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Abstract: Pleural infection in adults has considerable morbidity and continues to be a life- 
threatening condition. The term “pleural infection” encompasses complicated parapneumonic 
effusions and primary pleural infections, and includes but is not limited to empyema, which 
refers to collection of pus in the pleural cavity. The incidence of pleural infection in adults 
has been continuously increasing over the past two decades, particularly in older adults, and 
most of such patients have comorbidities. Management of pleural infection requires pro-
longed duration of hospitalization (average 14 days). There are recognized differences in 
microbial etiology of pleural infection depending on whether the infection was acquired in 
the community or in a health-care setting. Anaerobic bacteria are acknowledged as a major 
cause of pleural infection, and thus anaerobic coverage in antibiotic regimens for pleural 
infection is mandatory. The key components of managing pleural infection are appropriate 
antimicrobial therapy and chest-tube drainage. In patients who fail medical therapy by 
manifesting persistent sepsis despite standard measures, surgical intervention to clear the 
infected space or intrapleural fibrinolytic therapy (in poor surgical candidates) are recom-
mended. Recent studies have explored the role of early intrapleural fibrinolytics or first-line 
surgery, but due to considerable costs of such interventions and the lack of convincing 
evidence of improved outcomes with early use, early intervention cannot be recommended, 
and further evidence is awaited from ongoing studies. Other areas of research include the role 
of routine molecular testing of infected pleural fluid in improving the rate of identification of 
causative organisms. Other research topics include the benefit of such interventions as 
medical thoracoscopy, high-volume pleural irrigation with saline/antiseptic solution, and 
repeated thoracentesis (as opposed to chest-tube drainage) in reducing morbidity and 
improving outcomes of pleural infection. This review summarizes current knowledge and 
practice in managing pleural infection and future research directions. 
Keywords: pleural infection, empyema, respiratory infections, pneumonia

Background
Pleural space infection is a serious medical condition that was first described by 
physicians in ancient Egypt more than 4,000 years ago.1,2 Pleural infection was 
a fatal disease up until the introduction of closed-tube drainage for treatment of 
empyema in the late 19th century, which resulted in a substantial reduction in 
mortality.3 Another leap in managing pleural infection was the discovery of anti-
biotics in the first half of the 20th century, which saw a steady decline in fatalities 
from the condition.4 However, pleural infection continues to cause considerable 
morbidity and remains a life-threatening disease, with up to 15% of such patients 
presenting to medical care in a critical state requiring organ support.5,6
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The terminology to describe pleural infection has var-
ied over time, with terms describing the presumed under-
lying etiology or physical appearance of infected fluid. 
The disease is termed “complicated parapneumonic effu-
sion” to separate it from simple (uninfected) parapneumo-
nic effusions that accompany up to half the cases of 
pneumonia.7 These terms do not cover primary pleural 
infections occurring without contiguous lung infection, 
which make up almost two-thirds of the disease burden.8 

“Empyema thoracis” is a term used to describe accumula-
tion of pus in the pleural space, but it is recognized now 
that infected fluid can appear serous or turbid, with diag-
nosis confirmed on biochemical and/or microbiological 
tests. It has even been found that nonpurulent infections 
herald worse prognosis.9,10 Therefore, “pleural infection” 
is an all-encompassing term that is preferred in current 
literature.

This review aims to provide an overview of different 
aspects of the etiology and management of adult pleural 
infection, providing an update on diagnosis and treatment 
and highlighting knowledge gaps and future research 
directions. We do not cover pleural infection due to 
tuberculosis.

Epidemiology
Epidemiological studies from North America,11,12 Western 
Europe,13,14 and East Asia15 have shown that incidence of 
pleural infection in the second decade of the 21st century 
is 6.7–9.9 cases per 100,000 population. The incidence of 
pleural infection nearly doubled from the first to 
the second decade of the 21st century.11,12,14

In Europe, the US, Canada, and Australia,5,6,8,13,14,16 

the average age of patients diagnosed with pleural infec-
tion is 58–63 years. However, a recent systematic review 
pointed out a discrepancy in the age bracket of adult 
patients with pleural infection between high-income and 
low(er)-income countries, where patients in the latter 
group tended to be 15 years younger on average.17 The 
same systematic review found high prevalence of comor-
bidity in patients with pleural infection (median preva-
lence 72%), with no difference in prevalence between 
patients from high-income and lower-income countries.

Treating pleural infection requires long hospital admis-
sion, averaging 14–17 days.5,6,11,14,18 Together with the 
high comorbidity burden, the increasing use of expensive 
medications, and increasing rates of referral to surgery15 

translate into high health-care costs of managing pleural 
infection.6,15 Despite this increasing economic burden, the 

last decade has seen the rate of fatal pleural infection 
double,12 with a similar rise in 30-day mortality rates.14

Pathophysiology
It is estimated that 20%–50% of patients with community- 
acquired pneumonia (CAP) have evidence of parapneumo-
nic effusion. However, only a small proportion of patients 
with CAP develop true pleural infection.19 Factors predic-
tive of this complication are not entirely understood. The 
currently reported incidence is skewed toward older age- 
groups, which tend to be correlated with more multimor-
bidity and immunosuppressed states.14,20,21 The latter 
could also be a factor associated with the relatively high 
mortality reported in adult disease, which contrasts with 
the incidence and mortality profile of pleural infection in 
children.22

