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The learning curve of video-assisted thoracoscopic sleeve
lobectomy in a high-volume pulmonary center
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ABSTRACT

Objectives: To evaluate the time course and caseload required to achieve
proficiency by plotting the learning curve of video-assisted thoracoscopic sleeve
lobectomy.

Methods:We reviewed 127 cases of video-assisted thoracoscopic sleeve lobectomy
by a single surgeon at Shanghai Pulmonary Hospital to evaluate its learning curve
using the cumulative sum (CUSUM) analysis. The changes of perioperative
outcomes were assessed.

Results: The inflection points of the CUSUM curve were around case 30 and 90,
according to which 3 phases were identified: Phase I, Phase II, and Phase III.
Significant downtrends were observed regarding operative time (Phase I,
194 [173-233 minutes] vs Phase II, 172 [142-215 minutes] vs Phase III, 138
[117-164 minutes], P< .05, all), blood loss (Phase I, 200 [100-238 mL] vs Phase II,
100 [50-200 mL] vs Phase III, 50 [50-100 mL]; P<.05, all), drainage duration (Phase
I [5.53� 1.11 days] vs Phase II [4.52� 1.38 days]; P<.05), and length of postoperative
stays (Phase I [6.60 � 1.13 days] vs Phase II [5.68 � 1.47 days], P< .05). The rate of
severe complications significantly decreased from Phase I to Phase II (P ¼ .03).

Conclusions: Thirty cases should be accumulated to lay the technical foundation,
and 90 cases were required to achieve proficiency. The focus should now shift to
providing sufficient training opportunities for centers wanting to implement this
technique. (JTCVS Techniques 2021;9:143-52)
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Thirty cases are needed to lay
the technical foundation and 90
cases are required to achieve
proficiency.
PERSPECTIVE
The wide application of VATS sleeve lobectomy is
currently restricted due to its technical diffi-
culties. The learning curve of the procedure has
significant implications for technical population,
education, and patients’ safety. A clear under-
standing of the learning curve should be profit-
able for surgeons aiming to master the surgical
approach and institutions wanting to adopt this
new technique.

See Commentaries on pages 153 and 155.
Video clip is available online.

In the past few decades, sleeve lobectomy has been reported
to yield a lower rate of operative mortality, fewer complica-
tions, and noninferior oncologic outcomes compared with
pneumonectomy.1-5 Recently, with the development of
video-assisted thoracic surgery (VATS), which was
demonstrated to have appreciably lower risks of morbidity
and mortality than conventional thoracotomy, VATS sleeve
lobectomy has become an alternative approach for centrally
located lesions.6-10

VATS sleeve lobectomy has become a preferred surgical
approach in high-volume centers. However, in primary
hospitals, its routine application is still limited. The
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VIDEO 1. Bronchial anastomosis in video-assisted thoracoscopic right

upper sleeve lobectomy. Video available at: https://www.jtcvs.org/article/

S2666-2507(21)00476-4/fulltext.

Abbreviations and Acronyms
CT ¼ computed tomography
CUSUM ¼ cumulative sum
VATS ¼ video-assisted thoracic surgery
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potential reason might be the technical difficulties of this
complex procedure.11 In addition, insufficient surgical
expertise may obscure the inherent benefits of the thoraco-
scopic approach.12-14 To achieve proficiency, where robust
oncologic tenets and the greatest safety parameters are
guaranteed, it is necessary to complete an apprenticeship
period. However, it’s still unknown how many cases are
required in the learning process, an understanding of
which is conducive to appropriately allocate the time and
human resources need for the learning period. In such
instances, it is necessary to develop a learning curve.
Therefore, the purpose of this research is to evaluate the
feasibility and learning curve of this technique by
analyzing the changes of perioperative results during the
learning phase of VATS sleeve lobectomy.
METHODS
Patients

