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Background: Bronchopleural fistula (BPF) is a relatively rare postoperative complication with high
mortality. The management is tough and controversial. The aim of this study was to compare the short and
long-term outcomes between the conservative and the interventional therapy in postoperative BPE. We also
concluded our own strategy and experience of treatment in postoperative BPE.

Methods: Postoperative BPF patients with malignancies, aged from 18 to 80 years old who had undergone
thoracic surgery between June 2011 and June 2020, were included in this study and followed up from
20 months to 10 years. They were retrospectively reviewed and analyzed.

Results: Ninety-two BPF patients were included in this study, 39 of whom underwent interventional
treatment. Significant differences were found in the 28-day and the 90-day survival rates between the
conservative and the interventional therapy (P=0.001, 43.40% vs. 76.92%; P=0.006, 35.85% vs. 66.67%).
Simple conservative therapy was independently associated with 90-day mortality between the groups in
postoperative BPF [P=0.002, hazards ratio (HR) =2.913, 95% confidence interval (CI): 1.480-5.731].
Conclusions: Postoperative BPF is notorious for its high mortality. Surgical and bronchoscopic
interventions are recommendable in postoperative BPF as they guarantee better short and long-term

outcomes compared with the conservative therapy.
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Introduction could reach 70% (1). Surgical procedures, malignancy,
poor nutritional status, neoadjuvant chemoradiation and
diabetes are known as the risk factors of BPF (2). Since the
management of BPF with continuous empyema, and the

Bronchopleural fistula (BPF) is a relatively rare postoperative
complication with high mortality. It is defined as a shunt

between the pleural space and the bronchial tree or the lung following infection remain challenging and controversial,
parenchyma. The incidence ranges from 0.5% to 20% in we try to conclude our own strategy and experience of
different procedures and centers while the mortality rate treatment in postoperative BPE. In this article, we reviewed
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and followed postoperative BPF patients in a high-volume
single center (over 15,000 thoracic procedures per year
and 21,353 thoracic procedures in 2021). We present the
following article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1426/rc).

Methods
Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This
retrospective study was approved by Shanghai Chest
Hospital Clinical Research Ethics Committee (IS2191, 30th
September, 2021). Every patient had signed the individual
informed consents before surgery so that their history and
examination data could be collected and analyzed.

Study design

From June 2011 to June 2020, 73,149 patients underwent
general thoracic surgery in Shanghai Chest Hospital,
Shanghai Jiao Tong University. Among them, 68,953 cases
were non-esophageal thoracic surgery, and the others were
esophageal surgery. All the operations were performed by
well-experienced surgeons who had completed more than
500 thoracic operations.

The BPF was diagnosed according to clinical
manifestation, radiographic imaging, and bronchoscopy.

Highlight box

Key findings

® Survival rates were better in the interventional therapy during the
28-day and the 90-day follow up (P=0.001, 43.40% vs. 76.92%;
P=0.006, 35.85% vs. 66.67%).

What is known and what is new?

* Bronchopleural fistula (BPF) is a relatively rare postoperative
complication with high mortality. The management is tough and
controversial.

*  We reviewed and followed postoperative BPF patients in a high-
volume single center for ten years. Survival rates were better in the
interventional therapy during the 28-day and the 90-day follow up.

What is the implication, and what should change now?

* Surgical and bronchoscopic interventions are recommendable
in BPF as they guarantee better short and long-term outcomes
compared with the conservative therapy.
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The inclusion criteria of our research were BPF patients
with malignancies, aged from 18 to 80 years old.
Transplantation or benign tumor patients were excluded.
All patients were retrospectively analyzed with follow-up
time ranged from 20 months to 10 years by telephone
or outpatient department (Figure S1 and Table S1). All
patients were divided into two groups: the conservative
group and the interventional group. The interventional
group received surgical or bronchoscopic reintervention
besides medication and drainage, while the conservative
group only received conservative medication (antibiotics,
nutrition support), mechanical ventilation and drainage. We
took a retrospective analysis on perioperative and follow-up
data between the two groups. The overall flow chart is
shown in Figure S2.

