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Introduction

Persistent air leak (PAL) management is a challenging 
situation for many clinicians. Although it is a fairly common 
scenario, antiquated guidelines and lack of high-quality 
data contribute to variability in management that often 
depends upon local expertise and equipment. Myriad 
etiologies contribute to the complexity of standardization 
in management. Unique circumstances in each case often 
necessitate an individualized approach based on patient and 
clinician factors (1).

PAL in the setting of critical illness presents unique 
challenges that must be addressed in the context of the 
patient’s overall condition (2). Concurrent infection and 
respiratory failure often complicate an already challenging 
situation. A patient’s tenuous condition may preclude 
surgical intervention that would otherwise be the standard 
of care. PAL management in patients receiving mechanical 

ventilation deserves special attention. Minimally invasive 
strategies that are individualized are preferred in this 
particular patient population. 

This review article will clearly elucidate key definitions 
on this subject, discuss how to classify the severity of an 
air leak, briefly review PAL epidemiology, identify risk 
factors, examine guidelines, and explore treatment options. 
The discussion of treatment strategies will focus on those 
applicable to critically ill patients who are often not surgical 
candidates. Hence, surgical strategies will not be covered. 

Definitions

PAL refers to the continued air flow from the endobronchial 
tree to the pleural space. The specific terminology applied 
to this pathologic communication depends on its origin. 
An alveolar pleural fistula refers to a connection between 
the subsegmental bronchus or a more distal portion of the 
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airway and the pleural space, whereas a bronchopleural 
fistula indicates a source at the segmental bronchus or a 
more proximal airway. Although precision in terminology is 
requisite for accurate research, management is generally the 
same regardless of the level of origin (3).

An air leak is classified as being persistent when it lasts 
beyond 5–7 days. This threshold was originally derived 
from surgical experience following pulmonary resection, 
where an air leak for several days was not uncommon. We 
have used a similar definition for air leak in mechanically 
ventilated ICU patients. 

Classification of severity

An air leak can be identified by the presence of bubbling 
in the water seal chamber of a collection system connected 
to a tube thoracostomy. Numbered columns in the water 

seal chamber can be used to assess the severity of an air leak 
(Figure 1). A larger leak is indicated by bubbling in a higher 
numbered column. 

The advent of digital drainage systems has allowed more 
precise and continuous quantification of the degree of air 
leak (4). Air flow into the collection system and pleural 
pressure difference is calculated in real time, thereby 
reducing the potential for interobserver variability that 
plagues air leak assessment with analog drainage systems. 

Data have shown that a tube thoracostomy can be safely 
removed once an air leak is <20 mL/min (5). Utilization 
of a digital drainage device permits earlier removal of a 
pleural drain, which in turn decreases hospital length of stay 
(LOS) (6-8). These units will undoubtedly become more 
commonplace as affordability improves. 

The Cerfolio system is the most commonly utilized 
classification method and categorizes leak severity based on 
the degree of air leak and the phase of respiration in which 
it occurs (Table 1) (9). Because it was designed for the post-
operative setting, it is not necessarily applicable to patients 
in the intensive care unit (ICU), particularly those on 
mechanical ventilation. 

Epidemiology

PAL may occur following barotrauma from mechanical 
ventilation, thoracic trauma, pneumothorax, pulmonary 
surgery, and pulmonary infection. In the critical care 
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Figure 1 Water seal chamber of a pleural drainage system. The higher the numbered column through which bubbling occurs, the larger the 
air leak. 

Table 1 Cerfolio classification of air leaks

Grade Description

Grade 1, FE During forced expiration only, typically  

when asking the patient to cough

Grade 2, E Expiration only

Grade 3, I Inspiration only

Grade 4, C Continuous bubbling present in the air leak  

chamber during both inspiration and expiration
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setting, barotrauma and pulmonary infection are common 
etiologies and may occur simultaneously. Surgical lung 
biopsy for further evaluation of ARDS may also lead to 
PAL in the ICU. Thirty percent of patients in one study 
developed PAL after open lung biopsy in the setting of 
ARDS (10). 

