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Abstract

OBJECTIVES: Uniportal video-assisted thoracoscopic surgery (UniVATS) is widely used as a minimally invasive thoracic operation. The
goal of our study was to analyse the effect of long-term experience with the UniVATS lobectomy on the learning curve.

METHODS: The learning curves were quantitatively evaluated by the unadjusted cumulative sum, and they were segmented using join-
point linear regression analysis. The variables were compared between subgroups using trend analysis, and linear regression analysis was
applied to correlate clinical characteristics at different stages of the learning curve with the duration of the operation.

RESULTS: The learning curve for the UniVATS lobectomy can be divided into 3 phases of proficiency at �200–300 procedures, with
a fourth phase as the number of procedures increases. The 1st–52nd, 52nd–156th, 156th–244th and 244th–538th procedures com-
prised the preliminary learning stage, preliminary proficiency stage, proficiency stage and advanced proficiency stage, respectively.

†The first two authors contributed equally to this work.
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Surgical outcomes and their variability between stages improved with increasing case numbers, with the most significant addition of
an auxiliary operating port and conversions. In multivariable analysis, as stages progressed, influences other than surgical experience
increased the operative time, with male and extensive pleural adhesions in the preliminary proficiency stage; male and incomplete
pulmonary fissures in the proficiency stage; and male, extensive pleural adhesions and incomplete pulmonary fissures in the ad-
vanced proficiency stage.

CONCLUSIONS: As the number of procedures increases, there may be 4 different proficiency stages in the UniVATS lobectomy learning
curve. The surgeon enters the fourth stage at approximately the 244th procedure. Moreover, at stage 4, the perioperative indicators tend
to stabilize, and influences other than surgical experience become more significant.
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ABBREVIATIONS

aCCI Age-adjusted Charlson Comorbidity Index
AOP Auxiliary operating port
CI Confidence interval
CTD Chest tube duration
CUSUM Cumulative sum
EPA Extensive pleural adhesion
IPF Incomplete pulmonary fissures
PHS Postoperative hospital stay
UniVATS Uniportal video-assisted thoracoscopic surgery

INTRODUCTION

Uniportal video-assisted thoracoscopic surgery (UniVATS) is a
widely used minimally invasive thoracic surgical procedure.
UniVATS lobectomy is defined as an unmonitored operation
without rib dilatation and a single incision <4 cm [1]. However,
UniVATS lobectomy is still a challenging procedure, and surgeons
in the early phases of the learning curve might have more inci-
dences of intraoperative bleeding and complications [2]. The
learning curve is not only an important way to show the relation-
ship between the surgeon’s experience and the patient’s periop-
erative outcome, but also a way for the surgeon to measure the
number of operations needed to reach a certain technical level
in the learning process. At present, there is a consensus that at
least 50 consecutive operations are required to overcome the
learning curve and that at least 40 operations per year are re-
quired to maintain this skill [3].

Learning curve studies of UniVATS lobectomy in several
centres have been reported [4–9]. Although the learning curve
represents the learning process for a surgical technique well, dif-
ferent centres have reported different learning curves and differ-
ent surgical strategies. Previous studies [6, 7, 9] have indicated
that the surgeon’s position on the learning curve has matured
when the number of cases is <300. In our clinical practice, we
found that the results can be better optimized and stabilized as
the number of cases increases further, which may have a further
impact on the learning curve. Therefore, we summarized the ex-
perience of 538 consecutive UniVATS lobectomies performed by
the same surgeon in our centre from June 2016 to October 2020
to analyse in detail the changing process in the learning curve
over the short and the long term and to compare the factors
influencing the learning curve at different learning stages to im-
prove the surgeons’ understanding of the long-term learning pro-
cess of surgical techniques.

METHODS

Ethical statement

The study was approved by the institutional review committee
and the ethics committee of the Fifth Hospital affiliated with Sun
Yat-Sen University. All patients were exempted from informed
consent because of the retrospective nature of the study [IRB #
2021—Lun Zi No. (K235-1)].

