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Introduction

Although pleural infection is an ancient disease, it contin-
ues to pose significant clinical challenges, with rising global 
incidence [1] and persistently high morbidity and unchanged 
mortality rates mortality over last two decades, particularly 
among people with multiple comorbidities and the elderly 
population [2]. The disease remains associated with high 
morbidity, prolonged hospital stay and increasing surgical 
intervention [2–6]. It encompasses complicated parapneu-
monic effusion and empyema, affecting 80,000 patients 
annually in the United Kingdom (UK) and the United States 
of America (USA) combined [2]. Pleural infection is a seri-
ous disease and associated with poor outcomes; all comer 
mortality is approximately 20% [3–6].

The standard treatment of pleural infection involves 
a combination of antibiotics and chest drain insertion 
into the chest cavity to drain the infected pleural fluid. 
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Abstract
Purpose of Review  Pleural infection is associated with high morbidity and mortality rates. Approximately 30% of patients 
fail treatment, and either die or require surgery. Accurate risk stratification is crucial to identify patients at risk of poor 
outcomes and to guide timely intervention. This review evaluates validated risk scores in pleural infection and highlights 
emerging prognostic tools.
Recent Findings  The RAPID risk score, a validated prognostic risk model in pleural infection, stratifies patients into low, 
intermediate and high-risk groups, with associated 3-month all-cause mortality of ~ 3%, 9%, and 31% respectively. It also 
predicts hospital stay, requirement for escalation of treatment (Intrapleural Enzyme Therapy and surgery), and hospital costs. 
Emerging pleural fluid biomarkers such as Plasminogen Activator Inhibitor-1 (PAI-1) and soluble urokinase Plasminogen 
Activator Receptor (suPAR) have shown potential prognostic value. Elevated PAI-1 levels have been associated with pro-
longed hospital stay and increased 12-month mortality rate, whereas high suPAR has been correlated with the need for treat-
ment escalation. Furthermore, pleural fluid microbiology and sonographic findings of septations have shown association 
with adverse clinical outcomes.
Summary  The RAPID risk score is the most reliable and validated framework for clinical risk stratification in pleural infec-
tion. Future research should evaluate its integration into decision-making for treatment to optimise patient outcomes and 
reduce healthcare costs. Future models incorporating biomarkers, imaging, and microbiology may increase the prognostic 
value and clinical utility but will require prospective evaluation.
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Approximately 30% of patients experience treatment fail-
ure, often necessitating escalation to either intrapleural 
enzyme therapy (IET) or surgical intervention [5]. IET fails 
in 20% of patients [5] and is associated with a 4.1% risk of 
bleeding, most of which can be managed conservatively [7]. 
Delays in recognising those at risk of treatment failure or 
surgical intervention may contribute to poor outcomes [8]. 
Hence, there is a need for tools enabling the identification of 
patients at risk of deterioration and requiring more aggres-
sive treatment, and those who are less likely to deteriorate, 
and who thus may require less intervention.

Risk stratification scores are fundamental in clinical 
research and patient outcomes. The primary objectives of 
risk stratification are to improve patient outcomes, optimise 
resource allocation, provide guidance for further diagnostic 
tests and best intervention at the right time and for the right 
patient to reduce health care costs. Such scores frequently 
rely on prognostic models derived from clinical, radiologi-
cal and biological parameters. The development of prog-
nostic tools conventionally follows a systematic approach 
encompassing derivation, internal and external validation, 
and subsequent implementation studies, which assess the 
clinical utility and effectiveness of adopting risk-based strat-
egies. While derivation and validation studies are abundant 
in the literature, high-quality impact studies demonstrating 
the practical benefits of risk stratification remain relatively 
scarce [9]. In pleural infection, identifying patients at higher 
risk of mortality, or those at risk of treatment failure he may 
require additional treatment or surgical intervention, is cru-
cial to guide early intervention, optimise resource alloca-
tion, and improve clinical outcomes.

