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Abstract
Purpose To evaluate the safety and efficacy of new staple-line reinforcement (SLR) in pulmonary resection through a pro-
spective study and to compare the results of this study with historical control data in an exploratory study.
Methods The subjects of this study were 48 patients who underwent thoracoscopic lobectomy. The primary endpoint was 
air leakage from the staple line. The secondary endpoints were the location of air leakage, duration of air leakage, and post-
operative pulmonary complications.
Results The incidence of intraoperative air leakage from the staple line was 6.3%. Three patients had prolonged air leakage 
as a postoperative pulmonary complication. No malfunction was found in patients who underwent SLR with the stapling 
device. When compared with the historical group, the SLR group had a significantly lower incidence of air leakage from 
the staple line (6.3% vs. 28.5%, P < 0.001) and significantly shorter indwelling chest drainage time (P = 0.049) and length 
of hospital stay (P < 0.001).
Conclusions The use of SLR in pulmonary resection was safe and effective. When compared with conventional products, 
SLR could control intraoperative air leakage from the staple line and shorten time needed for indwelling chest drainage and 
the length of hospital stay.
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Introduction

The treatment strategies for lung cancer are based on a com-
prehensive consideration of the histological type, progres-
sion, and patient background, but surgical therapy remains 
the mainstay of lung cancer treatment. Advances in surgical 
technology including minimally invasive thoracic surgery, 
such as video-assisted thoracic surgery (VATS) and robotic 
assisted thoracoscopic surgery (RATS) have improved 
postoperative recovery and the incidence of postoperative 
complications [1, 2]. The incidence of air leakage after pul-
monary resection, one of the most common postoperative 

complications, has decreased with the use of advanced auto-
mated suturing devices and tissue reinforcement material, 
but it remains high [3]. Patients who undergo pulmonary 
resection require the installation of a chest drainage tube 
until the air leakage resolves; therefore, prolonged air leak-
age extends the length of hospital stay and escalates hospi-
talization costs [4, 5]. Conversely, early removal of the chest 
drainage tube promotes faster recovery by reducing pain and 
improving the patients’ respiratory function [6]. Therefore, 
the prevention of postoperative air leakage enables timely 
removal of chest drainage tubes and early rehabilitation; 
thereby, decreasing medical costs.

After pulmonary resection, air leakage may be detected 
in the perivascular, peribronchial, and staple-line areas, and 
is more frequent in patients with fragile lung parenchyma, 
such as those with chronic obstructive pulmonary disease 
(COPD) and interstitial pneumonia. The prevention of air 
leakage from staple lines is likely to depend on device per-
formance; thus, improved devices could contribute to bet-
ter postoperative outcomes. Recently, a new staple-line 
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reinforcement (SLR) device made from synthetic absorb-
able materials used in polyglactin 910 and polydioxanone 
has become available, and is expected to prevent or improve 
postoperative air leakage. However, the safety and efficacy 
of this material in pulmonary resection have not been estab-
lished. We conducted the current study to evaluate the safety 
and efficacy of SLR in pulmonary resection through a pro-
spective study and to compare the results with historical 
control data in an exploratory study.

Methods

The protocol of this single-center, single-arm prospective 
study was established in accordance with the principles stip-
ulated in the Declaration of Helsinki and the research was 
approved by the Clinical Research Area Ethics Committee of 
Kobe University Graduate School of Medicine (#C210021). 
This clinical study is registered in the Japan registry of clini-
cal trials as jRCT1052220008. All study cases were col-
lected from May to December 2022.

This study included patients aged > 20 years who were 
scheduled to undergo lobectomy under VATS or RATS for 
suspected lung malignancies. The exclusion criteria were 
as follows: patients who had undergone previous ipsilateral 
pulmonary resection, patients with complete interlobar fis-
sures of the lung, and patients with pulmonary resection 
larger than one lobe.

Patient information was extracted by physical examina-
tion, medical history taking, respiratory function testing, 
chest X-ray examination, computed tomography (CT) scan, 
and peripheral blood analysis. All preoperative evaluations 
were performed routinely within 56 days before surgery. 

Interlobar fissures were assessed by preoperative chest CT 
scans and based on the intraoperative findings.