In one study, pneumonia severity was not shown to 
predict evolution of pleural infection, but CRP >100 mg/L, 
platelet count >400,000/µL, serum albumin <3 g/dL, 
serum sodium <130 mmol/L, and substance abuse (intra-
venous drugs/alcohol) were predictive.23 Other predispos-
ing factors include diabetes, severe liver disease, renal 
dysfunction, and immunodeficiency. Smokers have been 
found to have a relatively higher incidence of parapneu-
monic effusion, and tobacco smoking is more prevalent 
among those who suffer from pleural infection.14,24 

However, evidence of a direct relation between pleural 
infection and smoking is lacking.24

Pathogenesis
The normal pleural space accommodates 0.26 mL/kg of 
pleural fluid, which is kept in balance through a process of 
parietal pleura formation and resorption.25 Pleural effusion 
results when this fine balance governed by Starling’s 
forces is disturbed. Pleural infection is associated with 
increased permeability in the mesothelial layer and inva-
sion of bacteria into the sterile pleural space, leading to 
collection of an exudative effusion beyond the drainage 
capacity of the parietal pleura. The lack of radiological 
evidence of pneumonia in 56% and 73% of community- 
acquired (CA) and hospital-acquired (HA) pleural infec-
tions, respectively, together with the different microbial 
profiles infecting the pleural space prove a likely role for 
hematogenous spread in pleural infections.8 Other routes 
of entry into the pleural space include rupture of 
a subpleural focus of infection or transdiaphragmatic 
spread of abdominal infection.
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Pleural infection evolution passes through stages that 
tend to be temporally variable among different patients, 
but are classically composed of three phases.7 The initial 
exudative phase is the result of proinflammatory media-
tors, such as TNFα, IL6, and IL8.This is followed by 
a fibrinopurulent phase, which involves bacterial inva-
sion of the pleural space. This results in an increase in 
plasminogen-activator inhibitors and TNFα, leading to 
fibrin deposition with loculation and formation of septa-
tions. The walled-off bacteria and associated phagocytic 
activity of neutrophils cause an increase in lactate dehy-
drogenase (LDH), lactic acid production, and consump-
tion of pleural fluid glucose. These biochemical changes 
are a hallmark of infected pleural effusions. It has been 
suggested that the acidic medium of the pleural fluid, 
which is suboptimal for growth, might drive bacteria 
toward the surface of the pleural membranes. This was 
based on the finding that ultrasound-guided pleural biop-
sies increase the diagnostic microbiological yield over 
pleural fluid samples.26 The final stage is the organiza-
tion stage, which is characterized by pleural thickening 
and formation of an inelastic visceral pleural peel, lead-
ing to lung entrapment. This follows fibroblasts prolifer-
ating from both pleural layers, a process thought to be 
associated with the release of TGFβ and PDGF. Owing 
to the deposition of a collagen-rich fibrin matrix in the 
pleural space, the use of fibrinolytic therapy at this stage 
is likely to be futile. Mitigating the release and effects of 
fibrogenic mediators is a potential target for future 
therapy.7

Microbiology
Understanding the microbiology of pleural infection is 
crucial for appropriate initial antibiotic choice. The posi-
tive yield from pleural fluid culture is on average 56%,27 

and thus in a proportion of cases the whole antibiotic 
course is empirical.

The commonest organisms causing CA pneumonia are 
Streptococcus pneumoniae and atypical bacteria (such as 
Mycoplasma and Legionella spp.), but the pattern is dif-
ferent in pleural infection. Studies applying molecular 
techniques to identify pathogens in infected pleural fluid 
samples were able to identify atypical bacteria in only 0– 
0.5% of cases.28,29 For this reason, pleural disease guide-
lines recommend against using macrolides in treating 
pleural infection.1 The probable explanation for the differ-
ence in microbiology between pleural infection and pneu-
monia is the hypoxic nature of the pleural space, which 

favors the growth of strictly and facultatively anaerobic 
bacteria more than other organisms.28,30

A recent systematic review on the microbiology of 
pleural infection in adults reported that Gram-positive cocci 
(namely Staphylococcus aureus, viridans-group streptococci 
(VGS), and S. pneumoniae, in descending order of fre-
quency) were the commonest organisms implicated in caus-
ing pleural infection.27 They were followed by aerobic 
Gram-negative bacilli (chiefly Enterobacteriaceae and 
Pseudomonas spp.) and anaerobic bacteria. Grijalva et al 
reported that over the past two decades, the rates of adult 
pleural infection due to VGS and S. aureus have increased 
relative to other organisms.12 Alarmingly, the rate of occur-
rence of drug-resistant S. aureus pleural infection 
has increased by 25% in the last decade.27 The systematic 
review highlighted substantial variations in the rates of iso-
lation of certain organisms in infection (whether CA or HA). 
The relative contribution of different microorganisms/groups 
is summarized in Table 1.27

Variability by geography has also been highlighted by 
a systematic review stressing the importance of awareness 
of local/national patterns of microbiology and antibiotic 
resistance for appropriate antimicrobial prescribing. This 
variation is exemplified by the high incidence of pleural 
infections due to Klebsiella spp. in patients from East 
Asia.31–33 Patients residing in the subtropics have higher 
rates of infection by Gram-negative bacteria generally,27 

and this has been hypothesized to be related to higher 
ambient temperature and humidity, similar to what has 
been reported with other infections.34 Interestingly, 
a retrospective study from the UK found that Gram- 
negative bacteria were more commonly isolated from 
infected pleural fluid in the summer months, suggesting 
a seasonal pattern of microbiology.35

