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Evaluation and endoscopic management of persistent air leaks
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Abstract: The endoscopic management of persistent or prolonged air leak (PAL) has gained popularity,
not only in post-surgical PAL but also in non-surgical scenarios. The literature that supports an endoscopic
approach is restricted to case series, case reports, retrospective and some small prospective studies. Every
patient who suffers from PAL secondary to bronchopleural fistula (BPF) or alveolopleural fistula (APF)
should always be evaluated to determine surgical repair candidacy. There have been a number of articles
that summarize the bronchoscopic modalities for the management of PAL, but none emphasize the initial
evaluation with an algorithmic approach or discuss how to follow-up these patients in the immediate post-
treatment phase and long-term. Medical causes of PAL are, in our opinion, more difficult to localize and
consequently treat compared to surgical causes of air leak. The bronchoscopic management for either
surgical or non-surgical BPF’ is similar. In this review, we discuss the initial evaluation, management and

follow up with an algorithmic approach of PAL as well as review the available endoscopic modalities.
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Introduction monitored by presence of bubbles in the water seal chamber
of a pleural drain, although digital pleural flow meters have
also been described (4).

Persistent air leak (PAL) can occur when pleural air leaks

Air leakage from the tracheobronchial tree to the

pleural space is a pathologic process that can result in

pneumothorax, limited ventilation, hypoxia, and death.
Immediate recognition of this detrimental process is
paramount to patient survival. Usually, air leakage into
the pleural space is an iatrogenic phenomenon after
interventional procedures such as transbronchial biopsy
or lobar resection, although air leak can also occur
after unprompted processes such as with spontaneous
pneumothorax (1,2). Initial management includes chest
drainage of the pleural air with a chest tube to allow for
lung reexpansion with resultant cessation of air leakage
and removal of the chest tube (3). Air leakage is usually
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for more than 5 days (5). PAL is further characterized based
on the location of the air leak: persistent air leakage at the
level of the segmental bronchi is termed bronchopleural
fistula (BPF), whereas air leakage from the distal
tracheobronchial tree is termed alveolopleural fistula (APF).
Medical conditions that affect the alveolar and parenchymal
structure are more likely to produce APE.

Definitive management of PAL is surgical repair. Both the
American College of Chest Physicians and British Thoracic
Society recommend early thoracic surgery consultation
when a persistent air leak is encountered (6,7). However, and
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especially in APF, patients may be medically complex and
with obscure sources of leak that make surgical approaches
high risk or impractical. Additional treatment options
such as medical pleurodesis or one-way pleural valves
may be impractical due to the lack of pleural apposition
with brisk air leaks (for successful pleurodesis) or ongoing
morbidity and risk of infection (with pleural valves) (8).
In recent years, bronchoscopic approaches to PAL have
shown promise at resolution of persistent air leaks (8-10).
This article seeks to describe the initial evaluation approach
to PAL, including localization by traditionally described
methods, review of less common but potentially useful
diagnostic modalities, and provide a guide on how to
monitor air leaks post interventions. We will also discuss
the bronchoscopic approaches to its management.

Initial evaluation

An algorithm for the management of air leaks after
pulmonary resection has already been described (11).
Medical or non-surgical air leaks are difficult to manage
because often a culprit subsegment is not localized with
conventional methods; patients may have more than one
source of BPF or APF, or may have significant collateral
ventilation (CV) as in emphysematous or pulmonary fibrosis
lungs. The authors of this review propose an algorithm or
guide to initial evaluation and follow up for patients with
medical PAL (Figures 1,2). Both the terms APF and BPF
will be used interchangeably in this review, as they both lead
to the same pathophysiologic process but pose different
diagnostic and management challenges and such differences
will be pointed out in this manuscript as well.

Clinical presentation

The presentation of BPF can be variable. BPF has been
classified depending on the time of onset as early (1-7 days),
intermediate (8-30 days) and late (>30 days) (14). The
symptoms are usually cough with purulent sputum,
dyspnea, fatigue, fever, weight loss. The acute presentation
can be dramatic with sudden onset of dyspnea, hypoxemia,
subcutaneous emphysema and hypotension especially
in cases with spontaneous pneumothorax with tension
physiology. In the post-surgical patient with a chest tube
in place, the only presentation may be increased bubbling
in the drainage system, which can translated into increased
dyspnea or loss of tidal volumes if the patient is on
mechanical ventilation. The more common etiology of BPF
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is post-surgical. It is more common with pneumonectomy
rather than lobectomy and after lung volume reduction
surgery (LVRS) (5,15). There are many other etiologies
of BPFs and APFs (16) and identifying the cause is key to
success in management.

