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Background: Lung cancer is one of the most prevalent malignancies worldwide. The number of anatomic 
lung cancer resections performed via video-assisted thoracoscopic surgery (VATS) is growing rapidly. 
Staplers are widely used in VATS procedures, but there is limited clinical data regarding how they might 
affect performance and postoperative outcomes, including air leak. This clinical trial assessed the use of a 
powered stapler in VATS lung resection, with a primary study endpoint being occurrence and duration of air 
leak and prolonged air leak (PAL).
Methods: Data was collected from a single arm, multi-center study in Chinese patients receiving VATS 
wedge resection or lobectomy. Intra-operative data included surgery duration; cartridge selection for 
ligation/transection of bronchus, major vessels, and lung parenchyma; staple line interventions; blood loss; 
and device usage. Post-operative data included air leak assessments, chest tube duration, length of hospital 
stay, and adverse events (AEs).
Results: A total of 94 procedures across four institutions in China were included in the final analysis: 15 
wedge resections, 74 lobectomies, and five wedge resections followed by lobectomies. Post-operative air 
leak occurred in five (5.3%) patients who had lobectomy procedures, with PAL in one (1.1%) patient. Sites 
were generally consistent relative to cartridge use by tissue type. The incidence of stapler firings requiring 
surgical interventions was seven out of 550 (1.3%). Surgeons participating in the study were satisfied with 
the articulation and overall usability of the stapler.
Conclusions: The powered staplers make the VATS procedure easier for the surgeons and have achieved 
intra- and post-operative patient outcomes comparable to those previously reported.
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Introduction

Lung cancer is the leading cause of cancer death in China 
and worldwide, with non-small cell lung cancer (NSCLC) 
being the most prevalent subtype (1). Currently, surgery is 
still the mainstay of treatment for NSCLC, particularly for 
early-stage NSCLC. Surgical treatment of lung cancer can 
be performed by thoracotomy, video-assisted thoracoscopic 
surgery (VATS), or robotic approaches. Adoption of 
VATS has significantly increased since the first procedure 
performed more than 20 years ago (2). Advantages of 
the VATS include: decreased chest tube duration, fewer 
complications, shorter hospital stay, and improved 
patient reported outcomes, including earlier return to full 
preoperative activities and less post-operative pain (3-7).

Stapling devices are important tools widely used in 
VATS surgeries with a low incidence of staple associated 
complications (5,8). Prolonged air leak (PAL) is a common 
complication after pulmonary resection and is associated 
with increased hospital length of stay (LOS) after lung 
resection surgery (9). Estimates for PAL in VATS 
procedures generally range from 10–15% (9-11).

This clinical trial assessed the use of a powered stapler 
in VATS lung resection. The primary study endpoint was 
occurrence and duration of air leak and PAL. Procedure 
details and perioperative outcomes associated with VATS 
lung resections were also evaluated, including degree of 
articulation, cartridge selection, and how differences in 
these aspects might affect intra-operative performance and 
post-operative outcomes.

Methods

Data reported is from a single arm, multi-center, 
prospective study in Chinese patients scheduled for wedge 
resection or lobectomy (www.clinicaltrials.gov identifier 
NCT02338583). The study was sized with the intent of 
controlling the margin of error for the 95% confidence 
interval of PAL air leak to less than or equal to 5%.

Following institutional review board approval at each 
participating site, patients ≥18 years who met study entry 
criteria, scheduled for VATS wedge resection or lobectomy, 
and provided informed consent were enrolled in this 
study. VATS technique was defined as the use of a video 
thoracoscope without rib spreading and monitor-based 
dissection. Indications for surgery included any diagnostic 
VATS wedge resection or lobectomy for suspected NSCLC 
(up to and including stage II using AJCC 7th Edition Lung 