The central contribution of microaerophilic bacteria 
(VGS) and anaerobic bacteria in pleural infection supports 
the role of certain risk factors in the causation of infection. 
Pleural infection is commonly seen in patients with poor 
dentition, a condition that allows flourishing of these bac-
teria in the oral cavity. Such microbes are then either 
aspirated, causing parapneumonic pleural infection, or 
reach the pleura via the bloodstream.36 These organisms 
commonly coinfect the pleural space together with other 
aerobic bacteria. Under optimum culture conditions, up to 
61% of positive pleural fluid cultures yield mixed growth 
of anaerobic and/or aerobic bacteria.37 The curious excep-
tion are S. pneumoniae bacteria, which do not tend to 
coinfect the pleural space with other organisms.38 It is 
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important to note that the incidence of anaerobic micro-
organisms quoted in Table 1 probably underestimates the 
true burden, due to issues with standard methods of cul-
ture. With molecular techniques, 70% of samples of 
pleural fluid with identifiable organisms show anaerobic 
bacteria.38 This mandates ensuring anaerobic coverage in 
empirical antibiotic regimens for treating pleural infection.

The more common isolation of gut bacteria in HA 
pleural infection is probably related to the frequency of 
neurological conditions impairing swallowing and/or con-
sciousness level increasing the risk of aspiration.36

Fungi are uncommon causes of pleural infection and 
represent 3% of isolated microbes.27 Fungal infections tend 
to occur in patients with underlying immunocompromising 
conditions, and the commonest isolated are Candida spp.39

Diagnosis
Clinical Assessment
Clinical presentation in patients with pleural infection is 
both non-specific and variable, thus requiring a high index 
of suspicion. Broadly, presentations can be split into two 
groups. The first involves predominantly younger indivi-
duals with fewer comorbidities who may present with 
acute symptoms of respiratory infection: shortness of 
breath, pleuritic chest pain, fever, rigors with or without 
cough, and sputum production. A second group of indivi-
duals with immunocompromise, perhaps due to alcohol 
intake, diabetes, intravenous drug use, or frailty, may pre-
sent in a more insidious fashion with weight loss, loss of 

appetite, malaise, and anemia. Among the latter group, 
aspiration and poor oral hygiene are being increasingly 
recognized as important risk factors, and an examination 
of the oral cavity and swallowing assessment should be 
routinely undertaken.

Failure to improve despite appropriate treatment in 
individuals being treated for pneumonia should be the 
first prompt to perform chest radiography or ultrasound 
to look for an associated effusion. The presence of 
a pleural effusion accompanied by infective symptoms 
should never be assumed to be an uncomplicated para-
pneumonic effusion, as this often leads to delayed diag-
nosis with poorer outcomes.5 Sampling of pleural fluid is 
always recommended to confirm pleural infection, pro-
vided the effusion is large enough to allow safe needle 
aspiration.

Imaging
Chest Radiography
Plain radiographs are usually the first line of investigation 
for patients with suspected pleural infection presenting 
with relevant respiratory symptoms.1 Despite their rela-
tively modest sensitivity in characterizing pleural fluid 
collections, plain radiographs serve as an appropriate 
initial screening tool for pleural infections and other 
underlying or alternative parenchymal pathologies that 
could be responsible for the presenting symptoms. The 
infected pleural fluid tends to loculate, and thus chest 
radiography typically shows non–free flowing effusion 
(Figure 1A). For instance, the presence of the “D sign” 
suggests the diagnosis in the correct clinical setting 
(Figure 1B).40 It should be noted that chest 
radiography misses >10% of significant parapneumonic 
effusions (ie, ≥10 mm in depth), particularly in the setting 
of a lower-lobe parenchymal consolidation.41

Computed Tomography
Computed tomography (CT) scanning offers an excellent 
rapid review of pleural anatomy and the extent of any 
infection. This proves to be important in cases where 
adequate drainage has not been achieved in a timely man-
ner. The use of intravenous contrast with image acquisition 
after 60–90 seconds (the portal venous phase) allows bet-
ter delineation of pleural, parenchymal, and mediastinal 
pathologies. The split-pleura sign, caused by the collection 
of fluid between thickened visceral and parietal pleural 
layers, is highly suggestive of empyema (Figure 2A).42 

Other CT findings suggestive of complicated pleural 

Table 1 Common micro-organisms implicated in community- 
acquired and hospital-acquired pleural infections

Community-acquired 
infection

Hospital-acquired infection

Gram-positive aerobes 65% Gram-positive aerobes 51.5%

● Viridans group streptococci  

26.6% 

● Streptococcus pneumoniae 18.2% 
● Staphylococcus aureus 15.3% 

(67% methicillin-sensitive)

● Staphylococcus aureus 33.6% 

(42% methicillin-sensitive) 

● Enterococcus spp. 10.7% 
● Viridans group streptococci 

9.8%

Gram-negative aerobes 17.1% Gram-negative aerobes 37.5%

● Enterobacteriaceae 10.8% 

● Klebseilla spp4.2% 

● Pseudomonas spp. 3%

● Enterobacteriaceae 17.8% 

● Pseudomonas spp. 8.9% 

● Klebsiella spp. 7.6%

Anaerobes 17.1% Anaerobes 11%

Note: Data from Hassan et al.27
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effusion include contrast enhancement of thickened parie-
tal pleura (Figure 2B), enhancing hypertrophied extra-
pleural fat (Figure 2C), air foci within the fluid 
(Figure 2A and C), and an estimated fluid volume 

>400 mL (Figure 2A). A scoring model comprising these 
last CT radiological signs was found to be accurate at 
predicting the need for fluid drainage.43 However, CT 
does not offer optimal sensitivity for detecting pleural 

Figure 1 (A) Chest radiograph shows a left-side partially loculated pleural effusion. (B) Chest radiograph shows the D sign at the left hemithorax, indicating a laterally 
loculated pleural effusion.

