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Abstract

Objective: Exploring the learning curve of robot-assisted thoracic mediastinal surgery based on
CUSUM analysis. Methods: In accordance with the inclusion and exclusion criteria, clinical data on the
initial 95 RATS mediastinal surgeries performed by the same attending surgeon in our thoracic sur-
gery department since January 2020 to December 2022 were collected, and an analytic learning curve
was plotted using CUSUM Analysis. Results: A total of 95 surgical cases were included in this study
containing 46 males and 49 females with a mean age of (48.2 + 14.7) years. The mean operative time
was 101.97 £ 41.19 (minutes). The best fitting model cubic curve for the CUSUM curve was obtained
as CUSUM (minutes) = 0.005X3 - 1.020X2 + 51.586X — 115.028 (X is the number of surgical cases). 35
cases is the minimum number of surgical cases that need to be accrued to cross the learning curve. In
the proficiency stage, there was a significant shortening or reduction in operative time, intraoperative
bleeding, 24-hour postoperative chest tube drainage, and postoperative complications compared to
the learning improvement stage, while there was no significant difference in postoperative tube car-
rying time and hospitalization time. Conclusion: Based on the CUSUM analysis method, it was found
that the learning curve of RATS mediastinal surgery can be clearly divided into two stages: learning
improvement and proficiency. The learning curve apex can be crossed to reach the proficiency stage
after the accumulation of experience in at least 35 surgical cases.

Keywords

Robot, Mediastinal Surgery, Learning Curve, Cumulative Sum Analysis Method

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

=

1. Bl

B ILARH MR A B S R AT F AR BRI, i 810 7R R (Videoassisted thoracic surgery,
VATS)IZH ARG IT R, DB T ARG, Itk 7 BFRE 1] R, FH
M B FARAAAE — 2 RBR T, fEFAREAES RS, — S o B DUk K, 33T 2 BT T3 SIE it A &t 45
ERIFEIX . BEENLZ N FR RS, LS VATS HREFARM R T HAR ., eEE =4 mE e,
REME AARFIRUETEW . AR FAREF, SOHEET: T X S S5 RN R SRR = RE M, 15
FAREBELIRGE. AR, TR 2ERTFTARMELSEIE R E2]. R, P8 ATFREAZGIEREA L
JERR AN TR BB, PR T AR ENE . XA NI T ARG AL IR
N HB sz BT BR, A BN BE R AR BRRIT RO . AR, BB AT AR RGN E 2L, TR
EAFEAE NP SRR ERIX —HR. T RATS AREMEUIGRF ARSI, W THIHRFARE
IR FARBTE RS DLAE 22 B S o 2 b mT DU B F AR BRI E T e dLas A TR
i, FAREAERRE. FARBRULFRZEMEE TG AF5TEE CUSUM 7 #r4:H] RATS
PREFARZEML, BAENZEFAREERNPIIE . AR SIS SRS A IR S 7%

2. —REPSHFE
2.1. —RER
ASHIF 55 [0 1 S AR TR B B AR — 32 70 B 2020 4E 1 H & 2022 4F 12 A WAE, FraEZes el

il

DOI: 10.12677/acm.2025.1551340 44 Il A 2= 27 ik


https://doi.org/10.12677/acm.2025.1551340
http://creativecommons.org/licenses/by/4.0/

Wi, FEIeBt

I Je T2 DT A 11 8 W R B

INNBRIE R BE N : (1) FARTTAM R AR B A IR R AE A A as, el B A= a0f
FAZURIAEDS, S ETIERIMVHLJE rT e UIkR: (2) B AXEMTERE, BB FARMHCH; 3) &
HEF ARG B 528 (4) FARIGHIF —F T BRI 58 e

HEERARAEI R . (1) S IF ™ E OIS BEAN A . TS DhBE 2B SRRt JEIR 52 KN Rl AR s (2)
BEAEAT i AR S, P ARG P B, R T ORIR BT RS s 2 R (3) MURIRILE R
Mg, g BESEREAN, Wit OREIIS AT ARTEIRS: 4) WKTEA R, Tkt

ARAAR BT
i ARG, A IIANAT G RREN B L 95 1
22. FR

2.2.1. FARE R &
AW TN T ARG R DI N R ER R — E 5, ETEMMENS AT ARG R, A&E
B VATS FARZY, FARENG SR, ARMMEE. SWFERLTHIESD Xi B AFRRS.

