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Abstract
Objective To determine the learning curve for double-port video-assisted thoracoscopic (VATS) lung 
segmentectomy performed by the same surgical team in our center.

Methods We retrospectively collected clinical data from 193 patients who underwent double-port video-assisted 
thoracoscopic lung segmentectomy from March 2017 to March 2023. The operative time (OT) was analyzed using the 
cumulative sum (CUSUM) method, and two stages of the learning curve were obtained. Propensity score matching 
(PSM) was performed for age, sex, underlying disease, and single-segment resection via radius matching. The OT, 
estimated amount of intraoperative blood loss, and other complications were analyzed.

Results We generated a graph of the CUSUM of the OT and found that the learning curve could be differentiated 
into two stages: the learning stage (1st to 95th surgery) and the proficiency stage (96th to 193rd surgery). Before 
PSM, there were significant differences in the OT, extent of lymph node station dissection, amount of drainage on 
the day of surgery, amount of drainage on the first postoperative day, estimated amount of intraoperative blood loss, 
and length of hospital stay after surgery. There were no significant differences in the average amount of drainage 3 
days after surgery, postoperative tube time, or number of intraoperative revolutions. However, after PSM, there were 
significant differences in the OT, number of lymph node stations removed, amount of drainage on the day of surgery, 
and amount of drainage on the first postoperative day. There were no significant differences in the estimated amount 
of intraoperative blood loss, length of hospital stay after surgery, average amount of drainage for 3 days after surgery, 
postoperative tube time, or number of intraoperative revolutions.

Conclusion In our center, the learning curve for double-port video-assisted thoracoscopic lung segmentectomy 
transitions from the learning stage to the proficiency stage when the number of surgical cases reaches 95. There were 
significant differences in the OT, number of lymph node stations removed, amount of drainage on the day of surgery, 
and amount of drainage on the first postoperative day.
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Introduction
Background
Lung cancer is one of the most common malignant 
tumors worldwide, including in China [1, 2]. It is a seri-
ous threat to human health. At present, surgery is an 
important treatment for lung cancer [3]. The surgical 
treatments available include lobectomy, segmentectomy, 
wedge resection, and sleeve resection. With the popu-
larization of lung CT screening, early lung cancer can be 
effectively detected and diagnosed. During the progres-
sion of lung cancer from the central type to the periph-
eral type, segmentectomy has become a widely accepted 
early lung cancer resection technique because of its mini-
mal amount of trauma and relatively good preservation 
of lung function. Its overall survival rate is better than 
that of lobectomy [4]. For small peripheral non-small cell 
lung cancer, lung segmentectomy is the standard surgi-
cal treatment [5, 6]. However, there are few studies on the 
learning curve for double-port video-assisted thoraco-
scopic lung segmentectomy [7].

Objectives
To enable surgeons to better learn how to perform dou-
ble-port video-assisted thoracoscopic lung segmentec-
tomy, we retrospectively analyzed the clinical data of 193 
patients who underwent the procedure conducted by the 
same surgical team in our center. Draw up the learning 
curve on the basis of this data and evaluated the correla-
tion between the stages of the learning curve [8].

Ethical statement
Data collection and analyses were in accordance with the 
ethical standards of the ethics committee (institutional 
review board no. IRB-AF/SC-04/02.0) and with the Dec-
laration of Helsinki of 1975 revised in 2000.

Methods
Study design
The learning curve for this procedure was determined 
using the cumulative sum (CUSUM) method. Propen-
sity score matching (PSM) was conducted to exclude the 
influence of covariates on the findings and evaluate the 
correlation between the stages of the learning curve [8].

Setting
We retrospectively collected clinical data from 193 
patients who underwent double-port video-assisted tho-
racoscopic lung segmentectomy from March 2017 to 
March 2023. All surgeries were performed by the same 
surgical team at the First Affiliated Hospital of Harbin 
Medical University. The surgical team consisted of one 
surgeon, three assistants, two scrub nurses and one anes-
thesiologist. The leading surgeon has performed hun-
dreds of thoracoscopic surgeries before this study. All 

surgeries were performed by the leading surgeon. The 
first double-port video-assisted thoracoscopic lung seg-
mentectomy was performed in March 2017.

