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Introduction

Multi-port video-assisted thoracoscopic surgery (M-VATS) 
is the pioneer of minimally invasive approach (MIA) surgery 
for pulmonary resection with a lower complication rate 

than open thoracic surgery (1,2). The pulmonary resection 
approach has become more minimally invasive over the 
years, and nowadays, robot-assisted thoracoscopic surgery 
(RATS) and uniportal video-assisted surgery (U-VATS) 
are widely performed in addition to M-VATS. The safety 
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and efficacy of RATS and U-VATS were similar to those of 
M-VATS (3,4), with an increasing number of surgeries.

MIA has a lower risk of postoperative complications than 
open thoracotomy (5-7), but a characteristic pulmonary 
resection complication of air leakage is experienced 
with MIA. The air leakage incidence is high for pleural-
pulmonary fistulas, but they are often conservatively 
resolved and are rarely fatal. Conversely, broncho-pleural 
fistula (BPF) is unlikely to spontaneously heal and can cause 
fatal conditions by aspiration pneumonia and empyema (8), 
which is a serious complication that requires emergency 
surgical intervention.

This study aimed to investigate the occurrence of BPF in 
MIA in our department and discuss the causes based on the 
case, as well as compare the occurrence of BPF with open 
chest surgery and MIA during the same period. We present 
the following article in accordance with the STROBE 
reporting checklist (available at https://vats.amegroups.
com/article/view/10.21037/vats-22-43/rc).

Methods

RATS lobectomy and U-VATS lobectomy were introduced 
in April  2016 and April  2019 in our department, 
respectively. Indications for MIA include stage I primary 
lung cancer, metastatic lung cancer, and benign diseases. 
Cases of undiagnosed tumors and benign diseases are not 
treated by RATS, and the decision to use uni-port or multi-
port depends on the surgeon, but we have an educational 

program to become proficient in M-VATS before 
performing U-VATS.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethical Review Board for Clinical Studies at 
Osaka University (control number 10026-3) and individual 
consent for 2 patients of case presentation was obtained, but 
other patients for retrospective analysis was waived.

Patients

This study included 680 cases of pulmonary resection 
excluding wedge resection from December 2017 to August 
2022. This study investigated the causative diseases 
classified as primary lung cancer, metastatic lung cancer, or 
benign diseases, such as infection or congenital cysts, and 
the surgical technique, approach. Patients were divided 
into two groups according to the presence or absence of 
BPF, and patient backgrounds were compared; multivariate 
analysis was performed to try to identify risk factors., and 
presence or absence of BPF. Patients resulted in BPF were 
examined for comorbidity, details of the operation and 
postoperative management, and time from surgery to BPF, 
and treatment. 

Surgical procedures

M-VATS was conducted using two windows and one port, 
with the windows located on the anterior axillary line of the 
fourth intercostal space, the posterior axillary line of the 
sixth-seventh intercostal spaces, and the midaxillary line 
of the seventh intercostal space. U-VATS was performed 
through a small 3.5–4-cm incision on the anterior-mid 
axillary line of the fifth intercostal space on both sides. 
RATS was first performed with the DaVinci Surgical 
System Si® (Intuitive Surgical Inc., Sunnyvale, CA, USA), 
but is now conducted with the DaVinci Surgical System 
Xi® with five working ports. Four DaVinci ports are placed 
in the eighth or ninth intercostal space and the others on 
the anterior axillary line of the fourth intercostal space for 
assistance. The bronchus is often cut using a stapler. Staplers 
include Powered Echelon FLEX® (Johnson & Johnson Inc., 
New Brunswick, NJ, USA), SIGNIA® or ENDO GIA® with 
Tri-staple® (Medtronic Inc., Minneapolis, MN, USA), and 
Sureform® (Intuitive Surgical). The stapler and staple height 
depended on the surgeon’s preference. Cases with bronchus 
closure using a suture without a stapler in open chest 
surgery were included. The direction of bronchial dissection 
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was not determined by Sweet’s or Overholt’s method. The 
bronchial stump cover was added by polyglycolic acid 
sheets, free/pedicled subcutaneous or mediastinal fat, and 
intercostal muscle, and the application of fibrin glue to 
prevent BPF in patients at high risk for delayed wound 
healing, such as those with diabetes, the elderly, and with 
steroid administration. Intercostal muscle flaps were not 

used in MIA but only fat pad and polyglycolic acid sheets. 
If BPF occurs, it is not often to monitor by only chest tube 
drainage and bronchoscopic treatment. Fenestration is the 
first procedure to be considered in principle. Then, when 
the cavity becomes clean by gauze drainage, then filling the 
cavity using a muscle and/or omentum is performed.