The rate of PAL development is 26% and 24–46% after 
lobectomy and lung volume reduction surgery, respectively 
(11-13). A leak of greater than 50 mL/min was found to be 
predictive of PAL development following lobectomy (14). 

Although mechanical ventilation represents a clear 
risk factor for development of pneumothorax, the rate 
of consequential PAL is unknown. A study from 1986 
identified an incidence rate for PAL of approximately two 
percent in patients on mechanical ventilation, but the 
average tidal volume was 14 mL/kg (15). The rate of PAL 
development in the era of low tidal volume ventilation 
has not been reported but is assumed to be low given the 
relatively low rate with significantly higher airway pressures 
historically. 

Risk factors

Risk factors for development of PAL have been identified 
following spontaneous pneumothorax, lobectomy, and lung 
volume reduction surgery. Common risk factors among 
these situations include age and the presence of underlying 
lung disease. Risk factors for lobectomy also include lower 
forced expiratory volume in one second, chronic obstructive 
pulmonary disease, female gender, smoking history, 
diabetes, chronic steroid use, and post-operative positive 
pressure ventilation (11-13,16-18).

Data are unavailable regarding risk factors specific to 
the critically ill patient population. Presumably some of the 
same factors mentioned above would impact these patients, 
but this has not yet been rigorously examined. 

Complications

PAL represents a significant cause of morbidity, health care 

expenditure, and resource utilization in the post-operative 
and spontaneous pneumothorax populations. Data have 
shown that ICU readmission rate, hospital LOS, risk for 
pneumonia, and pleural space infections are all increased 
by the presence of PAL (11,13). Because of the increased 
risk for soiling the pleural space, antimicrobial agents are 
typically initiated or continued, although there are limited 
data supporting this practice. This impact is only amplified 
in the ICU, where PAL may have even more devastating 
consequences given the already compromised condition 
of the patients. An older case series of 39 patients who 
developed PAL while on mechanical ventilation identified a 
mortality rate of 67% (15). 

A PAL also has physiologic implications for both pleural 
mechanics and gas exchange. Pleural pressures, which are 
normally negative, rise in the setting of a pneumothorax 
but return to normal after insertion of a chest tube, even 
in the setting of an ongoing air leak (19). In patients with 
an ongoing air leak, inspiratory tidal volumes and tidal air 
flow are higher, while expiratory tidal volumes are lower. 
A marked respiratory alkalosis can develop as evacuated 
air is removed via the chest tube, thereby decreasing the 
concentration of CO2 in the alveoli and consequently 
increasing the diffusion gradient from the blood to the 
alveoli (19). Oxygenation can be affected (i.e., diminished) 
if pleural air is not evacuated rapidly enough and lung 
volumes or transpulmonary pressures are reduced (19). 

Guidelines

Guidelines from British and American societies pre-
date newer bronchoscopic PAL treatment modalities 
(Table 2). These guidelines also fail to address the unique 
circumstances surrounding PAL management in the setting 
of critical illness. British Thoracic Society guidelines 
from 2010 simply recommend early thoracic surgical 
consultation for management; bronchoscopic treatment 
options are not acknowledged (20). American College of 
Chest Physicians guidelines from 2001 only address PAL 
following spontaneous pneumothorax and recommend 

Table 2 Summary of the available guidelines on persistent air leak management

Year Organization Recommendation

2001 American College of Chest Physicians Surgical evaluation for consideration of video-assisted thoracoscopic pleurodesis for 

PAL following spontaneous pneumothorax

2010 British Thoracic Society Early thoracic surgical consultation
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surgical evaluation for consideration of video-assisted 
thoracoscopic pleurodesis (21). Bronchoscopic intervention 
is actually discouraged. Patients in the ICU may not be able 
to tolerate surgical intervention, so alternative solutions 
may be required. 

