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Abstract: Bronchopleural Fistula (BPF) represents one of the gravest complications post-lobectomy. Present treatment strategies 
encompass a wide array of surgical techniques complemented by essential adjunct therapies. Despite numerous treatment modalities, 
mortality rates associated with BPF remain disconcertingly high. Advances in bronchoscopic technology have led to the widespread 
adoption of bronchoscopic interventions, celebrated for their safety, minimal invasiveness, and efficacy. The cornerstone of BPF 
management involves the use of sealants, metal-covered stents, and occlusion devices, with the success of these occlusions critically 
dependent on the fistula’s dimensions. Particularly for expansive BPFs deemed inappropriate for surgical intervention, metal-covered 
stents and occlusion devices are frequently favored. This review critically assesses the therapeutic efficacy and clinical utility of metal- 
covered stents and occlusion devices through a comprehensive analysis of the extant literature. Additionally, it outlines risk 
stratification and management strategies for BPF, with the intent to furnish novel insights and methodologies for the clinical diagnosis 
and treatment of this complex condition. 
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Introduction
Bronchopleural Fistula (BPF) is an abnormal conduit between the bronchial system and the pleural cavity. The causation 
of BPF is diverse, stemming from factors such as infection, mechanical injury, chronic obstructive pulmonary disease 
(COPD), and acute respiratory distress syndrome (ARDS). Predominantly, BPF is seen as a complication post-major 
thoracic surgeries, especially lung resections in lung cancer treatments.1–3 The incidence rate of BPF is reported to be 
between 1.5% and 8.5%.4–6 Despite its low incidence, BPF can result in catastrophic outcomes, with as much as a 67% 
mortality rate.7,8 Clinically, BPF manifests with symptoms including cough, purulent or foul-smelling sputum, hemop
tysis, difficulty breathing, and high fever, which may be accompanied by sepsis, respiratory failure, and other severe 
complications. BPF presents significant therapeutic challenges and serious clinical implications. This review aims to 
methodically evaluate the efficacy and safety of occlusion devices and metal-covered stents in interventional BPF 
management. Our objective is to critically analyze extant literature, collate data on the effectiveness of occlusion devices 
and metal airway stents, and investigate their prospective applications in clinical settings. Furthermore, we will identify 
the inherent challenges and limitations associated with these treatments and suggest potential resolutions. This paper 
seeks to furnish clinicians with innovative therapeutic insights, potentially enhancing treatment outcomes and the quality 
of life for BPF patients.

Progress Report
Airway Stents
Airway stents are geometric entities fashioned from biocompatible medical-grade silicone or nickel-titanium alloys. They 
are principally utilized in therapeutic interventions for airway stenosis. For the interventional treatment of BPF, metal 
stents and silicone stents are predominantly employed.
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Customized Endobronchial Silicone Blocker
The Customized Endobronchial Silicone Blocker (CESB) is designed through a meticulous process of manually shaping 
a silicone stent into a conical form to align seamlessly with the progressively narrowing bronchial contours (Figure 1A). 
This adaptability provides significant clinical advantages, including the capability to tailor the CESB on-site to accom
modate varying bronchial anatomies, even those of large main bronchi. These attributes notably broaden the CESB’s 
clinical applications, making it a versatile option for managing different sizes of bronchial fistulas. Preoperative evaluation 
with computed tomography scans enables precise identification of the areas requiring intervention, thereby optimizing the 
placement and efficacy of the CESB. The steps for the bronchoscopic procedure protocol include: (1) Fistula Site 
Identification: The procedure begins with the direct observation of the fistula through bronchoscopy or by employing 
a balloon to continuously block sub-segments of the bronchus. This step is crucial for accurately identifying and sealing the 
fistula, as evidenced by a reduction or cessation in thoracic closed drainage leakage; (2) CESB Sizing: The CESB’s size is 
determined by inflating a balloon within the target bronchus until it is completely occluded. The balloon’s volume is then 
measured, removed, and reinflated externally to the same volume to ascertain the maximum diameter needed for the CESB; 
(3) CESB Placement: The CESB is placed under bronchoscopic guidance to ensure it fully occludes the bronchial passage, 
thereby effectively sealing the fistula and preventing any further complications. Mehta and colleagues described the 
treatment of 14 patients with BPF using CESB via rigid bronchoscopy, with an average fistula diameter of 9.6±3.6 mm. 
Eleven cases were successfully occluded; however, in the remaining three patients, CESB displacement occurred before the 
fistula healed, indicating an occlusion failure. The primary causes of failure were large fistula sizes and severe coughing, 
which led to CESB displacement, necessitating postoperative cough suppression.9 To prevent migration, medical adhesive 
can be employed to reinforce the seal, enhance adhesion, and inhibit movement. This method has also been utilized in 