In this study, we reviewed 127 patients undergoing VATS sleeve lobec-

tomy by a senior surgeon at Shanghai Pulmonary Hospital between January

2014 and June 2020. The surgeon in our study performedmore than 50 cases

of open sleeve lobectomy before 2014, and he annually conducted 800 thor-

acoscopic surgery and 30 VATS sleeve lobectomy during the learning phase

(Figure E1). Admitted were all patients (n ¼ 208) in whom a thoracoscopic

sleeve lobectomy was conducted. Patients (n ¼ 81) who were diagnosed as

having benign disease and underwent carinal reconstruction, pulmonary

arterioplasty, extended sleeve lobectomy, or a combination of other pulmo-

nary resections were excluded (Figure E2). Finally, 127 patients were

included in our study. Official approval was given by the institutional review

board (L20-334Y, 2020-08-25) and the requirement for consent was waived.

Preoperative Evaluation and Follow-up Protocol
Preoperative assessments included complete blood tests serum

biochemistry tests, electrocardiogram, pulmonary function test, chest

radiograph, computed tomography (CT) scan/contrast-enhanced CT,

bone scan, and cerebral magnetic resonance imaging. Endobronchial

ultrasound-guided transbronchial needle aspiration or positron emission

tomography were performed if necessary. The final decision regarding

the surgical approach was based on patients’ performance status and

resectability of the lesion. Every patient had standardized postoperative

care regardless of the surgical approach. Follow-up information was

obtained through telephone calls or outpatient examinations. Chest and

abdominal CT scans were performed at 3, 6, and 12 months after surgery

and annually for 5 years thereafter. Cerebral magnetic resonance imaging

and bone scan were annually performed for 5 years or if there were any

signs of recurrence. It was recommended to perform positron emission

tomography/CT scan or biopsy to confirm recurrence. All patients finished

follow-up for the present study up to September 30, 2020.

Surgical Technique
Sleeve lobectomy can be performed when the tumor is at the entrance of

a lobar bronchus, or when there are exophytic tumors in a main-stem
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bronchus or when submucosal signs indicate cancer extension. In our

experience, surgeons who performed more than 200 cases of VATS

lobectomy could be recommended to conduct VATS sleeve lobectomy.

The patients were positioned in a lateral decubitus position. For

uniportal VATS, the incision was performed at the fourth or fifth intercostal

space. For triportal VATS, incisions were adopted similar to standard VATS

lobectomy. After the pulmonary vessels and fissures were handled, the

bronchus was resected with at least 0.5-cm margins, followed by

frozen-section analysis. We preferred to using a continuous absorbable

suture (polydioxanone 3/0) to complete the end-to-end bronchial

anastomoses (Video 1). A systematic lymph node dissection was routinely

performed in our study. Bronchoscopy was performed to check the integ-

rity of the anastomosis and clear secretions. Detailed descriptions of the

surgical technique have been published in our previous study for both uni-

portal or triportal thoracoscopic sleeve lobectomy.7

Data Collection
Baseline characteristics and perioperative outcomes were collected. All

tumors were staged according to the eighth edition of the TNM (tumor,

node, metastases) staging for lung cancer.15 Comorbidity was described

according to the Charlson Comorbidity Index.16 Postoperative

complications were described according to the Clavien–Dindo

Classifications.17 Prolonged air leakage was defined as lasting for more

than 5 days after the operation. Perioperativemortality was defined as death

within 30 days of the surgery.

Cumulative Sum (CUSUM) Analysis
CUSUM reflected the running total of the differences between the indi-

vidual data points and themean value of all data points. In the present study,

the cases were chronologically ranked from the first to the latest date of

VATS sleeve lobectomy. The CUSUM was used to analyze operation

time. The consecutive procedure outcomes were presented in the CUSUM

chart. CUSUMOT was calculated as follows: CUSUMOT ¼ Pn

i¼0

ðxi �uÞ
where xi and u represent an individual and the mean overall operative

time, respectively, and OT represents operativetime.18,19 Furthermore, we

established a trend line to show the change in the slope of the learning

curve, based on which the inflection points were identified.

