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Alveolar-pleural fistulas causing persistent air leaks (PALs) are associated with prolonged

hospital stays and high morbidity. Prior guidelines recommend surgical repair as the gold

standard for treatment, albeit it is a solution with limited success. In patients who have recently

undergone thoracic surgery or in whom surgery would be contraindicated based on the severity

of illness, there has been a lack of treatment options. This review describes a brief history of

treatment guidelines for PALs. In the past 20 years, newer and less invasive treatment options

have been developed. Aside from supportive care, the literature includes anecdotal successful

reports using fibrin sealants, ethanol injection, metal coils, and Watanabe spigots. More

recently, larger studies have demonstrated success with chemical pleurodesis, autologous

blood patch pleurodesis, and endobronchial valves. This manuscript describes these treatment

options in detail, including postprocedural adverse events. Further research, including ran-

domized controlled trials with comparison of these options, are needed, as is long-term follow-

up for these interventions. CHEST 2017; 152(2):417-423
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An alveolar-pleural fistula is a communication
between the alveoli and the pleural space. This
connection will lead to the development of a
pneumothorax as air escapes the lung into the
pleural cavity. If this connection persists, there
will be flow of air from the lung parenchyma
to the pleural space and worsening of the
pneumothorax. Once a chest tube is inserted,
air bubbling into the chest drainage system
indicates an air leak. The flow of air through
the fistulous tract into the pleural space delays
healing and inhibits lung expansion. Although
a majority of pneumothoraces resolve with
thoracostomy tube drainage, many continue
days after the lung injury. If an air leak lasts
> 5 to 7 days, it is termed a persistent air leak
(PAL). A PAL is commonly caused by a
spontaneous pneumothorax from underlying
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uction surgery; PAL = persistent air leak
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lung disease (secondary spontaneous
pneumothorax), pulmonary infections,
complications of mechanical ventilation,
following chest trauma or after pulmonary
surgery.

There have been a few proposed
classifications that attempt to quantify the
severity of PALs in the postoperative setting,
including the most cited classification by
Cerfolio1 which grades the PAL based on
whether the leak is expiratory or continuous
and the amount of air leak (Table 1).

Further categorization can be done by
observing the water seal chamber on the
drainage system. Most chest drainage
systems have three chambers. The first
chamber collects fluid or blood from the
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TABLE 1 ] Cerfolio Classification of Air Leaks

Grade 1, FE During forced expiration only, typically
when asking the patient to cough

Grade 2, E Expiratory only

Grade 3, I Inspiratory only

Grade 4, C Continuous bubbling present in the air
leak chamber during both inspiration
and expiration. These leaks tend to be
large and are more likely to be seen in
patients receiving positive-pressure
ventilation.
patient. The second chamber is the water seal chamber. It
allows air to exit from the pleural space on exhalation
and prevents air from entering on inhalation. Air
bubbling in the water seal chamber indicates an air leak.
The third chamber regulates the amount of suction
applied through the system.2 Typically, there is an air
leak meter that indicates the degree of air leak, measured
in columns from 1 to 7. The higher the numbered
column through which bubbling occurs, the larger the air
leak. In an attempt to bypass a relatively subjective scale
of assessing the size of a leak, new digital chest drainage
systems allow direct quantitation of flow through the
drainage system.3 These digital drainage devices display
the flow (in mL/min) along with the pleural pressure
difference (maximum – minimum pleural pressure) in
real time. In general, once the air leak is < 20 mL/min, a
chest tube can be safely removed. A few small
randomized controlled trials have shown reductions in
the duration of chest tube placement and hospital length
of stay when a digital drainage device was used when
compared with conventional drainage devices.4
Incidence of Persistent Air Leaks
A pneumothorax during mechanical ventilation is
considered a serious complication of ventilator therapy.
It can lead to poor lung expansion, ventilation/perfusion
mismatch, direct extension of airway infection to the
pleural space, and an inability to maintain positive
end-expiratory pressure. In a retrospective study of
mechanically ventilated patients (surgical, medical,
coronary, and burn ICUs), over a 4-year period, 39 of
1,700 patients had PALs defined as lasting for > 24
hours. Overall mortality was 67%, but when looking at
nontrauma patients, the mortality was 92%.5 Of note,
this study was performed prior to standardization of low
tidal volume ventilation for lung protection, and average
tidal volumes during this study were 14.6 mL/kg.
Therefore, the incidence of alveolar-pleural fistulas in
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mechanically ventilated patients is likely much lower in the
era of lung-protective strategy for mechanical ventilation.

