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Bronchopleural Fistulas*
An Overview of the Problem With Special Focus on
Endoscopic Management

Manuel Lois, MD, FCCP; and Marc Noppen, MD, PhD

A bronchopleural fistula (BPF) is a communication between the pleural space and the bronchial tree.
Although rare, BPFs represent a challenging management problem and are associated with high
morbidity and mortality. By far, the postoperative complication of pulmonary resection is the most
common cause, followed by lung necrosis complicating infection, persistent spontaneous pneumo-
thorax, chemotherapy or radiotherapy (for lung cancer), and tuberculosis. The treatment of BPF
includes various surgical and medical procedures, and of particular interest is the use of bronchos-
copy and different glues, coils, and sealants. Localization of the fistula and size may indicate potential
benefits of surgical vs endoscopic procedures. In high-risk surgical patients, endoscopic procedures
may serve as a temporary bridge until the patient’s clinical status is improved, while in other patients
endoscopic procedures may be the only option. Therapeutic success has been variable, and the lack
of consensus suggests that no optimal therapy is available; rather, the current therapeutic options
seem to be complementary, and the treatment should be individualized.

(CHEST 2005; 128:3955–3965)

Key words: bronchopleural fistula; bronchoscopy; empyema; stents

Abbreviations: BPF � bronchopleural fistula; HFV � high-frequency ventilation; PEEP � positive end-expiratory pressure

B ronchopleural fistula (BPF) is a relatively rare
but feared complication of several pulmonary

conditions. BPF carries a high morbidity and mor-
tality and is associated with prolonged hospital stay
and high resource utilization. Pulmonary physicians
are often consulted to assist in the management of
these patients for which treatment remains a chal-
lenging and frustrating problem. Unfortunately, sci-
entific evidence for the management of BPF is
lacking, with several therapeutic options that range
from conservative therapies to aggressive surgical
procedures, which can be quite disabling. Most of

these interventions are described in isolated case
series and personal experiences or retrospective
studies, but no guidelines or consensus have been
established. This report has the following objectives:
(1) to review the etiologies and predisposing condi-
tions for the development of BPF; (2) to review the
different therapeutic options with special emphasis
on bronchoscopic techniques; and (3) to provide a
framework for future directions in research and
guideline management.

Definition and Incidence

BPFs are communications between the pleural
space and the bronchial tree. Although rare, they
represent a challenging management problem and
are associated with an important morbidity. After
pulmonary resection, BPFs can be a life-threatening
condition.

The incidence has been reported from 1.5 to 28%
after pulmonary resection.1–4 This variability appar-
ently depends on the etiology, surgical technique,
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and experience of the surgeon.5–7 It seems that the
incidence is lower for benign conditions compared to
malignancy. Most recently, Cerfolio2 reported an
incidence of 4.5 to 20% after pneumonectomy and
0.5% after lobectomy. Sirbu et al3 reported their
experience with 490 patients with lung resection for
non-small cell lung cancer. The incidence of BPF
was 4.4% (22 of 490 patients). Twenty-one patients
(95%) were men, and 1 patient (4.5%) was a woman.
Mean age was 57.8 years. BPF after pneumonectomy
occurred in 12 patients (54.6%), in 9 patients
(40.9%) after lobectomy, and in 1 patient (4.5%)
after sleeve resection.3

Etiologies

The etiologies are varied (Table 1).8–13 By far,
postoperative complication for pulmonary resection
is the most common cause, followed by necrotic lung
complicating infection, chemotherapy or radiother-
apy (for lung cancer), persistent spontaneous pneu-
mothorax, and tuberculosis (less common).1,14–16

Most recently, Sato and colleagues17 reported their
experience with postoperative BPF; they found BPF
in 5 of 64 cases (7.8%) of inflammatory diseases and
19 of 481 cases (4%) of lung cancer.

In lung cancer patients, BPFs are associated with
advanced cases, residual tumor on the stump, and

intrathoracic use of chemotherapy. The incidence is
highest in patients who undergo right pneumonec-
tomy and right lower lobectomy. Most of the fistulas
are seen on the stump besides the residual lobe.

Preoperative risk factors for the development of
BPF are as follows: fever, steroid use, H influenzae in
sputum, elevated erythrocyte sedimentation rate,
and anemia. Postoperative risk factors that have been
implicated are fever, steroid use, leukocytosis, tra-
cheostomy, and bronchoscopy for sputum suction/
mucus plugging.17

In addition, residual tumor in the resection mar-
gins, long bronchial stump, tightness of the individ-
ual sutures, excessive peribronchial, and paratracheal
dissection have been associated with increased inci-
dence of fistulization. All of them increase the risk of
ischemic necrosis or pooling of secretions with sub-
sequent colonization and bacterial overgrowth.

