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[Abstract] Objective To analyze the learning curve of 200 consecutive cases of three-port
laparoscopic sleeve gastrectomy (TPLSG) performed by a single surgeon using a risk-adjusted
cumulative sum (RA-CUSUM) model. Methods The complete clinical data of 200 patients who
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underwent consecutive TPLSG performed by the same bariatric surgical team with extensive experience
in laparoscopic sleeve gastrectomy at Shanghai Ninth People's Hospital, Shanghai Jiao Tong University
School of Medicine, from January 2018 to December 2020 were retrospectively collected. Traditional
cumulative sum (CUSUM) curves were constructed using operative time and intraoperative blood loss as
core indicators. An RA-CUSUM risk-adjusted model was constructed using postoperative complications
of Clavien-Dindo grade = [I as the adverse outcome, with the risk offset coefficient set as R,=2, ARL,=
1 000, and ARL,=30. Based on the inflection points of the bilateral CUSUM curves, the entire cohort
was divided into an initial learning phase, a proficiency phase, and a mastery phase. Differences in
baseline characteristics, surgery-related indicators, postoperative complications, and length of hospital
stay among the three groups were compared. Results Among the 200 included patients, two key
inflection points identified by the complication-based RA-CUSUM curve were case 61 and case 114.
Operative time in the initial learning phase was significantly longer than that in the proficiency and
mastery phases ( [136.57%22.8] min, [98.3+16.4] min, and [76.2412.1] min, P<C0.001).
Intraoperative blood loss in the initial learning phase was greater than that in the proficiency and mastery
phases ([68.419.7] mL, [37.6%+11.3] mL, and [21.5%8. 6] mL,P<C0. 001). Patients with a high
body mass index (=40 kg/m*) and severe sleep apnea were concentrated in the early cases, and the
incidence of Clavien-Dindo grade = Il complications was significantly higher during this phase. In the
proficiency phase, the upper RA-CUSUM curve fell back within the control limit, the procedures of
greater curvature mobilization and stapling/anastomosis were standardized, and the complication rate
approached the expected model level. In the mastery phase, the lower RA-CUSUM curve broke
through the lower control limit, the overall curve remained stable with only minor fluctuations, the
adjusted complication rate was lower than expected, and the postoperative length of hospital stay was the
shortest. Conclusion After RA-CUSUM risk adjustment, the surgeon entered the proficiency phase
after completing 61 TPLSG procedures and the mastery phase after 114 procedures. RA-CUSUM can
eliminate confounding by baseline risk in obese patients and thereby distinguish the learning phases of
TPLSG.
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