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Abstract Pleural infection remains a major healthcare
problem in the 21st century. It is responsible for significant
morbidity and mortality in both adults and children across
developed as well as developing countries. Its incidence
continues to rise globally despite the introduction of the
pneumococcal conjugate vaccine in 2000 and modern
advances in medical care. The pathobiology of empyema
remains relatively poorly understood and its changing bac-
teriology over time is important to recognize as it is likely to
have future implications in terms of patient management,
outcome, and healthcare costs. Many questions still remain
regarding the diagnosis and management of pleural infec-
tion. This paper reviews current data on biomarkers, bacte-
rial tests, and imaging modalities, in addition to discussing
potential future directions on research in the field.
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Introduction

Pleural infection is a centuries-old serious respiratory ill-
ness, first described by Hippocrates of Kos (460-377 BC)
who recognized that “pneumonia coming on pleurisy is
bad.” Empyema was fatal in as many as 70% of patients
between 400 BC and 1800 AD, though the mortality rate
gradually improved to ~30% by the 1950s [1]. Pneumonia-
related pleurisy has claimed many famous lives, including
Benjamin Franklin (1706-1790), Guillaume Dupuytren
(1777-1835), and Anna Pavlova (1881-1931). Still, in the
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21st century, ~15% of adult patients with empyema do not
survive the illness [2].

Establishing the diagnosis of pleural infection has always
been challenging. Hippocrates had to rely solely on the clin-
ical signs of “pain in the side, fever, shivering, and breathing
rapidly” [1]. Advances in imaging and laboratory tests have
vastly improved the diagnostic accuracy, but major limitations
exist [3] and delay in diagnosis (and treatment) contributes to
the disease morbidity.

Empyema results from bacterial infection of the pleural
cavity, but capturing the offending organism is not always
straightforward [4]. Sir William Osler (1848—1919), the father
of modern medicine, died from an empyema. Although he
analyzed his own disease course in the greatest details, the
causative organism(s) was never definitively identified [5]. No
pathogens are cultured in ~40% of empyema patients even in
the modern era.

This paper discusses contemporary challenges in the diag-
nosis of pleural infection, especially in view of its rising
incidence and changing bacteriology, and future perspectives.

The rising incidence from epidemiologic data

Each year in the UK and USA over 65,000 patients suffer
from a complicated parapneumonic effusion or empyema [6].
The incidence of empyema is rising worldwide in both devel-
oped and developing countries, and across ages. Increased
rates have been seen in pediatric and adult populations alike,
contributing to a significant degree of morbidity and mortality.
Alarmingly, the rate of empyema deaths has increased signif-
icantly since 2000, with a sixfold higher death rate in 2000—
2004 compared to 1950-1975 in a study from Utah [7].

In children <18 years of age, the annual empyema-
associated hospitalization rates increased almost 70% between
1997 and 2006 in the USA despite decreases in the bacterial
pneumonia and invasive pneumococcal disease rates [8]. Sim-
ilar findings have been reported in studies from Europe and
Asia; the annual incidence of empyema in Israeli children
increased strikingly from 5 to 42 per million between 1990
and 2002 [9]. The annual population-based incidence of em-
pyema among children under 5 years in Taiwan increased year
by year from 1997 to 2004, from 4.94 to 15.55 episodes per
100,000 children-year [10]. Likewise, increased pleural infec-
tion rates in adults over the last decade have been seen in
Canada [11] and in USA where pleural infection rates have
increased by 3% per year over the last 2 decades [12].

