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Tailored airway stent: the new frontiers of the endoscopic
treatment of broncho-pleural fistula
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Broncho-pleural fistula (BPF) is the most dreaded and serious
complication after lung resection. Despite the advancement
in surgical technique, BPF still occurs between 4.5-20%
after pneumonectomy, and 0.5-15% after lobectomy (1,2). It
is associated with a significant mortality (ranging from 25%
to 67%), and treatment remains a challenge especially in
presence of concomitant empyema (3).

Emergency chest tube drainage represents the initial
treatment to control tension pneumothorax, to avoid
aspiration pneumonia (the main cause of early death
related to BPF), and to treat empyema, if present. Once
the infection of pleural cavity is under control, several
techniques ranging from surgery to endoscopy can be
carried out to close the fistula. Surgery includes different
options as open window thoracostomy, thoracoplasty,
and direct closure of the fistula with flaps of different
origins (4). However, these are mutilating and disabling
procedures that may be not tolerated by already
compromised patient. Thus, in the last two decades, many
endoscopic techniques using fibrin glues (5-7), coils (8),
endobronchial valves (9,10), and airway stents (11) have
been proposed as alternative to surgery for closing fistula.
However, the best treatment remains still debate as the
experiences published in literature are limited to single case
report or small case series, and there are no randomized
studies comparing the different techniques.

Generally, small fistula <3 mm in size may be successfully
treated with fibrin glue alone or in combination with
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other substances (5-7) while larger fistula (>4 mm) with a
complete bronchial stump dehiscence require more complex
procedures as stent insertion (11). Despite the ideal stent
does not exist, metallic stent is generally preferable to
silicon stent since it better adapts to airway and provides
a better seal of the fistula. The shape of the stent is then
chosen on the basis of size, site, and fistula edge obtained
by radiological and endoscopic findings. Yet, in selected
cases who cannot be treated with standard stents due to the
difficult anatomy of BPF, customized airway stents (12-14)
have been used in order to improve the success rate and
decrease the incidence of complications.

In line with this policy, Han et /. (15) reported a new
customized covered metallic stent, having a bullet head
or a special part that served to occlude the fistula. The
customized stents were used in a large population (n=148)
for management of post-pneumonectomy (n=104) and post-
lobectomy BPF (n=44) with a successful closure rate of
96.6% at first attempt. Despite the high success rate, it is
notable that 39 (27%) patients died of lung infection and
respiratory failure. Furthermore, among the 67 survivors,
only 26 (38.8%) had chest tube removal at the time of stent
removal. These results suggest that endoscopic closure of
the fistula does not necessarily mean eradication of germs
especially in post-pneumonectomy space. In the series of
Hollaus et al. (4), Thirty-six patients with BPF undergoing
endoscopic closure with fibrin sealant and decalcified
spongy calf bone. Successful closure was obtained in
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Figure 1 The pictures illustrate the use of conical stent insertion in
different situations for the management of broncho-pleural fistula.
(A) It shows the insertion of conical stent from the main right
bronchus to the intermedius bronchus so that the mid point of the
stent closes the upper bronchial fistula; (B) it shows the insertion
of conical stent from the trachea to the right main bronchus so
that the mid-point of the stent closes the left bronchial fistula; (C)
it shows the insertion of conical stent from the trachea to the left
main bronchus so that the mid-point of the stent closes the right
bronchial fistula.

11 cases (30%), but in only 4 cases the fistula closure was
associated with the resolution of the concomitant empyema,
and these patients left the hospital without drainage.
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The remaining 7 patients were discharged with chronic
empyema and permanent drainage. However, persistent
empyema after fistula closure should not be considered as
a failure as it saves from life-threatening aspiration, and
allows to perform antibiotic irrigation of pleural cavity
through the chest drainage without danger of aspiration.
Furthermore, discharge with a chest drainage may be
a valid alternative to more invalidation procedures as
open window thoracotomy or thoracoplasty, that remain
inevitable interventions in case of empyema progression.
Thus, in selected cases BPF associated with concomitant
empyema needs multimodal treatment including
endoscopy and surgery, as recently reported by Andreetti
et al. (16), in order to eradicate empyema and close the
fistula.

From a technical point of view, in our experience the
use of standard conical stent (16-18) could be a valid
option to customized stent for management of upper lobar
bronchus fistula (Figure 14) and of post-pneumonectomy
fistula (Figure 1B,C). The different diameters of proximal
and distal end of the conical stent adapt to the different
diameters between right main bronchus and intermedius
bronchus (in case of right upper lobar fistula) or between
trachea and main bronchus (in case of post-pneumonectomy
fistula). The main advantage of this stent compared to
customized stent is to treat BPF quickly, without waiting for
the company to build a custom made stent.

In the future, the availability of 3D printed personalized
airway stent could revolutionize the endoscopic treatment
of BPFE. Recently, our group proposed the use of 3D
printed model for planning interventional bronchoscopic
procedures (19), but the mean limitation for creating
a personalized airway stent is the lack of a suitable 3D
printable flexible, biocompatible material. Thus, by
combining tissue engineering with 3D printing suitable
materials, airway stent could be available in the near future
so that each physician will be able to create a personalized
stent in his own hospital.
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