Cancer Staging criteria). Procedures were limited to a single 
lobe; diagnostic VATS wedge resections that immediately 
preceded VATS lobectomy were also included. The use 
of robotic assistance or staple line buttress was excluded. 
Patients providing informed consent were required to meet 
the following inclusion criteria for participation: ECOG 
status 0–1; American Society of Anesthesiologists (ASA) 
physical status classification ≤3; and no prior history of 
lung surgery. Individuals were excluded for active bacterial 
or fungal infections; systemic administration of steroids 
within 30 days prior to study procedure; or chemotherapy/
radiation therapy for cancer within 30 days prior to the 
procedure. The study utilized the Echelon FlexTM Powered 
ENDOPATH® Stapler (Ethicon, Cincinnati, USA) along with 
compatible cartridges: gray (closed staple height, 0.75 mm), 
white (1.0 mm), blue (1.5 mm), gold (1.8 mm), green (2.0 mm), 
and black (2.3 mm). Procedures were performed according to 
institution standard of care between 26 November 2014 and 
01 April 2015.

Intra-operative data collected included procedure 
duration; method of ligation/transection for bronchus, 
major  vesse ls ,  and lung parenchyma;  s taple  l ine 
interventions; blood loss; and device usage (articulation, 
cartridge use, and study device usability).

At the end of each surgery, a chest tube was placed to 
evacuate fluid and/or air from the pleural cavity and help re-
establish normal intrathoracic physiology. All sites observed 
and treated air leak via a water seal chest drainage device per 
standard of care. Air leaks were qualitatively evaluated and 
described twice daily by a single surgeon. The observer would 
first observe the water seal during the patient’s spontaneous 
respirations. The patient was then asked to cough forcefully 
3 to 5 times. If an air leak occurred, bubbling in the water 
seal chamber would be present and described as expiratory, 
inspiratory, continuous (both expiratory and inspiratory) or 
forced expiratory (cough). PALs were defined as those lasting 
longer than 5 days. Patients were followed post-operatively 
for approximately 4 weeks.

Post-operative data collected included air leak assessments, 
chest tube duration, hospital course, and adverse events (AEs). 
Data were collected using a centralized electronic data capture 
system and routinely monitored throughout the study.

Categorical variables were reported as counts and 
percentages; continuous variables were reported as mean, 
standard deviation, median, minimum, and maximum. The 
incidence rate of postoperative air leaks was estimated with 
95% confidence intervals using the exact binomial method 
of Clopper and Pearson.
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Results

A total of 100 consecutive patients were enrolled (procedure 
initiated) across four centers in China. Three patients 
were excluded from the final analysis due to conversion to 
open surgery. Three additional patients were excluded for 
protocol exclusions [segmentectomy (2) and mediastinal 
tumor resection]. There were 94 procedures included in the 
final analysis: 15 wedge resections, 74 lobectomies, and five 
wedge resections followed by lobectomy.

The study cohort included 56 (59.6%) men and 38 (40.4%) 
women with a mean (SD) age of 56.2 (9.13) years. All 
patients were Asian; baseline characteristics of the patients 
are summarized in Table 1. Of the 92 patients diagnosed with 
NSCLC, 89.1% had TNM stage I disease. Percent-predicted 
FEV1 scores averaged 90.2% (18.6%). Less than half (39.4%) 
of the patients (5.3% women, 62.5% men) were smokers; 
none had a medical history of emphysema or chronic 
obstructive pulmonary disease (COPD).

Operative details are shown in Table 2. Mean ± SD time for 
wedge resections (1.1±0.5 h), was less than half of the time for 
lobectomies (2.4±1.0 h). Mean blood loss was 53.9 mL (range, 
0–400 mL). An intra-operative air leak test was performed in 
89 procedures and no intra-operative leakage was reported.

Sites were generally consistent relative to cartridge use. 
The white cartridge was used for all but two pulmonary 
artery transections (98.1%), and all but one pulmonary 
vein transections (98.8%). Cartridge selection was variable 

for parenchyma transection, with the green cartridge used 
most frequently for wedge resections (37.5%) and the blue 
cartridge most frequently in lobectomies (56.3%). Gold 
and white cartridges were also utilized for parenchymal 
transections. The green cartridge was used most often for 
bronchus transections (93.3%).