PALs are common after thoracic surgery, especially in
patients undergoing lung volume reduction surgery
(LVRS) and resection. In patients undergoing
lobectomies, the incidence of PAL was up to 26%.6-9 For
lobectomies, the main issue with PALs is inadequate
parenchyma to fill the hemithorax after lung resection
rather than collapsed lung per se. In this scenario, it is
implied that apposition will not occur immediately after
resection and that an air leak can be expected to persist
while allowing conservative therapy more time to work.
Using digital flow and pressure monitors in patients
undergoing lobectomies, a leak > 50 mL/min or a larger
pleural pressure difference (measured over 6 hours)
postoperatively was predictive of a PAL lasting longer
than 72 hours.10 In patients undergoing LVRS, DeCamp
et al11 found an incidence of PAL of 46% at 7 days post
LVRS. The incidence of PALs is higher following LVRS
(24%-46% incidence) when compared with lobectomies
(8.3%) and wedge resections (3.3%).11,12

Regarding nonsurgical procedures, such as needle
aspiration and transbronchial biopsies, our literature
search did not identify any original articles citing the
incidence of PALs. However, the incidence of
pneumothorax following transbronchial biopsy is 0% to
6%. A recent retrospective review by Garcha et al13 of
1,498 patients undergoing transbronchial biopsies cited
an incidence of pneumothorax of 0.009%. Therefore, the
incidence of PAL following transbronchial biopsy is
likely very small.13,14
Risk Factors for the Development of PAL
In patients undergoing lobectomy, risk factors for PAL
include the following:

� COPD7

� Female sex
� Lower FEV1

� History of smoking6

� Diabetes mellitus
� Chronic steroid use15

In the cohort of patients post LVRS, a PAL was more
likely to occur in patients with the following:

� Lower diffusing capacity of lung for carbon monoxide
and lower FEV1

� Marked pleural adhesions noted during surgery
� Upper lobe/diffuse emphysema rather than lower-
lobe-predominant emphysema11
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In a recent prospective study of patients following video-
assisted thoracoscopic surgery for spontaneous
pneumothorax, PAL was more common in patients with
underlying lung disease (31.3% vs 3.8%), increased age,
and larger bullae diameter.16
Complications of PAL
In patients undergoing either LVRS or lobectomy,
mortality was similar among those who did and those
who did not experience an air leak. Although a PAL may
not have an impact on mortality, it has a clear and
strong effect on morbidity. Patients with a PAL had
increased complications, including ICU readmission,
pneumonia, and a longer hospital stay (Table 2).6,11
Guidelines for Treatment of PAL
Based on the most recent American College of Chest
Physicians guidelines published in 2001 on spontaneous
pneumothoraces resulting in a PAL, the panel
recommended observation with a chest tube for 4 days
for spontaneous closure of the fistula. Patients with a
PAL that persisted beyond 4 days should be evaluated
for surgery to close the air leak followed by pleurodesis
to prevent recurrence. Given the parenchymal toxicity of
sclerosing agents, chemical pleurodesis by instilling talc
slurry or doxycycline was considered contraindicated
except in circumstances in which surgery was
contraindicated or in patients who refused an operative
procedure.17 At that time, bronchoscopy to seal
endobronchial sites of air leaks was not recommended.
These recommendations are similar to the 2010 British
Thoracic Society guidelines on pleural disease in which
the panel recommended that “in cases of persistent air
leak or failure of the lung to re-expand, an early
(3-5 days) thoracic surgical opinion should be sought”
without any further recommendations if the patient was
a poor operative candidate.18
TABLE 2 ] Length of Stay in Patients With PAL
(by Surgery Type)

