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Introduction
Bronchopleural fistula (BPF) is an abnormal 
communication between the trachea, carina, 
bronchus, and pleural cavity. BPF is one of the 
serious complications of pneumonectomy and 
lobectomy with an incidence rate of 1.5–8% and 
a mortality rate of 13.4–67%.1,2 Treatment of 
BPF has improved with advancements in sur-
gery and a broadened understanding of the 
mechanism of bronchial stump healing; how-
ever, BPF is still problematic for thoracic 
surgeons.

Classic surgical methods for BPF treatment 
include thoracic drainage closure, fistula repair, 
omental packing, and thoracoplasty. However, 
some patients experience traumatic shock, which 
is complicated by a high failure rate. Some 
patients are intolerant to a second operation 
because of long-term infection. Stents, tissue 
glue, spring coils, and other materials used in 
fiberoptic bronchoscopy have achieved successful 
fistula closure;3–8 nevertheless, it is impossible to 
treat peripheral BPF (PBPF) beyond the visual 
range of a fiberoptic bronchoscope.
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Abstract
Objectives: Bronchopleural fistula is a serious complication of pneumonectomy and lobectomy 
and results in a reduction in the quality of life of patients. This study aimed to evaluate the 
efficacy and safety of percutaneous drainage tube placement with continuous negative 
pressure drainage for the treatment of peripheral bronchopleural fistula.
Methods: Data of 16 patients with peripheral bronchopleural fistula were retrospectively 
analyzed. A percutaneous thoracic drainage tube was placed under fluoroscopy and connected 
with a negative pressure suction device. The drainage tube was removed when the residual 
cavity disappeared on computed tomography.
Results: All 16 patients underwent lobectomy, including 11 patients with lung cancer (68.8%), 
4 patients with pulmonary infection (25.0%), and 1 patient with hemoptysis (6.3%). All patients 
underwent successful drainage tube placement on the first attempt with a technical success 
rate of 100%. No serious complications occurred during or after the procedure. The drainage 
tubes were adjusted 3.25 ± 2.24 times (range: 1–8 times). A total of 30 drainage tubes were 
used (average per patient, 1.88 ± 1.36 tubes). The cure time of 16 patients was 114.94 ± 101.08 
days (range, 30–354 days). The median drainage tube indwelling duration was 87 days, and the 
75th percentile was 117 days.
Conclusion: Interventional percutaneous thoracic drainage tube placement with continuous 
negative pressure drainage is an effective, safe, and feasible method for the treatment of 
peripheral bronchopleural fistula.
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PBPF is defined as BPF without any obvious air-
way defect detected by bronchoscopy; it frequently 
originates distal to segmental bronchi. It is difficult 
to block the PBPF with an airway stent. According 
to the anatomical and pathological characteristics 
of PBPF, this study adopted an interventional pro-
cedure to treat PBPF in which a thoracic drainage 
tube was placed for continuous negative pressure 
drainage (CNPD) of a residual cavity.

Patients and methods

General information
In this study, we retrospectively analyzed the data 
of patients with PBPF treated by interventional 
percutaneous thoracic drainage tube placement 
and CNPD at our hospital from January 2012 to 
May 2020; the data included medical records, 
imaging data, surgical records, and follow-up 
results. Sex, age, etiology, fistula location, residual 
cavity size, and drainage time were recorded and 
analyzed. The inclusion criteria were as follows: 
(1) symptoms of BPF and diagnosis by chest com-
puted tomography (CT), fiberoptic bronchos-
copy, or bronchography; (2) fistula localized to 
the segmental bronchus, bronchioles, or part of 
the lobar bronchus; and (3) treatment with inter-
ventional percutaneous thoracic placement of the 
drainage tube and CNPD. Patients treated with 
stents, spring coils, or tissue glue were excluded. 
This study was approved by the ethics committee 
of the hospital, and each patient was informed in 
detail and signed a written informed consent form 
before interventional radiology treatment.

Preoperative preparation
Routine bloods, liver and kidney function, electro-
lytes, blood glucose, and coagulation were examined, 
and electrocardiography (ECG), chest CT, and fiber-
optic bronchoscopy were performed before the inter-
ventional procedure. If necessary, transcatheter 
bronchography was performed for location and meas-
urement of both the residual cavity and the fistula. 
Pre-procedure, we actively corrected water and elec-
trolyte disorders, provided nutritional support, and 
facilitated anti-infection and expectorant treatment.

