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Abstract

OBJECTIVES: When lung cancer evolves from a large, centrally located mass to small, peripherally located pulmonary nodules, such as
ground glass nodules, segmentectomy offers a reasonable method by which to save lung parenchyma without eliciting compromising
oncological effects. To master these techniques, it is important to analyse the learning curve of surgeons. Therefore, the aim of the pre-
sent study was to analyse the learning curve for two-port video-assisted thoracoscopic surgery (VATS) segmentectomy in our
institution.

METHODS: We retrospectively collected data from 86 consecutive patients who underwent two-port VATS segmentectomy between June
2019 and November 2019. The operative time (OT) and estimated blood loss and other complications were analysed. The learning curve
was evaluated using the OT and the cumulative sum (CUSUM) value of OTs across all cases.
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RESULTS: We generated a graph of the CUSUM of OTs and found that the learning curve could be differentiated into 3 phases: phase 1,
the initial learning phase (1st to 27th operation); phase 2, the increased competence phase (28th to 54th operation); and phase 3, the
experienced phase (55th to 86th operation). The CUSUM value inflected at patient number 47. There were significant reductions in
the OT and bleeding in phase 3 relative to phases 1 and 2. There were also significant differences in OT and estimated blood loss between
the simple and complex segmentectomy procedures.

CONCLUSIONS: In conclusion, the 3 phases identified using CUSUM analysis of the OT represented characteristic stages of the learning
curve for two-port VATS segmentectomy. The data indicate that, in our institution, the inflection point for the learning curve was achieved
after operating on 47 cases.
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ABBREVIATIONS

CUSUM Cumulative sum
OT Operative time
VATS Video-assisted thoracoscopic surgery

INTRODUCTION

Lung cancer is the leading cause of cancer-related deaths world-
wide. Lobectomy is the standard surgical solution for patients
with early-stage lung cancer, in accordance with the results of
randomized clinical trials conducted in 1994 [1, 2]. However, in
cases where lung cancer evolves from a large, centrally located
mass to small, peripherally located pulmonary nodules, such as
ground glass nodules, segmentectomy offers a reasonable option
by which to save lung parenchyma without eliciting compromis-
ing oncological effects [3–5]. The complicated anatomy of pulmo-
nary segments makes the technique of segmentectomy difficult
to study [6]. Previous publications have only vaguely described
the learning curve for video-assisted thoracoscopic surgery
(VATS) segmentectomy [7, 8], and the learning curve for two-port
VATS segmentectomy has been limitedly studied. To master the
technique for segmentectomy, it is important to analyse the
learning curves of surgeons. Therefore, the aim of the present
study was to analyse the learning curve for two-port VATS seg-
mentectomy in our institution.

METHODS

Ethical statement

Because only de-identified data were used for the study, in-
formed consent was waived by IRB.

We retrospectively collected data from 86 consecutive patients
who underwent two-port VATS segmentectomy between June
2019 and November 2019. Two-port VATS segmentectomy was
indicated for surgical resection of a target lung segment in cases
involving both malignant and benign lesions. All of the opera-
tions were performed by the same junior surgeon at Shanghai
Jiao Tong University Affiliated Chest Hospital. The first two-port
VATS segmentectomy was performed in June 2019.

Segmentectomy procedures were subdivided based on the
surgical procedure and condition of the intersegmental plane, i.e.
its number and shape. Procedures such as superior, left upper di-
vision and lingual segmentectomy were considered to be simple
segmentectomy techniques, while other procedures that involved

intricate intersegmental planes were considered to be complex
segmentectomy techniques [9].

Clinical features such as age, sex, forced expiratory volume in
the first second, lesion location and size, histology, operative
time (OT), estimated blood loss, conversion to multiport VATS,
morbidity and mortality were recorded. OT indicates the dura-
tion of the segmentectomy procedure and does not include the
durations of lymph node dissection and skin suture.