There is a paucity of validated risk stratification tools 
in pleural infection. The RAPID score, comprising renal 
function, age, purulence of pleural fluid, infection source, 
and dietary factors (albumin), is currently the most rigor-
ously validated and extensively studied prognostic model. 
It potentially offers a pragmatic approach to stratifying 

mortality risk at the time of presentation and has demon-
strated utility in predicting hospital length of stay and the 
likelihood of requiring treatment escalation, including sur-
gical intervention and intrapleural enzyme therapy [10, 11].

Beyond the RAPID score, there are no other validated 
scores to predict outcomes from pleural infection. However, 
there are certain pleural fluid biomarkers, including plas-
minogen activator inhibitor, PAI-1 [12] and soluble uroki-
nase plasminogen activator inhibitor, suPAR [13], as well 
as pleural fluid microbiology results [14], which have been 
associated with clinical outcomes and may predict the need 
for invasive intervention. In addition, thoracic ultrasound 
findings [15] and the nature of pleural fluid (e.g., purulence 
fluid) have also been suggested as potential predictors of 
clinical outcomes [4] and delay in surgical intervention [16, 
17].

RAPID Score Derivation and Validation

The original RAPID score was retrospectively derived 
(in 450 patients) and validated (in 230 patients) using 
randomised trial data in pleural infection with identical 
recruitment criteria, demonstrating that 5 parameters, 
which are all collected at baseline in routine care, were 
independently associated with all-cause mortality at 3 
months [10, 11]. The score parameters and risk catego-
ries are summarised in Table 1, and as below include two 
blood test results (which are routinely collected in all hos-
pitals for all patients with this condition), one pleural fluid 
result (always taken to diagnose pleural infection), and 
two demographic factors.

A total score of 0 to 7 is assigned, and categorisation 
of patients into low-risk (RAPID score 0–2), medium-
risk (RAPID score 3–4) and high-risk (RAPID score 5–7) 
groups were associated with mortality at 3 months of 3%, 
9% and 31%, respectively, in retrospective validation [10].

Table 1  The RAPID risk stratification score, using baseline clinical characteristics in patients with pleural infections [9]
Clinical Variable Categories Points
Renal (Serum urea) < 5.0 mmol/L 0

5.0–8.0 mmol/L 1
>8.0 mmol/L 2

Age < 50 years 0
50–70 years 1
>70 years 2

Purulence of fluid Purulent 0
Non-purulent 1

Infection source Community-acquired 0
Hospital-acquired 1

Dietary (Serum albumin) >27 g/L 0
≤ 27 g/L 1
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Prospective Validation

The RAPID risk score was prospectively validated in the 
PILOT study [11], in which 551 patients with pleural infec-
tion were recruited and treated as per standard protocol. The 
study.

demonstrated robust prediction of 3-month mortality, 
with relatively narrow confidence intervals across each 
RAPID category (Table 2):

	● Low-risk mortality: 5/222 (2.3%, 95% CI 0.9 to 5.7%).
	● Medium-risk mortality: 21/228 (9.2%, 95% CI 6.0 to 

13.7%).
	● High-risk mortality: 27/92 (29.3%, 95% CI 21.0 to 

39.2%).

The RAPID risk score C-statistic to predict mortality at 3 
months was 0.78 (95% CI 0.71–0.83), which implies a good 
to strong predictive capacity (0.5 implying random concor-
dance and 1 perfect concordance) [18]. Beyond mortality 
rate prediction, the score showed prognostic utility, extend-
ing to other clinical outcomes including length of hospital 
stay (LOS); in the low risk group, median LOS was 11 days 
(interquartile range (IQR) 6–21), medium risk group 13 
days (IQR 7–25), and high-risk group 18 days (IQR 10–27), 
which was statistically significant (p = 0.003). Additionally, 
the RAPID score was associated with pulmonary function 
recovery at three months, with higher risk categories associ-
ated with significantly reduced forced expiratory volume in 
one second (FEV₁) and forced vital capacity (FVC) values 
at follow-up (p-values 0.001 and 0.002 respectively), under-
scoring the score’s utility in predicting long-term functional 
outcomes [11].