Statistical Analysis
Based on the inflection points, we separated the curve into 3 distinct

phases: Phase I, Phase II, and Phase III. A subgroup analysis was conducted

by comparing the perioperative outcomes of 3 periods to assess a potential

learning curve effect. All statistical analyses were carried out with SPSS,

version 22 (IMBCorp, Inc, Armonk, NY). Normally distributed continuous

https://www.jtcvs.org/article/S2666-2507(21)00476-4/fulltext
https://www.jtcvs.org/article/S2666-2507(21)00476-4/fulltext


TABLE 1. Demographic and clinical characteristics of the patients

Parameters

Total

(n ¼ 127)

Phase I

(n ¼ 31)

Phase II

(n ¼ 60)

Phase III

(n ¼ 36)

P value

(Phase I vs II)

P value

(Phase II vs III)

Age, y 63.44 � 8.45 61.30 � 8.46 63.90 � 8.07 64.44 � 8.98 .160 .760

Sex, n (%) .852 .845

Male 104 (81.9%) 25 (80.6%) 49 (81.7%) 30 (83.3%)

Female 23 (18.1%) 6 (19.4%) 11 (18.3%) 6 (16.7%)

BMI 23.61 � 2.57 23.46 � 2.64 23.74 � 2.69 23.51 � 2.37 .642 .673

Smoking history, n (%) .654 .711

Yes 57 (44.9%) 14 (45.2%) 26 (43.3%) 17 (47.2%)

No 70 (55.1%) 17 (54.8%) 34 (56.7%) 19 (52.8%)

CCI .804 .252

0 67 (52.7%) 16 (51.6%) 27 (45.0%) 24 (66.7%)

1 42 (33.1%) 10 (32.2%) 24 (40.0%) 8 (22.2%)

2 10 (7.9%) 3 (9.7%) 5 (8.3%) 2 (5.6%)

3 8 (6.3%) 2 (6.5%) 4 (6.7%) 2 (5.6%)

FEV1 % 77.52 � 8.49 78.63 � 7.73 77.95 � 8.65 75.87 � 8.82 .716 .260

Pathologic stage, n (%) .316 .062

IA 36 (28.3%) 7 (22.6%) 21 (35.0%) 8 (22.2%)

IB 18 (14.2%) 4 (12.9%) 11 (18.3%) 3 (8.3%)

IIA 10 (7.9%) 2 (6.5%) 7 (11.7%) 1 (2.8%)

IIB 24 (18.9%) 8 (25.8%) 8 (13.3%) 8 (22.2%)

IIIA 35 (27.6%) 9 (29.0%) 11 (18.3%) 15 (41.7%)

IIIB 4 (3.1%) 1 (3.2%) 2 (3.3%) 1 (2.8%)

Neoadjuvant chemotherapy, n (%) 14 (11.0%) 4 (12.9%) 6 (10.0%) 4 (11.1%) .635 .863

Adjuvant chemotherapy, n (%) 84 (66.1%) 20 (64.5%) 39 (65.0%) 25 (69.4%) .875 .655

Adjuvant radiotherapy 6 (3.9%) 1 (3.2%) 3 (5.0%) 2 (5.6%) .718 .906

Lesion size, cm 3.41 � 1.94 3.32 � 1.50 3.46 � 2.37 3.39 � 1.46 .769 .876

Resection site .992 .620

LUL 14 (11.1%) 3 (10.0%) 6 (10.0%) 5 (13.9%)

LLL 31 (24.6%) 7 (23.3%) 15 (25.0%) 9 (25.0%)

RUL 42 (33.3%) 10 (33.3%) 18 (28.3%) 14 (38.9%)

RML 4 (3.2%) 1 (3.3%) 2 (3.3%) 1 (2.8%)

RLL 35 (27.8%) 9 (30.0%) 19 (33.3%) 7 (19.4%)

Data are presented as median (interquartile range), mean � SD, or number (percentage). BMI, Body mass index; CCI, Charlson comorbidity index; FEV1%, forced expiratory

volume in 1 second to forced vital capacity ratio; LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe.
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variables were presented as mean � standard deviation and compared by

independent-samples t test. Skewed data were exhibited as median with

interquartile range and analyzed by Mann–Whitney U test. Categoric

variables were exhibited as frequency and proportions and compared

between 2 groups using the c2 test. The overall survival and

recurrence-free survival were evaluated by the Kaplan–Meier method.
RESULTS
Patient Characteristics