SLR

The SLR used in this clinical study was the ECHELON 
ENDOPATH® Staple Line Reinforcement (Ethicon Endo-
Surgery Inc., Cincinnati, OH, USA) (Fig. 1). The SLR has a 
three-layer structure, which includes VICRYL® (polyglac-
tin 910) mesh coated with PDS® (polydioxanone) on both 
sides, attached to conventional staples. The SLR distributes 
tension on the tissue by converting the point tension on the 
needle hole into surface tension. Because the lung is fragile 
tissue, tissue protection is expected not only at the time of 
suturing, but also during lung expansion postoperatively. 
This study utilized the combination of an ENDPATH® 
STAPLER Powered ECHELON FLEX® + GST System 
Plus Long Articulating Endoscopic Liner Cutter compatible 
cartridges (gold 1.8 mm, green 2.0 mm, and black 2.3 mm) 
(Ethicon Endo-Surgery Inc., Cincinnati, OH, USA), in addi-
tion to the bioabsorbable SLR.

Procedure

For patients who met the selection criteria, an automatic 
suture device with a combination of cartridges and SLR 
were used for interlobular fissures. After the removal of 
the pulmonary lobe, a water sealing test was performed at 
pressures of 5, 10, 15, and 20  cmH2O. The presence of air 
leakage from the staple line at each pressure and air leakage 
location were recorded. The air leakage sites were defined as 
follows: at the edges of the staple line, the side of the staple 
line, and the staple line junction. If air leakage occurred 
during evaluation, repair was performed. This study used a 

Fig. 1  Tension is applied to the needle holes in the staple line at the 
time of postoperative inflation of the lungs or excessive inflation with 
coughing. A staple applied without suture-line reinforcement (SLR) 
causes tension at the point of every needle hole (A); however, a sta-

ple applied with SLR applies tension to the staple line on the surface 
evenly and compresses the staple-line softly, resulting in dispersed 
tension on the needle hole (B). Arrow point: tension at the time of 
lung expansion
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conventional three-bottle suction system to evaluate air leak-
age and the chest drainage tube was removed when there was 
no air leakage. The duration of persistent air leakage, the 
time needed for indwelling chest drainage, length of hospital 
stay, and postoperative complications within 30 days after 
surgery were all assessed.

Outcomes

The primary study endpoint was air leakage from the staple 
line during the intraoperative water sealing test. The second-
ary endpoints for efficacy were pressure resistance of the 
SLR, location of the air leakage, and the duration of air leak-
age after surgery. The secondary endpoints for safety were 
prolonged air leakage, pulmonary complications, and any 
other dysfunction of the SLR within 30 days after surgery. 
Prolonged air leakage was defined as persistent air leakage 
for > 5 days after surgery or attempted additional treatments, 
such as pleurodesis or reoperation. Pulmonary complica-
tions included atelectasis, respiratory failure, pneumonia, 
empyema, and bronchopleural fistula.

In addition, the patients were divided into a low (< 70%) 
and a high (≥ 70%) forced expiratory volume in 1 s (FEV1) 
% groups according to the results of the preoperative respira-
tory function test. The primary and efficacy endpoints were 
compared between the two groups.

Historical control and sample size estimation

The purpose of this single-arm prospective study was 
to investigate the efficacy and safety of SLR. However, 
we also plan to conduct a prospective randomized study 
comparing SLR and conventional staples in the future. 
We enrolled 200 consecutive patients who underwent 
pulmonary resection using conventional staples without 
SLR at our institution, who met the same selection cri-
teria as in our study, between September, 2019 and Feb-
ruary, 2021, and analyzed their data. The ENDPATH® 
STAPLER Powered ECHELON FLEX® + GST system 
and Medtronic Signia™ Stapling System (Medtronic plc., 
Dublin, Ireland) were the conventional staples used in the 
historical control group. Based on our findings, 183 and 17 
patients had primary lung cancer and pulmonary metasta-
ses, respectively, 57 (28.5%) of whom had air leakage from 
the staple line. As an historical control using conventional 
products without SLR, we estimated the incidence of air 
leakage between SLR and conventional products based on 
our own experience at this institution. To conduct an exact 
test based on the binomial distribution of the percentage 
of air leakage, using 28.5% as the threshold value and 10% 
as the expected value for the percentage of air leakage 
occurrence for SLR, the following results were obtained 
at a significance level of 2.5% on one side to maintain a 

statistical power of 80%, and 43 cases were needed. There-
fore, the target number of cases was set at 48, to include 
the expected dropout cases.