Figure 1 Devices being used for bronchoscopic intervention for BPF. (A) Customized Endobronchial Silicone Blocker. (B) Metal stent. (C) Endobronchial Valve. (D) 
Bronchial balloon. (E) Endobronchial Watanabe Spigots. (F) Ventricular Septal Defect. (G) Atrial Septal Defect. (H) Amplatzer Patent Foramen Ovale device. (I) Coil. (J) 
Polyvinyl Alcohol sponge. (K) Gelatin sponge. (A–I and K) were provided by our research team. (J) was reproduced from Battistoni P, Caterino U, Batzella S, Dello Iacono R, 
Lucantoni G, Galluccio G. The use of polyvinyl alcohol sponge and cyanoacrylate glue in the treatment of large and chronic bronchopleural fistulae following lung cancer 
resection. Respiration. 2017;94(1):58–61. Copyright 2017 Karger Publishers, Basel, Switzerland.14
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treating patients with ARDS and barotrauma, leading to favorable postoperative recovery and substantial improvements in 
quality of life.10 Long-term complications associated with CESB include irritative coughing, intolerance, granulomas, 
hemoptysis, respiratory distress, atelectasis, infections, and displacement.11,12 For fistulas larger than 8 mm, both pre
viously mentioned cases effectively sealed the fistulas using CESB in conjunction with medical adhesive, significantly 
ameliorating patient symptoms and markedly reducing the incidence of complications, such as CESB displacement. 
Reducing the occurrence of postoperative complications can significantly prolong patient lives. Recently, Roy and 
colleagues successfully employed a novel material, a 3D-engineered silicone stent, for the initial occlusion of a BPF 
complicated by infection, following the resection of the right lower lobe in a patient with lung squamous carcinoma.13 The 
principal benefits of this innovative material include its versatility for almost all types and locations of BPFs, a diminished 
risk of granulation tissue proliferation, and straightforward removal and insertion, which collectively contribute to a lower 
complication rate. Further research could expand on assessing the effectiveness of CESB or 3D printing technologies in 
treating BPFs resulting from benign or malignant causes. Should these trials prove successful, the broader application of 
these technologies might enhance treatment modalities significantly. The CESB offers a highly effective, adaptable solution 
for the management of bronchial fistulas. Its on-site customization capability allows for precise tailoring to patient-specific 
bronchial anatomies, significantly enhancing the therapeutic outcomes. This topic not only highlights innovative methods 
in managing bronchial fistulas but also provides detailed steps on how to maximize the utility and effectiveness of CESB in 
clinical practice.

