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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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Figure 1 Relevant surgical steps

approach for dissection of the upper pole of the thyroid
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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

http://www.zpwz.net



884 HE AR R K

5 34 45

22 LTEFEULSW
T 2o AL R PR A TR S A e 0 T
S FARVHE . LNY. HT fl BMI & 5 ETOSA &
IR AE AR R (1 3A), 1S FARE K
AH G 118 d5 B 52 e DR U Sy TRVE L, R B
LNY . HT Ffi i (%1 3B) . HT & 8852 TT i
B R AE K AE KB, FARRKER ., EHA
HERMIE, 675 . LNY £l BMI 5 3 & 5E 77 7 4
LR . BRI S, I & E AR KUK 7E 9 01 )7
53k 5 20 1] Z B R R, RS Ok B0 ER E KT
2 LNY # 4 5 #sk BMI # 3t 26 ke/m® BF, I & 5E &
Az KUK 2RI I A, R Y X TR IR Y
S 5 XA 5 & AR IE R RE /Y sZ e AR L, TR B
KAERT 20 Bl h i i 4 i, Zeatiae, mFAR
BF K BE & LNY FR i il S 69 3 i ifi £k 7k 1
e (&4) .
2.3 FEIJHMZESH

HR 41 955 11 25 PD [ £ B9 % 3 1, B ETOSA (12

Laliaes

FAIEH

PR
TSI @INY i
Q 075
N 050
N\ 025
s WHT g™
1.00
075
0.50
025
AR BMI 0.00

i fre R A%
FeR kA R A

TEZHNXEERRE, T8
ENINRIS
Figure 3

AR

iR o

EMMZTEERNERST R/N-RREHIRELLE)

MR AP B E BB (A Gk
JP5 1~20) FIAZRBY Be (GRS . 9k 9l )y 5 21~
125) o WG By Br 22 ] Y B2 RPAIE 22 5 e e i 2 B X
(¥1P>0.05), AR P mER DT JH
(15.0 L vs. 20.0 mL, P<0.001); A%kl ) F REH
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=
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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
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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
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