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Endobronchial closure of the bronchopleural
fistula with the ventricular septal defect
occluder: a case series
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Abstract

Objectives: The ventricular septal defect (VSD) occluder has been reported to be a novel method for the closure of
bronchopleural fistula (BPF). Our study was to confirm the use of VSD occluder in treating BPF after pneumonectomy
or lobectomy.

Methods: We performed a single-center, retrospective study of 10 consecutive patients (8 men and 2 women aged
29-70 years) with postoperative BPF receiving the VSD occluder treatment. We used the HeartR™ Membranous VSD
occluder (Lifetech Scientific Co., Shenzhen, China) for the closure of BPF through flexible bronchoscopy under general
anesthesia. Demographic characteristics, BPF characteristics, and clinical outcomes were collected from patients'files
using the standardized data abstraction forms.

Results: The underlying diseases were lung cancer in 6 patients, pulmonary tuberculosis in 3, and bronchiectasis in 1.
Right-sided BPFs occurred in 6 patients, and left-sided BPFs occurred in 4. Five patients were underweight with a body
mass index < 18.5 kg/m? The VSD was placed in all 10 patients with a 100% technical success rate and a 70% com-
plete closure rate during follow-up with no complications, on a median follow-up period of 115 days (range 46-975
days). In 1 patient, the VSD occluder was reinstalled with complete closure; in 1 and 2 patients with underweight and
chronic empyema, the VSD occluders partially and completely failed with good physical tolerance, respectively.
Conclusions: Our study demonstrated the bronchoscopic closure of BPF after lung resection using the VSD occluder

is an off-label but safe and effective method. We prefer to stabilize the BPF by eradicating the underlying diseases and
providing nutritional support to those receiving VSD occluder closure treatment.
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Introduction

The bronchopleural fistula (BPF) is an uncommon
but major complication of lung resection, associated
with high mortality, especially in lung cancer patients
[1]. Most patients with postpneumonectomy BPF are
debilitated and have chronic empyema, leading to high
morbidity [2]. Open thoracotomy or video-assisted
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thoracoscopic surgery is recommended for BPF closure if
the patients could tolerate a major reoperation [3]. The
success rate of surgery for BPF closure has been over 85%
in those patients [4, 5]. In some severely ill patients, the
bronchoscopic treatment seems to be a well-tolerated
and cost-effective procedure [6]. Various bronchoscopic
treatments have been reported in small studies and case
reports for BPF closure, such as the Amplatzer vascular
occluder [7], one-way endobronchial valve [8], vascular
occlusion coil [9], covered expandable metallic stent [10],
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adhesive tissue and fibrin glue [11], sclerosing agent [12],
and et al.

The Amplatzer vascular occluder, designed to close
the ventricular septal defect (VSD), was first used for
endobronchial closure of BPF under general anesthe-
sia in 2008 by Kramer and his colleagues [7]. Since then,
the Amplatzer vascular occluder has been used increas-
ingly and successfully in selected BPF patients worldwide
[13-15]. In the most extensive case series (31 patients),
improvement or resolution of BPF occurred in 96% of
patients treated with the Amplatzer vascular occluder,
lasting for up to 18 months [16]. This study aims to pre-
sent our experience in treating postpneumonectomy BPF
with the HeartR™ Membranous VSD occluder (Lifetech
Scientific Co., Shenzhen, China). We have presented our
data with an emphasis on long-term outcomes, especially
in those with underweight or chronic empyema.

Materials and methods

We performed a single-center, retrospective study of
patients with BPF after pneumonectomy or lobectomy
who presented to the First Affiliated Hospital of Chong-
qing Medical University in Chongqing, China. We
reviewed the medical records, laboratory results, chest
computed tomography images, bronchoscopy reports,
and pathological findings for patients with BPF between
January 2018 and March 2021. Patients with confirmed
BPF receiving the implantation of VSD occluder were
included in this study. The attempt to close the BPF with
vascular occlusion coil and adhesive tissue in two patients
failed before attending our department. All patients
treated with the VSD occluder on a compassionate basis
were not candidates for surgical repair and refused other
treatment modalities due to financial burden. Written
informed consent was obtained from all patients, includ-
ing the off-label use of the VSD occluder in the closure
of BPE. We used the standardized data abstraction forms
to gather information on demographic characteristics,
BPF characteristics (etiology, location, long axis length,
et al.), and clinical outcomes. The institutional scientific
committee approved the publication of this retrospective
study.