Metal Stent
Metal stents (Figure 1B), constructed from nickel-titanium alloy, are available in L-shaped, Y-shaped, and I-shaped 
configurations. L-shaped metal stents are generally employed for upper lobe pulmonary and main bronchial fistulas, as 
well as for BPFs where lateral airway stent placement is unsuitable.15 The Y-shaped airway stent, comprising a main tube 
and two branches, forms an inverted “Y” shape. Encased in a nickel-titanium wire mesh, the entire stent is capable of 
self-expansion.16 Following the confirmation of a BPF via clinical symptoms, CT scans, and bronchoscopy, the 
procedural steps include: Insertion of a tracheal catheter through the mouth into the target bronchus, followed by 
injection of a contrast agent to visualize the fistula stump; Placement of a metal stent to occlude the target bronchus; 
bronchoscopic confirmation of the successful occlusion of the target bronchus by the metal stent. Postoperatively, 
a follow-up CT scan can be conducted to ascertain whether the fistula stump has resolved. Given the significant diversity 
in the length of the BPF stump, the position of the fistula, and anatomical variations, a personalized approach to selecting 
the type and size of the stent is essential. The selection of the stent type is determined by both the position and the length 
of the bronchial stump. For bronchopleural fistulas with a bronchial stump length exceeding 20mm, an articulated, self- 
expanding, bullet-shaped covered metal stent is utilized. For bronchopleural fistulas with a bronchial stump length 
between 5mm and 20mm, a Y-shaped, self-expanding, bullet-shaped covered metal stent is employed. When the 
bronchial stump length is less than 5mm, an L-shaped, self-expandable covered metal stent is employed.16,17 Han and 
colleagues described their experience with using customized stents to occlude postoperative BPF in 148 patients 
undergoing pulmonary resections primarily for lung cancer or tuberculosis. During the follow-up period, 73 patients 
benefited from the treatment, with stents removed following BPF resolution, typically within three months. Of these 
patients, 75 died, 52% from infections and 20% from underlying malignancies.17 Cao and colleagues reported a clinical 
case in which an airway metal-covered stent failed to occlude a BPF, with continuous bubbling observed postoperatively 
in the chest drain. The primary cause of failure was ARDS, triggered by preoperative aspiration pneumonia, requiring 
mechanical ventilation and ultimately leading to death from sepsis induced by empyema.15 Studies have linked 
mechanical ventilation to treatment failures in bronchoscopy, and the postoperative use of mechanical ventilation in 
patients with BPF complicated by ARDS remains controversial.18 Although Han and colleagues achieved a high success 
rate in surgeries, severe postoperative complications—including stent displacement, stent occlusion, infections, and 
bronchial damage—affect patient survival rates as significantly as malignant tumors. For example, during long-term 
follow-ups, granulation tissue growth may lead to restenosis within the stent, requiring further bronchoscopic interven
tions to clear obstructed bronchi and ensure stent stability. Consequently, the development of new stent materials is 
essential to enhance patient tolerance and mitigate the proliferation of granulation tissue. As foreign bodies within the 
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airway, stents not only stimulate increased mucus secretion but also impair respiratory cilia movement, ultimately 
complicating phlegm expectoration. Future efforts should focus on establishing more comprehensive and detailed 
guidelines for post-stent implantation airway management, complemented by suitable pulmonary rehabilitation treat
ments to enhance the management of compromised lung function.

Occluder
Alongside advancements in modern interventional therapies, a variety of occlusion devices have been deployed to 
manage respiratory and cardiovascular pathologies, including BPF. Devices including endobronchial valves, endobron
chial Watanabe spacers, and Amplatzer occluders have been employed, resulting in some patients achieving therapeutic 
resolution post-treatment.

