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Management of air leaks post-surgical lung resection
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Abstract: Airleaks are one of the most common complications associated with elective lung resection.

There have been many techniques and modern advancements in thoracic surgery, however airleaks persist.

This review article will discuss several interventions ranging from conservative noninvasive to surgical

management of the persistent airleak. These techniques include stopping of suction on the plueravac, fibrin

patches, pleurodesis, use of endobronchial valves (EBVs), return to OR for operative intervention, and lastly

to send patients home with mini pleuravacs.
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Introduction

Air leaks also known as alveolar-pleural fistulas (APL)
remain a challenge for the thoracic surgeon and one of
the most common if not the most common complications
post elective lung resection. Despite advances in surgical
technology and techniques air leaks are the leading cause of
increased morbidity in patients that can result in prolonged
hospital time, increased pain from prolonged chest tubes,
increased overall costs, empyema, pneumonia and overall
patient dissatisfaction (1).

Numerous causes of airleaks have been identified
including trauma secondary to lung manipulation, fissure
dissection, barotrauma, or a result of underlying lung
disease. Air leak rates have varied in the literature but most
large series report a rate between 20-33% after elective
pulmonary resection (2-6). Majority of air leaks will seal on
their own, within 5 days of surgery and are management
with tube thoracostomy and observation. Many authors use
the term persistent air leak (PAL) which is often defined
as airleaks that last longer than 5-7 days post-operative,
however no true consensus exists on what is actually the
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defined amount of time to classify a PAL (6-8). Air leaks
can be graded to the Cerfolio classification (Tuzble I) and
the newer grading system developed by Sang er al. (Table 2).
Multiple risk factors for PAL have been described which
include low forced expiratory volume in 1 second (FEV1),
preexisting lung pathology, pleural adhesions requiring
adenolysis, steroids, previous chemotherapy, previous
radiation, immunocompromised patients, and diabetes (1).
This is a review article that will review several techniques
in a stepwise approach that can help seal persistent airleaks
and ultimately allow the patient to leave the hospital and
continue on with recovery after surgery. Initial strategies
include conservative therapy with observation and taking
the chest tube off continuous suction and placing the chest
tube to water seal. Fibrin sealants (9-15) and pleurodesis
with doxycycline (16-18) can be put through the chest
tube at the bedside or in the OR and are a good option
for noninvasive modalities for PAL. Endobronchial valves
(EBVs) are a new endoscopic technique which is being used
to help deal air leaks. Finally return to OR for operative
intervention is the last strategy we will review for the
management of PAL. Lastly patients with PAL can be sent
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Table 1 Cerfolio classification of air leaks

Grade Definition

1 (FE) During forced expiration only; typically, when asking
patient to cough

2 (E) Expiratory only
3() Inspiratory only

4 (C) Continuous bubbling in air leak chamber during
inspiration and expiration

Table 2 Sang classification of air leaks

Grade Definition

0 No air bubble on three serial volitional coughs

1 More than one air bubble present on three serial
volitional coughs

2 Persistent air bubbles on volitional coughs

3 Persistent, small amount of air bubbles on
spontaneous respiration

4 Persistent, large amount of air bubbles on
spontaneous respiration

home with a mini 500 pleuravac as an alternative option
assuming the lung has re-expanded and there is adequate
teaching and ability to care for the tube and device.

Management strategies
Conservative management with water seal and observation

Traditionally the use of suction -20 cmH,0O to chest
tubes has been used by thoracic surgeons following lung
resections. However, many authors have questioned the
evidence behind this suction, and many feels that suction
may even lead to prolonged air leaks, while others feel that
all patients should remain on suction postoperatively (19,20).
Many believe that water seal promotes healing of the airleak
by decreasing the amount of air escaping out the lung, while
others believe suction removes the air in the pleural space
allowing for apposition between the parietal and visceral
pleura (1).

The use of suction vs. water seal for post-operative
air leaks was first investigated by Cerfolio et 2/ when he
randomized 33 patients who had air leaks on post-operative
day 2 after elective lung resection. He found that group
randomized to water seal, 67% had resolved their airleak on
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POD 3, compared to 7% of patients randomized to suction
at =20 cmH,O (21). Since Cerfolio’s first randomized
control study, other studies have shown similar results such
as the one published by Marshall ez 2. He randomized 68
patients right from the OR and he found the airleak sealing
was significantly shortly in the water seal group (1.5) days,
compared to the suction group of 3.3 days (22).