Lobectomy LOS
(n ¼ 134)

LVRS LOS
(n ¼ 552)

Non-PAL PAL > 7 d Non-PAL PAL > 7 d

7.9 � 1.44 13.7 � 3.92 7.6 � 4.4 11.8 � 6.5

(P ¼ < .01) (P ¼ .0005)

LOS ¼ length of stay; LVRS ¼ lung volume reduction surgery; PAL ¼
persistent air leak.
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Treatment Options
For PALs in patients who have recently undergone
thoracic surgery or in whom surgery would be
contraindicated based on the severity of illness, there has
been a lack of treatment options or expert consensus
regarding best practice. Prior to the past 2 decades,
conservative management with prolonged chest tube
drainage was the treatment of choice. Attempts with
sealants, Watanabe spigots, metal coils, alcohol sclerosis
of the airways, and many other interventions have been
reported; all were anecdotal with variable success
(Table 3).19-28 Chemical pleurodesis, autologous blood
patch pleurodesis, and most recently, endoscopically
placed “one-way” valves to temporarily “plug” the airway
have been successful.29,30 The current strategies on the
management of PAL are detailed in the following sections.

Conservative Management

There are three major factors to consider when initially
evaluating an air leak: volume, duration, and trend of the
leak. For example, a larger air leak that has been present
longer without any improvement has a low likelihood of
resolution, whereas a smaller air leak that is improving
daily is more likely to resolve spontaneously.31 In the
absence of a bronchopleural fistula, the majority of
postoperative air leaks will resolve over time, even if that
time involves weeks.

When patients with air leaks are receiving positive-
pressure ventilation, daily spontaneous breathing trials
with the goal of early liberation from mechanical
ventilation are ideal, as positive pressure may worsen the
size of the air leak and impair the ability to heal. While
the patient is receiving positive-pressure ventilation,
reducing the inspiratory time, end-expiratory pressure,
and tidal volume can help diminish the air leak.32

In an initial study on air leaks, a management algorithm
was prospectively applied to the chest tubes of all
patients who underwent pulmonary resection. This
study demonstrated the safety of placing a chest
tube to water seal when a patient experienced a PAL
postoperatively.33 Following this study, a randomized
controlled trial compared placing the chest tube to
suction 1 day after pulmonary resection vs placing the
chest tube to water seal.34 This trial showed a statistically
significant advantage by postoperative day 3 in those air
leaks placed to water seal rather than suction. In the
patients who had been randomized to placing the
chest tube to suction, once the chest tube was placed to
water seal (crossover portion of the study), the air leak
resolved within 1 day in 13 of the 14 patients. Numerous
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TABLE 3 ] Anecdotal Approaches

Method
Type of Study (No. of

Patients)
Air Leak Improved

or Resolved Complications

Fibrin sealant administered
through bronchoscopy20

3 case reports
(1 patient each)

3 of 3 None reported

Fibrin sealant administered
through thoracoscopy21

Case series (12) 11 of 12 None reported

Platelet gel22 Case report (1) 1 of 1 None reported

Ethanolamine23,24 2 caseseries (15and5) 12 of 15, 5 of 5 First case series: fever (53%), chest pain
(27%), pulmonary infiltrates (83%), and
hydropneumothorax (7%)

Second case series: none reported

Metal coils25 Case series (5) 4 of 5 None reported

Watanabe spigots26 Case series (60) 58 of 60 Pneumonia (3%), dyspnea (3%), fever (1%)

Laser27 Case series (13),
abstract

11 of 13 None reported

Synthetic hydrogel28 Case series (22) 19 of 22 Hydrogel expectoration (9%), hypoxia (5%)
studies, including those by Brunelli et al35 and Alphonso
et al36 have attempted to answer this question with
differing results. There still is not a consensus as to “on
or off” suction for management.

