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Purpose: Surgical bullectomy is the standard treatment of giant emphysematous bulla (GEB). However, bronchoscopic treatment
should be considered as an alternative approach for patients who are unfit for surgical treatment. The study aimed to evaluate the
clinical efficacy of endobronchial occlusion for the treatment of GEB using silicone plugs.

Methods: This retrospective study recruited four patients with GEB who were unsuitable for surgery. Preoperative planning was
performed using high-resolution computed tomography and a virtual bronchoscopic navigation system. Customized silicone plugs
were then placed in the target airway via bronchoscopy to cause GEB regression and atelectasis.

Results: All procedures were completed successfully in four patients. Three months after the procedures, compared with baseline,
increases in the mean forced expiratory volume in 1 s (from 1.20 L/s to 1.33 L/s), forced vital capacity (from 2.63 L to 2.90 L),
diffusion lung capacity for carbon monoxide (from 29% to 41% of the predicted value) and 6-minute walking test (from 412 m to
474 m) were observed. Additionally, the mean total lung capacity (from 6.80 L to 6.35 L), residual volume (from 3.97 L to 3.52 L),
and St. George’s Respiratory Questionnaire scores (from 67 to 45) were all lower than baseline data.

Conclusion: Our preliminary results demonstrated that the endobronchial placement of silicone plugs could be a low-cost, safe, and
effective choice for the treatment of GEB in surgically unfit patients.
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Introduction

Giant emphysematous bulla (GEB) is a large bulla occupying at least 30% of the hemithorax." GEB can compress
adjacent normal parenchyma and impair gas exchange, resulting in dyspnea on exertion and, sometimes, pneumothorax.”
Surgical treatments, including bullectomy, lobectomy, and pneumonectomy, have been recommended as the standard
approaches for eliminating giant bullae.> However, when a patient refuses surgery or is not a suitable candidate for
surgery, these forms of resection are inappropriate.

In recent years, several endoscopic methods have been used as safer and less invasive treatment options for GEB.*”
Endobronchial valve (EBV) placement is currently the most commonly reported bronchoscopic approach for patients with
GEB who are not suitable candidates for surgery. Although EBV placement has been proven to be effective and safe, some
limitations should be noted. The most frequent complication associated with this technique is pneumothorax; the incidence of
which ranged from 4% to 18%.'%"'* Another study reported that >80% of the cases experienced pneumothorax within 2 days
of EBV placement, due to the rapid re-expansion of the compressed adjacent lung.'* EBV-related pneumothorax might be
fatal in patients with advanced emphysema and limited pulmonary reserve.'* The cost of EBV is another factor that needs to
be considered. A previous study reported that for each patient with GEB, an average of three valves are required for
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placement into a target bronchus.’ The average cost of this treatment in China is approximately US$ 15,000. Occasionally
(10% of cases), the EBVs are removed due to pneumothorax, cough, or valve migration.15 Therefore, the cost of the
procedure could be a significant burden for some patients, especially in developing countries.

Rarely, GEB resolves spontaneously following infection.'®'® The closure of communication between bullae and
airway after airway inflammation might result in a closed space, and the absorption of air within the bullaec can cause
shrinkage of the GEB over time. Based on spontancous GEB regression, we hypothesized that an endobronchial plug
could be used for the treatment of GEB. The endobronchial Watanabe spigot (EWS) is a commercial product in Japan
and has been used as an occluder device in the endobronchial treatment of persistent bronchial fistula and pulmonary air

leaks,w*21

whereas the placement of endobronchial silicon plugs for the treatment of GEB has not been tested.
Since EWS is not available in China, we designed a conical silicone spigot as an alternate blocker for bronchoscopic
treatment in patients with GEB. In this study, we evaluated the efficacy of customized silicone plugs as bronchoscopic

occluders in deflating the giant bullae in surgically unfit patients with GEB.

Methods

Study Design

This was a retrospective study that aimed to evaluate the clinical efficacy of endoscopic silicon plug occlusion treatment
in patients with GEB at the Second Affiliated Hospital of Fujian Medical University. The research ethics board of the
hospital approved this study, and all patients were aware of the treatment plans and provided written informed consent.

Study Population
Four male patients with a mean age of 61 years were enrolled in this study. The clinical characteristics of these patients at
baseline are shown in Table 1.

