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Objective
Complete resection with a clear margin is the only curative treatment for pulmonary aspergilloma. This requires a high-level technique, especially for complex aspergilloma (CA), because of patient conditions and wide dense adhesions. Fungus ball removal is used palliatively to control hemoptysis, rather than as a radical procedure, and may be performed using video-cavernoscopy as a simple and repeatable method. In this study, we examined this approach as an alternative treatment for CA.
Methods
Eight cases of fungus ball removal with video-cavernoscopy (video-cavernoscopic removal) treated at our center were retrospectively reviewed. The patient characteristics and surgical outcomes were compared with those of patients treated with one-stage radical surgery.
Results
There were 8 subjects (7 males, 1 female; median age 65 years) in the video-cavernoscopic removal group and 25 subjects (19 males, 6 females; median age 56 years) in the one-stage radical surgery group. The video-cavernoscopic removal group had a higher rate of emphysematous lung (p = 0.001), a lower body mass index (p = 0.039), and a lower percent vital capacity (p = 0.027). All cases in this group had preoperative hemoptysis that ceased after the procedure. Video-cavernoscopic removal was less invasive based on a shorter operative time (p = 0.000), less blood loss (p = 0.002), and a lower Common Terminology Criteria for Adverse Events grade (p = 0.023). However, four cases in this group (50%) relapsed with a median disease-free survival period of 471.5 days.
Conclusions
Fungus ball removal with video-cavernoscopy is a simple technique for the prevention and control of massive hemoptysis that may be an alternative treatment for CA.
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                                    Introduction
Pulmonary aspergilloma is an intractable infectious disease that develops sudden massive hemoptysis that may be fatal. The treatment strategies for aspergilloma include non-surgical options of systemic, intra-cavitary and endobronchial delivery of antifungal medication [1], but aspergillomas are often refractory even to new antifungal drugs and are difficult to eradicate. Therefore, complete resection with a clear margin is the only curative treatment. Classically, in complex aspergilloma (CA), additional aspergilloma develops in a patient with a history of mycobacterium tuberculosis (Tb) infection. A poor general condition and widely dense adhesion in the thoracic cavity including the great vessels require high-level surgical techniques, and postoperative mortality and morbidity are still high [2]. For hemoptysis, bronchial artery embolization is mainly performed, and radiotherapy to occlude the vessels and radiofrequency ablation in the cavity have also been attempted [1].
Fungus ball removal is used palliatively to control hemoptysis [3,4,5,6]. We have performed this procedure using video-cavernoscopy for patients with CA with poor respiratory reserve, poor nutrition and damaged lungs, based on the expectancy of major postoperative complications in radical surgery or patient refusal of one-stage radical surgery. In this study, we discuss fungus ball removal with video-cavernoscopy (video-cavernoscopic removal) as an alternative therapy for aspergillomas.