Statistical analysis

The two groups were compared using Fischer’s exact 
test, with a chi-squared test for categorical variables. 
Multivariate analysis was done using logistic regression 
analysis. Probability values of <0.05 were considered 
significant. Statistical comparisons were not performed in 
MIA because of the small number of BPF cases. BPF and 
non-BPF groups were compared for total pneumonectomy. 
All analyses were performed using the JMP15.0.1 statistical 
software package (SAS Institute Inc., Cary, NC, USA).

Results

This study enrolled 680 cases, including 544 lobectomies 
a n d  b i l o b e c t o m i e s ,  1 2 4  s e g m e n t e c t o m i e s ,  a n d  
12 pneumonectomies. The most common approaches were 
M-VATS in 341 cases, followed by thoracotomy in 218 cases, 
U-VATS in 77 cases, and RATS in 42 cases. Lung cancer 
was the most reported disease. BPF occurred in 8 cases, but 
only 2 were in the MIA group. All 8 patients with BPF had 
covered margins and fibrin glue. Four cases had late onset, as 
well as both MIA cases. All 12 pneumonectomy cases were 
performed coverage the bronchial stumps with pedicled 
autologous tissue. 

The BPF incidence by resection was 0.18% for 
lobectomy, 0.8% for segmentectomy, and 41.7% for 
pneumonectomy, whereas 0.29% for M-VATS, 0% for 
U-VATS, and 2.3% for RATS by surgical approach. The 
most reported diseases were benign at 4.5%, followed by 
metastatic lung cancer at 1.6% and lung cancer at 0.87%. 
BPF were more common in patients with open thoracotomy 
(P=0.0088), pneumonectomy (P<0.0001), or benign 
disease (P=0.029) (Table 1), while pneumonectomy was a 
significant factor in multivariate analysis (P<0.001) (Table 2).  
The incidence of BPF in the 189 patients in the open 
thoracotomy group, which excluded total pneumonectomy, 
was 1.1%, slightly higher than in the MIA group, but there 
was not statistically significant.

BPF due to MIA occurred in 2 patients with RATS 
lobectomy for primary lung cancer and M-VATS right S6 

Table 1 Comparison of the characteristics with and without BPF

Variables BPF (n=8) No BPF (n=672) P value

Sex 0.0762

Male 7 378

Female 1 294

Age (years) 65.2±6.2 67.2±12.3 0.650

Side 0.679

Right 4 385

Left 4 287

Approach 0.0088

Open 6 212

MIA 2 460

M-VATS 1 341

RATS 1 42

Uniportal VATS 0 77

Procedure <0.0001

Pneumonectomy 5 7

Not pneumonectomy 3 665

Bilobectomy 0 10

Lobectomy 2 532

Segmentectomy 1 123

Disease 0.029

Malignant 6 631

Primary lung cancer 6 568

Metastasis 0 63

Benign 2 41

Inflammatory 2 14

No inflammatory 0 27

Data are shown as number or mean ± standard deviation. BPF, 
broncho-pleural fistula; MIA, minimally invasive approach; 
M-VATS, multi-port video-assisted thoracoscopic surgery; 
RATS, robot assisted thoracic surgery.
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segmentectomy for metastatic lung cancer. Six cases resulted 
in BPF in the thoracotomy group. Five used circulation 
support devices, such as artificial cardiopulmonary bypass 
or extracorporeal membrane oxygenation. Four patients 
required long-term mechanical ventilation for >1 week. 
Seven cases of BPF were covered with autologous tissue. 
Fenestration was performed in 7, but the closure the cavity 
was done in only 1 case (Table 3). The BPF group was 
significantly more likely to use mechanical ventilation and 
circulation support devices in pneumonectomy (P=0.045 

each), but without differences in age, gender, disease, 
diabetes mellitus, or presence of immunosuppressive drugs, 
including steroids, and covering of stumps.

BFF occurred in none of lower lobectomy, in which 
of the 97 cases were performed right lower lobectomy, 
which were done by thoracotomy in 32 and MIA in 65. In 
this group, 86 cases (88.5%) were performed covering of 
bronchial stump. Free fat pad was used in 24 cases, pedicled 
fat pad in 3 cases and PGA sheets in 27 cases on MIA.

Discussion

BPF occurs in a certain percentage of patients undergoing 
pulmonary resection and often requires surgical intervention 
because of rare spontaneous healing. Its occurrence is 
more common in right-sided surgery, especially after right 
pneumonectomy, as well as lower lobectomy and middle 
and lower bilobectomy (9). The incidence rate of BPF 
in pneumonectomy is reported as 1.5–8%, with a high 
fatality rate of 13.4–67% (10). The next most common 
type of resection is bilobectomy in 2.2–2.5%, and even less 
frequently by lobectomy in 0.5–3% (11,12). The frequency 
is even lower after segmentectomy at 0–0.3% (13).