All patients had been diagnosed with chronic obstructive pulmonary disease (COPD) groups C or D and had
worsening airflow limitation. Each patient had experienced a pneumothorax on more than two occasions. In all cases,
the GEB occupied more than one-third of the hemithorax.

Due to progressively increasing dyspnea at exertion and recurrent history of pneumothorax, the patients were
admitted to our hospital for the treatment of GEB. Following a multidisciplinary team discussion, we decided that
surgical bullectomy was unsuitable due to the severe reduction of diffusion lung capacity (in each patient, this was <35%
of the predicted value). Additionally, all patients were reluctant to accept the risk of the surgical procedure and, therefore,
selected bronchoscopic treatment. Furthermore, considering the cost of EBYV, the patients refused the endoscopic

Table | Clinical Evaluation Outcomes at Baseline and 3 Months After Endobronchial Occlusion Using the Silicone Plugs

Case | Case 2 Case 3 Case 4
Baseline 3 Months Baseline 3 Months | Baseline | 3 Months | Baseline | 3 Months
FEV, (L/s) 1.45 1.66 0.94 1.04 1.38 1.51 1.02 1.12
FEV, (% predicted) 57.77% 66.14% 40.52% 44.83% 61.06% 66.81% 38.78% 42.59%
FVC (L) 2.95 2.89 2.60 3.06 1.59 1.97 3.39 3.68
FVC (% predicted) 85.76% 84.01% 79.51% 93.58% 50.00% 61.18% 90.64% 98.40%
TLC (L) 7.50 6.70 6.61 6.35 6.7 6.47 6.38 5.88
TLC (% predicted) 143.68% 128.35% 138.87% 133.40% 134.81% 130.18% 116.85% 90.46%
RV (L) 4.05 3.83 3.86 3.39 5.00 4.46 2.95 2.40
RV (% predicted) 178.41% 168.72% 189.22% 166.18% 214.59% 191.42% 124.47% 97.96%
DLCO (% predicted) 25.03% 33.17% 29.01% 49.94% 31.96% 40.21% 30.17% 42.47%
6MWT (m) 562 660 399 465 367 410 320 361
SGRQ 75 42 50 33 78 44 65 34

Abbreviations: FEV,, forced expiratory volume in | s; FVC, forced vital capacity; TLC, total lung capacity; RV, residual volume; DLCO, diffusion lung capacity
of carbon monoxide; 6MWT, 6-min walking testing; SGRQ, St. George’s Respiratory Questionnaire.
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placement of EBV. Therefore, each patient underwent the bronchoscopic placement of customized silicon plugs to
treat GEB.

Clinical Evaluation

Clinical evaluation included the pulmonary function test, 6-minute walking test (6MWT), and St. George’s Respiratory
Questionnaire (SGRQ). We performed chest high-resolution computed tomography (HRCT) on each patient and paid
particular attention to confirming complete or near-complete (>90%) interlobular fissures (as a surrogate for the absence
of collateral ventilation) in the target lobe site of GEB. During the treatment and follow-up, we documented all
symptoms, including temperature, breathing, and cough. If necessary, a review bronchoscopy was performed to assess
the location of spigots. In addition to preoperative function evaluation at baseline, the same examinations were repeated 3

months after the procedure.

Occluder Device Description

The bronchial silicone plug used in this study was obtained from a silicone implant (Kangning Medical Device,
Shanghai, China). The material was trimmed into a cone-shaped silicone spigot of an appropriate size to occlude the
target bronchus. To grasp the blocker efficiently with the grasping forceps, we tied a string of knots (1 cm in length)
using 0# surgical sutures in the tip of the conical silicone spigot. At the bottom of the occluder, we tied a second knot to
remove the silicone spigot, if the patient could not tolerate the spigot (Figure 1A).