If placing the chest tube to water seal fails to resolve the
air leak, discharge with an ambulatory one-way valve
(Heimlich valve) is another option to reduce hospital
length of stay. Henry Heimlich developed a one-way
tube in the 1960s in which air and fluid are only able to
flow one way, from the pleural space to outside the
chest wall. These one-way valves are small and allow the
patient more freedom to ambulate.37 In a study of
107 patients post-LVRS for emphysema, 25 patients
experienced a prolonged air leak that lasted > 5 days.
Each patient with a PAL received a Heimlich valve to
facilitate earlier hospital discharge, no matter the size of
the air leak. Each patient was seen daily for pulmonary
rehabilitation and dressing changes. If one assumes that
these patients would have remained hospitalized until
chest tube removal, the Heimlich valve shortened
hospital stay by 46%. Only one of the 25 patients
required readmission for subcutaneous emphysema that
resolved with placing the chest tube drainage to suction.
This small case-control trial demonstrated the safety of
one-way valves and outpatient follow-up for PALs.

Another study by Cerfolio et al15 showed the safety of
chest tube removal if a PAL remained after the patient was
discharged home with a Heimlich valve, as long as the
patient was asymptomatic without subcutaneous
emphysema and the pneumothorax had not increased
in size.
420 Recent Advances in Chest Medicine
Conservative management, including ventilator
strategies to reduce fistula flow, placing the chest tube to
water seal, discharge home with a one-way valve, or a
combination, have all been shown to be beneficial in the
treatment of PALs. However, in some cases, these
strategies are not successful or practical and further
interventions are needed.
Chemical Pleurodesis

Sclerosants are chemicals that cause an inflammatory
response and, when administered into the pleural
space, allow for sealing of the pleural space, cessation
of an air leak, and prevention of recurrent
pneumothorax. Common sclerosing agents include
talc, doxycycline, tetracycline, minocycline, bleomycin,
and OK-432 (mixture of a low-virulence strain of
Streptococcus pyogenes incubated with
benzylpenicillin). In a retrospective analysis by
Liberman et al,6 40 of 41 patients with a PAL
postlobectomy were successfully treated with talc
pleurodesis. In another retrospective study of patients
with PALs following thoracoscopic operations for
primary spontaneous pneumothoraces, 38 of 60 were
successfully treated with minocycline pleurodesis and
18 of 19 were treated with OK-432.38 Of note,
pleurodesis requires direct apposition of the visceral
and parietal pleura.39 Therefore, chemical pleurodesis
should be performed only if there is no or only a small
residual pneumothorax when the chest tube is placed
on water seal. Otherwise, chemical pleurodesis should
not be performed, as it may result in a lung that is
unable to re-expand. Complications of chemical
[ 1 5 2 # 2 CHES T A UGU S T 2 0 1 7 ]



pleurodesis include chest pain, fever, acute lung injury,
and empyema (incidence reported 1%).6

Autologous Blood Patch Pleurodesis

Autologous blood patch pleurodesis was first used by
Robinson40 in 1987 for the treatment of PALs. Since
that time, there have been multiple case series as well as
two randomized controlled trials documenting success.
A recent review of 10 studies prior to 2010 found an
overall success rate of 92% to 93% in patients with
PALs following pulmonary resection or spontaneous
pneumothorax.41 Typically, 50 to 100 mL of peripheral
venous blood is taken from the patient’s arm and
injected under sterile conditions through the chest tube
into the pleural cavity.42 The chest tube is then flushed
with 10 mL of normal saline and either clamped or
hooked over a drip stand so that air can escape,
reducing the risk of tension physiology developing
while allowing the blood to remain in the pleural
space.42 Reported complications are rare but include
tension pneumothorax secondary to an obstructing clot
in the chest tube, pleuritis, and empyema (incidence
reported 0%-9%).43

Endobronchial/Intrabronchial Valves

Endobronchial valves (EBVs) and intrabronchial valves
(IBVs) are one-way valves placed with a flexible
bronchoscope in segmental or subsegmental bronchi to
limit airflow to portions of the lungs distal to the placed
valve while allowing mucous and air movement in the
proximal direction. Bothmarketed devices (EBV: Zephyr,
PulmonX Inc.; IBV: IBV/SVS system, Spiration, Inc.)
have been approved by the US Food and Drug
Administration for lung volume reduction in patients
with emphysema. Most recently, the IBV/SVS system has
been approved by the Food and Drug Administration
through a humanitarian device exemption to treat PALs,
reducing airflow across the fistula and allowing healing
and resolution of the air leak.44-46