First surgical technique

The first surgical technique of BPF patients in our study
were as follows: VAT right or left pulmonary lobectomy,
pulmonary sleeve lobectomy, esophageal resection, and
digestive tract reconstruction, tracheal resection and
reconstruction, and pneumonectomy (7zble 1).

Interventional technique

Flexible covered stents by bronchoscopy, partial lung
resection, BPF repair, debridement, amplaza occlusion,
thoracoplasty, repair + flexible covered stent, sleeve
resection + flexible covered stent, debridement + flexible
covered stent were included in interventional treatment
(1able 2). For surgical procedures, pericardium, intercostal
muscle, serratus anterior muscle, or greater omentum were
used for wrapping the fistula.

Statistical analysis

All statistical analyses were performed by SPSS 25.0
software (IBM Corp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM Corp.)
and R language (R Version 4.2.1; CRAN; https://www.
r-project.org/) for windows. The test of homogeneity
variance was used for the determination of quantitative
data distribution. When the distribution of variables was
normal, independent samples Student’s 7-test was used
for comparison of quantitative sizes of two independent
samples and continuous variables were stated as mean
(standard deviation). Non-normally distributed variables
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Table 1 Incidence of BPF in the first operation procedures

BPF No./No. (%)

First operation

VATS right pulmonary lobectomy 39/16,250 (0.24)

VATS left pulmonary lobectomy 8/7,273 (0.11)
Pulmonary sleeve lobectomy 14/7,050 (0.20)

Esophageal resection and digestive tract
reconstruction

18/4,196 (0.43)

Tracheal resection and reconstruction 2/278 (0.72)

Pneumonectomy 11/593 (1.85)

The percentage means the ratio of BPF patients who underwent
this procedure in our study and all patients of this procedure
within 10 years in our center. BPF, bronchopleural fistula; VATS,
video-assisted thoracoscopy.

Table 2 Reintervention of BPF (N=39)

Reintervention surgery Case
Tracheal or bronchial repair 9
Bronchoscopic stent implantation 12
Debridement and drainage 2
Partial lobectomy 10
Sleeve resection + stent implantation 1
Debridement + stent implantation 2
Fistula repair + stent implantation 1
Bronchoscopic Amplatzer implantation 1
Thoracoplasty 1

BPF, bronchopleural fistula.

were presented as median with interquartile range (IQR),
and the Mann-Whitney U test was performed. The
dependent of a categorical variable was evaluated by Chi-
squared (x’) criterion. When marginal observed frequencies
were smaller than 5, Fisher’s exact test was used.

The baseline characters were analyzed by independent
t-test analysis in 92 cases (Table 3). All analyses in our study
were according to the guideline (3). Cox proportional
hazards regression mode was adopted to identify
significantly different factors between the two groups in
the 90-day mortality for postoperative BPFE. Survival was
analyzed by the Kaplan-Meier method and log-rank test.
A P value of less than 0.05 was considered statistically
significant.
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Table 3 Univariable analysis of baseline characteristics of BPF
patients (N=92)

N (%) or x (SD) or median [IQR]
Characteristic

Conservative Interventional

Age (years) 62.98 (8.76)  63.36 (7.27) 0.827

Gender (male) 50 (94.34%) 38 (97.44%) 0.635

Neoadjuvant 3 (5.66%) 2 (5.13%) -
chemotherapy
APACHE Il score 10.58 (4.61) 9.92 (4.45) 0.492
TNM stage 0.286
1 11 (20.75%) 7 (17.95%)
2 13 (24.53%) 14 (35.90%)
3 20 (37.74%) 16 (41.03%)
4 9 (16.98%) 2 (5.13%)
BPF onset (days) 96, 13.5] 11[8,21] 0.895
Intubation duration (days) 2[0.5,7] 11,9] 0.341

Start of intervention (days) 11 [8, 19.5] 16 [10,25] 0.845

Conservative: conservative treatment (n=53). Interventional:
interventional treatment (n=39). BPF, bronchopleural fistula;
APACHE Il score, acute physiology and chronic health
evaluation (acute physiology score, chronic health score and
age); T, tumor; N, regional lymph node; M, metastasis; SD,
standard deviation; IQR, interquartile range.

