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Abstract: Persistent air leak (PAL) is a cause of significant morbidity in patients who have undergone lung
surgery and those with significant parenchymal lung disease suffering from a pneumothorax. Its management
can be complex and challenging. Although conservative treatment with chest drain and observation is usually
effective, other invasive techniques are needed when conservative treatment fails. Surgical management and
medical pleurodesis have long been the usual treatments for PAL. More recently numerous bronchoscopic
procedures have been introduced to treat PAL in those patients who are poor candidates for surgery or
who decline surgery. These techniques include bronchoscopic use of sealants, sclerosants, and various types
of implanted devices. Recently, removable one-way valves have been developed that are able to be placed
bronchoscopically in the affected airways, ameliorating air-leaks in patients who are not candidates for
surgery. Future comparative trials are needed to refine our understanding of the indications, effectiveness,
and complications of bronchoscopic techniques for treating PAL. The following article will review the basic

principles of management of PAL particularly focusing on bronchoscopic techniques.
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Introduction

Pneumothorax is defined as the presence of air in the
pleural space between the visceral and parietal pleura (1).
Air is able to enter the pleural space due to a connection
between alveolar or bronchial spaces and the pleura, due
to communication between the atmosphere and the pleural
space, or due to gas forming organisms present in the
pleural space (1). Pneumothorax caused by an abnormal
connection between the bronchial or alveolar spaces and the
pleura is sometimes associated with an air leak. An air leak
is defined as the flow of air into the pleural space, generally
through a fistulous tract either in the periphery of the lung

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

(alveolar-pleural fistula) or in the more central airways
(bronchopleural fistula). The former is the more prevalent
entity and it is the one we will focus on in this manuscript.
Although most air leaks resolve spontaneously with
conservative management (2), some leaks are prolonged and
contribute to significant morbidity (3,4). Such persistent
leaks often require additional treatment beyond chest tube
drainage and time.

Definition and etiology of persistent air leak (PAL)

A PAL is arbitrarily defined as an air leak that lasts longer
than 5-7 days (2,4-6), although some authors suggest
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that an air leak in the setting of secondary spontaneous
pneumothorax should be called persistent after more than
48 hours (7,8). The typically utilized 5-day cut off to define
PAL is based on the expected length of stay after lobectomy.
Most common causes of PAL include thoracic surgery,
chest trauma, secondary spontaneous pneumothorax
(related to underlying lung disease), cavitary pulmonary
infections (especially tuberculosis), lung biopsies, and as a
complication of mechanical ventilation.

Incidence and clinical relevance

The overall incidence of PAL is unknown. The most
commonly reported cause of PAL is lung surgery (9).
In patients undergoing lung volume reduction surgery
(LVRS), the incidence of PAL is high—46% in the National
Emphysema Treatment Trial (3). The incidence of PAL
after lobectomy is lower, ranging from 5.6% to 26% in
various reports (4,10-13). While the incidence of PAL after
secondary spontaneous pneumothorax is not known, it is
certainly much lower than in the setting of postoperative
air-leak (9). The incidence of PAL in patients on mechanical
ventilation has not been well described. Pierson et al.
reported 39 cases of PAL out of 1,700 patients (2.2%)
undergoing mechanical ventilation over 4 years at a single
trauma center. Average tidal volume in this cohort was
14.6 mL/kg, which is not consistent with modern practice
and suggests that the rate of PAL in a similar cohort in the
current decade may be even lower (14).

Mortality in patients with post-surgical PAL is not clearly
increased, although morbidity is significantly affected in
these patients. In the 552 patients participating in the
National Emphysema Treatment Trial who received LVRS
mortality was not significantly different whether or not a
PAL was present (3). DeCamp and colleagues compared
54 LVRS patients with PAL with propensity-matched
controls who did not have PAL. The patients with PAL had
a higher incidence of overall postoperative complications
than the propensity-matched controls (57% wvs. 30%,
P=0.004). The most commonly reported complications
were pneumonia and readmission to the intensive care
unit. LVRS patients with PAL also had increased length of
hospital stay when compared to matched controls (11.8 vs.
7.6 days, P=0.0005) (4). This result is consistent with data
published by Liberman and colleagues who reported their
experience with PAL after major pulmonary resection. In
their cohort, mortality remained low in patients with PAL
(1.2%). Post-operative pneumonia was more common in
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those patients with post-operative PAL than in controls,
and patients with PAL also had a significantly increased
length of stay (14.2 vs. 7.1 days, P<0.001) (4). In addition
to increased length of hospital stay, other authors have
reported increased risk of pulmonary infection and
empyema for post-lobectomy patients who develop PAL
without an associated increase in mortality (6,12,15). Not
surprisingly, these complications also predictably result in
increased health care costs associated with PAL (6).