Figure 2 Thoracic computed tomography demonstrating features of pleural infection. (A) Axial cut in mediastinal window showing a right-side pleural effusion with multiple 
air foci and “split pleura” (white arrows). (B) After intravenous contrast injection (coronal reconstruction in mediastinal window), showing left-side multiloculated empyema 
with enhancing pleural thickening (yellow arrow). (C) Axial cut in mediastinal window showing a left-side multiloculated pleural empyema with multiple air foci and posterior 
parietal pleural thickening and extrapleural fat hypertrophy (arrowheads).
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septations,44 and thus ultrasound guidance is crucial for 
guiding diagnostic and therapeutic interventions in pleural 
infections.

Thoracic Ultrasound
A thoracic ultrasound examination is currently consid-
ered a sine qua non for safe and efficient management 
of pleural infection. It is cost-effective, radiation-free, 
readily available at the bedside, and offers the possibi-
lity of real-time guided intervention. Despite pleural 
effusion being reported to affect around 20% of pneu-
monia patients, the higher ultrasound sensitivity could 
increase this figure to >50% of cases.45 The ultrasono-
graphic images allow probing into the characteristics of 
the fluid collection in terms of location, organization, 
and echogenicity, thus giving more insight as to the 
underlying nature of the effusion. Highly echogenic 
pleural collections usually represent pus, and the ultra-
sound appearance is particularly predictive of aspirat-
ing purulent fluid in the presence of coarse echogenic 
“gas bubbles” (Figure 3A), which can be seen floating 
inside the effusion.46 The presence of septations on 
ultrasound (Figure 3B) is a feature of pleural infection 
and one of the criteria for differentiating simple from 
complicated parapneumonic effusion as per the 
American College of Chest Physicians guidelines on 
parapneumonic effusion.47 Recently, the use of the 
quantitative echogenicity index has been shown to pre-
dict the degree of pleural inflammation, which might 
aid in guiding management.48 Thoracic ultrasound is 
particularly helpful in identifying the best location for 
drain insertion.45

Pleural Fluid
The aspiration of pus confirms the diagnosis of pleural 
infection and does not require any further biochemical 
analysis. Pleural fluid pH remains the most sensitive sur-
rogate of pleural infection in nonpurulent collections,49 

with the caveat that variations in measurement or false 
readings may occur due to contamination with local anes-
thetic, delay in analysis, or the presence of air bubbles in 
the fluid sample. In addition, it is acknowledged that 
individual locules within a multiloculated effusion can 
produce diagnostically significant variations in pH50 and 
infection with certain organisms (particularly Proteus spp.) 
may result in increased pleural fluid pH.51 It is accepted 
that pleural fluid pH <7.2 is an indication for chest-tube 
drainage. Pleural fluid glucose can be used to support 
a diagnosis of pleural infection where pH sampling is 
inaccurate or not feasible.52 Pleural fluid glucose 
<40 mg/dL alongside pleural LDH >1,000 IU/L (ie, more 
than three times the upper normal limit for serum LDH) is 
suggestive of pleural infection.53 In nonpurulent effusions, 
pleural fluid CRP >100 mg/L may contribute to the diag-
nosis of complicated parapneumonic effusions, but this is 
not routinely measured.54,55

Pleural fluid should always be sent for microbiological 
analysis at the time of sampling in both universal contain-
ers and Bactec blood-culture bottles, as the latter have 
been shown to increase diagnostic yield by up to 20%.56 

In the correct clinical setting and if contamination is rea-
sonably ruled out, a positive Gram stain or culture con-
firms the diagnosis of pleural infection independent of 
biochemical analyses, and either of these reflects the 
need to progress to chest-tube drainage. Blood-culture 

Figure 3 (A) Ultrasound showing left-side lung consolidation and heavily echogenic effusion (arrow) which turned out to be pus on thoracentesis. (B) Ultrasound showing 
multiple septations (arrowhead) in the pleural collection with underlying lung consolidation just above the left hemidiaphragm.
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samples were the only positive microbiological source in 
12% of pleural infection cases in previous trial analyses,1 

and ought to be undertaken as routine care. A pilot study 
upheld the feasibility of undertaking parietal pleura biopsy 
with the use of a cutting needle at the time of chest-drain 
insertion to undergo microbiological testing, which 
increased the microbiological yield by 25% compared to 
standard practice.26 Further multicenter studies are being 
planned to confirm the benefit from this additional 
intervention.

