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Abstract
Pleural infection remains a medical challenge. Although closed tube drainage revolutionised treatment in
the 19th century, pleural infection still poses a significant health burden with increasing incidence.
Diagnosis presents challenges due to non-specific clinical presenting features. Imaging techniques such as
chest radiographs, thoracic ultrasound and computed tomography scans aid diagnosis. Pleural fluid
analysis, the gold standard, involves assessing gross appearance, biochemical markers and microbiology.
Novel biomarkers such as suPAR (soluble urokinase plasminogen activator receptor) and PAI-1
(plasminogen activator inhibitor-1) show promise in diagnosis and prognosis, and microbiology
demonstrates complex microbial diversity and is associated with outcomes. The management of pleural
infection involves antibiotic therapy, chest drain insertion, intrapleural fibrinolytic therapy and surgery.
Antibiotic therapy relies on empirical broad-spectrum antibiotics based on local policies, infection setting
and resistance patterns. Chest drain insertion is the mainstay of management, and use of intrapleural
fibrinolytics facilitates effective drainage. Surgical interventions such as video-assisted thoracoscopic
surgery and decortication are considered in cases not responding to medical therapy. Risk stratification
tools such as the RAPID (renal, age, purulence, infection source and dietary factors) score may help guide
tailored management. The roles of other modalities such as local anaesthetic medical thoracoscopy and
intrapleural antibiotics are debated. Ongoing research aims to improve outcomes by matching interventions
with risk profile and to better understand the development of disease.

Introduction
Pleural infection, which is defined as bacterial entry and replication in the pleural space [1], is a common
medical condition that was described nearly 5000 years ago by the ancient Egyptians [2]. Historically, the
recommended treatment was open thoracic drainage, which was associated with a very high mortality of
approximately 70% [3]. This dramatically improved with the introduction of closed tube drainage in the
19th century, which remains the main principle of management to this day [3]. However, despite recent
advances in our understanding of the aetiopathogenesis and management of pleural infection, this
condition continues to be associated with poor outcomes.

Approximately 20–57% of patients with pneumonia have an associated pleural effusion at presentation, of
which 5–7% progress to pleural infection [4, 5]. Terms such as “simple” and “complicated”
parapneumonic effusion are used to describe the stages of evolution of pneumonia to pleural infection, but
these suggest that pleural infection is always a consequence of complications arising from an associated
pneumonia. We now know that about 30% of cases of pleural infection have no associated pneumonic
illness on radiological assessment [6]. The term “empyema” denotes the presence of purulent fluid in the
pleural space and represents one end of the spectrum of pleural infection [7]. Therefore, “pleural infection”
is an all-encompassing term that is preferred in modern literature and includes both complicated
parapneumonic effusion and empyema.
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Pleural infection has a combined incidence of over 80 000 cases per annum in the USA and UK, thereby
causing a significant health burden [8]. Moreover, several recent studies have shown that the incidence of
pleural infection is increasing across the Western World, but the cause for this, particularly in the elderly
population, is unclear [9–11]. Worryingly, clinical outcomes remain poor, with a 30-day mortality of
10% [12] and 12-month mortality as high as 32% after an episode of pleural infection [6]. It is important
to note that the so-called “simple parapneumonic effusion” is also associated with a higher 30-day
mortality and more prolonged hospital stay than pneumonia without effusion [13], and the reasons for this
are unclear. The average length of hospital stay for pleural infection is 14 days [11], which contributes to
the significant healthcare costs associated with this condition.

This review aims to provide an overview of the diagnosis and management of pleural infection with a
focus on recent developments in these two areas. We have also attempted to highlight current knowledge
gaps and possible future research directions in each section.

Diagnosis of pleural infection
Clinical presentation
Clinical presentation of pleural infection is non-specific and variable; therefore, early diagnosis can be
challenging. Patients with pleural infection usually present in one of two ways. The classical presentation
is that of a relatively young patient with few comorbidities, with fever, rigors, symptoms of an acute
respiratory illness, and a non-resolving pneumonia with associated pleural effusion on chest radiography.
In contrast, patients with several comorbidities, particularly in the elderly age group, often present
insidiously with non-specific symptoms such as weight loss, anorexia and malaise. These symptoms mimic
those of malignancy, and often these patients are enrolled in malignancy investigation pathways, thereby
causing delays in diagnosis and treatment, which may contribute to poor outcomes [14].