In the study by Sirbu et al,3 right-sided pneumo-
nectomy and postoperative mechanical ventilation
were identified as risk factors for BPF. In another
study,18 557 consecutive cases were reviewed ac-
cording to nine variables; stumps that made dehis-
cence were compared with stumps that did not
dehise. BPF was seen in 1.8% of the cases (10
patients). The main bronchus and intermediate
bronchus had a higher risk compared to lobar bron-
chus. Previous ipsilateral thoracotomy and preoper-
ative chemotherapy and/or radiation increased the
risk.18 When considering the incidence of BPF ac-
cording to the type of closure, Sonobe et al18 found
an incidence of 1.8% with a manual suture, 5.0%
with a stapling device, 1.9% with a stapling device
and reinforcement suture at the distal side of sta-
plers, and 1.0% when the reinforcement suture was
done at the proximal side of staplers. Other patients
at risk for the development of BPF include patients
with ARDS (especially if requiring high pressures);
chest trauma, invasive chest procedures (including
central line placements); debilitated patients, includ-
ing those with diabetes and malnutrition; patients
with pneumonia, lung abscess; or other infectious
processes; COPD; and patients with bullous lung
disease, spontaneous pneumothorax, or other paren-
chymal abnormalities.

Because surgical and nonsurgical etiologies have
different prognoses and approaches, an alternate
classification is included in Table 2. This classifica-
tion may be more useful to the clinician and may
guide the selection of optimal approach or ap-
proaches to the problem. In general, surgical proce-
dures (particularly related with cancer or necrotic
lung) have a higher incidence and may have worst
prognosis.

The postoperative BPF can also be classified as
acute, subacute, and chronic. The acute form is

Table 1—Etiologies Associated With the Appearance
of BPFs

Infectious
Haemophilus influenzae
Streptococcus viridans
Staphylococcus aureus
Pseudomona aeruginosa
Klebsiella pneumoniae
Pneumococcus
Nonhemolytic streptococcus
Aspergillus
Histoplasma capsulatum

GI
Gastroesophageal reflux disease with Barrett esophagus
Boerhaave syndrome
Broncholithiasis

Malignancy
Lung cancer
Thyroid cancer
Esophageal cancer
Lymphomas

Other
Persistent spontaneous pneumothorax.
Thoracic trauma
Necrotizing lung disease associated with radiation or

chemotherapy
ARDS
Idiopathic
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usually related to dehiscence or technical problems
and requires early reoperation. The subacute and
chronic forms are mostly related to infection, and
immunocompromised or debilitated patients with
comorbidities.

Clinical Presentation

The clinical presentation is variable and is divided
into acute, subacute, and delayed or chronic forms.
When acute, BPF can be a life-threatening condition
due to tension pneumothorax or asphyxiation from
pulmonary flooding. The presentation is character-
ized by the sudden appearance of dyspnea, hypoten-
sion, subcutaneous emphysema, cough with expec-
toration of purulent material or fluid, shifting of the
trachea and mediastinum, persistence of air leak in
the absence of a technical problem, or decrease or
disappearance of pleural effusion on the chest radio-
graph (postoperative cases).

The subacute presentation is more insidious and is
characterized by wasting, malaise, fever, and mini-
mally productive cough. In the chronic form (which
is usually associated with an infectious process),
there is fibrosis of the pleural space and mediasti-
num preventing the mediastinal shift

Usually, after a pulmonary resection, air is seen in
the pleural space from small air leaks in the cut
surface of the lung. Small amounts of fluid also may
be present. Air is usually reabsorbed gradually and

continuously, followed by a reabsorption of fluid, and
both may be completely gone within the first 24 to
48 h. Prolonged persistence of air and fluid may
require drainage. Residual spaces may remain indef-
initely without untoward effects and do not neces-
sarily suggest BPF.

Air and fluid are always apparent in the basilar
zone of the hemithorax after a pneumonectomy and
may be loculated in some cases. The rate of fluid
accumulation is variable, but the space left by a
pneumonectomy is usually completely obliterated
within 3 weeks to 7 months. If the fluid level decreases
rather than increases, one must differentiate be-
tween a benign decrease in fluid and a BPF with loss
of the fluid through the tracheobronchial tree.

A BPF displaces the mediastinum to the opposite
side because of an increase in the amount of air on the
operated side. Benign descent in fluid level without a
fistula shows no associated mediastinal shift. Total
clearing of fluid from the space and coughing up of
fluid and blood suggest a BPF. Sudden reappearance
of air in an obliterated space suggests either a BPF or
a gas-forming infectious process.

A BPF can occur any time during the postopera-
tive period but more often occurs within 8 to 12 days
after surgery. If seen within the first 4 postoperative
days, the BPF is probably secondary to a mechanical
failure of closure of the stump and requires re-
exploration and reclosure. A BPF also may occur
after a suppurative pneumonia or massive pulmonary
infarction, or even spontaneously.