In further, external work assessing the health economic 
prediction of the RAPID score, Touray et al. [19] reported 
that higher RAPID score group was associated with mark-
edly higher healthcare utilisation. Median hospital costs 
increased progressively across risk groups (low: US 
$19,909; medium: US $36,317; high: US $43,384), which 
correlated with longer hospital stay (10, 21, and 19 days, 
respectively). These findings highlight the ability of the 
RAPID risk score to predict not only mortality risk but also 
healthcare cost, reinforcing its potential value in clinical 
decision-making and health-economic planning.

In summary, the RAPID score represents the only vali-
dated prognostic tool in pleural infection and has consis-
tently demonstrated robust discrimination for all-cause 
mortality across diverse cohorts of patients worldwide. Its 
key strength lies in the simplicity and availability of its 
variables, allowing rapid bedside application and enabling 
standardised risk stratification in both clinical practice and 
research.

Biomarkers in Pleural Infection

Biomarkers are defined as “characteristics that are objec-
tively measured and evaluated as an indicator of normal bio-
logical processes, pathogenic processes, or pharmacologic 
responses to a therapeutic intervention” [20]. A diverse 
array of biomarkers within pleural fluid have been inves-
tigated, producing variable results concerning their clinical 
significance and potential application. For decades, inter-
national guidelines have consistently endorsed the use of 
pleural fluid pH as a surrogate marker to guide intervention 
strategies, such as chest drain insertion, with a commonly 
adopted cutoff value of 7.20. However, despite its wide-
spread clinical use, pleural fluid pH has never been prospec-
tively validated as a definitive predictor of patient outcomes 
[2, 21, 22]. This threshold was originally proposed by Light 
and colleagues in 1980 [23, 24]. Although pleural fluid pH 
remains a cornerstone in initial management decisions, evi-
dence suggests that it does not reliably predict critical clini-
cal outcomes such as mortality rates or the development of 
loculations. Recent research has identified two promising 
novel entities: soluble urokinase plasminogen activator 
receptor (suPAR) and plasminogen activator inhibitor-1 
(PAI-1). These have shown potential in enhancing prognos-
tic assessment and guiding therapeutic interventions, and 
have the advantage of being specific to the pathobiology of 
pleural infection [8, 25].

Plasminogen Activator Inhibitor-1 (PAI- 1)

Plasminogen activator inhibitor-1 (PAI-1) is a serine pro-
tease inhibitor (serpins) that plays a crucial regulatory role 
in the plasminogen/plasmin system [26]. PAI-1 is synthe-
sised as a 45-kDa single-chain glycoprotein comprising 

Table 2  Clinical outcomes (3 - Mortality rate and hospital stay) by RAPID risk categories [10]
Risk group RAPID score 3–month mortality n/N (%) Median Hospital stay, days (IQR)
Low 0–2 5/222 (2.3%) 11 (6–21)
Moderate 3–4 21/228 (5.7%) 13 (7–25)
High 5–7 27/92 (29.3%) 18 (10–27)
IQR interquartile range. Higher RAPID risk scores indicate greater mortality and prolonged hospital stay
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been demonstrated to increase in cases of inflammatory and 
infectious diseases, including arthritis, liver fibrosis, HIV 
infection, bacterial infection and malaria [34]. This increase 
is an indication of immune system activation.

Arnold et al. [12] conducted a single-centre prospective 
cohort study, including 93 patients with parapneumonic 
effusions and 47 control subjects (malignant and transu-
dative pleural effusion). Pleural fluid suPAR levels were 
substantially higher in loculated versus non-loculated para-
pneumonic effusions (median: 132 ng/mL vs. 22 ng/mL, p 
< 0.001), and suPAR showed superior predictive accuracy 
for subsequent chest tube insertion (AUC = 0.93, 95% CI: 
0.89–0.98), compared with pleural fluid pH (AUC 0.82; 
95% confidence interval, 0.73–0.90). Moreover, suPAR 
could more accurately predicted the need for intrapleural 
fibrinolysis or thoracic surgery, with an AUC of 0.92 versus 
0.76 when compared with combined conventional biomark-
ers (pH, glucose, lactate dehydrogenase). However, no asso-
ciation with mortality was reported in this study.