Several risk factors, such as immunosuppression, diabetes, poor oral hygiene, gastro-oesophageal reflux,
alcohol excess and intravenous drug use, are known to independently predict increased risk of progression
of pneumonia to pleural infection [5, 15, 16]. However, there are currently no validated clinical risk
prediction tools that predict the development of pleural infection from pneumonia. A reliable prediction
tool for parapneumonic effusion and pleural infection in patients with pneumonia would allow
identification of patients that are at high risk of developing these conditions, thereby allowing close
monitoring of this group and, therefore, early detection and management to improve outcomes.

Imaging
Chest radiography
The first line of investigation for suspected pleural infection is usually a chest radiograph, which can detect
the presence of pleural effusion, consolidative change and any other underlying lung parenchymal
pathology that might be contributing to symptoms. However, chest radiographs have poor sensitivity for
pleural effusion [17] and can miss more than 10% of significant parapneumonic effusions, particularly in
the presence of lower lobe consolidation [18].

Thoracic ultrasound
Thoracic ultrasound is a readily available bedside radiological modality that is used in guiding safe
sampling of pleural fluid [19]. It also has a role in detecting features suggestive of a diagnosis of pleural
infection prior to fluid sampling, such as septations, loculations and echogenic swirling (figure 1) [20].
However, the role of thoracic ultrasound in predicting outcomes in pleural infection is less clear. Previous
studies have indicated that the presence of septations is associated with poor outcomes [21], but these
studies were retrospective and unblinded, and more recent better designed studies suggest no association of
baseline radiographic septations with outcome [22]. Therefore, the ability of septations (or any other
thoracic ultrasound features for that matter) to predict outcomes in pleural infection remains to be seen and
requires prospective evaluation.

Computed tomography
Computed tomography (CT) of the chest, although not as specific as thoracic ultrasound in diagnosing
pleural infection, is useful in providing information on pleural abnormalities. In a retrospective review of
150 patients, CT of the chest was found to accurately predict the need for chest drainage [23]. The authors
developed a CT scoring system, as detailed in table 1. However, this scoring system would require
prospective validation prior to use in clinical settings. Another retrospective study of 83 patients found the
presence of the “split pleura sign” (figure 2) and pleural fluid volume as the only CT features that were
predictive of pleural infection [24]. Therefore, CT features may be a useful tool in predicting a diagnosis
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of pleural infection and need for drainage, but need further prospective studies before being recommended
for use in clinical practice.

Pleural fluid
Pleural fluid sampling remains the gold standard for diagnosis of pleural infection.

Gross appearance
Macroscopically purulent pleural fluid, or empyema, is diagnostic of pleural infection and no further
pleural fluid analysis is required. Immediate management with intercostal drainage is recommended [8].
The presence of purulence is said to be associated with better outcomes as indicated by the RAPID (renal,
age, purulence, infection source and dietary factors) score [25], which is a prognostic risk model devised
specifically for patients with pleural infection. Although this score has been prospectively validated [26],
its utility in the clinical setting is yet to be established.

Pleural fluid biochemistry
When pleural fluid is non-purulent, it can be challenging to determine which patients require intercostal
drainage. In these situations, biochemical surrogates of pleural infection, including pleural fluid pH, lactate
dehydrogenase and glucose, can help guide management. Pleural fluid pH has continued to be the single
most useful indicator of the need for drainage of parapneumonic effusion [27]. Previous guidelines have
suggested a cut-off of 7.2 to aid management in the everyday clinical setting [2]. However, studies have
shown that this criterion is not absolute and a higher pH of up to 7.37 may require drainage [28]. Pleural
fluid pH can also be prone to instability and contamination [29]. Therefore, in situations where the pH
readings are uncertain or unreliable, pleural fluid glucose (<2.2 mmol·L−1), which has been shown to have
high concordance with pH, can be utilised to guide management [15].

The recommendations provided by the newly released British Thoracic Society guidelines [8] on the
management of suspected pleural infection based on pleural fluid biochemistry are outlined in table 2.

Blood biochemical markers such as white cell count and C-reactive protein are well established biomarkers
of infection and have been shown to reliably predict a diagnosis of pleural infection [5, 15]. A large
prospective study of 1269 patients with pneumonia has also shown that an elevated platelet count, low

FIGURE 1 Right thoracic cavity ultrasound scan showing echogenic effusion with coarse septations.

TABLE 1 Chest computed tomography scoring system developed by PORCEL et al. [23] to predict need for chest
drainage in pleural infection

Pleural contrast enhancement
Pleural microbubbles
Increased extrapleural fat attenuation
Pleural fluid volume ⩾400 mL
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serum albumin and a low serum sodium are independent predictors of pleural infection [5]. Conversely,
serum procalcitonin has not been shown to be superior to white cell count and C-reactive protein [15, 30].

