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Bronchopleural fistula (BPF) is a serious and potentially 
fatal complication of lung resection surgery (1). It’s 
incidence ranges from 4.5% to 20% after pneumonectomy 
and is estimated at 0.5% after lobectomy; such complication 
has a remarkable impact on mortality in post-op setting 
with a mortality rate of 27% in the more recent series and 
up to 70% in the previous ones (2-4). 

The pathogenesis is mainly due to a defect in the 
bronchial stump healing this resulting in partial up to 
complete ischemic necrosis of bronchial tissue and seldom 
in a stump invasion by residual neoplastic tissue (5). The 
pathological connection between the airway and the pleural 
space often brings to the onset of empyema and pneumonia 
sometimes associated with respiratory distress. 

BPF occurs with higher incidence in presence of risk 
factors such as predisponent clinical conditions (diabetes, 
steroids), previous administration of chemo and/or 
radiotherapy, defects of surgical technique (excessive 
skeletonization of bronchial tree and length of bronchial 
stump and neoplastic residue on the stump (6-8). There is 
a certain body of evidence (6,7) suggesting that extended 
lymphadenectomy could result in a devascularization of 
the bronchial stump and, as a consequence of this, in an 
impaired bronchial stump healing.

Several coverage techniques have been assessed for the 
protection of the bronchial stump. These seem to give a 

protection against the onset of the bronchial fistula and may 
include various kind of tissue such as pedicled muscular, 
pericardial, fat and pleural flaps (9). Nevertheless, bronchial 
stump dehiscence remains one of most feared and often 
unavoidable complication following major lung resections.

Size of defect and timing of BPF onset are two critical 
points for its prognosis and management. Large bronchial 
defects are often due to massive ischemic bronchial necrosis 
and could represent a life-threatening condition especially 
after pneumonectomy (10). They often require an extensive 
surgical intervention because of the difficulties of re-
suturing, due to the tissue frailty. Smaller bronchial lesions 
are better tolerated and a conservative and/or endoscopic 
treatment could be considered in these cases as an available 
option as an alternative to surgical reexploration. 

Classically, the BPF is classified (11) according to the 
time of its onset in: (I) ‘‘early’’ if it occurs from 1 to 7 days 
after surgery; (II) ‘‘intermediate’’ (from 8 to 30 days after 
surgery) and (III) ‘‘late’’ (more than 30 days after surgery). 
Early BPF is most commonly due to surgical technical 
problems (stump insufficiency because of stitches or staples 
malfunctioning) or acute ischemia of bronchial stump 
because of devascularization for proximal dissection and/or 
extended lymphadenectomy; the clinical scenario generally 
consists of respiratory distress, pneumothorax (in case of 
lobectomy), air-enlarged post-pneumonectomy space, and 
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subcutaneous and/or mediastinal emphysema. Fever and 
septic complications may be present when fistula becomes 
evident or may appear later when infection of pleural space 
occurs. If contralateral pneumonia occurs, respiratory 
failure is the rule and mechanical ventilation may be 
required. In case of early BPF, urgent pleural drainage 
and supportive measures in an ICU setting (including, if 
indicated invasive mechanical ventilation with selective 
bronchial intubation) are the urgent life-saving measures. 
Once clinical stabilization achieved, a surgical revision and 
attempt of re-suturing the bronchial stump and protection 
by muscular flap transposition would theoretically offer the 
better chance of success, especially in “very early” (within 
the 3rd postoperative day) BPF which are more likely due to 
a technical problem. A part these rare presentations, for the 
remaining early BPF three surgical strategies are possible, 
when conservative management fails, namely iterative 
thoracotomy and re-suturing, or open drainage followed by 
thoracoplasty, or up-front thoracoplasty (generally Andrews) 
if patient is sufficiently fit and respiratory conditions and 
sepsis fully stabilized. 

The presentation of intermediate and late BPFs are 
different, usually consisting of infection of the pleural 
cavity (aspiration pneumonia and empyema), weight loss, 
and poor general health. The cause is often the chronic 
ischemia suffering of bronchial tissue or neoplastic erosion 
of bronchial stump. Patient related factors (i.e., advanced 
age, malnutrition, ongoing pulmonary or pleural infection, 
and recurrence of malignancy) may play a crucial role in 
these cases, probably even more than in early BPF. It’s a 

common observation that the bronchial necrosis involves 
also the pars membranacea and surgical approaches are 
often unsatisfactory in these cases (8). 