Of 127 consecutive VATS sleeve lobectomy performed
between January 2014 and June 2020, 45 (35.4%) were
left sleeve lobectomy, and 81 (63.7%) were right. These
patients consisted of 104 (81.9%) male patients and 23
(19.4%) female patients with a mean age of
63.44 � 8.45 years old. In total, 85.8% of patients
(n ¼ 109) had mild or no comorbidities (Charlson
comorbidity index �1) before the operation. More detailed
patient characteristics are presented in Table 1.
Perioperative Outcomes
The perioperative outcomes of the patients were pre-

sented in Table 2. In the entire series, the median operative
time and blood loss were 170 (140-202) minutes and 100
(50-200) minutes, respectively. Patients stayed a mean of
5.82 � 1.48 days in the hospital after surgery, and their
mean duration of postoperative chest drainage was
4.63 � 1.38 days. Sixteen patients (12.5%) developed
postoperative complications, which were severe (�III
according to the Clavien–Dindo classification) in 10
patients (7.9%). Complications included pneumonia
(n ¼ 16), hemothorax (n ¼ 4), perioperative blood
JTCVS Techniques c Volume 9, Number C 145



TABLE 2. Interphase comparisons of perioperative parameters

Parameters

Total

(n ¼ 127)

Phase I

(n ¼ 31)

Phase II

(n ¼ 60)

Phase III

(n ¼ 36)

P value

(phase I vs II)

P value

(Phase II vs III)

Operative time, min

Median (IQR)

170 (140-202) 194 (173-233) 172 (142-215) 138 (117-164) .019 <.001

Blood loss, ml

Median (IQR)

100 (50-200) 200 (100-238) 100 (50-200) 50 (50-100) .004 .001

LN stations 5.60 � 1.13 5.33 � 1.32 5.47 � 1.10 6.03 � 0.93 .590 .060

LN numbers 13.98 � 5.21 12.97 � 3.49 13.48 � 4.76 14.61 � 5.21 .600 .281

Conversion to open thoracotomy 1 (0.7%) 1 (3.1%) 0 0 .160 1.000

Length of stay, d, mean � SD 5.82 � 1.48 6.60 � 1.13 5.68 � 1.47 5.39 � 1.55 .003 .354

Drainage duration, d, mean � SD 4.63 � 1.38 5.53 � 1.11 4.52 � 1.38 4.08 � 1.25 .001 .127

Clavien–Dindo

� III, n (%)

10 (7.9%) 6 (19.4%) 3 (5.0%) 1 (2.7%) .025 .598

Complications, n (%)

Pneumonia 16 (12.6%) 7 (23.3%) 6 (10.0%) 3 (8.3%) .090 .786

Hemothorax 4 (3.1%) 1 (3.3%) 2 (3.3%) 1 (2.8%) 1.000 .880

Perioperative blood transfusion 8 (6.3%) 4 (13.3%) 3 (5.0%) 1 (2.8%) .164 .406

Chylothorax 3 (2.4%) 2 (6.7%) 1 (1.7%) 0 .213 .436

Bronchopleural fistula 4 (3.1%) 3 (10.0%) 1 (1.7%) 0 .071 .436

Prolonged air leak 9 (7.1%) 4 (13.3%) 3 (5.0%) 2 (5.6%) .164 .906

Empyema 4 (3.1%) 3 (10.0%) 1 (1.7%) 0 .071 .436

Pulmonary embolism 1 (1.7%) 0 1 (1.7%) 0 .477 .436

Recurrence, n (%) 36 (28.3%) 11 (36.7%) 19 (31.7%) 6 (16.7%) .635 .105

Local-regional 19 (15.0%) 6 (20.0%) 11 (13.3%) 2 (5.6%) .849 .077

Distal 17 (13.4%) 5 (16.7%) 8 (13.1%) 4 (11.1%) .672 .750

Data are presented as median (interquartile range), mean (median, interquartile range), or number (percentage). IQR, Interquartile range; LN, lymph node; SD, standard deviation.
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FIGURE 1. The CUSUM curve of operative time; 30 cases were needed

to lay the technical foundation and 90 cases were necessary to achieve

proficiency. Phase I: 1-30 cases, learning phase. Phase II: 31-90 cases,

transition phase. Phase III: 91-126 cases, proficiency phase. CUSUM,

Cumulative sum; OT, operative time.