Monitoring

Monitoring was performed to assess whether the study 
was conducted in accordance with the protocol and the 
data were appropriately collected. The assigned individual 
who was not a researcher in the study reviewed the consent 
form obtained from the participants, medical records, case 
report form of all participating individuals, recorded vid-
eos of the surgeries related to the primary end point and 
created a monitoring report for each patient.

Statistical analysis

The demographic characteristics of the patients are 
expressed as median values with an interquartile range for 
continuous variables and as the frequency and proportion 
for categorical variables. The efficacy and safety of SLR in 
prospective studies were evaluated as follows. The primary 
analysis was done to calculate the incidence and its 95% 
confidence interval (CI) for the primary endpoint (air leak-
age from the staple line) and an exact binomial test with 
the null hypothesis of 28.5% incidence of air leakage from 
staple line was performed at a one-sided 2.5% significance 
level. The secondary endpoints, including the duration of air 
leakage after surgery, time required for indwelling chest tube 
drainage, and length of hospital stay were calculated and 
their median, quartiles, and CI of the median were obtained. 
As a secondary analysis, the patients were divided into low 
(< 70%) and high (≥ 70%) FEV1.0% groups according to 
the respiratory function test and the primary and efficacy 
endpoints were evaluated between the two groups. When 
comparing the results of this exploratory study with those of 
the historical controls, the incidences of air leakage from the 
staple line and intraoperative air leakage were calculated and 
the differences were examined using Fisher’s exact test. The 
median and quartiles for the duration of air leakage after sur-
gery, time required for indwelling chest tube drainage, and 
length of hospital stay were calculated. The differences in 
median values were examined using the Wilcoxon rank-sum 
test. All statistical analyses were conducted with EZR ver-
sion 1.40 (Saitama, Medical Center, Jichi Medical Univer-
sity, Saitama, Japan), a graphical user interface for R (The R 
Foundation for Statistical Computing, Vienna, Austria) [7]. 
A P value of < 0.05 was considered significant and multi-
plicity of tests was not considered. For the secondary end-
points, secondary and exploratory analyses were performed.
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Results

The subjects of the final analysis were 48 of the 63 eli-
gible patients, who met the inclusion criteria (Fig. 2). 
Table 1 summarizes the patients’ characteristics. Fifteen 
patients were excluded from the analysis for the follow-
ing reasons: seven had complete interlobar fissures of 
the lung diagnosed intraoperatively, seven underwent a 
change in surgical procedure as a result of intraoperative 
findings, and one deviated from the preoperative exami-
nation regulations. There were 22 male and 26 female par-
ticipants, with a mean age of 69 years. In total, 25 patients 
presented with a smoking history and 12 had COPD. The 
number of patients undergoing VATS and RATS was 
26 (54.2%) and 22 (45.8%), respectively. There were 41 
(85.4%) patients with primary lung cancer, 5 (10.4%) 
patients with pulmonary metastases, and 1 (2.1%) patient 
with a benign tumor.

Table  2 shows the intraoperative and postoperative 
findings. The incidence of intraoperative air leakage was 
39.6% (19/48), 6.3% (3/48) of which were from the staple 
line. The location of air leakage was the side of the staple 
line at 15 cmH2O in all three patients. Intraoperative air 
leakage from areas other than the side of the staple line 
were from the interlobular fissure dissection plane. Soft 
coagulation and fibrin glue were used as additional man-
agement in 27 (56.3%) and 38 (79.2%) patients, respec-
tively. No malfunction of the SLR or stapling device was 
found. The median duration of air leakage after surgery, 
time required for indwelling chest drainage, and length 
of hospital stay were 0, 2, and 10 days, respectively. The 
only pulmonary complication observed after surgery was 
prolonged air leakage, which was noted in two patients 
(4.2%), with one case resolving spontaneously in 7 days 
and 1 developing air leakage on postoperative day (POD) 

3 and requiring reoperation on POD 11. During reopera-
tion, air leakage from a laceration of the remaining lung 
parenchyma was found but there was no sign of air leakage 
from the staple line. The chest drainage tube was removed 
on POD 13. Table 3 presents the 95% CI and results of 
the comparison of the study findings to those of historical 
controls for the primary endpoints and the 95% CI for the 
secondary endpoints. Air leakage from the staple line was 
significantly less frequent in the study subjects than in the 
historical controls (P = 0.001).