Surgical approaches may range from re-suturing and 
covering of the bronchial stump by muscle flap apposition 
up to a more “aggressive” completion pneumonectomy 
(in case of post-lobectomy fistula). Transternal access 
and bronchial re-suturing (12) seems to ensure a better 
closure of the bronchial stump far from the infected 
tissue, especially in case of BPF complicating a left 
pneumonectomy, in which the access at bronchial stump 
is hard through transthoracic access, but this is indicated 
only if the bronchial stump is long. Anyway, transternal 
closure of the bronchial stump does not deal with the 
always associated pleural empyema, which will deserve 
specific treatment. Thus, as described above, chest wall 
surgery, namely open window thoracostomy (Figure 1A,B) 
and/or thoracoplasty (Figure 1C) are often the only effective 
treatments but they maybe psychologically disabling for 
the patient. In particular, the open window thoracostomy is 
usually poorly tolerated by patients that must be undergone 
to daily medications by gauzes for a long period. It is largely 
accepted that iterative surgery (either re-suturing or open 
window or thoracoplasty) is required in case of large BPFs 
with many authors strongly recommending to operate on 
when BPF diameter is more than 8 mm (13).

At the time of BPF diagnosis, many patients have 
very poor clinical conditions and the choice of a more 
conservative than surgical treatment is often influenced by 
this aspect. In other words, patients with delayed diagnosis 

Figure 1 Surgical approach. (A) Open-window thoracostomy for post-pneumonectomy empyema with BPF. Operative view at the end of 
procedure; (B) open-window thoracostomy for post-pneumonectomy empyema with BPF. View at 1-month follow-up. Fistula is still evident. 
Corresponding CT scan is showed in the inset; (C) late post-operative CT scan in a patient treated by up-front Andrews thoracoplasty for 
late postoperative empyema with minimal BPF (CT scan of empyema in the inset). BPF, bronchopleural fistula.
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of BPF are usually debilitated by long-standing infection 
and they are not fit to tolerate the stress of a second 
surgical intervention. For these reasons, many endoscopic 
therapeutic options have been attempted to close the fistula, 
but, to date, good results are almost anecdotically reported 
and seems to be fortuitous more than supported by a robust 
strategy of care. Anyway, closing BPF does not means 
healing of empyema, which will deserve specific treatment, 
although this one will be easier because of stopping of 
continuous contamination of pleural space by airways 
germs.

Several endoscopic procedures that have been proposed 
to close a BPF, including the application of glues, sclerosant 
agents, plugs placement and endoscopic prosthesis. The 
application of different products such as fibrin glue, absolute 
ethanol injection, silver nitrate, spongy calf bone, coils, 
surgical sponges, acrylic glues are used for smaller lesions. 
The results seem to be effective for small BPF with the 
highest success rate for fistulas of 1–3 mm in diameter. The 
applications of these produces are generally well tolerated 
because they can be generally administered by flexible 
fiberoptic bronchoscopy through a conscious sedation (5).

In case of larger defects (more than 5 mm), glues or fibrin 
applications are usually not effective and the association of 
plugs achieves better results. A number of cases report are 
published about the application of different kind of plugs 
such as demineralized human donor spongiosa, fibrin glue-
coated collagen patch, oxidized regenerated cellulose (5,14). 
Despite the few supporting data, we may assume that this 
approach could be really appropriate for BPFs less than  
5 mm only.

Large defects appear to be particularly challenging 
and their endoscopic management to perform a bronchial 
closure with small devices (i.e. absorbable plugs or glues) 
is very often ineffective because of the poor stability of the 
device in the defect and considering the risk of spill over the 
device into the pleural space. 

Several reports have been recently published on the use 
of new devices such as Amplatzer double-disk occludes 
to manage both large and small BPFs that originate in 
the main bronchi and lobar bronchi, respectively (15,16). 
Amplatzer endovascular devices have traditionally been used 
by cardiologists to close congenital atrial septal defects; 
it is a device made by two self-expandable disk of nitinol 
web designed to provide effective closure of the defect 
by expanding themselves. While its main function stays 
in inducing an endothelial response in the endovascular 
use, when placed endoscopically in the bronchial tree, the 

device may induce a local formation of granulation tissue 
able to reinforce the mechanical closure of bronchial defect. 
Endobronchial Amplatzer placement requires general 
anaesthesia and such procedures is usually performed 
through an endotracheal tube with flexible bronchoscopy 
or with rigid bronchoscopy. Even if Amplatzer was 
well tolerated by the patients, no large studies have 
been conducted in this setting and few potentially fatal 
complications are reported in literature due to the erosive 
effect of disks on bronchial and vascular tissues (17). 
Another life-treating event is represented by a massive 
bleeding for erosion of lung vessels already weakened by 
pleural infection (18). Accordingly, we should be very 
cautious in the adoption of Amplatzer devices, especially 
when the fistula is located near to major vascular structures 
and in presence of a “frail” bronchial tissue. 

As an alternative to this approach, the use of airway 
stents in the management of postpneumonectomy 
bronchopleural fistulas has also been reported both as a 
definitive treatment and as a “bridge treatment” to allow 
an adequate improvement of the patients’ clinical status to 
completion/definitive surgical attempt (5).