BFF occurs more frequently postoperatively in benign 
diseases, such as non-tuberculous mycobacteriosis, 
tuberculosis, and other infectious diseases, with an 
incidence rate of 4.2–27% (14,15), especially high in right 

Table 2 Multivariate analysis of risk factors

Variables Odds ratio (95% CI) P value

Approach

Open 1.02 (0.09–11.5) 0.985

MIA Reference –

Procedure

Pneumonectomy 145.9 (14.5–1,469) <0.001

Not pneumonectomy Reference –

Disease

Benign 3.98 (0.47–33.9) 0.207

Malignant Reference –

MIA, minimally invasive approach. 

Table 3 Details of bronchopleural fistula cases

Case
Age 

(years)
Sex

Primary 
disease

Approach Procedure Comorbidity
Period from 
operation, 

month 
Method

Covering of 
stump

Treatment of 
BPF

1 58 M LC RATS LUL COPD 12 Stapling Free fat Completion 
pneumonectomy

2 71 M LC M-VATS Right S6  
segmentectomy

DM 2 Stapling PGA sheet Fenestration, 
muscle filling

3 59 M Asp Open RUML CS, MV, M 1 Stapling Pedicled fat Fenestration

4 59 F Sarcoma* Open Left pneumonectomy CS, MV 1 Stapling Pedicled fat Fenestration

5 71 M LC Open Right pneumonectomy CS, MV 1 Suturing Pedicled fat Fenestration

6 68 M LC Open Right pneumonectomy M 1.5 Stapling Intercostalis Fenestration

7 63 M LC Open Right pneumonectomy CS 1.5 Suturing Intercostalis Fenestration

8 73 M Asp Open Right pneumonectomy CS, MV, M 1 Suturing Intercostalis Fenestration

*, angiosarcoma of pulmonary artery. LC, lung cancer; Asp, chronic pulmonary aspergillosis; RATS, robot-assisted thoracoscopic surgery; 
M-VATS, multi-port video-assisted thoracoscopic surgery; LUL, left upper lobectomy; RUML, right upper and middle bilobectomy; COPD, 
chronic obstructive pulmonary disease; DM, diabetes mellitus; CS, circulation support including cardiopulmonary bypass or extracorporeal 
membrane oxygenation; MV, mechanical ventilation; M, malnutrition; PGA, polyglycolic acid; BPF, broncho-pleural fistula. 
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pneumonectomy (16). Risk factors besides infection were 
reported, including post-chemoradiotherapy, diabetes 
mellitus, steroid administration, etc. (17). Considerably, 
BPF is caused by prolonged bronchial inflammation and 
bronchial segment ischemia, leading to microvascular injury 
and decreased blood supply from the surrounding tissue.

BPF is few after segmentectomy, but some studies 
reported left upper segmentectomy M-VATS (13) and 
right basal segmentectomy M-VATS (18), in addition to 
S6 segmentectomy M-VATS in our case. These reports 
indicate a BPF incidence on VATS segmentectomy of 
0.2–2.2% (13,18,19). The cause is reported to be silicosis 
of lymph nodes that hardly adhered to the bronchus or 
decreased blood flow from surrounding tissue compared to 
lobectomy.

The BPF incidence in RATS is 0.4–0.6% (20,21) and 
the occurrence is twice as high as in VATS, but the rate is 
not statistically significant, and the risk is similar to that of 

VATS (21).
The BPF incidence in MIA in our cases was similar to 

a previous report. The common feature of our two BPF 
cases in MIA is that they required two stapling procedures, 
but the first case was centrally re-stapled and the second 
was dissected at the subsegmental bronchus level, which is 
different. Case 1 was young and had no specific comorbidity 
other than chronic obstructive pulmonary disease (COPD) 
(Figure 1). Thus, the risk of BPF was probably low, 
considerably because the tension of the stump worked 
strongly since the re-resection was centrally performed in 
an area where the bronchus became more rigid and larger. 
The diameter of the bronchus becomes larger, thereby 
requiring more pressure to close the tissue and the tension 
of the stump will become stronger because the flexibility of 
the bronchus depends on its thickness and length and each 
bronchus has a different diameter and length according 
to its ventilatory area (13). Additionally, the first stapling 

Figure 1 A 53-year-old male patient underwent left upper lobectomy RATS. The possibility of broncho-pulmonary artery fistula was 
considered because of hemosputum, emergency completion pneumonectomy was decided. (A) The initially identified upper bronchus was 
stapled using Sureform® green. (B) However, the upper bronchus on the central side of the stapling line was re-stapled using ENDO GIA® 
black because it was actually B4+5. (C) Chest computed tomography showed a coarse wall near the bronchial segment. (D) Bronchoscopy 
revealed a ruptured upper bronchial stump. RATS, robot-assisted thoracoscopic surgery.