Participants and data sources
Lung cancer patients who underwent thoracoscopic 
segmental lung resection in our department between 
March 2017 and March 2023 were included in this study. 
The inclusion criteria were as follows: (1) tumor size 
(maximum diameter assessed by computed tomogra-
phy [CT]) ≤ 2 cm; (2) ground-glass opacity (GGO) ≥ 50%; 
(3) anatomical lung segmental resection (inclusion of 
patients with multiple foci and simultaneous surgical 
resection was allowed, but the resected segmental lesion 
was required to be the main lesion); (4) Lung function or 
blood gas analysis indexes that met one of the following 
conditions: (a) forced expiratory volume in one second 
(FEV1) measured value > 1.5 and measured/predicted 
value > 70%; (b) oxygen partial pressure > 80 mmHg. The 
exclusion criteria included: (1) previous surgical history; 
(2) history of therapy (chemotherapy, radiotherapy, or 
others); and (3) lung function or blood gas analysis indi-
ces that did not meet the specified requirements.

Variables
We recorded several patient variables, including sex, age, 
basic diseases (e.g., diabetes mellitus and hypertension), 
the types of surgery, operative time (OT), estimated 
amount of intraoperative blood loss, amount of lymph 
node station dissection, amount of drainage on the day of 
surgery, amount of drainage on the first day after surgery, 
average amount of drainage for 3 days after surgery, post-
operative tube time, length of hospital stay after surgery, 
and number of intraoperative revolutions were recorded. 
The covariates included sex, age, basic diseases and the 
types of surgery.

Depending on whether a single segment was resected, 
the types of surgery were divided into single-lung seg-
mentectomy and combined-lung segmentectomy. Single-
lung segmentectomy was described as surgery targeting 
only a single lung segment, while combined-lung seg-
mentectomy included segment–segment, segment–
wedge, and other lung segment–lung tissue resections.

Surgical methods
All patients underwent preoperative three-dimensional 
lung reconstruction using Mimics Medical 21.0.0.406 
(Materialise N.V., Leuven, Belgium) and/or CT-guided 
puncture for lesion localization. The patients received 
general anesthesia with intravenous compound anesthe-
sia and mechanical ventilation through a double-lumen 
endotracheal tube. Segmentectomy was performed using 
double-port thoracoscopy, with patients positioned 
in the lateral decubitus position. An observation port, 
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approximately 5 centimeters in length, was created in 
the seventh or eighth intercostal space (ICS) along the 
midaxillary line on the affected side. An operating port, 
approximately 3 centimeters in length, was placed in the 

third or fourth ICS along the anterior axillary line on the 
affected side (see Figs. 1 and 2). The corresponding veins, 
arteries, and bronchi of the lung segment where the 
goal lesion was located were freed in three dimensions. 

Fig. 2 Operative field of the observation hole

 

Fig. 1 Positions of the surgical ports for two-port video-assisted thoracoscopic surgery segmentectomy
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A Johnson Endo-GIA cut stapler was utilized for cut-
ting and anastomosis. The specimen was removed using 
a pickup bag, and a frozen section was performed to 
confirm the presence of cancer. Lymph node dissec-
tion followed. After surgery, the ribcage was rinsed, and 
hemostasis was achieved. The bronchial and lung stumps 
were inspected for air leaks. Following the placement of a 
drainage tube, the incision was sutured in layers (see Figs. 
3 and 4).