Extremely rapid filling of a space with fluid sug-
gests infection, hemorrhage, or malignant effusion.
If secondary to infection, the rapid increase in height
of the fluid level is usually associated with fever and
leukocytosis. Empyema may occur alone or may be
associated with a BPF. However, a BPF can occur
without associated empyema, and the fluid in the
pleural space in these cases is sterile.

When the fistula appears in nonsurgical cases or in
the delayed postoperative period, the diagnosis
should be suspected when fever, productive cough,
and new or increasing air fluid levels are seen on the
chest radiograph in the pleural space. In cases of
esophagotracheal fistulas, the presentation is typical
and straightforward. Coughing and shortness of
breath are associated with drinking and eating. Non-
resolving pneumonias in the dependent lobes are
typical and should be evaluated endoscopically.

Diagnosis

Several methods have been used to diagnose
BPFs, including the instillation of methylene blue
into the pleural space19 and bronchography.19,20

Although 133Xe often is no longer used, Zelefsky et

Table 2—Classification of BPFs

Postoperative
Associated with resection

Malignancy
Trauma
Infectious (ie, removal of pneumatocele, tuberculosis, abscess,

fungus ball)
Associated with pleuroparenchymal disease

Empyema
Thoracic trauma
Other infections (ie, Pneumocystis carinii, liver abscess

opening into the chest)
Others

Tracheal or esophageal perforation repairs
Gastroesophageal reflux disease
Boerhaave syndrome

Nonpostoperative
After procedures (ie, line placement, pleural biopsy,

bronchoscopy, lung biopsy)
Idiopathic
Infections
Persistent spontaneous pneumothorax.
Thoracic trauma
Necrotizing lung disease associated with radiation or

chemotherapy
ARDS
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al21 demonstrated small leaks using 133Xe in a gas-
eous state in a ventilation study. In the presence of a
fistula, 133Xe activity accumulates in the pleural
space and remained trapped within the pleural space
on the washout study. Other gases have been used
such as 81mKr and 99mTc diethylenetriamine penta-
acetic acid ventilation scintigraphy.22,23

Persistent air leak after pulmonary injury may
represent either disruption of a bronchus or rupture
of an overdistended alveolus. In general, the former
are seen early after injury and the latter in a delayed
fashion after a complication such as ARDS.

In a retrospective study of 33 patients, Ricci et al24

reported their experience using the CT scan as
guiding tool for the management of peripheral BPF.
They found that the CT was useful in guiding surgery
by identifying and localizing the cause in 55% of
patients who required surgery. The BPF or its cause
was identified in 91% of the cases. The etiologies
were bullae in 12 patients, lung abscess/necrotizing
pneumonia in 11 patients, peripheral bronchiectasis
in 5 patients, malignancy in 1 patient, and posttrau-
matic pneumatocele in 1 patient. The BPF was right
sided in 24 patients, left sided in 9 patients, and
visible on CT in 12 patients. In the patients with
bullae, 58% required surgery, but the BPF was
visible in only 8% (1 of 12 patients). Of the 21
patients without bullae, the BPF was visible in 52%;
and in this subgroup, 73% required surgery com-
pared with 30% in whom the BPF was not seen.
Ricci et al24 concluded that the CT scan is useful in
detecting the etiology of BPF and select potential
candidates for surgery.

Other techniques used for the diagnosis of BPF
include the instillation of methylene blue through
the stump and its detection in the chest tube, small
metallic probes introduced through the working
channel of the bronchoscope, and changes in gas
concentration in the pneumonectomy cavity after
inhaling different concentrations of oxygen and
N2O.25 Bronchoscopic exploration is important as a
diagnostic and therapeutic intervention. It allows
proper evaluation of the stump, attempts to localize
the fistula, as well as to exclude tuberculosis or other
infectious etiologies and if possible allows the intro-
duction of sealants into the fistulous tract. Of interest
is that among a panel of experts for the management
of pneumothorax, the use of CT was an acceptable
aide in secondary spontaneous pneumothorax during
management of an air leak (some consensus) and for
planning a surgical intervention (some consensus).26

Prognosis

BPF, or bronchopleural air leak, is regarded as an
ominous complication of ventilator management in

acute respiratory failure. Mortality reports have been
variable as stated earlier, but data on its natural
course and prognosis are lacking. Pierson et al15

reported their experience with all cases of mechan-
ical ventilation at a major trauma center during a
4-year period. They found that 39 of the 1,700
patients receiving mechanical ventilation had BPFs
lasting at least 24 h. Overall mortality in these 39
patients was 67%, and Pierson et al15 found that
mortality was higher when BPF developed late
rather than early in the illness (94% vs 45%). Large
air leaks also had significant mortality compared to
smaller leaks. Pierson et al15 concluded that the
occurrence of BPF during mechanical ventilation
identifies patients with high mortality but that un-
manageable respiratory acidosis from this complica-
tion is rare.

