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Case report: Endobronchial
closure of postoperative
bronchopleural fistula with
embolization coil: a sandwich-like
approach

Yang Bai'', Jing Chi', Hansheng Wang?#, Yishi Li*and
Shuliang Guo*

!Department of Respiratory and Critical Care Medicine, The First Affiliated Hospital of Chongqging
Medical University, Chongging, China, 2Department of Radiology, The First Affiliated Hospital of
Chongging Medical University, Chongging, China

Background: Embolization Coil has been reported to effectively treat
postoperative bronchopleural fistula (BPF). Little detailed information was
available on computer tomography (CT) imaging features of postoperative BPF
and treating procedures with pushable Embolization Coil.

Objective: We aimed to specify the imaging characteristics of postoperative
BPFs and present our experience treating them with the pushable Embolization
Coil.

Methods: Six consecutive patients (four males and two femalesaged 29-56 years)
diagnosed with postoperative BPF receiving bronchoscopic treatment with the
pushable Nester® Embolization Coil (Cook Medical, Bloomington, Indiana) were
included in this single-center, retrospective study. Multiplanar reconstruction
of multidetector CT scans was reviewed for the presence, location, size, and
radiological complications of each BPF, including air collection, pneumothorax,
bronchiectasis, and chest tube. Using standardized data abstraction forms,
demographic traits and clinical outcomes were extracted from the medical files
of these patients.

Results: The underlying diseases for lung resection surgery were pulmonary
tuberculosis (n = 3), lung adenocarcinoma (n =2), and pulmonary aspergillosis
(n =1). All patients had air or air-fluid collection with chest tubes on radiological
findings. Multiplanar reconstruction identified the presence of postoperative BPF
in all patients. Five fistulas were central, located proximal to the main or lobar
bronchus, while one was peripheral, distant from the lobar bronchus. Fistula
sizes ranged from 0.8 to 5.8 mm. Subsequent bronchoscopy and occlusion
testing confirmed fistula openings in the bronchial stump: right main bronchus
(n=1), right upper lobe (n=2), and left upper lobe (n=3). The angioplasty
catheter-based procedure allows precise fistula occlusion “like a sandwich” with
the pushable Embolization Coil. Five patients with BPF sizes ranging from 0.8
to 1.5mm were successfully treated with a pushable Embolization Coil, except
for one with a BPF size of 5.8 mm. No adverse events or complications were
observed throughout follow-up, ranging from 29 to 1,307 days.

Conclusion: The pushable Nester® Embolization Coilseems a minimally invasive,
cost-effective, and relatively easy-to-perform bronchoscopic treatment for
postoperative BPF with a size less than 2 mm. Further studies are required to
ensure the use of pushable Embolization Coil in treating postoperative BPF.
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Introduction

Bronchopleural fistula (BPF), categorized as peripheral or central
depending on location, is a pathological communication between the
main stem, lobar, or segmental bronchus, and the pleural space. It usually
results from lung resection surgery, with an incidence of 0.5-1% after
lobectomy and 4.5-20% after pneumonectomy, respectively (1).
Postoperative BPF can be divided into early (1-7days), intermediate
(8-30days), or late (> 30 days) onset according to the time of event after
the lung resection surgery (2). Postoperative BPF could be a catastrophic
complication due to tension pneumothorax or asphyxia from purulent
discharge in the thoracic cavity, with an estimated mortality rate of 16.0-
71.2% (3). If the clinical condition permits a major reoperation, open
thoracotomy or video-assisted thoracoscopic surgery is recommended
to repair the postoperative BPF (4). Surgical repair has a documented
success rate of over 85% in these individuals with postoperative BPF (5,
6). Bronchoscopic treatments have evolved from a simple diagnostic
scheme to a complementary or adjuvant treatment strategy in managing
postoperative BPF (7). Bronchoscopic treatments (including sclerosing
agent, ethanol injection, sealant, ventricular septal defect occluder,
Embolization Coil, etc.) are appropriate for those not candidates for
surgical repair, with variable success rates based on the location and size
of the fistula (8-13). The pushable Embolization Coil has demonstrated
efficacy in treating postoperative BPF with few complications (13-15).
However, little detailed information was available on the computer
tomography (CT) imaging features of postoperative BPF and treating
procedures with pushable Embolization Coil. This report describes the
imaging features of postoperative BPFs and presents our experience in
treating postoperative BPF with the pushable Embolization Coil.