Dyna CT-guided percutaneous thoracic 
puncture and drainage tube placement
Patients were requested to lay on the Dyna CT 
(Artis zeego; Siemens Healthineers, Forchheim, 

Germany) examination table when conscious. 
Oxygen was administered, and ECG monitoring 
was performed. A Dyna CT scan was performed 
to determine the skin puncture point and punc-
ture route. In general, the puncture point should 
be selected on the affected side of the chest wall 
or anterior chest wall as convenient. The skin 
puncture point should be as close to the top of the 
residual cavity as possible to enable the drainage 
tube to be placed from top to bottom (Figure 1).

The puncture site was disinfected, and local anes-
thesia was induced by administration of 2% lido-
caine. Then, an 18G puncture needle was used to 
puncture the residual cavity. Purulent liquid or 
bloody pleural effusion was aspirated, and 3–5 ml 
was used for bacteriology and drug sensitivity 
testing. The Dyna CT images were reexamined 
to confirm that the puncture position and route 
were correct. A 0.035-inch hydrophilic mem-
brane guidewire was introduced through the 
puncture needle, and a multi-lateral hole external 
drainage tube (8.5 F, 10.2 F; Cook Medical, 
Bloomington, Indiana, USA) was introduced 
through exchange. The drainage tube was placed 
at the bottom of the pleural effusion on the 
affected side, and the drainage tube was fixed 
after smooth suction was achieved. The patients 
typically carried a surgical drainage tube. If the 
surgical drainage tube was in the appropriate 
position, another external drainage tube (10.2 F 
or 12 F) was replaced through the guide wire; if 
the percutaneous position of the surgical drainage 
tube was too low, it was necessary to replace the 
interventional drainage tube, and make a thoracic 
puncture and place a second tube under the guid-
ance of Dyna CT.

Postoperative management
Because the fistula did not heal, the air leakage 
was persistent. In order to ensure that the extrac-
tion volume of the residual cavity was greater 
than the leakage volume, the end of the drainage 
tube(s) was connected with the hospital central 
negative pressure system on the wall (pressure 
range, 0.03–0.06 MPa) for 24 h every day for 
CNPD by using a three-way valve, to promote 
residual cavity closure. Expectorant and antibi-
otic treatment were administered (sensitive anti-
biotics were used according to the results of 
bacterial culture and drug sensitivity testing). 
According to laboratory results, patients were 
treated for symptoms by correction of water and 
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electrolyte disorders and by provision of support 
for intravenous nutrition. Patients were observed 
for about 1 week. Chest CT was performed to 
observe a reduction in residual cavity size. If 
necessary, drainage tube angiography was per-
formed under fluoroscopy guidance, and the 
position of the drainage tube was adjusted. In 
order to achieve good patient compliance, a 
portable negative pressure suction device that 
did not restrict patients’ mobility was provided 
for use during the out-of-hospital period. 
Patients attended the hospital for reexamination 
every 2–4 weeks. Chest CT was performed to 
evaluate the nutritional status and the size and 
position of the residual cavity. If necessary, 
drainage tube angiography was performed again, 
and the position of the drainage tube was 
adjusted. The head of the drainage tube was 
always kept at the lowest point of the residual 

cavity. The drainage tube was replaced after 
3 months or it was blocked.

The treatment was considered to be successful (1) if 
there was no effusion or gas in the drainage tube for 
more than 1 week or (2) if chest CT showed residual 
cavity closure. The drainage tube was removed after 
the above criteria were met (Figure 1).

Results
A total of 16 patients (14 males and 2 females) 
aged 18–69 years (mean, 54.8 ± 12.2 years) were 
enrolled in this study (see Table 1). All patients 
underwent lobectomy or sublobar resection, 
including 11 patients with lung cancer (68.8%), 4 
patients with pulmonary infection (25.0%), and 1 
patient with hemoptysis (6.3%). According to the 
onset time, BPF was divided into three types: two 