New pleural fluid biomarkers
Recent investigative research into pleural fluid biomarkers has revealed two promising novel entities, namely
soluble urokinase plasminogen activator receptor (suPAR) and plasminogen activator inhibitor (PAI)-1.

suPAR plays a role in the dysregulation of the fibrinogenesis/fibrinolysis cascade that results in the
development of loculations [31]. It has been shown to be elevated in infected ascitic and pleural fluid [32, 33].
A single-centre prospective observational study of 93 patients demonstrated that raised pleural fluid suPAR
was higher in effusions that were loculated and was predictive of need for intercostal drain insertion [34].
suPAR was also found to be superior to a combination of conventional pleural biomarkers when predicting
need for intrapleural fibrinolysis and referral for thoracic surgery. Further large multicentre prospective studies
are required to support this finding and delineate the role of suPAR in the diagnosis and management of
pleural infection.

PAI-1 is a major inhibitor of fibrinolysis in the injured pleural space and, therefore, promotes pleural
septation, which has implications for pleural fluid drainage [35]. It is known to be markedly elevated in
infected pleural fluid [36]. A prospective clinical outcome study of 214 samples of pleural fluid showed
that higher pleural fluid PAI-1 levels were associated with greater degree of septations in patients with
pleural infection [22]. This study also demonstrated a relationship between PAI-1 and clinical outcomes,
with higher concentrations of PAI-1 being associated with increased length of hospital stay and increased
12-month mortality, which has never been shown before with a pleural biomarker. Therefore, PAI-1 is the
first pleural fluid biomarker that appears to be an independent predictor of mortality in patients with
pleural infection.

FIGURE 2 Computed tomography of the chest with a pleural-phase contrast axial cut showing left parietal and
visceral pleural enhancement: the split sign (arrows).

TABLE 2 Categorisation of likelihood of pleural infection on the basis of pleural fluid pH and recommended
actions as suggested by the 2023 British Thoracic Society guidelines [8]

Pleural fluid pH Likelihood of
pleural infection

Recommended actions

⩽7.2 High Intercostal drain insertion
>7.2 and <7.4 Intermediate 1) Check pleural fluid LDH and glucose;

2) consider intercostal drain if LDH >900 IU·L−1

and glucose ⩽4 mmol·L−1

⩾7.4 Low Intercostal drain insertion not indicated
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Pleural fluid culture
Pleural fluid culture, to date, is the recommended modality for microbiology. Although it has a yield of
30–40%, this increases to 60% when inoculated into blood culture bottles [37]. Peripheral blood cultures
are important and may be the only positive source of culture (as seen in about 12% of cases in the MIST-1
study (First Multicentre Intrapleural Sepsis Trial)) [2]. Nucleic acid amplification testing can amplify and
detect DNA/RNA in clinical samples, and is therefore potentially useful in detecting multiple pathogens, in
particular those that are too fastidious to grow [38]. The 16S ribosomal RNA gene, which is present in all
bacteria, is one such example [39]. There are several retrospective studies that indicate the utility of 16S
ribosomal RNA PCR in detecting the aetiology of pleural infection, particularly when pleural fluid culture
is negative, but it is yet to be incorporated into usual clinical practice [40, 41] and may be an oversensitive
technique.

Despite being the optimal sampling method, pleural fluid culture is negative in 40% of cases, making one
wonder if we are looking for pathogens in the right place. The AUDIO (Advanced Ultrasound in Pleural
Infection) feasibility study demonstrated that ultrasound-guided pleural biopsies conducted prior to
intercostal drain insertion increased the microbiological yield by 25% with no increased risk of adverse
events [42]. A further large prospective trial is required before this approach can be incorporated into
clinical practice. Interestingly, in the AUDIO study, 75% of culture-positive pleural tissue had previous
antibiotic administration, thereby alluding to the limited penetration of antibiotics into the pleural space or
indicating other aspects of pathogenesis in this condition, such as biofilm formation.

Microbiology
The microbiology in pleural infection is different from that of pneumonia [16], with Staphylococcus
aureus recently replacing viridans group streptococci as the most common causative pathogen [10, 43].
In addition, approximately 60% of S. aureus pleural infection episodes are due to methicillin-resistant
S. aureus (MRSA). A recent systematic review found that the incidence of polymicrobial pleural space
infections is approximately 23% but this may well be underestimated due to the use of standard culture
techniques [43]. A metagenomics study has estimated that 60% of primary pleural infections (without
contiguous pneumonia) are polymicrobial, as opposed to 25% of pneumonia-associated pleural
infections [7]. Another recent metagenomics study, which aimed to investigate the entire microbiome of
pleural infection using 16S RNA next-generation sequencing (NGS), discovered that pleural infection was
predominantly polymicrobial, with an incidence as high as 79% in this cohort [44].