Surgical interventions required after stapler firings were 
recorded for all tissue types transected. In summary, there 
were no interventions required for bronchus transection 
out of 60 firings recorded. Six patients required cautery for 
seven occurrences of bleeding out of 550 total stapler firings 
(1.3%) on parenchyma and vasculature. Among them, two 
(0.7%) were reported on parenchyma (297 firings). Both 
parenchymal interventions occurred during wedge resection 
procedures when the green cartridges were used. Cautery for 
bleeding was applied during two occurrences of pulmonary 
vein transection (2.4%) and three occurrences of pulmonary 
artery transection (2.4%). All vessel interventions occurred 
when the white cartridges were used.

Device-specific data presented in Table 3 includes 
articulation and surgeon satisfaction with the usability of 
the device. There were 66 procedures in which articulation 
of staplers were applied. Articulation was described by the 
surgeons as “making the procedure easier” in 98.5% and 
“essential” in 83.3% of the firings. This increased to 
100% for wedge resection procedures or wedge resection 
followed by lobectomy. Angle range of the device was 

Table 1 Baseline characteristics

Variable Overall (n=94) Wedge resection (n=15) Lobectomy (n=74) Wedge resection, lobectomy (n=5)

Age (years)

Mean (SD) 56.2 (9.13) 53.1 (11.85) 56.9 (8.74) 56.2 (3.11)

Minimum, maximum 27, 75 29, 72 27, 75 51, 59

Gender, n (%)

Male 56 (59.6) 12 (80.0) 42 (56.8) 2 (40.0)

Female 38 (40.4) 3 (20.0) 32 (43.2) 3 (60.0)

FEV1 (% predicted)

n 92 15 72 5

Mean (SD) 90.2 (18.56) 90.3 (17.91) 90.2 (18.07) 89.6 (30.38)

Minimum, maximum 42, 128 47, 121 49, 128 42, 119

NSCLC, n (%)

Stage IA 66 (70.2) 12 (80.0) 49 (66.2) 5 (100.0)

Stage IB 16 (17.0) 1 (6.7) 15 (20.3) 0

Stage IIA 7 (7.4) 0 7 (9.5) 0

Stage IIB 3 (3.2) 0 3 (4.1) 0
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reported as sufficient in 86.8% of the firings. Surgeons 
were also asked to complete a satisfaction questionnaire 
to rate usability of the study device on a scale of 1.0 (very 
unsatisfied) to 10.0 (very satisfied). The average (SD) 
usability satisfaction score was 9.0 (1.2).

Post-operative information, provided in Table 4, includes 
chest tube placement and occurrences of air leak. A single 
chest tube was placed for most wedge resection procedures 
(86.7%) while two chest tubes were more frequently placed 
during lobectomies (67.1%). As the study investigators did 
not have access to a chest drainage system with an air leak 
monitor, air leak assessments were performed qualitatively. 
Post-operative air leak occurred in five (5.3%) patients 
(lobectomies). PAL occurred in one (1.1%) patient who 
had a lobectomy and single chest tube. The duration was 
reported as 6 days. For this study, LOS was defined as the 

duration of postoperative hospitalization. Median LOS was 
7.0 days (range, 3–18 days).

All patients enrolled who had a study procedure (n=100) 
were followed for safety. AEs after surgery, summarized in 
Table 5 as subject count per event, were reported regardless of 
the relationship to the study device or procedure. Apart from 
air leaks, which are reported separately, a total of 31 AEs were 
reported in 25 (25.0%) patients. Most events were respiratory 
in nature, with cough reported most frequently (nine patients).

