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leural infection associated with pneumonia is a potentially
lethal disease afﬂicting more than 60,000 patients annually in the United States.1,2 The incidence continues to rise,2
and the mortality rate exceeds that of myocardial infarction.3
Five thousand years ago, the Egyptian physician Imhotep ﬁrst
described pleural space disease,4 and Hippocrates in 400 BC
was credited for recognizing that prompt drainage of the
infected pleural space is essential.5 When these infections
become loculated, they are no longer amenable to tube thoracostomy and operative decortication is required.6Y9 To understand the pathophysiology of a complicated parapneumonic
effusion, it is instructive to review the anatomy of the pleural and
cytologic players maintaining homeostasis in this unique space.
The pleural cavity arises from the coelom that also forms the
pericardium and peritoneum.10 The pleural cavity is lined by
mesothelial cells surrounded by a layer of connective tissue,
macula cribiformis, which is then encased in two layers of
elastic tissue. Visceral mesothelium is intricately connected
to the lung parenchyma, whereas the parietal layer is more
loosely connected to the thoracic structures separated by a
variable fatty layer. The parietal pleura has specialized areas
known as stoma, and an extensive lymphatic network exists
below which is the predominant route of ﬂuid resorption.
Under normal conditions, it is estimated that each pleural
cavity generates 0.2 to 0.4 mL/kg per hour.11 The ﬂuid originates predominantly from the parietal capillaries because of
hydrostatic pressure, augmented by the negative pressure of
the pleural space. Less ﬂuid is produced by the visceral pleura
because the hydrostatic pressure is attenuated by pulmonary
venous drainage. However, the visceral surface will add more
pleural ﬂuid with increased pulmonary interstitial pressure.
The capacity for pleural ﬂuid absorption is thought to exceed
500 mL of ﬂuid from each cavity with an intact lymphatic
system. Thus, the net accumulation of pleural ﬂuid is the result
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of a dynamic system of ﬂuid production and absorption. Recent ultrasound studies of healthy individuals suggest that less
than 4 mm of dependent pleural ﬂuid should be considered
normal.12
Complicated parapneumonic effusions, and ultimately
empyemas, develop in three conceptual phases.7Y9 The early
phase is a sterile effusion caused by parenchymal inﬂammation
that activates mesothelial cells and enhances capillary permeability, termed exudative (days 2Y5). This is thought to be
driven by proinﬂammatory cytokines, including interleukin
8 and tumor necrosis factor->.8 Ultimately, the volume of ﬂuid
traversing into the pleural cavity exceeds the capacity to reabsorb the ﬂuid and an effusion develops. The second phase is
termed ﬁbropurulent, which is initiated by bacterial infection
(days 5Y10). At this point, the immune system is activated and
the once hypocoagulable environment is changed dramatically.
Bacterial and neutrophil activity acidify the ﬂuid, consume
glucose, increase protein content, and release lactate dehydrogenase (LDH) from cellular apoptosis and necrosis. The
environment now becomes hypercoagulable because of the
integrated responses of the innate immune and coagulation
systems.13Y15 These ﬁndings are directly relevant to the evolution of complicated effusions because the exuberant ﬁbrin
deposition is a concerted effort to control progressive infection.
The ﬁnal state of a complicated effusion is referred to as the
organization phase (days 10Y21). Fibroblasts migrate into the
pleural space and create a dense ﬁbrotic lining of the visceral
and parietal surfaces. This phase is thought to be driven by
regenerative cytokines, for example, transforming growth
factor-A and platelet-derived growth factor released primarily
from activated mesothelial cells.8,16 The net result is a progressive rind that encases the lung, reducing ventilatory capacity
and sequestering bacteria.6Y9
The objective of this management algorithm for parapneumonic ﬂuid collections (Fig. 1) is to outline cost-effective
diagnostic and therapeutic interventions in the surgical intensive care unit (SICU) based on the pathologic state of the
pleural cavity. These guidelines are derived from the published
experience with adult populations, but conceptually, the same
principles apply to the pediatric age group.17Y20
A.

The standard method to estimate the amount of pleural
ﬂuid has been the lateral decubitus chest roentgenogram.
Recent comparative studies indicate that ultrasound is a
more reliable method to quantitate a pleural effusion.21Y25
This is a grade A recommendation. As previously mentioned, an effusion measured up to 4 mm is considered
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Figure 1. Management algorithm for parapneumonic effusion.

normal.12 Furthermore, an effusion is expected to accompany severe pneumonia.7Y9 Clinical studies by Light
et al.26 indicated that infections involving an effusion of
less than 10 mm will resolve with antibiotics alone,
and this has been supported by subsequent series.27,28
This is a level I prognostic evidence. Consequently,
ultrasonography-guided thoracentesis is recommended
for effusions greater than 10 mm. This is a grade B
recommendation.
B.