Traditionally, Gram-positive organisms are implicated in community-acquired infections and
Gram-negative organisms in hospital-acquired ones [43]. Anaerobes continue to be important causative
organisms in pleural infection but may be under-represented in the literature as they are difficult to grow
using standard culture methods. The TORPIDS study (The Oxford Pleural Infection Metagenomics
Studies), through the use of metagenomics, showed that diverse bacterial frequencies were observed in
monomicrobial and polymicrobial disease in both community-acquired and hospital-acquired
infections [44]. Mixed anaerobes and Gram-negative bacteria were predominant in community-acquired
polymicrobial infection whereas Streptococcus pneumoniae prevailed in monomicrobial cases. Therefore,
microbiology in pleural infection can be considered diverse and complex, and use of broad-spectrum
antibiotics including anaerobic cover is recommended. Interestingly, although atypical organisms often
cause pneumonia, they are rarely identified in pleural infection, possibly indicating an absence of tropism
for the pleural space [45]. Atypical antibiotic cover is thus usually not required for pleural infection.

Identification of the causative organism in pleural infection not only has implications for antibiotic choice
but also plays a role in predicting the clinical outcome. Analysis of the bacteriology of the participants of
the MIST-1 study found a longer duration of hospital stay in patients with non-streptococcal pleural
infection, and the 12-month mortality was higher in those with S. aureus infection [16]. The largest
microbiology study to date using NGS (TORPIDS) confirmed this finding: the presence of anaerobes and
bacteria from the Streptococcus anginosus group were associated with better survival [44]. Predominance
of bacteria from the Enterobacteriaceae and Staphylococcus groups were associated with a higher risk of
death. These findings suggest that in the future, with the use of metagenomics, it might be possible to risk
stratify patients with pleural infection on the basis of their microbiology.

Management of pleural infection
Antibiotic therapy
Empirical broad-spectrum antibiotics have been advocated by all international guidelines once pleural
infection is suspected [2, 46]. Appropriate antibiotic therapy for pleural infection is determined by the
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local institutes’ policies, the infection setting (community-acquired or hospital-acquired), the resistance
patterns, and the pharmacological characteristics of the antibiotics.

In the community-acquired infection setting, treatment should target both Gram-positive aerobes and
anaerobes until results of cultures become available. Overall, an aminopenicillin (e.g. amoxicillin) has been
advocated to cover the likely culprit organisms (S. pneumoniae and Haemophilus influenzae). However, a
β-lactamase inhibitor such as co-amoxiclav, and metronidazole, should also be given due to the frequent
co-existence of penicillin-resistant aerobes (including S. aureus) and anaerobic bacteria, respectively. For
patients that are penicillin-allergic, clindamycin alone, or in combination with ciprofloxacin or a
cephalosporin, is likely to provide a good alternative [2, 46]. In monomicrobial infection, particularly with
Streptococcus, anaerobic cover is rarely required, and this can help in narrowing antibiotic choice [16, 44].

In the hospital-acquired setting, pleural infection usually arises secondary to nosocomial pneumonia,
trauma and surgery. It is therefore recommended that empirical antibiotics provide cover against
Gram-positive and Gram-negative aerobes, as well as anaerobic organisms. Antipseudomonal antibiotics
with anaerobic coverage are recommended. A reasonable empirical choice is cefepime–metronidazole,
piperacillin–tazobactam, or a carbapenem with vancomycin or linezolid. The latter would also cover
MRSA, the incidence of which has been rising in pleural infection in the hospital setting [43, 47].

The duration of antibiotic therapy in pleural infection has not been robustly assessed and is largely based
on expert opinion and extrapolation from lung abscess treatment data. A minimum of 4 weeks of treatment
including both oral and intravenous antibiotics is usually recommended [48]. There are two randomised
studies addressing reduction in antibiotic treatment course in pleural infection, but both of these were
underpowered [49, 50]. Current British Thoracic Society guidelines recommend stepping down from
intravenous to oral antibiotics when there has been “clinical improvement”, which is defined as cessation
of pyrexia, resolution of inflammatory markers, and radiological improvement. Usually, 5–7 days of
intravenous antibiotics are sufficient to achieve these criteria in most cases [51].

Therapeutic pleural aspirations
Repeated therapeutic thoracentesis (TT) or iterative thoracentesis has been advocated as a modality of
treatment for patients with pleural infection in some centres [51]. A literature review of case series
comprising 250 patients with pleural infection showed that the treatment success rate of daily TT was 76%
with a median of three procedures being required [51–55].

