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Abstract
Purpose  Bronchopleural fistula (BPF) is a serious complication of lung resection. To avoid BPF, the bronchial stump/
anastomotic site is often covered with a flap of surrounding tissue. One risk factor for BPF is radical lung resection after 
induction chemoradiotherapy for lung cancer. We retrospectively reviewed our database to elucidate the characteristics of 
tissue flaps that prevent BPF.
Methods  This retrospective study included 152 patients treated between 1999 and 2019. We examined the clinicopathologi-
cal characteristics, including the type and thickness of the tissue flap used to cover the bronchial stump/anastomotic site, and 
postoperative complications, including BPF.
Results  BPF occurred in 5 patients (3.3%). All 5 patients had complications that could have affected delayed wound heal-
ing, such as pneumonia. The covering tissue flap thickness was significantly greater in patients without BPF than in those 
who developed BPF (p = 0.0290). Additionally, the tissue flap thickness was significantly greater than in those with BPF 
(p = 0.0077), even in high-risk patients who developed pneumonia or radiation pneumonitis on the operative side within 
6 months postoperatively.
Conclusion  Perioperative management is crucial to avoid complications affecting the healing of the bronchial stump/anas-
tomotic site, and the covering tissue flap thickness may be an important factor in avoiding or minimizing BPF.

Keywords  Bronchopleural fistula · Induction chemoradiotherapy · Covering tissue · Non-small cell lung cancer

Introduction

Surgical resection remains the standard therapy for early 
stage non-small cell lung cancer (NSCLC); in Japan during 
2018, lobectomy was performed in 31,365 cases (70% of all 
cases) of primary lung cancer, and bronchopleural fistula 
(BPF) was the fifth most common cause of surgery-related 
death (13 of 270) following interstitial pneumonia, pneumo-
nia, cardiovascular events, and respiratory failure after lung 
cancer surgery [1].

The incidence of BPF is reported to be 1.2–1.6% after 
lobectomy or bilobectomy for lung cancer without preopera-
tive therapy [2, 3]. However, BPF is reported to be associ-
ated with high rates of morbidity (0.8–28%) and mortality 
(18–50%) [2, 3]. Postoperative BPF occurs most frequently 
in patients who undergo right pneumonectomy or right lower 
lobectomy [2, 4, 5], and bronchoplasty is a technical risk 
factor [3]. Generally, prior steroid therapy, diabetes, chronic 
obstructive pulmonary disease (COPD), nutritional status, 
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postoperative mechanical ventilation, and postoperative 
pneumonia are considered to be patient risk factors for BPF 
[2, 3, 6].

For locally advanced NSCLC (LA-NSCLC), induction 
chemoradiotherapy (iCRT) followed by surgery is a thera-
peutic option and is performed by experienced institutions 
worldwide [7]. In our institution, it has been performed since 
1999 [8]. Induction therapy can eradicate systemic microme-
tastases and prevent microresidual cancer cells, leading to 
complete resection [9]. In contrast, iCRT increases the risk 
of subsequent operations because of impairment of the bone 
marrow function and wound healing [8]. In particular, iCRT 
reduces bronchial mucosal blood flow; thus, iCRT is sig-
nificantly associated with the risk of BPF after lung cancer 
surgery [10]. The frequency of BPF after induction chemo-
therapy has been reported to increase from 2.1 to 5.8% if 
radiotherapy is performed concurrently [3, 11]. Radiation 
pneumonitis is characterized by increased infiltration of 
neutrophils and macrophages and enhanced activation of 
proinflammatory and profibrotic cytokines, and is therefore 
associated with tissue fibrosis, atrophy, and vascular injury 
[12, 13]. Late effects of radiation can cause fibrotic small 
vessel disease through radiation vasculopathy [14]; thus, 
radiation pneumonitis might be a risk factor for BPF.