Anatomic localization
Direct visualization

Direct visualization of a defect is more easily accomplished
in cases of BPF after lung resection surgery (5). In these
cases, stump dehiscence is evident with bronchoscopic
evaluation or via video-assisted thoracoscopic surgery
(VAT'S). If a fistula at the stump is suspected but is too
small to be evident during bronchoscopy, interrogation
can be accomplished by saline instillation at the stump
site; bubbling will indicate the presence of a defect. Direct
visualization also allows for targeted deployment of
therapies (either endoscopic approaches as discussed below
or direct suturing during VATS). However, in contrast to
BPE, direct visualization of air leak can be challenging in
cases of APF because the distal air leak may be too small and
distal to visualize by conventional fiberoptic bronchoscopy.

Balloon occlusion technique

In 1977, Ratliff and colleagues described a unique approach
of anatomic localization of pleural air leak using repetitive
balloon occlusion (17). In this technique, a bronchoscope
is used to deliver a Fogarty 7 Fr (or similar) catheter, and
the balloon is systematically inflated from proximal to
distal airways while the air leak in the drainage system is
observed. The balloon is inflated, and bubbles in the pleural
water seal chamber are monitored for up to 2-3 minutes (9).
If occlusion of a suspected segmental bronchus leads to
reduction or cessation of bubbles in the water seal chamber
(or reduction of flow on a digital system), the pleural air leak
must be positioned in the occluded segmental bronchus.
This approach can be repeated in successive subsegmental
bronchi to better delineate the sublobar location of the
air leak. Moreover, once localized, direct bronchoscopic
interventions are delivered to the affected airway. An
important limitation to this approach is the possibility
of CV between lung subsegments, which would make
occlusion of one subsegment insufficient to locate the source
of air leak. This is a common problem found in severe
emphysematous or fibrotic lungs in which the interlobar
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Evidence of PAL >5 days

v

Determine etiology (post- surgical,
infection, emphysema, ILD, other)

'

Treat infection, drain pleural space, discontinue steroid
therapy*, obtain HCRT, chest tube to WS**(unless not
tolerated). Use digital drainage system if available

'

Surgical candidate? - Treat surgically

‘No

Flexible bronchoscopy, balloon

occlusion \
Leak not

Yes

localized
EBV or other method:
* Select appropriate balloon size, repeat FB * Sealants
¢ CV suspected? * Hemostats
* Consider occlusion of segment (s) most suspicion on CT*** * Combination
* » Stents, etc.
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Success? - Bronchoscopic management

‘No

Other localization modalities (oxygen insufflation,

/ Leak localized

nuclear imaging, methylene blue, etc.)

Figure 1 Proposed algorithm for initial evaluation for patients with medical persistent air leak. It is important to perform a thorough
physical examination of the patient that includes a careful review of the chest tube site to look for inadvertent kinking or clamping, adequate
tidaling, loose connections, and/or malfunctioning pleural drainage system. If a persistent air leak is present (>5 days), one has to determine
its etiology as management of the underlying problem can significantly influence success in therapy. Many patients will have an infected
pleural space, and antibiotic therapy should be started and broadened as necessary. *, if the patient is on corticosteroid therapy, the dose
should be reduced to the lowest possible or discontinued, as this will delay the healing process; **, prospective studies have shown simple
water seal is superior to suction on patients with expiratory leaks after pulmonary resection (12,13). The authors of this review believe that
ongoing suction will increase the flow through a fistula further delaying the healing process and thus we advocate to keep chest tubes to
simple water seal unless otherwise not tolerated by the patient (i.e., enlarging symptomatic pneumothorax or subcutaneous emphysema), and
this effect is proportional to the amount of suction applied. Patients should undergo water seal trials periodically. Every patient should be
evaluated by thoracic surgery for fistula repair if the patient is deemed a candidate. Otherwise, flexible bronchoscopy should be performed
to localize and treat at one procedure; ***, alternative methods for localization as described in the body of this review should be sought if
traditional balloon occlusion fails. If collateral ventilation is suspected, a careful review of the CT images with information gathered at first
bronchoscopy can help decide which segment (s) or lobe should be occluded. Many times the leak is not completely stopped after the first
intervention, however, most of the times is significantly reduced and that should be regarded as a step towards success. PAL, persistent air
leak; ILD, interstitial lung disease; HCRT, high resolution computed tomography; WS, water seal; CV, collateral ventilation; FB, fiberoptic
bronchoscopy; CT, computed tomography; EBV, endobronchial valves.
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>48 hours or present on FE only?
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2 days, with WS trials
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.
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outpatient follow-up