Data collection

Inclusion criteria for patients who had a UniVATS lobectomy in
this study were as follows: non-small-cell lung cancer with a pre-
operative pathologically confirmed or undiagnosed clinical stage
of T1-3N0-2M0 requiring a lobectomy; preoperative diagnosis of
oligometastases requiring lobectomy; benign lesions including
pulmonary sequestration, bronchiectasis and benign lung
tumours requiring lobectomy; preoperative assessment of
patients with good cardiac, pulmonary, hepatic and renal func-
tion able to tolerate an operation while under general anaesthe-
sia. Exclusion criteria were as follows: patients with preoperative
evaluation of tumour stage T4N0-3M0-1, any N3 or M1; patients
proposed for open lobectomy, sleeve resection, double lobecto-
mies and sublobar resection; any unstable systemic disease, in-
cluding uncontrolled hypertension, unstable angina, cardiac
function class II or higher, severe arrhythmias, severe liver or kid-
ney disease, and so forth. The types of diseases included primary
malignant tumours of the lung, benign tumours of the lung,
bronchiectasis, pulmonary sequestration and oligometastases of
the lung.

All data were collected from the patients’ medical records in
the centre from June 2016 to October 2020. Data on age, sex,
age-adjusted Charlson Comorbidity Index (aCCI) [10] scores, le-
sion location, maximum tumour diameter, incomplete pulmo-
nary fissures (IPF), extensive pleural adhesions (EPA), operative
time, blood loss, auxiliary operating port (AOP), conversions,
postoperative hospital stay (PHS), chest tube duration (CTD),
complications and other clinical features were collected. The op-
erative time was recorded from the beginning of the skin incision
to the end of the suture incision. The blood loss was defined as
the amount of blood loss recorded from the beginning of the op-
eration to the end of the operation. Conversion was defined as a
procedure that could be completed only if the thoracotomy was
converted or if the incision was temporarily enlarged to be lon-
ger than 8 cm. IPF were defined as grades 2 and 3 according to
the fissure development grading system advocated by Lee et al.
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[11]. EPA were defined as pleural adhesions that required sharp
dissection and adhesiolysis for 30 min or longer [12]. All compli-
cations were classified into 11 grades according to the modified
Clavien–Dindo operation complication classification system [13].

Operative technique

All procedures were performed by the same surgeon, QingDong
Cao, who had sufficient experience, having performed approxi-
mately 70 open-heart procedures and >260 multiportal VATS
operations per year. The patient was placed in the lateral recum-
bent position, and the folding knife position was maintained
(head side up, tail side down). During the operation, the chief
surgeon and an assistant stood at the patient’s abdomen so that
the assistant could help the surgeon dissect and expose the or-
gan. Another assistant stood at the back of the patient, helping to
hold the thoracoscope (Karl Storz, GmbH & Co. Tuttlingen,
Germany). One could observe the whole operation through the
observation screen.

During the UniVATS lobectomy, the upper lobes were resected
using a single 3- to 4-cm incision between the anterior and mid-
axillary lines at the fourth intercostal space; the middle and lower
lobes were resected in the same way at the fifth intercostal inci-
sion. A soft plastic cutting protector was used in the incision
without spreading the ribs. During the operation, a 10-mm 30�

thoracoscope was placed on the dorsal side of the incision. An
ultrasonic knife (Ethicon Endo-Surgery Inc., Cincinnati, OH, USA)
or hook electrocautery was used to carry out the procedure.
During the operation, the anatomical order varied according to
the development of pulmonary fissures and the location of the
tumour. Specifically, the anatomical order of the right lower
lobe, left upper lobe and left lower lobe is usually the artery, vein
and bronchus and that of the right upper lobe is usually the ar-
tery, bronchus and vein. Additionally, the anatomical order of
the right middle lobe lesions is usually veins, bronchi and arteries.
We use the ‘single-direction thoracoscopic lobectomy’ [14] when
we encounter dense fissures that make it difficult to complete
the operation using the conventional surgical procedure. After
resection of the target lung, the specimen was removed with a
specimen bag. Patients with malignant lesions continued to un-
dergo systematic lymph node dissection. The incision was su-
tured layer by layer at the end of the operation. A 22- or 24-FR
thoracic drainage tube was placed in the original incision and
connected to a closed thoracic drainage bottle. The indications
for removal of the thoracic drainage tube after the operation
were as follows: 24-h thoracic drainage volume <200 ml, clear re-
spiratory sounds in both lungs during auscultation, a chest X-ray
showing that the lung recovered well on the operative side and
no bubbles escaping when the patient coughed.