Such biomarkers as serum procalcitonin have not been 
shown to be superior to established biomarkers ofinfection, 
including raised white blood–cell count and CRP,57 they 
may have a role in differentiating pleural infection from 
inflammatory malignancy where pleural fluid biochemistry 
may be similar.58

Nucleic Acid Tests
Nucleic acid–amplification tests have proved more sensi-
tive in establishing the microbial cause of pleural 
infection.28,59 The technique involves identifying the 16S 
rRNA gene (universally found in bacteria with minute 
species-specific differences) or other related genes38 in 
pleural fluid samples.59 Despite being more sensitive 
than standard cultures, the initial use of this technique 
involved complex multistep processes to identify the 
exact causative organism.28,29,59 With the advent of high- 
throughput DNA sequencing, the process can now be 
completed using a single assay with high sensitivity.38 

However, such techniques are prohibitively costly and 
the equipment and expertise to perform them are unlikely 
to be widely available, which makes them more of 
a research tool than a clinical test used at scale. More 
promising applications for clinical use are the multiplex 
PCR–type assays: using a single sample, these can detect 
any of a set of multiple microbes (bacteria, viruses, or 
fungi). These assays have proved highly sensitive, with 
information directly affecting the care of patients with 
CAP.60 Digital droplet PCR, which employs similar meth-
odology to multiplex PCR, has been successfully used to 
identify bacteria in pleural fluid, with sensitivity higher 
than standard cultures.61 Moreover, commercially avail-
able multiplex-PCR methods used in CAP62 have proved 
more sensitive to conventional cultures in the bacteriolo-
gical diagnosis of pleural infection. Multiplex-type techni-
ques carry the advantages of utilizing widely available 
equipment and being relatively inexpensive. They have 
short turnaround times (a few hours) and are particularly 

sensitive for polymicrobial infection61 and in patients who 
have started antibiotics.62 A pleural infection–specific 
multiplex-PCR panel that incorporates genetic sequence 
of anaerobes commonly implicated in pleural infection 
may transform the diagnosis and treatment decisions in 
pleural infection as this technology becomes more readily 
available at bench and bedside.

It is noteworthy that nucleic acid tests are not able to 
provide information on the pattern of antibiotic sensitivity 
for identified pathogens. Another important challenge with 
interpreting positive results is differentiating between true 
infection and potential contamination of samples.

Treatment
General Measures
Prompt drainage of infected pleural collection together 
with timely and appropriate antibiotic therapy remain the 
core foundations of treatment, aiming to achieve early 
sepsis control. Given the catabolic state associated with 
pleural infection, other key supportive measures include 
ensuring adequate nutritional intake and addressing throm-
boprophylaxis alongside other best-practice treatment of 
sepsis.

Antibiotic Therapy
Empirical antibiotic choices governed by local prescribing 
policies and taking into consideration both the prevalence 
of local organisms and the setting in which infection has 
been acquired should be initiated as soon as infection is 
suspected. Chosen agents should cover both aerobic and 
anaerobic organisms, as described earlier, until results of 
microbiological tests are available allowing de-escalation 
/modification as appropriate. Antibiotics that are known to 
have good penetration into the pleural space include peni-
cillins, metronidazole, and cephalosporins, followed by 
vancomycin and clindamycin.63 Aminoglycosides have 
poor penetration into the pleura and are inactivated by 
the acidic medium of the infected pleural space.64

In CA pleural infection, suitable antibiotic regimens 
include either parenteral second- or third-generation 
cephalosporin (eg, ceftriaxone) combined with metronida-
zole for anaerobic cover or a β-lactam/β-lactamase inhibi-
tor combination (eg, amoxicillin–clavulanic acid or 
ampicillin–sulbactam) taken as a sole agent. In patients 
with penicillin allergy, moxifloxacin used as a single agent 
or a combination of levofloxacin and metronidazole are 
appropriate alternatives. In HA pleural infection, 
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antipseudomonal antibiotics with anaerobic coverage are 
required. Suitable regimens include cefepime–metronida-
zole, piperacillin–tazobactam, or a carbapenem. 
Additionally, covering for S. aureus in the form of vanco-
mycin or linezolid should be considered in HA infection, 
particularly when a patient is already known to be colo-
nized by this organism.65

The optimal timing as to when to transfer from intra-
venous to oral antibiotics has not yet been defined, but 
pragmatically would be governed by clinical response 
(defervescence) and biochemical parameters (fall in 
white blood–cell count and CRP), which are likely to 
have occurred at the point when the chest tube is ready 
to be removed. A consensus opinion as to length of 
antibiotic treatment is lacking. However, antibiotics are 
often continued for at least 4 weeks,1 inferred from the 
management of lung abscess. A randomized controlled 
trial (RCT) on patients with complicated parapneumonic 
effusion who were stable after 2 weeks of antibiotic 
treatment reported that a 2-week course was probably 
no inferior to a 3-week course in terms of treatment 
failures.66 However, this study did not include patients 
with primary pleural infection and was unable to recruit 
the total planned number of participants.

Intrapleural Antibiotics
To circumvent the significant issue of poor antibiotic 
penetration into the pleural space, consideration has been 
given to direct instillation of antibiotics into the pleural 
space, akin to surgical practice in the management of 
postpneumonectomy empyema. However, outside this 
context, the evidence is sparse and limited to retrospective 
case series.67,68 One animal study has examined the use of 
a novel antibiotic-eluting intrapleural pigtail catheter. This 
was coated with electrospun nanofibers used for sustained 
release of bactericidal concentrations of penicillin in the 
pleural space. Their positive results suggest this is 
a promising area for future human research.69

Chest-Tube Drainage
Prompt evacuation of infected fluid remains a priority, 
since its delay correlates with mortality at 90 days.5 As 
a prospective study of chest-drain size is yet to be under-
taken, the best-available evidence comes from a post hoc 
analysis of multicenter RCT data demonstrating that 
a smaller-bore chest drain (≤14 Fr) was not associated 
with increased mortality or need for thoracic surgery at 
12 months. This effect was shown to be independent of the 

purulence of pleural fluid, thereby refuting the commonly 
held belief that “bigger is better,” albeit within the limita-
tions of a post hoc analysis.70 Smaller-bore chest tubes 
result in significantly lower pain scores,70 and in combina-
tion with frequent saline flushes (eg, 30 mL three times 
daily) are thus recommended in the first instance.