Figure 2 Proposed algorithm for follow-up evaluation for patients with medical persistent air leak. The patient should be observed for
at least 48 hrs after any endobronchial therapy. Daily chest X-ray should be obtained. The chest tube and pleural drainage system should
be checked and leak quantified, if still present. *, if there is absence of air leak, the chest tube should be removed after a clamping trial. If
the leak is unchanged, worsened or pneumothorax is not resolved, consider repeat bronchoscopy for other interventions that may include
valve revision/replacement or other endobronchial therapies. If the leak is improved, water seal trial should be re-attempted. If the patient
tolerates water seal without increasing dyspnea, enlarging pneumothorax and/or subcutaneous emphysema occurrence, a portable drainage
device should be placed (i.e., Heimlich or Pneumostat™) and patient observed for 24-48 hrs before discharge. At this point, an outpatient
plan with short-term follow up should be established. If the leak did not improve with a repeat intervention and the patient is unable to
tolerate water seal, the chest tube should remain to suction but attempts to transition to water seal should be made every 1-2 days, with
the goal of at least discharge with a portable device, should the patient tolerate. Adequate nutritional support is key in the management.
Evaluation for possible oxygen needs, especially on ambulation should also be determined before discharging the patient. FE, forced
exhalation; WS, water seal.

fissures may not be intact (8). Some authors advocate Computer tomography (CT) imaging
that inability to pinpoint the leak with balloon occlusion

method precludes any endoscopic intervention (18); CT imaging can also aid in anatomic localization. In a

however endoscopic intervention may be the only option
for such patients, and we suggest trying alternative methods
of APF localization as described below.
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2002 retrospective trial, Ricci and colleagues describe 33
patients with BPF and in which 18/33 (55%) chest CT

was useful in localizing the BPF or its probable cause such
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as bullae or abscess (19). An additional imaging option
is use of a multidetector CT (MDCT). In MDCT, a
2-dimensional array is used rather than the linear detector
array of conventional CT; the increased detector density
allows the machine to acquire images faster, thereby
limiting motion artifacts and improving image quality
(20,21). MDCT images can allow for improved resolution
of gas accumulation, abscess formation, or direct fistula
localization to aid in treatment planning. One limitation
to CT imaging is the need for supine positioning during
image acquisition, which may be intolerable for patients
with brisk air leaks or septic pleural processes. Nevertheless,
high resolution computed tomography (HRCT) can be
very helpful in localizing APF. The clinician should invest
sufficient time reviewing these images before bronchoscopy
and for potential anatomic localization. CT thin-cut images
can provide a plethora of information and sometimes
directly pinpoint the pleural defect and be able to track it
down to a particular subsegment.

Virtual bronchoscopy

Post-processing of MDCT data can allow for formation of
3-dimensional reconstructions to simulate endobronchial
views of the major tracheobronchial tree segments, known
as virtual bronchography (VB) (22,23). Data on the use of
VB is limited mainly to case reports; in 2010 Sarkar and
colleagues reported 4 cases of BPF in which VB images aided
in localization of the fistula and treatment planning (20).
VB is limited in visualizing smaller air leaks such as APE
Moreover, VB can have a high false-negative rate if the
fistula is occluded with debris or mucus during the image
acquisition process.