Statistical analysis of data

All collected clinical data were sorted sequentially according to
the date of the operation, and the operative time was used as the
efficiency index. The learning curve was quantitatively evaluated
by the unadjusted cumulative sum (CUSUM) [7, 15–17], which
was the continuous sum of the difference between a single data
point and the average of all data points. The CUSUM of variables
of interest in the first patient was the difference between
the value of the first patient and the average of all patients. The

CUSUM of the second patient and subsequent patients was the
CUSUM of the previous patient plus the difference of the second
patient. This recursive process was continued until the CUSUM of
the last patient was calculated to be zero.

Scatter plots of CUSUM values with straight lines were plotted
for 218, 298, 378, 458 and 538 patients using Microsoft Excel
(Microsoft Excel 2019, Microsoft, Redmond, WA, USA), named
CUSUM 5, CUSUM 4, CUSUM 3, CUSUM 2 and CUSUM 1, and
the CUSUM curves were segmented using joinpoint linear regres-
sion analysis (Joinpoint Regression Program 4.9.0.0, March, 2021,
Bethesda, MD; Statistical Research and Applications Branch,
National Cancer Institute, Bethesda, MD, USA). Finally, the data
of each group were analysed and compared using SPSS software
(version 25.0, IBM-SPSS, Armonk, NY, USA). The Kolmogorov–
Smirnov test and the Shapiro–Wilk test were used to test normal-
ity for continuous variables. Data are shown as mean (standard
deviation) or median (interquartile range) for continuous varia-
bles and n (%) for categorical variables. Trend analysis was per-
formed using the one-way analysis of variance test or the
Kruskal–Wallis test for comparisons between groups of continu-
ous variables and the v2 test for comparisons between groups of
categorical variables or hierarchical information. Linear regres-
sion analysis was applied to correlate the clinical characteristics
in the learning curves at different stages with the duration of the
operation. Significance values were adjusted for multiple testing
using the Bonferroni test, and two-tailed P-value <0.05 was con-
sidered to be statistically significant.

RESULTS

Patient characteristics

Between June 2016 and October 2020, a total of 538 patients
(Table 1), including 304 women [56.5%] and 234 men [43.5%],
with an average age of 56.3 [11.2] years, underwent UniVATS lo-
bectomy by the same surgeon at the centre. Comorbidities were
evaluated by means of aCCI, and the median score was 1.0 [0.0–
2.0] points. Among the cases, the surgical locations of 187, 58,
109, 95 and 89 cases were the right upper lobe, right middle
lobe, right lower lobe, left upper lobe and left lower lobe, respec-
tively. The pathological types included benign lesions in 36 cases
[6.7%] and malignant lesions in 502 cases [93.3%], of which the
most common histological types were adenocarcinoma [453,
84.2%]. According to the eighth edition of the International
Union against Cancer TNM staging criteria for lung cancer [18],
there were 384 cases [71.4%] of IA, 27 cases [5.0%] of IB, 9 cases
[1.2%] of IIA, 26 cases [4.8%] of IIB, 38 cases [7.1%] of IIIA and 8
cases [1.5%] of IIIB. Although we had 4 [0.7%] patients with IVA
tumours, they were all distant oligometastases. Among the neo-
plastic lesions, there were 239 cases [44.4%] of solid lesions and
292 cases [54.3%] of subsolid lesions, with a median diameter of
17.0 [11.5–26.0] mm. Intraoperative exploration identified 76
cases [14.1%] with EPA and 236 cases [43.9%] with IPF. Due to dif-
ficulties encountered during the operation or with completing
the operation with a single incision, 47 cases [8.7%] received an
AOP, and 38 cases [7.1%] were converted. Although there were
significant differences in sex and maximum tumour diameter be-
tween stages (P < 0.05), there were no significant differences in
other features (P > 0.05), so the clinical results were comparable
between stages.