The prevalence of causative organisms of pleural infection
differs around the world and can vary over time, depending on
the source of infection (community vs hospital acquired em-
pyema) and host factors (patient age, immune status). Data
from the UK Multicentre Intrapleural Sepsis Trial (MIST-1)
confirmed streptococcal species as the most prevalent
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organisms isolated in community-acquired cases of pleural
infection, with the Streptococcus milleri group as the leading
cause, accounting for one-third of cases [2]. Streptococcus
pneumoniae is the second most common pathogen in adult
empyema and the most common causative organism in pedi-
atric empyema [4]. Other commonly occurring microbes in-
clude anaerobes and staphylococci, the latter accounting for
46% of hospital-acquired cases in the MIST-1 cohort, 60% of
which were methicillin resistant [13]. Conversely, Klebsiella
pneumoniae was the most frequent cause of community-
acquired empyema or complicated parapneumonic effusion
in Taiwanese adults treated during the period 2001-2008.
Diabetes mellitus, liver cirrhosis, and bronchogenic carcinoma
were shown to be independent risk factors for K. pneumoniae
infection in the study [14].

The annual incidence of invasive disease caused by S.
pneumoniae has decreased significantly in all age groups with
the introduction of the heptavalent pneumococcal conjugate
vaccine PCV-7 in 2000 [15]. Despite reductions in invasive
disease due to PCV-7 serotypes (4, 6B, 9V, 18C, 19F, and 23F),
pediatric pneumococcal empyema rates have continued to rise
significantly [16] suggesting a change in bacteriology and
replacement of other serotypes causing empyema. In Utah prior
to license of PCV-7, 62% of cases of pediatric pneumococcal
empyema were due to non-vaccine serotypes, primarily sero-
type 1, compared to 98% in 2007 (P<0.001) when cases were
predominantly due to serotypes 1, 3, 19A, and 7F [17]. In
adults with pneumonia and S. pneumoniae septicemia, those
infected with serotypes of high invasive disease potential (1, 5,
and 7F) were found to be at significantly higher risk of devel-
oping pleural infection (17.2% versus 5.1%) than patients
infected with low potential serotypes [18]. A Spanish study
recently analyzed the differences in the incidence and serotype
distribution between the pre and post-PCV7 era in young adults
with pneumococcal empyema. The incidence increased during
the post vaccine period (from 0.5 to 1.6 cases per 100,000
person-years), mainly as a result of the emergence of serotype 1
which caused 43.3% of cases of pneumococcal empyema
[19¢]. This again supports the idea that the widespread adoption
of the vaccine has favored the spread of these empyema-prone
serotypes by reducing their natural competition.

The observed rise in incidence of pleural infection and
associated mortality rate over time has occurred in spite of
advances in medical care. This is of grave concern globally and
raises some interesting questions. Does the cultured organism
from empyema fluid correctly represent the causative organ-
ism? Are we using inappropriate antibiotics and/or delaying
their initiation? Is antibiotic resistance increasing in communi-
ty acquired cases of pleural infection? Available epidemiolog-
ical data would support the call for more sensitive diagnostic
techniques for microbes causing pleural infection, along with
improved antibacterial agents, vaccines, and more standardized
treatment strategies to reduce disease mortality and morbidity.
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Biomarkers and diagnostic biochemical tests

All patients with a presumptive diagnosis of pleural space
infection should undergo thoracentesis. Clinical data (ie, febrile
acute illness, peripheral leukocytosis, lung infiltrates) in con-
junction with a good working knowledge of pleural fluid
analysis enables the physician to make a confident diagnosis
of parapneumonic effusion in most cases. Where biochemis-
tries of the aspirated fluid are not immediately available,
reagent strips, designed for urine but applied to pleural fluid
specimens, may provide useful diagnostic information in just a
few minutes. A recent study tested commercially available
reagent strips for leukocyte esterase on 128 patients with differ-
ent causes of pleural effusion, including 42 non-mycobacterial
infections, 15 tuberculosis, and 71 non-infectious etiologies
[20]. A positive test (ie, any visual color change in the leukocyte
label of the dipstick) displayed a sensitivity of 42%, specificity
of 100%, and positive likelihood ratio (LR) of 75 for the
detection of non-tuberculous infectious effusions [20]. There-
fore, reagent strips may speed up the bedside diagnosis of
infectious effusions in the setting of resource-limited healthcare
systems.