Surgical technique of two-port video-assisted thor-
acoscopic surgery segmentectomy

All patients received general anaesthesia through intravenous in-
duction and were intubated with a double-lumen endotracheal
tube for single lung ventilation. All patients were extubated at the
end of the operation. Routine pain was managed with intercostal
blocks to 2 intercostal spaces above and 2 intercostal spaces be-
low the ports and postoperative patient-controlled analgesia.
During the procedure, the patient was in the lateral decubitus
position. Both the assistant and surgeon stood on the abdominal
side of the patient, with the assistant standing on a footstool to
operate the camera. VATS lung segmentectomy was performed
using a two-port approach, with a �1-cm port made for the
camera and a second access incision �2-cm long made without
rib-spreading [9]. The positions of the 2 ports depended on the
type of segmentectomy to be performed. In general, an 8-cm
distance was maintained between the 2 ports, and a 10- to
15-cm distance was maintained from the target, which was the
hilum of the lobe containing the segment to be resected (Fig. 1).

Figure 1: (A) Positions of the surgical ports for two-port video-assisted thora-
coscopic surgery segmentectomy (before surgery). (B) Positions of the surgical
ports for two-port VATS segmentectomy (after surgery).
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We used 2 incisions with similar size to complete surgical resec-
tion (Fig. 1). VATS procedures for indeterminate nodules were
performed after localization of the nodules either through the
operative view or using 3-dimensional images of chest tomogra-
phy. The bronchus, vein and artery were divided anatomically
and transected separately using endostaplers (Covidien,
Mansfield, MA, USA or Ethicon Endo-Surgery Inc., Cincinnati,
OH, USA) or ligated before dissection. The intersegmental plane
was then transected using an endostapler (Fig. 2 and Video 1).
The specimen was removed using a surgical glove. A 28-Fr chest
tube was inserted at the end of the operation.

Statistical analysis

To analyse the mean differences between the curve phases or be-
tween operation groups, Student’s t-test, the Wilcoxon rank-sum
test, a one-way analysis of variance or the v2 test were used. A
probability value of <0.05 was considered statistically significant.
All analyses were performed using IBM Statistical Package for
Social Sciences (SPSS) v20.0 (IBM Co., Armonk, NY, USA). The cu-
mulative sum (CUSUM) method was used to quantitatively assess
the learning curve [10]. CUSUM is the running total of differences
between individual data points and the mean of all data points.
The CUSUM for the variable of interest in the first patient was
the difference between the value for the first case and the mean
for all patients. The CUSUM for the second case was the sum of
the CUSUM of the previous patient and the difference obtained
for the second patient. This process was repeated until the
CUSUM for the last case was zero. We assessed the best fit for
the plot and detected the change in the slope of the CUSUM
learning curve. The number of required cases was calculated
from the inflection point of the curve that represented the best
fit for the plot.

RESULTS

Between June 2019 and November 2019, 86 consecutive two-
port VATS segmentectomies were performed by a single surgeon.
Due to intraoperative bleeding during complex segmentectomy,
4 cases were converted to multiport VATS. Postoperative compli-
cations occurred in 10 patients (11.6%), of whom 8 had a pro-
longed air leak lasting >7 days, 1 had pneumonia and 1 had
empyema. There were no life-threatening complications in any
of the cases. Neither hospital mortality nor mortality was
observed within 30 days, although 1 patient (1.6%) required a
30-day readmission.

The raw OTs of the segmentectomies were plotted in chrono-
logical case order (Fig. 3). The OT gradually decreased, but the
trend was unclear. The CUSUMOT learning curve was best mod-
elled as a second-order polynomial (parabola), with the
CUSUMOT equation represented in min (Fig. 4). Across the 86
consecutive patients, patient number 47 represented the CUSUM
value inflection point. Patients 1–27 constituted the ascending
slope of the curve [initial learning phase (phase 1)], patients 28–
54 constituted the plateau of the curve [increased competence
phase (phase 2)] and patients 55–86 constituted the descending
slope [experienced phase (phase 3)].