The low (< 70%) and high (≥ 70%) FEV1.0% groups 
comprised 12 (25%) and 36 (75%) patients, respectively. 
Table 4 shows the intraoperative and postoperative find-
ings according to FEV1.0%. There was no significant dif-
ference in the rates of intraoperative air leakage and air 
leakage from the staple line, duration of air leakage after 
surgery, time required for indwelling chest tube drainage, 
and length of hospital stay between the FEV1.0% < 70% and 
FEV1.0% ≥ 70% groups.

Supplemental Table 1 summarizes the clinical character-
istics of the SLR and historical control groups. The historical 
control group had significantly more male patients, those with 
a high smoking pack-year, and those with worse respiratory 
function than the SLR group. Supplemental Table 2 shows 
the intraoperative and postoperative findings of the SLR and 
historical control groups. The SLR group had a significantly 
lower incidence of air leakage from the staple line and a sig-
nificantly shorter time of indwelling chest tube drainage and 
length of hospital stay than the historical control group. Sup-
plemental Table 3 presents the intraoperative and postopera-
tive findings according to gender between the historical control 
and SLR groups. The male and female patients in the SLR 
group had a significantly lower incidence of air leakage from 
the staple line and a significantly shorter length of hospital stay 
than those in the historical control group.

Fig. 2  Flowchart of the patients 
included in this study
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Table 1  Characteristics of the patients

Values are presented as n (%). Continuous variables are presented as 
the median and interquartile range
IQR interquartile range, COPD chronic obstructive pulmonary dis-
ease, VC vital capacity, FEV1.0 forced expiratory volume in 1  s, 
DLCO carbon monoxide diffusing capacity, VATS video-assisted tho-
racic surgery, RATS robot-assisted thoracic surgery

Factors All patients
n = 48

Age
 Median (IQR) 71.5 (64–76.5)

Sex
 Male 22 (45.8)
 Female 26 (54.2)

Smoking history
 Yes 25 (52.1)

Pack year
 Median (IQR) 1.25 (0–32.0)

Comorbidities
 Interstitial pneumonia 2 (4.2)
 COPD 12 (25)
 Diabetes mellitus 5 (10.4)

Preoperative pulmonary function
 VC (L) 2.78 (2.44–3.44)
 FEV1.0 (L) 2.13 (1.90–2.48)
 FEV1.0% 76.7 (70.5–85.7)
 %DLCO 88.2 (81.7–100.0)

Tumor location
 Right upper 19 (39.6)
 Right middle 6 (12.5)
 Right lower 6(12.5)
 Left upper 7 (14.6)
 Left lower 10 (20.8)

Surgical procedure
 VATS 26 (54.2)
 RATS 22 (45.8)

Operation time (min)
 Median (IQR) 170.5 (145.3–199)

Blood loss (ml)
 Median (IQR) 10 (5–10)

Primary lung cancer
 Adenocarcinoma 33 (68.8)
 Squamous cell carcinoma 8 (16.7)

Pulmonary metastases
 Yes 5 (10.4)

Benign tumor
 Yes 2 (4.2)

Tumor size (mm)
 Median (IQR) 27 (15–36.5)

Table 2  Intraoperative and postoperative findings

Values are presented as n (%). Continuous variables are presented as 
the median and interquartile range
IQR interquartile range, staple-line reinforcement

Factors All patients
n = 48

Interlobular fissure using SLR
 Upper–lower 33
 Upper–middle 22
 Middle–lower 9

Number of SLRs
 Upper–lower 47
 Upper–middle 36
 Middle–lower 10

Height of the cartridge
 1.8 mm 20
 2.0 mm 69
 2.3 mm 8

Intraoperative air leakage
 None 29 (60.4)
 Staple line 3 (6.3)
 Others 16 (33.3)