Treatment

PAL management is a controversial area in general but even 
more so in the ICU setting where there are even less data to 
drive decision making. Antiquated guidelines do not address 
the critically ill patient population and do not endorse 
modern minimally invasive techniques. Many critically 
ill patients are not ideal surgical candidates, making their 
management even more challenging. Minimally invasive 
approaches are ideally suited to the ICU setting since they 
can be safely performed at bedside (22). Management 
techniques have evolved considerably since the first large 
case series of PAL in patients on mechanical ventilation was 
published in 1986 (15). A small-bore chest tube is generally 
sufficient. If subcutaneous emphysema develops, however, 
a second chest tube or a larger bore tube may be required 
to allow for sufficiently rapid egress of air. Suction should 
be minimized. This is often not possible, however, when 
patients are mechanically ventilated. 

Knowing when to intervene with an air leak is 
paramount. Trend, duration, and volume of the leak are the 
primary factors that need to be considered. Trend refers to 
the whether the air leak is stable, increasing, or decreasing 
over time. Duration refers to how long the leak has been 
present. Volume refers to the degree of leak, which can be 

assessed using an analog or digital collection system (6). 
Put simply, an air leak is less likely to spontaneously resolve 
if there is a large leak that has been present for a longer 
period of time and is getting worse (23). 

Ventilation adjustments

PAL management in the setting of critical illness should 
start with the ventilator. Ventilation strategies can be used 
to mitigate risk of PAL occurrence and decrease duration 
of the leak once it has developed. Weaning from the 
ventilator as rapidly as possible while minimizing tidal 
volume, positive end-expiratory pressure, and the number 
of positive-pressure breaths will facilitate PAL resolution 
by promoting closure of the pleural defect (24). Cho et al. 
demonstrated a lower risk of PAL development in patients 
with acute respiratory distress syndrome undergoing 
open lung biopsy with lower peak airway pressure, lower 
tidal volume, and use of pressure-cycled ventilation (10). 
In fact, the risk of PAL was reduced by almost half for 
every 5 cmH2O the peak airway pressure was decreased. 
Neither high frequency ventilation nor an independent 
lung ventilation strategy have been shown to be consistently 
effective at expediting resolution of a PAL (24). 

Anecdotal strategies

Numerous case reports and case series exist on a wide 
variety of anecdotal approaches to PAL management  
(25-32). These strategies can be grouped into implantable 
devices and chemical agents (Table 3). The former category 
includes Watanabe spigots, stents, and Amplatzer occluding 
devices, while the latter contains thermal treatments, 
hemostatic substances, submucosal injections, and tissue 
adhesives. Data on these techniques are limited and must 
be interpreted with caution given the potential for bias. 
While none of these modalities are approved by the 
United States Food and Drug Administration (US FDA) 
for this indication, Watanabe spigots are a widely accepted 
treatment modality in Japan (26). 

Chemical pleurodesis

Chemical pleurodesis involves the instillation of sclerosants 
into the pleural space with the intention of inducing an 
inflammatory reaction designed to achieve pleurodesis via 
fusion of the two pleural surfaces (33). In order for this 
modality to be effective, there must be apposition of the 

Table 3 Various anecdotal modalities used to treat PAL grouped 
into two general categories of implantable devices and chemical 
agents

Implantable devices

Watanabe spigots

Stents

Amplatzer plugs

Chemical agents

Thermal energy

Hemostatic substances

Submucosal injections

Tissue adhesives

PAL, persistent air leak.
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visceral and parietal pleural surfaces. Introduction of these 
agents can, in rare instances, induce severe lung injury, 
which may be poorly tolerated in someone who is already 
critically ill. While talc is one of the most commonly used 
agents for this purpose, other medications that have been 
utilized include doxycycline, bleomycin, minocycline, and 
tetracycline. Several retrospective studies have demonstrated 
success with these agents, although none were specifically in 
the critically ill patient population (12). 