To prevent the reduction of mucosal blood flow at the 
bronchial stump/anastomotic site, care should be taken to 
avoid devascularization of the bronchus during bronchial 
or lymph node dissection [6]. Additionally, the bronchial 
stump/anastomotic site is often covered with omentum, peri-
cardial fat pad, thymus, intercostal muscle, pleura, or other 
tissue [5, 7, 15, 16]. In an animal model, the blood flow of 
the bronchial stump after pneumonectomy was appropriately 
reconstituted by the intercostal muscle flap that covered it, 
relative to a group that did not receive blood supply from the 
surrounding tissue [17]. Thus, it is of importance to cover 
the bronchial stump/anastomotic site with well-vascularized 
tissue, which should help the healing process by providing a 
source of blood and cells that support the formation of gran-
ulation tissue [15, 16]. In a homogeneous cohort of patients 
who underwent pneumonectomy at the same institution over 
a 26 year period, it was reported that covering the bronchial 
stump was a protective factor for BPF [16]. However, the 
characteristics of the covering tissue that are most effective 
in preventing BPF remain controversial [6, 18].

The purpose of this study was to evaluate the incidence of 
postoperative BPF after lung cancer surgery and to identify 
the risk factors associated with BPF. We particularly focused 
on patients who underwent iCRT followed by surgery for 
LA-NSCLC at our institution over the past 21 years. We 
aimed to determine the optimal tissue for covering the bron-
chial stump/anastomotic site as a preventive intervention for 
this complication, considering the relationship between BPF 
and the thickness of the covering tissue.

Methods

Patient selection

This retrospective study was approved by the Ethics Commit-
tee, Okayama University Graduate School of Medicine, Den-
tistry and Pharmaceutical Sciences, and Okayama University 
Hospital, Okayama, Japan (approval number: Eki1055), and 
the requirement for written informed consent was waived. 
Instead, we posted information-disclosing documents with the 
opportunity to opt out of this study on the website of the Eth-
ics Committee, based on the Ethical Guidelines for Medical 
and Biological Research Involving Human Subjects, imple-
mented in Japan in June 2021 [19]. Between 1999 and 2019, 
182 patients with LA-NSCLC underwent radical resection 
after iCRT at Okayama University Hospital. The eighth edi-
tion of the union for international cancer control (UICC) TNM 
staging system for lung cancer [20] was used to determine 
the disease stage and nodal location. The clinical stage was 
determined as previously described [7, 8].

Trimodality therapy

While several chemotherapeutic regimens have been applied, 
cisplatin and docetaxel plus concurrent thoracic radiation 
with a total dose of 40 or 46 Gy is generally used as the basic 
regimen for iCRT in our institution, as described previously 
[21]. The details of the irradiated field for the thorax were 
previously described. Specifically, the original volume encom-
passed the primary tumor site with a 2 cm margin around the 
mass and ipsilateral hilum, as well as the entire mediastinal 
width [21]. After 2015, prophylactic nodal irradiation was not 
performed for non-metastatic subcarinal and ipsilateral hilar 
nodal stations [22]. The surgical procedure was determined 
according to the extent of the disease, and included lobectomy, 
bilobectomy, or pneumonectomy, with complete ipsilateral 
mediastinal and subcarinal nodal dissection.

Data collection

The clinical data for each patient were collected for the follow-
ing variables: age at the time of surgery, sex, histology, pre-
treatment clinical stage, treatment course, operative site, opera-
tive procedures, tissue flap used to cover the bronchial stump/
anastomotic site, and thickness. All patients were observed 
until death or March 1, 2020.

Measurement of the thickness of the covering tissue 
flap

The thickness of the covering tissue at the bronchial stump/
anastomotic site was measured as the shortest vertical 
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distance in the horizontal section of the CT scan. We com-
pared the changes in the thickness of the tissue flap in a 
subset of the cases in which CT scans were performed within 
1 month and 1 year after surgery. Additionally, we compared 
the tissue thickness of the cases with BPF to that of cases 
without BPF using CT scans that were performed within 
6 months after surgery. Furthermore, regarding high-risk 
cases for BPF, such as those with pneumonia or radiation 
pneumonitis on the operative side after surgery, we also 
compared the cases with BPF to cases in which CT was 
performed within 6 months after surgery for the thickness 
of the tissue flap.