Gross purulence (empyema) evident at the time of thoracentesis is unusual but constitutes an indication for
prompt video-assisted thoracoscopic surgery (VATS) decortication.7 In all other circumstances, the pleural ﬂuid
should be submitted for laboratory analysis. A common
oversight in the SICU is to pursue the distinction of an
exudative versus transudative effusion, that is, via Light’s
criteria: protein greater than 0.5 serum, LDH greater
than 0.6 serum, or LDH greater than two-thirds normal
serum.29 But the critical issue is whether the parapneumonic ﬂuid collection is infected, and most of the
pleural collections in the SICU are exudative. The most
cost-effective means to analyze this is to measure the
pH of the pleural ﬂuid using a standard blood gas analyzer, available in most SICUs. A pH less than 7.2 is
the threshold, although less than 7.3 is considered high

risk.4,7Y9,30Y34 This is a level I diagnostic evidence. A
notable exception is a Proteus infection where the pH
may exceed 7.4 because of ammonia production.8 An
alternative diagnostic criterion is a pleural ﬂuid glucose
less than 60 mg/dL when infection is suspected.3 This is
a level I diagnostic evidence. Because the evolution of
an empyema may extend for days to weeks and the early
phase is a sterile effusion, a repeat diagnostic thoracentesis should be done in any patient with a persistent unexplained systemic inﬂammatory response syndrome and
unilateral pleural effusion.7Y9
C.

A pleural pH less than 7.2 (or glucose G60 mg/dL) is
diagnostic of infection and warrants prompt tube thoracostomy. The optimal size of the chest tube remains debated,3,35,36 but a guide wire inserted 18F seems effective
in removing this hypercoaguable ﬂuid. This is a grade
B recommendation. These smaller chest tubes are associated with less chest wall pain than blunt dissectionY
inserted tubes, without compromise in clinical outcome.
The position of the chest tube, however, is important.35 The tube should be placed in the posterior
(dependent) pleural space and not within a pulmonary
ﬁssure. We have observed that the typical ‘‘trauma’’
chest tube37 introduced through the ﬁfth intercostal
space (ICS), at the midYclavicular line, favors ﬁssure
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placement. Consequently, we recommend ultrasonographyguided tube insertion via the sixth ICS. But this is based
on our unpublished experience (level V therapeutic evidence). A Gram stain and culture of the pleural ﬂuid
should be obtained at the time of tube thoracostomy to
differentiate the organism, although 20% to 40% of
the time, there is no reported identiﬁable pathogen.38Y42
More recent techniques such as countercurrent electrophoresis, latex agglutination, or bacterial DNA detection by
polymerase chain reaction should improve pathogen
identiﬁcation.9 This is currently a grade C recommendation. The most comprehensive prospective analysis
of bacteria in empyema is the United Kingdom Multicenter Intrapleural Sepsis Trial (MIST I).40,41 In empyema associated with community-acquired pneumonia,
the most common pathogen (Table 1) was Streptococcus milleri (32%), whereas if hospital acquired, it was
methicillin-resistant Staphylococcus aureus (28%). Patient characteristics, including diabetes, alcoholism,
age older than 60 years, and trauma are associated
with more anaerobic and resistant gram-positive organisms.37,38 Hospital-acquired empyema is reported
to have a fourfold greater risk of death compared with
community acquired.39 The relatively poor outcome
with S. milleri is postulated because of the frequent
presence of anaerobes.43,44 Thus, presumptive antibiotics
should be based on the type of pneumonia (community
vs. hospital acquired), the pathogens identiﬁed in the
antecedent pneumonia, and patient comorbidities.38Y44
Of note, although most antibiotics penetrate the pleura
well, aminoglycosides may be inactivated at a lower pH.45
D.