The use of intrapleural fibrinolytic therapy (IPFT) in combination with TT has been retrospectively studied
in a comparative cohort study of 132 patients [56]. 81 patients were treated with a combination of
intrapleural urokinase and DNase, and 52 were treated with intrapleural urokinase only. The TT failure rate
was not found to be statistically significant between the two groups, although the former was associated
with quicker fever defervescence, shorter hospital stay and increased volume of fluid drained. These
findings would require prospective evaluation.

The ACTion trial (Aspiration versus Chest Tube drainage for pleural infectION), which is a feasibility
study that randomised 10 patients with pleural infection to TT or chest tube insertion, with five patients in
each arm, showed that the TT arm had a significantly shorter overall mean±SD hospital stay (5.4±5.1 days)
compared to the chest tube control group (13±6.0 days; p=0.04) [57]. There was no difference in the total
number of pleural procedures required per patient among both groups. The authors proposed that TT
allows ambulation of the patient and, hence, reduces hospital stays and cost. Theoretically, this could
represent a reasonable option for patients that have no evidence of systemic sepsis, and small to moderate
volume effusions or a low RAPID score. However, all the evidence in this aspect of pleural infection
management comes from retrospective data. To date, there are no sufficiently powered trial data to support
TT as a first modality of treatment; therefore, this has not yet been recommended for pleural infection
management by international guidelines.

Chest drain insertion
The use of open thoracic drainage to treat pleural infection dates back to the ancient Greeks, and indeed
remained the standard of care for many centuries despite the high mortality rate owing to the presence of
open pneumothorax [58, 59].

In 1891, a German physician, Gotthard Bülau, established “closed tube” drainage systems, but these only
began to feature more consistently following the “Empyema Commission”, set up by Evarts A. Graham
during World War I [60]. Closed thoracic drainage hugely altered the mortality rate of streptococcal pleural
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infection associated with the great H1N1 influenza pandemic in military hospitals from 30% to 3.4%.
Several other measures, such as attention to patients’ nutritional status, rapid sterilisation, obliteration of
the infected pleural cavity to prevent chronic empyema, and early avoidance of open pneumothorax, also
aided in improving mortality [60].

Since then, closed tube drainage of the thoracic cavity has been the standard of care for patients with
pleural infection, although several advances have been made in the tubes used as well as the technique of
insertion. The drains used currently are made of plastic and have holes on the side to allow effective
drainage of fluid or air. There are centimetre markings to measure the depth and they are easily visualised
on chest radiography using a radiopaque tip and line. Drain insertion is usually done under image guidance
using the Seldinger technique, which is better tolerated by patients than surgical drain insertion. The drains
can also be used to apply fibrinolytics in the infected pleural space to enhance fluid drainage [61–63].

All guidelines advocate prompt chest drain insertion once pleural infection is established, but the
appropriate chest tube size continues to be debated [64]. A recent expert consensus statement defined
small-bore chest drains as ⩽14 F and large-bore chest drains as ⩾18 F [65]. It has been postulated that
larger size drains may be more efficacious in draining pus from the pleural cavity, although this has been
opposed by a number of retrospective studies, which favour a successful outcome with small-bore
drains [66–73].

To date, there is only one study that directly compares differences in outcome between small and large
chest drains in pleural infection [74]. The MIST-1 trial retrospectively analysed data from 405 patients and
demonstrated that drain size does not affect clinical outcomes (mortality or need for surgery) or rate of
adverse events. The drain displacement rate was 17–23% in this cohort. Interestingly, this study reported a
marked difference in pain scores: large-bore drains (>14 F), particularly those inserted via blunt dissection,
were associated with a significantly higher pain score compared to small-bore drains (<14 F) [74–76].
Furthermore, a subgroup analysis from the MIST-2 (Second MIST) trial data showed no difference in
treatment outcomes between large- and small-bore drains, thereby echoing the previous result [61].

The rate of drain occlusion in empyema is approximately 63%, as suggested by retrospective data from
case series; therefore, saline flushes have been advocated to reduce drain blockage [46, 70, 77, 78].
HOOPER et al. [79] prospectively compared saline intrapleural irrigation (250 mL three times per day for
3 days) and best-practice management with best-practice management alone in patients with pleural
infection requiring chest-tube drainage. This demonstrated improvement in the volume of pleural collection
on CT and reduced surgery referral rate in the intervention arm. However, a multicentre study is required
for further approval.

Intrapleural fibrinolytic therapy
It is well recognised that the presence of inflammatory mediators such as tissue plasminogen activator
(tPA) inhibitors and tumour necrosis factor (TNF)-α in the infected pleural space in large quantities leads
to deposition of fibrin clots and fibrin membranes. This causes increased pleural fluid viscosity and
formation of loculations in the pleural cavity, thereby making drainage of the pleural fluid difficult [80, 81].
It is important to note that around 6–27% of patients with pleural infections treated with standard care
(antibiotics plus chest drain insertion) require further surgical interventions [61, 74, 82, 83].

