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Abstract. Several patients with lung tumors are not eligible 
for surgical treatment. For those patients, percutaneous lung 
tumor ablation serves as a minimally invasive alternative to 
address such tumors. Despite its effectiveness, notable compli‑
cations associated with this procedure can occur, such as 
bronchopleural fistula (BPF), which can lead to severe conse‑
quences. Therefore, the comprehensive understanding of these 
complications is of great importance for their safe and efficient 
management. In the present study, the case of a 73‑year‑old 
man with BPF following microwave ablation (MWA) of lung 
tumor and its clinical management was reported. MWA was 
performed after the diagnosis of lung cancer. Following abla‑
tion, the patient received thoracic drainage and anti‑infectious 
therapy. After verifying the presence of BPF, an endobron‑
chial unidirectional valve (EBV) was implanted into the 
posterior basal segment bronchus (B10) of the right lower 
lobe using a bronchoscope. EBV can occlude fistula while 
allowing drainage of secretions and trapped air. The function 
contributes to reducing infections around the fistula and 
promoting healing. The air leakage was stopped five days after 
EBV implantation and the thoracic drainage tube was then 
removed. At 86 days after EBV implantation, the pulmonary 
infection disappeared, while chest computed tomography scan 
revealed that the pulmonary necrotic cavity was narrowed. 
EBV implantation may have a higher successful rate compared 
with other endoscopic treatments for BPF.

Introduction

Percutaneous lung tumor ablation, which includes methods 
such as radiofrequency ablation (RFA), microwave ablation 
(MWA) and cryoablation, is considered as a safe and effective 

treatment for several inoperable patients with non‑small cell 
lung cancer (NSCLC) or lung metastasis (1). Despite the 
advantage of reduced trauma, percutaneous lung tumor abla‑
tion is still an invasive procedure that can be accompanied 
by several complications. One of the rarest, but yet most 
severe, complications is bronchopleural fistula (BPF), with an 
incidence rate of 0.4‑2.0% and a high mortality rate of up to 
20% (2‑4). To deepen our insights into this complication, the 
present study reported the case of a patient with BPF following 
percutaneous microwave ablation (MWA). A statement that the 
ethics committee reviewed the application and decided that 
no ethics approval was needed due to the nature of the study 
being that of a case study would be appropriate. In the present 
study, the patient with primary lung cancer choose to undergo 
microwave ablation due to poor lung function and inability to 
tolerate surgery. Following MWA, BPF, severe lung infection 
and empyema were reported. Currently, there is no consensus 
or optimal treatment strategy for BPF. Therefore, only a few 
studies on the treatment of BPF by endobronchial unidirec‑
tional valve (EBV) implantation have been conducted (5‑7). 
The current case study aimed to provide novel insights into the 
treatment of BPF using EBV.

Case presentation

A 73‑year‑old man was admitted to the Shaoxing Second 
Hospital (Shaoxing, China) due to a nodule in the lower 
lobe of the right lung. Chest computed tomography (CT) 
scan revealed a 22x10 mm2 irregular solid nodule in the 
same area (Fig. 1A and B). The patient had a history of 
complicated chronic bronchitis, emphysema and hyperten‑
sion, with well‑controlled blood pressure. In addition to this 
emaciated appearance, the physical examination results were 
non‑specific, with a body mass index of 16.4 kg/m2. Pulmonary 
function analysis indicated that the mixed ventilation dysfunc‑
tion was mainly obstructive, while the pulmonary diffusion 
function was severely decreased. A forced expiratory volume 
in one second [FEV1(L)] of 1.01, accounting for 34.8% of the 
expected value. In addition, the maximal voluntary ventila‑
tion (MVV) value was 29.6 l/min, accounting for 26.1% of 
the expected value. Additionally, the laboratory tests revealed 
mild anemia (hemoglobin levels, 103 g/l; normal range, 
130‑175 g/l) and elevated serum squamous cell carcinoma 
antigen levels (2.88 ng/ml; normal range, 0‑1.5 ng/ml). A 
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CT‑guided puncture biopsy verified squamous cell carcinoma 
in the lower lobe of the right lung (Fig. 2). Pathological and 
immunohistochemical analysis (Department of Pathology, 
Shaoxing Second Hospital, Shaoxing, China). The specimens 
were processed including fixation in 10% neutral formalin, 
conventional paraffin embedding, 4‑µm thick continuous 
sections, light microscopy observation and hematoxylin‑eosin 
staining of pathological specimens. At the same time, the 
EnVision two‑step method of immunohistochemistry was 
used according to standard protocols to label with antibodies 
to cytokeratin (cat. no. BFM‑0482), P53 (cat. no. BFM‑0002), 
Ki‑67 (cat. no. BFM‑0398), thyroid transcription factor‑1 
(cat. no. BFM‑0379), napsin A (cat. no. BFM‑0499), P40 
(cat. no. BFM‑0062) and epidermal growth factor receptor 
(EGFR; cat. no. BFM‑0450; all pre‑diluted; Hangzhou Baiyin 
Biotechnology Co., Ltd.). The secondary antibody was from 
the Universal SAB Detection Kit [cat. no. 760‑500; Roche 
Diagnostics (Shanghai) Co., Ltd.], which was a universal type. 
The reagents were used according to the manufacturer's instruc‑
tions. A representative image of squamous cell carcinoma of 
the lower lobe of the right lung was presented (Fig. 2A). The 
immunohistochemical results revealed positive staining for 
EGFR (Fig. 2B), Ki‑67 index of 40% (Fig. 2C), P53 mutation 
(Fig. 2D) and positivity for P40 (Fig. 2E). Due to poor lung 
function and inability to tolerate surgery, surgical treatment 
was deemed unsuitable and the patient underwent MWA, 
which was approved by the Medical Technology Management 
Committee of Shaoxing Second Hospital (Shaoxing, China; 
approval no. G08 Tumor ablation technology 2019‑07‑01).