The placement process of an IBV is a series of steps
aimed at identifying and occluding the lung segments
contributing to the PAL. These steps include “air leak
isolation, airway sizing, and valve deployment.”45 Leak
isolation is achieved by sequential balloon occlusion of
segmental airways, moving proximally to distally,
starting at the mainstem bronchi. The IBV system comes
with an airway sizing kit that calibrates the balloon
catheter to measure the airway and determine the valve
size. Once the valve is placed, the air leak chamber
should be observed for four to five ventilatory cycles to
chestjournal.org
assess any change in the degree of the air leak.45 In prior
studies, between one and 10 valves (mean of two to
three) are typically required to control each PAL.29,30

Two case series by Travaline et al29 and Gillespie et al30

have detailed the use of EBVs and IBVs for PALs.
Gillespie et al30 described a series of seven patients with
severe PALs that persisted for a median of 4 weeks after
usual therapeutic measures failed. With IBV placement,
the air leak improved in all patients and resulted in
hospital discharge within 3 days in four of seven
patients.30 In a multicenter study with 40 patients,
Travaline et al29 showed the EBV Zephyr (PulmonX) to
be an effective minimally invasive device for treating
PALs. Following valve placement, the air leaks resolved
or decreased in 37 patients (92.5%), with 19 patients
(47.5%) having complete resolution of the air leak.29 Six
of 40 patients experienced complications, including
valve malposition and expectoration, pneumonia,
moderate oxygen desaturation, and methicillin-resistant
Staphylococcus aureus colonization. A case series by
Mahajan et al47 documented the safety and success of
IBVs for the treatment of PALs in patients in the ICU
requiring high levels of oxygen or mechanical
ventilation. A recent study by Reed et al48 demonstrated
the utility of IBVs in complex air leaks (including
postoperative air leaks and those associated with cavitary
infections), and a study by Toth et al49 demonstrated the
use of IBVs in air leaks in children.

A limitation of these five studies is the lack of a control
group. Currently, the Valves Against Standard Therapy
(VAST) study is ongoing. It is a multicenter prospective
randomized controlled study designed to evaluate
treatment of PALs with the IBV/SVS system (Spiration)
compared with standard chest tube drainage
management. This study is currently enrolling patients
at multiple sites in the United States, with a goal
enrollment of 200 patients.

Based on these case series as well as multiple case
reports, placement of IBVs for PALs has been successful
in some patients in whom conservative treatment has
failed or who are poor surgical candidates.
Summary
Alveolar-pleural fistulas causing PALs are associated
with prolonged hospital stays and high morbidity. Most
recent guidelines recommend conservative watchful
waiting with chest tube drainage followed by surgical
repair as the gold standard for treatment. However, in
patients who have recently undergone thoracic surgery
421
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or in whom surgery would be contraindicated based on
the severity of illness, there has been a lack of effective
treatment options. Proper chest tube management and
ventilator management can help control many air
leaks, and transition to an ambulatory drainage device
(eg, Heimlich valve) can allow a leak to heal while
avoiding the morbidity associated with prolonged
hospitalization. Chemical or autologous blood patch
pleurodesis and IBVs have been reported to be
successful in resolving PALs in several case series.

Acknowledgments
Financial/nonfinancial disclosures: The authors have reported to
CHEST the following: D. K. H. has received honoraria and consulting
fees from Spiration in the past but has not consulted or received
payment since May 2015. He is part of the EMPROVE study (IBV for
emphysema) and VAST study (IBV for persistent air leaks). None
declared (K. C. D., B. L., S. M.).

References
1. Cerfolio RJ. Advances in thoracostomy tube management. Surg Clin

North Am. 2002;82(4):833-848.