Discussion

In this study of VATS wedge resection or lobectomy 
performed with powered staplers, we analyzed the intra-
operative performance and post-operative complications 
related to the device. Using powered staplers, VATS wedge 

Table 2 Operative details

Variable Total (n=94) Wedge resection (n=15) Lobectomy (n=74) Wedge resection, lobectomy (n=5)

Operative time (h)

n 93 15 73 5

Mean (SD) 2.2 (1.05) 1.1 (0.54) 2.4 (0.98) 3.1 (0.99)

Estimated blood loss (mL)

Mean (SD) 53.9 (57.05) 15.7 (13.07) 60.5 (60.34) 70.0 (44.72)

Median (minimum, maximum) 50.0 (0, 400) 10.0 (0, 50)  50.0 (0, 400) 100.0 (0, 100)

Cartridge use (firings)

Bronchus (%)

Blue 3 (5.0) – 3 (5.2) –

Gold 1 (1.7) – 1 (1.7) –

Green 56 (93.3) – 54 (93.1) 2 (100.0)

Pulmonary vein (%)

White 82 (98.8) – 78 (98.7) 4 (100.0)

Blue 1 (1.2) – 1 (1.3) –

Pulmonary artery (%)

White 106 (98.1) – 100 (98.0) 6 (100.0)

Blue 1 (0.9) – 1 (1.0) –

Green 1 (0.9) – 1 (1.0) –

Parenchyma (%)

White 21 (7.1) 2 (4.2) 19 (8.3) –

Blue 149 (50.2) 12 (25.0) 129 (56.3) 8 (40.0)

Gold 53 (17.8) 16 (33.3) 37 (16.2) –

Green 74 (24.9) 18 (37.5) 44 (19.2) 12 (60.0)

Other (%)

Blue 2 (100.0) – 2 (100.0) –
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Table 3 Device information

Surgery type, variable Bronchus Parenchyma Pulmonary vein Pulmonary artery Other

Wedge resection

Number stapler firings (N) – 48 – – –

Number interventions (n) – 2 – – –

Rate of interventions (n/N) – 0.040 – – –

Lobectomy

Number stapler firings (N) 58 229 79 102 2

Number interventions (n) – – 2 3 –

Rate of interventions (n/N) – – 0.025 0.029 –

Wedge resection, lobectomy

Number stapler firings (N) 2 20 4 6 –

Number interventions (n) – – – – –

Rate of interventions (n/N) – – – – –

Total

Number stapler firings (N) 60 297 83 108 2

Number interventions (n) – 2 2 3 –

Rate of interventions (n/N) – 0.007 0.024 0.028 –

Table 4 Postoperative details

Variable Total (n=94) Wedge resection (n=15) Lobectomy (n=74) Wedge resection, lobectomy (n=5)

Chest tube placement (%)

1 39/94 (41.5) 13/15 (86.7) 25/74 (33.8) 1/5 (20.0)

2 55/94 (58.5) 2/15 (13.3) 49/74 (66.2) 4/5 (80.0)

Chest tube duration summary

Mean (SD) 5.5 (3.06) 3.5 (1.64) 5.8 (3.13) 6.0 (3.54)

Any air leak

Yes (%) 5/94 (5.3) 0/15 (0.0) 5/74 (6.8) 0/5 (0.0)

95% exact CI (1.7%, 12.0%) (0.0%, 21.8%) (2.2%, 15.1%) (0.0%, 52.2%)

Prolonged air leak (>5 days)

Yes (%) 1/94 (1.1) 0/15 (0.0) 1/74 (1.4) 0/5 (0.0)

95% exact CI (0.0%, 5.8%) (0.0%, 21.8%) (0.0%, 7.3%) (0.0%, 52.2%)

Duration of air leak, n (% total population)

No leak 89/94 (94.7) 15/15 (100.0) 69/74 (93.2) 5/5 (100.0)

>0 to ≤1 day 2/94 (2.1) 0/15 (0.0) 2/74 (2.7) 0/5 (0.0)

>1 to ≤5 days 2/94 (2.1) 0/15 (0.0) 2/74 (2.7) 0/5 (0.0)

>5 to ≤7 days 1/94 (1.1) 0/15 (0.0) 1/74 (1.4) 0/5 (0.0)