Others14 have reported mortality as high as 50%.
However, reports27,28 using omental and thoracic
flaps have shown decreased mortality. In the study
by Sirbu et al,3 the mortality rate was 27.2% (6 of 22
patients).

Treatment

Treatment options of BPF include surgical proce-
dures as well as medical therapy, and in particular
the use of bronchoscopy and different glues, coils,
and sealants. Success has been variable, and the lack
of consensus suggests that no optimal therapy is
available; rather, the current interventions seem to
be complementary and that treatment should be
individualized.

Bronchoscopy is indicated to exclude injury to the
proximal airways. Initial nonoperative management
focuses on decreasing the gradient between airway
pressures and the pleural space. Mean airway pres-
sure should be minimized, and if the lung remains
fully inflated, suction on pleural tubes should be
minimized.

Cooper and Miller29 recommended a logical step-
wise evaluation and management of these patients.
The initial treatment is aimed to control any life-
threatening condition. If there is a tension pneumo-
thorax, emergent drainage is required. In the case of
pulmonary flooding, airway control and postural
drainage positioning the affected lung down are
required. If a major bronchial stump dehiscence is
suspected, immediate resuture and reinforcement
are necessary.16,20,30 Furthermore, these patients are
often debilitated due to the underlying process, and
therefore aggressive management of the underlying
comorbidities and conditions that led to the BPF is
mandatory. When infectious etiologies are present or
empyema is suspected, adequate drainage of the
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pleural space is mandatory along with proper anti-
microbial coverage. Proper nutrition is required,
frequently requiring enteral and/or parenteral feed-
ing. Successful treatment of chronic BPF requires
aggressive control of infection, adequate drainage of
the chest cavity, closure of the fistula with vascular-
ized tissue, and obliteration of the chest cavity.

Chest Tubes

The use of chest tubes in the management of BPF
has its potential benefits and complications. The
negative effects of the chest tube (especially when
mechanical ventilation is used) include the loss of
tidal volume, abnormal gas exchange, and the ap-
pearance of ventilator cycling. In addition, the use of
negative pressure to the chest tube potentially can
increase the flow through the fistulous tract and
interfere with closure and healing. Finally, the chest
tube itself can function as a foreign body and
predispose infection both at the insertion site and in
the pleural space.31

The chest tube is indicated in patients with high-
flow BPF and drainage of empyema. In addition, in
patients receiving mechanical ventilation, the chest
tube can be used to add positive intrapleural pres-
sure during the expiratory phase or occlusion during
the inspiratory phase. The goal of these interventions
is to decrease the air leak during expiration in order
to maintain positive end-expiratory pressure (PEEP)
[with the former] and to decrease BPF flow during
inspiration with the latter. These maneuvers have
also been used in combination, and they may be
particularly important in patients in which PEEP is
required to maintain oxygenation (ARDS).32–34

The chest tube should be of sufficient diameter to
allow drainage of the air leak. In this respect, a large
diameter is necessary since flow varies exponentially
to the fifth power of the radius of the tube (Fanning
equation).35 In addition, the chest tube can be used
to apply sclerosing agents to promote pleurodesis
(talc, bleomycin).

Mechanical Ventilation

Mechanical ventilation may be required in pa-
tients and, as stated before, is an independent risk
factor for the development of BPF in postsurgical
patients or in patients with certain conditions
(ARDS, COPD). The air escaping through the BPF
not only delays healing of the fistulous tract, but
because this is an area of low resistance, it accounts
for a significant loss of tidal volume, jeopardizing the
minute ventilation and oxygenation. The goal in
promoting healing of the BPF has been the limita-
tion of flow through the tract; this can be accom-
plished by limiting the amount of PEEP used during

ventilation, limiting the effective tidal volume, short-
ening the inspiratory time, and reducing the respi-
ratory rate.32,36–38 All of these maneuvers have as a
goal reducing the airway pressure and therefore
reducing fistula flow and loss of tidal volume. In
addition, the use of selective intubation of the unaf-
fected lung, the use of double-lumen intubation with
differential lung ventilation, or the use of indepen-
dent lung ventilation and patient positioning have
been tried.32,36–39 Carvalho et al40 suggested that
independent lung ventilation with two ventilators
could sometimes be used in the management of
BPF. They described a patient in whom gas flow
through a large BPF was initially reduced, and
subsequently eliminated, during differential lung
ventilation using a single ventilator and a variable-
resistance valve attached to one lumen of a bifur-
cated endotracheal tube.

The use of high-frequency ventilation (HFV) has
been tried to overcome the limitations of conven-
tional ventilation; however, reports have been con-
flicting. In general, HFV seems to be useful in
patients with normal lung parenchyma and proximal
BPF, while it is of limited value in patients with distal
disease and parenchymal disease.39 The reason for
the failure in the latter group seems to be related to
the disease process itself, rather than to actual failure
of the HFV.41 One study42 reported the successful
application of high-frequency oscillatory ventilation
in a patient with tension pneumatocele. They pro-
posed that a check-valve mechanism is responsible
for the development of pneumatoceles and predicts
that positive-pressure ventilation could lead to dis-
tension of these airspaces and formation of a tension
pneumatocele. They suggest that HFV could be
more applicable in conditions such as massive air
leak due to BPF, which are difficult to manage by
conventional ventilator modes.42 Adjunctive inter-
ventions combining mechanical ventilation and chest
tube manipulation have been described earlier.