Subjects and methods
At our hospital, 59 cases of aspergilloma were treated surgically from 1991 to 2020, including 21 simple aspergilloma (SA), 37 of CA and one unclassified case. Of the CA cases, 25 (67.6%) underwent one-stage radical operations such as lung resection, 8 (21.6%) underwent video-cavernoscopic removal (since October 2013) and 4 (10.8%) received cavernostomy or chest wall fenestration. The 8 cases of video-cavernoscopic removal were reviewed retrospectively and the patient characteristics and surgical outcomes were compared with those of patients who underwent one-stage radical operations. This study was approved by the Kanagawa Cardiovascular and Respiratory Center Institutional Review Board for Clinical Research. The informed consent requirement was waived because of the retrospective study design (approval number KCRC-18-0034).
Simple aspergilloma and complex aspergilloma
Aspergillomas were classified into two categories, SA and CA according to the definition proposed by Belcher and Plummer [7]. In SA, aspergillomas develop in an isolated cavity with a thin wall surrounded by normal lung parenchyma, such as lung and bronchogenic cysts. In contrast, CA develops in a destructive cavity of lung parenchyma resulting from preceding old Tb, old empyema and bronchiectasis. The cavity has a thick wall and is surrounded by fibrotic lung tissue that has high attenuation on Computed tomography (CT), suggesting dense intrathoracic, vascular and hilar adhesion [1]. Imaging diagnosis of CA was made at a preoperative conference by doctors who were Board Certified Members of the Japan Radiological Society, the Japanese Respiratory Society and the Japanese Association for Chest Surgery.
Procedures, tube management and postoperative course
Video-cavernoscopic removal involves removing aspergilloma directly piece by piece under a scopic view. The procedure requires the presence of intrathoracic dense adhesion between lung parenchyma and the chest wall, and the cavity should be located in a subpleural region and close to the chest wall. The presence of organized lung parenchyma between the cavity and chest wall is allowable. Skin marking using pens was initially made under preoperative chest CT (Fig. 1a). The shortest approach was selected with avoidance of barriers such as ribs or scapulae. The procedure was performed under general anesthesia with one-lung ventilation, with patients in a supine, prone or decubitus position depending on the location of the cavity (Fig. 1b). First, syringe air suction at the marked skin point was used to confirm the location of the cavity. Then a small skin incision was made at this point and a 12-mm trocar was placed into the cavity via the chest wall and organized lung parenchyma. Using a thoracoscope (3 mm in diameter) and endoscopic forceps inserted from the same trocar (Fig. 1c), the fungus ball was removed piece by piece as much as possible (Fig. 1d, e). Antifungal powder (voriconazole 200 mg) was then sprayed in the cavity. A short drain made by cutting the connector side of a 19 Fr urokinase-coated polyurethane slit drain was inserted into the cavity and the wound was closed tight. The anti-cavity side of the drain was exposed to the air (Fig. 1f). Under two-lung ventilation, air sound from the opened drain was confirmed. About two weeks after the procedure, the drain was changed to a smaller (12 Fr) drain, which was removed after one further week. The wound (insertion part) closed spontaneously within a few days. All patients received oral anti-fungal drugs postoperatively. During postoperative follow up periods, chest CT was routinely taken every six months.
Fig. 1[image: figure 1]
a Chest CT findings in a representative case of CA. The aspergilloma cavity was located adjacent to the chest wall. The surrounding lung parenchyma was extensively destroyed and an organized lung parenchyma intervened between the chest wall and the cavity. Marking showed that the shortest route from the skin to the cavity was via an axillal route (circle). b The patient was placed in the left decubitus position. Skin marking at the axilla was performed in advance (arrow). c A12-mm trocar was inserted into the cavity, and a thoracoscope (3 mm in diameter) and endoscopic forceps were inserted from the trocar. d Intraoperative findings. A brownish and friable mass of aspergillus was found in the cavity and was removed using endoscopic forceps piece by piece as much as possible. e After removal of aspergilloma, the cavity wall appeared smooth and white. There were columnar structures in places and many orifices of bronchioles were present in the cavity wall. f A short drain was inserted into the cavity with the anti-cavity side of the drain exposed to the air


Full size image

Statistics
Statistical analyses were performed using a Pearson χ2 test or Fisher exact test for categorical variables. Values are expressed as a median and range. Continuous variables were compared by Mann–Whitney U test. p < 0.05 was considered to be statistically significant. All analyses were performed using SPSS for Windows ver. 24 (SPSS, Chicago, IL, USA).


Results
The characteristics and the surgical outcomes of patients who underwent one-stage radical surgery and the video-cavernoscopic removal are shown in Table 1. Age, sex, site of lesion, chronic obstructive pulmonary disease (COPD), history of Tb or non-mycobacterium tuberculosis (NTM), interstitial pneumonia (IP), and Brinkman index (BI) did not differ significantly between the groups. In contrast, emphysematous lung (p = 0.001), body mass index (BMI) (p = 0.039) and %VC (p = 0.027) had significant differences, indicating a poor general condition of the patients who underwent video-cavernoscopic removal. Operation time (p = 0.000) and blood loss (p = 0.002) were significantly lower in video-cavernoscopic removal, suggesting the low invasiveness of this procedure.
Table 1 Comparison of one-stage radical surgery and fungus ball removal with video-cavernoscopyFull size table