TH
O

R
A

C
IC

801W.-H. Li et al. / Interactive CardioVascular and Thoracic Surgery



CUSUM analysis

This study found that in CUSUM 5 (Fig. 1), the learning curve
could be divided into 3 stages: the ascending stage, the plateau
and the descending stage. The CUSUM values showed significant
changes at the 52nd and 151st cases, which became the 2 cut-off
points of the learning curve of CUMSUM 5. The curve for the
1st–52nd cases comprised the ascending stage, that for the 52–
151st cases comprised the plateau and the 151st–218th cases
comprised the descending stage.

As the case numbers increased further, the CUSUM value con-
tinued to change but the phases of the CUSUM curve also
changed significantly (Fig. 2). The change in the curve from
CUMSUM 5 to CUMSUM 3 shows that the slope of the platform
segment of CUMSUM 5 increased rapidly as the number of cases
increased further, and the learning curve adds a new significant
change point, thus showing the characteristics of 4 stages. As
seen through CUMSUM 3 to CUMSUM 2, as the case numbers
increased, the slope of stage 2 of CUMSUM 3 increased at a de-
creasing rate, and the slope of the platform part of CUMSUM 3
increased rapidly to form the platform segment of CUMSUM 2.
From CUMSUM 2 to CUMSUM 1, the learning curve still showed

the characteristics of 4 stages of change, but the slope of its plat-
form part did not increase significantly as case number increased
further, and its change was extremely small. Therefore, according
to the rate of phase change of the learning curve at different
numbers of cases, the surgical technique proficiency reflected by
the learning curve CUSUM 1 can be divided into 4 phases of
change (Fig. 3). The 1st–52nd, 52nd–156th, 156th–244th and
244th–538th cases comprised the preliminary learning stage
(stage A), the preliminary proficiency stage (stage B), the profi-
ciency stage (stage C) and the advanced proficiency stage (stage
D), respectively.

Clinical results

According to the analysis of the difference in clinical results
between the stages (Table 2 and Supplementary Material,
Appendices S3–S5), the intraoperative indicators greatly im-
proved from the preliminary learning stage or the preliminary
proficiency stage to the proficiency stage and then to the
advanced proficiency stage, and the technology tended to be
more stable: the operative time (261.9 [63.3] vs 208.7 [52.0] vs
171.2 [39.4] vs 144.4 [32.9] min, P < 0.001), the blood loss (100

Table 1: Baseline characteristics according to the learning curve stages

Characteristic UniVATS lobectomy P-Value

Total (n = 538) Stage A (1–52) Stage B (52–156) Stage C (156–244) Stage D (244–538)

Age, years 0.722
Mean [SD] 56.3 [11.2] 57.9 [12.0] 56.1 [10.3] 56.4 [11.7] 56.0 [11.4]
Sex, n [%] 0.047

Female 304 [56.5] 26 [50.0] 48 [45.7] 54 [60.7] 177 [60.0]
Male 234 [43.5] 26 [50.0] 57 [54.3] 35 [39.3] 118 [40.0]

aCCI 0.913
Median [IQR] 1.0 [0.0–2.0] 2 [1.0–2.0] 1.0 [0.0–2.0] 1.0 [1.0–2.0] 1.0 [0.0–2.0]

MTD, mm <0.001
Median [IQR] 17.0 [11.5–26.0] 21.5 [13.0–38.0] 20.0 [14.4–30.0] 18.0 [12.8–28.0] 15.0 [10.0–23.0]

Density, n [%] 0.059
Solid 239 [44.4] 36 [69.2] 57 [54.3] 44 [49.4] 103 [34.9]
Subsolid 292 [54.3] 16 [30.8] 44 [41.9] 42 [47.2] 181 [61.4]