Materials and methods
Patients

Consecutive patients receiving the pushable Embolization Coil for
the closure of postoperative BPF were retrospectively recruited in this
study from November 1, 2016, to November 1, 2022, at a single
academic institution. Most patients failed prior therapies (fibrin sealant
and gelatin sponge) and refused the surgical repair. We applied
standardized data abstraction forms to collect information on the
demographic traits of patients, CT imaging features of postoperative
BPF (location, size, and complications), and clinical outcomes of
treatment with the pushable Embolization Coil. Patient data were
de-identified and complied with the patient confidentiality requirements.

CT examinations and imaging features

The thin-section or standard contrast-enhanced images were
obtained using multidetector CT Scanners, such as the SIEMENS
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SOMATOM Perspective CT Scanner, SIEMENS SOMATOM
Definition DS CT Scanner, GE Discovery CT750 HD CT Scanner,
and GE Revolution CT Scanner. The imaging parameters typically
employed during CT scanning for BPF evaluation involve using
10-30mAs for tube current and 100-140kVp for tube voltage. The
mediastinal window was set to a width of 350-450 Hounsfield Units
(HU) and a level of 20-40 HU. For the parenchymal window, the
width was usually set to 1,200-1,600 HU, while the level ranged from
—500 to —700 HU. The postoperative BPF was detected by
multiplanar reconstruction from the multidetector with a slice
thickness of 1.0 or 0.625mm on the postprocessing workstation
(Picture Archiving and Communication System). Multiplanar
reconstruction involves converting axial-plane imaging data into
another plane (coronal, sagittal, or oblique). CT scans, especially
thin-section CT with multiplanar reconstruction, are cost-effective
in directly visualizing and localizing the postoperative BPF (16). The
authors (Y.B. and S.H.W.) jointly reviewed the multiplanar
reconstruction of CT scans to depict the imaging features of
postoperative BPF in this study. Any disagreements during the review
were resolved by consensus. CT scans of each patient were assessed
for the presence, location (central, proximal to the lobar bronchus, or
peripheral, distant), fistula size, and other radiological findings for
BPF complications, including air collection, pneumothorax,
bronchiectasis, and chest tube. The postoperative BPF on CT scans
was defined as a definite fistula tract between the bronchial stump
and pleural space (17, 18). We measured the size at the narrowest part
of the fistula tract in the reconstructed axial, coronal, sagittal, and
oblique planes. Culture-positive fluid or the presence of pus in the
pleural space was used to diagnose empyema.

Techniques

The detailed procedures for treating postoperative BPF with a
pushable Embolization Coil are illustrated in Figure 1. The flexible
bronchoscopy confirmed the location of postoperative BPF and
insertion of a dilation balloon (Microtech Co., Ltd., Nanjing, China)
or forceps into the segment or subsegment airway with the
suspected fistula opening (Figures 1A,B) in patients with persistent
air leak (19). If the segment or subsegment airway has a fistula
opening, the occlusion testing with the dilation balloon or forceps
could obstruct airflow through the fistula tract, reducing or
stopping the air leak from the chest tube. The bronchoscope
(OLYMPUS, BF-P290) with a 4.1 mm outer diameter and a 2.0 mm
working channel was used to assess peripheral postoperative BPF
that was more distant than the lobar bronchus. A 5 Fr angioplasty
catheter with a pushable Nester® Embolization Coil (Cook Medical,
Bloomington, Indiana) was inserted close to the fistula opening
(Figure 1C) via the flexible bronchoscope’s working channel. The
first half of the Embolization Coil is delivered into the fistula
opening using the guidewire, and the rest is deployed proximal to
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FIGURE 1