Microbiology in Pleural Infection

Identifying the causative organism is important in manage-
ment of pleural infection. However, the yield from the con-
ventional pleural fluid culture results is low at only 30–40%. 
This increases to 60% when pleural fluid is inoculated into 
blood culture bottles [32]. Pleural biopsy can increase the 
yield by 25% further [33]. An alternative approach is the 
use of nucleic acid amplification testing to detect bacterial 
DNA/RNA which has the potential to detect multiple organ-
isms, and specifically those that are too fastidious to grow 
[34]. In previous retrospective studies, the 16 S ribosomal 
RNA PCR has shown potential for detecting pathogens from 
patients with pleural infection despite negative conventional 
pleural fluid culture [35, 36].

Knowledge of the pathogens not only inform antibiotic 
choices but is also fundamental in predicting clinical out-
comes. The bacteriology data from MIST–1 study has dem-
onstrated important prognostic associations. Patients with 
positive pleural fluid culture, particularly non streptococcal 
isolates, were associated with prolonged hospital stay. Addi-
tionally, there was a higher mortality rate among those with 
Staphylococcus aureus [6]. Microbiology data from a pro-
spective multicentre randomised controlled trial of pleural 
infection (MIST–2) demonstrated that in 191 patients, the 
culture was positive in 32% and 12.4% from pleural fluid 
and blood, respectively. Those with negative pleural fluid 
microbiology were less likely to die at 3 months (OR 0.1, 
95% CI 0.04 to 0.14, p < 0.01). In contrast, patients with 
positive blood culture had higher mortality (OR 3.5, 95% CI 
0.88 to 11.60, p = 0.05 and OR 3.2, 95% CI 0.79 to 10.91, 

379 or 381 amino acids, as determined by the presence of 
alternative cleavage sites for signal peptidases [27]. They 
are expressed by different cells in different tissues [28, 
29], regulated by various factors, including growth factors, 
inflammatory cytokines, hormones, glucose, and endotoxins 
[30, 31]. Since its discovery, considerable research has been 
directed towards elucidating the pathophysiological role of 
PAI-1 in both humans and diverse animal models of disease. 
A correlation has been demonstrated between PAI-1 and a 
range of pathologies, including cardiovascular disease, 
metabolic disturbances, the process of ageing, cancer, tissue 
fibrosis, inflammation, and neurodegenerative disease.

Bedawi et al. [12] reported a prospectively collected 
cohort of 214 patients with pleural infection, demonstrating 
that pleural fluid plasminogen activator inhibitor-1 (PAI-1) 
levels were strongly associated with both the presence (p < 
0.001) and severity (p = 0.003) of sonographic septations. 
Elevated PAI-1 concentrations correlated with prolonged 
hospital stay (p = 0.048) and increased 12-month mortal-
ity (p = 0.003). In contrast, the presence of septations alone 
on thoracic ultrasound was not independently predictive of 
clinical outcomes. These novel findings highlight the impor-
tant of PAI-1 as potential biomarker to stratify patients 
with pleural infection, but further prospective validation is 
required.

Soluble Urokinase Type Plasminogen Activator 
(suPAR)

Urokinase-type plasminogen activator (uPA) receptor is a 
glycosylphosphatidylinositol-anchored glycoprotein that is 
expressed by many hematopoietic, connective tissues, and 
epithelial cells, in particular during physiologic and patho-
logic tissue remodelling processes, including peripheral 
blood mononuclear cells (PBMCs), neutrophils and endo-
thelial cells [30, 31]. The uPA-uPAR system seems to stimu-
late several immunological functions like.

cell-associated fibrinolysis and subsequent reduction of 
fibrin associated inflammation [32].