The use of water seal immediately following pulmonary
resection has clearly been shown to reduce total air leak
time, however one must consider options if a pneumothorax
is persistent on water seal or a persistent air leak is present.
If a pneumothorax is present suction should be started
however at a lower level such as -10 cmH,O, rather than
the traditional -20 cmH,O and in almost all cases the lung
will expand (22). Additionally, simple maneuvers such as
pulling the chest tube back can lead to stoppage of the air
leak. If the chest tube is sitting on the injured lung it may
prevent the parenchyma from healing. One last conservative
option is to increase the amount of water in the chamber
leading to an increased water seal. Increasing the water seal
will allow positive pressure from the pleuravac to “push
back” on the lung helping the air leak to stop at the moment
there is static flow of pressure which will lead to closure of
the air leak due to fibrin and platelet deposition.

Fibrin patch

When air leaks persist despite maximal conservative
management a good option is the use of fibrin sealants.
There are multiple sealants currently on the market and
although many are different in what they are derived
from (such as totally synthetic, derived from single donor
cryoprecipitate or autologous) the mechanism of action
remains the same (9-15). They act to simulate the final
pathway in the clotting cascade. The products often
contain protein concentrate often containing fibrinogen,
plasma fibronectin, factor XIII, and plasminogen in an
Aprotinin solution is sprayed simultaneously with thrombin
in a calcium chloride solution and when combined, the
thrombin cleaves fibrinogen into fibrin and a clot is
formed at the site of administration (23-25). Aprotinin, an
antiproteolytic enzyme, serves to inhibit fibrin degradation
to maintain longevity of the sealant (26). More recently,
patches soaked in fibrin sealant glue have been used with
success to treat PALs in patients (27,28).

Historically the prophylactic use of fibrin sealants
intraoperatively and along suture and/staple lanes has
been debated. Many authors have studied the efficacy and
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Figure 1 Endobronchial valve.

Fleisher et al. and Wong et al. found that the routine use of
fibrin sealants intraoperatively did not significantly shorten
the duration of air leak or chest tube length (24,27). More
recently, investigators showed that fibrin sealants applied
post-operatively via thoracoscopic catheter were able to
successfully seal PALs in 24 hours (28). Maximal success
was achieved when the fibrin sealant was applied directly
onto the air leak site. Similarly, fibrin sealants injected
endoscopically via a fiberoptic bronchoscope successfully
treated persistent air leaks post-operatively (29).

As with all pharmacologic and medical procedures risks
and benefits must always be weighed prior to proceeding.
Benefits of fibrin sealants are then are painless and can be
administered at the bedside through the already present
chest tube (30). Risks of fibrin sealants include the potential
for blood borne diseases when using human plasma and
potential antigenic stimulant when animal proteins are
used (13). Furthermore, fibrin sealants and patches are
potential growth media for bacteria and can increase
postoperative infection rates (13,26). Advancement in fibrin
sealant technology has progressed and the use of synthetic
agents and autologous fibrin sealants (9-11,14,15,31) can be
safely used in patients to seal PALs, successfully mitigating
immune and autoimmune risks.

Doxycycline pleurodesis

For patients with persistent air leaks unresponsive to
conservative medical management who are not ideal
operative candidates, chemical pleurodesis can be used to
treat ongoing PALs and prevent future recurrence (16-18).
Chemical sclerosing agents cause fusion of the parietal
and visceral pleural layers through inflammation and
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fibrosis (18). Agents such as doxycycline function through
damaging mesothelial surface, interfering with pleural
repair, inhibit matrix-degrading metalloproteinases and
promote fibrin deposition into the inflamed pleural
space (32,33). If the patient is immunosuppressed or on
steroids the ability of the inflammatory cascade may be
diminished leading to reduced inflammatory reaction to the
pleurodesis (34). In traditional methods of chemical
pleurodesis, patients are pre-medicated with narcotics before
sclerosing agents are introduced via tube thoracostomies
(32,33,35). Patients are repositioned continuously every
30 minutes to facilitate distribution of the chemical
throughout pleural space.

Despite consensus that chemical pleurodesis is an
effective tool in management of PAL for high-risk
inoperable patients (8,36), researchers remain divided
regarding the best pleural sclerosing agent to use (36-38).
Ideal agents should be safe with low adverse effect
profiles, inexpensive, and widely available (37). Recent
reviews have revealed that the most common agents used
by clinicians include talc, tetracycline and derivatives
(doxycycline, minocycline), iodopovidone, and silver nitrate
(18,35,37,39,40). In 2001, a consensus statement by the
American College of Chest Physicians recommended
doxycycline as preferred agents for chemical pleurodesis
as talc has been associated with ARDS (17). There is one
report of acute respiratory failure after pleurodesis with
300mg of doxycycline (41,42). The American Thoracic
Society has recommended doxycycline as an efficacious
replacement (43).