The detailed procedures in treating the postoperative bronchopleural fistula with a pushable Embolization Coil. (A) The bronchoscopy found the
anastomotic nails and suspected fistula opening (black arrow) in the bronchial stump of the left upper lobe (intrinsic branch). (B) Forceps occlusion
testing confirmed the fistula opening in the intrinsic branch, stopping the air leak from the chest tube. (C) The first half of a pushable Embolization Coil
was delivered into the fistula opening via a 5 Fr angioplasty catheter (black arrow). (D) The transbronchial insertion of the pushable Embolization Coil
successfully occluded the fistula opening, with the other half deployed proximal to the segmental branch. (E,F) The schema and chest computed
tomography illustrated how the fistula tract was surrounded by the coil’s curves (black arrow) and well-balanced on both fistula openings “like a

sandwich”

the segmental branch (Figure 1D). The Embolization Coil could
be balanced on both fistula openings in the schema and chest CT
(Figures 1E,F), mechanically blocking the fistula tract “like a
sandwich” The fibered part could trigger local inflammation,
promote granulation tissue formation, and ultimately close the
postoperative BPE. Complete closure was defined as the
postoperative BPF completely closed with the Embolization Coil
without air leak via the chest tube drainage. Incomplete closure was
defined as the postoperative BPF partially closed with the
Embolization Coil, even using additional coils, fibrin sealant, or
both, only with decreased air leak via the chest tube drainage. A
chest CT was performed to observe a reduction in residual cavity
size and other BPF complications during the follow-up.

Results

A total of six patients diagnosed with postoperative BPF (four
males and two females) aged 29-56 years were consecutively included
in this study (Table 1). Two patients underwent pneumonectomy, and
four patients underwent lobectomy for pulmonary tuberculosis
(n=3), lung adenocarcinoma (n=2), or pulmonary aspergillosis
(n=1). Three patients had empyema cultured with different specific
organisms, including Acinetobacter baumannii, Aspergillus, and
Streptococcus pharyngis. All the patients had air collection or
air-fluid collection with chest tubes in the radiologic findings at
administration. By reconstructing the axial, coronal, sagittal, and
oblique planes, the fistula tracts between the bronchial stump and the
pleural space were identified in all patients, of which five were central,
proximal to the main or lobar bronchus, and one peripheral, distant
to the lobar bronchus. The size of the fistula ranged from 0.8 to
5.8 mm. Subsequent bronchoscopy and occlusion testing identified
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all the fistula openings in the bronchial stump: the right main
bronchus (n=1), the right upper lobe (n=2), and the left upper lobe
(n=3).

Figure 2 demonstrates representative CT images of a
postoperative BPF before and after a pushable Embolization Coil was
inserted. A 44-year-old woman (No. 5) with persistent air leak and
chest tube drainage for 1 month after left upper lobectomy for lung
adenocarcinoma in situ was referred to our department. On chest CT
scans, the left lung had both compressive atelectasis and
pneumothorax. The pneumothorax was directly connected to the
bronchial stump in the axial and sagittal planes (Figures 2A,B). A
pushable Embolization Coil (0.035” x 5cm x 5 mm) was inserted into
the fistula tract as the detailed techniques described in the method
part. The chest tube was removed 2 days after the complete closure of
the postoperative fistula with the pushable Embolization Coil.
Follow-up CT scans obtained 1month after the treatment
demonstrated the complete closure of the fistula tract by the curved
Embolization Coil in the axial and coronal planes, resolving the
pneumothorax with the expansion of the collapsed lung tissue
(Figures 2C,D). Five patients with BPF sizes ranging from 0.8 to
1.5mm achieved the complete closure of the postoperative BPF with
a pushable Embolization Coil alone, three of whom had the chest
tube removed and recovered normal life. The other two had persistent
chronic empyema, which made permanent drainage necessary.
Patient No.2 (with a BPF size of 5.8 mm), who had incomplete closure
with the insertion of two pushable Embolization Coils and fibrin
sealant, received the placement of a ventricular septal defect occluder.
The postoperative BPF was successfully closed, and no complications
or adverse events were observed during the follow-up, ranging from
29 to 1,307 days. No patients required the removal of the pushable
Embolization Coil. No patients showed any indications of persistent
or recurrent underlying diseases during the follow-up.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1333157
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

TABLE 1 Characteristics and outcomes in patients with postoperative BPF receiving the treatment of the pushable Embolization Coils.