Nuclear imaging

Nuclear imaging modalities utilize inhalation of a
radioisotope-tagged substance, most commonly labeled
with Technetium-99m (*"Tc), to generate images that show
likely location of air leaks. All studies are limited to case
series. In 1994 Nielsen and colleagues presented a series of
6 patients where ventilation scintigraphy was used to locate
possible air leaks; patients inhaled the radioactive substance
and serial two-dimensional images were obtained to locate
extrapulmonary gas leaks (24). Further work has shown
this technique to be a viable approach to fistula localization
(25,26).

Incorporation of the radioisotope with concurrent CT
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imaging is regarded as SPECT/CT, whereby a CT is used
to generate the post-inhalational images (27-29). One major
limitation to both ventilation scintigraphy and SPECT/CT
is reduced accuracy in parenchymal lung diseases such as
chronic obstructive lung disease; in such diseases, turbulent
parenchymal gas flow can lead to aerosol deposition in the
distal parenchyma and generate a false-positive result.

Methylene blue instillation

Instillation of methylene blue to the pleural space has been
shown to be effective in localizing small pleural leaks in
case reports. Both retrograde and anterograde methylene
blue instillation has been reported. In 2013, van Zeller and
colleagues described the technique whereby, under sedation,
one clinician injects intrapleural methylene blue and
another clinician simultaneously inspects the bronchi with
a bronchoscope for appearance of intrabronchial methylene
blue (30). The technique has also been replicated by Sakata
and colleagues (31). In 2014, Jin ez a/. reported the successful
localization of the culprit segments or subsegments in all
27 patients enrolled by instilling methylene blue via the
working channel of the bronchoscope. The average volume
of methylene blue used to localize the responsible airway (s)
was 42 mL. Three out-of-27 patients had more than one
subsegment involved. All patients were treated with fibrin
glue, however not all responded to the elected therapy.
There were no reported complications from methylene blue
instillation (32).

Oxygen insufflation

In 2013, Vial and colleagues presented an ingenious
protocol for localization of low-flow fistulas that are
common of APFs (33). In such low-flow fistulas, patients
are sedated under general anesthesia with a pleural drain in
place. A bronchoscope is advanced with low-flow oxygen
(typically 2—4 L/min) attached to the suction valve port
of the bronchoscope. With the bronchoscope wedged in
selected bronchial segments, oxygen is delivered selectively
via the suction valve (“insufflated”) to the bronchus. The
water seal on the pleural drain catheter is monitored during
active 2-second insufflation bursts. Presence of fistula will
result in bubble forming on the water seal. The risk of
barotrauma is presumably low, as insufflating oxygen at
2 L/min flow during two-second bursts would generate a
volume of gas less than 70 mL. The pressure generated with
this maneuver was found to be minimal as reported by the
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authors.

Intrabronchial capnography measurement

In 2010, Moody and colleagues presented a case report
whereby an intrabronchial capnography catheter was used
to measure changes in carbon dioxide (34). The pleural
drain was disconnected from the water seal and exposed to
the atmosphere. The intrabronchial capnographic catheter
was advanced to suspected subsegmental bronchi. A lack of
carbon dioxide returns on the catheter output indicated an
opening to the atmosphere and likely location of the fistula.
Although ingenious in concept, this approach necessitates
loss of pleural negative pressure, which may be harmful if
the lung collapses. Larger studies are needed to verify the
sensitivity and specificity of this approach.

Chartis device

The Chartis Pulmonary Assessment Catheter (Pulmonx
Corporation, Redwood City, CA, USA) is a catheter
equipped with a pressure and flow transducer that can be
bronchoscopically placed in selected bronchi. The catheter
was initially developed to determine CV for planning of
bronchoscopic lung volume reduction (BLVR) (35). A
balloon on the distal end of the catheter seals the catheter
to the bronchial walls to measure airflow and pressure distal
to the balloon. Experience is growing throughout the world
with this technology, showing it can help determine dynamic
airway collapse distal to the catheter (36,37). A recent
report by Tian and colleagues demonstrated the use of
Chartis to locate lung segments with persistent air leak (38).
Although not directly shown to aid in pleural fistula
localization, one can postulate the Chartis device would
show pressure and flow changes indicating possible CV and
that more than one subsegment may require intervention.