Location of air leakage
 First end of the staple line 0
 Side of the staple line 3 (6.3)
 Later end of the staple line 0
 Staple-line junction 0
 Others 16 (33.3)

Intraoperative management of air leakage
 Soft coagulation 27 (56.3)
 Fibrin glue 38 (79.2)
 Suture of lung parenchyma 0

Malfunction of SLR
 Positive 0

Duration of air leakage after surgery (days)
 Median (IQR) 0 (0–0)

Time of indwelling chest drainage (days)
 Median (IQR) 2 (2–3)

Length of hospital stay (days)
 Median (IQR) 10 (9–12)

Pulmonary complications
 Prolonged air leakage 2 (4.2)
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Discussion

Air leakage is one of the most frequent complications of 
pulmonary resection, with an incidence reported to range 
from 8% to 26% [8]. Various techniques and medical mate-
rials have been used to control intraoperative air leakage. 
A prospective randomized study of patients who under-
went pulmonary resection revealed that fibrin glue and 
fleece-bound sealing reduced the risk of intraoperative and 
postoperative air leakage significantly [9–11]. Similarly, a 
previous study on bioabsorbable polyglycolic acid (PGA) 
sheets found that they were effective in reducing the dura-
tion of prolonged air leakage after pulmonary resection 
[12]. These medical materials are used for intraoperatively 
damaged pulmonary areas other than the staple lines. 
Conversely, buttressed staples have recently emerged as 

a better alternative to staples themselves. Bioabsorbable 
buttressed staples have been applied in various organs, 
including the lungs, to provide additional support to the 
resection line by overlaying the reinforcement on the sta-
ple line [13–15].

A previous retrospective study on the efficacy of PGA 
buttressed staplers showed that the incidence of postopera-
tive air leakage from the staple line for dividing incomplete 
interlobular fissures was significantly lower when PGA but-
tressed staplers (9.6%) were used than when non-buttressed 
staplers (22.4%) were used [16]. Another study found that 
the rate of postoperative air leakage after pulmonary resec-
tion including wedge resection was 7% in patients with but-
tressed staplers [17]. We consider that the advantage of the 
PGA buttress lies in the fact that it directly reinforces around 
the staple hole and inhibits air leakage from the needle hole. 
Our results showed that the incidence of intraoperative air 

Table 3  Primary and secondary endpoints of this study

IQR interquartile range

Outcomes Event Occurrence rate 95%CI threshold P-value Significance level

Primary endpoint
 Intraoperative air leakage 19/48 39.6% 25.8–54.7%
 Air-leakage from the staple line 3/48 6.3% 1.3–17.2% 28.5 0.001 One-sided 0.025

Outcomes n Median (IQR) 95%CI

Secondary endpoints
 Duration of air leakage after surgery (day) 48 0 (0–0) -0.002–0.668
 Time of indwelling chest drainage(day) 48 2 (2–3) 2.000–3.000
 Length of hospital stay(day) 48 10 (9–12) 9.772–11.518

Table 4  Intraoperative and 
postoperative findings according 
to the forced expiratory volume 
in 1 s

Values for categorical variables are presented as n (%) and assessed with the Fisher’s exact test. Variables 
for continuous variables are expressed as the median and interquartile range and were examined using the 
Wilcoxon rank-sum test
FEV1.0 forced expiratory volume in 1 s, IQR interquartile range

Outcomes All patients FEV1.0% < 70% FEV1.0% ≥ 70% P-value
n = 48 n = 12 n = 36

Intraoperative air leakage
 Positive 19 (39.6) 3 (25) 16 (44.4) 0.316
 Negative 29 (60.4) 9 (75) 20 (55.6)

Air leakage from the staple line
 Positive 3 (6.3) 1 (8.3) 2 (5.6) 1.0
 Negative 45 (93.8) 11 (91.7) 34 (94.4)

Duration of air leakage after surgery (days)
 Median (IQR) 0 (0–0) 0 (0–0) 0 (0–0.5) 0.125

Time of indwelling chest drainage (days)
 Median (IQR) 2 (2–3) 2 (2–3) 2 (2–3.25) 0.621

Length of hospital stay (days)
 Median (IQR) 10 (9–12) 10 (9–12) 10 (9–12) 0.932
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leakage from the staple line and from interlobular fissure 
dissection plane was 6.3% (3/48) and 33.3% (16/48), respec-
tively, and that of postoperative prolonged air leakage was 
4.2% (2/48). The occurrence of intraoperative air leakage 
in this study was generally acceptable compared with that 
reported in previous studies.