Comparisons of various parameters across the 3 phases identi-
fied by the CUSUMOT analysis are presented in Table 1. Age, sex,
comorbidity, surgical level, location and pathological diagnosis

Figure 2: (A) Two-port video-assisted thoracoscopic surgery (VATS) segmen-
tectomy (extrathoracic view). (B) Two-port VATS segmentectomy (intrathoracic
view). (C) The dorsal artery of the left lower lobe was dissected in two-port
VATS left lower lobe dorsal segmentectomy.

Video 1: Two-port video-assisted thoracoscopic surgery left lower lobe dorsal
segmentectomy.
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did not differ significantly across the 3 phases. There were signifi-
cant reductions in the OT and blood loss in phase 3 when com-
pared with phases 1 and 2. No significant reductions in the
conversion rate were observed across the 3 phases.

When the characteristics of patients who underwent simple
and complex segmentectomy were compared, we found signifi-
cant differences in OT and estimated blood loss, but not in con-
version, morbidity and mortality (Table 2). The mean OT of
simple segmentectomy was 73.7 min, which was much shorter
than that of complex segmentectomy (89.1 min; P = 0.003).

DISCUSSION

The widespread use of computed tomography for lung cancer
screening has increased the frequency of identification of early-
stage lung cancer [11]. Consequently, segmentectomy has
emerged as a viable option to save the pulmonary parenchyma.
However, segmentectomy is not yet widely accepted due not
only to its controversial oncological effects and associated mor-
bidity but also to the technical difficulty of the procedure, which
is exacerbated by anatomical variations and the large size of the
dissection plane [12, 13].

We analysed the learning curve of this two-port VATS for seg-
mentectomy. The learning curves of VATS and robotic surgery

for segmentectomy have only been vaguely described in previ-
ous publication [7, 8, 14]. Our study suggests that thoracic sur-
geons with skilled VATS techniques require relatively short
periods to learn the two-port VATS segmentectomy procedure.
This short learning curve can be explained by several reasons.
First, the surgeon may be skilled in VATS surgery based on previ-
ous experience of both wedge and lobectomy, familiarity with
the thoracoscopic appearance of pulmonary anatomy would be
particularly helpful in this regard. Second, the 86 segmentecto-
mies were performed within a relatively short period compared
with the periods of other studies [7], and it is known that re-
peated practice within a short period enables surgeons to better
master complicated procedures.

Different kinds of thoracoscopic techniques have been applied
for segmentectomy [15–17]. Theoretically, the single-port VATS
was the least invasive technique, but it does have some disadvan-
tages. First, the chest tube is placed between the fourth of fifth
intercostal space, which may not conducive to the drainage of
pleural effusion. Second, camera and multiple instruments were
introduced via the single incision, and repeated compression to
intercostal nerve may increase postoperative pain. Third, the sin-
gle-port VATS is technical demanding, which is not beneficial for
its widespread application. After attempting different thoraco-
scopic techniques, we adopted the two-port VATS surgery, which
is evolved from the conventional two-port thoracoscopic surgery,
and we use 2 incisions, which is the quite smaller when com-
pared with published literatures [17, 18]. The utility incision was
�2 cm in length, which seems difficult for specimen retrieval and
multiple instrument introduction. By using surgical wound pro-
tector, 3 or more articulated instruments could be introduced si-
multaneously in the same incision, and specimen of segment was
much smaller when compared with lobe, it would not be a prob-
lem to retrieve the specimen from the small incision.