Table 1   Characteristics of patients with locally advanced non-small 
cell lung cancer undergoing induction chemoradiation followed 
by surgery with covering of the bronchial stump/anastomotic site 
(n = 152)

SD standard deviation, UICC union for international cancer control
* High-risk for BPF means patients with pneumonia or radiation pneu-
monitis on the operative side within 6 months after surgery

Variables Results

Age (years)
Median (range) 60 (31–79)
Sex
 Male 114 (75%)
 Female 38 (25%)

Histological subtypes
 Adenocarcinoma 85 (55.9%)
 Squamous cell carcinoma 56 (36.8%)
 Others 11 (7.2%)

Pretreatment clinical stage (UICC 8th edition)
 IIA 10 (6.6%)
 IIIA 82 (53.9%)
 IIIB 50 (32.9%)
 IIIC 6 (3.9%)
 IVA 4 (2.6%)

Operative side
 Right 84 (55.3%)
 Left 68 (44.7%)

Suturing technique
 Hand-stitch 58 (38.2%)
 Stapler 94 (61.8%)

Operation
 Lobectomy 110 (72.4%)
 Sleeve lobectomy 17 (11.2%)
 Bilobectomy 14 (9.2%)
 Pneumonectomy 11 (7.2%)

*High-risk for BPF (n = 50)
 Postoperative pneumonia 24 (15.8%)
 Postoperative radiation pneumonitis 26 (17.1%)
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Statistical analyses

All statistical analyses in this study were performed using 
EZR version 1.54 (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan), which is a graphical user 
interface for R version 4.0.3 (The R Foundation for Sta-
tistical Computing, Vienna, Austria) [23]. Specifically, the 
software is a modified version of R commander (version 
2.7-1), designed to add statistical functions frequently used 
in biostatistics. For analyses of continuous values, the t-test 
or Mann–Whitney U test was used. Statistical significance 
was set at p < 0.05.

Results

Patient characteristics

Among 182 patients with LA-NSCLC who underwent radi-
cal resection after iCRT between 1999 and 2019, 30 did 
not undergo a covering procedure. Thus, we reviewed 152 
patients. Table 1 summarizes the patients’ clinical char-
acteristics (male, n = 114; female, n = 38; median age, 60 
[range 31–79] years). Adenocarcinoma was the most com-
mon histological subtype (n = 85; 55.9%). Clinical stage III 
was the most common (stage IIIA, n = 82, 53.9%; stage IIIB, 
n = 50, 32.9%). The right side was operated on in 84 patients 
(55.3%). The bronchial stump/anastomotic site was sutured 
by hand-stitching in 58 cases (38.2%). The surgical approach 
in all cases was open thoracotomy, with lobectomy being the 
most common procedure (110 cases, 72.4%), followed by 
sleeve lobectomy (17 cases, 11.2%), bilobectomy (14 cases, 
9.2%), and pneumonectomy (11 cases, 7.2%).

Tissue flaps used to cover the bronchial stump/
anastomotic site

Supplemental Table 1 summarizes the tissue flaps used to 
cover the bronchial stump/anastomotic site. The following 
tissues were used: pericardial fat pad and/or thymus, n = 102 
(67.1%); omentum, n = 25 (16.4%); intercostal muscle, 

Fig. 1   CT scans of patients in whom the bronchial stump/anastomotic 
site was covered by A intercostal muscle, B omentum, and C pericar-
dial fat pad. The arrow shows the thickness of the tissue flap covering 
the bronchial stump/anastomotic site in the transverse plane on CT 
scans obtained within 1  month (left side) and approximately 1  year 
after surgery (right side). D In the cases in which BPF developed (left 
side: case No.3, right side: case No.5), the thickness of the covering 
tissue were 8.3 mm and 7.7 mm, respectively. E, F In the cases with-
out BPF, irrespective of postoperative E pneumonia and F radiation 
pneumonitis of the operative side (considered to be risk factors for 
BPF), the thickness of the covering tissue was 15.3 and 15.2  mm, 
respectively (left side: mediastinal window setting, right side: lung 
window setting)

▸
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n = 20 (13.2%); both pericardial fat pad and intercostal 
muscle, n = 2; serratus anterior muscle, n = 2; and latissimus 
dorsi muscle, n = 1. The pericardial fat pad and/or thymus 
were collected as pedicled flaps in 101 of the 102 cases. We 
experienced 1 case of gastric outlet obstruction after cover-
ing the omentum, in which gastrojejunostomy was required 
after surgery. Subsequently, gastrostomies and jejunostomies 
were performed at the time of surgery in almost all cases, in 
which the omentum was used to cover the bronchial stump/
anastomotic site. Although we experienced another case in 
which the patient presented with gastric outlet obstruction, 
it was managed conservatively. The choice of covering tis-
sue is usually at the surgeon’s discretion. Recently, however, 
there has been a growing trend in our institution to use of 
pericardial fat pads.