2.2.2. RATESR

F6) AR} 2 I X B AT AT R AT VP, BRI . FPEThEE. AR, MAY. i ThAe s
e85, OB GOITIRE. BES CT /8RS A A (3], RATH RS T 8E AFEEBERE, IR
FARTT R FARFARNARKE, BAFHE R = I EE TR,

2.23. FRTIE

WOLF KA S A BRI, AT SR, B AMEN A E S, B BCPEMY, — iR 450,
R g 5 (A o e 2 AN, S 22 SR PR A OB fls N B8 REUT 1 7 R F B A 8 = R O AL
4] HIE AR, BEABILBE, BN CO @Y N TAM, IRA MR, MiE T, ZRiE,
MAEILA 8 mm FAEILLAHBIL, IR ANREE 58 AMREL, S RBEANIEL, Bfs5. feEam
(GRS JJ/“ 0y B2 7 4, SREEIRALE KRN, TR BBA T BRI 45K, WS ih GBS, N O b
IEWHR, ME., PESE, BERHILEIT . 2L B W MR A R M, 56 B hRg M [ 4H 27
B, BARAL, SHRBEILBCE. T4 E TG, #AEsh S M s, BEAMEQ22~24 F),
WK S ANMRIETL, BIEXM, B, RE.

2.3. MBI IRE

(1) —fE7R: BEER . EE . KEIREBMI). 5 E BRIEE T2 (ASA) LRI« 6k B K 4% (cm)-
U ARDAL S

(2) FARI}[E](Operation Time, OT): #§HiC K MF ARV I UR, 25 REEG S5 RSN, A58

(3) BIARMTR: R lfE RJF 24 /NSHRGE 51R R A G B 5] 908 CE 8] AR S5 (B a
ARJGHIRE . Forb, RJGFIRERBRIGIEN: 24 /NI PGS SR TRASEEEL 100 ml, W i2 GUieEIR 35 35 1
ARG IS X Betm A Mt S 7k R4F, H B oA I%R (5],

24. FIHMEUE
MFARIF I I F I, A BrA i R A I TR FE 58 JE HE T, R DUR A AT 5

CUSUMn = 3" (Xi—u)
i=l1

DOI: 10.12677/acm.2025.1551340 45 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551340

Wi, FEIeBt

Hep, n REEBHEWNFS, Xi RREGHIFREEE, u RRFARBEFFEME, 55 F CUSUM 4
NE—FIFARR R X1 5435 FARE R u FZE, B CUSUMI = X1 — u. 556 K LLE &6
CUSUMn E ARG F-ARB A] Xi 5-F35F AR ] w fF)2ME, B E—f#lf CUSUM f, Bl CUSUMn =
(Xn—u)+CUSUM (n—1), PAMTTVEFREE B, H 2R/ CUSUM {EN 0[6]. LLFARBIFCARE AR,
CUSUM 1 N AL brfiize 27 ST - R BUS 1, SR SPSS %t CUSUM 23 fh kA7 100 & . LS ARG 06
PLP{EFIW, P <0.05 BB Esh. LA R2AWHIARE, ROMEHLT 1, &l a o,
R2 fi i A AL Bk e FE RSS2 [ 7] LA CUSUM $LA B 2R 1R T s AE R 43 1, 2 2T i 2 Rl o AN TRI B
2 0 A BT L R A BR AR, i i o il 28 Bir 75 22 AR S IR AR 1 5

25. GtFERE

i/l SPSS 27.0 it AT HdE A, B ORGSR AR L S AT S . G SR IR K 3 A 125 00 A
M7 2T, AEL + PRl (X £ )T, AN EBCRAISIREA ¢ R0, J7 255 ki H
Levene fi46. URALMEIE AR & LA AN, Pl A EGERE) M EIL, 418 LR A A R AT
Ko THECBORI B H () A3 (%), IR 22 il RO Bt AT FIMT[8]. 24 P<0.05 I, IAEZER A
EEENE S-S