From the biochemical standpoint, parapneumonic effu-
sions are typically neutrophil-rich exudates. However, a pleu-
ral fluid dominated by polymorphonuclear leukocytes can
also occur in 10% and 20% of tuberculous and malignant
effusions, respectively, as well as in a number of acute effu-
sions [21]. Recently, Porcel et al. examined the diagnostic
usefulness of pleural fluid routine biochemistries (white blood
cell count and differential, pH, glucose, lactate dehydrogenase
[LDH], adenosine deaminase [ADA]) and C-reactive protein
(CRP) for labeling parapneumonic effusions among nearly
2,000 non-purulent exudates [22]. The latter is an acute phase
reactant commonly used as an infection marker. It was found
that pleural fluid CRP greater than 100 mg/L (sensitivity 36%,
specificity 98%, LR 19.4) and a percentage of neutrophils
above 85% (sensitivity 44%, specificity 94%, LR 7.8) were
the most important parameters in the identification of para-
pneumonic effusions, both exhibiting areas under the curve
(AUC) higher than 0.80 [22].

More so than correctly diagnosing an infectious effusion, the
greater clinical challenge is to identify complicated parapneu-
monic effusions, specifically those non-purulent-appearing
effusions that require chest tube drainage. Clinical guidelines
advocate measurement of pleural fluid pH or glucose as the first
laboratory criterion for instituting tube thoracostomy [23]. The
rationale behind this is that the more advanced the pleural space
infection is, the lower the pleural fluid pH and glucose levels
become. If the pleural fluid pH is less than 7.20 or the pleural
fluid glucose is below 60 mg/dL the pleural space should
probably be drained (LR about 5.5) [22, 23]. Nevertheless,
about 40% of patients who will eventually be treated by tube
thoracostomy have values above these thresholds [22].

Recently, it has been shown that CRP levels higher than
100 mg/L in the pleural fluid were an equally effective marker
of complicated parapneumonic effusions (sensitivity 58%,
specificity 88%, LR 5) [22]. The combination of CRP with
either pH or glucose at the established cutoff points using an
“or” rule, wherein the pleural space would be drained if any test
is positive, increased sensitivity for detecting complicated para-
paneumonics to nearly 80% [22]. On the other hand, the
presence of both high CRP and low pH or glucose values
argues strongly for pleural fluid drainage (specificity 97%,
LR 15) [22]. The theoretic advantage of combining several
biomarkers into a single classification rule is that it should help
to improve their classification accuracy and, therefore, their
clinical usefulness. Whether pleural fluid CRP may be included
among the routine biochemical data used to make decisions on
drainage of non-purulent collections warrants further studies.

In addition to the tests described above, there have
been a number of promising biomarkers of infection
under research [24¢]. They reflect different stages of
the inflammatory cascade triggered by microorganisms
and can be measured by commercially available immunoassays.
Although the results are limited by the small populations tested,
some pleural fluid biomarkers exhibiting acceptable perform-
ances for discriminating between complicated and non-
complicated parapneumonic effusions are, in decreasing order
of positive LRs: tumor necrosis factor-o«>80 pg/mL (LR 6.8)
[25], myeloperoxidase >3,000 pug/L (LR 5.9) [26], matrix
metalloproteinase-2<343 ng/mL (LR 5.5) [27], neutrophil elas-
tase >3,500 pg/L (LR 4.6) [28], interleukin-8>1,000 pg/mL
(LR 4.6) [29], lipopolysaccharide binding protein>17 pg/mL
(LR 4) [30], and soluble triggering receptor expressed on my-
eloid cell >180 pg/mL (LR 3.9) [30]. Other biomarkers may be
clinically meaningful because of their high sensitivity and, thus,
their extremely low LR negative for complicated effusions.
Examples are a pleural interleukin 13>3.9 pg/mL (LR negative
0.02) [31], terminal complement complex SC5b-9>2,000 pg/L
(LR negative 0.03) [32], and 8-isoprostane >35.1 pg/mL (LR
negative 0.04) [33], where values lower than the reported
thresholds make a complicated parapneumonic effusion highly
unlikely. Of note, procalcitonin, a prohormone used to confirm
or exclude the diagnosis of severe bacterial infection, lacks the
ability to separate complicated from uncomplicated effusions
when evaluated in the pleural fluid [30].

