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Interventional Management of Pleural
Infections

John E. Heffner, MD, FCCP; Jeffrey S. Klein, MD, FCCP;
and Christopher Hampson, MD

Pleural infections represent an important group of disorders that is characterized by the invasion
of pathogens into the pleural space and the potential for rapid progression to frank empyema.
Previous epidemiologic studies have indicated that empyema is increasing in prevalence, which
underscores the importance of urgent diagnosis and effective drainage to improve clinical
outcomes. Unfortunately, limited evidence exists to guide clinicians in selecting the ideal
drainage intervention for a specific patient because of the broad variation that exists in the
intrapleural extent of infection, presence of locules, comorbid features, respiratory status, and
virulence of the underlying pathogen. Moreover, many patients experience delays in both the
recognition of infected pleural fluid and the initiation of appropriate measures to drain the
pleural space. The present review provides an update on the pathogenesis and interventional
therapy of pleural infections with an emphasis on the unique role of image-guided drainage with
small-bore catheters. (CHEST 2009; 136:1148–1159)

Abbreviations: ACCP � American College of Chest Physicians; BTS � British Thoracic Society; MIST1 �
Multicenter Intrapleural Sepsis Trial; rtPA � recombinant tissue plasminogen activator; US � ultrasonography;
VATS � video-assisted thoracoscopic surgery

I nfections of the pleural space present in a highly
variable manner and affect a heterogeneous pop-

ulation of patients with diverse underlying etiologic
conditions (Table 1). All pleural infections, however,
share in common a considerable potential for death
and lifelong morbidity.1,2 Most case series2–6 have
reported mortality rates between 7% and 33%, with
mortality rates at � 50% among elderly patients with
comorbidities.2,6–8 More recent epidemiologic stud-
ies9,10 have indicated that empyema has increased in
incidence during the last 2 decades. Hospital dis-

charge data in Washington state demonstrate an
increase in the empyema incidence rate by 2.8% per
year from 1987 to 2004.9 Similar data show a 12.4%
age-adjusted increase in the empyema incidence rate
in Canada from 1995 to 2003, which affected mostly
children and the elderly.10 An aging population,
longer survival times for immunocompromised pa-
tients and those with comorbid diseases, and chang-
ing virulence of pleural pathogens11,12 suggest that
these incidence trends will continue.

Because of the considerable mortality and morbid-
ity associated with pleural infections, experts recom-
mend13 adherence to modern principles of empyema
management that promote early diagnosis and prompt
pleural drainage. Delays in initiating effective drainage
prolong hospital stays, increase the likelihood that more
invasive drainage procedures will be required, and
increase mortality and morbidity.3,14,15 Unfortunately,
studies3,14,15 have demonstrated that physicians com-
monly delay diagnosis and drainage for patients with
pleural infections. These delays may occur because no
clinical features or laboratory studies clearly identify
which patients with pneumonia have pleural infections.
Consequently, every patient who is at risk for pleural
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infections should undergo an initial evaluation to detect
pleural fluid, determine the likelihood that the fluid is
infected, and ensure prompt drainage when indicated.

The present review summarizes the pathophysio-
logic principles of empyema formation, classification
and staging systems for empyema, and the relative
value of different approaches to draining the pleural
space. Image-guided small-bore catheter drainage
receives special emphasis because of the unique value
it provides for patients with both nonloculated and
complex multiloculated infected pleural effusions.

Pathophysiologic Classification and
Clinical Staging of Pleural Infections

Pleural effusions develop when the balance of
pleural fluid formation and removal is altered. Pleu-
ral effusions secondary to pneumonia are termed
parapneumonic effusions. Most of these effusions
remain sterile and resolve with antibiotic therapy
(termed uncomplicated parapneumonic effusions),
but infections of the pleural space develop in a small
subset of patients and require drainage for full
recovery (termed complicated parapneumonic effu-
sions). Without effective drainage, complicated para-

pneumonic effusions progress to frank intrapleural
pus, which defines the presence of an empyema.
This progression may occur rapidly over a few days
and necessitate surgical drainage (Fig 1).