Surgery

The success rate of surgical closure of BPF has
been reported between 80% and 95%27,28,43 but is
associated with the risk of open thoracotomy, al-
though reported mortality has been as low as
0%.27,28,43 Surgical closure includes chronic open
drainage, direct stump closure with intercostal mus-
cle reinforcement, omental flap, transsternal bron-
chial closure, and thoracoplasty with or without
extrathoracic chest wall muscle transposition. Since
the appearance of video-assisted thoracoscopy, this
technique has been also used in attempts to treat
BPF.

Turk et al4 recommended a staged closure of
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complicated BPF. In the first stage, the patients
undergo an Eloesser procedure for chest cavity
drainage consisting of a muscle flap operation with
minimal morbidity in chronically ill patients. After
this, the patients undergo aggressive nutritional and
physical rehabilitation until they are able to tolerate
the second procedure for chest cavity obliteration
with an omental flap.4

In the series by Sirbu et al,3 initial chest reexplora-
tion was performed in 91% of the cases. After
debridement, the bronchial stump was reclosed by
hand suture in 45%. All patients with a postlobec-
tomy and sleeve resection BPF necessitated addi-
tional surgery: the BPF was additionally covered
with a vascularized flap in 91% of the cases. In two
patients (9%) because of poor overall condition, the
initial treatment was endoscopic. In both cases, the
fistula persisted and the stump had to be surgically
resutured.3 A description of the most common flaps
and indications can be found in the articles by
Stamatis et al27 and Cooper and Miller.29

Bronchoscopy

Initially used only for evaluation of the stump and
for the exclusion of tuberculosis, flexible bronchos-
copy has been gaining acceptance as a diagnostic and
therapeutic modality in patients with BPF. The
fiberoptic bronchoscope has been successfully used
percutaneously to visualize the track of a bronchop-
leurocutaneous fistula.44 BPF associated with pneu-
monectomy or lobectomy can be directly visualized,
while distal BPF require the use of balloons to
systematically occlude the bronchial segments to
locate the one leading to the fistula.45–48 Once the
site is located, the application of sealants substances
into the fistula have been tried. Regel et al47 re-
ported the use of the Swan-Ganz catheter (Edwards
Laboratories; Santa Ana, CA) in the management of
patients with distal fistulas. The balloon is used to
localize the fistula, and with the balloon inflated the
sealant material is passed through the distal port into
the tract.47 In order to successfully manage a BPF
with bronchoscopic techniques, the fistula must be
directly visualized or prove that occlusion signifi-
cantly decreases or stops the air leak.

Multiple sealing compounds have been applied
directly to the fistula through the bronchoscope. The
potential success of this approach is that most of the
leaks are peripheral or alveolar, rather than at the
large airways. In addition, this offers an alternative to
patients who are otherwise poor surgical candidates
unable to tolerate a major thoracic procedure. All
these studies are anecdotal or limited to a few
patients, and there have been no controlled studies
to determine which is the most effective or safest.

In 1977, Hartmann and Rausch49 and Ratliff et
al50 reported the first successful endobronchial man-
agement of BPF using tissue glue and a lead shot,
respectively. Since then, many reports using differ-
ent devices have appeared. These include ethanol
silver nitrate, cyanoacrylate compounds, coils, lead
plugs, balloons, fibrin or tissue glue, antibiotics, gel
foam, spigots, and autologous blood patch.

Lead Shots: As mentioned earlier, Ratliff et al50

pioneered the endoscopic management of BPF by
using a lead shot. He use a guidewire passed into the
affected bronchus after its location with a balloon
catheter. A sterilized fishing weight attached to a
suture was passed over the guidewire and advanced
with the bronchoscope until the leak stopped. The
suture was used to retrieve the lead shot at a later
session.

Ethanol: Five consecutive BPFs were successfully
treated by Takaoka et al51 by injecting absolute
ethanol directly into the submucosal layer of a fistula
under flexible bronchoscopy. No complications were
found, and Takaoka et al51 recommended it as a
first-line therapy for patients with a postoperative
central BPF with an orifice � 3 mm in diameter.