Prior to MWA, the patient received 100 mg pethidine 
intramuscularly. Subsequently, the patient was placed into the 
prone position and 1% lidocaine was injected locally into the 
pleural wall layer by layer. A total of two ECO‑100al5 MWA 
needles were used, which were connected to the ECO‑100a1 
MWA system [ECO Medical Technology (Nanjing) Co., Ltd.]. 
The procedure involved a double‑needle ablation approach, 
according to the manufacturer's guidelines (Fig. 3A and B). 
Needle 1 received 45 W radiation for 2 min, while needle 2 
was treated with 45 W radiation for 2 min, followed by 50 W 
radiation for 3 min. A water circulation cooling system was 
used to maintain stable the surface temperature of the ablation 
needle. Prior to MWA, the revocation pathway was ablated, 
while immediate chest examination revealed right pneumo‑
thorax (Fig. 3C), necessitating closed thoracic drainage due to 
air bubbles observed during coughing. At six days following 
MWA, significant subcutaneous emphysema was detected 
in the neck and chest, with chest CT scan showing enlarged 
ablation and ground glass areas alongside a small pneumo‑
thorax with pleural effusion (Fig. 4A). By day 14, the patient 
experienced fever, cough with yellow purulent sputum, signs 
of pulmonary infection and encapsulated pleural effusion on 
chest CT scan (Fig. 4B). Therefore, the patient was admin‑
istered ceftazidime (2.0 g twice daily) as an anti‑ microbial 
therapy. At 35 days after MWA, chest CT scan revealed encap‑
sulated effusion in the right lower pleural cavity, gas‑fluid 
flat and a 3‑mm BPF in the posterior basal A subsegment 
bronchus (B10a) of the right lower lobe (Fig. 4C). Drainage 
was performed, while air bubbles and purulent fluid were 
observed during coughing and speaking. Pseudomonas aeru‑
ginosa was isolated from sputum and pleural effusion cultures. 

At 37 days following MWA, methylene blue was injected via 
bronchoscopy into the thoracic drainage tube. The results veri‑
fied the presence of BPF (Fig. 5A and B), thus leading to the 
implantation of an EBV (EBV‑TS‑5.5; Pulmonx Corp.) in the 
right inferior lobe posterior basal segment bronchus (B10) at 
45 days after MWA (Fig. 6A and B). EBV implantation mark‑
edly reduced air leakage, which was entirely stopped five days 
after implantation, thus allowing the removal of the thoracic 
drainage tube (Fig. 7A and B). Furthermore, at day 86 after 
EBV implantation, chest CT scan revealed that the pulmo‑
nary infection and narrowed pulmonary necrotic cavity had 
resolved (Fig. 7C and D; Table I). No serious complications 
were recorded at 6‑month follow‑up.

Discussion

Percutaneous lung tumor ablation is a minimally invasive 
treatment option for lung tumors, offering both effectiveness 
and safety. BPF is a rare but serious complication, which 
can occur after lung tumor ablation. BPF is caused by the 
abnormal communication between the bronchial tree and the 
pleural cavity, and is characterized by persistent air leak (8). 
Due to the unrestricted effect of tissue impedance on MWA, 
this method can be used to treat larger tumors compared 
with RFA (9). In addition, MWA can cause BPF more easily 
compared with RFA. However, it can penetrate and effectively 
heat tissues with high impedance. It has been reported that 
MWA can eliminate the obstacles caused by RFA of inflatable 
lung. Therefore, microwave penetration of the inflatable lung 
is more likely to cause distal structure heating compared with 
RFA (10). In addition, Brace et al (11) indicate that RFA carries 
a 49% risk of tissue shrinkage compared with 55% recorded for 
MWA. The two methods could elevate the risk of BPF. Several 
factors, such as the presence of emphysema, play a significant 
role in the development of BPF. Therefore, a previous study 
demonstrated that emphysema, which is characterized by 
reduced perfusion and ventilation of pulmonary parenchyma, 
could enhance the susceptibility to thermal injury and the risk 
of pulmonary abscesses (12). The cavity after the excretion 
of necrotic tissue and pus can also promote the development 
of BPF. Theoretically, ablation of tumors near the pleura or 