Blood patch pleurodesis

A u t o l o g o u s  b l o o d  p a t c h  p l e u r o d e s i s  i n v o l v e s 
phlebotomizing 50–100 mL of peripheral venous blood 
followed by its instillation through an existing tube 
thoracostomy (34). The chest tube is then flushed and 
clamped or elevated to permit adequate dwell time. This 
method has been utilized for more than three decades in 
the United States and is supported by data demonstrating a 
high success rate with PAL after surgical lung resection or 
spontaneous pneumothorax (35-37). After instillation, the 
blood covers the pleural defect, creating a seal. It also results 
in some degree of pleural inflammation, which may be 
sufficient to precipitate pleurodesis. For pleural symphysis 
to occur, the two pleural surfaces must be in contact. 

One-way bronchial valves

One-way bronchial valves represent a novel minimally 
invas ive  opt ion for  PAL treatment  and the only 
bronchoscopic modality with US FDA approval. Although 

they were originally developed for patients with severe 
emphysema as an alternative to bronchoscopic lung volume 
reduction (BLVR), their application for other uses has 
become apparent. In 2005, Snell et al. reported the first 
case of using these valves for a PAL (38). Although there 
are two endobronchial valves currently approved by the 
US FDA for BLVR, only one of these (Spiration Valve 
System, Olympus, Inc.) has been granted approval for 
PALs following lobectomy, segmentectomy, or lung volume 
reduction surgery as a Humanitarian Device Exemption 
(HDE) (Figure 2) (39). The other valve (Zephyr, Pulmonx, 
Inc.) is reportedly actively pursuing an equivalent indication 
but is currently only approved for BLVR. A HDE applies 
to conditions that affect less than 4,000 patients per year in 
the United States and for which no comparable device is 
available. 

Both valves are one-way devices that allow air and other 
debris to move proximally into the central airways but block 
ventilation distally. In theory, this limits airflow through the 
fistula and permits apposition of the two edges of the pleural 
defect so that healing can occur. Because of this, valves are 
a temporizing intervention designed to be removed after 
approximately 6 weeks. Removal is performed by grasping 
the central rod of the Spiration valve with a cupped forcep, 
pulling it onto the end of the bronchoscope, and removing 
everything en bloc. Insertion is also performed with a 
flexible bronchoscope. The valve must be loaded into the 
deployment catheter, which is then introduced through the 
working channel of a bronchoscope with at least a 2.8-mm 
working channel. A breath hold is generally performed, and 
then the valve is unsheathed in the appropriate airway. More 

Figure 2 The two types of EBVs. (A) Spiration® endobronchial valve in a segmental airway in the right middle lobe. This valve has an 
umbrella-like conformation; (B) Zephyr® endobronchial valve, which has a duckbill shape. This valve is not yet US FDA approved for PAL 
management. EBV, endobronchial valve; PAL, persistent air leak.

A B
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detailed instructions for proper deployment technique is 
beyond the scope of this manuscript. 

Before valve insertion occurs, identification of the culprit 
airway and valve sizing must be performed. Locating the 
culprit airway or airways is often the most challenging 
and time-consuming part of the procedure. Post-surgical 
cases are typically the simplest scenario. Other etiologies, 
such infection and barotrauma, are often more complex 
due to lack of localization at the start of the case and the 
increased potential for collateral ventilation leading to 
multilobar contribution to the leak (3). These causes are 
even more likely to be present in an ICU setting. Valve 
sizing is determined using a carefully calibrated balloon and 
explained in detail elsewhere (40).

The most common methodology employed to identify 
the involved airways is sequential balloon occlusion, 
whereby a balloon is used to occlude airways starting 
with the largest airway and proceeding distally to the 
segmental or subsegmental level. The author recommends 
using the standard Olympus B5-2C 13 mm diameter low 
pressure balloon included with the air leak procedure 
kit to ensure complete occlusion of lobar and central 
airways. This technique was first described in 1977 by 
Ratliff et al. (41). After each inflation, the balloon must 
remain in place for approximately 5 breath cycles before 
deflation and relocation so that existing air in that airway 
has the opportunity to be completely expelled. The 
patient must be carefully monitored for hemodynamic 
instability, especially during occlusion of more proximal 
airways. Premature deflation of the balloon can cause a 
false negative assessment of a potentially involved airway. 
Other techniques for identifying the culprit airway include 
insufflation and insertion of a dye, such as methylene blue, 
through the chest tube and observing for emergence within 
the endobronchial tree (42). Another method involves the 
use of a pressure transducer catheter (Chartis, Pulmonx, 
Inc.) (43). Upon occlusion of an airway, continued air flow 
beyond approximately two minutes generally indicates the 
presence of collateral ventilation and/or a pleural fistula. 

