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Practical management of pleural empyema
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Introduction

Pleural empyema, by definition the presence
of pus in the pleural space (not an effusion with or-
ganisms seen on Gram stain or low-pH pleural ef-
fusion, as indicated in some studies [1]), is still as-
sociated with significant morbidity and mortality
in adults and children.

It was first described in the 5th century B.C. by
Hippocrates in his aphorisms: “pleuritis that does
not clear up in fourteen days results in empyema”.
Hippocrates proposed drainage as a treatment for it
[2] and for hundreds of years empyema was treat-
ed using open drainage.

Today the treatment of empyema can be sum-
marised as appropriate antibiotic therapy combined
with medical or surgical pleural space drainage.
Traditionally, the management of empyema has
been empirical. Solid evidence based on controlled
clinical trial data to guide practice is still lacking,
but recent studies are leading to more focused man-
agement guidelines.

Epidemiology

Pleural infection affects 65,000 individuals in
the United States and United Kingdom each year

and carries a mortality of approximately 15% [3-5];
moreover some recent North American studies have
demonstrated an increasing rate of empyema with a
rise in incidence of 2.8% per year [5] and 12.4% in
2003 compared to 1995 [6]. Very young or elderly
people are more commonly afflicted with it.

Risk factors for development include diabetes
mellitus, alcohol abuse, poor dental hygiene, gas-
tro-oesophageal reflux, rheumatoid arthritis,
chronic lung disease, and intravenous drug abuse.
Approximately one third of cases occur in the ab-
sence of any identifiable risk factors [5], suggest-
ing that variation in bacterial virulence or host im-
mune defence may also play important role in
empyema development.

Empyema may develop as a complication of
pneumonia, or may follow surgery, trauma, iatro-
genic procedures, or, rarely, bronchial obstruction
from a tumour or foreign body. Pleural infection
may also occur as a ‘‘primary’’ infection, without
evidence of lung parenchymal infection.

Pathophysiologic classification and clinical
staging of pleural infection

Pleural effusion develops when the balance of
pleural fluid formation and removal is altered.
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Empyema is defined as pus in the thoracic cavity due
to pleural space infection and has a multifactorial under-
lying cause, although the majority of cases are post-bacte-
rial pneumonia. Despite treatment with antibiotics, pa-
tients with empyema have a considerable morbidity and
mortality due at least in part to inappropriate manage-
ment of the effusion.

Timely diagnosis of pleural space infection and rapid
initiation of effective pleural drainage represent funda-
mental principles for managing patients with empyema. 

Ultrasound is particularly useful to identify early fib-
rin membranes and septations in the pleural cavity condi-
tioning treatment strategy.

Empyema and large or loculated effusion with a
pH<7.20 need to be drained. 

Thoracoscopy has largely been used in pleural effu-
sion due to lung infection.

Whereas the efficacy of video-assisted thoracic
surgery (VATS) in empyema management has been
evaluated in several retrospective studies showing
favourable results, less is known about the role of med-
ical thoracoscopy (MT) in pleural infection. MT, ap-
pears to be safe and successful in multiloculated empye-
ma treatment. It is also lower in cost and in frail patients
is better tolerated than VATS which requires tracheal
intubation. 
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Pleural effusion secondary to pneumonia is termed
parapneumonic effusion. Most of these effusions
remain sterile and are resolved with antibiotic ther-
apy (uncomplicated parapneumonic effusion), but
infections of the pleural space develop in a small
subset of patients and require drainage for full re-
covery (complicated parapneumonic effusion).
Without effective drainage, complicated parapneu-
monic, effusion progresses to frank intrapleural
pus (empyema) [7].

In 2000 a panel convened by the American
College of Chest Physicians proposed guidelines
on the medical and surgical treatment of parapneu-
monic effusions, and produced an annotated table
for evaluating the risk for poor outcome.