A confident comparative analysis between new and tradi-
tional markers of complicated effusions is hampered by incor-
poration bias. That is, most physicians use the pleural fluid pH
and glucose to select patients who should undergo tube thor-
acostomy, thereby artificially increasing their discriminating
properties [24¢]. Since the new biomarkers provide the same
information as the widely established pH and glucose, or the
easily performed CRP, it is not anticipated that they will
replace or be added to those currently being used for clinical
decision-making in parapneumonic effusions.
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Imaging of pleural infection
Chest X-ray

The initial investigation for suspected pleural infection
remains chest radiography and a posteroanterior X-ray can
detect effusions >200-300 mL [34, 35]. There are no radio-
graphic features with high specificity for pleural infection,
although a new loculated effusion is suspicious for infection
in the context of sepsis.

Pleural ultrasound

Ultrasonography is increasingly used by physicians to im-
prove the diagnosis and management of pleural infection
[36°]. It allows real-time radiation-free pleural space imaging,
and is particularly useful when bedside imaging is required for
critically unwell patients. Adequate imaging can be achieved
with most portable ultrasound machines.

Ultrasound has a higher sensitivity than chest X-ray in
detecting pleural fluid [37, 38]. It is able to accurately locate
loculated fluid [39], estimate pleural fluid depth and volume
[40—43], and allows guided pleural intervention, which is
safer than clinical examination combined with chest X-ray
review (that risk organ perforation in 10% of cases [44]).
Combining ultrasound with policies restricting pleural inter-
ventions to a core group of physicians led to an eight-fold
reduction in the risk associated with pleural aspiration [45¢].
Other observational studies have also suggested a lower
complication rate associated with ultrasound guidance [46,
47]. Ultrasound can accurately distinguish pleural fluid from
underlying consolidation and atelectasis, thereby avoiding
injudicious pleural intervention [48].

Sonographic features allow effusions to be characterized
into anechoic (Fig. 1), complex nonseptated (Fig. 2), complex
septated (Fig. 3), and homogenously echogenic effusions
(Fig. 4) [49]. Anechoic effusions may be transudative or
exudative (and require sampling to clarify), whereas complex
and echogenic effusions are virtually always exudative. Sep-
tations suggest an inflammatory effusion, but are often also
associated with other conditions such as pleural malignancy.

Some sonographic characteristics may have a use in
risk-stratifying patients and aid in determining when to
sample an effusion to rule out pleural infection. 1-2 cm
fluid depth is a conventional cutoff for sampling, al-
though heavily echogenic fluid (suggestive of pus or
blood [50]) might lower this threshold or suggest an
aggressive patient follow-up strategy. Tu et al. [51] examined
whether ultrasound could predict those with pleural infection
amongst 94 febrile ICU patients. Fluid sampling found 15
cases of empyema: none was anechoic on imaging, suggesting
that routine fluid sampling is not required for anechoic effu-
sions. However, pleural pH and other biochemical criteria
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Anechoic
effusion

Fig. 1 Anechoic pleural effusion

were not included in that study to exclude complicated para-
pneumonic effusions.

Pleural fluid septation density has been proposed to pre-
dict outcome, in particular chest tube drainage success.
Studies have shown a success rate of drainage for 92%-—
100% of anechoic effusions, 79%—82% of complex non-
septated effusions, 80% of homogenously echogenic effu-
sions, and 51%-63% of complex septated effusions
[52-54]. Chen et al. [55] found a higher treatment failure
rate for complex septated effusions compared with non-
septated effusions. However, others have failed to demon-
strate an association with outcome or surgical requirements
[56]. Overall, septated effusions should not deter physicians
from using chest tubes given that the majority of such effusions
still drain well.