Progression to empyema occurs in three phases.16

The exudative phase develops when inflammatory
fluid enters the pleural space across vascular and
visceral pleural membranes that have increased per-
meability due to pneumonia. Pleural fluid is nonvis-
cous, free-flowing, and readily drained by thoracen-
tesis or chest tube. Unremitting inflammation deposits
fibrin that coats the visceral pleura and promotes the
formation of locules that impede lung reexpansion
during attempts at fluid drainage. Pleural fluid be-
comes purulent and increasingly viscous. This fibrin-
opurulent phase may respond to therapy with anti-
biotics and chest tube drainage but often requires
intervention to break down adhesions. If a fibropu-
rulent effusion remains undrained, fibroblasts even-
tually deposit fibrotic tissue that encases the lung in
inelastic peels. At this organizing phase, resolution of
the empyema requires surgical procedures to drain
pus, obliterate the empyema space, and reexpand the
lung.

The three phases of empyema represent a contin-
uum of events with no clear demarcations. Biomar-
kers, such as pleural fluid pH, glucose, and lactate
dehydrogenase, have been proposed to classify pa-
tients into a phase to guide therapy.17 The American
College of Chest Physicians (ACCP)13 and the Brit-
ish Thoracic Society (BTS)5 recommend these and
other biomarkers for staging pleural infections and
linking each stage with prognosis and treatment
(Tables 2, 3). Because experts agree that intrapleural
pus must be drained, staging systems provide value
for guiding the management of nonpurulent effu-
sions. Limited retrospective data exist18 to establish
that both the BTS and ACCP systems have high

Table 1—Underlying Etiologic Conditions for Pleural
Space Infections

Community-acquired and health-care-associated pneumonia
Bronchial obstruction from tumor or foreign body
Ruptured lung abscess
Bronchiectasis
Thoracic and abdominal surgery
Chest and abdominal trauma
Thoracic interventional procedures, such as thoracentesis and

esophagoscopy
Primary pleural infection from hematogenous spread
Extension of infection from neck, abdomen, or mediastinum

Figure 1. Serial chest radiographs and CT scan images demonstrating rapid progression of infected pleural fluid to an empyema that
required surgical drainage. A: a chest radiograph obtained at hospital admission demonstrates a right pleural effusion and parenchymal
density at the right lung base. Therapy with antibiotics was begun, but thoracentesis was not performed. The effusion became massive
3 days later (B) when a noncontrasted CT scan (C) demonstrated multiple locules that contained viscous pus during surgical drainage.
Without contrast, the CT scan could not clearly differentiate in some areas between loculated fluid and lung consolidation.
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sensitivity but only moderate specificity for identify-
ing patients with nonpurulent effusions who require
drainage.

Of note, these staging systems only apply to parap-
neumonic effusions. Parapneumonic effusions repre-
sent the most common cause of exudative effusions
and occur in 20 to 57% of hospitalized patients with
pneumonia.17 Empyemas occur in 1 to 5% of hospi-
talized patients with parapneumonic effusions.19,20

Causes of pleural infections other than pneumonia
have a more complex pathophysiology. For instance,
pleural infections after chest trauma develop within
altered anatomic planes, and tissue hemorrhage ac-
celerates intrapleural locules and complicates pleural
fluid drainage. Staging systems provide only general
roadmaps for managing infected effusions affecting
patients without pneumonia (Table 1).

Therapeutic Approaches to Pleural
Infections

Recommendations for managing pleural infections
are limited because of the shortcomings of the

evidence base. Clinical guidelines make general rec-
ommendations for managing pleural infections,5,13

but none provides explicit suggestions for specific
therapies based on the unique clinical features of the
patients, underlying etiologies, and phase of empy-
ema. Most treatment studies have observational de-
signs. The few available randomized controlled trials
enrolled small numbers of patients, aggregated di-
verse etiologies of empyema, did not explicitly stage
pleural infections, and seldom used best practices in
all study arms. Consequently, the patterns for treat-
ing individual patients typically derive from local
institutional expertise and preferences and demon-
strate considerable variation.

