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Introduction

The development of peripheral bronchopleural fistulae 
(BPF) may be a serious complication of necrotizing 
pneumonia, and its treatment has been a challenge for 
thoracic surgeons. Although methods such as noninvasive 
bronchoscopy and surgery are available, they are not always 
successful and may not be appropriate for all patients. Here 
we describe a novel retrograde bronchial sealing technique 
using pieces of Gore-Tex graft material for multiple 
peripheral BPF in a 62-year-old man.

Case presentation

A very thin 62-year-old man was admitted after coughing 
up a large amount of purulent sputum and developing 
high fever. Chest radiography and computed tomography 

revealed necrotizing pneumonia in the left lower lobe. The 
patient had been diagnosed with Moyamoya disease and 
Buerger’s disease that included complicated claudication of 
the bilateral lower limbs 10 years ago. The causative factor 
for the necrotizing pneumonia was identified as Klebsiella 
pneumoniae, and the patient was successfully treated with 
antibiotics. However, he developed chronic peripheral BPF 
with recurrent empyema. Blood examination showed a 
hemoglobin concentration of 12.1 g/dL, white blood cell 
count of 10.2×103/mm3, and platelet count of 106×103/μL.  
Chest radiography (Figure 1) and CT showed two BPF 
and localized empyema with thickened pleura. Chest tube 
drainage and repeated chemical pleurodesis were ineffective. 

We could not consider bronchoscopic intervention 
because of the high risk of ischemic insult that could lead 
to brain damage in association with Moyamoya disease 
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and the presence of two relatively large BPF. The patient 
had briefly exhibited mental alterations during his first 
bronchoscopic procedure, and this was considered a sign 
of transient brain ischemic events that are generally caused 

by hyperventilation in patients with Moyamoya disease. 
Moreover, we could not resect the left lower lobe because 
of poor pulmonary function test results and severe pleural 
adhesion. Therefore, we performed decortication and 
primary suturing of the fistulae using fibrin glue and a 
pedicled intercostal muscle flap after precluding the use of 
a weak abdominal mesentery flap. However, the procedure 
failed to resolve the massive air leakage associated with BPF.

After 7 days, the recurrent pleural infection was 
controlled, and we decided to perform retrograde bronchial 
obstruction. We created a limited thoracotomy and 
performed aggressive debridement with irrigation. The two 
BPF were detected by a saline test. The diameter of these 
fistulae was 3.5-4 mm as measured by a gauged vascular 
guide. We rolled up small pieces of Gore-Tex (2 mm) and 
inserted them into the opened bronchus after BPF dilation 
using a vascular guide. The Gore-Tex plugs were fixed by 
deep sutures with 3-0 Prolene (Figure 2). Finally, the site 
was covered by the previously used intercostal muscle flap 
after confirmation of a negative saline test.

Immediately after surgery, the air leakage ceased. The 
patient’s postoperative course was uneventful, and he was 
discharged 7 days after the second surgery, at 81 days of 
hospitalization. Follow-up chest radiographs obtained  

Figure 1 Chest X-ray shows an empyema cavity with a chest tube 
in left thorax.

Figure 2 Peripheral bronchopleural fistulas (BPFs) were sealed by using Gore Tex plugs. (A) Under a thoracotomy, localized decortication 
and debridement demonstrated 2 peripheral BPFs (arrows); (B) an artificial plug was a roll which was made with a small piece of Gore Tex 
graft; (C) the BPFs were sealed by a retrograde insertion of Gore Tex plugs (arrows) which were fixed by 4-0 prolene sutures at bronchus 
and surrounding parenchyma.
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8 months later showed a small amount of pleural effusion 
with no evidence of recurrent BPF (Figure 3).

Discussion

We reported a case involving a 62-year-old man with 
multiple peripheral BPF as a complication of necrotizing 
pneumonia and described a novel retrograde bronchial 
sealing technique using pieces of Gore-Tex graft material 
for fistula repair. To the best of our knowledge, this is 
the first case treated by retrograde intrabronchial sealing 
of peripheral BPF using Gore-Tex plugs. BPF are a 
serious complication of necrotizing pneumonia, which 
is characterized by extensive parenchymal necrosis with 
fulminant pulmonary infection. The fistulae can be treated 
by surgery in select patients with progressive sepsis or 
simply controlled by antibiotic therapy when accompanied 
by empyema (1,2). In the present case, necrotizing 
pneumonia was controlled and stabilized with long-term 
antibiotic therapy; however multiple peripheral BPF 
with localized recurrent empyema developed soon after 
treatment. A retrospective radiology study demonstrated 
that lung abscess/necrotizing pneumonia, bronchiectasis, 
trauma, and malignancy are possible causes of peripheral 
BPF, and that surgical intervention should be used for 
patients with BPF that are visible on chest CT (3). 