As shown in Fig. 1, a nonbuttressed staple maintains 
compression of the lung parenchyma in the form of a band 
with a collection of points by the staple needle penetrating 
the tissue, which may cause tension at the needle hole and 
air leakage around the staple line. This SLR has a three-layer 
structure, which is a polyglactin 910 mesh coated with poly-
dioxanone on both sides. A coating of polydioxanone covers 
the coarse mesh of the polyglactin 910, making the SLR a 
soft but tight sheet. Therefore, it applies tension to the staple 
line on the surface evenly and compresses it softly, result-
ing in less tension on the needle hole and resulting in less 
intraoperative air leakage. Long term, SLR takes 17 weeks 
to be absorbed, which is shorter than for PGA buttresses. 
However, SLR shows a significantly greater staple pull-
through force within 14 days in an in vitro solution [18]. 
Moreover, both polyglactin 910 and polydioxanone, which 
are SLR materials, are frequently used for suturing wounds 
and known to have no adverse effects on wound healing [19, 
20]. SLR did not adversely affect wound healing and the 
compressed tissue was partially replaced and infiltrated by 
fibrous tissues. Furthermore, the staple line on the pleural 
aspect was covered by a thin fibrous layer within 120 days of 
in vivo examination [18]. Therefore, SLR effectively reduces 
pressure on the staple line for a sufficient period during a 
sudden increase in peak airway pressures, including cough-
ing or strenuous activity. In fact, there were no cases of lung 
collapse after chest drain removal in our study.

A previous single-arm prospective study focusing on the 
efficiency of variable-height staple technology in pulmonary 
resection described a trend toward a lower incidence of air 
leakage with the use of a cartridge intended for thick tis-
sues [21]. During our study period, we used a higher height 
staple, considering a 0.2 mm thickness of SLR. In all three 
cases of intraoperative air leakage from the staple line, the 
2.0-mm height staple was used for pulmonary resection. 
However, in two of the three cases, air leakage was con-
firmed from the staple hole using SLR in relatively thin lung 
tissues without emphysema. We think that the staple height 
was too high for the tissues used in those cases.

In the present study, we used SLR in all patients who 
underwent lobectomy during the study period, regardless 
of lung frangibility, because there were no previous data on 
the effectiveness of SLR. When compared with the histori-
cal control group, not only were the intraoperative outcomes 
better, but also the time required for indwelling chest tube 
drainage and length of hospital stay were shortened. The 
benefits of using this material may also include reducing 

medical costs. Because SLR is a novel medical material, 
it is necessary to identify which patients would benefit 
more from the application of SLR. In a study comparing 
buttressed and nonbuttressed staple lines in lung volume 
reduction surgery for severe emphysema, the incidence of 
prolonged air leakage was significantly lower when but-
tressed staples were used [22]. A study using the Japanese 
Nationwide Database on lobectomy for primary lung cancer 
found that a preoperative cumulative smoking dose is a risk 
factor for pulmonary complications, including prolonged air 
leakage [23]. We considered COPD and smokers to be good 
candidates for SLR based on the results of the above stud-
ies, and we compared the efficacy of SLR based on the FEV 
of 1.0% in this study, but found no significant difference in 
the intraoperative and postoperative outcomes between the 
FEV1.0% < 70% and FEV1.0% ≥ 70% groups. This indicated 
that SLR was more effective for patients with low pulmonary 
function. Further case accumulation, especially of patients 
with low pulmonary function is required.