Although little good data exists regarding morbidity
and mortality of PAL resulting from spontaneous
pneumothorax, it is very likely that PAL in this population
also results in increased complications and costs related
to hospital admission and prolonged inpatient stays. Data
from Pierson and colleagues regarding PAL in mechanically
ventilated patients did demonstrate significant mortality
in those patients with PAL. Mortality in this cohort was
67%, and in those patients who were not victims of trauma
mortality was 92%. Larger volumes of air leak per breath
were also associated with increased observed mortality in
this cohort (14). The generalizability of this prognostic
data to a broader population, particularly in the current age
of low tidal volume ventilation, is questionable. However,
it seems likely that the presence of a PAL in mechanically
ventilated patients would at the very least increase length of
stay and health care costs as it has been shown to do in post-
surgical patients.

Management strategies

PAL present a challenging management problem.
No guidelines that are focused on PAL were found in
our literature review. The 2001 American College of
Chest Physicians consensus statement on spontaneous
pneumothorax does briefly address the management of
PAL after spontaneous pneumothorax. Based on expert
consensus, they recommend thoracic surgical consultation
if the air-leak persists beyond 4 days, and they recommend
medical pleurodesis if the patient is not a surgical
candidate (16). The most recent British Thoracic Society
pleural disease guideline on spontaneous pneumothorax also
briefly discusses PAL. Their recommendation is for surgical
consultation if the air-leak persists beyond 48 hours. In
patients who are medically inoperable they recommend
chemical pleurodesis or chest tube with one-way flutter
valve as alternatives (7). While these guidelines do
recommend surgical treatment for PAL, they do not offer
many other options for patients with a PAL who are not
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candidates for surgery and they do not address post-surgical
air-leaks. Medical pleurodesis may not be ideal or effective
for patients who have air-leaks so brisk that visceral and
parietal pleural apposition is not achievable. Maintaining an
intrapleural catheter with a one-way flutter valve may also
allow for outpatient management in some patients, but the
risk of pleural space infection is increased and some degree
of social support is needed for optimal care of the chest
tube (17,18). Conservative management with chest tube
placement and observation is often the initial choice and is
usually effective (2). When this approach fails management
strategies are generally divided into surgical and non-
surgical approaches, including bronchoscopic techniques.
Overall goals of treatment are to maintain acceptable
oxygenation and ventilation, to decrease or resolve the air
leak allowing for full lung expansion if possible, to decrease
length of stay, and to prevent recurrence of the air leak and
subsequent pneumothorax.

Conservative management

Conservative management of a PAL generally consists of
chest tube drainage and observation. There is not a current
consensus on whether or not placing the chest tube to
suction delays the time needed for the fistulous tract to
heal. Some authors contend that water seal rather than
active suction promotes healing of the alveolar-pleural
fistula in pneumothorax by decreasing flow of air through
the defect and thereby improving apposition of the lung
tissue (19-21). Others believe that applying suction removes
air from the pleural space at a rate greater than that of air
leakage via the visceral pleural defect, promoting apposition
between the visceral and parietal pleura thus enhancing
healing (7,21). Trials in the surgical literature that have
evaluated suction vs water seal for post-operative air-leaks
have yielded conflicting results, although it must also be
noted that in these trials the air leaks were not necessarily
persistent. Cerfolio et al. evaluated 33 patients with air
leaks on the second post-operative day after lung resection.
They were randomized to water seal or continuous suction
(=20 ecmH,0). The air leaks of the patients placed on water
seal were more likely to resolve by post-operative day 3 than
those on suction, although patients with very brisk leaks
(33%) did not resolve on water seal alone (22). Brunelli and
colleagues randomized 145 patients with post-lobectomy
air leaks on the first post-operative day to receive water
seal or continuous suction (-20 cmH,0). They found no
difference in duration of air leak or incidence of prolonged
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air-leak (23). Only one randomized trial evaluated the
use of suction versus no suction after surgery for primary
spontaneous pneumothorax. The investigators randomized
100 patients undergoing surgery for spontaneous
pneumothorax to water seal or continuous suction
(=20 cmH,0). They found that those patients placed on
water seal rather than suction had chest tubes removed
earlier, a shorter duration of hospital stay, and a lower rate
of prolonged air leak (24).