2. Zisis C, Tsirgogianni K, Lazaridis G, et al. Chest drainage systems in
use. Ann Transl Med. 2015;3(3):1-9.

3. Rathinam S, Bradley A, Cantlin T, et al. Thopaz Portable suction
systems in thoracic surgery: an end user assessment and feedback in
a tertiary unit. J Cardiothorac Surg. 2011;6(1):59.

4. Cerfolio RJ, Varela G, Brunelli A. Digital and smart chest drainage
systems to monitor air leaks: the birth of a new era? Thorac Surg
Clin. 2010;20(3):413-420.

5. Pierson DJ, Horton CA, Bates PW. Persistent bronchopleural air
leak during mechanical ventilation. A review of 39 cases. Chest.
1986;90(3):321-323.

6. Liberman M, Muzikansky A, Wright CD, et al. Incidence and risk
factors of persistent air leak after major pulmonary resection and use
of chemical pleurodesis. Ann Thorac Surg. 2010;89(3):891-897.

7. Stolz AJ, Schutzner J, Lischke R, et al. Predictors of prolonged air
leak following pulmonary lobectomy. Eur J Cardiothorac Surg.
2005;27(2):334-336.

8. Brunelli A, Monteverde M, Borri A, et al. Predictors of prolonged air
leak after pulmonary lobectomy. Ann Thorac Surg. 2004;77(4):
1205-1210.

9. Abolhoda A, Liu D, Brooks A, et al. Prolonged air leak following
radical upper lobectomy. Chest. 1998;113(6):1507-1510.

10. Brunelli A, Cassivi SD, Salati M, et al. Digital measurements of air
leak flow and intrapleural pressures in the immediate postoperative
period predict risk of prolonged air leak after pulmonary lobectomy.
Eur J Cardiothorac Surg. 2011;39(4):584-588.

11. DeCamp MM, Blackstone EH, Naunheim KS, et al. Patient and
surgical factors influencing air leak after lung volume reduction
surgery: lessons learned from the National Emphysema Treatment
Trial. Ann Thorac Surg. 2006;82(1):197-206.

12. Rivera C, Bernard A, Falcoz P, et al. Characterization and prediction
of prolonged air leak after pulmonary resection: a nationwide study
setting up the index of prolonged air leak. Ann Thorac Surg.
2011;92(3):1062-1068.

13. Garcha PS, Santacruz JF, Jaber WS, et al. Pneumothorax post flexible
bronchoscopy. ATS J. 2011;183:A2351.

14. Boskovic T, Stojanovic M, Stanic J, et al. Pneumothorax after
transbronchial needle biopsy. J Thorac Dis. 2014;6(suppl 4):
S427-S434.

15. Cerfolio RJ, Minnich DJ, Bryant AS. The removal of chest tubes
despite an air leak or a pneumothorax. Ann Thorac Surg. 2009;87(6):
1690-1694.
422 Recent Advances in Chest Medicine
16. Jiang L, Jiang G, Zhu Yuming, et al. Risk factors predisposing to
prolonged air leak after video-assisted thoracoscopic surgery for
spontaneous pneumothorax. Ann Thorac Surg. 2014;97(3):
1008-1013.

17. Baumann MH, Strange C, Heffner JE. Management of spontaneous
pneumothorax: an American College of Chest Physicians Delphi
consensus statement. Chest. 2001;119(2):590-602.

18. Havelock T, Teoh R, Laws D, et al. Pleural procedures and thoracic
ultrasound: British Thoracic Society Pleural Disease Guideline 2010.
Thorax. 2010;65(suppl 2):ii61-ii76.

19. Lois M, Noppen M. Bronchopleural fistulas: an overview of the
problem with special focus on endoscopic management. Chest.
2005;128(6):3955-3965.

20. Thistlethwaite PA, Luketich JD, Ferson PF, et al. Ablation of
persistent air leaks after thoracic procedures with fibrin sealant. Ann
Thorac Surg. 1999;67(2):757-577.

21. Lopez C, Facciolo F, Lequaglie C, et al. Efficacy and safety of fibrin
sealant patch in the treatment of air leakage in thoracic surgery.
Minerva Chir. 2013;68(6):559-567.