Figure 1.  A 57-year-old male underwent thoracoscopic right inferior lobectomy. A postoperative pathological 
examination revealed invasive lung adenocarcinoma. Two weeks later, the patient underwent closed thoracic 
drainage for bronchopleural fistula. (a) Chest CT before the interventional procedure showed a large 
encapsulated gas shadow in the right chest and the surgical drainage tube in the right lower chest. (b) After 
82 days of negative pressure drainage, chest CT showed that the abscess cavity had significantly decreased in 
size. (c) After 116 days of negative pressure drainage, chest CT reexamination showed disappearance of the 
pus cavity. (d) Fluoroscopy shows the residual cavity drainage tube inserted by interventional technique. Small 
fistula formation in the stump of the lower right bronchus was shown by tracheography. (e) Eighty-three days 
after drainage tube placement, the pyogenic cavity was significantly smaller. (f) One hundred seventeen days 
after drainage tube placement, the residual cavity disappeared, and the drainage tube was partially retracted.
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cases of early fistula occurred within 1 week after 
surgery; eight cases of intermediate fistula occurred 
within 1 week to 1 month after surgery; and six 
cases of late fistula occurred more than 1 month 
after surgery. In 16 patients, it was confirmed by 
bronchography that the fistulas were located in the 
bronchus rather than the lung parenchyma. The 
fistulas were in the upper right lung in one case, in 
the upper left lung in two cases, in the middle right 
lung in three cases, and in the lower right lung in 
nine cases. There were 2 cases of lobobronchial fis-
tula, 1 case of segmental bronchial fistula, and 13 
cases of bronchiole fistula.

All patients underwent successful drainage tube 
placement under Dyna CT guidance on the first 
attempt with a technical success rate of 100%. No 
serious complications, such as massive hemopty-
sis, hemothorax, and asphyxia, occurred during 
or after puncture. The drainage tubes were 
adjusted 3.25 ± 2.24 times (range: 1–8 times). A 
total of 30 drainage tubes (1.88 ± 1.36 tubes per 
patient) were used, including 12 patients (75.0%) 
with no more than 2 drainage tubes and 4 patients 
(25.0%) with more than 2 drainage tubes.

The average cure time was 114.94 ± 101.08 days 
(range, 30–354 days). The median drainage tube 
indwelling duration was 87 days, and the 75th 
percentile was 117 days. Four patients (25.0%) 
had fistula and residual cavity closure within 
40 days after CNPD. The patient’s symptoms 
disappeared, and they gradually recovered. 
Furthermore, the patients gained weight, and 
quality of life improved significantly. Nine 
patients (56.3%) underwent drainage of 20–80 ml 
of purulent fluid every day within 120 days 
(>40 days). Cough, expectoration, and other 
symptoms disappeared, and closure of the fistula 
and residual cavity was observed. Three patients 
(18.8%) were treated with drainage tube for 120 
days, and the residual cavity was gradually 
reduced. The volume of purulent fluid drained 
was approximately 70–150 ml per day.

Patients usually underwent puncture and place-
ment of interventional drainage tube and CNPD 
treatment was started at the time of first hospitali-
zation. The hospitalization cost is about RMB 
8000, and the hospitalization period is 1–2 weeks. 
Reexamination of CT and adjustment of drainage 
tube were usually carried out in the outpatient 
department, and the cost was about RMB 2000.

Discussion
At present, BPF is treated as follows: drainage 
tube placement to fully drain the residual cavity, 
prevent pus from flowing into healthy lung tissue, 
and prevent aggravation of pulmonary infection; 
fistula blockage to isolate the communication 
between the bronchus and the residual cavity; and 
residual cavity closure. These approaches improve 
quality of life for patients and prolong survival.

Surgical treatments are complex and are associ-
ated with considerable trauma, a high disability 
rate, a high mortality rate (29%), and a high 
recurrence rate (38%).9 As a result, many patients 
do not opt for surgery after a diagnosis of BPF.

There are reports in the literature about non-sur-
gical treatments for BPF, but these methods are 
generally suitable only for small fistulas that are 
less than 1 mm in size.10 These methods for the 
treatment of BPF have the following characteris-
tics: (1) All the procedures are performed under 
fiberoptic bronchoscopy, but enlargement of the 
fistula during the treatment is a common compli-
cation of plugging of the fistula under bronchos-
copy.11 With bronchoscopy, a variety of plugging 
materials (such as stent) and plugging agents can 
be injected into the fistula for plugging, but place-
ment of the stent or Amplatzer device is associ-
ated with problems such as inaccurate positioning 
and inability to observe expansion of the distal 
occluder;12,13 (2) Another characteristic of the 
known BPF treatment methods is that the fistula 
usually heals quickly, but healing of the residual 
cavity is difficult and takes longer. Boudaya et al. 
reported conservative treatment of 17 patients 
with BPF. The patients in their group underwent 
drainage tube placement, povidone-iodine pleu-
ral irrigation, and multiple bronchoscopy proce-
dures with silver nitrate injections into 0.1–0.9 cm 
of the BPFs. This strategy was used to success-
fully close 16 of the 17 BPFs (the fistula size was 
0.1–0.6 cm). Unfortunately, during the 6-month 
follow-up, no relief from empyema occurred in 
any of the patients.14