Thoracic: Lung Cancer Deng et al
transfusion (n¼ 8), chylothorax (n¼ 3), bronchopleural fis-
tula (n¼ 4), and prolonged air leak (n¼ 9). There was 1 pa-
tient (0.8%) in Phase I who was converted to thoracotomy
due to pulmonary artery hemorrhage. One patient (0.8%)
with a history of lower-extremity deep-vein embolism
died of pulmonary embolism although perioperative antico-
agulation management was taken. The overall median
follow-up time of our cohort was 32.4 months. In total, 36
patients (28.3%) experienced the recurrence of the disease,
of whom 19 patients underwent local recurrence and 17 pa-
tients underwent distal recurrence. The overall and
recurrence-free survival are presented in Figure E3.

Cumulative Sum Analysis
The learning curve for the operative time in VATS sleeve

lobectomy is displayed in Figure 1. Based on the trend of
the learning curve, 2 inflection points fell at the 30th case
and the 90th case, respectively. Phase I (n¼ 30, 1-30 cases)
represented the initial experience with the technique. Phase
II (n ¼ 60, 31-90 cases) represented the further improve-
ment of surgical skills. Phase III (n¼ 36, 91-126 cases) rep-
resented that technical proficiency was achieved. A visual
inspection of the CUSUM plot showed that the cumulative
operative time increased in Phase I, hit the plateau in Phase
II, and decreased in Phase III (Figure 1).
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Subgroup Analysis
Comparisons of perioperative parameters are presented

in Table 2. The operative time improved from the median
of 194 (173-233) minutes to 138 (117-164) minutes
(P< .05, all, Figure 2, A). The estimated blood loss was
observed to decrease from the median 200 (100-238) mL
to 50 (50-100) mL (P<.05, all, see Figure 2, B). The length
of postoperative stays improved from the mean of
6.60� 1.13 days to 5.68� 1.47 days from Phase I to Phase
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II (P< .05; Figure 3, A), and the chest drainage duration
reduced from the mean of 5.53 � 1.11 days to
4.52 � 1.38 days from Phase I to Phase II (P < .05;
Figure 3, B).

The rate of severe complications was significantly
reduced from 19.4% to 5.0% after 30 cases were conducted
(P ¼ .025). The primary complication was pneumonia
(n ¼ 16, 12.6%). In Phase I, 4 patients (13.3%) suffered
prolonged air leaks, and 1 patient (3.3%) who experienced
hemothorax required reoperation. Two patients (6.7%)
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Understanding of the learning curve should be profitable
for surgeons aiming to master the surgical approach

Learning curve for video-assisted thoracic surgical sleeve lobectomy

Results

Competency after 30 sleeve lobectomies
Poficiency after 90 sleeve lobectomies

Cusum, cumulative sum; OT, operative time
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(2.8%) suffered hemothorax and 2 patients (5.6%) suffered
prolonged air leaks. No patient presented chylothorax or
bronchopleural fistula. Moreover, the rate of both local
and distal recurrence was decreased, but the difference
was not significant.

DISCUSSION
VATS sleeve lobectomy has been proved to be a safe and

feasible surgical approach for centrally located
diseases.7,20,21 Currently, it is only routinely performed in
high-volume medical institutions owing to its technical
difficulties.22 In the present study, we investigated 127 cases
of VATS sleeve lobectomy by a single surgeon at Shanghai
Pulmonary Hospital to evaluate our learning curve using
CUSUM analysis. Efficacy and proficiency were achieved
after 30 cases and 90 cases, respectively. The learning curve
effects were obvious with significantly improved
perioperative outcomes (Figure 4).