Statistical methods
All the data were processed using IBM Statistical Package 
for Social Sciences (SPSS) v27.0 (IBM Co., Armonk, NY, 
USA) and STATA 17.0 MP–Parallel Edition(Stata Corp 
LLC, College Station, TX, USA). The CUSUM values of 
the OT for each patient were obtained using the CUSUM 
method. The first CUSUM value was calculated as fol-
lows: CUSUM (OT1) = OT1 − mean OT of all patients, 
while the remaining CUSUM values were calculated as 
follows: CUSUM (OTn) = CUSUMn−1 + OTn − mean OT 
of all patients [9]. IBM SPSS Statistics 27.0 was used to 
generate scatter plots, with the number of surgical cases 
plotted on the horizontal axis and the CUSUM value of 
the OT on the vertical axis. Linear relationships were 
excluded, and curve estimation was performed. R² was 
used to determine the goodness of fit of the curve, and 
the maximum value of R² was considered the best curve 
model [10]. The point where the slope changed positively, 
which corresponded to the vertex of the curve, served as 

the minimum number of surgical cases required to cross 
the learning curve. This curve was divided into the learn-
ing stage and the proficiency stage.

Count data are expressed as percentages. Normally dis-
tributed data were tested for normality, with normally 
distributed data presented as the means ± standard devia-
tions (SDs) and nonnormally distributed data presented 
as medians (interquartile ranges). Student’s t test, the 
Wilcoxon rank-sum test, the chi-square test, and a non-
parametric test were used to determine the mean differ-
ences between the curve stages and between the surgical 
groups. A probability value of < 0.05 was considered to 
indicate statistical significance.

The PSmatch2 package in STATA 17.0 MP–Parallel 
Edition was used for PSM analysis to reduce the effect 
of covariates in both stages, and logit regression mod-
els were utilized to generate propensity scores. Age, 
sex, underlying medical conditions, and single-segment 
resection were included in the PSM analysis. The patients 
were matched via radius matching, and the logit of the 
tendency value was matched using a caliper with a width 
equal to 0.2 of the SD of the tendency value [11] (0.026).

Results
Participants
Among the 193 cases of double-port video-assisted 
thoracoscopic lung segmentectomy performed by the 
same surgical team at our center between March 2017 
and March 2023, six cases were converted to three-port 

Fig. 3 The use of endostaplers
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thoracoscopic surgery, and one case was converted to 
open chest surgery. These converted cases were not 
excluded from the study, as they contributed to the accu-
mulation of operator experience. Excluding these cases 
would result in an underestimation of the number of sur-
geries required for the operator to achieve proficiency. 
Notably, none of the patients experienced life-threaten-
ing complications, hospital readmissions, or deaths.

Learning curve analysis
The OT for lung segmentectomy was drawn in the order 
in which surgery was performed (Fig. 5). The OT gradu-
ally decreased, but the change trend was unclear. The 
CUSUM value of the OT for each patient was obtained 
using the CUSUM method.

The cubic curve was judged to be the best-fitting model 
based on a maximum R² value of 0.911, and the corre-
sponding curve equation was y = 0.0004 x³ − 0.2960 x² 
+ 45.4710 x − 353.8535 (Fig.  6). The slope of the curve 
showed positive and negative shifts at the 95th surgery; 
the 95th case was the inflection point of the CUSUM 
curve. The ascending slope of the surgical composition 
curve from the 1st to the 95th cases was the first stage 
of the learning curve—the learning stage. Conversely, the 
descending slope of the surgical composition curve from 
the 96th to the 193rd cases was the second stage of the 
learning curve—the proficiency stage. The cumulative 

summation scores and slope scores are provided in Sup-
plementary Table 1.

Propensity score matching analyses
A comparison of the various parameters of the two stages 
identified based on CUSUMOT is shown in Table  1. 
There were no significant differences in sex, age, or type 
of surgery between the two groups. There were sig-
nificantly more patients with underlying disease (e.g., 
diabetes mellitus and hypertension) in the proficiency 
stage than in the learning stage (P = 0.003). Therefore, 
there was selectivity bias in this study. The presence of 
bias and confounding factors could affect the accuracy 
of the findings. Owing to the retrospective nature of the 
study, the selected samples were tested for the influence 
of confounding factors. To reduce the effect of bias and 
confounding factors and increase comparisons between 
the groups, we used PSM to control for the effects of 
confounders.