Although failure to improve despite standard care is 
known to complicate the disease course in a third of 
patients, there are no clearly defined objective criteria 
outlining the point at which escalation of treatment is 
required. Broadly, patients should be considered to have 
failed standard care if after 2–3 days of treatment, they 
have ongoing pyrexia or failure of CRP to fall >50% with 
persistent pleural collection.

Intrapleural Enzyme Therapy
Preventing progression from the fibropurulent stage to the 
later organizing stage with development of a solid fibrous 
pleural peel is important, given the physiological changes 
that occur in the pleural space during infection. 
Publication of the results of the MIST-2 RCT in 2011 
created a paradigm shift in the use of intrapleural 
fibrinolytics.71 The trial found that the combination of an 
intrapleural tissue plasminogen activator (tPA) and deox-
yribonuclease (DNase) augmented drainage of infected 
fluid, improving the appearance of chest radiographs (pri-
mary outcome), with a strong signal toward benefit in key 
clinical outcomes, including length of stay and surgical 
referral rates (secondary outcomes).71 tPA aids the division 
of intrapleural septations as a direct fibrinolytic agent, 
while DNase causes cleavage of free DNA, reducing 
fluid viscosity and further permitting drainage of fluid by 
the adjunctive tPA. Furthermore, it has been hypothesized 
that DNase may interfere with the formation of biofilms, 
which contain both fibrin and DNA as constituent parts, 
enhancing the effect of antibiotics.72,73 Similarly to other 
fibrinolytic agents, tPA has been shown to increase pleural 
fluid output, thereby triggering a therapeutic lavage effect 
within the infected pleural space.74,75

The limited number of patients in the combination arm 
(n=52) meant that the results of the MIST-2 RCT 
required replication on a larger scale before routine use 
can be widely recommended as standard of care, although 
there are now >600 patients described in the literature who 
have been safely and successfully treated with the MIST-2 
regimen, including large case series.76 To date, combina-
tion intrapleural enzyme therapy (IET) is reserved for 
patients who fail standard care and are poor surgical 
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candidates due to frailty and comorbidity. This interven-
tion may also be useful in settings where access to surgery 
is limited or where delay is anticipated.

Streptokinase, a cheaper agent than the MIST-2 regi-
men, has shown benefit in terms of radiological resolution 
of pleural infection and need for surgery in small-scale 
clinical trials,77,78 but this benefit was not replicated in the 
large MIST-1 trial.79 However, streptokinase continues to 
be used as a fibrinolytic agent in complex pleural infection 
in parts of the world where resources are limited.

Safety Profile
Questions are often raised as to the safety of IET. Potential 
side effects are known, and include pleural hemorrhage, 
pleuritic pain after drug administration, and fever. Despite 
the results of MIST-2 showing no statistically significant 
increase in bleeding between intrapleural tPA and placebo, 
bleeding risk continues to be a subject of concern among 
some clinicians. There have been a few isolated case 
reports of both systemic and local hemorrhage, but the 
majority of published studies have reported no increase 
in bleeding complications. A retrospective case series did 
propose a link between increased risk of intrapleural 
hemorrhage and concurrent use of therapeutic-dose antic-
oagulation, and this was stipulated to be due to a local 
synergistic effect at the pleural surface. This increased risk 
was not seen in patients on prophylactic-dose anticoagula-
tion alone.80 As a practice point, the authors do not recom-
mend suspending prophylactic-dose anticoagulation, due 
to the increased risk of venous thromboembolism in 
patients with pleural infection, and not to be alarmed by 
the “red” discoloration of pleural fluid, which is expected 
to occur from lysis of fibrinous septations.

Dosing and Administration
The current recommended regimen by the authors is intra-
pleural injection of 10 mL tPA followed by a 10 mL 
sodium chloride 0.9% flush, then 5 mg DNase, a further 
10 mL sodium chloride 0.9% flush in a single sitting, and 
then clamping for 1 hour before allowing free drainage. 
This is repeated at 12-hourly intervals up to a maximum of 
six doses. Concurrent administration of the two medica-
tions appears to be an equally effective regimen of 
dosing.81,82 Recent data have suggested that halving the 
dose of tPA to 5 mg is safe and effective.83 While this 
reduced dose has not been tested in the context of an RCT, 
it is an appropriate alternative strategy in patients deemed 
to be at increased bleeding risk.

Surgical Intervention
The final organizing stage of pleural infection is character-
ized by fibroblast proliferation and the formation of a solid 
fibrous pleural peel that can potentially encase the lung 
parenchyma, preventing lung reexpansion and resulting in 
impairment of lung function. Medical therapies, including 
IET, are likely to fail at this stage. It is estimated that 
surgical intervention will be warranted for the 15%–20% 
of individuals with pleural infection who do not improve 
with medical management. Surgery is also indicated in the 
setting of extensive pleural thickening that impedes reduc-
tion of the pleural space and eradication of the infection.1

Surgical intervention includes both video-assisted thor-
acoscopic surgery (VATS) and thoracotomy and drainage, 
the former being used increasingly as a first-line interven-
tion due to its minimally invasive nature and the advan-
tages this brings with respect to length of inpatient stay, 
complication rate, and postoperative morbidity.84 Both 
interventions encompass the debridement and evacuation 
of infected material. More extensive decortication is 
required where a thickened visceral pleural peel has 
formed to allow for lung reexpansion.