Figure | Procedure of the bronchoscopic silicone plug placement. (A) The customized silicone plug which we used in the study. (B) Preoperative planning was designed via
the virtual bronchoscopic navigation system. (C) The tip knot of the plug was grasped by the grasping forceps to guide the route and adjust orientation. (D) The silicone plug
was placed into the targeted bronchi by flexible bronchoscopy.
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Operative Procedure

Before the bronchoscopic procedures, the location of the GEB was identified using HRCT and a virtual bronchoscopic
navigation (VBN) system (LungPro®, Broncus, USA). In addition to assisting in determining the bronchoscopic route,
the three-dimensional VBN system could help evaluate the diameter of the bronchus of the target lobe to facilitate
trimming of the silicone plug (Figure 1B). Placement of the silicone spigot could be performed under local or general
anesthesia. Briefly, a grasping forceps (FB-35C-1, Olympus, Japan) was introduced through the 2.8-mm diameter
working channel of a flexible bronchoscope (BF1T-260, Olympus, Japan). The silicone plug was then grasped using
the grasping forces (Figure 1C) and inserted into the target bronchus by adjusting the direction and angle. Spigots were
placed in the target bronchus that corresponded to the GEB based on individual anatomy (Figure 1D).

Results
Intraoperative results

The procedures were completed successfully and well tolerated in all four patients. GEB was located in the right upper
lobe in two cases, in the right middle lobe in one case, and left lower lobe in one case. A median of two silicone spigots
(range, 1-3 spigots) were placed to occlude the entire lobe in each patient with complete fissure, with a median
procedural time of 16 minutes (range, 5-30 minutes). The median postoperative hospital stay was 3 days (range, 1-7
days).

Functional Results

The functional results are listed in Table 1 and Figure 2. Three months after the procedure, compared with baseline,
increases in the mean forced expiratory volume in 1 s (FEV;) (from 1.20 L/s to 1.33 L/s), forced vital capacity (FVC)
(from 2.63 L to 2.90 L), diffusion lung capacity for carbon monoxide (DLCO) (from 29% to 41% of the predicted value),
and 6MWT (from 412 m to 474 m) were observed. The mean total lung capacity (TLC) (from 6.80 L to 6.35 L) and
residual volume (RV) (from 3.97 L to 3.52 L) were lower than those measured at baseline.
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Figure 2 Individual results at baseline and 3 months after the bronchoscopic silicone plug placement.
Abbreviations: FEV, forced expiratory volume in | s; FVC, forced vital capacity; TLC, total lung capacity; RV, residual volume; DLCO, diffusion capacity of carbon
monoxide; 6MWT, 6-min walking testing; SGRQ, St. George’s Respiratory Questionnaire.
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Chest Imaging

Chest CT was performed at baseline and 3 months after treatment. The repeated CT findings showed different degrees of
bulla atelectasis with re-expansion of the adjacent lung in all four patients. For GEB located near the diaphragm, the
reduction in hyperinflation of GEB restored the diaphragm to a more domed physiological configuration. Representative
CT images are shown in Figures 3 and 4.

Quality of Life

During the follow-up period, each patient reported that their symptoms of exertional dyspnea had improved.
Additionally, improvements were evident in SGRQ scores (Figure 2), with a 22-point greater reduction at 3 months
after silicone plug treatment than at baseline (from 67 to 45).

Complications

On the second day after the procedure, one patient experienced an infective acute exacerbation of COPD. This was fully
resolved following the administration of an appropriate antibiotic (fluoroquinolone) and prednisolone. The other three
patients did not experience any adverse events following the placement of the spigots.

Figure 3 Chest CT scan images at baseline, 7 days and 3 months after the bronchoscopic silicone plug placement in Case |. (A) A GEB occupying almost entirely the right
upper lobe before treatment. (B) At 7 days after the procedure, a CT scan showed complete silicone plugs placement of the GEB and re-expansion of the adjacent lung. (C)

The radiological improvement was sustained for 3 months after treatment.
1
i ‘ ‘ ~ ‘

Figure 4 Coronal CT scan images at baseline and 3 months after the bronchoscopic silicone plug placement in Case 2. (A) Preoperative chest CT scan showed a GEB
located in the left lower lobe. (B) Three months after the procedure, repeated CT demonstrated regression of the GEB with the upshift of the diaphragm without the
collapse of the GEB. The red dotted line represents the shape of diaphragm.
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Discussion

A bulla is defined as an airspace measuring >1 cm in diameter in the lung.** Generally, a small bulla only needs clinical
follow-up. However, over time, the bulla may increase in size to become more than one-third of the hemithorax, resulting
in an impairment of lung function with associated worsening dyspnea, exercise limitation, and recurrent pneumothorax.
Pharmacological treatment is not effective for patients with GEB, and surgery is regarded as the preferred option, with
significant improvement in lung function and exercise capacity.>** In addition to an FEV, <50% of the predicted value,
the physiological parameters that were predictive for selecting patients with GEB with beneficial results after surgery
included eucapnia and a normal DLCO.*> However, patients who undergo resection of GEB may suffer postoperative
complications, including prolonged air leaks, pneumonia, atrial fibrillation, and massive subcutaneous emphysema,**
which are considered to be high risk in the compromised patients.