It is important, therefore, for physician groups to
assess the clinical outcomes of the approaches they
adopt and ensure that their outcomes match those
reported in the literature. Basic principles of man-
agement (ie, rapid detection of infected pleural fluid
and prompt, complete drainage when necessary) are
often more important than the specific procedures
used. The complexity of the conditions of these
patients and the availability of advanced imaging and

Table 3—BTS Stages of Parapneumonic Effusions

Fluid Characteristics Simple Parapneumonic Effusions
Complicated

Parapneumonic Effusions Empyema

Macroscopic appearance Clear Clear or cloudy/turbid Pus
Fluid analysis

pH � 7.20 � 7.20
Lactate dehydrogenase

concentrations
� 1,000 IU/L � 1,000 IU/L

Glucose concentration � 40 mg/dL � 40 mg/dL May be positive on Gram stain/
culture

Gram stain No organisms found on Gram stain or culture May be positive on Gram
stain and/or culture

Comments Usually resolves with antibiotics alone;
perform chest tube drainage for symptom
relief if required

Requires chest tube
drainage

Requires chest tube drainage; no
biochemical tests necessary;
pH measurements not
necessary

The table was modified from the work of Davies et al.5

Table 2—ACCP System for Staging Pleural Infections and Recommending Drainage

Effusion Stage Pleural Space Features Bacteriology
Pleural Fluid

Chemistry Thoracentesis/Drainage

I (uncomplicated
parapneumonic)

Minimal, free-flowing effusion
(� 10 mm on lateral decubitus)

Culture and Gram stain
results unknown

pH unknown No/No

II (uncomplicated
parapneumonic)

Small-to-moderate free-flowing
effusion (� 10 mm and less than
one-half hemithorax)

Negative culture and
Gram stain

pH � 7.20 or glucose
� 60 mg/dL

Yes/No

III (complicated
parapneumonic)

Large, free-flowing effusion (one-half
hemithorax or greater); loculated
effusion; effusion with thickened
parietal pleura

Positive culture or
Gram stain

pH � 7.20 or glucose
� 60 mg/dL

Yes/Yes

IV (empyema) Pus Tests not indicated Yes/Yes

Note: Uncomplicated parapneumonic effusions left undrained should have thoracentesis repeated if the effusion enlarges or the clinical condition
deteriorates. Modified from the work of Colice et al.13
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therapeutic interventions warrant a multidisciplinary
approach that coordinates pulmonary, thoracic sur-
gery, and interventional radiology expertise. If pleu-
ral drainage is initiated, modifications of the treat-
ment plan should occur based on early and frequent
monitoring of the adequacy of drainage. Serial tho-
racenteses, blind or image-guided insertion of large-
caliber or small-caliber chest tubes, intrapleural fi-
brinolytic therapy, thoracoscopy, and thoracotomy
are the available drainage techniques. Advanced
imaging studies play an important role in applying
each of these modalities.

Serial Thoracentesis

When the clinical presentation and pleural fluid
analysis do not establish a clear indication for pleural
fluid drainage, the ACCP guidelines recommend
repeating diagnostic thoracentesis to measure pleu-
ral fluid biomarkers again and reassess the need for
drainage.13 No outcome data, however, validate this
approach. Some centers recommend daily therapeu-
tic thoracentesis with or without pleural lavage when
infected effusions reaccumulate after initial thora-
centesis to allow patients with free-flowing fluid or
single pleural locules to avoid chest tube or surgical
drainage until antibiotics resolve the infection.21–23

Serial thoracentesis also allows outpatient manage-
ment.23 This approach may require an average of
eight thoracenteses in � 2 to 4 weeks.21,22 Most
experts avoid repeating multiple thoracenteses be-
cause more effective and minimally invasive drainage
procedures using small-bore catheters allow faster
recovery and shorter hospital stays.

Chest Tube Drainage

Insertion of a chest tube into the pleural space
represents the traditional approach to draining in-

fected pleural fluid. Chest tubes vary in size but can
be classified as large-bore (� 24F to 34F) or small-
bore (8F to 24F). They can be inserted without
imaging guidance by a “blind” technique that directs
the tube toward dependent regions of pleural fluid.24

Alternatively, tubes can be guided by fluoroscopy,
ultrasonography (US), or CT imaging.25–27 Tech-
niques for the insertion of chest tubes include
intercostal incisions (for large-bore tubes) or use of a
trocar or Seldinger technique (8F to 28F tubes).
Complete reexpansion of the lung, as demonstrated
by repeat imaging, resolution of clinical and labora-
tory signs of infection, and avoidance of surgical
drainage define successful drainage.