In spite of many advantages of bedside ultrasound, sev-
eral factors may make imaging difficult, including obesity,

_ Complex
- non-septated
» effusion

Fig. 2 Complex nonseptated effusion. The bright internal echoes are
suggestive of intrapleural air from a gas-forming pleural infection
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Septated
effusion

Fig. 3 Complex septated effusion. 4rrow points toward a fibrinous
septation

air in the pleural cavity (eg, from bronchopleural fistula),
and subcutaneous emphysema. The increased adoption of
pleural ultrasound by physicians mandates adequate training
to avoid patient harm [57, 58].

Computed tomography (CT)

CT is not routinely used for imaging pleural infection, but has
a role when other imaging modalities are ambiguous, when
malignancy or unusual causes of pleural infection (such as
oesophageal rupture) are suspected, or when pleural interven-
tion is impossible with ultrasound.

Standard contrast-enhanced thoracic CT with image-
acquisition in the arterial phase is suboptimal for pleural
imaging. Specific “pleural protocols” acquire images in the
tissue phase (~ 50-60 s post contrast injection) for optimal

Echogenic
effusion

Diaphragm

Liver

Fig. 4 Homogenously echogenic effusion

pleural enhancement while still achieving reasonable major
vessel enhancement [59¢].

Pleural infection (and other causes of exudative effusions)
result in parietal pleural enhancement and smooth parietal
thickening. Extrapleural changes in the subcostal tissue be-
tween the ribs and parietal pleura are commonly associated
with pleural infection and manifest as increased extrapleural
fat attenuation and soft tissue thickening (Fig. 5) [60-62].

The distinction between a peripheral pulmonary abscess
and loculated pleural infection is often difficult, but CT fea-
tures can aid in this distinction. The “split pleura” sign
describes the separation of visceral and parietal pleura around
a loculated pleural infection, not present in a pulmonary
abscess. Other features favoring pleural infection rather than
lung abscess are fluid collections that 1) make obtuse rather
than acute angles with the chest wall, 2) are lenticular (rather
than round) in shape, and 3) cause compression of the adjacent
lung [63].

Magnetic resonance imaging (MRI)

MRI is used infrequently for pleural infection, but may have a
specific role for younger patients requiring repeated imaging, in
whom radiation exposure is of particular concern. Respiratory
and cardiac motion often degrades image quality, but gating
techniques decrease artifacts. Pleural infection fluid gives a low
signal on T1-weighted and high signal on T2-weighted images
(Fig. 6) [64]. MRI readily detects extrapleural fat changes and
is superior to CT in visualizing septations.

While a variety of imaging features may suggest pleural
infection, the absence of such features is not sufficient to
rule out infection. All effusions large enough to be aspirated
safely should be sampled to enable pleural fluid analysis and
determine which effusions require chest tube drainage.

Fig. 5 CT demonstrating pleural infection (*), smooth parietal en-
hancement and thickening (arrow), and increased thickness of extrap-
leural soft tissues (arrowhead)
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Physician-performed pleural ultrasound has led to signifi-
cant improvements in pleural infection diagnosis and has
improved the safety of pleural interventions.

Bacterial tests and bacteriology of pleural fluid

Given the remarkably consistent pattern found for the major
pathogens for community-acquired pneumonia (CAP) world-
wide [65], it should not be surprising that most series of
community-acquired empyema report very similar results. In
children, Streptococcus pneumoniae is overwhelming the most
common pathogen accounting for >80% of culture-positive
cases, with Staphylococcus aureus a distant second [66—69].
However, in adults Streptococcus milleri is much more com-
monly isolated than S. pneumoniae and easily the most com-
mon pathogen at 25%—40% of culture-positive cases in most
series [13, 70-73]. Many laboratories do not usually further
speciate S. milleri, which is a heterogeneous group of faculta-
tively Gram-positive anaerobic cocci (S. intermedius, S. angi-
nosus, and S. constellatus) of the viridans streptococci group.