>7 days 0/94 (0.0) 0/15 (0.0) 0/74 (0.0) 0/5 (0.0)

Duration of leak (days)

Median (minimum, maximum) 0.0 (0, 6)  0.0 (0, 0) 0.0 (0, 6) 0.0 (0, 0)

Length of stay (days) 

N 93 15 73 5

Median (minimum, maximum) 7.0 (3.0, 18.0) 5.0 (3.0, 13.0) 8.0 (3.0, 18.0) 12.0 (4.0, 14.0)
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resections and lobectomies were completed in 1.1±0.5 and 
2.4±1.0 h (mean ± SD), respectively, with an average blood 
loss of 53.9 mL. No intra-operative air leakage was found. 
The incidence of surgical interventions (cautery) needed 
after stapler firing was 1.3%. There was a 5.3% incidence of 
post-operative air leak, and one (1.1%) case of PAL among 
the 94 patients enrolled, all following lobectomies, which is 
comparable with the studies of Chinese patients receiving 
lung resections (12-15).

Surgeon choice of cartridge for tissue transection with 
the study endocutter was generally consistent across sites. 
Based on the study results, it appears that most surgeons 
were matching cartridge to tissue type for vasculature, 
parenchyma, and bronchus. Surgeons participating in the 
study were generally satisfied with the articulation and overall 
usability of the stapler, reporting that it made the VATS 
surgery easier and sometimes essential. The study endocutter 
and reloads were consistently reliable across transections.

Limitations of this study include the lack of a comparison 
control stapler. Also, while this study is of moderate size (94 

VATS procedures), it is not sufficient to perform predictive 
modeling for relevant factors of PAL.

Conclusions

The use of powered staplers in this study achieved intra- 
and post-operative patient outcomes comparable to those 
previously reported. VATS technique, including cartridge 
selection to tissue type, was also consistent. In addition, the 
articulation of the powered stapler makes the procedure 
easier for the surgeons.
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Table 5 Adverse event summary

Adverse events Total events (n=100) Wedge resection (n=17) Lobectomy (n=74)
Wedge resection, 

lobectomy (n=5)

Thoracic disorder (events, % subjects, 

excludes air leak)

Cough 9 (9.0) 0 (0.0) 9 (11.5) 0 (0.0)

Dyspnoea 1 (1.0) 1 (5.9) 0 (0.0) 0 (0.0)

Hydrothorax 1 (1.0) 0 (0.0) 1 (1.3) 0 (0.0)

Pleural adhesion 2 (2.0) 0 (0.0) 2 (2.6) 0 (0.0)

Pleural effusion 2 (2.0) 1 (5.9) 0 (0.0) 1 (20.0)

Pneumothorax 1 (1.0) 0 (0.0) 1 (1.3) 0 (0.0)

Infections and infestations (%)

Infection 1 (1.0) 0 (0.0) 1 (1.3) 0 (0.0)

Lung infection 1 (1.0) 1 (5.9) 0 (0.0) 0 (0.0)

Pneumonia 1 (1.0) 0 (0.0) 1 (1.3) 0 (0.0)

Upper respiratory tract infection 1 (1.0) 0 (0.0) 1 (1.3) 0 (0.0)

Other disorders (%)

Chest discomfort 1 (1.0) 0 (0.0) 1 (1.3) 0 (0.0)

Constipation 1 (1.0) 0 (0.0) 1 (1.3) 0 (0.0)

Lymphadenopathy 1 (1.0) 0 (0.0) 1 (1.3) 0 (0.0)

Musculoskeletal chest pain 1 (1.0) 0 (0.0) 1 (1.3) 0 (0.0)

Pneumatosis 2 (2.0) 0 (0.0) 2 (2.6) 0 (0.0)

Pyrexia 4 (4.0) 2 (11.8) 2 (2.6) 0 (0.0)

Subcutaneous emphysema 1 (1.0) 0 (0.0) 1 (1.3) 0 (0.0)
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