The main component of the uPA system is a proteinase, 
uPA receptor (uPAR) and an inhibitor. It is worth noting that 
the uPA system is involved in pericellular proteolysis, cell 
migration and tissue remodelling [33]. suPAR is the soluble 
form of uPAR and is a glycoprotein with a molecular weight 
of 55–60 kDa. Under normal physiological conditions, 
uPAR and uPA are predominantly expressed by neutrophils, 
monocytes, macrophages and activated T cells, and the 
serum concentration of suPAR is relatively stable through-
out the day [34, 35]. However, it has been demonstrated 
that, upon activation of inflammatory cells by cytokines, 
uPAR expression increases, resulting in increased serum 
levels of suPAR [36]. SuPAR serum concentrations have 
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between the presence of ultrasound-detected septations 
and subsequent use of intrapleural enzyme therapy (IET). 
Among 368 patients with septated effusions, IET was 
administered in 72 cases (19.6%), compared to only 9 cases 
(9.6%) among 94 patients with non-septated effusions (p = 
0.023) [12]. However, the rates of surgery within 12 months 
was not statistically different (16.8%–26.1%). In addition, 
mortality (at 3 and 12 months), readmission rates within 
12 months and length of hospital stay did not differ signifi-
cantly between groups. In contrast, two small retrospective 
studies reported that the presence of septations is associated 
with poor clinical outcomes and the requirement for more 
invasive intervention [15, 39]. However, these studies are 
limited by the nature of the retrospective design and small 
sample sizes, which increases the risk of bias and limits the 
reliability and generalizability of findings.

Other Risk Factors

The Pneumonia Severity Index (PSI) and CURB-65 (con-
fusion, urea, respiratory rate, and age ≥ 65 years) are two 
robustly validated clinical prediction scores have been used to 
predict all-cause 30- day mortality in patients with pneumonia 
[40]. Notably, in the PSI score, pleural effusion is assigned a 
weight of 10 points implying its independent correlation with 
increased risk of mortality. This association has been sup-
ported by a retrospective study of 421 patients with compli-
cated parapneumonic effusion, which demonstrated that PSI 
risk classes IV–V (i.e. >90 points) and those with a CURB-65 
score ≥ 2 points were significant predictors of 30-day mortal-
ity, with respective odds ratios of 4.7 and 5.5 [41].

However, there are limitations to using these studies in 
patients with pleural infection; for instance, in a large cohort 
study involving 4,771 pneumonia patients, the electronic 
implementation of the CURB-65 score substantially underes-
timated the observed 30-day mortality among the subset of 
690 patients with pleural effusion, predicting a mortality rate 
of 7% compared to the actual rate of 14% (P < 0.001) [15].

Conclusions

In pleural infection, the RAPID score is the only validated 
risk prediction tool, incorporating age, serum albumin, and 
blood urea to predict mortality risk. The recent British Tho-
racic Society recommends its use to stratify patients and 
support discussions about treatment options. RAPID has 
the potential to personalise treatment and identify high-risk 
patients for earlier intensive treatment strategies and avoid 
unnecessary invasive intervention for the low risk group; 
however, data on clinical utility with its use are currently 

p = 0.08 when adjusted for treatment effect). Positive blood 
cultures were associated with longer hospital stay (coeffi-
cient 6.3, p = 0.03). Those with positive cultures from either 
pleural fluid or blood were more likely to require surgical 
intervention [37].

The largest microbiological study to date (TORPIDS) 
utilised next-generation sequencing (NGS) to identify 
pathogens, and findings support the correlation between 
pathogen and clinical outcomes. In particular, the presence 
of anaerobic bacteria and members of the Streptococcus 
anginosus group was associated with improved survival, 
whereas in contrast, a predominance of bacteria from the 
Enterobacteriaceae and Staphylococcus groups correlated 
with increased risk of mortality [14]. Overall, these findings 
highlight the role of pathogen identification as a potential 
element that could be incorporated in a risk stratification 
model for prediction of the clinical outcomes.