There are only very few articles in the literature 
reporting the use of stents in cases with a post-lobectomy 
or post-pneumonectomy bronchopleural fistulas (19-21).  
Dumon silicone stent was largely adopted in late 90s’ (19),  
usually placed through a rigid bronchoscope under 
general anesthesia, with some positive results (20,21). 
Dumon’s stent are preferable to other device for its 
tendency to have a low rate of tissue proliferation and 
ingrowth of granulation tissue. On the other hand, one 
of the most frequent complication with this silicone stent 
is the migration of the stent, this representing the main 
failure of this method, especially in patients with post-
pneumonectomy fistula due to the different caliper between 
tracheal and bronchial lumens. Since 2005 the use of 
covered self-expandable metallic stents has been reported 
with or without customized metallic stent (Figure 2). The 
larger series reported encouraging results with a low rate of 
stent migration (22-24).

Generally, in all studies in which covered self-expandable 
metallic stents were used the rate of success is almost high 
(between 80% and 100%). In this context, the experience 
reported by Han et al. (25) on the use of customized covered 
self-expandable metallic stents in 148 patients deserves 
greater attention by the physicians involved in this field. 
The authors reported a successful repair of bronchial defect 
in 96.6% of cases after the first attempt. Such good results 
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are clearly correlated to the large expertise of this Team and 
in detail to the appropriate selection of the best candidates 
to this approach. In these cases, the use of self-expandable 
metallic stent can effectively achieve a total exclusion of 
the selected bronchial tree and, accordingly, reduce the 
volume of the pleural cavity. Nevertheless, the mortality 
rate remains high even in experienced centers and it may be 
attributable to the sepsis in the majority of cases. Therefore, 
it is logical to suppose that an early recognizing and 
treatment of BPF represents the main factor influencing 
the prognosis of these patients, because the resolution of 
air leakage has a direct positive effect on mortality. This 
can explain the optimal result (in terms of early/long-
term mortality) of some experiences in which patients with 
BPFs were treated early and before the onset of pleural 
contamination (22). 

By comparing the early results after endoscopic stenting, 
we observe that post-lobectomy BPF has the better rate of 
resolution when compared to post-pneumonectomy fistula 
probably due to the limited volume of the pleural cavity 
that accelerate the healing of fistula. As reported above, 
the timing of BPF onset represents another relevant factor 
influencing the result after stent placement. Early onset 
fistula has a better chance of resolution than intermediate 
and late onset BPFs. Analysing the study of Han et al. (25), 
the stent was removed earlier in early BPF than other ones, 
this supporting the logical assumption that BPFs with 
intermediate or late onset presented several factors (related 
to patients’ clinical status or related to local anatomical 
troubles) that obstacle the resolution of the bronchial 
defect.

Moreover, the adequate adherence of stent to the 
tracheal/bronchial wall is a crucial point in this challenging 
management. Customized stents may give higher adherence 
to the bronchial wall and may reduce the risk of migration; 
the conical shape is particularly useful for stenting airways 
with decreasing diameters from the trachea to the left- or 
right-main-stem bronchus. The “I-shape” self-expandable 
hinged covered metallic stent with a bullet head was used 
for BPFs with bronchial stump length more than 20 mm 
while the “Y-shaped” self-expandable stent was usually 
adopted when the length of bronchial stump was 5–20 mm. 
Lastly, in case of short bronchial stump (length <5 mm), 
the “L-shaped” self-expandable covered metallic stent was 
largely preferred to the other ones. For not customized 
stents, the oversizing of the stent may ensure a maximal 
opposition and thanks also to the use of titanium helical 
tacks it may prevent the stent migration (22-24).

Regardless by the type of endobronchial metallic stent, 
expectoration difficulties and sputum retention are often 
reported and may represent a trigger for lung infection; 
chest discomfort or pain are also described (25) but one 
the main feared complication is the abnormal growth of 
granulation tissue as a consequence of stent placement. This 
even occurs in about 2/3 of patients with different levels 
of severity [101/148 patients in the Han’s experience (25)]; 
the granulation tissue usually growth in the caudal border 
of endobronchial stent causing in the worst scenarios an 
airway stenosis with various grade of breathing difficulty; in 
these cases, the cauterization of granulation tissue and stent 
removal are usually needed, as performed in 6 patients of 
the series described by Han and co-workers (25).

Figure 2 Endoscopic approach. (A) Large caliper fistula at the level of the main left bronchus; (B) a covered self-expandable metallic stent 
was placed to repair the defect. 
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Therefore, considering that BPF represents one of the 
main challenges for endoscopists and thoracic surgeons, the 
strategy of care should be carefully set in a multidisciplinary 
framework and in high-volume centers with expertise in 
this field. To summarize the main take home messages, the 
physicians should take firmly in mind that the effectiveness 
of treatments and mortality are strictly dependent from (I) 
type of fistula, (II) time of onset, (III) early recognizing and 
(VI) baseline clinical condition of the patient.
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