Pathology, n [%] 0.195
Benign 36 [6.7] 5 [9.6] 10 [9.5] 7 [7.9] 14 [4.7]
Malignant 502 [93.3] 47 [90.4] 95 [90.5] 113 [90.4] 281 [95.3]
Adenocarcinoma 453 [84.2] 39 [75.0] 78 [74.3] 73 [82.0] 265 [89.8]
Squamous 30 [5.6] 4 [7.7] 12 [11.4] 6 [6.7] 8 [2.7]
Others 19 [3.5] 4 [7.7] 5 [4.8] 3 [3.4] 8 [2.7]

Pathological stage, n [%] 0.091
IA 384 [71.4] 32 [61.5] 66 [62.9] 63 [70.8] 226 [76.6]
IB 27 [5.0] 4 [7.7] 2 [1.9] 5 [5.6] 16 [5.4]
IIA 9 [1.2] 1 [1.9] 2 [1.9] 1 [1.1] 5 [1.7]
IIB 26 [4.8] 3 [5.8] 7 [6.7] 5 [5.6] 11 [3.7]
IIIA 38 [7.1] 4 [7.7] 12 [11.4] 5 [5.6] 17 [5.8]
IIIB 8 [1.5] 1 [1.9] 3 [2.9] 2 [2.2] 2 [0.7]
IVA 4 [0.7] 0 [0.0] 1 [1.0] 1 [1.1] 2 [0.7]
Others 42 [7.8] 7 [13.5] 12 [11.4] 7 [7.9] 16 [5.4]

Location, n [%] 0.527
RUL 187 [34.8] 16 [30.8] 35 [33.3] 28 [31.5] 109 [36.9]
RML 58 [10.8] 4 [7.7] 14 [13.3] 6 [6.7] 34 [11.5]
RLL 109 [20.3] 10 [19.2] 23 [21.9] 15 [16.9] 62 [21.0]
LUL 95 [17.7] 11 [21.2] 20 [19.0] 21 [23.6] 44 [14.9]
LLL 89 [16.5] 11 [21.2] 13 [12.4] 19 [21.3] 46 [15.6]

EPA, n [%] 76 [14.1] 11 [21.2] 15 [14.3] 13 [14.6] 37 [12.5] 0.431
IPF, n [%] 236 [43.9] 24 [46.2] 56 [53.7] 41 [46.1] 117 [39.7] 0.101

aCCI: age-adjusted Charlson Comorbidity Index; EPA: extensive pleural adhesion; IPF: incomplete pulmonary fissure; IQR: interquartile range; LLL: left lower lobe;
LUL: left upper lobe; MTD: maximum tumour diameter; RLL: right lower lobe; RML: right middle lobe; RUL: right upper lobe; SD: standard deviation; UniVATS: uni-
portal video-assisted thoracoscopic.
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[50.0–225.0] or 90.5 [50–130] vs 50.0 [20.0–80.0] vs 20.0 [20.0–
50.0] ml, P < 0.05) and the PHS (10.0 [7.0–13.0] or 9.0 [7.0–12.0] vs
6.0 [5.0–8.0] vs 5.0 [4.0–6.0] days, P < 0.001) were significantly re-
duced. The number of dissected lymph nodes increased from the
preliminary learning stage to the proficiency stage or the ad-
vanced proficiency stage (11.4 [6.5] vs 13.9 [6.8] or 12.9 [5.8],
P = 0.010). In addition, with the proficiency of the technology, the
decline was more obvious with the addition of AOP (26.9% or
16.2% vs 2.7%, P < 0.001) and the conversions (28.8% or 15.2% vs
0.7%, P < 0.001) from the preliminary learning stage or prelimi-
nary proficiency stage to the advanced proficiency stage. Besides,
from the preliminary learning stage to the proficiency stage or

the advanced proficiency stage, the CTD (5.0 [4.0–8.0] vs 4.0[3.0–
4.0] days or 3.0 [2.0–4.0] days, P < 0.001) and the incidence of
postoperative complications (36.5% vs 7.9% or 7.1%, P < 0.001)
also decreased. However, the difference was that there was no
significant difference in the common complication prolonged air
leaks [4] at any stage (P = 0.263).