A

C

B

D
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fixed the orientation of the peripheral bronchus and the 
twist of the bronchus was considered to cause the tension 
of the second stapling. Case 2 was a high-risk case because 
of diabetes mellitus and interstitial pneumonia, but we did 
not cover the end of the bronchus with self-tissue because it 
was a segmentectomy (Figure 2). Further, the two stapling 
sites, diabetes mellitus, and prolonged inflammation due 
to postoperative pneumonia may have contributed to 
the decreased blood flow at the bronchial stumps. It is 
considered an additional procedure, such as bronchial 
covering, may be desirable in patients at high risk for 
delayed wound healing even in segmentectomy.

The effectiveness of bronchial stump coverage has been 
reported in a randomized trial with intercostal muscles (22). 
Fat is often used (23) which is said to promote angiogenesis 
and tissue repair of the bronchial stump (24). Besides that, 
many other tissues have been reported to use it (25). In this 
series, BPF did not occur in lower lobectomy, and aggressive 
autologous tissue coverage or PGA sheet with fibrin glue 

may be effective in high-risk patients, even with MIA. 
Although PGA sheet coverage was used in segmentectomy 
and low-risk cases, it may be inferior to autologous tissue 
coverage because BPF occurred in one case. However, we 
believe this simple method is useful especially in cases such 
as lower lobectomy in low-risk patients, the effectiveness 
of the product has not been proven in this series due to the 
selection bias of the attending surgeon. All pneumonectomy 
cases were performed coverage with pedicled autologous 
tissue but developed BPF at a high rate. Seven cases of BPF 
who failed to prevent BPFs were covered with autologous 
tissue. But symptoms caused by BPF-like aspiration 
pneumonia or empyema were not severe in all cases. Hence, 
we could adequately prepare and consider the next plan 
for treatment of BPF. Additionally, no BPF-related deaths 
occurred. The autologous tissue covering cannot completely 
prevent BPF (26) and it is controversial whether all patients 
get advantages from coverage of bronchial stump, and 
which is the ideal tissue to use. But it may be effective in 

A

C D

B

Figure 2 A 73-year-old male patient was performed right S6 segmentectomy by M-VATS. After the fenestration was done, the cavity 
was closed by a filling of the vastus lateralis flap. (A) B6 branched immediately into B6a+b and B6c (B) and was stapled using SIGNIA® 
purple at each subsegmental branch level, resulting in two stumps. (C) Chest CT showed an air space near the bronchial segment, and (D) 
bronchoscopy revealed BPF of both stumps. M-VATS, multi-port video-assisted thoracoscopic surgery; CT, computed tomography; BPF, 
broncho-pleural fistula.
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preventing the symptom caused by large, life-threatening 
fistulas. 

However, BPF occurred at a high rate in thoracotomy, it 
is considered the reason there were many pneumonectomy 
cases who received mechanical ventilation under positive 
pressure and/or a cardiopulmonary support device. The 
number of cases is statistically significant although it was 
small, and the use of an assistive circulatory device and 
ventilatory management loads on a bronchial stump and 
such patients are considered to have a high-risk of BPF, but 
we consider there is no difference in the incidence of BPF 
between approaches.

Fenestration is the standard in principle in our 
institution if BPF occurs, but there have been reports of 
conservative improvement with fibrin glue (27), and closure 
with a stent (28). Although we have little experience with 
such conservative treatment, it is possible that success 
may be expected in the appropriate cases. As for case 1, a 
completion pneumonectomy was done due to the possibility 
of pulmonary artery bronchopleural fistula because of the 
presence of whole blood sputum. Hemoptysis caused by 
BPF has also been reported (29), which is a complication 
with a high mortality rate. 

The limitation of this study is as follows. Is its 
retrospective design with a selection bias by the surgeon 
when he/she decided which approach or method of coverage 
was to be selected. We cannot compare the risk between open 
thoracotomy and MIA in pneumonectomy or right middle 
and lower lobectomy, which are generally associated with a 
high BPF incidence, because these two procedures were not 
performed in MIA in our hospital. In addition, the inability 
of statistical comparisons because of the small number 
of cases. Especially, the statistical analysis is insufficient 
because the comparison after correction by propensity 
score matching could not available. Additionally, this study 
included cases with a short observation period; thus, a follow-
up with the occurrence of late BPF is necessary, as well as the 
accumulation of more experiences in the future.

Conclusions

The most at risk of BPF was pneumonectomy and it was 
considered there was no difference in the frequency of 
BPF between MIA and open thoracotomy. However, the 
incidence rate of BPF was low in MIA, it is possible that 
BPF may occur regardless of approach and procedure. It 
was thought that particular attention should be paid to 
multiple stapling procedures regarding the bronchus. 
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