If the air leak persists but it is not large enough to
require suction to keep the lung expanded, then outpatient
management with a one-way flutter valve can be effective.
Drawbacks of this approach include discomfort with
prolonged chest tube, increased risk of pleural infection,
malfunction or malposition of the valve leading to re-
accumulation of pneumothorax with tension, and patient
dissatisfaction with fluid leaking from the drainage system
(17,18,25,26). Other elements of conservative management
include management of pleural of pulmonary infection,
treatment of the underlying disorder causing the PAL, and
adequate nutritional support to promote healing (27).

Predicting when conservative management is likely to
fail may be useful in that it allows the treating physician to
intervene earlier to palliate the air-leak and reduce hospital
length of stay and costs. Several studies of post-operative
patients have evaluated risk factors for PAL after lobectomy
or LVRS (3,4,10,11). These are most useful in identifying
those patients at high risk for PAL who may benefit from
prophylactic intraoperative strategies to reduce that risk.
They are not as helpful in deciding if a given leak is likely to
become persistent once it has developed (28). More useful
in this regard may be using newer chest drainage systems
that allow for digital measurement of air-leak flow. Brunelli
and colleagues demonstrated that measurements of air leak
flow and intrapleural pressures using such a device 6 hours
after lobectomy could aid in estimating the risk of PAL (29).
Pilot studies of digital chest drainage systems in both
surgical and non-surgical pneumothorax patients have also
demonstrated their utility in helping clinicians decide when
to remove chest tubes by quantifying the amount of air-
leak (28,30). The ability of such digital drainage systems to
not only measure the rate of air leak but monitor its change
over time may allow physicians to predict which air leaks are
likely to resolve without intervention and which ones are
more likely to benefit most from early active management.
Prospective controlled trials are still needed to validate this
hypothesis.

In general, there are three factors that we always consider
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when assessing an air-leak: volume, trend, and duration.
While an early large leak that is not trending down is
unlikely to resolve with conservative management, a small
leak that shows daily improvement will. Drainage systems
with digital measurement of air leak flow may allow us to
more accurately assess these factors.

Surgical management of PAL

Surgical management of PAL has long been the mainstay
of therapy in those patients in whom air leaks do not
resolve using conservative means. However, our aging
population is slowly decreasing the number of patients who
are fit for surgery. A number of surgical approaches have
been described, varying somewhat with the underlying
cause of the air leak. In post-surgical air leaks, drainage
of any empyema with reinforcement of the stump or
area of resection are typical (27). The reported rate of
successful surgical treatment of postoperative PAL is
between 80% and 95% (9,31-33). Of note, many patients
are either not candidates for repeat surgery or prefer
a less invasive technique. For air leaks after secondary
spontaneous pneumothorax, surgical management includes
resection of any blebs, bullae, or visible abnormalities of
the visceral pleura as well as mechanical and/or chemical
pleurodesis to achieve pleural symphysis (1,7,34). Both
video assisted thorascopic surgery (VATS) and open
thoracotomy are effective. Recurrence rates for secondary
spontaneous pneumothorax with PAL are slightly lower
with thoracotomy than VATS, but the morbidity of
thoracotomy is higher (1,7). Mortality of surgical treatment
of PAL is low, but morbidity is significant (7,9,34). Again,
some patients are not candidates for surgical management
because they are medically inoperable, because they decline
surgery, or because less morbid non-surgical techniques are
attempted first.