Microcoils Outcomes Follow- Complications
up days

Patient Clinical Duration
No./ history from BPF
Age onset to

Organisms Radiographic BPF BPF
findings location tract

in CT* inCT

Bronchoscopic BPF
visualization of location
the fistula

‘leis leg

BUIDIPaN Ul SI21U0I4

0

(years)/
Sex

intervention
with coils,
months

opening

1/46/F Pulmonary NA 10 Air collection, chest | Central Yes 12 Yes RMB 0.038” x 3 cm x  Complete 1,307 No
aspergillosis, tube 4mm closure with
right removal of the
pneumonectomy, chest tube
and persistent air
leak
2/29/M Pulmonary TB, | Acinetobacter 24 Air collection, Central Yes 58 Yes RUL 0.035” x 5 cm x | Incomplete 988 No
right upper baumannii bronchiectasis, and 5mmx2 | Closure
lobectomy, and chest tube
persistent air
leak
3/51/M LUAD, left upper | Aspergillus 6 Air collection, Ptx, | Central Yes 1.5 | Yes LUL 0.035” x 5 cm x  Complete 782 No
lobectomy, and chest tube 5 mm closure with
persistent air removal of the
leak chest tube
4/50/M Pulmonary TB, | NA 6 AF collection, chest | Central Yes 1.0 Yes RUL 0.035” x 5 cm x | Complete 29 No
right upper tube 5 mm closure
lobectomy, and
persistent air
leak
5/44/F LUAD in situ, NA 1 Air collection, Ptx, | Central Yes 0.8 | Yes LUL 0.035” x 5 cm x  Complete 82 No
left upper and chest tube 5 mm closure with
lobectomy, and removal of the
persistent air chest tube
leak
6/56/M Pulmonary Streptococcus 4 Air collection, chest | Peripheral Yes 0.8 | Yes LUL 0.035” x 5 cm x  Complete 49 No
aspergillosis, pharyngis tube 5 mm closure
right
pneumonectomy,
and persistent air
leak

B10"uISI1UO0L

AF, Air-fluid; BPE, Bronchopleural fistula; F, Female; LUAD, Lung adenocarcinoma; LUL, Left upper lobe; M, Male; NA, Not applicable; Ptx, Pneumothorax; RMB, Right main bronchus; RUL, Right upper lobe; TB, Tuberculosis; *Central, more proximal than the lobar
bronchus or peripheral, more distal than the lobar bronchus.
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FIGURE 2

A 44-year-old woman with persistent air leak after left upper lobectomy for lung adenocarcinoma in situ received the treatment of a single pushable
Embolization Coil. (A,B) Chest computed tomography (CT) scans (axial and sagittal planes) demonstrated compressive atelectasis (blue asterisk) and
pneumothorax in the left lung, which communicated directly (black arrows) with the bronchial stump. (C,D) Follow-up CT scans (axial and coronal
planes) obtained 1 month after treatment demonstrated the complete closure of the fistula tract by the curved Embolization Coil which formed a tight
occluding mass “like a sandwich” (black arrows), resolving the pneumothorax with the expansion of the collapsed lung tissue.