We used the HeartR™ Membranous VSD occluder
(Lifetech Scientific Co., Shenzhen, China), made of
multi-layered nitinol wire mesh with low-profile reten-
tion disks. The central waist diameter ranges from 4 to
24 mm, with a fixed length of 3 mm. The symmetric disk
diameter is 4—5 mm larger than the central waist diam-
eter, giving an anchoring lip of 2-2.5 mm circumferen-
tially. The central waist is anchored and stabilized into the
fistula by the two symmetric disks. The polytetrafluoro-
ethylene membrane in the VSD occluder increases the
closing ability and reduces the inflow of purulent pleural

Page 2 of 6

effusion. Two independent specialized radiologists meas-
ured the long axis length of BPF using the three-dimen-
sional reconstruction of chest computed tomography
images (Fig. la). The selected VSD colluder’s central
waist diameter was 4 mm larger than the measured long
axis length of BPF, giving the occluder good compres-
sion strength. The guidewire fixed with an occluder was
inserted into the BPF through the bronchoscope work
channel under general anesthesia. The proximal disk of
the occluder was unfolded and positioned directly under
flexible bronchoscopic observation. The guidewire was

Fig. 1 Patient no.4 inTable 1. a Measuring the size of the BPF (white
arrow) localized in the right middle bronchus via three-dimensional
reconstruction of chest computed tomography images. b The
bronchoscopic view of the large central BPF located in the right main
bronchus completely closed by the VSD occluder with surrounding
granulation tissue
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disconnected from the occluder when it was positioned
correctly. The immediate technical success was defined as
complete closure of the BPF using VSD occluders with an
immediate absence of air leakage through the chest tube
drainage. Complete closure (assessed at every visit) was
defined as BPF completely closed with the VSD occluder,
and incomplete closure was BPF mostly closed with pre-
vious symptoms completely resolved, while failure was
BPF not closed with the persistence of symptoms.

Results

A total of ten consecutive patients with post-pneumo-
nectomy or post-lobectomy BPF receiving the insertion
of HeartR™ Membranous VSD occluder were recruited
in this study (Table 1). The male/female ratio was 8/2,
with ages ranging from 29 to 70 years. Five patients
were underweight with a body mass index (BMI) below
18.5 kg/m?. Eight patients had chronic empyema associ-
ated with BPF. Non-small cell lung cancer was the under-
lying disease in 6 patients, pulmonary tuberculosis in 3
patients, and cystic fibrosis in 1 patient. The locations
of BPF were right upper lobe in 5 patients, right main
stem bronchus in 1 patient, left main stem bronchus in
2 patients, left upper lobe in 1 patient, and left lower
lobe in 1 patient. All patients with BPF were not recom-
mended the primary surgical repair due to underweight
or chronic empyema.

The immediate technical success rate of the HeartR™
Membranous VSD occluder was 100% for the closure
of BPFs with long axis lengths of about 2-8mm in this
study. The median operation time was 40 min (range
29-55 min). Symptoms of BPF, such as cough with puru-
lent sputum and persistent air leakage through the chest
tube drainage, disappeared just after the insertion of the
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VSD occluder. This led to the granulation tissue forma-
tion around the HeartR"™ Membranous VSD occluder
for the closure of BPF in seven patients, which was con-
firmed by bronchoscopy, on a median follow-up period
of 115 days (range 46—975 days). In patient no. 4, the BPF
located in the right main bronchus was completely closed
by the VSD occluder with surrounding granulation tissue
(Fig. 1b). In patient no. 6, the VSD occluder was dislo-
cated 2 months after the insertion and then repositioned
into the BPF through bronchoscopy under general anes-
thesia, and the BPF was successfully closed in the follow-
up. Incomplete closure and failure with the HeartR"™
Membranous VSD occluder occurred in the other three
patients. In patient no. 1, incomplete closure occurred
32 months after the insertion. The VSD occluder was
not replaced because the patient’s symptoms improved
significantly, and the disclosure was minimal (Fig. 2). In
patient no. 5 (Fig. 3) and no. 8, the VSD occluder failed
to close the BPFE. They refused to replace a new VSD
occluder due to relatively good physical tolerance and its
associated financial burden. No complications or adverse
events were observed during and after the implanta-
tion of VSD HeartR"™ Membranous occluder. The BPF
in the right main bronchus was completely closed by the
VSD occluder in the latest chest computed tomography
of patient no.4 (Fig. 4). All patients exhibited no signs
of residual or recurrence of underlying diseases in the
follow-up

Discussion

The VSD occluder was placed in all patients with BPF
after lung resection with a 100% immediate techni-
cal success rate and a 70% complete closure rate during
follow-up in our study. The VSD occluder closure rate

Table 1 Demographic and clinical data of patients with postoperative bronchopleural fistula treated by ventricular septal defect

occluder

Patient no. Age/sex BMI (kg/m?) Underlying Chronic BPF location BPF size  Operation Long-term outcomes
diseases empyema (mm) time (min)

1 29/M 17.8 B Yes RUL 6 48 Incomplete closure

2 65/M 16.2 NSCLC No LMB 4 45 Complete closure

3 55/M 205 B Yes RUL 8 40 Complete closure

4 62/M 19.8 NSCLC Yes RMB 8 35 Complete closure

5 36/M 15.0 B Yes RUL 6 40 Failure

6 70/M 17.7 NSCLC No LUL 4 30 Complete closure

7 57/F 253 CF Yes LLL 5 55 Complete closure

8 60/M 17.7 NSCLC Yes RUL 2 56 Failure

9 52/M 219 NSCLC Yes RUL 8 33 Complete closure

10 56/F 227 NSCLC Yes LMB 6 29 Complete closure

BPF Bronchopleural fistula, M male, F female, TB tuberculosis, NSCLC non-small cell lung cancer, CF cystic fibrosis, RUL right upper lobe, LMB left main bronchus,