Endobronchial Valve
The Endobronchial Valve (EBV) is designed as an umbrella-shaped one-way valve, featuring a nickel-titanium frame 
encased in a polymer membrane (Figure 1C). Originally designed to treat heterogeneous emphysema, the EBV operates 
with airflow, effectively restricting air from entering the pleural cavity while facilitating the drainage of distal secretions 
and controlling local inflammation, thus making it applicable for BPF treatment. The bronchoscopic procedure entails: 
(1) employing bronchoscopy and balloon occlusion to identify the leaking lobe or segment of the lung; (2) once the EBV 
is positioned, directing the patient to conduct breathing cycles to check for continuous air leakage in the water-seal bottle. 
A CT scan should be performed prior to the placement of the EBV to enhance the success rate of the procedure. 
Following the placement of the EBV, careful monitoring of the patient with a chest drainage tube is essential. The tube 
may be removed once the patient stabilizes. Should there be no recurrence of symptoms after six weeks, the EBV can be 
removed via bronchoscopy. Studies comparing the efficacy of EBV with surgical and conservative treatments, such as 
closed chest drainage, are documented.19,20 Relative to surgical interventions, EBV exhibits a marginally lower success 
rate (57% for EBV vs 62.5% for surgery); however, it outperforms conservative treatments (93.3% for EBV vs 67.8% for 
conservative treatment). Although the long-term outcomes of EBV remain uncertain, it is undeniable that EBV serves as 
an effective adjunct in the treatment of persistent air leaks, particularly when surgical options are contraindicated or 
suboptimal. Considering that existing studies are from single centers and limited in scale, future larger-scale research is 
warranted to further evaluate the efficacy of surgical interventions versus EBV, along with their effects on costs and 
hospitalization duration. Following EBV implantation, complications including obstructive pneumonia, hemoptysis, 
displacement, and granulation tissue growth can arise, with pneumothorax resulting from EBV displacement representing 
one of the most severe complications. Alexander and colleagues reported a case in which an EBV became dislodged due 
to coughing post-implantation, leading to persistent air leaks; this issue was successfully addressed with autologous 
blood patch therapy.21 Consequently, it is recommended to employ combined treatment strategies with EBV and 
occlusive agents to mitigate the risk of displacement. This approach should include optimizing the selection of 
customized EBV sizes, adhering strictly to aseptic procedures, preventing and promptly addressing airway infections, 
and maintaining the cleanliness of the EBV and surrounding tissues to minimize complications. From an economic 
perspective, the costs associated with EBV surgery and the management of complications are considerable, presenting 
challenges for both developing and developed countries; thus, the urgent development of new materials is essential.

Bronchial Balloon
Bronchial balloon occlusion is suitable for treating BPF secondary to necrotizing pneumonia and for cases requiring 
immediate removal of blockages, such as pneumothoraces associated with mechanical ventilation (Figure 1D). 
Preoperative computed tomography scans facilitate localization, with essential steps including occluding the targeted 
bronchus through the bronchoscopic working channel under guidance, positioning the fistula at various sites with an 
inflated balloon, and monitoring for the absence of bubbling in the chest drainage tube during respiratory cycles to 
indicate successful occlusion. For partially visible fistulas, intrathoracic dye injection confirms complete airway occlu
sion by the balloon. During the procedure, careful inflation of the balloon is crucial to prevent airway bleeding and 
damage. Hathorn and colleagues reviewed balloon catheter treatments in six pediatric BPF cases, resulting in four 
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successes and two failures.22 The failures were due to persistent air leakage upon balloon deflation, demonstrating that 
the bronchial balloons are primarily used for temporary occlusion in emergency situations or as a short-term management 
solution until a suitable occlusive device can be identified, especially in the case of central bronchus laceration. Similarly, 
complications such as distal bronchial infection, necrosis, and displacement were observed, akin to those associated with 
other occlusion devices. At present, the clinical application of tracheal balloons is limited, with no definitive conclusions 
about long-term outcomes, including survival rates, lung function improvement, and cure rates. Furthermore, there is an 
absence of data on comparative effectiveness with other occlusion devices, and clinical indications require additional 
clarification.