22. Andreetti C, Ibrahim M, Ciccone A, et al. Autologous platelet gel for
the management of persistent aleveolar fistula after lung resection.
Minerva Chir. 2010;65(6):695-699.

23. Lim AL, Kim CH, Hwang YI, et al. Bronchoscopic ethanolamine
injection therapy in patients with persistent air leak from chest tube
drainage. Tuberculosis Respir Dis. 2012;72(5):441-447.

24. Takaoka K, Inoue S, Ohira S. Central bronchopleural fistulas closed
by bronchoscopic injection of absolute ethanol. Chest. 2002;122(1):
374-378.

25. Watanabe S, Watanabe T, Urayama H. Endobronchial occlusion
method of bronchopleural fistula with metallic coils and glue. Thorac
Cardiov Surg. 2003;51(2):106-108.

26. Watanabe Y, Matsuo K, Tamaoki A, et al. Bronchial occlusion with
endobronchial Watanabe spigot. J Bronchol. 2003;10(4):264-267.

27. Sharpe DA, Dixon C, Moghissi K. Thoracopscopic Use of laser in
intractable pneumothorax. Eur J Cardiothorac Surg. 1994;8(1):34-36.

28. Mehta HJ, Malhotra P, Begnaud A, et al. Treatment of alveolar-
pleural fistula with endobronchial application of synthetic hydrogel.
Chest. 2015;154(3):695-699.

29. Travaline JM, McKenna RJ, De Giacomo T. Treatment of persistent
pulmonary air leaks using endobronchial valves. Chest. 2009;136(2):
355-360.

30. Gillespie CT, Sterman DH, Cerfolio RJ, et al. Endobronchial valve
treatment for prolonged air leaks of the lung: a case series. Ann
Thorac Surg. 2011;91(1):270-273.

31. Wood DE, Cerfolio RJ, Gonzalez X, et al. Bronchoscopic
management of prolonged air leak. Clin Chest Med. 2010;31(1):
127-133.

32. Cho MH, Malhotra A, Donahue DM, et al. Mechanical ventilation
and air leaks after lung biopsy for acute respiratory distress
syndrome. Ann Thorac Surg. 2006;82(1):261-266.

33. Cerfolio RJ, Tummala RP, Holman WL, et al. A prospective
algorithm for the management of air leaks after pulmonary
resection. Ann Thorac Surg. 1998;66(5):1726-1731.

34. Cerfolio RJ, Bass C, Katholi CR. Prospective randomized trial
compares suction versus water seal for air leaks. Ann Thorac Surg.
2001;71(5):1613-1617.

35. Brunelli A, Salati M, Pompili C, et al. Regulated tailored suction vs.
regulated seal: a prospective randomized trial on air leak duration.
Eur J Cardiothorac Surg. 2013;43(5):899-904.

36. Alphonso N, Tan C, Utley M, et al. A Prospective randomized
controlled trial of suction versus non-suction to the under-water seal
drains following lung resection. Eur J Cardiothorac Surg. 2005;27(3):
391-394.

37. McKenna RJ, Fischel RJ, Brenner M, et al. Use of the Heimlich valve
to shorten hospital stay after lung reduction surgery for emphysema.
Ann Thorac Surg. 1996;61(4):1115-1117.
[ 1 5 2 # 2 CHES T A UGU S T 2 0 1 7 ]

http://refhub.elsevier.com/S0012-3692(17)30264-7/sref1
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref1
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref2
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref2
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref3
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref3
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref3
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref4
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref4
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref4
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref5
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref5
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref5
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref6
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref6
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref6
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref7
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref7
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref7
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref8
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref8
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref8
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref9
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref9
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref10
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref10
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref10
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref10
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref11
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref11
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref11
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref11
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref12
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref12
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref12
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref12
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref13
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref13
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref14
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref14
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref14
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref15
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref15
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref15
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref16
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref16
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref16
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref16
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref17
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref17
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref17
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref18
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref18
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref18
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref19
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref19
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref19
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref20
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref20
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref20
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref21
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref21
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref21
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref22
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref22
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref22
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref23
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref23
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref23
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref24
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref24
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref24
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref25
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref25
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref25
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref26
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref26
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref27
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref27
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref28
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref28
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref28
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref29
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref29
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref29
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref30
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref30
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref30
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref31
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref31
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref31
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref32
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref32
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref32
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref33
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref33
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref33
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref34
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref34
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref34
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref35
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref35
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref35
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref36
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref36
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref36
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref36
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref37
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref37
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref37