Frequency of BPF and detailed information of each 
case

BPF was observed in 5 patients (3.3%) (Supplemental 
Table 2); however, no significant differences in the fre-
quency of BPF were observed in any of the tissues. Table 2 
shows the detailed information of each case with BPF. Five 
patients underwent right upper sleeve lobectomy with the 
sacrifice of pulmonary artery A6, right middle and lower 
lobectomy, right middle and lower sleeve lobectomy with 
the sacrifice of pulmonary artery A2, right upper and S6 
sleeve lobectomy, and right middle and S6 sleeve lobectomy; 
that is, 4 of 5 cases had bronchial anastomosis. The tissue 
flaps used for covering were the omentum in 2 cases, and 
the intercostal muscle, pericardial fat pad, and pericardial 

fat pad plus thymus in the remaining cases. Each case had 
factors that may have led to BPF. Two cases had the sac-
rifice of the pulmonary artery branch to the spared lobe, 
which we previously reported as a possible risk factor for 
BPF in sleeve lobectomy after iCRT; that is, residual S6 
necrosis associated with the sacrifice of A6 occurred in 1 
case, and organizing pneumonia and hemorrhagic infarction 
had been pathologically demonstrated in the residual upper 
lobe after completion pneumonectomy in another case with 
the sacrifice of A2 [24]. In addition, we had 1 case with low 
nutritional intake because of difficulty in oral intake due 
to the development of esophageal-bronchial fistula during 
iCRT and 2 cases of postoperative pneumonia. Furthermore, 
metastasis in lymph node #7 was found preoperatively in 4 
of 5 cases, and the subcarinal area was included in the irra-
diation field in all 5 cases. After BPF, thoracic fenestration 
was performed in 3 cases, and intrathoracic omentum trans-
position was performed in 2 cases in which the omentum 
was spared for the first surgery. However, 4 of these patients 
died within 3 years after surgery, including 2 who died from 
acute respiratory distress syndrome and bronchovascular fis-
tula that developed after BPF (Supplemental Table 3).

Thickness of the tissue flap used to cover 
the bronchial stump/anastomotic site

We previously encountered a patient with a history of iCRT 
followed by bilobectomy for LA-NSCLC, who developed 
BPF after completion pneumonectomy for recurrence [4]. 
We treated the patient conservatively with N-butyl-2-cy-
anoacrylate under bronchoscopy because the covering 

Fig. 2   The distribution of the thickness of the tissue flaps covering the bronchial stump/anastomotic site at the time of operation (left side) and 
1 year after surgery (right side). We compared the thickness of the intercostal muscle (n = 10), omentum (n = 13), and pericardial fat pad (n = 67)
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tissue was thick, and the fistula was small (Supplemental 
Fig. 1). Therefore, we focused on the thickness of the cov-
ering tissue in this study. We measured the thickness of the 
intercostal muscle, omentum, and pericardial fat pad, which 
are frequently used for covering, in a horizontal CT section 