Suitability for surgical intervention, given the increas-
ingly older population being treated for pleural infection, 
remains problematic. Both VATS and thoracotomy require 
single-lung ventilation, and there remains a subset of 
patients in whom mortality from pleural infection at the 
time of referral is greater than the mortality associated 
with surgical intervention. This is where personalized risk- 
stratification scores, such as RAPID, may have a valid role 
(see following). It is noteworthy that some centers have 
the expertise to deliver VATS via a single port and under 
sedation without the requirement for intubation or single- 
lung ventilation.85,86 Up to partial decortication can be 
performed during an “awake” VATS, but the availability 
of this technique remains limited and its efficacy versus 
the standard approach is yet to be tested.85

The use of surgical intervention as a first-line treatment 
has been justified in a number of countries on the basis of 
the reduction in length of inpatient stay and improved 
clinical outcome.87,88 However, there remains a lack of 
robust data justifying this practice, with those RCTs 
addressing this question being underpowered, with evi-
dence of selection bias, lacking standardized criteria for 
surgery, and involving relatively young populations.89 

Critical questions as to the most appropriate time to refer 
for surgical intervention and the group of individuals that 
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would benefit from this the most due to the likelihood of 
failure of conventional first-line treatment are yet to be 
answered. Head-to-head RCTs involving early randomiza-
tion of patients to surgery and IET are currently under way. 
It is worth noting that the precise surgical intervention 
required is not clearly defined and practice remains vari-
able according to individual surgical preference.

Other Interventions 

Medical Thoracoscopy. The increasing practice of physi-
cian-led thoracoscopy has prompted interest into its role in 
pleural infection. In theory, the ability to perform drainage, 
mechanically disrupt septations, and insert a chest tube under 
direct vision would be advantageous. A meta-analysis of eight 
observational studies found a pooled success rate of 85% 
when medical thoracoscopy was used as a first-line treatment 
for pleural infection.90 A small RCT comparing medical thor-
acoscopy with IET in patients with incomplete drainage 24 
hours after chest-tube insertion concluded that using medical 
thoracoscopy leads to shorter hospital stays (3.5 vs 6 days for 
IET) with no between-group differences in rates of treatment 
failure or mortality.91 Despite experiences reported in the 
literature,92–94 this treatment has not yet made its way into 
international guidelines.1,65

Pleural Irrigation. Pleural irrigation, the practice of instil-
ling a large volume of liquid into the pleural space and 
allowing free drainage, builds on the concept of 
a therapeutic lavage effect. This has been examined in 
a single-center RCT, where saline pleural irrigation (three 
times daily for 3 days) plus standard care showed 
a significantly smaller collection on CT imaging compared 
to standard care alone. Few individuals required referral for 
surgery in the irrigation arm.95 An RCT is required to assess 
the effects of this practice and the possible role it may play in 
individuals considered too high-risk for surgery or in those 
who have a contraindication to the use of IET. 
A retrospective study has shown that repeated intrapleural 
flushes of saline into the pleural cavity followed by manual 
aspiration until the aspirated fluid is clear (average total 
lavage volume 200–300 mL) reduced time to chest-tube 
removal and number of IET doses needed.96

Pleural irrigation with antiseptic solution is used in the 
management of chronic empyema undergoing open 
drainage.97 Antiseptic irrigation has also reportedly been 
used in the management of acute pediatric empyema.98 

Whether pleural irrigation with antiseptic solution can 

improve outcomes in adult acute pleural infection is 
another intervention to be explored in future research.
Repeated Pleural Aspiration. The possibility of managing 
a small subset of pleural infection patients, who are likely 
to be young, with no overt markers of sepsis and 
a unilocular effusion in an ambulatory setting with anti-
biotics and repeated thoracentesis remains an attractive 
proposition. There are data to suggest that in selected 
patients, this approach may be a reasonable alternative to 
chest-tube drainage.99,100 However, this approach remains 
exploratory, due to a lack of prospective data examining its 
efficacy against the current standard of practice.

Outpatient Follow-Up 
Based on the authors’ experience, an initial follow-up 
chest radiograph or ultrasound and review of inflammatory 
markers at approximately 2 weeks postdischarge is impor-
tant to identify early treatment failure, which would be 
suggested by rising inflammatory markers and recurrence 
of pleural collection. Where possible, these patients are 
better seen in a dedicated pleural clinic where simulta-
neous thoracic ultrasound assessment can be carried out. 
Further review at 4–6 weeks after completion of antibiotic 
therapy is also routinely recommended. At this point, most 
patients can be discharged and will have begun to resume 
their usual daily activities and feel back to baseline. 
A small number of individuals will require longer-term 
follow-up due to slow recovery or complications of their 
initial infection/management. Of the more common long- 
term complications are residual pleuritic pain and residual 
pleural thickening, occasionally causing restrictive pul-
monary function and chronic breathlessness. Due to lim-
ited follow-up in studies, the long-term outcomes/recovery 
in pleural infection have not been well characterized.