In one-stage radical surgery, 9 cases (36.0%) had postoperative complications: 6 bronchopleural fistulas (BPFs) and 3 pneumonias. All BPF cases required secondary operations (Common Terminology Criteria for Adverse Events (CTCAE) grade 4), whereas all pneumonia cases were treated with mechanical respiratory support (CTCAE grade 4) and one patient died (CTCAE grade 5). Mortality within 30 postoperative days was absent and aspergillosis was not the direct cause of death, but there were 3 deaths from respiratory diseases after the procedure: 1 of postoperative pneumonia and 2 of type II respiratory failure. As mentioned above, two cases (25%) with video-cavernoscopic removal had grade 3 subcutaneous emphysema. There was no difference in the frequency of postoperative complications between the groups (p = 0.454), but CTCAE grades suggested that postoperative life-threatening complications were significantly more likely to develop in one-stage radical surgery (p = 0.023).
The detailed characteristics of the eight patients (7 males, 1 female; median age 65 years, range: 45–74 years) who underwent video-cavernoscopic removal are shown in Table 2. Seven cases had an emphysematous lung and one case had COPD. The medical history included 6 cases of Tb and 2 of IP. The median BI was 550 (0–1880), BMI was 16.6 (13.4–25.9) kg/m2, hemoglobin (Hb) was 12.0 (9.6–14.2) g/dl, and serum albumin (Alb) was 3.3 (2.0–4.4) g/dl, suggesting malnutrition. Pulmonary function tests showed a restrictive ventilatory disturbance of a median of 71.8 (42.2–95.1)%, but the median FEV1.0% of 85.3 (60.6–96.9) % was in the normal range. Four cases (Nos. 1, 2, 3 and 6) with poor respiratory function showed severe restrictive ventilatory impairment.
Table 2 Characteristics of patients who underwent fungus ball removal with video-carvernoscopyFull size table

All aspergillomas were located in the upper lobes, on the right side in 3 cases and on the left in 5 cases. All cases had preoperative hemoptysis and one case (No. 8) had massive hemoptysis requiring blood transfusion and intubation to maintain the airway. All cases had no hemoptysis after the procedure. Two cases (Nos. 6 and 7) with a large cavity in which the fungus ball developed had marked subcutaneous emphysema reaching the face, but did not need a secondary operation (CTCAE grade 3). In case No.7, a large lesion occupied approximately one-third of the left upper lobe (Fig. 2a) and the patient developed marked subcutaneous emphysema that reached his face on postoperative day (POD) 5 (Fig. 2b). A 19 Fr drain placed in the procedure was urgently changed to a 28 Fr drain and the patient was managed with continuous drainage for 2 weeks. Subcutaneous emphysema gradually decreased and the 28 Fr drain was changed to a short-cut 16 Fr drain of which the anti-cavity side was exposed to the air. One week later, emphysema was minimal and the drain was removed on POD 26. The wound closed spontaneously and the patient was discharged on POD 30.
Fig. 2[image: figure 2]
a Preoperative chest CT in a complicated case. The patient had a large cavity containing a large aspergilloma, which occupied approximately one-third of the left upper lobe. b Marked subcutaneous emphysema that reached the face developed on POD 5


Full size image

Although all cases received oral anti-fungal drug therapy postoperatively, four cases (50%) relapsed on chest CT or presenting hemoptysis with a median disease-free survival period of 471.5 (176–876) days in an overall postoperative median follow-up period of 629 (30–2144) days for all 8 cases. Two cases (Nos. 1 and 7) with hemoptysis underwent bronchial artery embolization (BAE) once and two other patients (Nos. 3 and 4) with aspergilloma on postoperative CT underwent video-cavernoscopic removal once.