Univariable and multivariable analysis

Univariable analysis (Table 3) showed that EPA (P = 0.005) was
the only factor that affected the operative time in the preliminary

Figure 1: Joinpoint linear regression analysis of cumulative sum values for operative time in 218 patients indicates that the slope is significantly different from zero at
alpha = 0.05 level. CUMSUM: cumulative sum.

Figure 2: The cumulative sum plot for a uniportal video-assisted thoracoscopic surgery lobectomy performed by a surgeon in 218, 298, 378, 458 and 538 cases. The
cumulative sum curve of the operative time: The 1st–52nd, 52nd–156th, 156th–244th and 244th–538th cases constituted the preliminary learning stage (stage A), pre-
liminary proficiency stage (stage B), proficiency stage (stage C) and advanced proficiency stage (stage D), respectively. UniVATS: uniportal video-assisted thoracoscopic
surgery; CUMSUM: cumulative sum.
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learning stage. The factors that influenced the operative time in
the preliminary proficiency stage included sex (P = 0.006) and
EPA (P = 0.003). The factors related to the increase in operative
time in the proficiency stage were sex (P = 0.023), EPA (P = 0.013)
and IPF (P = 0.005). In the advanced proficiency stage, the factors
leading to the increase in operative time were sex (P = 0.040),
aCCI (P = 0.028), pathological stage (P = 0.038), EPA (P < 0.001)
and IPF (P = 0.010).

Multivariable analysis (Table 4) showed that males
[B = 26.208 min, 95% confidence interval (CI) 7.356–45.059,

P = 0.007] and EPA (B = 40.953 min, 95% CI 14.115–67.790,
P = 0.003) increased the operative time of the preliminary profi-
ciency stage; males (B = 19.592 min, 95% CI 3.929–35.256,
P = 0.015) and IPF (B = 20.664 min, 95% CI 4.811–36.517,
P = 0.011) increased the operative time of the proficiency stage.
Additionally, males (B = 7.598 min, 95% CI 0.253–14.943,
P = 0.043), EPA (B = 22.770 min, 95% CI -11.745 to 33.795,
P < 0.001) and IPF (B = 7.437 min, 95% CI -0.003 to 14.876,
P = 0.040) increased the operative time in the advanced profi-
ciency stage. One phenomenon is that the factor that has the

Figure 3: Joinpoint regression analysis of cumulative sum values for operative time in 538 patients indicates that the slope is significantly different from zero at the al-
pha = 0.05 level. CUMSUM: cumulative sum.

Table 2: Results according to the learning curve stages

Variable UniVATS lobectomy P-Value

Total (n = 538) Stage A (1–52) Stage B (52–156) Stage C (156–244) Stage D (244–538)

Operative time (min) <0.001
Mean [SD] 172.7 [56.5] 261.9 [63.3] 208.7 [52.0] 171.2 [39.4] 144.4 [32.9]

Blood loss (ml) <0.001
Median [IQR] 50.0 [20.0–85.0] 100.0 [50.0–225.0] 90.0 [50.0–130.0] 50.0 [20.0–80.0] 20.0 [20.0–50.0]

AOP, n [%] 47 [8.7] 14 [26.9] 17 [16.2] 8 [9.0] 8 [2.7] <0.001
Conversions, n [%] 38 [7.1] 15 [28.8] 16 [15.2] 6 [6.7] 2 [0.7] <0.001
Lymph nodes, n 0.010

Mean [SD] 12.6 [6.2] 11.4 [6.5] 11.2 [6.1] 13.9 [6.8] 12.9 [5.8]
CTD (days) <0.001

Median [IQR] 3.0 [3.0–5.0] 5.0 [4.0–8.0] 4.0 [3.0–6.0] 4.0 [3.0–4.0] 3.0 [2.0–4.0]
PHS (days) <0.001