After S. milleri, S. pneumoniae, and S. aureus, there is a
long list of other aerobic organisms including Gram-negative
bacteria such as Escherichia coli, Haemophilus influenza, and
Klebsiella pneumoniae [66, 67]. Gram-negative pathogens
appear to be more common in the elderly [74], as they are in
pneumonia [65]. It is also not uncommon for cultures to grow
a mix of aerobic and anaerobic bacteria, with the commonest
anaerobes being Bacteroides fragilis [75]. Given the difficul-
ties in culturing anaerobic bacteria if samples are not handled
and processed correctly the frequency of mixed infections is
probably underestimated.

Much as it is for pneumonia, it is very important to distin-
guish between nosocomial and community acquired infec-
tions as there is a very different mix of pathogens identified

Fig. 6 T2-weighted MRI of pleural infection, demonstrating septated
effusion (arrow) and pleural air (*) adjacent to pulmonary consolidation

@ Springer

as the usual causative agents [72]. With nosocomial empyema
S. milleri and S. pneumoniae are much less commonly isolat-
ed, although S. aureus remains extremely common. What is
much more common in nosocomial disease are pathogens
such as the enterobacteria, enterococci, and Pseudomonas
aeruginosa [76].

Despite a general consistency across most etiological stud-
ies there can be important regional differences and clinicians
need to be aware of any important differences in their local
etiology. For example, two reports from Taiwan found K.
pneumoniae was the commonest cause of empyema in
community-acquired and hospital-acquired cases [14, 77].
The rise of multi-resistant S. aureus (MRSA) is also a major
cause of concern in community-acquired cases in some areas
and is a direct flow on from the rise of community-acquired
MRSA pneumonia [78—80]. MRSA pneumonia appears espe-
cially prone to be complicated by empyema, from 35% to
75% of patients depending on the series reported [81-83], and
is also associated with high mortality rates [72, 81, 83].
Clinicians should therefore be particularly vigilant for the
development of empyema when S. aureus is identified in a
patient with pneumonia.

One of the frustrations for clinicians is that the pathogen is
usually not identified in patients with empyema, with routine
cultures of pleural fluid and blood generally negative [16, 84].
When antibiotics have already been given the yield is even
lower, typically well below 10%. One of the reasons for the
low culture rate is the loss of viable bacteria in transport to the
laboratory. If pleural fluid is injected immediately after aspi-
ration into blood culture bottles, including anaerobic bottles,
the culture yield can be increased by up to 50% [85].

Given the low yield from conventional cultures, attempts
have been made to improve the diagnostic rate by the use of
newer techniques including polymerase chain reaction (PCR)-
based assays and antigen detection. While these approaches
have generally resulted in small improvements in detection for
most pathogens so far [13], for S. pneumoniae they have
proved exceptionally successful. For reasons not entirely clear
it appears that pneumococcus is particularly amenable to
detection by PCR compared to other pathogens such as S.
aureus or S. pyogenes [69]. Because of the success of detect-
ing S. pneumoniae with PCR, the latter is a much more useful
tool in pediatric empyema.

In a study of 89 children with empyema, Strachan et al.
found that pleural fluid culture was positive for S. pneumoniae
in 5/84 samples (5.9%) whereas using a PCR-based approach to
detect the pneumococcal gene lytA, 43/79 pleural fluid samples
were positive, a nearly 10-fold increase in sensitivity [86°].
Other groups have also reported significantly increased yield
(2—-4x culture rate) with a variety of PCR methods [69, 87].