Outcomes of Pleural Infection
Prompt diagnosis and initiation of appropriate treatment 
modalities, namely drainage and antibiotic therapy, are of 
paramount importance in improving patien’ 
outcomes.101,102 A recent systematic review has shown 
that the median length of hospital stay was 19 days (IQR 
13–27).17 Length of hospital stay has been shown to be 
affected by timely diagnosis of pleural infections, which 
underscores the importance of rapidly obtaining the first 
sample.103 A non–Streptococcus milleri pleural infection 
has been associated with prolonged hospital stay. 104 On 
a similar note, mortality at 1 year was higher among the 
MIST-1 cohort with S. aureus or mixed aerobic 
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infections.28 HA infections are associated with higher 
mortality rates.28,105 Data from population-based studies 
have shown that mortality from pleural infection tends to 
fall in the range of 10%–30%, with differences in rates 
reported dependent on timelines used and demographics of 
studied patients.1,8,12,36,106,107

It was observed with long-term follow-up that even 
after successful treatment of pleural infection, patients 
would still suffer from more health-care utilization, higher 
rates of hospitalization, longer in-hospital stays, and worse 
mortality. This probably reflects the multimorbidity effects 
in an aging population in which the incidence of pleural 
infection could be consequential.17,20,108 It should be 
noted, however, that this demographic characterization 
applies to reports mostly from high-income countries, 
with relatively insufficient evidence of a similar picture 
in lower-income countries.

Risk Stratification
Recognition of the significant morbidity and mortality 
associated with pleural infection has led to efforts to 
identify individual risk factors that are associated with 
poor outcomes and develop validated risk-prediction 
scores to enable early identification of high-risk patients, 
potentially guiding appropriate subgroups toward earlier 
aggressive treatment. Mortality rates at 30 days of up to 
10% have been reported.106 Validated risk scores for both 
sepsis (quick sepsis-related organ-failure assessment, 
qSOFA) and CAP (CURB-65) do not predict the develop-
ment of pleural infection.23

Individual patient risk factors that have been associated 
with poor outcomes include age >65 years, cirrhosis and 
a past or present malignancy.109 Factors that have been 
associated with poor outcomes, such as the sonographic 
appearance of a complex septated effusion110 and pleural 
fluid purulence,108 have not been borne out in large multi-
center trials. The Charlson comorbidity index was found to 
provide reasonable prediction of mortality risk (AUC 0.753). 
However, owing to the retrospective nature of the study and 
the lack of data on some confounding factors, these results 
need to be prospectively validated in other cohorts.111

To date, the only outcome-prediction score that has 
been prospectively studied and externally validated is the 
RAPID score (Table 2).9,10 This was created using the two 
largest multicenter pleural infection studies to date (MIST- 
1 and MIST-2)71,79 to create predictors that are clinically 
accessible at baseline: urea (renal), age, nature of pleural 
fluid (purulence), infection source (I), and serum albumin 

(dietary). Together, these stratify adults with pleural infec-
tion according to mortality at 3 months and association 
with length of hospital stay.10 It currently remains unde-
fined as to how to use this risk score to guide clinical 
decision-making, particularly with respect to escalation of 
intervention, and further studies triaging patients to vary-
ing levels of management based on the RAPID score are 
required.112 It is worth noting that the validity of this score 
is yet to be confirmed for predicting outcomes in patients 
from lower-income countries, who tend to be younger.

Knowledge Gaps and Future 
Directions
Despite continuous progress in knowledge about and man-
agement of pleural infection, there remains substantial room 
for improvement, and many questions are yet to be 
answered. The use of a validated risk-prediction model 
(ie, RAPID score) to inform management appears to be 
the ultimate aim for developing such a model. Current 
research is looking into using this score to choose patients 
who could be suitable for shorter outpatient courses of 
antibiotics once their condition has stabilized 
(NCT04615286), given the lack of high-quality evidence 

Table 2 Variables that make up the RAPID score used for out-
come prediction in adult pleural infection

Score

Renal function (blood urea nitrogen)
<14 mg/dL 0

14–23 mg/dL 1
>23 mg/dL 2

Age
<50 years 0

50–70 years 1
>70 years 2

Purulence of pleural fluid
Purulent 0

Non-purulent 1

Infection setting
Community-acquired 0

Hospital-acquired 1

Dietary factors (serum albumin)
≥2.7 gm/dL 0
<2.7 gm/dL 1

Notes: Risk categories: score 0–2 low risk; score 3–4 medium risk; score 5–7 high 
risk. Data from Rahman et al.9
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to support the current recommendation to prescribe antibio-
tics for 4 weeks or longer. The role of upfront invasive 
techniques, such as medical thoracoscopy or surgery, needs 
better defining through head-to-head clinical trials. The 
MIST-3 RCT is currently examining the feasibility of ran-
domizing patients with pleural infection to upfront surgery, 
early IET, or standard care. Another management question 
that has not been addressed is the role of sonographic 
stratification to different treatment modalities and how the 
sonographic picture at baseline correlates with outcomes. 
Further work needs to be done before molecular tests can be 
used in routine clinical practice to identify offending patho-
gens in pleural infection, and this will probably involve 
studies to develop a pleural infection–specific multiplex- 
type assay. Finally, the role of intrapleural therapy in pleural 
infection, such as antibiotic-eluting chest tubes and antisep-
tic or saline pleural irrigation, is a potential area of future 
research.
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