Median [IQR] 6.0 [4.0–8.0] 10.0 [7.0–13.0] 9.0 [7.0–12.0] 6.0 [5.0–8.0] 5.0 [4.0–6.0]
Complications, n [%] 74 [13.8] 19 [36.5] 27 [25.7] 7 [7.9] 21 [7.1] <0.001

PAL 41 [7.6] 6 [11.5] 9 [8.6] 3 [3.4] 23 [8.5] 0.263
Arrhythmia 14 [2.6] 4 [7.7] 5 [4.8] 1 [1.1] 4 [1.4] 0.018
Vascular 3 [0.6] 0 [0.0] 2 [1.9] 0 [0.0] 1 [0.3] 0.327

Pneumonia, n [%] 20 [3.7] 8 [15.4] 6 [5.7] 1 [1.1] 6 [2.0] <0.001
Pneumo-oedema 1 [0.2] 0 [0.0] 0 [0.0] 1 [0.4] 0 [0.0]
Chylothorax 5 [0.9] 3 [5.8] 2 [1.9] 0 [0.0] 0 [0.0] 0.001
Wound infection 10 [1.9] 2 [3.8] 6 [5.7] 1 [1.1] 1 [0.3] 0.002
Operative mortality 0 [0.0] 0 [0.0] 0 [0.0] 0 [0.0] 0 [0.0]

AOP: auxiliary operating port; CTD: chest tube duration; IQR: interquartile range; PAL: prolonged air leaks; PHS: postoperative hospital stay; SD: standard deviation;
UniVATS: uniportal video-assisted thoracoscopic surgery.
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greatest impact on the programme time is the EPA in the prelimi-
nary and advanced proficiency stages, whereas in the proficiency
stage it is the IPF. This finding may due to the fact that in the pre-
liminary learning stage, the operative time is seriously affected by
surgical experience, and the role of other influencing factors was
masked. As surgical experience accumulated during the process
of reaching the preliminary proficiency stage, the influence of
surgical experience gradually decreased, and the effects of other
influencing factors began to appear and became increasingly
significant.

DISCUSSION

The European Association of Thoracic Physicians released the
consensus report [3], and the Chinese Society for Thoracic and
Cardiovascular Surgery and the Chinese Association of Thoracic
Surgeons consensus report [1] clearly defined UniVATS and de-
scribed in detail the safety, feasibility, surgical techniques and
short- and long-term results of the operation. These experts
agreed that UniVATS is suitable for patients with T1-3N0-2
tumours, systematic lymph node dissection, lobectomy, segmen-
tal and bronchial sleeve resection and pneumonectomy. Other
recommendations are that the upper lobes should be incised in
the fourth intercostal space and that the middle and lower lobes
should be cut in the fifth intercostal space, among other details.
The patient selection criteria and surgical procedures used in this
study are highly consistent with these new expert consensus
recommendations.

Previous researchers [6, 7, 9] have suggested that the UniVATS
lobectomy learning curve can be divided into 3 stages when the
number of cases is in the range of 52–274 cases, representing dif-
ferent levels of mastery of the technique, all reaching proficiency
in the 3rd stage. The same results were obtained in the present
study when the number of cases was within the first 218 cases
(CUSUM 5 in Fig. 1). In this study, we analysed the different cycle
learning curves of 538 consecutive UniVATS lobectomies. The re-
search showed that as the number of procedures increased and
further experience was gained in surgery, the learning curve
gradually stabilized (CUSUM 2– 4 in Fig. 2). There may be 4 dif-
ferent proficiency stages in the UniVATS lobectomy learning
curve and that one enters the fourth stage at approximately the
244th procedure (CUSUM 1 in Fig. 3). Complete proficiency is
defined as the surgeon’s surgical experience reaching a steady
state where the surgical outcome is minimally influenced by the
surgical experience and where the operation can be performed
independently with the highest quality. Moreover, a comparative
analysis of the surgical results and of the factors influencing each
of these stages revealed that with the phased progress of the
learning curve and the maturation of the surgical technique,
there were substantial decreases in operative time, blood loss,
AOP, conversions, CTD, PHS and complications, with the most
significant decrease occurring in AOP and conversions (Table 2);
influencing factors other than surgical experience became in-
creasingly significant (Tables 3 and 4).