Figure 1. Computed tomography images showing a 22x10 mm irregular solid 
nodule in the lower lobe of the right lung (red arrow). (A) The red arrow 
points at the upper part of the tumor. (B) The red arrow points at the lower 
part of the tumor.
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bronchus is more likely to cause BPF, since the ablation area 
more commonly involves the pleura or bronchus and cause 
necrotic changes. It has been reported that there is a significant 
association between the ablation area involving the normal 
anterior pleura and the occurrence of pneumothorax (13). 
Subsequent experiments verified this hypothesis and previous 
studies indicate that the changes around the channel during 
ablation therapy were similar to those in the ablation area, both 
leading to coagulation necrosis. This type of injury can form 
fistulas along the needle channel between the thermal ablation 
area and the pleural space (14,15). Furthermore, infections can 

easily form an abscess after necrosis in the ablation area. In 
turn, vascular occlusion in the necrotic area can make wound 
healing more difficult, thus further affecting the spontaneous 
closure of the ablation area. In addition, excessive ablation can 
also lead to BPF, since it can promote extensive necrosis of the 
lung tissue, increase the incidence of infection and abscess and 
promote BPF formation after excretion of the necrotic tissue. 

In the present case study, the patient suffered from lung 
squamous cell carcinoma, which was characterized by spon‑
taneous necrosis and originated from the bronchial wall. 
Emerging evidence has suggested that the aforementioned 

Figure 3. CT images showing the tumor in the right lower pulmonary lobe during MWA. (A) A single‑point ablation was performed in the upper part of the 
tumor and (B) another one in the lower part of the tumor. The white and red arrows point to needle 1 and needle 2, respectively. (C) Chest CT scan showed 
pneumothorax following MWA. The empty arrows indicate the ground glass area of ablation. CT, computed tomography; MWA, microwave ablation.

Figure 2. Pathological and immunohistochemical analysis. (A) A representative image of squamous cell carcinoma of the lower lobe of the right lung. 
(B) Positive for EGFR. (C) Ki‑67 index of 40%. (D) P53 mutation. (E) Positive for P40 (magnification, x100).
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characteristics can contribute to the development of BPF (16). 
The occurrence of BPF in particular cases can be associated 
with several factors, such as emphysema, the close distance 
between the tumor and the bronchus/pleura (<1 cm) and exces‑
sive ablation using double‑needle. In the present study, the lung 
tumor exhibited irregular shape with a maximum diameter of 
22 mm. The present patient received double‑needle MWA for 
radical treatment to expand the ablation area, increase tissue 
carbonization and promote necrosis. However, as the prox‑
imity of the tumor to the trachea (B10) and pleura was <1 cm, 
it could possibly result in sinus formation following bronchial 
wall and pleural necrosis. In several patients BPF closure can 
occur spontaneously after basic conservative therapy (17). 

Figure 5. Bronchoscopy was performed at 37 days after microwave ablation. 
(A) The posterior basal segment bronchus of the right lower lobe. (B) After 
methylene blue was injected into the thoracic drainage tube, bronchoscopy 
showed blue fluid gushing from the posterior basal segment bronchus of the 
right lower lobe.

Table I. Laboratory tests, computed tomography scan and bronchoscopy after microwave ablation.

Day after   CRP, mg/l PCT, ng/m WBC, 109/l HGB, g/l
MWA CT Bronchoscopy (0‑5) (0‑0.5) (3.5‑9.5) (130‑175)

6 Subcutaneous emphysema ‑ 7.7 0.2 7.5 105
14 Pulmonary infection and  ‑ 179.6 3.1 11.4 97
 encapsulated pleural      
 effusion     
35 BPF in B10 was diagnosed ‑ 36.9 0.15 14.0 69
37 ‑ BPF was verified ‑ ‑ ‑ Infusion of 
  by methylene blue     two units of 
  injection    suspended red 
      blood cells
43 ‑ ‑ 104.6 1.2 7.3 98
45 ‑ EBV implantation ‑ ‑ ‑ ‑
50 Improvement of pulmonary ‑ 59.4 0.1 6.8 89
 infection     
131 Disappearance of  ‑ 36.4 0.05 5.6 92
 pulmonary infection and      
 narrowed pulmonary      
 necrotic cavity     

CRP, C‑reactive protein; PCT, procalcitonin; WBC, white blood cell count; HGB, hemoglobin; MWA, microwave ablation; CT, computed 
tomography; BPF, bronchopleural fistula; EBV, endobronchial unidirectional valve.

