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Technology and evidence-based care enhance postoperative
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Despite being considered a routine task by many thoracic
surgeons, managing a patient’s chest following pulmonary
resection remains an evolving science. Enhanced recover
after surgery (ERAS) programs strive to standardize surgical
care with recent clinical data, advances in technology,
and protocolized postoperative care. In addition, to
promote consistency within the literature in the setting
of advancements in technology, the European Society of
Thoracic Surgeons (ESTS), the American Association
for Thoracic Surgery (AATS), the Society of Thoracic
Surgeons (STS), and the General Thoracic Surgery Club
(GTSC) have standardized the terminology related to chest
tube management decisions. The term “applied external
suction” is defined as application of negative pressure to the
pleural space and “no applied external suction” is defined
as the absence of applied negative pressure to the pleural
space (1).

The management of chest tubes after pulmonary
resection begins in the operating room when the number of
chest drains left in the thorax is determined. Traditionally,
two drains were left: an apical chest tube to drain air and a
basilar chest tube to drain liquid. However, when challenged
in the literature, four randomized controlled trials (RCTs)
(2-5), one non-RCT (6), and two meta-analyses (7,8) found
no benefit to leaving a second chest tube in place. As a
result, most ERAS protocols leave only one chest tube
following a pulmonary resection (9).

Once the patient leaves the operating room chest tube
management continues in the recovery room and ward.
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With the development of minimally invasive techniques
through video assisted thoracoscopic surgery (VATS)
and enhanced recovered through ERAS programs, an
indwelling chest tube is often the factor limiting discharge
from hospital. A single chest tube is left to drain both liquid
and air. Liquid is typically lymphatic in nature due to the
disruption of the lymphatics and inflammation associated
with the pulmonary dissection. Air is drained from an
alveolar-pleural fistula.

Traditionally, chest X-rays (CXR) were routinely ordered
in the postoperative period. A recent meta-analysis of
critical care literature (10) and a retrospective review of
prospectively collected data (11) concluded that findings on
a routine CXR rarely change patient management in the
absence of associated clinical findings. Furthermore, ERAS
and standardized chest tube management pathways suggest
that tolerating a pneumothorax in an asymptomatic patient
is safe (10,12). Despite the lack of high quality evidence
in the form of RCTS5, this retrospective evidence suggests
that the use of on-demand CXR be implemented. In this
management approach, a CXR is not routinely ordered in
the postoperative period but only in the setting of clinical
findings, promoting efficient patient care and decreasing
discomfort associated with patient positioning for a CXR.

The maximum liquid output in a 24-hour period
considered safe to discontinue pleural drainage is debated (11).
Over the past 12 years, the volume of liquid drainage in a
24-hour period considered safe to remove a chest drain has
gradually increased based on the results of trials comparing
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different thresholds. Published trials report on the
duration of chest drainage, length of stay (LOS), and the
need for thoracentesis or re-insertion of drains. The first
RCT in 2002 reported safe removal of chest drains with
200 mL/24 hours (13). This study was followed by several
retrospective reviews looking at much higher thresholds of
400-450 mL/24 hours (14,15). A more recent prospective
study favored using a threshold of 500 mL/24 hours (16).
However, these higher volume thresholds have not been
not supported in other RCTs, which suggested that chest
tube removal should be delayed until liquid output is
less than or equal to 300 mL/24 hours (17,18). The safe
volume of liquid to remove a chest drain is likely between
300-400 cc/24 hours depending on the lean body mass of
the patient (11).

Determining the presence or absence of a clinically
significant alveolar-pleural fistula is fundamental to making
safe decisions surrounding the management of a chest
tube. Initial chest drainage devices were based on a three-
bottle system. This evolved into the currently available
analogue drainage systems which combine the collection,
water seal, and suction chambers into a single unit.
The presence or absence of an air leak is determined by
observing bubbling in the water seal chamber. However,
this method to assess an air leak is subjective and limited by
high inter-observer variability (19). Newer digital devices
are commercially available such as the Thopaz (Medela
Healthcare, Baar, Switzerland) and Atmos (MedizinTechnik,
Germany) drainage systems. These devices provide suction
independent of an external source for negative pressure and
continuously measure airflow to provide a plot of airflow
versus time. Ten RCTs comparing digital and analog chest
drainage devices have been conducted (20-29). Six trials
concluded that the digital devices resulted in shorter chest
tube duration and shorter LOS (20-25). One study showed
shorter chest tube duration with no significant difference in
LOS (25). Three trials did not find a significant differences
in either chest tube duration or LOS (27-29). Two RCTs
determined that digital devices resulted in fewer clamping
trials (28,29). Variability in chest tube management
protocols and delays in removal of chest drains likely explain
the inconsistent findings in these studies. It is hopeful that
objective measurement of airflow will allow the nursing staff
to be integrated into well designed protocols and promote
early removal of chest tubes leading to earlier discharge
from hospital.