Initially, we utilized proximity matching for the pro-
pensity score matching analysis. During the balance test, 
we discovered that the bias value for the sex variable after 
matching was 10.8, exceeding the acceptable threshold 
of 10 (Fig. 7). This finding indicated that significant dif-
ferences persisted among the influencing factors, and 
the balance test was unsuccessful, demonstrating that 
the proximity matching did not effectively eliminate the 
influence of covariates. Consequently, we decided to 

Fig. 4 Silk ligatures on vessels

 



Page 6 of 11Yan et al. Journal of Cardiothoracic Surgery          (2024) 19:681 

Fig. 6 CUSUM values and the corresponding curve equations

 

Fig. 5 The OT for lung segmentectomy
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implement radius matching as an alternative approach to 
enhance the matching analysis.

Radius matching was performed using a caliper width 
of 0.026. After the missing values were removed, eleven 
patients with missing clinical data were excluded. A total 
of 182 patients were included in the data matching, of 
whom 167 were conducted following analyses after suc-
cessful case matching. The percent bias of the overall 
equilibrium test for PSM was less than 10, and the t value 
was less than 1.96 [12, 13] (Figs. 8 and 9). The P values 
were greater than 0.05, indicating that the match was 
excellent.

The OT, number of lymph node stations removed, 
amount of drainage on the day of surgery, and amount of 
drainage on the first day after surgery in the postlearning 
stage and the proficiency stage were 241.22 (40.04) and 
196.56 (11.44), 4.72 (1.19) and 5.80 (0.53), 192.87 ± 25.73 
and 238.57 (34.58), and 187.97 (32.07) and 223.42 (25.97), 
respectively. The P values were all less than 0.05, indi-
cating significant differences. Conversely, there was 
no significant difference in the estimated amount of 

intraoperative blood loss, length of hospital stay after 
surgery, average amount of drainage for 3 days after sur-
gery, postoperative tube time, or number of intraopera-
tive revolutions (Table 2).

Discussion
Key results
In this study, the learning curve for double-port video-
assisted thoracoscopic lung segmentectomy in our cen-
ter was determined by analyzing the OTs of 193 patients 
using the CUSUM method. With the 95th surgery as the 
inflection point, the learning curve was divided into two 
stages: the learning stage and the proficiency stage. The 
surgical data for the two stages were matched with pro-
pensity scores to compare the stages. The analysis showed 
that the OTs in the proficiency stage were significantly 
lower than the OTs in the learning stage. Lymph node 
station dissection, the amount of drainage on the day of 
surgery, and the amount of drainage on the first day after 
surgery increased significantly. There were no significant 
differences in the estimated amount of intraoperative 
blood loss, length of hospital stay after surgery, average 
amount of drainage for 3 days after surgery, postopera-
tive tube time, or number of intraoperative revolutions.

Limitations
The limitations of this study include its single-center 
retrospective nature and relatively small sample size. 
Although PSM analysis was performed on sex, age, 
underlying medical conditions, and type of surgery, the 
influence of confounding factors on the findings of the 
study was controlled to some extent. However, uncon-
trollable and unobservable influencing factors may still 
be present. In this study, the OT was used as the only 
parameter for judging the learning curve. The estimated 
amount of intraoperative blood loss, postoperative tube 

Table 1 The various parameters of the two stages identified 
based on CUSUMOT

Learning 
stage (95 
cases)

Proficiency 
stage (98 
cases)

P-
val-
ue

Sex 0.881
 Male 33 (34.7%) 36 (36.7%)
 Female 62 (62.3%) 62 (63.3%)
Age (year) 53.2 ± 9.4 55.4 ± 10.6 0.103
Basic diseases 9 26 0.003
 Hypertension 8 22
 Diabetes mellitus 4 10
Type of surgery 0.372
Single-lung segmentectomy 62 (62.3%) 58 (59.2%)
Combined-lung segmentectomy 33 (34.7%) 40 (40.8%)

Fig. 7 Balance test results based on proximity matching
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time, length of hospital stay after surgery, and long-term 
efficacy could also be included as comprehensive factors 
to assess the learning curve.