The management of empyema associated with BPF is 
a challenge for thoracic surgeons. The global treatment 
strategy for this complication is well known and comprises 
a three-pronged approach involving management of the 
fistula, pleural drainage, and antibiotic therapy. Treatment 
plans must consider the disease status, size and shape of the 
fistulae, and surgical feasibility. If a conservative approach 
is ruled out, the most important key to successful treatment 
is complete sealing of the fistulae. Several methods have 
been described for successful BPF sealing, including 
endobronchial interventions and surgery (1,4). 

A number of case series and reports have described the 
use of one-way endobronchial valves for the treatment of 
BPF that develop after spontaneous pneumothorax, lung 
resection, and suppurative lung disease. In the largest 
reported series (40 patients), 93% patients experienced 
a decrease in air leakage, with 48% exhibiting complete 
resolution (5). For peripheral BPF, good outcomes have 
been reported with the use of bronchoscopic interventions 
using a sealing material such as fibrin glue, coils, or 
endobronchial valves. However, repeated procedures with 
or without simultaneous surgery for management of the 
empyema cavity may be required (6). Our patient was 
considered inappropriate for repetitive bronchoscopic 
procedures because of two relatively large peripheral BPF 
and Moyamoya disease (7). 

Figure 3 (A) Chest radiograph of 8 months postoperatively showed resolution of pneumothorax and empyema with pleural change; (B) chest 
computed tomography revealed the sealed peripheral BPFs by Gore Tex plugs (arrows).
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Various surgical methods for BPF closure have been 
reported, including resection, resuturing, restapling, fibrin 
glue application, the use of a bovine pericardial patch that 
may be frequently accompanied by the use of a pedicled 
omental or muscle flap, and even thoracoplasty for closure 
of an infected pleural space (6,8). The first surgery for 
our patient involved the use of sutures, fibrin glue, and an 
intercostal muscle flap; however, this may be inadequate 
to resist expiratory bronchial pressure, particularly during 
coughing. 

If the empyema accompanying BPF does not resolve 
despite all efforts, critical complications may arise in 
association with the long-term use of a chest tube or open 
drainage (9).

Because the pulmonary function of our patient was not 
sufficient to permit resection, and because suturing and 
fibrin glue application with a pedicled muscle flap failed to 
stop air leakage, we considered a new method to seal the 
multiple BPF. The Gore-Tex patch is a well-known artificial 
graft with lesser reactivity in the human body compared 
with that of other materials. However, it may aggravate 
pleural inflammation as a foreign body, similar to a bovine 
pericardium. We believed that intrabronchial plugs were 
less likely to aggravate the infection in our patient because 
the major portion of the plugs would be located within 
the bronchus, not the parenchyma. The plugs, fabricated 
by rolling Gore-Tex pieces, were required to remain stiff 
without any internal gaps, considering they would be 
tightly inserted along the course of small fistulae with 
thin elastic walls and seal them completely. Unfortunately, 
plugs fabricated from biological bovine pericardium do not 
exhibit these properties. The intercostal muscle flap used 
in the first surgery was used to cover the exposed Gore-Tex 
plugs in our patient. In addition, we sufficiently debrided 
the infected tissue in the pleural space, and consequently 
administered antibiotics to purify the drainage through a 
chest tube. Fortunately, empyema did not recur.

A similar bronchoscopy-guided technique using oxidized 
regenerated cellulose patch and fibrin glue was recently 
reported (10). This technique is considered suitable for 
large postoperative BPF without empyema that occur in 
the lobar or intermediate bronchus after major pulmonary 
resection surgeries. The location of the BPF enables the 
surgeon to apply the cellulose patch and inject fibrin glue 
into the bronchial wall for anchoring the patch. However, 
our patient exhibited two peripheral BPF accompanied 
by empyema that developed in subsegmental bronchi as 
complications of necrotizing pneumonia. As opposed to 

the cellulose patch used in the previous study, we employed 
retrograde insertion of peg-shaped plugs into the exposed 
fistulae to achieve complete surgical closure.

In conclusion, the findings from this case suggest that 
the retrograde sealing technique using Gore-Tex plugs for 
peripheral BPF with empyema is an effective alternative for 
the repair of selective peripheral BPF that cannot be treated 
by bronchoscopic interventions or other surgical treatments. 
However, it should be considered to avoid if the pleural 
inflammation was not controlled. Further accumulation of 
cases and studies are necessary to clearly demonstrate the 
effectiveness of this technique. 
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