A separate manuscript from Strachan et al. used the Binax
urinary antigen test for pneumococcus on pleural fluid and
found the sensitivity to be 83.8% and specificity to be 93.5%
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compared to a composite gold standard of any other test (PCR,
pleural fluid culture, blood culture) being positive [88]. A
Spanish research group had even better results for the Binax
urinary antigen test on pleural fluid (96% sensitivity, 100%
specificity) when compared against the combination of culture
and PCR [89]. However, the PCR-positive rate was not quite
as good (13/40) as the study by Stachan et al., possibly due to
an inferior PCR assay [90]. A further smaller study also
reported excellent sensitivity with the Binax antigen test when
used on pleural fluid [87].

The concept of measuring bacterial load as a marker of
disease severity is increasingly entering the sepsis and pneu-
monia literature [91], something that can be readily done with
PCR using a real-time platform. A recent study by Munoz-
Almagro et al. demonstrated that not only was their pneumo-
coccal PCR-assay very sensitive at four times the rate of
culture, but that quantitating the bacterial load in pleural fluid
was highly predictive of the clinical outcome. As expected
bacterial load was lower in patients with prior antibiotics, but
higher loads were associated with longer length of hospital stay
and longer duration of pleural drainage [92]. This represents a
major area of current and future research.

The future perspectives

It is unknown why pulmonary infection with some pathogens is
more likely to cause parapneumonic effusions than infection
with other pathogens. Although the Streptococcus intermedius-
anginosus-constellatus (milleri) group of bacteria are the most
common organisms responsible for pleural infection in adults
[13], these commensals are rarely implicated in pneumonia.
This casts doubt over the traditional belief that empyema always
results as a consequence of lung infection. A related problem is
to identify the pathogen causing the parapneumonic effusion. In
the above study, cultures were positive in 232 of 434 patients
[13] and nucleic acid amplification identified the responsible
bacteria in an additional 70 cases. Nevertheless, no organism
was identified in the remaining 132 patients (30.4%) [13].

Identifying which parapneumonic effusion needs drainage
remains challenging. Low pleural fluid pH was shown as the
most sensitive indicator in the 1970s [93]. Subsequently,
glucose (<60 mg/dL) and LDH (> 3x the upper limit of
normal) were added as indicators that a parapneumonic effu-
sion was complicated [94]. In these early studies the clinician
knew the result of the pleural fluid analysis which probably
influenced their decision whether to insert a chest tube. A
huge number of pleural fluid biomarkers [30, 31] have been
evaluated since; none is superior to the pleural fluid pH,
glucose, or LDH in identifying complicated parapneumonic
effusions. The need for a better biomarker remains.

Which patients with parapneumonic effusions should
undergo a thoracentesis? The current guidelines [6, 23] state

that if the pleural effusion is more than 10 mm in thickness
of a lateral decubitus, CT scan or ultrasound, a thoracentesis
is indicated. However, many patients have more pleural
fluid than this and do fine without a thoracentesis. A recent
paper [95] suggested that if the thickness of the pleural fluid
was less than 20 mm, the effusions were rarely complicated
and a thoracentesis was not indicated.

If the decision is made to sample a parapneumonic effu-
sion, how should it be performed? There are no controlled
studies comparing the potential options—a diagnostic thor-
acentesis, a therapeutic thoracentesis, or the insertion of a
small chest tube—that allows the shortest hospitalization
and the lowest need for thoracoscopy.

Conclusions

Improvements in healthcare and availability of antibiotics,
since the days of Hippocrates, have failed to eliminate pleural
infection. Instead it remains a common illness worldwide with
a rising incidence, morbidity, and mortality. The causative
bacteria continue to evade current pleural fluid culture methods
in an unacceptably high rate. No new diagnostic biomarkers
have made a realistic impact in pleural infection. Imaging
techniques have helped precision of drainage but its benefits
on the overall outcome of this illness remain limited.

A better understanding of the bacterial interaction with the
lung and pleura, better characterization of the host immune
response to the bacteria, and the application of new molecular
technology to pleural investigations are needed in the next
stage of our attempts to win the centuries-long battle against
this disease that has claimed so many human lives.

Disclosure No potential conflicts of interest relevant to this article
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