For patients with viscous pleural pus, the surgical
tradition recommends the use of large-bore chest
tubes (28F to 32F) to ensure adequate drainage.28,29

In vitro studies30 support this recommendation by
demonstrating lower flow rates of viscous secretions
through smaller bore tubes. Multiple uncontrolled
clinical studies, however, indicate that small-bore pig-
tail catheters (� 12F) can successfully drain infected
pleural fluid, including loculated empyemas, in 70% to
100% of instances (Fig 2).24,25,31–42 Keeling et al31

observed similar dwell times for patients treated with
8F to 12F catheters for empyema compared with
noninfectious causes of pleural effusions. Six to 20% of
patients treated initially with small-bore catheters even-
tually require surgical drainage.25,31,43

Several factors promote the efficacy of small-bore
catheters. Most case series of successful outcomes
emphasize the importance of monitoring chest tube
function and flushing tubes with a saline solution
several times a day.44 Malfunctioning tubes are imme-
diately repositioned or replaced. Many studies37,45 aug-
mented pleural drainage by the use of intrapleural
fibrinolytic drugs (eg, urokinase, streptokinase, recom-
binant tissue plasminogen activator [rtPA]) to lyse

Figure 2. Portable chest radiograph (A) shows dense airspace consolidation in the left lower lobe and
lingula with fluid tracking laterally (arrows). The patient underwent image-guided drainage of thick pus
with a small-bore catheter. A sagittal sonographic image (B, cephalad to the left of the image) shows
no residual fluid. The sonogram (B) demonstrates the echogenic visceral pleural line peripherally
(arrows).
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fibrin adhesions (see next section). Most reports31

emphasize the importance of replacing 8F to 12F
catheters with larger bore tubes (upsizing) if initial fluid
drainage appears to be incomplete. Interventional ra-
diologists can insert catheters up to 28F by image-
guided trocar or Seldinger techniques (Fig 3).

Most reports25,31,33–36,38,40,45 of the successful use of
small-bore catheters recommend image guidance to

ensure the placement of catheters in the most depen-
dent fluid regions. Although one report37 inserted
initial small-bore catheters without image guidance,
subsequent catheters were directed by imaging if re-
sidual fluid remained undrained. Image guidance al-
lows placement of several catheters for multiple non-
communicating pleural fluid collections36 including
associated extrathoracic abscesses (Fig 4). Some cen-

Figure 3. A frontal chest radiograph (A) and a lateral chest radiograph (B) show a lenticularly shaped right posterolateral pleura-based
opacity (*) with a small density in the upper major fissure (arrow in B). Both densities were demonstrated by CT scanning to be
intrapleural locules. The apparent elevation of the right diaphragm suggests a subpulmonic effusion. A contrast-enhanced CT scan
through the lower chest (C) shows a multiloculated right pleural collection. A CT scan obtained during the placement of a 28F drainage
tube (D) shows a tube positioned within the dependent region of the fluid collection. The patient recovered without additional
interventions and had minimal residual pleural thickening 19 days later (E).

Figure 4. A patient with pleural empyema complicating a subcapsular hepatic abscess. A delayed
postcontrast CT scan (A) demonstrates the posterior empyema with associated passive atelectasis of the
right lung base and parietal pleural thickening (black arrow) visible. Image-guided catheters were
placed for the anterior hepatic abscess and associated posterior empyema (catheter not shown), which
resulted in complete resolution with minimal residual pleural thickening and parenchymal scarring
seen on a CT scan image (B) 5 months later.
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ters augment tube drainage with serial image-guided
thoracentesis of residual fluid or noncommunicating
locules.45 Imaging can be performed before chest
catheter insertion,45 although most centers perform
real-time imaging with CT scanning or US (Fig 5) and
monitor drainage effectiveness with repeat studies.
Complications occur in 3% of patients treated with
image-guided small-bore catheters.25,31,43,46 Pigtail
catheter dislodgement rates are 8 to 13%.31,43