In our study, all four patients with GEB experienced pneumothorax on more than two occasions with poor quality of
life. Therefore, for all patients, GEB had to be treated. Two patients (Case 1 and Case 3) had greater FEV; than half of
the predicted value, and the DLCO of all patients was <35% of the predicted value. Therefore, surgical treatment was
considered to be unsuitable.”>*° Additionally, these patients refused to undergo conventional surgery due to procedure-
related mortality and morbidity. Based on these considerations, bronchoscopic treatment was regarded as an alternative
approach.

Our customized endobronchial plug has the following features. (1) The material originates from facial silicone
implants and has good biocompatibility. (2) The silicone spigot can be freely trimmed on-site into various sizes to suit the
corresponding target bronchus. (3) The rough surface after trimming can fix the plugs into the bronchial tree. (4) The
conical design allows us to adjust the direction and angle of the spigot into the distal airways. (5) With the two knots tied
at the tip and bottom, the spigot can be easily guided into the appropriate position and removed as necessary through
bronchoscopic grasping forceps. (6) The treatment is a cost-effective procedure, because the average cost per customized
spigot is US$10; and (7) air absorption in a closed GEB is a slow process after the obliteration of communication. Hence,
the lung volume will not “immediately” emerge as a rapid shift to cause pneumothorax.

By evaluating changes in pulmonary function before and 3 months after treatment in patients with GEB, we
observed a significant increase in FEV; and a significant reduction in TLC and RV. The improvements observed in
these lung function parameters may be interpreted as a reduction in lung overinflation, re-expansion of the adjacent
lung, and an upshift of the compressed diaphragm. Additionally, the pulmonary diffusion capacity improved sig-
nificantly after treatment. This improvement may be associated with the reduction in both dead space and ventilation—
perfusion mismatch. Correspondingly, the patients exhibited significant efficacy in exercise capacity and quality of
life.

After the procedure, repeated chest CT scans indicated imaging changes in the GEB volume in all patients. Case 1 had
noticeable atelectasis of the bulla on the seventh day after treatment (Figure 3A and B), whereas others showed
radiological improvement until 3 months after the placement of endobronchial spigots. Coincidentally, Case 1 was the
only one to experience an infectious complication. As outlined above, the placement of silicone plugs could isolate the
bronchus that communicates with the GEB. Furthermore, obstructive airway inflammation after endobronchial treatment
might favor the regression of the bulla. Notably, the silicone spigot-associated inflammation needs to be cured; if not, the
plugs need to be removed.

None of the four patients developed pneumothorax after the procedure. The study further demonstrated that the
technique was safe for the management of GEB with a slow reduction in lung volume following endobronchial occlusion
of the entire lobe. To prevent the migration of plugs, the size of the spigot was designed to be slightly larger than the
diameter of the airway. Due to the elasticity of the bronchial wall and silicone material, the plug could be tightly inserted
into the target bronchus. Therefore, none of the spigots used in our study showed any evidence of migration.

The use of VBN was another advantage of the procedure. Locating the giant bulla was a challenge for endobronchial
occlusion treatment in patients with GEB, and the bronchial tree may be transposed to a different location due to the
compression of the GEB. The operator may misjudge the target lobe based solely on HRCT findings. VBN can help to
accurately determine the location of the GEB and automatically plan the appropriate path to the target lobe, especially
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when location of GEB is difficult depending on the HRCT. Therefore, VBN can assist and improve the efficiency of this

procedure.

Conclusion
Our preliminary results demonstrated that the bronchoscopic placement of silicone plugs in the treatment of GEB was

feasible and associated with improvements in lung function, exercise capacity, and quality of life. This technique may be

considered as a safe, effective, and low-cost alternative for surgically unfit patients with GEB. In the future, a prospective

clinical trial with a larger population size and long-term follow-up will be required to confirm the safety and efficacy of

this technique.
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