Discussion

Postoperative BPF is suspected in patients with persistent air leak
through the chest tube and confirmed by chest CT and bronchoscopic
evaluation (20). If the peripheral BPF could not be readily identified
on CT imaging or by bronchoscopy, additional diagnostic measures
should be considered, including bronchography with the water-stable
contrast medium, radionuclide studies with Technetium-99 m-labeled
albumin or other radiotracers, and surgical exploration (21). In this
study, we described the detailed imaging features of postoperative
BPE. The multiplanar reconstruction of multidetector CT scans could
identify the postoperative BPF’s characteristics, including the BPF’s
presence, location, size, and other radiologic findings, which are
beneficial in evaluating disease management strategies (17). The BPF
size appears to be a significant indicator of the result with
bronchoscopic treatment (22, 23). The BPF size over 8 mm (probably
with more air leak) was associated with bronchoscopic treatment
failure with the adhesive tissue or fibrin glue (21, 24). The dynamic
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evaluation of BPF size during respiration under bronchoscopy could
be challenging due to visualization limitations, dynamic change in
BPF size and shape during different phases of respiration, and the lack
of standardized measurement tools. The multidetector CT scans used
in this study could provide faster image acquisition and improve
spatial resolution, reducing the potential for motion artifacts.
Additionally, the multiplanar reconstruction in CT imaging allows a
more thorough evaluation of the BPF size in different planes (25). It is
important to note that bronchoscopy and CT imaging are
complementary in evaluating postoperative BPF’s characteristics.
We presented our experience and technical skills with the
pushable Embolization Coil in treating postoperative BPE. In this
study, the pushable Embolization Coil achieved complete closure of
postoperative BPFs with sizes ranging from 0.8 to 1.5mm,
indicating the pushable Embolization Coil might be applied as the
initial attempt in treating postoperative BPF with a size less than
2mm. The pushable Embolization Coil is made of soft platinum
reinforced with packed fibers, with wide ranges of diameters and
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lengths. Embolization Coil could be inserted into the fistula tract
through CT-guided transthoracic needles percutaneously, which
does not risk pneumothorax but risks bleeding in patients with
postoperative BPF (26). We prefer not to insert the pushable
Embolization Coil percutaneously in closing postoperative BPF for
patients tolerating the bronchoscopy. The angioplasty catheter-
based procedure under bronchoscopic observation allows the
precise occlusion of the fistula tract with the pushable Embolization
Coil, requiring no additional equipment. The fistula tract could
be mechanically blocked if the coil is inserted, expanded into it, and
balanced on both fistula openings, forming a tight occluding mass
“like a sandwich” The coil could produce a core for the liquid
sealants’ occlusion (13, 27, 28). The fibered part could trigger the
local inflammation and encourage the growth of granulation tissue
formation, completely obstructing the postoperative BPE. This
procedure, employing cheap and readily available materials, was
minimally invasive without affecting oxygenation in a 2-year-old
child (29). The use of volume coils in combination with occlusive
materials seems to be a desirable strategy in treating postoperative
BPF with large size, allowing a customized approach to match the
size and shape of the specific defect.

There are some cases reporting the closure of small BPF with
other occlusive materials, such as tissue adhesive, geofoam, fibrin
glue, and autologous blood patch (30-33). The forceful pressure
generated by a severe cough might dislodge and expectorate these
occlusive materials, leading to rapid recurrence of fistula. In some
cases, the recurrent fistula after the initial attempts using other
occlusive materials was successfully closed with coils (13, 34).
Ponn et al. (34) reported the treatment of peripheral BPF with
5-mm Gianturco vascular occlusion coils, in which one coil was
dislodged and expectorated 4 months later. None of the patients in
this study had coil expectoration because the pushable
Embolization Coil could be anchored into the fistula tract as the
detailed techniques described in this study. Biological or sclerosing
agents can occlude the small BPF by stimulating localized
inflammation and scarring, but their effectiveness may vary in
various situations (8, 9, 11). None of them have been compared
with the pushable Embolization Coil in managing postoperative
BPE. Further comparative research is necessary to evaluate the
efficacy, complications, and long-term outcomes of different
interventions, aiding in determining the optimal management
strategy for postoperative BPE.

The study has several limitations that should be addressed. This is
a single-center, retrospective study with a small sample size, limiting
the generalizability of the findings. The follow-up duration varied
among the patients, which did not provide a comprehensive
understanding of long-term outcomes. Larger, prospective studies
with longer follow-up are needed to draw firm conclusions about the
use of pushable Embolization Coil in treating small postoperative BPE.

Conclusion

We reported a case series of bronchoscopic treatment of
postoperative BPF with the pushable Embolization Coil. The pushable
Nester® Embolization Coil might be considered the initial
bronchoscopic treatment for postoperative BPF with a size less than
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2mm, especially in patients with persistent air leak, pneumothorax,
or empyema. It is minimally invasive, cost-effective, and relatively
easy to perform with excellent results. More studies are needed to
ensure the use of pushable Embolization Coil in treating
postoperative BPE
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