Non-surgical management of PAL

Medical pleurodesis

Medical chemical pleurodesis is recommended by
existing guidelines for spontaneous pneumothorax for
recurrence prevention in those patients with PAL who
are not candidates for surgery, although the evidence of
its effectiveness is mixed (7,16). The most commonly
used sclerosing agents for this indication are tetracycline
derivatives and talc (35). Animal studies initially suggested
that tetracycline pleurodesis might be effective for treating
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pneumothorax with PAL (36). Subsequent studies in humans
were less encouraging. In a small series of six patients Wang
et al. demonstrated a failure rate of 83% for tetracycline
pleurodesis in patients with spontaneous pneumothorax
with PAL (37). The largest study to date was published
by Light and colleagues in 1990. They randomized
229 patients to receive either intrapleural tetracycline
or usual care. Results showed that pleurodesis with
tetracycline did reduce the recurrence rate of spontaneous
pneumothorax overall. However, analysis of the subset of
39 patients who had PAL at the time of randomization
showed no benefit of tetracycline pleurodesis in those
patients with air leak (38). A subsequent study of tetracycline
pleurodesis for spontaneous pneumothorax found similarly
disappointing results in the subgroup of patients with PAL,
with a pleurodesis failure rate of 40% (39). The use of talc
for medical chemical pleurodesis in patients with PAL has
not been well studied, although it was shown to be more
effective than tetracycline for prevention of recurrence
of spontaneous pneumothorax without air leak (40). The
major adverse effect of pleurodesis with tetracycline or
minocycline is severe chest pain (35). Although the pain
seen with talc is less severe than that seen with tetracycline,
empyema is occasionally seen with talc pleurodesis, as is
acute respiratory distress syndrome (ARDS) (19). ARDS
in talc pleurodesis is thought to be related to extrapleural
dissemination of talc when preparations containing smaller
size particles are used (41). This risk is much lower if graded
talc with only larger size particles is utilized (42).

Blood pleurodesis

Blood pleurodesis, or “blood patch”, is a technique in which
the patient’s own venous blood is instilled into the pleural
space where it coagulates, sealing the site of the air leak (43).
The volume of blood to be instilled varies in different
reports, from 50 mL to 200 mL per instillation (5,43-45).
The chest drainage tubing is then either clamped or more
often elevated relative to the position of the patient and
the pleural vacuum drain to allow air to escape while
keeping the infused blood inside the pleural space (43,44).
Robinson initially reported successful treatment of PAL
in 21 of 25 patients with spontaneous pneumothorax
by using autologous blood pleurodesis as an adjunct to
surgery (45). Dumire and colleagues reported successful
use of blood pleurodesis in both a postoperative PAL and
a PAL secondary to spontaneous pneumothorax (5). Other
authors report rates of success ranging from 27% to 85%
(43,44,46). Interestingly, Cao and colleagues randomized
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44 patients with PAL from spontaneous pneumothorax to
receive intrapleural instillation of 1 mL/kg normal saline
placebo or 3 different doses or volumes of autologous blood
for pleurodesis. They found that at doses of 1 or 2 mL/kg,
blood pleurodesis was effective at resolving PAL 82% of
the time. This was significantly better than the 27% rate of
success reported for a dose of 0.5 mL/kg or 9% for saline
placebo (43).

Bronchoscopic management of PAL

Localizing the air leak

Until recently the primary role of bronchoscopy in patients
with PAL was to help localize the site of the air leak,
with little if any impact on treatment beyond that (16).
With the continued rapid development of more advanced
therapeutic bronchoscopic techniques the role of
bronchoscopy in the management of PAL has expanded
dramatically. Nevertheless, the first step and probably the
most crucial one remains the accurate localization of the
air leak. This is generally the most tedious but important
step in bronchoscopic treatment of PAL, no matter which
therapeutic technique is utilized. It is frequently the case
that more than one segment or even lobe are contributing
to the air leak because of distal collateral ventilation within
the same lobe, incomplete fissure or the presence of
multiple areas of visceral pleural damage. For this reason,
a patient and systematic approach to localize the leak is
important. Careful review of the patient’s history, procedure
or operative report, and review of computed tomography
(CT) imaging may help guide this process.

The most commonly used method for localization
is selective balloon bronchial occlusion (47,48). This
procedure is preferably done under general anesthesia
with an endotracheal tube to keep the system air-
tight. A large (size 8.5 or larger) endotracheal tube is
recommended to prevent decrease of the air leak because
of decreased ventilation around the bronchoscope within
a smaller sized tube. Once anesthesia is induced the
pleural vacuum drain or digital chest drain is positioned
so that it can be observed by the bronchoscopy team
during balloon occlusion. Then a balloon catheter is
advanced through the working channel of the flexible
bronchoscope and positioned initially in a proximal
airway ipsilateral to the air leak. Most bronchoscopists
begin with a lobar bronchus, though on the right side the
starting point could be the right bronchus intermedius.
Once the balloon is inflated and the selected bronchus is