Results

From June 2011 to June 2020, 103 patients who had
undergone general thoracic surgery were diagnosed as BPF
in Shanghai Chest Hospital. The first surgery procedures are
shown in 7able 1. Incidence of BPF in pulmonary surgery was
0.299% while that of esophageal surgery was 0.43%. There
were no significant differences in baseline characters after
univariable analysis of 92 BPF cases. The patients ranged in
age from 47 to 79 years old, with the mean age of 63.14 (8.12).
Male accounts for 94.74%. The overall mortality of 28- and
90-day were 42.39% and 51.09% respectively. Reintervention
types and case numbers are shown in 7ible 2. There are 39
cases underwent interventional treatment. Among 39 cases,
12 flexible covered stents, 10 partial lung resections, 9 BPF
repairs, 2 debridements, 1 amplaza occlusion, 1 thoracoplasty,
1 repair + flexible covered stent, 1 sleeve resection + flexible
covered stent, and 2 debridements + flexible covered stents
were included.

Univariable analyses of all perioperative characteristics
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Figure 1 Kaplan-Meier curve for 28-day survival outcome of
postoperative BPF between conservative and interventional
treatment (N=92, survival rate for conservative and interventional
treatment are 43.40% and 76.92%). BPE, bronchopleural fistula.

90-day survival
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Figure 2 Kaplan-Meier curve for 90-day survival outcome of
postoperative BPF between conservative and interventional
treatment (N=92, survival rate for conservative and interventional
treatment are 35.85% and 66.67%). BPE, bronchopleural fistula.

in two groups are shown in Table 3. Significant differences
were identified in 28- and 90-day survivals between the
two groups (P=0.001, 43.40% vs. 76.92%; P=0.006, 35.85%
vs. 66.67%). Kaplan-Meier survival curve for 28-day,
90-day, and 5-year survivals is shown in Figures 1-3. Patients
in the interventional group present better survival rate than
that in the conservative group. No significant difference was
found in the 5-year survival rate between the two groups
(P=0.443). As shown in 7able 4, Cox proportional
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5-year survival
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Figure 3 Kaplan-Meier curve for 5-year survival outcome of
postoperative BPF between conservative and interventional
treatment (N=92, survival rate for conservative and interventional
treatment are 5.66% and 0%). BPE, bronchopleural fistula.

hazards regression model analysis confirmed that simple
conservative therapy was independently associated with
postoperative 90-day mortality of BPF (P=0.002, HR
=2.913,95% CI: 1.480-5.731).

Discussion

As is known to all, BPF resulted in continuous air leak.
In our center, BPF was found by continuous air leak for
more than three days after surgery or new onset air leak for
more than 24 hours and then diagnosis was confirmed by
bronchoscopy. All cases in our study were leakage between
pleural and supralobar bronchus. There was no leakage from
parenchyma to pleural which was also called alveoli pleural
fistula in our data. The incidence of postoperative BPF is
about 2-5% in lung cancer and tuberculosis (4-7). BPF
is not a common complication (1,8). However, it remains
challenging and leads to high mortality for a series of
severe and tough consequences. The mortality rate of BPF
ranges from 16% to 72%. In our center, the perioperative
mortality is 42.39%. Besides, short-term (28-day) and
mid-term (90-day) mortality were significantly related to
postoperative BPF. Surgical procedures are the leading
cause of BPF (9,10). As a high volume center, lobectomy
and segmentectomy are the most popular operation for
pulmonary tumor in our center. A meta-analysis showed the
diabetes mellitus was an independent risk factor for BPF (4).