Interpretation
In 2022, Dimitrovska et al. [7] conducted a retrospective 
study of the learning curve for double-port thoracoscopic 
segmentectomy derived from 86 patients over 5 months. 
In their study, the inflection point of the learning curve 
was the 47th surgery. In 2021, Kuang et al. [14] performed 
a retrospective study of the learning curve for single-port 
thoracoscopic segmentectomy derived from 148 patients 
over 2 years, and the inflection point of the learning 
curve was the 36th surgery. In 2021, Gao et al. [15] retro-
spectively studied the learning curve for single-port tho-
racoscopic segmentectomy derived from 148 cases over 5 
years, and the inflection point of the learning curve was 
the 58th surgery. In 2018, Hamada et al. [16] conducted 
an 11-year prospective study of the learning curve for 
thoracoscopic anatomical segmentectomy derived from 
252 patients, and the inflection point of the learning 
curve was the 84th surgery. The existing findings demon-
strate that thoracic surgeons with skilled video-assisted 

Fig. 9 Balance test results based on radius matching

 

Fig. 8 Balance test results based on radius matching
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thoracoscopic surgical techniques need only a relatively 
short time to learn about two-port video-assisted tho-
racoscopic segmentectomy and reach proficiency, which 
is consistent with the present findings [7, 14–20]. Our 
study was a retrospective analysis of 193 cases of surgery 
performed within 6 years. In contrast, the time span is 
longer than the above research, the frequency of practice 
is lower than the above research, and the number of sur-
gical cases required to reach the proficiency stage is more 
than the above research. According to the above com-
parison, we believe that with the extension of the study 
time span and the decrease of the practice frequency, the 
inflection point of the learning curve becomes delayed. 
The occurrence of inflection points in the learning curve 
for lung segmentectomy can be influenced by the time 
span during the learning stage. In the process of learning 
lung segmentectomy, continuous repeated practice in a 
short period can advance the inflection point, helping to 
reach the proficiency stage faster.

In 2016, Guo et al. [21] reported that the number of 
lymph node dissections affects the recurrence and metas-
tasis rates. In 2022, Riquet et al. [22] reported that the 
prognosis of patients with lung cancer is positively cor-
related with the number of lymph nodes dissected during 
radical lung cancer resection. With the gradual deepening 
of the understanding of lymph node dissection, people 
pay more and more attention to lymph node dissection 
[23, 24]. And we incorporated the lymph node dissec-
tion time into the overall OT. We adjusted the number 
of groups for lymph node clearance from 4.72 (1.19) in 
the learning phase to 5.80 (0.53) in the proficient phase. 
Of the existing research, Wu et al. [20] showed no statis-
tical difference in the number of lymph node dissection 
at the three different stages. Increasing the number of 
lymph node dissection during the process of proficiency 
may also be one of the reasons for the late appearance of 

the learning curve inflection point in our study [25]. As 
the number of lymph nodes dissected groups increases, 
there is a corresponding increase in the amount of post-
operative drainage, which is consistent with the results 
of our study. Therefore, we recommend that surgeons 
aim to remove an appropriate number of lymph nodes in 
the early stages of segmental lung resection, as this may 
expedite the achievement of proficiency.

In our study, there were significantly more patients 
with basic disease in the proficiency stage than in the 
learning stage. This may be due to the cautious selection 
of patients in the initial phase of the study. There was 
no statistical difference in the basic condition section of 
patients in the existing studies by Wu et al., Dimitrovska 
et al., and Hamada et al. Therefore, This can also be the 
cause of the inflection point of the learning curve shifting 
backward or the amount of drainage increasing.