Endobronchial Watanabe Spigots
The Endobronchial Watanabe Spigots (EWS), developed by Watanabe and colleagues, feature a unique silicone resin 
construction and are cork-shaped, serving as silicone bronchial blockers (Figure 1E). EWS come in three sizes: small 
(5 mm), medium (6 mm), and large (7 mm).23 Consequently, EWS are particularly effective in sealing larger fistulas, 
specifically those measuring between 5 and 7 mm. Rapid identification of the affected bronchus during the procedure 
enhances patient comfort and safety. Consequently, preoperative chest CT scans are essential. Moreover, if feasible, 
employing bronchial 3D reconstruction or virtual bronchoscopic navigation can significantly aid surgeons in rapidly 
locating the target bronchus. The specific technical approach involves inflating a balloon under mild or local anesthesia to 
achieve complete occlusion of the lobar, segmental, and subsegmental bronchi. After occlusion, air leakage is reduced or 
eliminated through a chest drainage tube to identify the affected airway. Once persistent air leakage has ceased, an EWS 
is deployed in the affected bronchial segment using forceps. For technically challenging target bronchi, Date and 
colleagues reported a novel “traction method” for deploying EWS. This method attaches the EWS to the tip of 
a guidewire, inserts it through the thoracic cavity into the BPF fistula, and employs bronchoscopic forceps to navigate 
the guidewire to its destination. Subsequently, the surgeon withdraws the guidewire from the surgical field, allowing the 
EWS to automatically insert into the target bronchus.24 This innovative technique significantly enhances bronchoscopic 
interventions for BPF, particularly benefiting patients for whom such interventions are challenging. It prompts the need 
for improvements in EWS materials to better accommodate complex bronchial anatomical structures, thereby reducing 
surgical complexity and benefiting a broader patient population. In recent years, the EWS occluder has demonstrated 
satisfactory outcomes in cases of BPF following esophagectomy,23 associated with empyema due to pulmonary 
tuberculosis,25 after right upper lobectomy,24 caused by interstitial lung disease,26 and accompanying empyema second
ary to COVID-19 pneumonia.27 However, identifying the optimal bronchus for EWS placement, determining the most 
appropriate timing for its insertion and removal, and minimizing complications remain the focus of our ongoing research. 
The EWS is constructed from a non-absorbable material, which does not facilitate wound healing and poses risks of 
infection and displacement. Regular follow-up visits and monitoring are crucial to prevent recurrence and manage 
complications effectively. In a retrospective study by Sasada et al, EWS therapy was administered to 24 patients with 
pneumothorax that was resistant to surgical intervention. This treatment successfully eliminated or significantly reduced 
air leakage in 79.2% of the cases. Notably, this group included four patients who were dependent on mechanical 
ventilation. However, among those with persistent air leaks, twelve patients experienced complications related to the 
surgery after EWS occlusion. These complications included dislocation, fever, atelectasis, and lung abscesses. 
Fortunately, all these conditions improved following the removal of the EWS devices.28 The appropriate application of 
antitussive medications or the combined use of occlusive agents, such as medical glue, in intervention therapy can 
stabilize the EWS.29 Future research should offer more detailed surgical information for clinical reference, improve long- 
term follow-up regarding survival rates, recurrence rates, and pulmonary function recovery in patients with BPF treated 
with EWS interventions, and establish management guidelines suitable for these patients.