Monitoring air leaks

Pleural drains are the mainstay of monitoring persistent
air leaks to prevent intrathoracic gas accumulation,
pneumothorax, and formation of tension physiology. The
most commonly described approach to monitoring ongoing
air leaks is assessing for bubble formation under a water
seal. These bubbles are the result of inspired atmospheric
gas being transmitted to the alveoli and leaking into the
pleural space. This approach of monitoring bubbles has
been the gold standard of monitoring air leaks and used
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in many prior studies (8,17,33). One limitation to this
approach has been the subjectivity with bubble formation
and quantification of leakage. Digital read-out pleural chest
drainage technologies have sought to be more objective and
improve inter-clinician assessment of air leaks.

The Thopaz system (Medela AG, Baar, Switzerland)
is one such digital pleural drainage system consisting of a
portable suction unit and a digital readout of the pleural
flow, which can include air leakage. In 2009, Rathinam
and colleagues surveyed n=15 nursing staff caring for
a total of 120 patients with the Thopaz chest drainage
system placed after VATS surgery. Nursing staff reported
“very good” (13/15) with overall device assessment (39). A
recent 2014 pilot, observational study by Tunnicliffe and
colleagues showed the Thopaz system safe and effective
in management of n=13 patient with pneumothorax (40).
Additional advantages of The Thopaz system is potential
for improved patient mobilization, and the ability to
display real time data allowing for a continuous flow
monitoring. The manufacturer recommends removing a
chest tube when the leak is less than 50 mL/min without
major variation or ‘spikes’ for the preceding six hours. The
use of the Thopaz system versus the traditional drainage
system to monitor and quantify air leaks really depends on
institutional availability of either equipment. The authors of
this manuscript recommend the use of a digital reader over
traditional when available, as it provides more objective data
potentially facilitating decision-making on the timing for
chest tube removal.

Bronchoscopic management modalities for BPF
and APF

Surgical management of a BPF is the traditional gold
standard approach for this difficult-to-treat condition.
The mortality for post-pneumonectomy empyema is
considerably high ranging from 23-50% with or without
a fistula, and the mortality associated with surgery is
about 10% (41). Surgical re-evaluation for the diagnosis,
localization, and surgical repair of a fistula by directly
suturing the stump or using flaps in those with good
surgical candidacy should always be the first step in
management (42). Pleural management modalities could
also be implemented by using talc as a primary sclerosant
or different other substances like blood patch, silver nitrate,
and antibiotics (minocycline, doxycycline, tetracycline)
(43,44). However, pleural sclerosis is not always feasible if
the lung is not fully expandable.
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Due to the nature of this morbid condition, many times
patients are often not suitable candidates for surgery,
either due to ongoing infection like pneumonia, empyema,
malnutrition and/or poor lung function as in severe
obstructive or restrictive lung impairments. In recent
decades, advances in the field of interventional pulmonology
have allowed for novel opportunities for non-surgical,
bronchoscopic management in so-called poor surgical
candidates or those who failed the surgical approach. It is
important to mention that the management of PAL should
have a multi-disciplinary team approach of surgeons,
pulmonologists, radiologists, nursing and other support staft
and that careful patient selection for a specific diagnostic
and treatment modality is the key for success. As mentioned
earlier in this article, understanding the underlying etiology,
which lead to PAL, is the most important deciding factor to
select the right treatment modality.

As an example, for patients with primary spontaneous
pneumothorax without serious medical comorbidities
surgical approach would be preferable. In contrast to this,
patient with secondary spontaneous pneumothorax with
underlying severe emphysema surgical option would be
risky and with a high recurrent rate. The same is true for
different bronchoscopic options for PAL. Patient with
interstitial lung disease complicated by pneumothorax and
PAL may not tolerate permanent closure of segmental
or subsegmental bronchus and for these patients with
limited lung reserve endobronchial valves (EBV) would be
preferable.

The list of bronchoscopic treatment options for PAL
is long and includes: EBV, airway stents, endobronchial
spigots, hemostatic sealants, tissue adhesives (glues),
bronchoscopic submucosal injections of tissue expanders
and sclerosants, blood patch, thermal therapies (argon
plasma coagulation), coils and septal defect closure devices.