Besides, malignancy, poor nutritional status, neoadjuvant
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Table 4 Cox’s proportional hazards regression model in BPF (n=92)

Wang et al. Long-term follow up for BPF

Variables B S.E. Wals df P HR 95% Cl
Step1® Age -0.001 0.018 0.001 1 0.971 0.999 0.965-1.035
APACHE Il 0.027 0.033 0.664 1 0.415 1.028 0.963-1.097
TNM stage - - 3.700 3 0.296 - -
TNM | -0.812 0.590 1.891 1 0.169 0.444 0.140-1.412
TNMII 0.008 0.488 0.000 1 0.987 1.008 0.387-2.624
TNM III/IV 0.178 0.434 0.168 1 0.682 1.194 0.511-2.794
BPF onset 0.029 0.020 2.241 1 0.134 1.030 0.991-1.070
Start of intervention -0.020 0.019 1.067 1 0.302 0.980 0.944-1.018
Intubation duration -0.008 0.012 0.489 1 0.484 0.992 0.968-1.015
Conservative therapy 1.069 0.345 9.582 1 0.002 2.913 1.480-5.731

?, variable(s) entered on step 1: age, APACHE Il, TNM stage, BPF onset, start of intervention, intubation duration, non-intervention. BPF,
bronchopleural fistula; APACHE Il score, acute physiology and chronic health evaluation (acute physiology score, chronic health score and
age); T, tumor; N, regional lymph node; M, metastasis; B, Regression coefficient; S.E., standard error; Wals, statistics of test; df, degree of

freedom; HR, hazards ratio; 95% Cl, 95% confidence interval.

chemoradiation and surgery played a potential impact on
higher incidence of BPF (2,7,11-13). In the two groups, 41
fistula occurred within 7 days after surgery, 9 occurred after
30 days and the rest occurred between 7 and 30 days in our
study. According to our data, anti-BPF prophylaxis such as
muscle flap or pericardium wrapping were used in tracheal
resection and carina reconstruction or pulmonary sleeve
lobectomy during the first surgery. However, muscle flap,
pericardium and omentum wrapping were regularly used in
the second surgical procedure.

Our diagnosis of BPF is made by a combination
of clinical, radiographic, and bronchoscopic findings.
BPF occurs with a large quantity of sputum, sudden or
progressive hypoxia, change of drainage, continuous
air leakage and extensive pulmonary effusion in X-ray
or CT. It characteristically manifests within two weeks
postoperatively. Persistent air leakage and infection were
associated with mechanical ventilation, prolonged ICU
duration, prolonged hospital stays and higher morbidity
or mortality as well. In our study, whenever related
manifestation came out, surgeons and critical care medicine
physicians confirmed the diagnosis by bronchoscopy.
Although BPF is a life-threatening complication, patients
may get a favorable turn by proper manipulation in
this duration. In our study, there was no difference on
age, APACHE II score, TNM stage, BPF onset, start
of intervention and intubation duration between the
two groups in the Cox’s hazards regression model. That is

© Journal of Thoracic Disease. All rights reserved.

to say, BPF patients were almost in same critical condition
before decisions were carried out.

The location and onset phase of BPF may greatly
influence the types and timing of reintervention (14).
Central BPFs which result from trauma or surgical
procedures are usually bigger with high morbidity and
mortality. Peripheral BPFs are smaller and typically caused
by neoplasms, necrosis, bronchiectasis, or iatrogeny
(4,5,7,15). BPF could also be classified by onset phase
as early (1-7 days), intermediate (8-30 days), and late
(>30 days) (6,8). Endoh et al. (16) showed their omental
flap in treatment of BPE. Han ez a/. (17) reported 148 cases
early stage BPF intervened by covered airway stent. Wang
et al. (18) reviewed their 12 cases mid stage BPF treated
by extra lobectomy. In our center, decisions were carried
out according to the surgeons’ experiences. Central, early
phase and localized BPF underwent tracheal or bronchial
repair or residual lobectomy. Surgical reintervention may be
performed within 48 hours after onset. When BPF patients
performed as a poor clinical status, strategies might be
conservative management rather than surgical intervention.
Nowadays, even for patients with poor status, we choose
trans-bronchoscopy stent to intervene BPF for better airway
management (19,20). Reintervention strategy differed from
person to person. Furthermore, mechanical ventilation and
preoperative pleuropulmonary infection might be correlated
with postoperative BPF (1,12,21,22). We decreased peak
inspiratory pressure (PIP) by using lower tidal volumes,

7 Thorac Dis 2023;15(3):1210-1216 | https://dx.doi.org/10.21037/jtd-22-1426
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lower PEEP, decreasing the inspiratory time, and decreasing
the respiratory rate to improve BPF patients’ ventilation.