In making the clinical decision to proceed with chemical
pleurodesis, clinicians must be aware of its potential
shortcomings. While chemical pleurodesis can be a safe and
effective alternative to surgery to prevent future recurrence
of air leaks in high-risk patients (8,36), it should only be
performed when there is a small or no residual pneumothorax
visible on chest radiography (30). Additionally, the high rates
of pain reported across a wide range of sclerosing agents
(32,33,38,44) indicate that this is not a benign, minimally-
invasive procedure. Despite these flaws, chemical pleurodesis,
specifically with doxycycline (17), can be an effective tool for
treatment of PALS (36).

EBVs

One-way EBVs (Figure 1) are a relatively new advancement
in PAL management that provides a safe, minimally-
invasive alternative to surgical correction in patients with
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Figure 2 Mini 500 mobile portable drainage collection unit. Image
from Bound Tree (56).

high surgical risk (45,46). EBVs prevent air from entering
pulmonary parenchyma distally while allowing air and
secretions to travel proximally and thus be drained (45-47).
The occlusion of air to distal lung segments causes
isolated atelectasis and effectively removes APLs from the
respiratory system (46). It is believed that this controlled
atelectasis eventually results in the resolution of air
leaks (45). Currently, there are two FDA-approved brands
of EBVs available on the market: the IBV™ Spiration made
by Olympus and the EBV™ Zephyr (48,49).

The first step in the placement of an EBV is to localize
the source of air leak (47). Because multiple bronchial
segments can contribute to air leaks, a systematic approach
must be taken to identify all APLs. Most often, a Fogarty
balloon catheter is used to sequentially occlude branches
of bronchus from proximal to distal while observing
for cessation of the air leak (45,48,49). Currently, it is
recommended that valves be removed after 6 weeks
although some authors reported permanently deployed
without serious complications (47,50). EBV placement
is usually performed with a flexible bronchoscope under
conscious sedation (45). Recent advancements in digital air
leak quantification technology have allowed surgeons to
objectively identify air leaks during EBV placement (51,52).
During the sequential occlusion step, a measurement
of almost 0 L/min on the digital drainage system allows
surgeons to objectively confirm that they have localized the
air leak. This is especially helpful when multiple valves are
needed.
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Although EBVs are still a relatively new technology,
few complications have been noted. No mortalities have
been reported in the literature and the largest case series
(40 patients), performed by Travaline er a/., reported
six patients with complications after EBV placement;
these include valve expectoration, moderate oxygen
desaturations, pneumonia, and MRSA colonization (47,53).
In studies examining the efficacy of EBV in patients
with emphysema, variable success has been seen in the
blockage of air to occluded lung segments, resulting in
inconsistent amounts of therapeutic atelectasis (54). Such
variations are thought to be due to the development of
collateral ventilation in patients with chronic emphysema
providing persistent airflow to occluded lung segments
(54,55). Nevertheless, EBVs have a high success rate in air
leak literature, with significant improvement of PALs in
92% of patients and complete resolution in 47.5% in one
series (53). Additionally, their ease of placement with flexible
bronchoscopy under minimal anesthesia, easy removal, and
inability to preclude future surgeries in patients make them a
great alternative to surgical intervention in patients with PALs.

Operative intervention

If air leaks persist despite conservative, medical and
endoscopic techniques then operative intervention is likely
required. Traditionally an open thoracotomy approach was
used, but today the mainstay for re-operative intervention is
video assisted thoracoscopic surgery (VATYS). This is often
done through the same incisions the pulmonary resection
was initially preformed through assuming it was initially
minimally invasive approach. Once the decision is made
to take the patient back to the operating room the first
step is to identity the air leak and then staple it off. Other
techniques include mobilization of the lung for when big
spaces exist. Several authors have had good success with
pleural tents. Additionally, pleurodesis and use of fibrin
sealants can be used intraoperatively to help reduce the
incidence of new air leaks at the new staple line.

Mini 500

The Mini 500 (Figure 2) is a mobile portable drainage
collection unit with pre-set suction to -20 cmH,O. These
small devices can drastically increase patient satisfaction
as they can leave the hospital while waiting for the air leak
to seal on its own. Patients need to be willing and able
to care for the pleuravac. When sending a patient home
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with a pleuravac one can consider the use of antibiotic to
cover skin flora and a tube thoracostomy will remain in.
Additionally, the surgeon must make sure the lung has re-
expanded and is stable on chest X-ray prior to sending
patient home.

Conclusions

There are abundant medical and surgical options in the
treatment of persistent air leaks. At present there are no
current algorithms or set guidelines in the management
of PAL. There are several techniques which are popular
and often are used based on the clinical judgment and
experience of the thoracic surgeon.
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