Pleural Fluid Appearance and Clinical 
Outcomes

Davies et al. [13] assessed the outcomes in a prospective 
study of 85 patients with confirmed pleural infection; all 
patients were treated with standard care, including antibi-
otics and chest tube drainage, followed by surgical inter-
vention in cases of treatment failure. They reported that the 
presence of non-purulent pleural fluid group was the only 
clinically useful predictor of successful medical treatment; 
29 (40%) with non-purulent pleural fluid had success-
ful treatment compared to 10 (77%) in the purulent fluid 
(p < 0.02) [13]. The absence of purulence demonstrated a 
high positive predictive value (PPV) of 93% for success-
ful non-surgical management. Conversely, the presence of 
purulence had limited utility in predicting treatment failure, 
with a PPV of only 26%. These findings are in keeping with 
the RAPID score, in which the presence of purulent pleural 
fluid has been demonstrated to be associated with improved 
clinical outcomes [10]. This observation may be explained 
by the fact that purulent effusions are more likely to be 
effectively drained, thereby achieving source control.

Thoracic Ultrasound

In patients with pleural infection, thoracic ultrasound plays 
a pivotal role in understanding the nature of the pleural effu-
sion, particularly in the evaluation of the fibrin deposition 
and the.

presence of fibrinous septation in the pleural cavity 
[38]. Bedawi et al. provided evidence from baseline tho-
racic ultrasound assessments in the prospectively collected 
PILOT study cohort, demonstrating a significant association 
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pleural infection: the PILOT study. European Respira-
tory Journal. 2020 Nov 26;56(5).

This is article validate the RAPID risk score in a 
large prospective multicentre study which shows 
results in keeping with the original RAPID score 
paper.

	● Bedawi EO, Kanellakis NI, Corcoran JP, Zhao Y, Has-
san M, Asciak R, Mercer RM, Sundaralingam A, Addala 
DN, Miller RF, Dong T. The biological role of pleural 
fluid PAI-1 and sonographic septations in pleural infec-
tion: analysis of a prospectively collected clinical out-
come study. American Journal of Respiratory and Criti-
cal Care Medicine. 2023 Mar 15;207(6):731-9.

This article associates the sonographic septations 
with the pleural fluid biomarkers and the correlation 
between baseline PAI- 1 and clinical outcomes.

	● Arnold DT, Hamilton FW, Elvers KT, Frankland SW, 
Zahan-Evans N, Patole S, Medford A, Bhatnagar R, 
Maskell NA. Pleural fluid suPAR levels predict the need 
for invasive management in parapneumonic effusions. 
American Journal of Respiratory and Critical Care Med-
icine. 2020 Jun 15;201(12):1545-53.

This article highlight the association between su-
PAR -1 and need for invasive intervention i.e chest 
drain insertion.

	● Kanellakis NI, Wrightson JM, Gerry S, Ilott N, Corcor-
an JP, Bedawi EO, Asciak R, Nezhentsev A, Sundaralin-
gam A, Hallifax RJ, Economides GM. The bacteriology 
of pleural infection (TORPIDS): an exploratory metage-
nomics analysis through next generation sequencing. 
The Lancet Microbe. 2022 Apr 1;3(4):e294-302.

Kanellakis et al provide evidence that pleural infec-
tion is polymicrobial and certain organisms are as-
sociate with poor clinical outcomes.

	● Menzies SM, Rahman NM, Wrightson JM, Davies HE, 
Shorten R, Gillespie SH, Davies CW, Maskell NA, Jef-
frey AA, Lee YG, Davies RJ. Blood culture bottle cul-
ture of pleural fluid in pleural infection. Thorax. 2011 
Aug 1;66(8):658-62.

Menzies et al demonstrated that inoculation of pleu-
ral fluid into blood culture bottles increased micro-
biology yield up to 60% which help with tailored off 
antibiotics hence better outcomes.

lacking. The NIHR-funded RAPTOR-feasibility trial is the 
first study attempting to evaluate RAPID-guided treatment 
and will inform design and methodology for future defini-
tive trials.
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