As a result of poor clinical status, strategies might be
conservative management rather than surgical intervention.
However, chest drainage, antibiotics, obliteration of residual
pleural cavity might help less. In other words, treatment
might be delayed. Size of fistula and detect of BPF onset
are two critical points for prognosis and management
(6,7,14,21,23,24). Surgical management might not be
feasible in patients with severe hypoxemia or significant
comorbidities. Encouragingly, less invasive new procedures
by bronchoscopic closure is full of potential (9,14,21,23-26).
There is no evidence in the literature regarding the timing
of intervention which could be the key to the favorable
outcome (9). In our study, simple conservative therapy was
independently associated with the 90-day mortality which
means surgical or bronchoscopic intervention played an
essential role in the 90-day survival of postoperative BPE
Moreover, in Kaplan-Meier curve, interventional treatment
presented better outcome than that of conservative
treatment in 28- and 90-day survivals. However, we
found that long-term outcome had less relationship with
postoperative BPE. Long-term outcome may be much more
influenced by tumor or intrinsic disease of patients.

This research has several limitations. First, the patient
population enrolled for analysis was small since BPF is
a rare and high mortality complication. Second, this is
a single-center investigation, although our center has
been one of the high-volume centers of thoracic surgery.
Third, owing to their critical status, the patients in this
study did not undergo full examinations. Finally, as this is
a retrospective study, potential bias from misclassification
could not be completely excluded.

Conclusions

In conclusion, BPF is one of the most critical complications
after general thoracic surgery. Muscle flap or pericardium
wrapping were used in tracheal resection and carina
reconstruction or pulmonary sleeve lobectomy in first
surgery to prevent BPF in our center. In our study, the
interventional group presented better outcome in 28- and
90-day follow up. That is to say, surgical or bronchoscopic
intervention of BPF played important roles in 28- and
90-day outcomes. Surgical and bronchoscopic interventions
are recommendable in postoperative BPF as they guarantee
better short-term and long-term outcomes compared with
the conservative therapy.
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Supplementary

Table S1 Survival rates and median survival time of different treatment groups

Variables All patients (N=92) Conservative (N=53) Interventional (N=39) P value
Survival rates of 28 days (%) 53 (57.61) 23 (43.40) 30 (76.92) 0.005
Survival rates of 90 days (%) 45 (48.91) 19 (35.85) 26 (66.67) 0.015
Survival rates of 5 years (%) 3 (3.26) 3 (5.66) 0 (0.00) 0.407
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Figure S1 Short-term, mid-term and long-term outcomes of

survived postoperative BPF patients’ numbers between the two

groups (N=92).

Patients diagnosed as BPF

(n=103)
Patients excluded (n=11)
* Younger than 18 years old or older
than 80 years old.
Y ¢ Non-malignency

Included BPF patients (n=92)
o VATS right pulmonary lobectomy (n=39)
* VATS left pulmonary lobectomy (n=8)
e Pulmnary sleeve lobectomy (n=14)
* Esophageal resection and digestive tract
reconstruction (n=18)
¢ Tracheal resection and reconstruction (n=2)
* Pneumonectomy (n=11)

!

Patients paired

(n=74)

v

Y

!

e Conservative group (n=37)
e Conservative medication
and drainage

Figure S2 Overall flow chart of this study.
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Interventional goup (n=37)
® Tracheal or bronchial repair (n=8)
* Bronchoscopic stent implantation (n=12)
© Debridement and drainage (n=2)
 Partial lobectomy (n=10)
* Sleeve resection + stent implantation (n=1)
* Debridement + stent implantation (n=1)
e Fistula repair + stent implantation (n=1)
* Bronchoscopic amplaza implantation (n=1)
e Thoracoplasty (n=1)

!

End point
e 28-day survival
* 90-day survival
® 5-year survival
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