EBV

There are two types of endobronchial one-way valves
available: The Zephyr®(Pulmonx Corp, Redwood City,
CA, USA) and the Spiration® Valve System (Olympus
Respiratory, Redmond, WA, USA). Both are currently FDA
approved for the treatment of advanced emphysema, and
both have previously been used for PAL management. Of
these two devices, the Spiration® product is approved by
the US Food and Drug Administration (FDA) and available
exclusively under the Humanitarian Device Exemption
Program for postoperative PAL complicating lung
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resectional surgery (45).

The Spiration® valve comes in four different sizes: 5, 6,
7, and 9 mm. It has an umbrella-shape polymer supported
by a nickel-titanium (Nitinol) frame with anchors to hold
it in place. The Zephyr® valve comes in two sizes: 4.0 and
4.0 LP (Low Profile) and 5.0 mm. The LP was designed
for use in shorter airway segments. The 4.0 valve is used in
airways ranging from 4-7 mm diameter, and the 5.0 valve in
5.5-8.5 mm diameter airways. The Zephyr® valve contains
a one-way silicone duckbill valve with a Nitinol, self-
expanding retainer covered by a silicone membrane. Both
valve systems come with their respective kits that contain
deployment catheters. Removal of either type of valve is
easily accomplished with the use of a flexible forceps. Both
valves have now been FDA approved for the treatment of
emphysema. The Spiration® Valve System should not be
used in patients who have diffuse homogeneous emphysema
(46,47).

The first EBV in humans was placed by Snell in
2005 using the Zephyr® valve for a broncho-cutaneous
fistula (48). By far, EBV seem to be the most commonly
used devices for PAL in the US in recent decades. This
is possibly related to their ready availability, relative
simplicity of placement, and ease of removal. There are no
multicenter, randomized controlled trials demonstrating
efficacy of EVB for the management of PAL but here
we mention the largest publications related to their use.
There are also several case series and interesting case
reports on EVB use for PAL in many different underlying
lung condition (49-52). These studies are predominantly
retrospective cohort studies and few prospective ones
with small number of patients enrolled. There is a
prospective study done by Firlinger er 4/. using both types
of valves in 13 out of 19 patients with success rate of 77%
with mean time of chest tube removal of 7.6 days (53).
Another prospective study done by Dooms ez 4/. in 2014
using Spiration® valve system in 9 patients with procedural
success rate of 67% and median time of chest tube
removal of 4 days (54). Both prospective studies reported
no immediate complication related with valves including
deaths, hemoptysis, post obstructive pneumonia and et. In
a retrospective study published by Travaline et 4/. in 2009,
40 patients with PAL treated with Zephyr® EBV with
procedural success rate of 93% with mean time of pleural
drain removal of 21 days (median 7.5 days with IQR of
3 to 29 days) and complication rate of 15% (55). One of
the largest multicenter but retrospective studies published
by Gilbert et al. in 2016 from eight centers by using
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Spiration® valve system on 75 patients out of 112 evaluated.
Procedural success rate was 56% with median time of
chest tube removal after EVB placement of 4 days and 3%
complication rate (56). In 2018, Fiorelli er /. published
another retrospective multicenter trial using Zephyr®
EBV system in 67 patients with complete resolution of air
leaks in 88% of patients and reduction of air leak in 9%
of patients. Mean chest tube removal days were 7.3+2.7
and complication rate reported to be 1% (57). The VAST
trial (Valves against Standard Therapy) is another notable
study initiated in 2015 by Spiration Inc. as multicenter
(20 locations), randomized, and controlled study to
compare EBV versus standard chest tube management of
PAL with primary outcome of cessation of air leak and
target enrollment of 200 subject. Unfortunately the study
was suspended due to enrollment issues, with a pending
interim analysis yet to be released at the time of this review
(Clinical Trials.gov Identifier: NCT02382614).