Three variables - pleural space anatomy, pleural
fluid bacteriology, and pleural fluid chemistry - were
used in this annotated table to categorise patients in-
to four separate risk levels for poor outcome: cate-
gory 1 (very low risk), 2 (low risk), 3 (moderate
risk), and 4 (high risk). Category 4 was characterised
by the presence of pus in the pleural cavity, therefore
including ‘‘true’’ empyemas (Table 1) [8].

According to Light, empyema is usually classi-
fied as simple empyema (category 6) when there is
the presence of frank pus, single locule or free flow-
ing effusion or as complex empyema (category 7),
when there is frank pus with multiple loculation [9].

Another classification is the 1962 ATS classi-
fication [10] based on the natural history of the
disease, and still employed for its usefulness from
the clinical point of view. Empyema was subdivid-
ed into 3 stages or phases: exudative, fibro-puru-
lent, and organised. The acute or exudative phase
lasts for several days and is characterised by an ef-
fusion that is free-moving in the pleural cavity.
Progression to the fibro-purulent phase is charac-
terised by a reduced endocavitary fibrinolysis
which causes fibrin deposition on the pleural sur-
faces and by a fluid which is cloudy and viscous.

The chronic or organised phase follows on
from the fibrin and collagen deposition which cre-
ates a fibrous thickening of the pleura, a sort of

‘peel’ which traps the lung. This differentiation in-
to stages is of course a simplification of a biologi-
cal process which evolves progressively, but it is
useful in practice because the therapeutic approach
is very different in each stage.

Diagnosis

Imaging

Imaging techniques play a key role in the man-
agement of empyema. The chest X-ray, frontal and
lateral view, maintains its basic role for establish-
ing the presence and amount of pleural effusion
and for follow-up of the patients.

However, the routine use of thoracic ultrasound
(US) in patients with suspected pleural infection
should be encouraged. US is particularly helpful in
determining the nature of localised or diffuse pleur-
al opacities, and is more sensitive than X-ray in
identifying small or loculated pleural effusion [11].

Classically, no clinical or radiological findings
unequivocally identify a complicated pleural effu-
sion requiring drainage from an uncomplicated
one that might be treated with conservative man-
agement. It would be a major advance if non-inva-
sive tests were able to identify those patients who
need pleural space drainage.

Some preliminary studies do identify ultra-
sound findings such as multiple loculations (septa-
tion) and reduction of mobility of the diaphragm
correlating with prognosis [12-14].

Ultrasonography is an easy, accessible, eco-
nomical and helpful tool to identify and quantify
pleural septation at an early stage (figure 1). With
pleural ultrasonography, the pleural shadowing
seen on chest radiography or contrast enhanced
thoracic CT can be examined in greater detail. Liq-
uid loculation can be distinguished from solid
parts and septations. Another important feature is
the evaluation of diaphragmatic motility: immobil-
isation of the diaphragm can be frequently seen in
heavily septated empyemas or fibrothorax.

Table 1. - Categorizing risk for poor outcome in patients with parapneumonic effusion and empyema

Pleural Space Anatomy Pleural fluid Pleural Fluid Category Risk of poor DrainageBacteriology Chemistry Outcome

A0: Minimal, free-flowing and Bx: culture and Cx: pH unknown 1 Very low No
effusion (< 10 mm Gram stain
on lateral decubitus) results unknown

A1: Small to moderate and B0: negative and C0: pH ≥ 7.20 2 Low No
free-flowing effusion culture and
(> 10 mm and < one-half Gram stain
hemithorax

A2: Large, free-flowing or B1: postive or C1: Ph < 7.20 3 Moderate Yes
effusion (≥ one-half culture and
hemithorax) loculated Gram stain
effusion, or effusion with
thickened parietal pleura

B2: pus 4 High Yes
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A treatment strategy taking advantage of
pleural ultrasonography could be conceived as fol-
lows: in the absence of clear septation on ultra-
sonography, simple chest tube drainage could be
the standard treatment, whereas patients with clear
septation would require a form of thoracoscopy as
a first line treatment [15].