RMB right main bronchus, LUL left upper lobe, LLL left lower lobe
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Fig. 2 Patient no. 1 in Table 1. The bronchoscopic view of the large
central BPF in the right upper lobe incompletely covered (white
arrow) by the VSD occluder

Fig. 3 Patient no. 5 in Table 1. The bronchoscopic view of the large
central BPF in the right upper lobe partially covered (white arrow) by

the VSD occluder with purulent discharge

was in consistent with other vascular occluder studies
in the closure of BPF [16, 17]. Nine patients with BPF
after lung resection were with a BMI lower than 25 kg/
m? in this study, and two failures with the VSD occluder
occurred in patients with a BMI lower than 18.5 kg/m?
Patients with a BMI lower than 25 kg/m? are at increased
risk of BPF after lung resection [18, 19]. The initial pro-
cedure in patients with empyema after pneumonectomy

Fig. 4 Patient no.4 in Table 1.The BPF in the right main bronchus
was completely closed by the VSD occluder (white arrow) in the latest
chest computed tomography

or lobectomy is to identify BPF using a flexible broncho-
scope, especially in those with a BMI lower than 25 kg/
m?. The underweight might be a risk factor for the fail-
ure of closing BPF with the vascular occluder. The under-
weight or malnutrition might result in the enlargement of
the BPF and the VSD occluder’s dislocation into the pleu-
ral cavity.

Surgical resection and closure of BPF combined with
antibiotics, serial debridement, chest drainage, and
obliteration of the residual pleural space are recom-
mended if the clinical situation allows a major reop-
eration [20-22]. The bronchoscopic treatment has
evolved as an adjuvant or complementary procedure
to surgery, enabling the BPF visualization (location
and size), bronchial stump evaluation, and treatment
strategy decision simultaneously, particularly in those
severely ill patients [6]. The initial bronchoscopic
treatment of BPF depends heavily on the size of the
fistula. Primary bronchoscopic treatments in manag-
ing large BPF include surgery [3], VSD occluder [10],
and Y-type covered metallic expandable stent [16]. All
patients with postoperative BPF included in our study
were refractory cases who failed antibiotics, chest tube
drainage, tube thoracostomy, and were not candidates
for surgical repair because of underweight or chronic
empyema. They also refused the Y-type covered metal-
lic expandable stent due to financial burden and com-
plications such as stent intolerance, mucus retention,
pneumonia, and stent restenosis. Other bronchoscopic
treatments have been reported in closing small BPF,
such as adhesive tissue and fibrin glue, sclerosing agent,
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one-way endobronchial valve, endobronchial Watanabe
spigot, vascular occlusion coil, and mesenchymal stem
cells, some initial attempts of which had failed in our
patients. Fibrin glue and vascular occlusion coil did not
close the BPF with oracle about 2 mm in patient no.2.
The VSD HeartR" Membranous occluder available
from 4 to 24 mm could be feasibly applied to close BPF
with different sizes. We noticed that the VSD occluder
used in our study had only a 3 mm waist length, which
might not suit the BPF with a long tract. Other kinds of
VSD or Amplatzer vascular occluders with longer waist
lengths to accommodate the thick wall and long tract of
BPF are commercially available.

VSD occluder can be positioned into the BPF with
more accessible and faster manipulation through bron-
choscope due to its flexible profile and small guidewire.
Besides, the VSD occluder can minimize the clamping
force to the bronchial stump and the radial stress on the
BPF rim due to its multi-layered nitinol wire mesh with
low-profile retention disks. BPFs>8mm or large central
BPFs are usually unsuitable for bronchoscopic treatment,
such as adhesive tissue and fibrin glue [6, 23]. The bron-
chopleural air leak greater than 500 mL/breath during
mechanical ventilation is associated with bronchoscopic
treatment failure [23, 24]. The successful treatment of
BPF in our study might also be due to the fistula being
blocked by the polytetrafluoroethylene membrane in the
VSD occluder, reducing air leak and promoting granula-
tion tissue formation. On top of that, we carefully ruled
out the residual or recurrence of underlying diseases,
which could cause the failure of bronchoscopic closure of
BPF with VSD occluder [25].

Conclusions

We reported a case series of endobronchial closure of
BPF using the VSD occluder after lung resection. Our
preference is to stabilize the BPF by eradicating the
underlying diseases and providing nutritional support
to those receiving VSD occluder closure treatment. The
bronchoscopic treatment with VSD occluder, an off-label
but safe and effective method, is worth trying in selected
cases for the closure of postoperative BPF. More studies
are needed to assure the VSD occluder in the treatment
of postoperative BPF.
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