Over 70 years ago, Sherry and Tillett demonstrated that the use of a combination of streptokinase and
DNase in patients with pleural infection aided in intrapleural fibrinolysis and drainage of viscous purulent
pleural fluid [84–86]. Since then, IPFT has been an important aspect of pleural infection management. It
has been noted that the use of streptokinase results in significant immunological side-effects and gives rise
to an acute inflammatory response [72]. Its use, therefore, was abandoned until the late 1980s when
purified urokinase and streptokinase became available for clinical use.

Subsequently, IPFT has been extensively studied through retrospective data and randomised controlled
trials. However, the best evidence comes from a recent Cochrane review by ALTMAN et al. [87], which
included 993 patients from 12 randomised controlled trials. This demonstrated that there was no difference
in overall mortality with fibrinolytic versus placebo (OR 1.16, 95% CI 0.71–1.91; 867 participants; I2=0%;
moderate certainty of evidence) [86]. However, in the fibrinolytic group, there was evidence of reduction
in surgical intervention (OR 0.37, 95% CI 0.21–0.68; eight studies, 897 participants; I2=51%; low
certainty of evidence) and overall treatment failure (OR 0.16, 95% CI 0.05–0.58; seven studies, 769
participants; I2=88%; very low certainty of evidence, with evidence of significant heterogeneity). This
“beneficial” effect of fibrinolysis disappeared in a sensitivity analysis that was confined to studies at low or
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unclear risk of bias. It is noteworthy that the largest trial, MIST-1, which randomised 427 participants to
streptokinase versus placebo, also found that there was no benefit to streptokinase in terms of mortality,
rate of surgery, radiographic outcomes or length of hospital stay [74].

The effect of IPFT on clinical outcomes was studied in the MIST-2 trial, which demonstrated that a
combination of tPA and DNase led to improvements in radiographic clearance [61]. It also demonstrated
statistically significant reductions in surgical referral (77%) and length of hospital stay (6.7 days) compared
to placebo [61]. Currently, IPFT is the standard of care for non-draining infected pleural space in many
centres, with an increasing body of evidence demonstrating both safety and efficacy. The IPFT dosing has
been advocated empirically by the MIST-2 authors: intrapleural injection of 10 mg 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 setting, and then clamping for 1 h followed by unclamping to allow free drainage. This should be
administered twice per day “12-hourly” to a maximum of six doses over three consecutive days [61].
Subsequently, this has been iterated in case series and observational studies using reduced alteplase dosing,
including in the ADAPT-1 and ADAPT-2 studies (Alteplase Dose Assessment for Pleural infection
Therapy). Moreover, once-daily dosing and concurrent dosing have demonstrated efficacy and safety. The
risk of bleeding of IPFT is estimated at 3.8%, with a success rate of up to 90% [61, 88–92].

The risk of bleeding with IPFT has been specifically evaluated in a recent multicentre worldwide
retrospective study of a large cohort of pleural infection patients (n=1825) [93]. This demonstrated an
overall low bleeding risk (4.2%) and echoed the results reported in the original MIST-2 study [61].
Importantly, when bleeding events did occur, approximately 70% of these were managed with blood
transfusion and did not require further intervention. Interestingly, factors such as a high RAPID score, the
use of concurrent systemic anticoagulation, renal failure and a low platelet count (<100×109 per L) were
independently associated with a higher risk of bleeding complications. It is worth noting that in certain
cohorts of patients, such as those on dialysis or those with a recent diagnosis of acute venous
thromboembolism in whom temporary cessation of systemic anticoagulation is deemed unsafe, halving the
dose of tPA is an option to minimise the risk of bleeding. However, involving haematology and surgical
colleagues is advisable [89].

Surgery in pleural infection
Although the MIST-2 trial demonstrated a 77% reduction in surgical referral after IPFT, about 15–20% of
patients with pleural infection usually require surgical intervention (16% in the MIST-2 placebo group) [61].
This usually includes those with residual persistent fluid collection, ongoing sepsis [26, 61] or stage 2 or 3
empyema [61, 94]. A recent meta-analysis comparing surgical versus non-surgical management for pleural
empyema included 391 patients from eight randomised controlled trials, of which six trials were from the
paediatric population and two from adults [95]. The authors concluded that there is no statistically
significant difference in mortality between primary surgical and non-surgical management of pleural
empyema for all age groups. However, these results must be interpreted very cautiously as paediatric
empyema is a clinically distinct entity from adult pleural infection, with very different outcomes and
microbiology [94].