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Lazarus and Casal. Persistent air leaks

fully occluded, the chest drain is observed for 2-3 minutes
for evidence that the leak is decreasing. If the air leak
lessens or stops with occlusion of the first bronchus, the
balloon is deflated and then positioned in each more
distal segment until the leak is fully localized. It should
be the goal of the bronchoscopists to resolve the leak
blocking the least amount of bronchial segments. If
the leak does not change during the initial occlusion,
a different lobar bronchus is chosen and the process
is repeated until the leak is localized. Of note, the
air leak may not change immediately after occlusion
of the affected lobe because the air remaining in the
unventilated portion of the lung gradually leaks out with
each breath. It is important therefore to keep the balloon
inflated long enough to give the leak a chance to decrease
before moving on to the next area.

In some cases, the air leak becomes intermittent or
ceases after anesthesia is induced for bronchoscopy,
making localization using selective bronchial occlusion
impossible. The reasons for this phenomena are not
clear, but it may be due to the location of the chest
tube (i.e., posterior), the supine position of the patient,
development of atelectasis after induction of anesthesia,
or decreased ventilation around the bronchoscope when
using a small endotracheal tube. Vial and colleagues
have developed an ingenious method to overcome this
situation and they have named it “endobronchial oxygen
insufflation” (49). This simple technique uses low flow
oxygen insufflation to localize the site of air leak. Instead
of blocking bronchi with a balloon to diminish the air
leak, since there is no evident leak, they induce it by
selectively insufflating oxygen in different bronchial
segments. Oxygen tubing with flow set to between 2 and
4 L/min is attached to the suction valve of the flexible
bronchoscope. This enables insufflation of oxygen at low
flow into the bronchial tree via the working channel of
the instrument. The bronchoscope is then positioned in
the airways of interest and oxygen is insufflated in short
(2 second) bursts by depressing the button on the suction
valve of the bronchoscope. The chest drain is observed
during insufflation and the presence of bubbles or an
increase in the rate of flow at that time confirms the site of
the air leak (49). Another alternative method of localizing
the site of the leak has been reported by van Zeller et al.
They were able to successfully localize the leaking portion
of lung by instilling methylene blue into the chest tube
and observing in which bronchopulmonary segments it
appeared, allowing them to successfully treat the PAL (50).
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Figure 1 Intrabronchial valve.

Bronchoscopic sealants, sclerosants, and implants for PAL
A number of compounds have been instilled bronchoscopically
to attempt to close off the site of persistent air leaks. Most
have been reported as small case series or case reports.
Among the sealants reported are fibrin or fibrin glue (51-53),
cyanoacrylate glue (54,55), oxidized cellulose (56), albumin-
glutaraldehyde glue [2004], and hydrogel (57). Our review
found no comparative studies, but reported complications
are infrequent. Sclerosants have also been used to treat PAL
by causing inflammation and fibrosis at the site of the tissue
defect. Reported sclerosants include ethanolamine (58),
ethanol (59), and tetracycline (60). Endobronchial implants
have also been used to palliate air leaks. The endobronchial
Watanabe spigot is a silicone implantable bronchial filler
which was developed to treat PAL. In the original trial of
60 patients with PAL 23 had a complete cessation of air leak
after placement of the spigot, and 22 more had a reduction
in the air leak (61). The device is somewhat cumbersome
to use and has not been widely adopted. Endobronchial
placement of vascular embolization coils, with and without
the addition of sealant, has also been used to treat PAL
with limited success (62,63). Overall results for sealants,
sclerosants, and implants have been mixed, and larger
comparative studies are needed to truly determine their
optimal use.

Bronchoscopically placed one-way valves

More recently one way valves that can be placed
bronchoscopically to occlude airways leading to sites of
PAL have been developed. They allow air and secretions
to escape but prevent air from entering the portion of the
lung aerated by the occluded airway. This leads to partial
volume loss of the blocked portion of lung and decreased
air flow through the alveolar-pleural fistula. Such valves
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were initially developed to treat patients with emphysema
and hyperinflation, but they have been adopted for use in
treatment of PAL as well with significant success (47,48).
Two valve systems have been best studied for lung volume
reduction and PAL. The Zephyr® endobronchial valve
(EBV, Pulmonx Inc. Neuchatel, Switzerland) has a nitinol
framework supporting a silicone “duck bill”. Several sizes
are available for different size airways. The EBV is approved
for use in many countries outside the United States.
The intrabronchial valve (IBV, Spiration Inc. Redmond,
Washington, USA) consists of a nitinol framework covered
with a polymer membrane shaped like an umbrella. It is
held in place by 5 anchors to reduce the risk of migration
(Figure I). The IBV system is approved for use in many
countries outside the Unites States and received approval
by the Unites States Food and Drug Administration in 2008
under a Humanitarian Device Exemption for treatment of
PAL after lung surgery. The current recommendation is
that the valves be removed after 6 weeks since the alveolar-
pleural fistula should have healed by then. The IBV is
available in 4 sizes to accommodate bronchial diameters
between 5 and 9 mm.