Since the first thoracoscopic sleeve lobectomy was
reported in 2002,23 several studies reported the successful
conduction of this surgical approach in hand of experienced
surgeons.20,21,24-27 Although previous studies had
demonstrated the safety and feasibility of VATS sleeve
lobectomy despite its technical difficulties, none of them
explored the learning phase of this complex procedure.
The analysis in our current study is a valuable supplement
for several reasons. On the one hand, we point out the
time course and caseload required to achieve proficiency
by rendering the learning curve, which is profitable for
future mentorship. On the other hand, we investigate
several measures that could improve perioperative
outcomes during the learning process.
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Onvisual inspection of the CUSUM analysis displayed in
Figure 1, the curve is ascending overall initially. After 30
cases, the curve keeps relatively stable in an interval.
Finally, there is a clear dip at the 90th case (Figure 1).
Hence, we identified 3 phases based on these 2 inflection
points. In Phase I, the operative time 194 (173-233) minutes
was longer than the mean, showing that the surgeon is still
in the learning phase. In Phase II, the operative time 172
(142-215) minutes was close to the average, which meant
that the physician was able to perform the operation
independently with efficacy. While in Phase III, the
operative time 138 (117-164) minutes was significantly
shorter than the average, indicating that proficiency had
been achieved.

Operative time and blood loss are considered major
indexes of surgical proficiency. A significant decrease
concerning operative time and estimated blood loss was
observed in all 3 phases (Figure 2, A). The operative
time and blood loss in Phase III, 138 (117-164) minutes
and 50 (50-100) mL, was shorter than the shortest reported
operative time and blood loss in the series of Li and
Wang,26 165 (120-280) minutes and 150 (50-265 mL),
respectively. Several reasons may explain the improve-
ment. First, bronchial anastomosis, as the most important
part of sleeve lobectomy, is the main step to prolong the
operative time in the initial experience.22 During the oper-
ation, we adopted continuous suture for the both cartilage
and membranous portion, which could smooth the opera-
tion by reducing the winding of stitches. Besides, bleeding
control was more challenging and time-consuming in the
initial cases. However, with the improvements of hand
skills and familiarity with the instruments, we have been
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able to achieve proficient anastomosis and bleeding
control.

In addition, the duration of chest drainage and the length
of hospital stays should also be considered. Patients in
Phase III had significantly faster removal of chest drainage
tubes, 4.08 � 1.25 days, and shorter postoperative stays,
5.39 � 1.55 days (Figure 3). These results were much
shorter than those published by Zhou and colleagues,21

7.5 � 1.7 days and 11.6 � 2.8 days, respectively. This
may not only benefit from the improvement of surgical
skills but also the progress on perioperative management.
We optimized perioperative management by introducing
the concept of enhanced recovery after surgery. Early with-
drawal of electrocardiogram monitoring and activity such
as deep breathing and chest expansion were
recommended to improve postoperative recovery. In
addition, the increasing use of unipotal thoracoscopic
surgery may lead to better short-term surgical outcomes
and faster recovery. However, these values are longer than
those reported by Mahtabifard and colleagues,25 3 (2-6)
days and 3 (2-8) days, respectively. The potential reason
might be that the lesion size in our cohort was larger.

The rate of severe postoperative complications (�III) was
significantly reduced as more cases were performed
(P ¼ .025, Phase I vs II, see Table 2). The most common
complication in our study was pneumonia, which occurred
in 16 patients (12.6%). Bronchopleural fistula and
prolonged air leakwere 2 important factors to reflect the sur-
gical skills of the surgeon. In the present study, there were 4
patients (3.1%) who developed bronchopleural fistula and 9
patients (7.1%) who developed prolonged air leaks. Our
overall results were greater than those in the series of Gao
and colleagues,20 2 patients (5.1%) with pneumonia, 1 pa-
tient (2.6%) with bronchopleural fistula, and 1 patient
(2.6%) with prolonged air leak. The potential reason might
be that we included older patients with aworse percentage of
forced expiratory volume in 1 second, which may result in a
poor recovery after operation. During the operation, we
introduced 2 methods to reduce anastomotic complications.
We adjusted the interval of the suture to compensate for the
size differences between the 2 bronchi28 and prepared an
intercostal pedicle flap to encircle bronchial anastomosis,
which would preserve the continuity of the airway.29,30