We did not use skin-to-skin time to analyse the learning curve,
as the types of lymphadenectomies performed varied across
patients with different kinds of disease. Some patients with inva-
sive adenocarcinoma required systematic lymph node dissection
or sampling, whereas others with less-invasive cancer like mini-
mally invasive adenocarcinoma required selective lymph node
dissection or sampling. Therefore, the duration of segmentec-
tomy was a more precise marker for analysis of the learning
curve. Complex segmentectomy is an intricate procedure that
requires the isolation and division of suitable segmental bronchi,
arteries and veins more peripherally and the construction of sev-
eral intersegmental planes [9]. It would therefore be relatively
easy to understand increased OT and estimated blood loss in
complex segmentectomy when compared with simple segmen-
tectomy. Theoretically, the perceived complexity of complex rel-
ative to simple segmentectomy ought to have increased
morbidity factors such as persistent air leaks; however, we did
not observe any such increases, it may due to small case volume
included for this study. Four cases need conversion, as the dissec-
tion of anatomical structures in segmentectomy is more distal
than for lobectomy. The vessel injured during segmentectomy
would be much smaller than that in lobectomy, most of the
bleeding were not catastrophic, which could be controlled with
an additional port rather than thoracotomy.

Previously, some reports have been focused on study for the
learning curve of VATS segmentectomy [7, 8]. Cheng studied the
feasibility and learning curve of single-port VATS segmentec-
tomy, and the study with 40 cases included suggested that sin-
gle-port VATS is a safe and feasible technique with acceptable

Figure 3: Raw OTs plotted in chronological case order. OT: operative time.

Figure 4: Cumulative sum plot for two-port video-assisted thoracoscopic sur-
gery segmentectomy. Patients 1–27 constitute the ascending slope of the curve
[initial learning phase (phase 1)], patients 28–54 constitute the plateau part of
the curve [increased competence phase (phase 2)] and patients 55–86 consti-
tute the descending slope [experienced phase (phase 3)].
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morbidity and mortality [8]. In another study with more cases in-
cluded, the learning curve was much longer, which may because
the time period of the study is over 10 years. In our study, the
learning curve of small double port VATS segmentectomy is
shorter, it may due to repeated training in a short time period
and simple segmentectomy and complex segmentectomy were
also compared in our study.

Limitations

The primary limitation of this study is that it is a single-centre ret-
rospective study with limited case numbers. Apart from opera-
tion time, morbidity, mortality conversion rate and blood loss
can also be good markers for the difficulty of operation, but due
to the small sample size, and no significant difference was found
between different phases of learning curve. Several factors would
influence the result of the study, which are listed below: the sur-
geon’s previous experience in VATS, the selection of patients, the
difficulty of the procedure caused by anatomic variations, calci-
fied hilar lymph nodes, incomplete fissure and the status of surgi-
cal team, especially the camera assistant. Although we divided
segmentectomy into simple and complex segmentectomy, be-
cause of limited included patients, we still cannot analyse the
learning curve separately according to the factors mentioned
above. Other parameters including chest tube drainage duration,
length of hospital stay and long-term oncology outcomes should
be analysed in future prospective multicentre studies.

Table 1: Interphase comparisons of patient characteristics and operative parameters in all cases

Phase 1 (n = 27) Phase 2 (n = 27) Phase 3 (n = 32) P-value

Sex, n 0.45
Female 15 19 18
Male 12 8 14

Age (years), mean ± SD 59.8 ± 11.5 57.8 ± 10.7 58.9 ± 10.0 0.80
Comorbidity, n 0.56

Hypertension 8 7 9
Diabetes 6 3 4
Others 0 2 2

FEV1% Pred (%), mean ± SD 87.2 ± 23.3 85.7 ± 27.0 83.8 ± 14.8 0.51
Surgical level, n 0.71

Simple 11 9 14
Complex 16 18 18

OT (min), mean ± SD 105.5 ± 20.0 84.6 ± 14.8 62.8 ± 11.1 <0.001
EBL (ml), mean ± SD 206.7 ± 63.3 173.3 ± 69.9 125.0 ± 67.2 <0.001
Conversion, n 2 0 2 0.38
Morbidity, n 3 4 3 0.84
Mortality, n 0 0 0 NA
Pathology, n 0.90