Amplatzer Devices
Amplatzer Devices (AD) encompass a broad category of devices originally designed for the transcatheter closure of 
cardiac ventricular septal defects or patent ductus arteriosus. This category primarily includes occluders for Ventricular 
Septal Defects (VSD) (Figure 1F), Atrial Septal Defects (ASD) (Figure 1G), and Amplatzer Patent Foramen Ovale (PFO) 
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device (Figure 1H). The diameter of ADs ranges from approximately 4 to 38 mm, and each device consists of a disc 
formed from a nitinol mesh attached to a central connector. Owing to the properties of nitinol, these devices can be 
compressed within a catheter. Once deployed in a BPF, an AD will reassume its original shape. The selection of AD size 
and type is based on the diameter of the bronchial stump and the length of the fistula. The goal is to ensure that the 
occluder’s retention disc fully covers the fistula connection, effectively occluding the bronchial stump. The primary 
technical approach involves: (1) visualizing the fistula under bronchoscopy and inserting a guidewire via the broncho
scopic working channel; (2) employing a balloon at the guidewire and fistula site to determine if the air leak ceases and to 
measure the balloon’s diameter; (3) positioning an AD slightly larger than the balloon’s diameter at the fistula site to 
assess for air leaks. Case reports have validated the effectiveness and safety of ADs in managing BPF following lung 
transplantation, lung cancer resections, pulmonary tuberculosis, and infections from pulmonary aspergillosis. ADs not 
only seal BPF and mitigate air leakage but also incite inflammatory responses, enhancing granulation tissue growth and 
fistula healing. When the Amplatzer device is chosen with the appropriate size, it can address the majority of air leakage 
associated with BPF after placement. This immediate effect relies on selecting the correct diameter, which ensures an 
effective seal of the fistula. This approach has achieved a success rate of up to 95% and is well-regarded by clinical 
physicians.30–35 Additionally, the Amplatzer device contributes to controlling pulmonary infections, which are common 
complications associated with BPF. By effectively preventing further air and fluid leakage, the device minimizes the risk 
of infections that can develop due to ongoing leakage. The use of ADs to occlude BPF is considered off-label; therefore, 
it is imperative to thoroughly discuss potential postoperative complications and adverse events with patients or their 
relatives prior to surgery. This ensures that all parties are well-informed about the risks and expected outcomes associated 
with the procedure. Major complications of using ADs include device displacement, infection, airway obstruction, and 
bronchial injury. It is crucial to monitor these risks closely and manage them promptly should they arise to prevent 
further health complications. Should patients with BPF who have received endoscopic AD treatment exhibit symptoms of 
airway obstruction, such as a reduced voice or increased difficulty breathing, reconsideration of AD reinstallation may be 
necessary.32 This step should be undertaken with careful assessment to ensure it is the most appropriate course of action 
based on the patient’s current condition and overall treatment goals. Bai and colleagues reported three cases in which 
VSD occluders either partially or completely failed in underweight patients with chronic empyema.36 Consequently, 
underweight status or the presence of an infection may contribute to the failure of AD occlusion, potentially resulting in 
the enlargement of the BPF and displacement of the AD into the thoracic cavity. Postoperatively, it is crucial to provide 
adequate nutritional support and timely infection control to promote fistula healing. Additionally, to prevent AD 
displacement, supplementing with appropriate occlusive agents, such as medical glue, injected at the edges of the 
occluder, can enhance stability. A 17.6-month follow-up study revealed that the survival rate for 30 patients, who 
underwent AD occlusion following pulmonary resection for BPF, was 45%. The primary causes of death, malignancy 
recurrence, and sepsis, were unrelated to the BPF.37 This necessitates the consideration that malignancy and infection are 
significant factors affecting the postoperative survival rates of BPF patients. In the future, additional long-term follow-up 
studies are expected to yield crucial insights into the treatment of BPF. Regular imaging and clinical assessments are 
essential for monitoring recurrence, particularly in the initial months following treatment. These assessments are critical 
to ensuring timely responses to any changes in the patient’s condition. It is recommended that patients with BPF undergo 
their initial follow-up bronchoscopy four weeks post-surgery, and subsequently at intervals of three to six months, to 
facilitate early intervention for any postoperative complications or adverse reactions, thus enhancing survival rates. This 
periodic monitoring allows for immediate adjustments in treatment strategies based on the patient’s recovery progress. 
Furthermore, following successful occlusion, an improvement in patients’ lung function is anticipated. Through rehabi
litation training and appropriate medication, the lung function of some patients may near pre-surgical levels. This gradual 
recovery is vital for restoring quality of life and functional ability to patients post-surgery.

Coil
Coils, primarily made of steel or platinum, are considered significant embolic agents (Figure 1I). As a method for 
occluding BPF, the use of coils in conjunction with occlusive agents such as fibrin glue has the potential to reduce 
the number of surgical interventions and may successfully close major bronchial stump fistulas. The primary 

https://doi.org/10.2147/CMAR.S490981                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2024:16 1856

Ma et al                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


procedural steps are as follows: (1) After administering general anesthesia, the fistula is located using sequential 
balloon occlusion or bronchial angiography; (2) the appropriate guidewire size is selected to access the target 
bronchus, followed by the placement of coils along the guidewire, and concluding with the injection of occlusive 
agents around the coils. While early cases report success in using coils with occlusive agents such as fibrin glue and 
medical glue to treat post-pulmonary resection BPF in patients with small BPFs (<5mm), the potential for these 
agents to dislodge from the coils during activities like coughing, posing a risk of coil displacement, necessitates 
long-term follow-up.38,39 Currently, no long-term follow-up studies for coil occlusion of BPF have been reported. 
Clinicians must ensure diligent case follow-up, enhance patient health education to improve compliance, and 
prevent complications. Additionally, there is anticipation for the development of new coil materials that offer 
fewer complications without reliance on occlusive agents. Recently, Baden and colleagues documented a case in 
which a high-density, large-capacity, detachable coil was successfully employed under bronchoscopy to treat a child 
with BPF complicated by pulmonary infection.40 This publication constitutes the first account of coil occlusion in 
pediatric BPF, introducing a promising alternative for minimally invasive intervention in children with BPF that 
offers the advantage of minimal pulmonary tissue damage. Furthermore, given the limited extent of coil intervention 
for BPF and the feasibility of its application under local anesthesia, it may be particularly well-suited for patients at 
high risk from general anesthesia.