Both valves are composed of a Nitinol (combination 
of nickel and titanium) framework and then either a 
polyurethane (Spiration™) or silicone (Zephyr™) covering. 
Both types are designed to move and flex with the airway 
as it changes conformation during the respiratory cycle. 
The Spiration valve is umbrella shaped and is secured 
in place via small anchors on its distal aspect, while the 
radial expansile force prevents the duckbill-shaped Zephyr 
valve from migrating. Both valves are present in 4 sizes to 

accommodate airways of various diameters. 
While valves are generally well tolerated, complications 

are possible. These may include pneumonia, acute 
worsening of  hypoxia ,  valve malposit ioning,  and 
expectoration. Acute worsening of hypoxia may occur 
due to ventilation and perfusion mismatch before hypoxic 
vasoconstriction can compensate. This situation is rare, 
typically short-lived, and rarely requires valve extraction. 

Data supporting bronchial valves is more robust than 
for the anecdotal approaches discussed earlier but is still 
generally limited to large case series. In 2009, Travaline 
et al. (44) demonstrated a 93% success rate and a 15% 
complication rate in 40 patients treated with the Zephyr 
valve for PAL. Chest tubes were able to be removed after 
an average of 7.5 days. The first case series of the Spiration 
valve for PAL was published in 2011 and had a 100% success 
rate after an average of 4.5 days following the procedure 
without any procedure-related complications (45). 
In the largest multicenter study of Spiration valves to date, 
Gilbert et al. identified improvement in the air leak in 56% 
of patients (46). In the largest single-center case series to 
date (N=60 patients), 80% of patients were able to have 
their chest tubes removed (47). 

In the two largest case series referenced above, 70–85% 
of patients had bronchial valves inserted for non-FDA 
approved indications (46,47). This deviation from the 
officially approved use stems from limited poor-quality 
data, outdated guidelines, and the desire to avoid the 
significant morbidity associated with PAL (48). For this 
same reason, valves may be inserted prior to postoperative 
day 5. Data have shown that COPD is an independent risk 
factor for worse outcomes in the setting of PAL (49). Thus, 
bronchial valves are often utilized earlier in this population 
to expedite resolution of the leak in an attempt to prevent 
further morbidity. 

Similar rationale may be relevant to valve use in the 
setting of critical illness, where off-label indications may 
also prevail. For example, one case report highlights the 
use of an endobronchial valve to facilitate weaning from 
extracorporeal membrane oxygenation in a patient with 
acute respiratory distress syndrome and PAL (50). This 
phenomenon, where the majority of cases are for off-
label use, is becoming increasingly common even in non-
critically ill patients and reflects antiquated guidelines. 
The paucity of up-to-date guidelines leads to profound 
variability in management that hinders data collection and 
ultimately limits advancement of knowledge in this area (48). 
Thus far, data are limited to large case series. A randomized 
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trial [Valves Against Standard Therapy (ClinicalTrials.
gov Identifier: NCT02382614)] was aborted prematurely 
because of poor enrollment. Insufficient data were collected 
for statistical analysis. 

Conclusions

Lung protective ventilatory strategies that limit airway 
pressures should be employed in the setting of critical illness 
to avoid development of PAL and expedite resolution once 
one has occurred. Liberation from the ventilator should 
be prioritized. Chemical pleurodesis and autologous blood 
patch pleurodesis remain viable management strategies in 
certain patients. To date, only one small case series using 
bronchial valves for PAL has exclusively contained critically 
ill patients (22). Focused analysis of this population is 
imperative given their unique circumstances, such as the 
frequent requirement for mechanical ventilation. Data 
from ongoing randomized trials will hopefully permit 
development of a more standardized approach for this 
challenging clinical scenario.
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