Because of the absence of prospective random-
ized trials comparing tubes of different sizes, some
experts recommend5,29,47 initial drainage by large-
bore tubes. Tubes as large as 28F, however, can be
placed by CT scan-guided or US-guided percutane-
ous techniques, and image guidance appears to be
the most important factor for successful drainage.
Blind tube insertion has moderate success (� 50%)
even with the placement of large-bore tubes.22,39,48

Solaini et al49 reported a lower success rate of 12%
for unguided large-bore tubes for patients with
ACCP stage 3 or 4 pleural infections. Failure is
attributed to the misplacement of tubes distant from
pleural locules, multiple noncommunicating locules,
tube kinking, or obstruction by secretions. Compli-
cations, which include hemorrhage; perforation of
the diaphragm, lung, or abdominal viscera; and tube
misplacement into fissures or extrapleural tissue
planes, develop in up to 20% of patients undergoing
blind chest tube insertion.43 Blind chest tube inser-
tion is now reserved for patients with large, free-
flowing effusions at institutions that lack the re-
sources for image-guided drainage.

Fibrinolytic Therapy

When an infected pleural space progresses to
the fibrinopurulent phase, fibrin creates intrapleu-

ral locules that impede chest tube drainage. In-
trapleural instillation of fibrinolytic drugs offers a
theoretical benefit for lysing fibrin adhesions,
promoting pleural drainage, and avoiding surgery.
Small studies have reported the beneficial effects of
therapy with streptokinase, urokinase, and rtPA for
avoiding surgery,50 promoting catheter drainage,51

and improving the radiographic appearance45,52 of
loculated effusions. Based on early reports of effi-
cacy, the BTS5,53 and the ACCP guidelines13 recom-
mend fibrinolytic drugs as management options.

Most positive studies of fibrinolytic therapy, how-
ever, have retrospective, uncontrolled designs or
randomized designs with small sample sizes. In 2005,
Maskell et al20 published the findings of the Multi-
center Intrapleural Sepsis Trial (MIST1), which
remains the largest randomized controlled trial of
fibrinolytic therapy. Study centers placed small-bore
chest tubes (median size, 12F) without image guid-
ance in 427 patients with complicated parapneumo-
nic effusions (pleural fluid pH � 7.20, with signs of
infection, or positive findings from a pleural fluid
Gram stain or culture) or frank empyema and in-
stilled streptokinase or placebo. The trial noted no
benefits from streptokinase administration in terms of
survival, decreased hospital stay, or need for surgery.

The MIST1 study design, however, limited its
generalizability.54 Patients did not undergo CT scan-
ning or US imaging to identify locules or place chest
tubes, and correct tube positioning was not con-
firmed after placement. Standardized protocols
were not used to direct antibiotic or other treat-
ments or to select patients who had not responded
to fibrinolysis for surgery, which was a major end
point. Streptokinase was mailed to study centers after
randomization, which delayed fibrinolysis. Streptoki-
nase was instilled routinely in all patients regard-
less of the adequacy of the initial chest drainage.
Because most patients with parapneumonic effu-
sions do not have loculated effusions, the overuse of
fibrinolytic therapy may have obscured any efficacy
achieved in subsets of patients with loculated effu-
sions. Also, streptokinase often loses effectiveness
due to immune-mediated neutralization.

Some centers now use rtPA for fibrinolysis.
Walker et al55 first reported the apparent benefits of
rtPA in a patient with empyema. Subsequently,
Skeete et al56 instilled rtPA through surgical chest
tubes into 42 patients with a variety of pleural
conditions, of which 12 were empyemas. They re-
ported accelerated radiographic improvement and
clinical benefit. Levinson and Pennington37 used
fibrinolytic therapy for 30 patients with largely mul-
tiloculated pleural infections; 20 patients received
rtPA through small-bore, image-guided chest tubes.
The mean length of hospital stay was 11 days, and no