A CT scan is necessary in some cases to ascer-
tain the characteristics of the effusion, in order to
study the volume of the emithorax, the presence of
pleural thickening or adhesions and to identify as-
sociated lesions, such as tumours [11].

Thoracentesis and pleural fluid analysis

Diagnostic thoracentesis is crucial to demon-
strate the presence of pus which identifies the
empyema and it is important to remember that all
patients with a pleural effusion in association with
sepsis or a pneumonic illness require diagnostic
pleural fluid sampling [7].

Biochemical and microbiological investigation
of pleural fluid remains a complex subject. Despite
a plethora of novel approaches in biochemical
analysis, pleural fluid pH using a blood-gas ma-
chine remains an important assay to identify those
effusions (i.e. those with pH ≤ 7.2) that may re-
quire chest tube drainage or thoracoscopy [16-17].

Similarly, there are limitations on pleural fluid
microbiologial investigation. Jimènez et al.
showed that the yield of pleural fluid culture in
suspected cases of empyema is low and this is not
due solely to antibiotic use prior to thoracentesis;
pleural fluid appears to be a relatively poor sample
from a microbiologial point of view. However,
continuing to take pleural fluid cultures can prob-
ably be justified by the small subset of patients in
whom an unusual or resistant organism is identi-
fied [18].

Treatment

Treatment, as a rule, is based on antibiotic
therapy and complete drainage of the liquid to al-
low total lung re-expansion. The choice of treat-
ment in individual cases is more often guided by
available resources and the philosophy of physi-
cians, rather than scientific data, and varies con-
siderably between different hospitals, regions, and
countries.

Antibiotics

Whilst in general the selection of antibiotics
should be based on the results of blood and pleur-
al fluid cultures, given the low rate of positive re-
sults of bacteriology (~30%) in empyema antibiot-
ic therapy always starts as empirical, frequently
continues empirically and only in a minority of
cases should be adapted to the laboratory results.

Aminopenicillins, penicillins combined with
β-lactamase inhibitors (e.g. co-amoxiclav or
piperacillin-tazobactam) and cephalosporins show
good penetration of the pleural space.

Aminoglycosides should be avoided as they
have poor penetration into the pleural space and
may be inactive in the presence of pleural fluid
acidosis.

Macrolide antibiotics are not indicated unless
there is objective evidence or high clinical index of
atypical pathogens.

In community-acquired empyema, treatment
with an aminopenicillin (e.g. amoxicillin) will
cover organisms such as S pneumonia and H in-
fluenza, but a β-lactamase inhibitors as co-amoxi-
clav or metronidazole should also be given be-
cause of the frequent co-existence of penicillin-re-

Fig. 1. - Sonographic appearance of parapneumonic effusions:
(A) free effusion with the patterns of homogeneous anechoic fluid, in

which is also visible atelectatic lung;
(B) loculated effusion without septations;
(C) “complex” effusion in which multiple loculations due to fibrin

membranes are visible.
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sistant aerobes including S aureus and anaerobic
bacteria. Clindamycin achieves a good penetration
of the infected pleural space and can be used either
alone or in combination with a cephalosporin.

In hospital-acquired empyema, usually sec-
ondary to a nosocomial pneumonia, antibiotics
should be the therapy of choice to treat Gram-pos-
itive and Gram-negative aerobes and anaerobic or-
ganisms.

Recent studies have shown that there is a sig-
nificant increase in MRSA infection causing hos-
pital-acquired empyema, so empirical antibiotics
in this case should initially include cover for MR-
SA until microbiological results are available.

Intravenous administration of antibiotics is of-
ten appropriate initially but can be changed to oral
when objective clinical and biochemical improve-
ment has been observed. The duration of treatment
for pleural infection has not been assessed in de-
tailed clinical trials, however antibiotics are often
continued for at least 3 weeks and their suspension
should again be based on clinical (e.g. improve-
ment in temperature), biochemical (e.g. CRP), and
radiological response [7].