Malignant 24 25 29
Benign 3 2 3

Oncological status, n 0.93
AIS 10 7 13
MIA 7 9 5
IAC 6 7 9
SCC 1 2 2
AAH 1 1 2
Tuberculoma 2 1 1

Tumour size, mean ± SD 1.89 ± 1.13 1.81 ± 1.02 1.73 ± 1.15 0.87

AAH: atypical adenomatous hyperplasia; AIS: adenocarcinoma in situ; EBL: estimated blood loss; FEV: forced expiratory volume; IAC: invasive adenocarcinoma;
MIA: microinvasive adenocarcinoma; NA: not applicable; OT: operative time; SCC: squamous cell carcinoma.

Table 2: Comparison of patient characteristics and operative
parameters between cases of simple and complex
segmentectomy

Simple Complex P-value

Sex, n
Male 18 16
Female 16 36 0.067

Age (years), mean ± SD 56.8 ± 8.6 60.2 ± 11.6 0.15
Comorbidity, n 0.85

Hypertension 9 15
Diabetes 3 9
Others 1 3

FEV1% Pred (%), mean ± SD 95.0 ± 17.0 85.9 ± 25.6 0.24
OT (min), mean ± SD 73.7 ± 16.7 89.1 ± 25.3 0.003
EBL (ml), mean ± SD 139.7 ± 53.3 182.9 ± 81.5 0.007
Conversion, n 0 4 0.26
Morbidity, n 3 7 0.76
Mortality, n 0 0 NA
Oncological status, n 0.73

AIS 13 17
MIA 8 13
IAC 6 16
SCC 3 2
AAH 2 2
Tuberculoma 2 2

Tumour size, mean ± SD 1.70 ± 1.33 1.97 ± 0.91 0.48

AAH: atypical adenomatous hyperplasia; AIS: adenocarcinoma in situ; EBL:
estimated blood loss; FEV: forced expiratory volume; IAC: invasive adeno-
carcinoma; MIA: microinvasive adenocarcinoma; NA: not applicable; OT:
operative time; SCC: squamous cell carcinoma.
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CONCLUSION

In conclusion, the 3 phases identified using CUSUM analysis of
the operation time represented characteristic stages of the learn-
ing curve for two-port VATS segmentectomy. The data indicate
that, in our institution, the inflection point for the learning curve
was achieved after operating on 47 cases.

Funding

The study was partly funded by the National Natural Science
Foundation of China [81900099], Wu Jieping Medical Foundation
[320.320.2730.1869] and Talent Development Plan funded by
Shanghai Fifth People’s Hospital, Fudan University [2020WYRCJY06].

Conflict of interest: none declared.

Author contributions

Natasha Toleska Dimitrovska: Conceptualization; Formal analysis;
Investigation; Writing—original draft. Feichao Bao: Conceptualization;
Investigation; Writing—original draft; Co-first author. Ping Yuan: Software.
Shoujun Hu: Formal analysis; Software. Xiao Chu: Project administration;
Writing—review & editing. Wentao Li: Validation; Writing—review & editing;
co-corresponding author.

Reviewer information

Interactive CardioVascular and Thoracic Surgery thanks Mohsen Ibrahim,
Mohamed Salama, Mohammad Behgam Shadmehr and the anonymous
reviewer(s) for their contribution to the peer review process of this article.

REFERENCES

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA A Cancer J Clin
2019;69:7–34.

[2] Ginsberg RJ, Rubinstein LV. Randomized trial of lobectomy versus lim-
ited resection for T1 N0 non-small cell lung cancer. Lung Cancer Study
Group. Ann Thorac Surg 1995;60:615–22; discussion 22–3.

[3] Church TR, Black WC, Aberle DR, Berg CD, Clingan KL, Duan F et al.;
National Lung Screening Trial Research Team. Results of initial low-dose

computed tomographic screening for lung cancer. N Engl J Med 2013;
368:1980–91.