Arguments against broadening the adoption of VATS
sleeve lobectomy include the high rate of recurrence.31 In
our study, the rate of both local and distal recurrence was
decreased as more cases were performed, but the difference
was not significant. However, the rate of recurrence in
patients with malignant tumors, 28.6%, was much lower
than reported by Gao and colleagues,20 43.6%, in which
the median follow-up time, 44.0 months, was much longer
than ours, 32.4 months. And the rate of recurrence in Phase
III, of which with more patients of advanced stage should
have been greater than Phase I and Phase II, was inversely
much lower, 17.1%. The potential reason was that we
included patients with benign lesions and the follow-up
time in Phase III is relatively shorter.
Based on our experience, we found several tips that may

help lessen the learning curve of VATS sleeve lobectomy.
Compared with the reconstruction of the second carina on
the left side, right bronchial sleeve resection is usually
easier because the left main bronchus is often hidden in
the rear of the left pulmonary artery. Thus, conducting the
right upper lobe sleeve resection first might be suitable, as
it is the most common sleeve lobectomy. As for the number
of incisions with which to start, there were no fixed stan-
dards. It might be best to determine the operation methods
based on the surgeons’ preference and specialization. Dur-
ing the operation, we improved our suturing technique by
using continuous and interrupted suturing for the membra-
nous and cartilaginous portions of the bronchus, respec-
tively, which resulted in less suture tangling and quick
anastomosis. In addition, we recommend using monofila-
ment absorbable sutures for smooth placement and sliding
of knots rather than nonabsorbable sutures, which would
irritate the airway and cause significant postoperative
cough.32

Although current and previous studies have yielded
promising results, VATS sleeve lobectomy should be
implemented with caution. Before conducting the surgery
efficaciously, surgeons should be experienced and trained
in both open and thoracoscopic surgery techniques.
Bronchial anastomosis, parenchymal resections, and
hemorrhage control are all skills requiring much
experience. Simulations may be able to substitute some of
the case numbers required to achieve proficiency in a
complex operation. Nakada and colleagues33 invented a
3-dimensional printed thoracic model with high fidelity to
improve new surgeons’ cognitive and technical skills.
The introduction of the technique to additional surgeons

within a high-volume center is safe and can be done without
compromising the outcomes. In initial experience,
operation should be under sophisticated supervision to
smooth the process and prevent unnecessary emergency,
while gradually working toward decreasing supervision.

Limitations
There still exist some limitations in our study. First, this

study is a retrospective study, in which the selection bias is
inevitable. Second, the use of data from only one single
surgeon limits the introduction of our results to a general
population of learners. Third, there is no definite evidence
to demonstrate whether different nursing teams, residents,
and fellows for each procedure would impact the learning
curve. In addition, patients who underwent sleeve
lobectomy combined with vascular sleeve resection or other
pulmonary resections would impact the learning curve of
this procedure. Finally, the follow-up time for each patient
JTCVS Techniques c Volume 9, Number C 149
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was uneven, some of which were not long enough to provide
accurate data on survival outcomes. For this study, we
focused on the evaluation of perioperative outcomes; study
end points such as cost containment and quality of life after
operation might be included.
CONCLUSIONS
The study demonstrated the feasibility and safety of

VATS sleeve lobectomy for centrally located lesions.
Efficacy is reached after 30 cases, and proficiency is
achieved after 90 cases. The perioperative outcomes can
be improved as the learning curve develops. Our evaluation
of time courses and caseload required to achieve proficiency
may provide insight into reasonably allocating the resources
during the mentorship and suggesting methods that could
help shorten the learning curve.
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