Chest tube drainage

Lack of response to antibiotics, demonstrated
by lack of clinical and radiological improvement,
is a strong indication for chest tube drainage. The
optimum size of chest tube and duration of
drainage is still under discussion.

In parapneumonic effusion, small-bore drains
(≤14 Fr) are easier to insert, more comfortable and
adequate for the drainage of infected pleural col-
lections. But this is not the case with the presence
of frank pus, where larger tubes (≥24 Fr) are need-
ed [19].

The first large multicentre study on chest drain
diameter in the treatment of pleural infection has
recently been published. The authors found no dif-
ference between small (≤10 Fr) and large (≥20 Fr)
diameter drains for any impairment in clinical out-
come except insertion discomfort [20].

Another developing area is the use of long-
term catheters, particularly for patients with locu-
lated empyema that are unsuitable for more ag-
gressive treatment [21].

Removal of the chest drain is appropriate de-
pending on two factors: first, after radiological
confirmation of successful pleural drainage, i.e. re-
duction in the size of pleural collection on the
chest x-ray or thoracic ultrasound; and second, ob-
jective evidence of sepsis resolution, i.e. improve-
ment in temperature and clinical condition and de-
creasing inflammatory markers (e.g. CRP). In-pa-
tient observation for 24 hours after drain removal
is usual, although a longer period of rehabilitation
may be necessary, as most patients will have been
unwell and in hospital for a prolonged period [7].

Failure of chest tube drainage

The presence of loculations, which are charac-
teristic of complicated parapneumonic effusion

and fibrinopurulent empyema, frequently make the
effusion resistant to drainage with a single chest
tube. In these situations, either intrapleural fibri-
nolytics, medical thoracoscopy, video-assisted tho-
racic surgery (VATS) or, in advanced cases of
chronic fibrotic empyema, open surgical decortica-
tion is used.

Intrapleural fibrinolytics

The role of intrapleural fibrinolytics remains
under discussion. Until the Multicentre Intrapleur-
al Sepsis Trial (MIST) was published, there was a
broad consensus that their use was beneficial, al-
though the existing data did not provide convinc-
ing evidence to support this.

Maskell et al showed in MIST that in an uns-
elected group of empyema patients, intrapleural
fibrinolysis through chest drains had no effect on
outcomes such as mortality and admission length
[22]. However, a more recent study published by
Misthos et al that compares tube thoracostomy
alone with tube thoracostomy and fibrinolysis,
showed that the addition of fibrinolysis decreases
the rate of surgical interventions (VATS or open
decortication), and the length of hospital stay
[23]. Similar conclusions have been reached in a
recent review performed by the Cochrane Collab-
oration. The reasons for this difference are un-
clear, but the MIST trial suffers from significant
drawbacks. One such limitation is the lack of dif-
ferentiation between patients with simple and loc-
ulated empyema by CT or US scan that may be es-
sential in selecting candidates for intrapleural fib-
rinolytics. A focus on patients with complicated
parapneumonic effusions, rather than the current
studies on heterogenous groups could clarify the
specific area in which fibrinolytics may play a
role [24].

Thoracoscopy

Thoracoscopy has been used as an alternative
to thoracotomy in pleural effusion due to lung in-
fection, because it allows the mechanical removal
of infected material and permits lung re-expan-
sion. It is possible to open multiple loculations and
aspirate the purulent liquid, removing the fibrinous
adhesions, including the layer on visceral pleura.
Therefore a single cavity can be obtained in which,
using an accurately positioned chest tube, subse-
quent local treatment is facilitated with antiseptic
solutions or fibrinolytics. Moreover, the possibili-
ty of performing pleural biopsies allows the pre-
cise aetiological definition of the disease and aids
the diagnosis of occult infections (e.g. tuberculo-
sis) or tumours causing pleural effusion [25].