The principles of surgery in management of empyema focus on debridement and evacuation of the
infected material from the pleural cavity. In advanced stages of pleural infection, the visceral pleura
develops a thick rind; therefore, decortication is required to allow lung re-expansion and to maintain a
sterile pleural space thereafter. Surgery for pleural infection ranges from the less invasive video-assisted
thoracoscopic surgery (VATS) to the more invasive surgical procedures of open thoracotomy
(decortication), thoracoplasty and open window thoracotomy [96, 97].

Advances in surgery have led to an increase in the use of VATS as the preferred approach in managing
pleural infection. This is largely because of improved post-operative pain control, reduced operative time,
shorter length of stay, less blood loss, less air leak, less respiratory compromise, and reduction in
post-operative complications including 30-day mortality among VATS patients [98–106]. Another factor in
favour of the VATS approach is its lower cost compared with open thoracotomy [100, 106, 107].

Recent robust data from the Society of Thoracic Surgeons’ database advocated early referral of patients
with empyema for surgery, citing delay in intervention as associated with poor outcomes [102]. However,
the appropriate timing of and candidates for surgery continue to be debated between physicians and
surgeons. It is hoped that the RAPID score [25], which is the only prospectively validated mortality
prediction tool in patients with pleural infection, might have a role in triaging patients for surgery and
aggressive medical treatment. This, however, needs to be evaluated in future trials [26].
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Other therapeutic options
Role of local anaesthetic medical thoracoscopy
Medical thoracoscopy has been the standard of care in management of patients with suspected malignant
pleural effusion for over a decade [108]. However, the previous and current British Thoracic Society
guidelines do not advocate its use for managing pleural infection in adults [2, 8]. Theoretically, medical
thoracoscopy seems feasible in this group of patients. In the hands of a skilled physician, it would allow
good direct visualisation of the pleural cavity, application of mechanical dissection and breaking up
septations, optimisation of bacterial yield by obtaining pleural biopsies, and placement of a chest tube
under direct vision. Indeed, the success rate of medical thoracoscopy in managing multiloculated infected
pleural effusions has been estimated at 79.3–97.7% by several retrospective studies [109–112].

A recent systematic review on the efficacy of local anaesthetic medical thoracoscopy (LAT) in pleural
infection included eight observational studies with sample sizes ranging from 16 to 430 patients [113]. The
pooled treatment success rate of thoracoscopy was 85% (95% CI 80.0–90.0%; I2 61.8%) when used as a
first-line intervention or after failure of chest tube insertion, whereas the pooled complication rate was
9.0% (95% CI 6.0–14.0%; I2 58.8%). The authors concluded that LAT is safe and effective in managing
pleural infection; however, these data are drawn from observational studies and therefore must be
interpreted with caution.

A small prospective multicentre trial including 32 patients was performed to compare the safety and
efficacy of early LAT versus IPFT in selected patients with multiloculated pleural infection and
empyema [114]. This demonstrated that LAT is safe and might shorten hospital stay; however, the authors
used a biased end-point (counting time in hospital from the time of intervention rather than
randomisation). A multicentre trial with a larger sample size is needed to establish the role of LAT in
pleural infection management. The recent SPIRIT trial (Studying Pleuroscopy in Routine Pleural Infection
Treatment; ISRCTN98460319) is a multicentre UK feasibility study that has demonstrated failure of
feasibility of LAT in pleural infection management in UK centres.

Although evidence for the true role of LAT in pleural infection is lacking, a number of expert centres
consider LAT as a treatment modality in patients with multiloculated pleural infection. This is particularly
the case for elderly and frail patients who are considered high risk for surgery, and where there is local
expertise including sufficient access to LAT, thoracic surgery and anaesthetic support [65].

Intrapleural antibiotics
Intrapleural antibiotics have been studied in the context of pleural infection following pneumonectomy, but
the data are sparse and, to date, too inadequate to recommend outside of this specific context [115, 116].

Indwelling pleural catheter and other surgical options
In advanced cases of chronic pleural infection with trapped lung, and where surgical options might not be
feasible, such as in patients with significant comorbidities or coincidental cancer, treatment is a real
challenge. In these situations, the use of indwelling pleural catheters with prolonged antibiotics has been
suggested as a management strategy [117, 118]. However, there is no robust evidence to recommend this
approach.

As stated previously, VATS is usually the preferred surgical approach in the management of empyema.
However, in clinical scenarios where chronic empyema and a bronchopleural fistula are present, and
previous intervention has failed or candidates are deemed unfit for further intervention, open window
thoracotomy and thoracoplasty are favoured approaches [119].