in the available cases (n = 90) in which CT was performed 
within 1 month (Fig. 1A–C left side) and approximately 
1 year (Fig. 1A–C right side) after surgery. The measure-
ment was the shortest vertical distance of the covered tis-
sue at the bronchial stump/anastomotic site. Figure 2 shows 
the distribution of the thickness of the intercostal muscle 
(n = 10), omentum (n = 13), and pericardial fat pad (n = 67). 
At the time of the operation, there was a significant differ-
ence in tissue thickness among the 3 groups, with the omen-
tum being the thickest. There was no significant difference 
between the intercostal and pericardial fat pads at one year 
after surgery. In the cases that developed BPF, the covering 
tissue appeared to be slightly thin, as shown in (Fig. 1D) 
(cases 3 and 5). In contrast, there were some patients with-
out BPF, irrespective of the presence of postoperative 
pneumonia or radiation pneumonitis on the operative side. 
The covering tissue in these cases appeared to be slightly 
thicker than that in the cases that developed BPF Fig.  (1E, 
F). Thus, we also analyzed the relationship between the 
thickness of the covering tissue and the BPF. As shown in 
(Fig. 3A), when comparing the 127 cases with CT scans 
obtained within 6 months postoperatively, the thickness of 
the covering tissue was significantly greater in cases that 
did not develop BPF (median, 12.1 [range, 4.0–29.2] mm) 
relative to cases that developed BPF (median, median, 8.2 
[range, 5.5–13.0] mm) (p = 0.0290). Furthermore, as shown 
in (Fig. 3B), even among the 50 cases in which BPF did not 
develop, irrespective of the presence of pneumonia or radia-
tion pneumonitis on the operative side within 6 months after 
surgery, the thickness of the covering tissue (median, 12.3 
[range, 6.7–23.8] mm) was abundant relative to the 5 cases 
with BPF (median, 8.2 [range, 5.5–13.0] mm) (p = 0.0077). 
As shown in (Table 3), there were no significant differences 
in perioperative risk factors for BPF between cases with and 
without BPF. However, in BPF cases, squamous cell carci-
noma was histologically predominant, and all cases were 
managed using hand-stitch procedures.

Discussion

We experienced 5 cases (3.3%) of BPF after iCRT followed 
by surgery with the covering procedure that is used at our 
institution. Considering that all of the cases reviewed for 
the present study (n = 152) underwent chemoradiation, our 
results are considered to be in line with previous reports.

One of the reasons for covering the bronchial stump/
anastomotic site is to maintain blood flow and supply vari-
ous anti-inflammatory or angiogenic cytokines, which are 
important for healing of the bronchial stump/anastomotic 
site [17, 25]. For example, the omentum or pericardial fat 
pad delivers angiogenic factors that have been proven to 
improve rapid revascularization of the bronchial stump in 

Fig. 3   The distribution of the thickness of the covering tissue in A 
cases that developed BPF (n = 5) and the others (n = 127), and in B 
cases that developed BPF (n = 5) and high-risk cases without BPF 
(n = 50), in which CT scans were obtained within 6 months postop-
eratively. The thickness of the covering tissue was based on the CT 
scan at the time at which postoperative complications (e.g., BPF, 
pneumonia, etc.) developed
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animal models or in vitro [25–27]. Another reason is that the 
volume of the covering tissue can fill the residual space of 
the thoracic cavity after lung resection. The omentum has a 
higher volume than the other tissues. Therefore, the omen-
tum potentially reduces dead spaces and adheres to relatively 
inaccessible high-risk anastomoses [28]. The omentum can 
also separate the bronchial stump/anastomotic site, mainly 
from the pulmonary artery, which prevents critical broncho-
vascular fistula [5]. In contrast, a free pericardial fat pad can 
remain 6 months after the operation despite the absence of 
blood supply, which may be due to the angiogenic ability 
of the pericardial fat pad [26, 29]. In basic experiments, the 
intensity of neovascularization induced by the pericardial fat 
pad was reported to be the same as that induced by omentum 
[26, 29, 30].

At our institution, no significant difference was observed 
in the incidence of BPF in the covered tissues. However, the 
thickness of the covering tissue tended to be lower in BPF 

cases. In patients who did not develop BPF despite postop-
erative complications, such as pneumonia, thicker tissue was 
used for covering. Regarding the thickness of each covering 
tissue, the omentum was significantly thicker than the peri-
cardial fat pad (p = 0.002) and intercostal muscle (p = 0.01), 
and the pericardial fat pad tended to be thicker than the inter-
costal muscle, although the difference was not significant. 
Even if BPF develops, if the fistula is relatively small and 
the thickness of the covering tissue is sufficient, there is a 
chance for it to be cured because covering tissue of sufficient 
thickness separates it from the pleural cavity, and the blood 
supply of the covering tissue promotes wound healing [5]. 
However, in the 5 cases of BPF that we experienced—no 
matter how rich in blood flow and volume of the covering 
tissue was—BPF may not have been prevented because the 
critical complications described in the results may have a 
negative impact on the healing of the bronchial stump/anas-
tomotic site beyond the healing capability of the covering 