Discussion
One-stage radical surgeries for aspergillomas include lobectomy, segmentectomy, wide wedge resection and pneumonectomy, and each is selected depending on the location and extent of the lesion. When a large residual space in the thoracic cavity is expected, additional procedures such as thoracoplasty using a muscle flap or an omental flap are required. Cavernostomy with thoracoplasty is also categorized as a one-stage radical operation [8].
The annual report of the Japanese Association for Thoracic Surgery indicated that “lung resections for fungal infection” were performed in only 361 cases and with 0.8% hospital mortality in 2017 [9]. Muniappan et al. [2] found rates of 30% for postoperative morbidity and 3.3% for mortality within 30 days in a 2014 review of surgical treatment for aspergilloma over the past 30 years in North America. A report in 2020 also described high postoperative mortality and morbidity rates of 4% and 33%, respectively [1]. Thus, operations for aspergilloma are still recognized as high-risk treatment.
Based on chest X-ray findings in a report in 1960, Belcher and Plummer [7] divided aspergilloma into two groups: SA and CA. SA is defined as aspergilloma that develops in thin-wall cysts as emphysematous lesions such as bullae. Generally, the lesion is single and has no daughter lesion, and the surrounding parenchyma is not affected. In contrast, CA develops in a residual cavity formed by a destroyed lung parenchyma after old lung tuberculosis, lung abscess and bronchiectasis, and the surrounding lung parenchyma is also destroyed extensively [1, 7, 8]. Because of its simplicity and understandability, this classification is still used by general thoracic surgeons.
Complete resection for SA is often not too risky because of a less adhesive thoracic cavity and the relatively good condition of the patient. In addition, with video-assisted thoracoscopic surgery (VATS) becoming more common, there are benefits and recommendations of complete resection with VATS for SA [10,11,12]. The high postoperative mortality of aspergilloma is mainly attributed to CA. In addition to the poor condition of the patients, the widely dense adhesions including the hilum, high flow blood supply from the general circulation via new blood vessels, and calcified lymph nodes near pulmonary vessels, treatments for CA require high-level techniques. These approaches also have postoperative complications such as prolonged air leakage, pneumonia and BPF, which may lead to serious empyema, sepsis and death.
The first cavernostomy for aspergilloma was reported by Henerson et al. in 1968 [13]. Subsequently, successful treatment for hemoptysis using cavernoscopy has also been reported [3, 4]. Iuchi et al. [6] reviewed 21 cases with 28 cavernostomies with a small skin incision and fungus ball removal for CA in 2001 and showed that this was a less invasive technique than radical procedures, with an average operative time of 136 min and average operative bleeding of 242 mL. All 21 cases were discharged without complications. Thus, it was concluded that cavernostomy was effective for control of massive hemoptysis in especially high-risk patients with CA. Our results also showed that video-cavernoscopic removal is a less invasive technique with a short operative time and less blood loss, and preoperative hemoptysis resolved after the procedure in all cases. Tube drainage periods were longer compared to a standard lobectomy for lung cancer, but all patients were successfully rehabilitated without postoperative complications.
Several possible mechanisms of hemoptysis have been proposed, such as erosion of the vasculature due to fungal ball free movement and resultant chronic irritation, endotoxins that are hemolytic for human red blood cells from aspergilloma, trypsin-like proteolytic enzymes [8, 14] and high expression of vascular endothelial growth factor (VEGF) in pulmonary aspergilloma [15], but the exact mechanism is unknown. It is also unclear how fungus ball removal contributes to hemostasis. However, hemoptysis ceased after fungal ball removal in all of our cases, as also seen in previous reports [2,3,4,5,6, 8].
Fungus ball removal has advantages of simplicity and low invasiveness. Sufficient air drainage from the open drain was key in postoperative management to avoid subcutaneous emphysema since insufficient drainage from the lung cavity allows exhaled breath to escape into subcutaneous tissues. In the patient who developed marked subcutaneous emphysema, we urgently changed the drain placed in the procedure to a large-bore drain. Continuous drainage is the only approach in such a case. With a decreased air supply, airtightness between subcutaneous tissues may be enhanced by fibrinous adhesion to improve subcutaneous emphysema. In cases with many bronchi open to the lung cavity, exhaled breath might exceed air drainage.
The most significant problem of fungus ball removal is the high rate of relapse, which has an incidence that varies widely from 0% [16] to 45.2% [5, 6]. Iuchi et al. [6] found a longest disease-free survival period of 9.5 years and showed that relapse cases were likely to develop both a fungus ball on chest CT and hemoptysis. In our study, 4 cases (50.0%) relapsed and their median disease-free period was about 1.3 years. However, these cases underwent the same procedure or bronchial artery embolization for recurrent hemoptysis and all patients are alive and living in a society without complications. Generally, patients with CA have a poor condition due to a preexisting lung disease and an invasive procedure may lead to type II respiratory failure. Thus, control of massive hemoptysis and protection against exacerbation might be more important than complete cure using a high-risk procedure.
The limitations of the study include the retrospective design, selection bias, and the small number of patients. The indication criteria for video-cavernoscopic removal have not been defined clearly, and a further study in a larger population with a prospective randomized design is required.


Conclusion
Fungus ball removal with video-cavernoscopy is less invasive and is appropriate for frail patients with pulmonary aspergillosis as an alternative treatment to prevent or control massive hemoptysis that may be fatal. The procedure is simple for general thoracic surgeons and can be repeated if the patient’s condition allows general anesthesia. Video-cavernoscopic removal is not a radical cure and careful postoperative follow up is needed through a routine CT examination every six months. However, this method is a treatment option for refractory aspergilloma.
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