Uses of corticosteroid
It is worth noting that infected pleural fluid has a high content of numerous inflammatory mediators,
including interleukin (IL)-6, IL-8, TNF-α, vascular endothelial growth factor (VEGF) and monocyte
chemotactic protein (MCP). Therefore, theoretically, strategies that modulate the overexaggerated pleural
inflammatory response, such as steroids, could attenuate this effect and improve outcomes. This was
investigated in the STOPPE trial (Steroid Therapy and Outcome of Parapneumonic Pleural Effusions), which
did not demonstrate preliminary benefits of steroids in the management of parapneumonic effusion [120],
although this was a feasibility trial.

Risk stratification
Over the last 20 years, despite advances in pleural infection management, the morbidity and mortality of
this condition has not changed significantly. The current “one-size-fits-all” approach to sequential
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management of pleural infection, from chest drain insertion to intrapleural enzyme treatment to
surgical referral, which is recommended by all international guidelines, may not be appropriate. Risk
stratification at the outset may help physicians tailor management accordingly and thereby improve
clinical outcomes.

A large cohort study published by the Danish Pleural Empyema Group reported that a delay of pleural
drainage by 2 days from time of diagnosis was associated with worse mortality at 30 and 90 days [14].
Importantly, it has been reported that a delay in surgical referral was associated with a poor outcome and
resulted in an increased rate of conversion to open surgery and, therefore, increased mortality among this
cohort of patients [102].

The RAPID score was derived and validated in the MIST-1 and MIST-2 cohort studies, respectively [25].
The score is based on five baseline parameters: serum urea (Renal), patient Age, pleural fluid Purulence,
Infection source (community- versus healthcare-acquired infection) and serum albumin (Dietary) (table 3).
This score has been validated prospectively and externally in the PILOT study (Pleural Infection
Longitudinal OuTcome), which demonstrated that low-risk patients (RAPID score 0–2) had a 3-month
mortality of 2.3%, medium-risk (RAPID score 3–4) had 9.2% mortality and high-risk (RAPID score 5–7)
had 29.3% mortality [26].

Data from PORCEL et al. [121] reported that the RAPID score had been used in 1453 patients from different
international centres retrospectively and showed results mirroring the PILOT study. The role of the RAPID
score in routine clinical care and decision making, however, is yet to be defined. Current research aims to
assess incorporation of the RAPID score into treatment paradigms by risk stratifying patients with pleural
infection at the outset, potentially offering lower and higher aggression of therapy according to
underlying risk.

Conclusion
In conclusion, pleural infection remains a formidable medical challenge. The increasing incidence and
intricate clinical presentations make diagnosis complex. Imaging modalities and pleural fluid analysis aid
in accurate diagnosis, with emerging biomarkers holding potential for enhanced diagnostic and prognostic
precision. The multifaceted management approach encompasses antibiotic therapy, therapeutic pleural
aspirations, chest drain insertion, IPFT and surgery. Empirical antibiotic regimens tailored to local
resistance patterns play a pivotal role. Chest drain insertion remains a cornerstone, while the integration of
IPFT facilitates efficient drainage. Surgical interventions, including VATS and decortication, are reserved
for advanced cases. Risk stratification tools like the RAPID score may offer personalised guidance in
management. Ongoing research endeavours seek to optimise outcomes by aligning interventions with
individualised risk profiles. As our understanding evolves, a comprehensive and tailored approach holds
the key to addressing the persistent challenges posed by pleural infections.

TABLE 3 RAPID score risk stratification

Parameter Measure Score

Renal: urea, mmol·L−1 <5
5–8
>8

0
1
2

Age, years <50
50–70
>70

0
1
2

Purulence of fluid Purulent
Non-purulent

0
1

Infection source Community-acquired
Hospital-acquired

0
1

Dietary factors: albumin, mmol·L−1 >27
<27

0
1

Risk categories Score 0–2
Score 3–4
Score 5–7

Low risk
Moderate risk
High risk

Using baseline clinical parameters in patients with pleural infection, each patient scores from 0 to 7.
Reproduced and modified from [25] with permission.
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Key points
• Pleural fluid analysis is the gold standard for diagnosis; novel biomarkers such as suPAR and PAI-1 hold

promise in aiding diagnosis and prognosis in pleural infection.
• The use of metagenomics in pleural infection shows a complex microbiome that differs from pneumonia,

with polymicrobial infections being prevalent, which can influence antibiotic choice and clinical outcomes.
• The management of pleural infection involves various strategies including antibiotic therapy, therapeutic

pleural aspirations, chest drain insertion, IPFT and surgery.
• Risk stratification through the RAPID score could guide tailored management approaches.

Conflict of interest: The authors have nothing to disclose.
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