[4] Whitson BA, Groth SS, Andrade RS, Maddaus MA, Habermann EB,
D’Cunha J. Survival after lobectomy versus segmentectomy for stage I
non-small cell lung cancer: a population-based analysis. Ann Thorac
Surg 2011;92:1943–50.

[5] Bao F, Ye P, Yang Y, Wang L, Zhang C, Lv X et al. Segmentectomy or lo-
bectomy for early stage lung cancer: a meta-analysis. Eur J Cardiothorac
Surg 2014;46:1–7.

[6] Handa Y, Tsutani Y, Mimae T, Miyata Y, Okada M. Complex segmentec-
tomy in the treatment of stage IA non-small-cell lung cancer. Eur J
Cardiothorac Surg 2020;57:114–21.

[7] Hamada A, Oizumi H, Kato H, Suzuki J, Nakahashi K, Sho R et al.
Learning curve for port-access thoracoscopic anatomic lung segmentec-
tomy. J Thorac Cardiovasc Surg 2018;156:1995–2003.

[8] Cheng K, Zheng B, Zhang S, Zheng W, Guo Z, Zhu Y et al. Feasibility and
learning curve of uniportal video-assisted thoracoscopic segmentec-
tomy. J Thorac Dis 2016;8:S229–34.

[9] Handa Y, Tsutani Y, Mimae T, Tasaki T, Miyata Y, Okada M. Surgical out-
comes of complex versus simple segmentectomy for stage I non-small
cell lung cancer. Ann Thorac Surg 2019;107:1032–9.

[10] Maguire T, Mayne CJ, Terry T, Tincello DG. Analysis of the surgical learn-
ing curve using the cumulative sum (CUSUM) method. Neurourol
Urodyn 2013;32:964–7.

[11] Patel AR, Wedzicha JA, Hurst JR. Reduced lung-cancer mortality with CT
screening. N Engl J Med 2011;365:2035; author reply 37–8.

[12] Altorki NK, Wang X, Wigle D, Gu L, Darling G, Ashrafi AS et al.
Perioperative mortality and morbidity after sublobar versus lobar resec-
tion for early-stage non-small-cell lung cancer: post-hoc analysis of an
international, randomised, phase 3 trial (CALGB/Alliance 140503). Lancet
Respir Med 2018;6:915–24.

[13] Nakamura K, Saji H, Nakajima R, Okada M, Asamura H, Shibata T et al. A
phase III randomized trial of lobectomy versus limited resection for
small-sized peripheral non-small cell lung cancer (JCOG0802/
WJOG4607L). Jpn J Clin Oncol 2010;40:271–4.

[14] Zhang Y, Liu S, Han Y, Xiang J, Cerfolio RJ, Li H. Robotic anatomical seg-
mentectomy: an analysis of the learning curve. Ann Thorac Surg 2019;
107:1515–22.

[15] Kagimoto A, Tsutani Y, Izaki Y, Handa Y, Mimae T, Miyata Y et al. Initial
experience of robotic anatomical segmentectomy for non-small cell
lung cancer. Jpn J Clin Oncol 2020;50:440–5.

[16] Lee J, Lee JY, Choi JS, Sung SW. Comparison of uniportal versus multi-
portal video-assisted thoracoscopic surgery pulmonary segmentectomy.
Korean J Thorac Cardiovasc Surg 2019;52:141–7.

[17] Tian Y, Zhang L, Li R, Wang Z, Zhao X, Zhou D et al. The application of
uniportal video-assisted thoracoscopic anatomical segmentectomy for
lung resection: a retrospective clinical study. World J Surg 2021;45:
331–8.

[18] Borro JM, Gonzalez D, Paradela M, de la Torre M, Fernandez R,
Delgado M et al. The two-incision approach for video-assisted thoraco-
scopic lobectomy: an initial experience. Eur J Cardiothorac Surg 2011;
39:120–6.

TH
O

R
A

C
IC

407N.T. Dimitrovska et al. / Interactive CardioVascular and Thoracic Surgery


	tblfn1
	tblfn2