Figure 5. Pleural imaging (superior to left of image) during
sonographically guided tube (T) drainage of an empyema (E)
with multiple septations (S). L � lung.
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patient required surgical drainage. Gervais et al45

reported their experience with rtPA instilled through
image-guided 8.5F to 16F catheters in 66 patients, of
whom 53 had empyemas or complicated parapneu-
monic effusions. In the study by Gervais et al,45

patients were selected for fibrinolysis if the initial
pleural fluid drainage was incomplete. The overall
success rate was 86%, although the outcomes were
not specifically reported for the 53 patients with
pleural infections. Based on CT imaging studies
obtained before chest tube insertion that demon-
strated multiple locules, the authors opined that
rtPA successfully drained effusions that would oth-
erwise have required surgery.

Since the publication of the MIST1 findings, two
metaanalyses57,58 appraised the evidence for fibrino-
lytic therapy and drew similar conclusions. The current
evidence does not support routine fibrinolytic therapy
for unselected patients with parapneumonic effusions.
Because of the significant heterogeneity of the treat-
ment effects among the trials, however, subgroups of
patients with loculated or septated infected pleural
effusions may benefit. As a prudent approach, pending
future clinical trials would reserve therapy with fibrino-
lytic drugs for patients whose pleural effusions fail to
drain completely after initial catheter insertion. Chest
tubes should be sized appropriately for the fluid viscos-
ity, with timely catheter upsizing performed as needed
(Fig 6). Definitive surgical drainage should not be
delayed for appropriate operative candidates if fibrino-
lysis fails to drain the effusion rapidly and completely.59

The viscosity of pus is largely attributable to its
deoxyribose nucleoprotein content. Fibrinolytic
drugs have negligible effects on decreasing the vis-
cosity of empyema pus in contrast to agents that
depolymerize DNA, such as human recombinant
deoxyribonuclease.60 Recombinant deoxyribonucle-
ase has been reported61 to improve drainage in a
single patient who did not respond to fibrinolytic
therapy.

The complications of fibrinolysis include chest
pain, fever, hemothorax, hematuria, and allergic
reactions to streptokinase (Fig 7).20,56 With the use
of rtPA, systemic hemorrhage has not been reported
except in patients receiving concomitant full-dose
anticoagulation.45 A Cochrane review58 reported that
intrapleural fibrinolytic therapy has not been shown
to increase the number of adverse events resulting
from chest tube drainage, but the confidence inter-
val around this observation is too wide to firmly
exclude this possibility.

Thoracoscopy

Thoracoscopy provides minimally invasive access
to the pleural space for patients with free-flowing or
multiloculated effusions to suction viscous pleural
fluid, lyse adhesions to promote drainage of locules,
and place chest tubes in dependent regions of
pleural fluid under direct visualization. Visual in-
spection of the pleural space after debridement
determines whether patients should be converted to
therapy with decortication by thoracotomy; the in-
ability of the reinflated lung to expand to the chest
wall and diaphragm indicates an unsuccessful thora-
coscopy and a need for thoracotomy.62 The advan-
tages of thoracoscopic pleural drainage compared
with thoracotomy include less postoperative pain,
lower costs, shorter hospital stays, and better cos-
metic results. Available thoracoscopic procedures
include medical thoracoscopy and video-assisted
thoracoscopic surgery (VATS).

Medical thoracoscopy can drain some established
empyemas.63,64 Pulmonary physicians or surgeons
can perform the procedure in endoscopy suites using
local anesthetics and moderate sedation. US identi-
fies an entry site for the thoracoscope where the
effusion is the largest and most distant from the
diaphragm.28 The advantages of medical thoracos-
copy compared with VATS include lower cost and

Figure 6. Chest CT scan image of a multiloculated empyema (A) that required percutaneous
placement of a large-bore catheter. After subsequent instillation of rtPA, a contrast-enhanced scan (B)
at the level of the aortic arch shows the tube in the pleural space posteriorly with minimal residual
pleural fluid or thickening (white curved arrows) and regions of edema (black curved arrows) of the
extrapleural fat (black straight arrows), a finding often seen on CT scans of patients with empyema.
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better tolerance by frail patients who may not toler-
ate lung deflation, which is required for VATS.65,66