Sponge Material
Bronchoscopic intervention using sponges for BPF represents a minimally invasive technique, involving the placement of 
a sponge into the fistula through bronchoscopy. This method aims to seal the opening, minimize air leakage, and facilitate 
healing. This article specifically addresses the use of Polyvinyl Alcohol (PVA) sponges (Figure 1J) 14 and gelatin sponges 
(Figure 1K). The primary diagnostic and procedural steps include confirming the fistula through thoracic imaging or 
bronchoscopy and, under intravenous anesthesia, inserting the sponge into the fistula via the bronchoscope to achieve 
occlusion. PVA sponges, composed of polyvinyl alcohol polymers, are highly hydrophilic and rapidly expand upon 
absorbing liquid.14 These sponges can be tailored to the appropriate size to fit the bronchial cavity during use. Battistoni 
and colleagues utilized PVA sponges with medical glue in the interventional treatment of seven cases of post-pulmonary 
resection BPF, achieving a success rate of approximately 71%.14 The predominant cause of failure was the displacement 
of PVA sponges, resulting in BPF recurrence. Gelatin sponges, being water-soluble hemostatic materials, offer advan
tages such as high absorbency and affordability. Liu and colleagues described a case in which gelatin sponges combined 
with autologous blood failed to occlude a BPF following pulmonary resection, primarily because the BPF fistula was too 
extensive for the occlusive materials to seal effectively.41 Displacement and large fistulas frequently result in occlusion 
failures; however, employing combinations of occlusive agents can mitigate such complications. This effect is likely due 
to the agents inducing local inflammatory responses or granulation tissue proliferation, thereby securing the sponge and 
reducing the fistula’s diameter. This necessitates that patients regularly return to the hospital for bronchoscopic re- 
evaluation to assess the airway conditions, whether to continue injecting a specified dose of occlusive agents or to 
remove excess granulation tissue, thus preventing bronchial constriction or obstruction. Consequently, for BPF patients 
unable to undergo timely follow-up, treatment effectiveness may be compromised, underscoring the importance of 
enhanced patient health education post-intervention. Recently, Ueda and colleagues developed silk-elastin sponges, 
a versatile new material usable in various forms including glue, sponges, and sheets, offering extensive potential 
applications.42 Histological examinations in animal models have demonstrated that silk-elastin sponges, while obstruct
ing airflow at bronchial remnants, can promote the regeneration of airway epithelium, significantly reducing the risk of 
airway narrowing or obstruction, thereby expanding the options for interventional BPF treatment. Although sponges 
serve as a viable material for the interventional treatment of BPF, the long-term outcomes of sponge-based interventions 
remain underreported, necessitating further comprehensive evaluations through prospective clinical studies. Additionally, 
the development of novel materials aimed at reducing complications and lowering the mortality rate associated with BPF 
is anticipated.
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Management of Bronchopleural Fistula
BPF represents a severe complication of pulmonary resection. Factors predictive of BPF include male gender, a history 
of smoking, diabetes, a positive pulmonary disease history, decreased FEV1, right-sided pulmonary resection, and 
various postoperative conditions, including pulmonary complications and the use of adjuvant therapy.43,44 Mazzella 
and colleagues categorize patients into distinct risk levels based on preoperative assessments, comorbidities, and 
treatment histories, enabling more effective risk stratification, which includes optimizing comorbid conditions before 
surgery, minimizing the extent of bronchial dissection during the procedure, and enhancing postoperative monitoring. 
This grading system facilitates information sharing among physicians, patients, and multidisciplinary teams throughout 
the surgical decision-making process, thereby mitigating the risk of postoperative BPF.44 However, the Mazzella grading 
system was initially described in the context of pneumonectomy, with the majority of researchers advocating for the 
coverage of the bronchial stump post-pneumonectomy to prevent stump insufficiency. Furthermore, BPF is more 
prevalent in patients undergoing standard lobectomy or sleeve resection compared to those undergoing pneumonectomy, 
attributed to the higher frequency of lobectomies and sleeve resections. Managing BPF is complex and varies signifi
cantly, necessitating a comprehensive assessment of the patient’s medical history, fistula size, and associated complica
tions. Expanding upon the work of Mazzella and colleagues, we have developed individualized treatment plans that 
categorize fistulas by diameter into large (>10mm), medium (5–10mm), and small (<5mm). BPF can be classified based 
on the duration and clinical presentation of fistula formation into acute BPF (fistulas that occur within days to weeks 
post-surgery, trauma, or infection, typically within the first 30 days) and chronic BPF (usually developing weeks to 
months, or even years, post-surgery, trauma, or infection). BPF management strategies are summarized in Figure 2. This 
proposal for prospective studies, based on current research findings, recommends conducting multicenter, randomized 
controlled trials to validate the effectiveness of risk stratification models and to explore the efficacy of new intervention 
measures. In managing BPF, this thesis underscores the critical need for collaboration among pulmonologists, thoracic 
surgeons, radiologists, and critical care specialists to enhance patient survival rates and quality of life significantly.