Despite best prevention efforts, prolonged air leaks (PAL)
will occur and remain the most common complication after
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pulmonary resection (30). A PAL is defined as an air leak
lasting greater than 5 days. Methods to shorten the duration
of an air leak include the use of applied external suction
and invasive maneuvers including chemical pleurodesis,
bronchial valves, and re-operation. With the development of
ERAS programs, acceptance of a PAL with early discharge
with a portal device is becoming more common. In general
the more recent literature has focused on conservative
management of air leaks including tolerating pneumothorax
on the CXR and early discharge with a PAL (12). However,
invasive maneuvers may be required for patients unable to
tolerate an air leak. Furthermore, new and old techniques
should be continually explored to find methods to reduce
the duration of air leaks and chest tube drainage.

The role of applied external suction has long been
debated in the thoracic literature. Two physiologic
mechanisms have been proposed to debate the role of
applied external suction to help an air leak heal. The first
suggests that applied external suction promotes airflow
through the fistula, preventing it from healing. This
proposed mechanism suggests that an air leak will heal
faster without applied external suction. A contradictory
mechanism suggests that suction promotes apposition
between the parietal and visceral pleural and thus promotes
sealing of the air leak. Unfortunately, clinical data in the
form of seven RCTs and three meta-analyses have not
determined the optimal use of applied external suction.
Trials typically compare the incidence of PAL, duration of
chest tube, LOS, and presence of a residual pneumothorax
with and without applied external suction. Two RCTs
and one meta-analysis favored no applied external suction
(31-33), while three RCTs and two meta-analyses showed
no difference in these outcomes with or without applied
external suction (34-38). Explanations for the inconsistent
findings have been previously proposed (11): (I) if the true
benefit with or without applied external suction is small,
inconsistencies between studies may not detect a true
difference; (II) assessments of air leaks has been shown to
be inconsistent even with experienced clinical teams (19);
(I1I) lastly, there may be no physiologic benefit or risk
to applied external suction after pulmonary resection.
Acknowledging the controversies, two programs aimed
at standardizing air leak management after pulmonary
resection have set a regimen of setting chest drains to
applied external suction until postoperative day (POD) 1,
then moving to no applied external suction unless there is
an adverse event (9,12). With consistent protocolized care
offered by ERAS programs and more objective assessment
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of air leaks offered by digital drains, large multi-center
RCT may help establish the best regimen for the use of
applied external suction in the postoperative period. For
now, a consistent approach at an institutional level is likely
more important than prolonged debates regarding the
benefits and harms of applied external suction.

If the visceral and parietal pleura are opposed in the
setting of an air leak, pleurodesis can be achieved with
a chemical substance (talc, silver nitrate, doxycycline,
tetracycline bleomycin, and interferon) or autologous
blood may be administered through an indwelling chest
tube at the bedside to induce inflammation and sclerosis
leading to adhesions. The literature supporting the use
of chemical pleurodesis for postoperative PAL is limited
(39,40), however two systematic reviews suggest autologous
blood has the potential to reduce the duration of an air
leak but more research is needed (39,41,42). The use of
bronchial valves to treat postoperative air leaks is presently
limited. Although not specific to postoperative air leaks, a
multicenter prospective RCT called “valves against standard
therapy (VAST)”, which will compare bronchial valves to
standard management of air leaks, is currently enrolling
patients (43,44). For the time being, bronchial valves should
remain a last resort for management of postoperative air
leaks. Despite the description of multiple intraoperative
maneuvers to prevent air leaks such as buttressing the
staple line, topical sealants, pleural tent, and induction
of pneumoperitoneum, there are no trials comparing re-
operation to other methods of managing postoperative
air leaks (45). ERAS protocols for pulmonary resection
have not included re-operation but tend to focus on more
conservative management approaches to treating of air
leaks (9). Similar to bronchial valves, re-operation should be
limited to few patients and selectively used in the very early
postoperative period.

There is sufficient literature to show air leaks can be
safely managed in the postoperative period with portable
devices (46-48). The most commonly used portable devices
are a Heimlich valve and a Pneumostat (Atrium, Hudson,
USA) (49). Heimlich valves allow air to escape but prevent
re-entry using a rubber one-way valve. A Pneumostat has a
one-way valve and a collection chamber to capture effluent.
Patients are typically discharged between POD 4 and 5 with
a portable device to manage a PAL with follow-up within 3
to 7 days in an outpatient clinic.

Chest tube manage is evolving into a more precise
science with increasing evidence to guide chest tube
management. New technologies to measure and possible
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stop air leaks are being explored. Future efforts will include
promoting the early identification of patients expected to
require discharge with a portable device and prediction
models to estimate the day that the air leak will resolve.
This will facilitate earlier discharge with a portable device
and scheduling of follow-up with the goal of reducing
health care costs.
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