3. 58
3.1. BE—RHER

AREFILN 95 Bl 3, Hrh Bk 46 B, ALk 48%; Lt 49 B, Atk 52%. BEERTEEN
23~74 %, SFRIFER N (48.2 £ 14.7) % o A FBEE YIINF 56 e TF-A, ToREFARIBET RG] . 12w B0 H,
RO OABR IR 83 51, HONB@MIRT 3 B, JS BRI 9 Bl MRS AL Az, HH AR 26 1, XS
EISTEIERD 20 51, BRIERD 19 ], PR YRR 10 4], BORRIG A 10 4, MGRRsE 4 1, miaIR 2 4,
o R AR 2 1, BRI BIPERE AR MRS 1B, B AT B 1 . A R R AR (528
+4.21) cmo.

3.2. FAREIBEFAEFE CUSUM o4

WF AR F AR T AT S, X FAREEFEATS 8. FITFAREE u y 101.97 + 41.19 (4
By, BEE FARGIEIZLRE N, TN 2T EEHEE 1), R SPSS27.0 FAFXS FARGIHAF RIS
] CUSUM fHI#AT#A &, P P<0.05 A 4 & s, SEmamifibl R2 FWr, KH R &mE. ZIRD5
2 AN =07 2RI S UAG 36 P I/ T 0.05, AL RE R 20500 0.775 Rl 0.944, FIWr 44U
G =07 -2, A DL R 5L R?=0.944, #L4 7719 CUSUM (43-41) = 0.005X3 — 1.020X2 + 51.586X
—115.028 (X AF-ARBIK) . & MBAETF REIE RS 35 BRI TIT, ERIRER 7, Dtk
NG, S MR NP B, B BORSE I RTEN B, B BOR AR E IR B, 35 N B
> Z P 75 2 R AR AT A E(J 2).
3.3. BE—RANBSH

WRAEF AT H] CUSUM S A FN 5347 1 245 T A 93 451 4 HE it 28 A8} e 1 A 36 A8 2 RPN B, 4 okt
N2 ST PRETHA(A )RR IR AL(B 41). ZGalxtth, BAUR B —RIG R TOR, GEER. Mal. £
PRI EE T 23 (ASA) PRI« AR EFEHU(BMI). ikt e KAR DL B, ZZ R A B Giit 22 B P >
0.05) (# 1).

DOI: 10.12677/acm.2025.1551340 46 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551340

Wi, FEIeBt

400

300

200

uw 10

100

1 5 9 13 17 21 25 29 33 37 41 45 49 54 58 62 66 70 74 78 82 86 90 94

Case number

Figure 1. Trends in operative time (OT) for RATS mediastinal tumor resection
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Figure 2. Scatter plot and fitted curve of CUSUM surgical time learning curve for RATS mediastinal tumor resection (the
black dotted horizontal line is the best-fit model cubic curve, and the vertical line passes through the apex of the curve, which
corresponds to the horizontal coordinates of 35 cases)

2. RATS HFRMETIRRARE) CUSUM FARREF % m B RIS (EE R BEARERNSER =R A
%, EELZTHEINR, JNELERR 35 45))

DOI: 10.12677/acm.2025.1551340 47 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551340

Wi, FEIeBt

Table 1. Comparison of general clinical data between the two groups of patients (mean + standard deviation; cases)

F 1. RARE-RIEARZRELNE + FEE; B
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Ikt AR (cm) 55+48 5.1+3.6 >0.05
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Table 2. Comparison of perioperative data between the two groups of patients [median (range); cases (%)]
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A 1 7 ) A #H(n=35) B #H(n = 60) P
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AR H AL 5 (m1) 10 (5~100) 5 (1~20) <0.01

AJF 24 h 51 F(ml) 70 (10~315) 40 (0~310) 0.002
R )G IRl (d) 2 (1~5) 2 (1~5) 0.601
A 1 B al (d) 3 (2~8) 3 (2~6) 0.596

RS H R AE(%) 2(5.7) 0 (0) <0.05
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