The current study had some limitations. First, it was con-
ducted at a single center and the sample size was small, 
although the statistical power was maintained. Second, a 
historical control group was compared with the SLR group. 
Although the inclusion of historical controls is preferred 
based on the previous literature, there were no data on intra-
operative air leakage from the staple line without SLR in the 
previous studies. In a similar report, the incidence of post-
operative air leakage after dividing incomplete interlobular 
fissures with nonbuttressed staplers was 22.4% [16]. This 
value is within the expected proportion of intraoperative air 
leakage from the staple line without SLR in our historical 
control group. Moreover, the historical control and SLR 
groups differed in terms of some characteristics. In accord-
ance with the study protocol, consecutive eligible cases were 
collected. However, the historical control group had a signif-
icantly higher proportion of male patients, those with a high 
smoking pack-year, and those with a lower respiratory func-
tion than the SLR group. The inclusion criteria for the SLR 
and historical control groups were similar and differences 
between these groups can be related to the fact that there 
were more male patients with poor pulmonary function who 
underwent sublobar resection and many could not undergo 
surgery because of advanced-stage disease during the study 
period. In this study, there were only three cases of air leak-
age from the staple line, which is the primary outcome. 
Hence, it was challenging to perform multivariate analysis. 
To address this issue, Supplemental Table 3 examined the 
association between the data in this study and the historical 
control groups by gender. Similar to the results shown in 
Supplement Table 2, air leakage from the staple line and 
the length of hospital stay differed significantly regardless 
of sex. In the future, we plan to conduct a larger prospective 
randomized study to compare SLR with the conventional 
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product. Finally, sublobar resection was not included in this 
study. The efficacy of SLR for wedge resection or segmental 
resection needs to be studied separately.

In conclusion, the incidences of air leakage from the 
staple line and prolonged air leakage were 6.3% and 4.2%, 
respectively, in patients who underwent pulmonary lobec-
tomy with SLR, demonstrating its efficiency. Moreover, 
the safety of using SLR was demonstrated by the fact that 
there was no malfunction in the SLR or stapling device. The 
findings of this pilot study provides some insight into the 
planning of future trials comparing SLR with conventional 
products.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00595- 024- 02798-x.

Acknowledgements Yugo Tanaka received a lecture fee from Johnson 
& Johnson K.K. and Intuitive Surgical G.K. These lectures are not 
associated with this study. None of the other authors have any conflicts 
of interest to disclose.

Funding Open Access funding provided by Kobe University.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Paul S, Sedrakyan A, Chiu YL, Nasar A, Port JL, Lee PC, et al. 
Outcomes after lobectomy using thoracoscopy vs thoracotomy: a 
comparative effectiveness analysis utilizing the Nationwide Inpa-
tient Sample database. Eur J Cardiothorac Surg. 2013;43:813–7.

 2. Dylewski MR, Ohaeto AC, Pereira JF. Pulmonary resection using 
a total endoscopic robotic video-assisted approach. Semin Thorac 
Cardiovasc Surg. 2011;23:36–42.

 3. Droghetti A, Schiavini A, Muriana P, Folloni A, Picarone M, 
Bonadiman C, et al. A prospective randomized trial comparing 
completion technique of fissures for lobectomy: stapler versus 
precision dissection and sealant. J Thorac Cardiovasc Surg. 
2008;136:383–91.

 4. Okereke I, Murthy SC, Alster JM, Blackstone EH, Rice TW. 
Characterization and importance of air leak after lobectomy. Ann 
Thorac Surg. 2005;79:1167–73.

 5. Irshad K, Feldman LS, Chu VF, Dorval JF, Baslaim G, Morin JE. 
Causes of increased length of hospitalization on a general thoracic 
surgery service: a prospective observational study. Can J Surg. 
2002;45:264–8.

 6. Refai M, Brunelli A, Salati M, Xiumè F, Pompili C, Sabbatini 
A. The impact of chest tube removal on pain and pulmonary 
function after pulmonary resection. Eur J Cardiothorac Surg. 
2012;41:820–3.

 7. Kanda Y. Investigation of the freely-available easy-to-use software 
“EZR” (Easy R) for medical statistics. Bone Marrow Transplant. 
2013;48:452–8.

 8. Singhal S, Ferraris VA, Bridges CR, Clough ER, Mitchell JD, 
Fernando HC, et al. Management of alveolar air leaks after pul-
monary resection. Ann Thorac Surg. 2010;89:1327–35.