For carefully selected patients with fibrinopurulent
pleural infections and locules within reach of the
thoracoscope, medical thoracoscopy has a reported
success rate of 93% with a small proportion of
patients needing conversion to VATS or open surgi-
cal drainage.28

A thoracic surgeon performs VATS with patients
under general anesthesia using a three-entry port
and a double-lumen endotracheal tube, although
local or regional anesthesia and two-port approaches
have been reported.67 Decortication and pleurec-
tomy can be performed. VATS provides wide access
to the pleural space in many patients but may be
inadequate to reach all fluid collections for advanced
empyemas and dense adhesions or widely distributed
locules.62 The overall success rate, as defined by
complete recovery without requiring thoracotomy, is
60 to 100% for fibrinopurulent effusions.68–71 Many
centers reserve VATS for the treatment of patients
with fibrinopurulent effusions,72 although some sur-
geons initially treat empyemas in the organizing
phase with VATS, with conversion to thoracotomy if
necessary.62,73–75 Roberts62 has supported this ap-
proach by emphasizing that preoperative evaluations
cannot establish with certainty the phase of a pleural
space infection, which requires assessment under
direct VATS visualization. The series of patients with
fibrinopurulent or organizing empyemas treated
initially by VATS had a success rate of 38% and a
hospital mortality rate of 6.6%. All of the deaths
occurred in those patients who did not respond to
treatment with VATS and who then required
thoracotomy.

No large randomized studies directly compare the
utility of chest tube drainage with or without fibrino-
lytic therapy vs thoracoscopy.68 A small, randomized
trial76 compared chest tube drainage plus fibrinolytic
therapy with VATS and found shorter hospitaliza-
tions with VATS. This study was limited by its small
size and methodological problems.77 Another ran-
domized trial78 of 70 patients compared treatment
with VATS with chest tube drainage without fibrino-
lytic therapy and observed shorter hospitalizations
and less need for open decortication after primary
treatment with VATS. Chest tubes were placed
without image guidance, however, and the clinicians
who made the treatment decisions were not blinded.
Epidemiologic data from the state of Washington9

noted a lower overall mortality for patients with
empyema from 1987 to 2004, during which time
progressively more patients underwent surgical
drainage (either thoracotomy or thoracoscopy), as
opposed to chest tube drainage. Patients treated with
chest tube drainage, however, most likely underwent
standard incisional chest tube insertion without im-
age guidance. Modern protocols calling for the early
use of small-bore, image-guided catheters may com-
pare more favorably with VATS in future trials.

In the absence of data from adequate trials, the
decision to proceed directly to thoracoscopy vs an
initial trial of chest tube drainage remains ill de-
fined.49 Some experts79,80 have proposed initial tho-
racoscopy for all patients with fibrinopurulent or
organized empyemas, while others81 have recom-
mended a trial of image-guided catheter drainage
with or without fibrinolytic therapy. Regardless of
the approach, definitive surgical drainage should not
be delayed inappropriately if initial drainage by chest

Figure 7. Hemothorax complicating intrapleural instillation of rtPA for a loculated empyema. An unenhanced CT scan (A) shows right
anterior, posterolateral, and paraspinal and small left pleural fluid collections with a pigtail catheter entering the right chest wall (arrow)
with its tip terminating in the posterolateral fluid collection (not shown in A). Intrapleural rtPA was instilled into the anterior fluid
collection through a second pigtail catheter. Three days later (B), the anterior collection drained but posterolateral collection persisted.
After the instillation of additional rtPA, pleural drainage became bloody, and a repeat unenhanced CT scan (C) demonstrated a large,
anterior fluid collection with high-attenuation material dependently (black arrow) reflecting a loculated hemothorax that displaced the
anterior catheter (white arrows). The posterior fluid collection in C increased slightly compared with B, suggesting posterior accumulation
of blood from the anterior hemorrhage. This series of images demonstrates the difficulty in establishing by CT scan whether different
pleural fluid collections intercommunicate.
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tubes proves unsuccessful.81 Experts variably define
the acceptable durations of catheter trials before
thoracoscopy as 1 to 7 days.5,29,36,53,59,79 The disad-
vantages of delaying thoracoscopy for a catheter trial
are ill defined. One study observed that primary
therapy with VATS for the drainage of complicated
parapneumonic effusions had a higher success rate
compared with secondary VATS after a failed trial of
catheter drainage with fibrinolysis.82 The viewpoints
of the patients regarding the risks and benefits of
attempting chest tube drainage in an effort to avoid
surgery should enter into decision making. In our
experience, the failure to aspirate pleural fluid through

an initial image-guided thoracentesis warrants imme-
diate referral to VATS (Fig 8).