The effective use of the EBV for treating PAL was
initially described in a series of case reports, each of
which described a patient with PAL after surgery (64-67).
Subsequent reports describe using EBV successfully for
PAL resulting from mechanical ventilation, infections,
thoracentesis, and secondary spontaneous pneumothorax
(68-70). The largest series to date describing the use of
EBV for PAL was published by Travaline and colleagues.
Endobronchial valves were used to treat 40 patients in
17 centers for PAL. Etiologies of PAL included spontaneous
pneumothorax, post-surgical, other iatrogenic causes, and
trauma. A significant improvement in the air leak was seen
in 92% of patients treated, with 19/40 (47.5%) having
complete resolution of the air leak. Adverse events occurred
in 6/40 (15%) of patients, including valve expectoration,
infection, and malposition. No deaths were attributable
to valve procedures (47). Valve migration has also been
reported by other authors, but its true incidence in patients
who received EBV for air leaks is unknown (71).

Intrabronchial valves (IBVs) have also demonstrated
effectiveness for treating PAL as well. Gillespie and
colleagues published the first multicenter case series in
2011, with seven patients undergoing 8 successful IBV
placement procedures for complex and prolonged air leaks.
All patients had improvement in their air leak after IBV
placement. All five patients in whom subsequent removal
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of the valves was attempted had this done successfully. No
complications were noted (48). Other subsequent series
have confirmed this success. El-Sameed ez 4/. reported
four cases of PAL treated with IBV successfully without
complication (72). Cornwell and collaborators reviewed a
series of 15 patients with PAL at a large Veterans Affairs
hospital, 12 of whom had large leaks and were strictly
suction-dependent (patients developed large pneumothorax
when placed on water seal). After treatment with a mean
of 3.87 IBVs ten patients (67%) had complete resolution
of their air leak within 2 days. Of the 12 patients who
were suction-dependent prior to IBV placement 11 were
able to be placed on water seal immediately after the valve
procedure. No major complications were seen, and only two
patients had minor complications. In 11 cases subsequent
valve removal was attempted, and all IBV removals were
completed successfully (73). It is important to emphasize
that even in situations where a complete resolution of
the leak is not achieved, a partial response that allows to
liberate patients from wall suction can be key in reducing
length of stay (since patients can then be discharged with
a flutter valve, for example). The largest study to date of
IBV for air leaks reviewed 75 patients undergoing IBV
placement at 8 centers. Off-label indications for valve
placement were present in 71% of patients. The mean time
from air leak identification to bronchoscopic treatment was
9 days. Complete follow-up data was available for only 59
of the 75 patients who received valves. Of those 59 patients
33 (55%) had complete resolution of the air leak within
1 day of valve implantation. Complications were reported
in two patients, and ten patients were eventually discharged
home with continued chest drainage (74). IBVs have also
been used to treat PAL in patients who are critically ill or
being mechanically ventilated with sufficient improvement
in the air leak and respiratory status that extubation and
eventual ICU discharge were possible (75). No migration or
expectoration of IBV has been reported. A randomized trial
(NCT02382614) comparing placement of IBV to standard
therapy for PAL is ongoing.

Combining bronchoscopic valve placement with
digital measurement of the degree of air leak shows great
promise for streamlining the management process. The
ability to quantify the amount of air leak may allow rapid
identification of responders to valve placement after the
procedure, facilitating earlier chest tube removal and
reducing hospital length of stay in these patients (76,77).
In addition, during bronchoscopy, these digital flow
monitoring systems can help us more accurately recognize

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Lazarus and Casal. Persistent air leaks

partial response after selective balloon occlusion that can be
missed when only looking at the degree of “bubbling”.