Figure 2 Management of bronchopleural fistula.
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A comprehensive follow-up plan for BPF patients is designed to facilitate early identification and management of 
recurrences or complications, as well as to assess life quality and patient satisfaction following treatment interventions. 
Initial assessment involves a comprehensive evaluation at patient discharge, which includes logging symptoms and 
assessing physiological and psychological status. Short-term follow-up entails face-to-face or remote sessions at one 
week, one month, and three months post-discharge, concentrating on fistula healing, signs of infection, pain management, 
and the ability to perform basic activities of daily living. Long-term follow-up includes annual evaluations at six months 
and twelve months post-treatment, and annually thereafter. These evaluations encompass imaging studies (such as CT 
scans), blood tests, respiratory function tests, and comprehensive assessments of quality of life. Physical Health: 
Pulmonary function tests are utilized to quantify improvements or declines in respiratory capacity, enabling assessment 
of a patient’s capability to perform daily and higher intensity activities. Mental Health: Evaluation is conducted using 
standardized mental health scales, including the Hospital Anxiety and Depression Scale (HADS). Quality of Life: 
Specialized questionnaires such as SF-36 or EQ-5D are employed to assess overall patient well-being. Post- 
Intervention Strategies: Rehabilitation programs, encompassing physical and respiratory therapies, are designed, along
side psychological counseling and support groups for patients and families, to mitigate the psychological impacts of the 
disease. Educational Initiatives: Education on nutrition, exercise, and disease self-management is provided. Treatment 
plans are dynamically adjusted during follow-up, based on patient feedback and regular assessments.

Conclusion
Occluder interventions showed a high success rate in sealing fistulas effectively, which is pivotal in preventing the severe 
complications associated with BPF, such as persistent air leaks and infections. The application of these devices facilitated 
prompt restoration of lung function and improved overall patient well-being, underlining their importance as 
a therapeutic option in the clinical setting. Future studies should focus on comparing different types of occluders, 
establishing standardized protocols for their use, and expanding the evidence base to solidify their role in the manage
ment of bronchopleural fistula. This will ultimately contribute to the refinement of treatment strategies and enhance 
patient care in respiratory medicine. This review comprehensively synthesizes research findings on occluders interven
tions for BPF, discusses the clinical implications of these findings, and proposes directions for future research. It provides 
a detailed and integrated summary that encapsulates the current discourse on this treatment modality.
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