Endobronchial spigots

Watanabe first reported the usage of silicone made
endobronchial plug for treatment of BPF in 1991 in Japan (58).
Endobronchial spigots are most widely used for PAL in
Asian countries and especially in Japan. In Japan, they are
officially recognized for management of PAL but not yet
FDA approved in US. Endobronchial Watanabe Spigots
(EWS) coated with barium sulfate for better radiographic
visibility. They come in small, medium and large sizes 5,
6 and 7 mm respectively. Its surface has small studs, to
prevent migration. As with EBV, most of the data on spigots
come from case series and mainly from Japan. One of the
recent case series reported by Morikawa ez 4/. in 2016 with
usage curette to install EWS in 11 consecutive patients with
persistent pneumothorax. They were able to remove chest
tubes from 8 patients with 72.7% success rate (59). Two
earlier case series from Japan presented in Tuble 1.

It is worth mentioning that since its introduction,
spigots have gained popularity and additional indications.
In addition to using for PAL data is available on spigot use
for hemoptysis and BPF with empyema (62). Spigots as well
as EBV are removable and the temporary use makes them
attractive for short-term management of PAL, BPF, and

hemoptysis.

Tissue adbesives and bemostatic agents

These substances are commonly used in surgical practice

© Shanghai Chest. All rights reserved.

Shanghai Chest, 2020

for tissue repair and as hemostatic agents. Most widely used
tissue adhesive is cyanoacrylate (Tissue seal, Histoacryl®,
Ann Arbor, MI, USA). One of the early reports using
cyanoacrylate compound to close artificially created BPF in
dogs was described by Menard ez 4/. in 1988 (63). Cepeda
et al. described the adequate technique of using glue in the
airway for the closure of a 3 mm, post lobectomy broncho-
pleural fistula. They used a 5 Fr angioplasty catheter for
injection and while keeping sufficient distance between tip
of the catheter and bronchoscope tip. Both the injection
angiocath and the bronchoscope was withdrawn en-bloc to
avoid the sealant to enter the working channel of scope (64).
Chawla er al. treated 9 patients with BPF by injecting
cyanoacrylate compound with overall success rate of 89%.
They recommended a safety distance between the tip of the
bronchoscope and the tip injection catheter to be 4 cm (65).
In 1994 report, which was updated on 2000, Scappaticci et /.
reported 70 % success rate of using cyanoacrylate in 20
post—surgical BPFs (66).

Hemostatic agents like fibrin glue (Tisseel®), cellulose,
hydrogel (Coseal®), and absorbable gelatin sponge
(Gelfoam® prepared from purified porcine skin gelatin) are
also widely used in surgical practice. Hollaus et 4/. described
using fibrin and combination of fibrin and calf bone (in
BPFs larger than 3 mm) via rigid bronchoscopy in 29 post-
surgical patients with successful closure of fistula in 16
patients (67). Coseal® application reported in relatively large
case series performed by Mehta ez 4. in 22 medical patients

with BPFs using flexible bronchoscope with a success rate
of 86% (68).

Septal defect closure devices and endobronchial stents

Septal defect closure devices like Amplatzer occluders
(Amplatzer® Septal Occluder, Amplatzer® Duct Occluder
IT and Amplatzer® Vascular Plugs) are commonly used in
the cardiology field. Their usefulness in pulmonology has
proved successful in some cases of BPFE. They are made of a
Nitinol mesh and polyester, which allows epithelialization
with time. In 2014 Fruchter et /. published article about
long-term efficacy of BPF closure using Amplatzer devices
(Amplatzer duct occlude and Amplatzer Vascular Plugs). A
total of 31 patient were treated with Amplatzer devices, 24
of which were post-surgical BPFs (14 post pneumonectomy
and 10 post lobectomy and segmentectomy). Immediate
success rate reported to be 96% with short-term mortality
(less than 30 days) 13% from unrelated causes. Average
follow up period was 17.6 months. During this follow up
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Table 1 Comparison of two case series using EWS for management of PAL

Elimination of PAL (%)

First author Number of patients Reduction of PAL (%)

Watanabe (60) 60
Kaneda (61) 21

39.7 37.9
29 57

EWS, Endobronchial Watanabe Spigots; PAL, prolonged air leak.