Figure 4. Evolution of the chest CT following MWA. (A) CT image at six days after MWA. (B) CT image at 14 days after MWA showing severe pulmonary 
infection. (C) CT image showing bronchopleural fistula (red arrow). CT, computed tomography; MWA, microwave ablation.
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However, if the air leak persists for >3‑5 days, surgical evalua‑
tion is recommended (18). 

Although BPF commonly managed by surgery, the 
majority of patients with NSCLC who opt for ablation are 
unsuitable for surgical treatment. Therefore, endoscopic fistula 
closure has become increasingly popular as a minimally 
invasive alternative. Currently, several cases of successful 
bronchoscopy‑mediated BPF closure have been reported. 
Kodama et al (19) demonstrate that filling silica gel into the 
leaking bronchus through a bronchoscope to obliterate the 
fistula could treat BPF. Additionally, Powell et al (20) showed 
that treatment with n‑butyl cyanoacrylate glue could immedi‑
ately stop the air leakage after surgery, while no recurrence 
was recorded during follow‑up.  Arnaud et al (21) used fibrin 
glue to treat the BPF after MWA. A CT scan was performed 
at one month after hospitalization and revealed a persistent 
pulmonary cavity with a bronchial fistula in the upper left 
lobe. Nevertheless, it has been widely reported that EBV can 
successfully treat BPF (5‑7). EBV can occlude fistula while 
allowing drainage of secretions and trapped air (22). The 
function contributes to reducing infections around the fistula 
and promoting healing. EBV implantation may have a higher 
successful rate compared with other endoscopic treatments for 
BPF.

In the current case study, the patient immediately devel‑
oped pneumothorax after ablation, thus indicating pleural 
injury. After placing a chest drainage, the patient did not 
experience sustained air leakage, possibly due to temporary 
wound contraction and tissue necrosis‑ and carboniza‑
tion‑mediated closure. Subsequently, due to tissue necrosis 
and detachment, accompanied by pulmonary infection, the 
subsegment bronchus (B10a) was connected to the pleural 
cavity. The tracheal fistula was ~3 mm in diameter and 
it could not heal on its own following conservative treat‑
ment. This condition could be associated with infection, 
since both sputum and pleural fluid cultures were positive 
for Pseudomonas aeruginosa, which is a highly invasive 
and difficult to treat bacterium (23). To treat the aforemen‑
tioned infection, the patient received ceftazidime, as an 
antimicrobial agent, and sufficient chest drainage therapy. 
When the infection was controlled to a certain extent, 
EBV was selected to close the fistula. EBV is an improved 
method to block the communication between the thoracic 
cavity and the respiratory tract, thus contributing to infec‑
tion control. Andreetti et al (6) showed that following EBV 
implantation, the patient still experienced chest leakage. 
Therefore, the aforementioned patient received autologous 
platelet gel to close the cavity and to definitively stop the 

Figure 7. Representative computed tomography images at (A and B) five and (C and D) 86 days after endobronchial unidirectional valve implantation. 
(A) Improvement of pulmonary infection and significant reduction in pleural effusion. (B) Closure of the fistula. (C) Disappearance of the pulmonary infection 
and pleural effusion. (D) The pulmonary necrotic cavity had narrowed significantly.

Figure 6. An EBV was implanted into the posterior basal segment bronchus of the right lower lobe by bronchoscope. (A) The EBV was in a closed state when 
the patient inhaled. (B) The EBV was in an open state when the patient exhaled. EBV, endobronchial unidirectional valve.
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air leak, while the antibiotic pleural irrigation continued 
once daily. After the fourth application of autologous 
platelet gel, the air leak stopped. Following 58 days of EBV 
placement, the chest drain was removed. In the present 
study, EBV implantation markedly reduced air leakage, 
which was entirely stopped at five days post‑implantation, 
thus allowing the removal of the thoracic drainage tube. 
The aforementioned observation could be due to the fact 
that the fistula opening in the current case was located 
far away in the lung subsegmental bronchus. Therefore, to 
reduce the occurrence of BPF and the difficulty in treating 
BPF, the ablation power and time for tumors near the bron‑
chus should be reduced. Additionally, it has been reported 
that the adverse events occurring after EBV implantation 
include EBV translocation, haemoptysis, pneumothorax 
and pneumonia. They are mostly mild and can be treated 
by removing EBV (24). In the present case, no complica‑
tions of EBV have occurred.

Overall, the present case study indicated that adequate 
drainage, infection control and improved nutritional status are 
markedly involved in the success of EBV‑mediated treatment 
of BPF. EBV implantation after MWA is an effective method 
for treating BPF. 
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