In 2015, Fossati et al. [19] analysed the surgical learning curve
for the single-stage pre-urethra procedure using 641 samples
and showed that, even after the 600th case, the learning curve
continued to rise without reaching a plateau, and the learning
curve seemed to be infinite. In our study, a similar phenomenon
was observed. Therefore, we defined the highest stage of the
learning curve in the study as the advanced proficiency stage,
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but this did not mean complete proficiency. Because there are a
variety of indicators for measuring the learning curve, the phased
clinical results of our indicators are also changing continuously,
and a long-term constant trend has not been found.

In addition, Liu et al. [7] used the CUSUM method to analyse
the learning curve of 120 UniVATS lobectomies performed by a
surgeon from October 2013 to September 2014. They deter-
mined pure lobectomy time as an indicator of efficiency by
reviewing surgical videos, dividing the learning curve into 3
stages and then comparing the clinical characteristics of each
stage. They found that from the ascending phase to the descend-
ing period, the average operative time, the number of repeat
operations with staples and the conversion rate decreased signifi-
cantly, whereas the morbidity, mortality and length of hospital
stay for complications were basically similar. The difference of
this research is that there may be 4 stages in the learning curve,
with significant improvements in indicators including the inci-
dence of complications and PHS as the stages progress.

In 2020, Vieira et al. [9] published their experience with
UniVATS lobectomy in 274 patients from 2014 to 2017, using cu-
bic splines to divide the learning curve of operative times into 3
different learning stages. Their results show that 60 consecutive
operations are needed to overcome the initial stage and a total
of 140 operations are needed to reach proficiency. This finding is
similar to that for the first 3 learning curve stages in our study.
Our result is that �52 cases are needed to overcome the prelimi-
nary learning stage and that �156 cases are needed to reach the
proficiency stage; however, �88 operations are still needed to
reach the advanced proficiency stage. Even so, some of our surgi-
cal results, such as the operative time, are generally higher than
those reported by Vieira et al. [9] This finding may be due to the
lack of preoperative histological diagnosis in most of our samples
and the need for intraoperative frozen sections, which usually
take �30 ± 10 min in our centre.

In addition, Vieira et al. [9] predicted that the effect of addi-
tional cases on operative time varied at each stage by using a
multivariate regression model using age, sex, aCCI and tumour
size, with additional cases increasing the operative time the most
at the initial stage and less frequently at the skilled stage.
However, we found that in addition to the preceding indicators,
the other 2 very important indicators, namely, EPA and IPF de-
velopment, can also significantly increase the operative time. Our
results also show that the number of influencing factors for non-
operative experience after reaching the technical proficiency
stage is significantly higher than before.

An analysis of the experience of other centres may help to un-
derstand the safety, feasibility and effectiveness of a single-hole
VATS lobectomy [20]. Our experience suggests that the new

generation of surgeons should be prepared for long-term learn-
ing. By observing excellent cases in other centres and our own
surgical videos, and by regularly summarizing the perioperative
and postoperative results, we can better understand the steps
that can be improved to speed up the improvement of our skills.
Shortening the learning curve of each stage as much as possible
brings more benefits to our patients.

Limitations

This study is a single-centre retrospective study. Its main limita-
tion is its retrospective design and its inability to accurately eval-
uate the surgeon’s previous surgical experience. Moreover, it is
not clear how new equipment and different surgical nurses or
assistants may affect the learning curve.

CONCLUSIONS

In this analysis, as the number of procedures increases and fur-
ther experience is gained in performing the operation, there may
be 4 different proficiency stages in the UniVATS lobectomy learn-
ing curve, and one enters the fourth stage at approximately the
244th case. Moreover, as the learning curve enters stage 4, fac-
tors other than surgical experience become more significant.
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