The application of airway stents to seal the fistula 
under interventional radiology is also an option 
for the treatment of BPF,12,15,16 but the healing of 
the residual cavity is still a problem. Han et  al. 
reported customized and individualized airway 
stent placement under fluoroscopy for BPF treat-
ment. The clinical symptoms of 95.3% of patients 
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were relieved 30 days after treatment; however, 
50.7% of the patients did not achieve closure of 
the residual cavity even after 10 weeks of stent 
placement.16

In the treatment of BPF, closing the fistula is as 
important as closing the residual cavity. PBPF is 
beyond the scope of fiberoptic bronchoscopy 
because it is difficult to determine the location of the 
fistula. In the present cohort, 30% water-soluble 
iodine agent (3–5 ml) was injected through the cath-
eter under bronchography. The bronchography 
accurately depicted the entry of the contrast medium 
into the residual cavity through the small fistula.

Conventional vacuum-assisted closure (VAC) 
involves a special wound drape and a tube con-
nected to an electric pump that applies continu-
ous or intermittent controlled subatmospheric 
pressure to the wound. VAC promotes thoracic 
wound healing by reducing interstitial edema and 
increasing tissue perfusion and oxygenation. It 
can also cause an increase in the amount of gran-
ulation tissue and reduce the colonization of 
anaerobic bacteria. Intrathoracic VAC applica-
tions are mostly described as case reports.17 For 
example, Karapinar et al.18 reported the efficacy 
of VAC in the treatment of six cases of postpneu-
monectomy empyema with open window thora-
costomy that included one case of BPF. Since this 
group of patients cannot tolerate surgery, we used 
CNPD as an interventional radiology method. 
With CNPD, the residual cavity volume is 
reduced until it is closed through the induction of 
negative pressure by ensuring that the extraction 
volume of the residual cavity is greater than the 
air leakage volume.

A closed thoracic drainage tube is usually a rub-
ber tube with a diameter of 8–10 mm that is 
inconvenient to carry. This method is referred to 
as passive drainage. The head of the surgical 
drainage tube is often located above the residual 
cavity, but cannot effectively drain low-level liq-
uid in the residual cavity. The puncture point of 
the interventional drainage tube is the anterior 
chest wall or the lateral chest wall. In the upper-
pole skin of the residual cavity, the head of the 
interventional drainage tube is in the lower pole 
of the residual cavity. CNPD achieves active 
drainage, and the drainage effect is good. With 
the help of regular reexamination according to 
the size of the residual cavity and use of the 
guidewire and catheter technology under 

fluoroscopy, the position of the tube can be 
adjusted or it can be replaced while ensuring that 
the head end of the drainage tube is always at the 
lowest point of the residual cavity. The drainage 
tube can fully and continuously drain the resid-
ual cavity, reduce retention of effusion and gas, 
remove the source of infection, promote expan-
sion of normal lung tissue on the affected side, 
displace the mediastinum, narrow the rib space, 
lift the diaphragm, and accelerate residual cavity 
closure.

The intervention proposed here is simple, and it 
can rapidly improve the symptoms of patients and 
shorten the duration of hospitalization. Follow-up 
reexamination is usually carried out in the outpa-
tient department, and this can further reduce the 
cost to the patients.

Limitations
Our study is limited in that it adopted a retrospec-
tive design with a small sample size; thus, further 
large-sample prospective studies are needed. 
Although this group of patients was cured, they 
were required to carry the drainage tube on their 
person for a long time. This is still an inconven-
ience, so further research is needed to improve 
the healing of the residual cavity and shorten the 
treatment cycle.

Conclusion
In conclusion, CNPD is an effective and safe 
method to treat PBPF through targeting the 
residual cavity. This easy, safe, and economically 
friendly approach can quickly improve symptoms 
and quality of life for patients.
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