We did not perform bronchoscopy, transthoracic 
biopsy, or PET-CT prior to surgery. Pulmonary nodules 
to be segmentally resected are generally small, which 
leads to difficult maneuvers and high false-negative rates. 
So we do not perform transthoracic biopsy or bronchos-
copy before surgery. PET-CT has no significant advan-
tage in the differential diagnosis of pGGN and solid 
component ≤ 8 mm lung nodules [26]. The use of PET can 
be avoided for nonsolid nodules (ground glass opacity or 
mixed nodules) and replaced by thin-section CT of the 
lungs which performs well in these circumstances [27]. 
Plus, PET-CT is more expensive, so we don’t routinely 
perform PET-CT before the surgery, but use thin-section 
CT to replace it.

There are several access options available for thora-
coscopic segmental lung resection, and available stud-
ies show that single- and multi-port thoracoscopic 
techniques are similar in terms of safety and efficacy 
in patients with lung cancer [28, 29]. In contrast, the 

Table 2 The parameters of the two stages identified before and after PSM
Before matching After matching
Learning stage 
(95 cases)

Proficiency 
stage (98 cases)

P value Learning stage 
(89 cases)

Proficiency 
stage (94 cases)

P 
value

OT (min) 240 (75) 200 (60) < 0.001 241.22 (40.04) 196.56 (11.44) < 0.001
Estimated amount of intraoperative blood loss (mL) 20 (30) 20 (0) < 0.001 39.38 (29.96) 23.16 (10.50) 0.850
Lymph node station dissection 5 (2) 6 (2) < 0.001 4.72 (1.19) 5.80 (0.53) 0.032
Amount of drainage on the day of surgery (mL) 180 (125) 232.61 ± 109.53 0.019 192.87 ± 25.73 238.57 (34.58) 0.010
Amount of drainage on the first postoperative day 
(mL)

200 (125) 205 (81) 0.002 187.97 (32.07) 223.42 (25.97) < 0.001

Average amount of drainage for 3 days after surgery 
(mL)

169.68 ± 56.91 176 (72) 0.355 168.50 (12.25) 173.78 (30.56) 0.091

Postoperative tube time (day) 4 (3) 4 (2) 0.052 4.74 (0.85) 4.08
(0.40)

0.133

Length of hospital stay after surgery (day) 7 (3) 6 (2) 0.008 7.31 (0.85) 6.50
(0.60)

0.085

Number of intraoperative revolutions 4 (4.2%) 3 (3.1%) 0.718 0 (0) 0 (0.06) 0.333
Death rate (%) 0 0 NA 0 0 NA
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single-port thoracoscopic technique has the advantage 
of less injury, less postoperative pain, and less damage to 
the chest wall and intercostal nerves [29]. Compared with 
the single-port thoracoscopic technique, the double-port 
thoracoscopic technique is more effective in exposing the 
surgical field by pulling, it is more convenient to use the 
cutting anastomosis from different holes, the instruments 
collide with each other to a lesser extent, and the drain-
age effect is more precise. And compared to the multi-
port thoracoscopic technique, there is less damage to the 
patient and shorter postoperative drainage time [30]. In 
summary, the surgical procedure of choice in our centre 
is the double-port thoracoscopic technique for lung seg-
mental resection.

Regarding the selection of the length of the operating 
hole and the observation hole, the small operating hole 
brings less pain and faster recovery for patients after sur-
gery, but it will increase the difficulty of surgical opera-
tion. The operation hole in the higher position is often 
only used by the leading surgeon himself, so only 3  cm 
holes can be opened to reduce the pain of patients and 
accelerate the recovery of patients. The observation hole 
at the lower position often requires two surgeons to use 
together, and the instruments may collide with each 
other, so we recommend opening a 5  cm long observa-
tion hole to reduce the difficulty of operation.

Conclusion
In summary, a CUSUM analysis using surgical times 
identified two stages of the learning curve. The data sug-
gest that at our institution, the inflection point of the 
learning curve occurs after completion of 95 procedures.
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