38. How C, Tsai T, Kuo S, et al. Chemical pleurodesis for prolonged
postoperative air leak in primary spontaneous pneumthorax.
J Formos Med Assoc. 2014;113(5):284-290.

39. Albert RK, Spiro SG, Jet JR. Clinical Respiratory Medicine. 3rd ed.
Philadelphia, PA: Mosby, Inc; 2008:223.

40. Robinson CL. Autologous blood for pleurodesis in recurrent and
chronic spontaneous pneumothorax. Can J Surg. 1987;30(6):
428-429.

41. Chambers A, Routledge T, Bille A, et al. Is blood pleurodesis
effective for determining the cessation of persistent air leak? Interact
Cardiovasc Thorac Surg. 2010;11(4):468-472.

42. Lang-Lazdunski L, Coonar AS. A prospective study of autologous
‘blood patch’ Pleurodesis for persistent air leak after pulmonary
resection. Eur J Cardiothorac Surg. 2004;26(5):897-900.

43. Manley K, Coonar A, Wells F, et al. Blood patch for persistent air
leak: a review of the current literature. Curr Opin Pulm Med.
2012;18(4):333-338.
chestjournal.org
44. Klooster K, ten Hacken NH, Hartman JE, et al. Endobronchial valves
for emphysema without interlobar collateral ventilation. N Engl J
Med. 2015;373(24):2325-2335.

45. Mahajan AK, Doeing DC, Hogarth DK. Isolation of persistent air
leaks and placement of intrabronchial valves. J Thorac Cardiovasc
Surg. 2013;145(3):626-630.

46. Kovtiz KL, French KD. Endobronchial valve placement and balloon
occlusion for persistent air leak. Chest. 2013;144(2):661-665.

47. Mahajan AK, Verhoef P, Patel SB, et al. Intrabronchial valves: a case
series describing a minimally invasive approach to bronchopleural
fistulas in medical intensive care unit patients. J Bronchology Interv
Pulmonol. 2012;19(2):137-141.

48. Reed MF, Gilbert CR, Taylor MD, et al. Endobronchial valves for
challenging air leaks. Ann Thorac Surg. 2015;100(5):1181-1187.

49. Toth JW, Podany AB, Reed MF, et al. Endobronchial occlusion with
on-way endobronchial valves: a novel technique for persistent air
leaks in children. J Pediatr Surg. 2015;50(1):82-85.
423

http://refhub.elsevier.com/S0012-3692(17)30264-7/sref38
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref38
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref38
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref39
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref39
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref40
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref40
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref40
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref41
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref41
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref41
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref42
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref42
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref42
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref43
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref43
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref43
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref44
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref44
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref44
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref45
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref45
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref45
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref46
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref46
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref47
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref47
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref47
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref47
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref48
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref48
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref49
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref49
http://refhub.elsevier.com/S0012-3692(17)30264-7/sref49
http://chestjournal.org

	Management of Persistent Air Leaks
	Incidence of Persistent Air Leaks
	Risk Factors for the Development of PAL
	Complications of PAL
	Guidelines for Treatment of PAL
	Treatment Options
	Conservative Management
	Chemical Pleurodesis
	Autologous Blood Patch Pleurodesis
	Endobronchial/Intrabronchial Valves

	Summary
	Acknowledgments
	References


