578
http://dx.doi.org/10.1177/0194599818795881
http://dx.doi.org/10.1007/s00464-019-07336-2
http://dx.doi.org/10.1007/s00464-019-07336-2
http://dx.doi.org/10.1016/j.oraloncology.2020.104871
http://dx.doi.org/10.1016/j.oraloncology.2020.104871
http://dx.doi.org/10.1089/lap.2019.0560
http://dx.doi.org/10.1007/s00464-021-08832-0
http://dx.doi.org/10.1007/s00464-021-08832-0
http://dx.doi.org/10.3389/fendo.2021.744359
http://dx.doi.org/10.1007/s00268-020-05874-8
http://dx.doi.org/10.1007/s00268-020-05874-8
http://dx.doi.org/10.1002/hed.26846
http://dx.doi.org/10.1089/lap.2019.0537
https://dx.doi.org/10.7659/j.issn.1005-6947.250027
http://dx.doi.org/10.7659/j.issn.1005-6947.250027
http://dx.doi.org/10.7659/j.issn.1005-6947.250027