Polyethylene Glycol: FocalSeal-L (Focal; Lexing-
ton, MA), a water-soluble polyethylene glycol-based
gel, comes as a polymer and sealant activated by a
xenon-generated light in the spectrum of 440 to 550
nm. The light probe is to be held for 45 s approxi-
mately 2 cm from the area in which the sealant and
polymer has been applied. Cross-linking of the com-
pounds then occurs. Hoffberger et al52 reported a
case of a 72-year-old woman who acquired BPF after
undergoing left-upper lobectomy for squamous cell
carcinoma. Fiberoptic bronchoscopy revealed the
presence of a 4-mm dehiscence in the bronchial
closure representing a BPF. They instilled FocalSeal
under direct visualization through the bronchoscope,
and activated it using a helium cadmium laser (LIFE
system; Xillix Technologies; Richmond, BC, Can-
ada), which emits blue light at a wavelength of 442
nm with 150 mW of output.52

Cyanoacrylate Glue: Cyanoacrylate glues are one
of the most common sealant compounds along with
fibrin. They initially seal by acting as a plug, and later
by inducing an inflammatory response that leads to
fibrosis and mucosal proliferation, permanently seal-
ing the defect. A catheter is introduced through the
working channel and positioned near the fistula; the
acrylate glue is then injected through the catheter
into the fistula. The procedure can be repeated if
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incomplete seal occurs. The cyanoacrylate glues
polymerize into solid material on contact with body
fluids or tissue. Iodized oils are used to delay poly-
merization. Usually, 0.5 to 1 mL are injected.49,53–57

Fibrin Glue: The diagnosis and closure of small
postresection BPFs can be accomplished with selec-
tive bronchography and placement of fibrin sealant
through the flexible fiberoptic bronchoscope. This
technique has been reported to be successful in
small BPFs and patients with multiple postresection
bronchial stumps.58–63 The fibrin glue is passed
through a catheter located close to the BPF, and 1
mL of concentrated fibrinogen is injected followed
immediately by 1 mL of topical thrombin (1,000
UI/mL). A fibrin clot forms over the fistula, sealing
the leak. It is believed that the fibrin glue is eventu-
ally reabsorbed, preventing foreign body reaction.64

Kinoshita et al62 used fibrin glue that was diluted
fourfold with saline solution and/or contrast me-
dium, and performed pleurodesis with a large
amount of the diluted fibrin glue in 40 high-risk
patients with intractable pneumothorax and in 13
postthoracotomy patients with persistent air leakage
associated with an intrapleural dead space. The air
leaks were stopped by administration of the glue in
all patients of both groups. During the follow-up
period, a recurrence rate of 12.5% was observed in
the former group. These recurrent pneumothoraces
also were successfully treated by glue administration
with no further recurrence. In the 13 postthoracot-
omy patients, there was no recurrence after the
initial treatment. Pyrexia (12.5%) and chest discom-
fort (4.1%) were observed as side effects, but there
were no findings of severe chest pain or thoracic
empyema.62 The fibrin glue can be instilled directly
into the tract or injected directly into the submuco-
sa.65

Blood Clot: Blood clot is based on a principle
similar to that above.

Antibiotics: Martin et al66 reported a patient with
fulminant S aureus pneumonia complicated by
chronic BPF formation, which prevented weaning
from mechanical ventilation due to severe air leak.
Successful fistula closure was obtained by endo-
scopic instillation of tetracycline into the fistula using
a balloon catheter and blood clot occlusion tech-
nique.

Lan et al48 reported a patient with BPF who was
successfully treated by selective intrabronchial injec-
tion of doxycycline and blood under fiberoptic bron-
choscopic guidance; they used 20 mg of doxycycline
followed immediately by 15 mL of blood. Whether
the success is due to the antibiotic or the blood patch

is unclear. In one report, Heffner et al67 used 500 to
1,000 mg of doxycycline instilled through a chest
tube in four patients with BPF. All four patients with
persistent BPF had resolution of their air leaks; one
patient had recurrence with a partial pneumothorax.

Albumin-Glutaraldehyde Tissue Adhesive: Potaris
et al68 reported the performance of an albumin-
glutaraldehyde tissue adhesive (BioGlue; Cryolife;
Kennesaw, GA) in the sealing of air leaks from
pulmonary parenchyma and BPFs. They applied the
BioGlue in 38 randomly selected patients who un-
derwent 39 operations. A median of 5 mL of Bio-
Glue was used per patient (range, 5 to 20 mL). The
operations included thoracotomy (n � 36), video-
assisted thoracoscopy (n � 2), and rigid bronchos-
copy (n � 1). The duration of air leak ranged from 0
to 2 days (median, 1 day). The duration of total (air
and fluid) chest tube drainage ranged from 1 to 12
days (median, 3 days). Complications were observed
in three patients (8%): atelectasis (n � 1) and resid-
ual space (n � 2). Three patients died because of
preexisting respiratory failure unrelated to BioGlue
application. Hospitalization ranged from 4 to 16 days
(median, 6 days) and was prolonged in some patients
because of their primary disease (empyema, BPF).
They concluded that the use of BioGlue proved to be
safe and effective in the sealing of lung lacerations
and in preventing air leakage from suture or staple
lines in emphysematous lungs. It was also successful
in sealing BPFs when applied either intrabronchially
through the rigid bronchoscope or during thoracot-
omy.68 Similar reports have been made by Iannet-
toni.69

Cellulose: There is at least one report70 of success-
ful use of oxidized regenerated cellulose (Surgicel;
Ethicon; Piscataway, NJ) in the management of BPF.