Most thoracoscopic empyema treatments are
performed and described by surgeons using classi-
cal three-entry port intervention under general
anaesthesia and double-lumen intubation (VATS)
but thoracoscopic procedures also include medical
thoracoscopy (MT).
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MT can be performed by a pulmonologist in an
endoscopy suite using local anaesthetic and moderate
sedation or general anaesthesia without intubation.

US identifies an entry site for the thoracoscope
where the effusion is largest and furthest from the
diaphragm. The advantages of medical thora-
coscopy compared with VATS include lower cost
and better tolerance by frail patients who may not
tolerate general anaesthesia with tracheal intuba-
tion, which is required for VATS.

In patients with multiloculated thoracic
empyema stratified by ultrasonography and treated
early with medical thoracoscopy, a success rate of
93% was reported with a small proportion of pa-
tients needing conversion to VATS or open surgery
[15] (figure 2).

The exact application of thoracoscopy in in-
fections of the pleural cavity has yet to be estab-
lished. Its use has been proposed prior to the po-
sitioning of a thoracic drain, while another appli-
cation might be proposed only after the drain has
not been successful in determining a reduction in
temperature or the complete evacuation of pleur-
al fluid within a few days. Yet another approach
makes reference to the loculate character of the
effusion, and considers thoracoscopy appropriate
in the presence of loculated empyema. More re-
cently in the surgical field, the treatment has been
extended to chronic organising empyema, both to
clean the cavity prior to thoracotomic decortica-
tion, and for the actual decortications [25].

The studies on the role of thoracoscopy in the
infection of the pleural space deal principally with
empyema and are both medical and surgical, the
latter being the subject of more studies.

VATS in patients with fibrinopurulent effusion
demonstrate favourable results, with percentages
of primary success (meaning complete cure with-
out subsequent thoracotomy or conversion from
VATS to thoracotomy) between 60% and 100%,
and higher if the method was used without delay.

However the number of patients treated was
generally small, and few authors present case stud-
ies dealing with more than 50 patients [27].

In the surgical field there is unanimous agree-
ment regarding the advantages of VATS over tho-

racotomy, in terms of lower cost, shorter hospital-
isation, and better cosmetic results. There is, how-
ever, less agreement about the advantages of MT
over VATS in empyema, despite the former’s mini
invasiveness, lower cost and its advantages in pa-
tients with high surgical risk.

Surgical decortication

Decortication is a major thoracic operation,
frequently requiring a thoracotomy incision. It is
still indicated in cases when, 6 months after the
acute stage, the pleura is still thickened and the pa-
tient’s pulmonary function is sufficiently reduced
to limit normal activities [9].

Conclusion

Pleural empyema is undoubtedly a complex is-
sue in which some aspects have been clarified,
such as the role of imaging techniques, the func-
tion of diagnostic thoracentesis and pleural fluid
analysis, and the application of antibiotic therapy.
There are, however, many aspects still under dis-
cussion, such as the use of fibrinolytics, and the in-
dications of drainage techniques (chest tube inser-
tion and thoracoscopy) and timing of their applica-
tion.

This is true, in particular, for thoracoscopy,
surgical (VATS) [27] or medical (MT) [12], which
is certainly effective, especially in multiloculated
empyema, allowing treatment without thoracoto-
my, even if large randomised studies on it have yet
to be performed [25].

Medical thoracoscopy can play an important
role, in particular for patients in poor health at high
surgical risk. Results of recent studies on patients
with multiloculated thoracic empyema stratified
by US and treated early with MT showed that this
approach is safe, minimally invasive, and efficient
[15], provided that it is performed rapidly to avoid
chronic evolution of the disease. Further trials on
its application in empyema are still required in or-
der to provide the basis for more substantial con-
clusions.

Fig. 2. - Sonographic (A) and thoracoscopic appearance (B) of a complex septated parapneumonic effusion with fibrin membranes in the pleural cavity.
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