 9. Fabian T, Federico JA, Ponn RB. Fibrin glue in pulmonary resec-
tion: a prospective, randomized, blinded study. Ann Thorac Surg. 
2003;75:1587–92.

 10. Anegg U, Lindenmann J, Matzi V, Smolle J, Maier A, Smolle-
Jüttner F. Efficiency of fleece-bound sealing (TachoSil) of air 
leaks in lung surgery: a prospective randomised trial. Eur J Car-
diothorac Surg. 2007;31:198–202.

 11. Marta GM, Facciolo F, Ladegaard L, Dienemann H, Csekeo A, 
Rea F, et al. Efficacy and safety of TachoSil versus standard treat-
ment of air leakage after pulmonary lobectomy. Eur J Cardio-
thorac Surg. 2010;38:683–9.

 12. Yano T, Haro A, Shikada Y, Okamoto T, Maruyama R, Maehara 
Y. A unique method for repairing intraoperative pulmonary air 
leakage with both polyglycolic acid sheets and fibrin glue. World 
J Surg. 2012;36:463–7.

 13. Portillo G, Franklin ME Jr. Clinical results using bioabsorb-
able staple-line reinforcement for circular stapler in colorectal 
surgery: a multicenter study. J Laparoendosc Adv Surg Tech A. 
2010;20:323–7.

 14. Jimenez RE, Mavanur A, Macaulay WP. Staple line reinforcement 
reduces postoperative pancreatic stump leak after distal pancrea-
tectomy J Gastrointest Surg. 2007;11:345–9.

 15. de la Portilla F, Zbar AP, Rada R, Vega J, Cisneros N, Maldonado 
VH, et al. Bioabsorbable staple-line reinforcement to reduce sta-
ple-line bleeding in the transection of mesenteric vessels during 
laparoscopic colorectal resection: a pilot study. Tech Coloproctol. 
2006;10:335–8.

 16. Deguchi H, Tomoyasu M, Shigeeda W, Kaneko Y, Kanno H, Saito 
H. Reduction of air leakage using linear staple device with bio-
absorbable polyglycolic acid felt for pulmonary lobectomy. Gen 
Thorac Cardiovasc Surg. 2020;68:266–72.

 17. Lim E, Baste JM, Shackcloth M. Clinical outcomes of pre-
attached reinforced stapler reloads in thoracic surgery: a prospec-
tive case series. J Thorac Dis. 2022;14:2864–73.

 18. Wong JB, Henninger DD, Clymer JW, Ricketts CD, Fryrear RS 
2nd. A novel, easy-to-use staple line reinforcement for surgical 
staplers. Med Devices. 2020;13:23–9.

 19. Breuninger H, Keilbach J, Haaf U. Intracutaneous butterfly suture 
with absorbable synthetic suture material. Technique, tissue reac-
tions, and results. J Dermatol Surg Oncol. 1993;19:607–10.

 20. Parara SM, Manios A, de Bree E, Tosca A, Tsiftsis DD. Sig-
nificant differences in skin irritation by common suture materials 
assessed by a comparative computerized objective method. Plast 
Reconstr Surg. 2011;127:1191–8.

 21. Ito H, Nakayama H. The efficiency and safety of variable-
height staple technology in pulmonary resections. Clin Surg. 
2018;3:2091.

 22. Stammberger U, Klepetko W, Stamatis G, Hamacher J, Schmid 
RA, Wisser W, et al. Buttressing the staple line in lung volume 
reduction surgery: a randomized three-center study. Ann Thorac 
Surg. 2000;70:1820.

 23. Tanaka Y, Yamamoto H, Sato M, Toyooka S, Okada M, Endo 
S, et al. Preoperative cumulative smoking dose on lung cancer 
surgery in a japanese nationwide database. Ann Thorac Surg. 
2022;113:237–43.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00595-024-02798-x
http://creativecommons.org/licenses/by/4.0/

	Safety and efficacy of new staple-line reinforcement in lung resection: a prospective study of 48 patients
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	SLR
	Procedure
	Outcomes
	Historical control and sample size estimation
	Monitoring
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References