Gel Foam: Gel foam has been used due to the
theoretical advantages of availability and being to-
tally reabsorbed. It is cut in small strips, moistened
with normal saline solution, and flushed through the
working channel of the bronchoscope into the af-
fected area (or instilled directly through the rigid
scope).71

Coils: Coils have been used alone or in conjunc-
tion with other sealants to treat BPF.42,72–74 Angio-
graphic occlusion coils placed endobronchially under
fluoroscopic guidance succeeded in controlling a
large parenchymal BPF after failure of surgical
treatment and transbronchoscopic fibrin glue appli-
cation as reported by Salmon et al.73 Ponn et al74

reported the use of Gianturco vascular occlusion
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coils in five patients with complete or significant
control of the leak without complications.

Balloon Catheter Occlusion: As mentioned earlier,
balloon catheter occlusion is the method of choice to
detect the site of air leak and place the sealant
substance. However, the use of the balloon itself for
the management of the BPF has been described.45

In this report,45 a 15-year-old boy acquired BPF as a
complication of necrotizing pneumonia. A 5F atrial
septostomy catheter was passed through the endo-
bronchial tube under fluoroscopic guidance into the
right and left segmental bronchi until the air leak
stopped. The balloon was inflated with the smallest
amount of diluted contrast media required to stop
the air leak. After 1 month, the patient became stable
and underwent surgery with three thoracotomies
over a period of 6 weeks in which multiple BPFs
were oversewn. However, the BPF recurred and the
patient eventually died.

Silver Nitrate: Silver nitrate has been used
through the rigid scope to seal stump leaks.75

Calf Bone: There is at least one report76 in which
calf bone was used along with fibrin glue to seal a
BPF. In this case, the bone is shaped to the form of
the fistula and sprayed with fibrin after insertion.

Others: There have been reports77,78 on the use of
surgical sponges and specially built endobronchial
silicon spigots.

Stents: Stents have been extensively used mostly
for the management of esophageal-to-airway fistulas,
with malignancy being more common than the con-
genital or other acquired forms.76,79–83 They are also
indicated for the sealing of stump fistulas after
pneumonectomy and dehiscence after bronchoplas-
tic operations. The goal of the stent is to provide as
tight seal in the airway as possible to prevent aspira-
tion and pneumonias. Since there are many types of
stents with different properties, the selection of a
stent requires considering the type of lesion, its
location, the physical characteristics of the stent, and
its potential short-term and long-term complications.

Discussion

There are no controlled studies comparing the
different sealants or comparing surgical and endo-
scopic therapy. In general, the endoscopic procedure
is preferred in high-risk surgical candidates to avoid
the risk of anesthesia and surgery. The only study65

found to specifically address the value of broncho-

scopic sealing of BPFs was a retrospective study in
which cases of 45 patients seen over a 13-year period
with BPF after pneumonectomy (40 patients) or
lobectomy (5 patients) were reviewed. In all of these
cases, closure of the stump was performed with a
mechanical stapler, and no routine mechanical ven-
tilation was used. Outcomes studied included cure,
death, chronic empyema with closed fistula, or
chronic empyema with open fistula. All procedures
were performed with rigid bronchoscopy under gen-
eral anesthesia with jet ventilation. The fistula chan-
nel was de-epithelialized via laser, brushing, or dia-
thermy prior to treatment. Visible leaks � 3 mm
were treated with fibrin sealant. Fistulas � 3 mm
were treated with fibrin and spongy calf bone.
Fistulas � 8 mm were not considered suitable for
endoscopic treatment, and those patients were ex-
cluded from the analysis. If successful, rinsing of the
pleural cavity was performed with an antibiotic
solution as dictated by the culture sensitivity. Bron-
choscopic follow-up was performed on a weekly
bases. If the occluding material was expectorated,
immediate bronchoscopy was performed to reclose
the fistula. Surgical intervention was considered
when fistula size increased during endoscopic treat-
ment, empyema developed, or there was progression
to systemic sepsis. The surgical therapy was open
window drainage or thoracoplasty (when the former
was not possible). The overall rate of fistula closure
was 35.6% (16 patients), and recurrence occurred in
2 patients (12.2%).

The average number of endoscopic interventions
was 2.47 regardless of the outcome.1–7 Size, interval,
and number of therapeutic interventions showed no
significant differences between the surgical and en-
doscopic groups. Although there was a marked ten-
dency for more frequent cure of small and early
fistulas compared to bigger and later ones, size and
interval show no difference on the course of therapy.