Thoracotomy, Decortication, and Open Drainage

Complete or partial decortication through a full or
limited thoracotomy can evacuate intrapleural pus
and remove fibrous tissue that coats the visceral and
parietal pleura and prevents lung reexpansion.83

Thoracotomy remains the main salvage procedure
after unsuccessful thoracoscopy, as defined by the
failure of lung expansion to the chest wall.62,72,84

Performed in appropriate operative candidates, the

Figure 8. A patient with a right-sided empyema underwent VATS because fluid was loculated and
could not be sampled by diagnostic thoracentesis. The postoperative chest radiograph (A) demon-
strated large-bore chest tubes, and left upper lobe fibronodular densities and apical pleural capping
consistent with the previously treated tuberculosis of the patient. A postoperative CT scan (B)
demonstrated residual fluid, which drained subsequently through the superiorly placed chest tubes (not
shown in B). The CT scan (B) demonstrates the split pleura sign with separation of the contrast-
enhanced visceral and parietal pleura (black arrows), which suggests intrapleural infection. The CT scan
also shows expansion of the extrapleural fat (white arrow).

Figure 9. A patient with a chronic left-sided empyema and bronchopleural fistula due to recurrent
pneumonia underwent drainage of pleural pus with a large-bore chest tube. The initial chest CT scan
(A) also shows middle and right lower lobe airspace opacities and a chronic right effusion that was not
infected at the time. There is left visceral pleural thickening (arrows) with a left pneumothorax (ptx) and
lobulated parietal pleural thickening. Several months after removal of the chest tube, another CT scan
(B) showed a high-density, left-sided pleural fluid with no reexpansion of the left lung and a thick
parietal pleura (arrow). The right effusion has increased in size with passive right lower lobe atelectasis,
with associated parietal pleural thickening (arrow) due to intrapleural infection. The patient underwent
open drainage of the left effusion and placement of a right intrapleural catheter.
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mortality rate is 3% to 10%85,86 with a median postsur-
gery hospital stay of 7 days.85 Patients with organized
empyemas who cannot tolerate thoracotomy or have
trapped lungs can undergo rib resection with open
drainage. Pus drains through a chest wound placed for
� 6 months.5,87–89 Chronic empyemas with broncho-
pleural fistulas also may require long-term open drain-
age to prevent persistent pleural suppuration when pa-
tients are treated with chest tube drainage alone (Fig 9).
Recently, the use of an image-guided, small-bore cath-
eter has been described90 for the long-term drainage of
chronic empyemas that are not amenable to surgery.

Decortication by thoracotomy is also indicated for
seriously ill and toxic patients with associated medi-
astinitis or bronchopleural fistulas who require me-
diastinal drainage or fistula closure.72 Also, some
experts72 recommend proceeding directly to thora-
cotomy (or VATS in selected instances) without prior
chest tube drainage for toxic patients with virulent
multi-drug-resistant pathogens and multiorgan dys-
function, who have a high mortality rate and may
benefit from immediate drainage.

Conclusion

Modern principles of managing pleural space infec-
tions emphasize the importance of the early detection
of effusions in patients with pneumonia, and the
prompt drainage of complicated parapneumonic effu-
sions and empyemas. Delays in effective drainage
increase morbidity and mortality. As outlined in this
review, multiple interventions exist to detect and drain
pleural fluid with limited data from rigorous clinical
trials to establish the superiority of any single approach.
Clinicians should establish standardized protocols in
their institutions for early identification and management
based on available expertise and resources. Regardless of
the approach adopted, measured outcomes should match
the best practices reported in the literature.
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