Table 2 Metallic stents for treatment of BPE, two case series

First author Type of intervention

Predominant fistula etiology/size

Number of patients Success rate (%)

Cao et al. (72) Under fluoroscopic guidance

Dutau et al. (73) Rigid bronchoscopy

Surgical/3.5-25 mm 9 100
Surgical/6-12 mm 7 100

BPF, bronchopleural fistula.

time, there was no need for repositioning or removal and
there was not a case of device migration. In the long term
follow up period no patient died due to BPF recurrence (69).
This report and similar reports from other authors suggest
that Amplatzer devices can be safe and effective modality
for large BPF management in experienced hands (70).
Endobronchial stents are mainly used for large BPFs
most common after surgical with resultan stump dehiscence.
In the current literature, there are reports of custom made
metallic stent usage for fistula treatment adjusted to specific
fistula size and shape (71). Two relatively large series
reported by Cao ez al. and Dutau et al. are seen in Table 2.

Miscellaneous modalities

There are several additional modalities, devices, and
substances that were invented during decades of research
and clinical trials to address the problem of persistent
air leak and intractable pneumothorax. The modalities
combined in this group are broad and include submucosal
injections of tissue expanders and sclerosing agents like
silver nitrate, tetracycline, pure ethanol, ethanolamine,
polidocanol, as well as the use thermal therapies and
endobronchial coils (74-79). Unfortunately, as with most of
the literature with endoscopic management of PAL, the data
these miscellaneous approaches are limited to case reports
or series at the best. The choice of modality to treat BPF
or APF not only depends on the underlying lung pathology
but also on the expertise and availability of resources in
specific institutions.

© Shanghai Chest. All rights reserved.

Patient follow-up
Immediate post-procedure care

Once the air leak has been addressed with an endoscopic
method, the ongoing follow-up and monitoring is key to
patient recovery. Often the leak would decrease or cease at
the conclusion of bronchoscopy; however, sometimes the
leak persists, albeit at a smaller scale or only with forceful
exhalation. The patient should be monitored for the
following 24-48 hrs because significant changes can occur:
air leak cessation, worsening, or no change. The entire
chest tube and pleural drainage system should be carefully
inspected as with initial evaluation. The patient should
be questioned about changing symptoms and examined
for subcutaneous emphysema. The air leak should be
quantified daily and documented in the patient’s chart. A
chest plain film image should be obtained daily to evaluate
for pneumothorax resolution or progression. A repeat
CT is rarely needed at this point in the care. Once the air
leak has resolved or the patient tolerates water seal trial
with subsequent clamping, the chest tube should then be
removed in the usual fashion.

Long-term care

Outpatient follow-up is a critical portion of care of patients
who have been treated with any endoscopic interventions.
If a patient received EBV, they should be followed regularly
to monitor for the risks associated with EBV, including
migration, infection, and persistent cough (45). There is no
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set period for removal of EBV; however the United States
Food and Drug Administration recommends valve removal
six weeks after placement for persistent air leaks and sooner
if complications arise (80). If the patient is treated with
other treatment modalities like fibrin sealants, airway stents,
spigots or other occlusion devices, a scheduled follow-
up and bronchoscopy is recommended to evaluate for
migration, granulation tissue formation, stent clean up, and
possible device removal.

A final consideration is extrathoracic manifestation
of PAL. Patients who experience PALs secondary to
bronchopleural or APF may experience significant weight
loss, deconditioning, and protein-caloric malnutrition,
especially if PAL was the consequence of a pleuro-pulmonary
infectious process. Referral to pulmonary rehabilitation and
nutritional support should be considered (41).

Conclusions

Persistent air leaks, and particularly APFs, are challenging
clinical cases due to the relatively small size of the leak.
Moreover, the primary diagnoses that make such area
leaks more probable (including chronic obstructive
pulmonary disease, empyema, and pulmonary fibrosis)
also make medical management more challenging and
frequently preclude definitive surgical interventions.
Localization of the air leak with a minimally invasive
approach is of paramount importance. We describe here
several techniques to localize the air leak; of these, direct
visualization (if possible) and balloon occlusion are most
supported in the literature, albeit with case report studies.
Potential new modalities for localization of the air leak
include retrograde methylene blue instillation, SPECT/
CT imaging, and endobronchial oxygen insufflation. When
the leak is anatomically located, and surgical intervention is
deemed too risky, bronchoscopic interventions such as EBV
and intrabronchial occlusive substances can be offered for
treatment.
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