Pleural collections persisting for more than 24 hours
after adequate tube thoracostomy, conﬁrmed by ultrasonography, warrant prompt computed tomographic (CT)
imaging for evaluation of the entire thoracic space.16,29
This is diagnostic level II evidence. Delay in diagnosis
of an undrained simple ﬂuid collection allows progression to a complex multilocular process and the ﬁnal
organization stage.46 As Sahn and Light28 stated in 1989,
‘‘the sun should never set on a parapneumonic effusion’’;
early diagnosis and treatment of complicated pleural infection is essential for optimal outcomes. CT images are
crucial for the next step in the management of pleural

TABLE 1. Bacteriology of Parapneumonic Empyema
According to MIST I
Community Acquired

Hospital Acquired

S. milleri

32%

Anaerobes
Streptococcus pneumonia
Staphylococci
Enterobacteriacea
Other streptococci
Haemophilus inﬂuenzae
Proteus

16%
13%
11%
7%
7%
3%
3%
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Methicillin-resistant
Staphylococcus aureus
Other staphylococci
Enterobacteriacea
Enterococci
Anaerobes
Pseudomonas
S. milleri
Other streptococci

28%
18%
16%
13%
5%
5%
5%
5%

space infections that have not resolved with tube drainage.4,16,29,46 This is a grade B recommendation.
E.

Early recognition of a persistent pleural collection (G3
days) offers the potential to use ﬁbrinolytics to release the
trapped ﬂuid via a chest tube. Although conceptually intuitive considering the pathophysiology of empyema, ﬁbrinolytic therapy remains controversial. The ﬁrst report
of ﬁbrinolytic therapy in the pleural space was by Tillett
and Sherry47 in 1949. They infused puriﬁed hemolytic
streptococcal concentrates, presumed to contain streptokinase and deoxyribonuclease (DNase). Although apparently safe, there was no documented improvement in
patient outcome during the ensuing 60 years. The ﬁrst
randomized trial, by Davies et al.48 in 1997, demonstrated
radiographic improvement in 24 patients but no discernable clinical beneﬁt. This was followed by a number of
underpowered randomized studies in Europe, suggesting that urokinase demonstrated a therapeutic value.49Y51
These conﬂicting results led to the MIST I study,41 involving 52 hospitals in the United Kingdom with 412
randomized patients. The data indicated that 72 hours of
streptokinase treatment resulted in no improvement in
mortality, rate of surgery, or length of stay and was associated with an increased rate of serious adverse events.
This study was criticized for including a heterogeneous
mix of patients with different comorbidities and different
stages of pleural disease.52 The most recent Cochrane
review in 20096 noted that there was a discordance between earlier studies and the MIST I data and concluded
that ﬁbrinolytics should be used selectively because
there has not been a proven beneﬁt in high-quality trials;
however, the authors acknowledged that there may be
certain subgroups of patients who beneﬁt from this
therapy. Clinical studies in other arenas indicated that
tissue plasminogen activator (tPA) was a more effective
and safer agent than streptokinase or urokinase as a ﬁbrinolytic agent.53 Other studies suggested that the addition of DNase to streptokinase improves evacuation of
an empyema.54,55 Subsequently, MIST II, using tPA with
or without DNase, has been completed.56 Unfortunately,
this study (n = 210; four study groups) was only powered
sufﬁciently to evaluate radiographic changes.57 But consistent with MIST I, tPA showed no beneﬁt over no ﬁbrinolytic treatment. This is level I therapeutic evidence.
The combination of tPA and DNase, however, was
beneﬁcial in both the primary end point (radiographic
clearance) and secondary end points (need for thoracotomy, hospital length of stay). The authors responsibly
conclude, ‘‘Our study shows that combination intrapleural t-PA and DNAse therapy improves the drainage
of pleural ﬂuid in patients with pleural infection I.
This combined treatment may therefore be useful in
patients in whom standard medical management has
failed and thoracic surgery is not a treatment option.
However, appropriate trials are needed to accurately
deﬁne the treatment effects.’’
Thus, the debate continues regarding the role of
ﬁbrinolytics in the management of pleural collections.
* 2012 Lippincott Williams & Wilkins
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Figure 2. CT imaging distinguishes a simple pleural collection (left) that may respond to fibrinolytic therapy versus a complex
pleural collection that warrants prompt VATS.

Most intensivists have observed effective eradication of
early empyema in some patients but agree that the appropriate population remains ill deﬁned. On the basis of
the pathophysiology of empyema and the morbidity of
thoracotomy for delayed intervention, most think that
ﬁbrinolytic treatment should be attempted for early empyema with simple collections separated by thin septa
documented by CT scan (Fig. 2) if tube thoracotomy
drainage fails. Image-guided direct infusion of ﬁbrinolytics into the collection is superior to delivery via
the failed chest tube. The precise agent, dosage, and
timing of infusion remain to be analyzed; the combination of tPA and DNase seems to be the most effective
regimen at this time.56
F.