Table 3   Background of patients with locally advanced non-small cell lung cancer undergoing induction chemoradiation followed by surgery 
with coverage of the bronchial stump/anastomotic site according to the presence or absence of BPF

* High-risk for BPF refers to the 50 cases in which the patient did not develop BPF irrespective of pneumonia or radiation pneumonitis on the 
operative side within 6 months after surgery
* Perioperative risk factors for BPF were as follows: prior steroid therapy, diabetes, chronic obstructive pulmonary disease (COPD), nutritional 
status, postoperative mechanical ventilation

Variables With BPF (n = 5) Without BPF (n = 127) p value
*High-risk for BPF (n = 50)

Age (years) 64.8 ± 6.38 60.0 ± 9.25 0.256
60.2 ± 8.70 0.258

Sex
 Male/female 4 (80%)/1 (20%) 95 (74.8%)/32 (25.2%) 1.000

35 (70.0%)/15 (30.0%) 1.000
Smoking history (pack-years)
  < 30/ > 30 0/5 (100.0%) 39 (30.7%)/88 (69.3%) 0.321

19 (38.0%)/31(62.0%) 1.000
Histological subtypes
 Adenocarcinoma/squamous cell 

carcinoma/others
0/4 (80%)/1 (20%) 77 (60.9%)/43 (33.9%)/7 (5.5%) 0.007

27 (54.0%)/22 (44.0%)/1 (2.0%) 0.015
Pretreatment clinical stage (UICC 8th edition)
 IIB/IIIA/IIIB/IIIC/IVA 0/4 (80%)/1 (20%)/0/0 8(6.3%)/69 (54.3%)/40(31.5%)/6 (4.7%)/4 (3.1%) 0.835

5 (10.0%)/26 (52.0%)/16 (32.0%)/1 (2.0%)/2 (4.0%) 0.841
LN metastasis
 N0/N1/N2/N3 0/1 (20%)/4 (80%)/0 14 (11.0%)/22 (17.3%)/80 (63.0%)/11(8.7%) 1.000

5 (10.0%)/9 (18.0%)/34 (68.0%)/2 (4.0%) 1.000
Suturing technique
 Hand-stitch/stapler 5 (100%)/0 44 (34.6%)/83 (65.4%) 0.006

22 (44.0%)/28 (56.0%) 0.023
Perioperative risk factors for BPF*
 None/one risk factor/two or 

more risk factors
3 (60.0%)/1 (20%)/1 (20%) 71 (55.9%)/43 (33.9%)/13 (10.2%) 0.638

33 (66.0%)/13 (26.0%)/4 (8.0%) 0.578
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tissue. In contrast, 1 patient who underwent right upper 
sleeve lobectomy, in which the bronchial anastomotic site 
was probably covered with relatively thick tissue, consider-
ing the findings of the CT scan that was obtained 6 months 
after surgery (Supplemental Fig. 2), did not develop BPF 
despite the presence of pneumonia after the sacrifice of the 
pulmonary artery that should have been preserved, suggest-
ing that thick tissue may contribute to the prevention of BPF. 
It is important to minimize the complications that may affect 
wound healing during the perioperative period, and covering 
the bronchial stump/anastomotic site with thick tissue may 
have a significant preventive effect against the development 
of BPF.

The present study was associated with several limitations. 
First, this was a retrospective study; therefore, the type of 
covering tissue was not randomly assigned. Second, the 
thickness of the covering tissue was examined in the hori-
zontal section of the CT in all cases in the present study; 
however, this may not always reflect the maximum diameter. 
Third, the sample size of this study was relatively small, 
especially for patients with BPF.

In conclusion, complications that affect delayed wound 
healing at the bronchial stump/anastomotic site should 
be avoided to prevent BPF in cases of iCRT followed by 
surgery for LA-NSCLC. However, if such complications 
occur, the thickness of the covering tissue is probably an 
important factor in avoiding or minimizing BPF.
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