Hospital mortality was 17.8%, and most of the
patients died in the group treated only endoscopi-
cally.65 The patients were in poor physical condition
when first seen and were not surgical candidates.
The authors65 concluded that bronchoscopic treat-
ment of BPF was an efficient alternative, especially
when surgical intervention cannot be done because
of the physical condition of the patient.

Baumann and Strange83 investigated the practice
habits among clinicians treating spontaneous pneu-
mothorax and BPF using a randomized postal survey
of 3,000 American College of Chest Physicians mem-
bers. They found that significant differences exist
between thoracic surgeons and pulmonologists ap-
proach to these problems, including the manage-
ment of BPF.66

The current recommendations of the American
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College of Chest Physicians expert panel26 for the
management of spontaneous pneumothorax states
that for patients with persistent air leak:

Continue observation for 4 days to assess for spontaneous
closure of bronchopleural fistula. If an air leak persists
longer than 4 days, evaluate the patient for surgery to close
the air leak and perform a pleurodesis procedure to
prevent pneumothorax recurrence (Very Good Consen-
sus). Thoracoscopy is the preferred management proce-
dure (Very Good Consensus). Use of an additional chest
tube or bronchoscopy in an attempt to seal endobronchial
sites of air leakage is not indicated (Very Good Consen-
sus). Except in special circumstances where surgery is
contraindicated or a patient refuses surgery, chemical
pleurodesis should not be used in the management of
most patients (Very Good Consensus). If chemical pleu-
rodesis is performed, doxycycline or talc slurry are the
preferred sclerosing agents (Good Consensus).

In patients with secondary spontaneous pneumo-
thorax and persistent air leaks, the same panel26

stated:

For a patient with persistent air leaks and prolonged chest
tube drainage who initially refuses surgery, continue ob-
servation for 5 days. After 5 days of observation, the
patient should be urged to accept surgical intervention.
More prolonged delay may limit the effectiveness of
thoracoscopy. Instillation of sclerosing agents through a
chest tube to produce a pleural symphysis in managing
persistent air leaks is acceptable for patients who are not
surgical candidates (Good Consensus).

Conclusions

Clearly, further studies are required to establish
the role of techniques and patient selection for
endoscopic procedures, as well as which technique
or combination will be most valuable. There are no
established guidelines in the proper management of
patients with BPF or even a consensus on how to
approach the problem. Further research in these
areas may shed light into the best therapy for this
difficult problem.

A Possible Recommended Approach

Use of manual sutures rather than mechanical
stapling or a combination of the two seem to reduce
the risk of BPF appearance. For unclear reasons,
right-sided procedures are more prone to BPF.
Detection of high-risk patients and possible delayed
or alternative procedures until their condition is
improved may reduce the risk. Once the BPF has
developed, early recognition, drainage of the empy-
ema, and management of the infectious process are
critical. Prevention of complications (ie, aspiration
and sepsis) and aggressive nutritional and rehabilita-
tive support are needed. Diagnostic tools that may

be useful include nuclear scans and CT scans; bron-
choscopic evaluation is beneficial as a diagnostic and
therapeutic intervention in selected cases.

As noticed, all reported interventions consist of
retrospective studies, individual cases, or personal
experience with a few patients. Localization of the
fistula and apparently size may indicate potential
benefits of surgical vs endoscopic procedures. In
high-risk surgical patients, endoscopic procedure
may serve as a temporary bridge until the patient
clinical status is improved. In other patients deemed
nonsurgical candidates, the procedure may be the
only option.

Based on the results of the above-mentioned
studies, it is apparent that BPF size appears to be an
important factor in predicting bronchoscopic out-
come. BPFs � 8 mm are not suitable for endoscopic
management, while those 1 mm in size have the
highest success rate. Also, it seems that the time of
appearance of the BPF plays a prognostic factor in
further morbidity and mortality.

Distal small BPFs are more suitable for broncho-
scopic therapy, while large or central BPFs are best
managed with surgery or stent placement. If the
BPF appears early after surgery, then reclosure is
mandatory.

Apparently, a two-stage intervention may be the
best approach for debilitated high-risk patients. In
the first stage, an attempt to close or decrease the
BPF via endoscopy is performed and the patient
receives aggressive nutritional and rehabilitative sup-
port. Once the patient’s clinical condition stabilizes,
a definite surgical intervention may be accom-
plished. It seems that double stenting is the best
approach for the management of esophagotracheal
fistulas. This approach achieves the highest sealing
effect, survival time, and quality of life.82 If mechan-
ical ventilation is required, HFV seems to be indi-
cated in patients with otherwise normal lung paren-
chyma and proximal BPF; however, a trial of HFV
should be tried in any patient not responding to
conventional ventilation.

Finally, in terms of the “best sealant,” there is no
evidence to support one vs another compound or
combination, and therefore the experience of the
endoscopist with different compounds may dictate
the choice. In selected cases, the use of stents may
be all that is required.
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