A critical decision is to acknowledge failure of ﬁbrinolytic therapy in favor of VATS evacuation. In general,
collections that do not have substantial improvement
after 24 hours of ﬁbrinolytic infusion should undergo

prompt VATS to avoid the need for thoracotomy.7,8,58,59
This is a grade C recommendation.
G.

Multiloculated empyemas with an established pleural
peel evident on CT scanning (Fig. 2) should undergo
prompt VATS.6 Although ‘‘medical’’ VATS using local
anesthesia has been reported,60 the standard procedure
is lateral decubitus positioning with dual lung ventilation to facilitate comprehensive evaluation of the involved pleural cavity and systematic decortication.61 A
key maneuver is to enter the pleural space without injuring the underlying lung because of extensive pleural
adhesions. An initial incision in the upper thorax, where
the empyema is least developed, is usually the safest
strategy. In most cases, we have used the existing chest
tube site to free the lung for placement of the initial port
(Fig. 3). With the thorascope in position and the lung
at least partially deﬂated, additional working ports are
added under direct vision (Fig. 4). The sites for these

Figure 3. In performing VATS, the thoracic cavity must be entered carefully to avoid tearing the lung because of firm adhesions.
We prefer to use the existing chest tube site, digitally mobilizing the adherent lung and further opening a space for the thoracoscope
with a large blunt suction tip.
* 2012 Lippincott Williams & Wilkins
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Figure 4. After successful introduction of the thoracoscope, additional port sites are added at the anticipated locations
for subsequent tube thoracostomies. Usually, the decortication can be achieved with ringed forceps.

ports are chosen to match the chest wall entrance of
the chest tubes after VATS (Fig. 5). The objectives of
VATS are to unroof all loculated collections, including
those in the ﬁssures, and to free the lung of the visceral pleural ﬁbrous encasement. Usually, the decortication is initiated in the upper lobe, where the process
is more limited, and ultimately, the ﬁbrous debris is
removed as much as possible from the lung surface to

enable reexpansion. Dissection must be done carefully
on the mediastinal side to avoid injury to the phrenic
nerve and pulmonary vasculature. Similarly, clearing
the diaphragm must be done cautiously to avoid perforation. In fact, the diaphragm does not need to be
systematically debrided as long as the lower lobe is freed.
After extensive decortication, the thorax is usually drained
with three relatively large chest tubes (28F) to facilitate

Figure 5. With advanced empyemas, we usually place three relatively large chest tubes; 28F anterior, posterior, and angled above
the diaphragm. The chest roentgenogram (left) illustrates the three tube thoracostomies and the follow-up examination at
day 6 after sequential removal of the tubes.
1376
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Figure 6. In the event that VATS is not feasible because of dense adhesions, a limited muscle-sparing thoracotomy is perfomed.
Transecting the posterior rib facilitates exposure of the fibrous cavity.

removal of debris and blood associated with the procedure
(Fig. 5). The most inferior tube is usually an angled tube
positioned in the posterior dependent recess of the chest.
H.

In the event of a dense ﬁbrous peel that precludes clearance via VATS, a limited lateral muscle-sparing thoracotomy (‘‘mini thoracotomy’’) is performed to accomplish
decortication (Fig. 6). Transecting the posterior rib facilitates exposure of the ﬁbrous cavity. Advanced empyemas
often require scalpel incision to free the lung for reexpansion; inspection of the lung with periodic reinﬂation
should be done to avoid extensive pulmonary parenchymal air leaks. In the unusual case of a chronic empyema, a standard posterolateral thoracotomy is required.
Often, the safest approach is to develop an extrapleural
plane and directly enter the empyema cavity before any
further thoracic dissection is done. After these extensive
decortications, the thorax is drained with three relatively
large chest tubes (28F), and the most inferior tube is

usually an angled tube positioned in the posterior dependent recess of the chest. Occasionally, these tubes are
simply transected to provide external drainage for outpatient management of extended processes.
Treatment of an advanced process caused by a necrotic
infected lung with associated major air leaks in a severely
immunocompromised patient warrants open thoracic
drainage. The Eloesser ﬂap, thoracic cavity marsupialization via segmental rib resection and suturing the skin
to the underlying parietal surface (Fig. 7), has been the
standard for these complicated cases.62 But recently,
simple open drainage with suturing the skin margin to
the chest wall, thoracostoma, and the application of a
vacuum-assisted wound closure have been popularized.63Y65 Ultimately, some of these wounds will heal by
secondary intention, and the remaining can be closed
with thoracomyoplasty.66,67
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Figure 7. This patient underwent an Eloesser flap open
thoracostomy for an advanced complex parapneumonic
empyema with a large pulmonary abscess.
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