Placing of IBV valves

Bronchoscopic valve placement is typically done in the
operating room or bronchoscopy suite. We will describe
the technique for intrabronchial valve placement here
since that device is approved for use in the United States
as well as other countries. The procedure for placing the
endobronchial valve is similar. General anesthesia and
moderate sedation have both been used, though we favor
the former with an endotracheal tube to allow for an air-
tight system. If general anesthesia is used a size 8.5 or
larger endotracheal tube are recommended to prevent
decrease of the air leak because of decreased ventilation
around the bronchoscope within a smaller sized tube (78).
Air leak isolation is completed as described above. Once
the leak is isolated the airways to be blocked must be
sized in order to choose an optimally sized valve to
occlude it with good fit. The IBV system comes with a
balloon catheter and airway sizing calibration kit for this
purpose. Once the balloon is calibrated it is advanced
through the working channel of the bronchoscope into
the airway to be occluded. The balloon is then inflated
until it is gently touching the bronchial wall in its entire
circumference. While it should be able to be moved back
and forth when inflated a small amount of resistance
is felt when the balloon is properly inflated (Figure 2).
Overinflating the balloon to the point of dilation or
distention of the airway should be avoided as this will result
in selecting an oversized valve, which will “wrinkle” and not
block air flow as effectively as one that is optimally sized.
Once properly inflated the degree of inflation is recorded
on the reference chart that is part of the calibration kit and
the proper size valve is selected. The properly sized valve
is loaded into the deployment catheter and the catheter is
inspected to ensure good position and no kinking. Then
the catheter is introduced via the working channel of the
bronchoscope. The tip of the removal rod, which is the
proximal end of the valve itself, should be just touching the
tip of the stabilization wire. If there is a significant space
between them, it should be removed in order to improve the
accuracy of placement and prevent kinking of the catheter.
"This is done by removing the safety clip and gently pressing
the proximal catheter handle until the gap is closed (78).
"This last step—*“closing the gap”—is no further needed with
the latest multiple valve deployment system. Subsequently,
the bronchoscope and catheter are advanced into the target
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Figure 3 Intrabronchial valves in the left image and digital chest

drain measuring 50 mL/min flow in the right image.

Figure 4 Chest X-ray showing re-expansion of lung after

placement of 3 intrabronchial valves in the right lower lobe.
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airway. The yellow dotted line on the deployment catheter
indicates the proximal end of the polymer “umbrella”.
This one should be aligned with the desired location, and
then the valve is deployed by pressing the catheter handle
gently in a continuous movement over about 2 s timed to
coincide with full inspiration. The catheter is then removed
from the bronchoscope. The valve is observed for several
respiratory cycles to ensure good positioning, and the air leak
is monitored as well to determine if the desired decrease has
been achieved (Figure 3). Post procedure chest X-rays are
typically obtained to determine if the lung has expanded or
remained expanded and to establish the original position of
valves (Figure 4).

Patients who undergo successful IBV placement should
be reassessed for potential valve removal about 6 weeks after
placement. Removal is a straightforward process but best
accomplished through an endotracheal tube under general
anesthesia to protect the vocal cords during removal (78).
The valve removal rod is grasped with forceps and gently
retracted until it comes free from the bronchial wall and
until it is flushed against the distal end of the scope. The
valve, forceps, and bronchoscope are then removed “en
bloc” from the airway. Care must be taken not to pull the
valve into the working channel of the bronchoscope during
removal, as this may damage the instrument.

Conclusions

PAL is an important problem in patients who undergo lung
surgery and in those with significant parenchymal lung
disease suffering from a pneumothorax. It is associated
with significant morbidity and increased health care
costs. Conservative treatment with chest drainage and
observation is effective most of the time. When it fails,
surgical management should be considered. Unfortunately,
the morbidity of surgery is significant and many patients
with severe lung disease are poor operative candidates. For
this specific group of patients and for those who do not
desire surgery, nonsurgical treatment should be offered.
Pleurodesis with medicines or blood can be used, but
controlled studies are lacking. Numerous bronchoscopic
techniques have also been described in small case series
with variable results. These include various sealants,
sclerosants, and implanted devices. The most promising
bronchoscopic treatment currently is the placement of one-
way valves within the airways leading to the area of the
lung from where the PAL is originating. Early reports have
demonstrated success as well as a low rate of complications,

7 Thorac Dis 2017;9(11):4660-4670
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even in poor surgical candidates. A randomized trial to
further clarify the role of bronchoscopic valve placement in
the management of PAL is underway.
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