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Abstract
Purpose of Review Pleural infection is a common cause of hospitalisation and associated with high morbidity and mortality. This
review summarises our current knowledge and practice in cases of pleural infection, with a particular focus on the evidence
relevant to the management of this condition in older adults.
Recent Findings The incidence of pleural infection is rising in older adults, who often present with less specific symptoms and
commonly suffer from one or more comorbidities that can both confound diagnosis and impact on longer-term outcomes.
Aspiration of oropharyngeal contents plays an important role in the pathogenesis of pleural infection in older adults which needs
to be taken into consideration when deciding on management strategies including antibiotic selection. Treatment focuses on
improving the patient’s general condition, appropriate antibiotic therapy and adequate drainage of the infected pleural collection.
In cases of failure of initial medical treatment, intrapleural fibrinolytics and surgical debridement of the pleural space are the two
main options. Despite the fact that advanced age is a risk factor for poor outcome from pleural infection, older patients are less
likely to be referred for definitive surgical treatment in these circumstances. However, the current evidence base does not
necessarily show a significantly worse post-operative course in older patients undergoing surgical treatment for pleural infection
in comparison to younger adults.
Summary Pleural infection is an increasingly common and frequently under-recognised pathology. Timely diagnosis and treat-
ment can have a positive impact on morbidity and mortality, but further research is needed to allow a better understanding of how
different or more aggressive treatment strategies might influence the outcome in an elderly and more vulnerable population.
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Introduction

Up to 50% of patients with pneumonia develop pleural effu-
sion [1]. The majority of these effusions are only reactionary
and are termed ‘simple’. Pleural infection occurs when
offending pathogens access the pleural space, either in the
setting of contiguous pneumonia (described as complicated
parapneumonic effusion) or primarily pleural space infection
without lung affection [2]. Pleural infection is a serious med-
ical problem associated with considerable morbidity and

mortality and consequently imposes a substantial burden on
healthcare resources. It is relatively common with a reported
incidence of 9 per 100,000 population [3]. A recent systematic
review reported that pleural infection is associated with long
hospital admissions, ranging between 13 and 27 days with an
estimated 30-day mortality of 4–11% [4•]. With the advent of
minimally invasive surgery for the management of pleural
infection and the growing use of medical adjuncts such as
intrapleural fibrinolytics, the average healthcare cost per
hospitalisation now exceeds 4000 USD [3].

Several studies have demonstrated a shift in the demo-
graphics of patients with pleural infection over time, with
higher incidence rates seen in older adults in the past two
decades [3, 5, 6, 7•]. This is compounded in recent years by
the rising mortality rates due to pleural infection, which has
been observed in adult but not paediatric patients [2]. The
reasons for this changing clinical picture are incompletely
understood with a range of theories including an evolving
microbiome with more invasive Pneumococcal serotypes as
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a result of multivalent vaccination, the increasing use of im-
munosuppressive medication for autoimmune conditions and
cancer and perhaps a greater awareness of the condition
resulting in diagnostic suspicion bias [8]. Whilst these are all
likely to be true to a greater or lesser extent, there is also little
doubt that a growing population of older adults, with a com-
plex range of comorbidities, as seen in more than 70% of this
cohort of patients [4•], is also a contributory factor. For the
same reasons, the management of pleural infection in older
adults requires careful thought and consideration.

This review summarises our current knowledge of and best
practice in managing pleural infection, with a particular focus
on the evidence that exists regarding the treatment of this
common and frequently life-threatening condition in older
adults.

Epidemiology

The incidence of pleural infection is on the rise and this is
most pronounced in the elderly. A study in Denmark looking
at incidence rates at the turn of the twenty-first century found
that pleural infection diagnosis rates witnessed an absolute
increase of 27% in adults between 40 and 64 years of age, in
comparison to an increase of 87% in people aged 80 years or
more [6]. Data from Canada estimate the incidence of pleural
infection among adults between 75 and 79 years of age to be
19 per 100,000 population in comparison to an incidence rate
of 2–6 per 100,000 in adults between 20 and 40 years old [5].
It is noteworthy that this pattern is not uniform across the
world, as it has been shown that the average age of patients
diagnosed with pleural infection from high-income economies
was 57 years in comparison to an average age of 43 years in
patients from lower income economies [4•].

Comorbid illness is very common in elderly adults with
pleural infection which is an important factor to consider
when constructing a management plan for these patients. In
general, more than 50% of patients with pleural infection suf-
fer from one or more comorbidities [2, 4•]. In a comparative
study of patients with pleural infection coming from indepen-
dent living in the community and those coming from nursing
homes, the prevalence of comorbidity was 47% in the former
in comparison to 89% in the latter group [9]. Not surprisingly,
cardiovascular and neurological comorbidities are more com-
mon in older patients with pleural infection [10].

Pathogenesis

The means by which pleural infection develops are incom-
pletely understood [8]. Up to a half of patients who suffer from
pneumonia develop a parapneumonic effusion, but only a
small proportion of these patients go on to develop actual

pleural infection [11].Moreover, pleural infection can develop
without contiguous lung parenchymal infection [12].

In the elderly, aspiration pneumonia, whether in
community-acquired or hospital-acquired infections, is very
common and comprises up to 70% of hospitalised cases with
pneumonia [13]. This is relevant since the general pattern of
the microbiology of pleural infection differs significantly from
that of pneumonia, with a predominance of oropharyngeal
pathogens as common causes of pleural infection as opposed
to the bacteria that are typically associated with pneumonia
[14•]. This suggests differing patho-biologic mechanisms for
the two conditions [8, 12]. The higher prevalence of aspiration
as a common mechanism may explain, at least in part, the
higher incidence of pleural infection among older adults. In
a study of patients with community-acquired pleural infection,
a history of aspiration was present in 20% of patients older
than 65 years as opposed to only 6% in those younger than
65 years [15].

Diagnosis

Clinical Presentation

The typical symptoms of pleural infection include chest pain
(usually of a pleuritic nature) and fever of an acute onset. This
may also be associated with cough and purulent sputum in
patients with pleural infection complicating pneumonia [1].
In the elderly, the clinical presentation is often sub-acute with
less pronounced fever, chest pain, or cough [9]. Patients in-
stead usually present with less specific systemic complaints
such as dyspnoea, anorexia, loss of weight, or general malaise;
they are commonly anaemic and hypoalbuminaemic [9, 10,
15]. Similar to pneumonia in the elderly, many of these pa-
tients suffer from other debilitating long-term conditions such
as ischemic heart disease, cerebrovascular or other neurolog-
ical diseases and chronic obstructive pulmonary disease [16].
Therefore, a thorough clinical examination and a high index of
suspicion are necessary for timely diagnosis of this potentially
fatal condition. This is particularly pertinent in the vulnerable
elderly population since any delay in the institution of appro-
priate therapy is associated with worse outcomes [17, 18].

Radiology

Clinical suspicion of a pleural effusion should be confirmed
by imaging, the most basic of which is a standard postero-
anterior chest X-ray [19]. There are no X-ray features patho-
gnomonic of pleural infection, but the presence of either pleu-
ral fluid encystment, as suggested by a steep rise of the upper
margin of the pleural fluid towards the axilla (Fig. 1), and/or
pleural fluid loculation as suggested by the D sign (a bulging
opacity originating from the chest wall Fig. 1) should
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immediately raise the suspicion of pleural infection in the
correct clinical circumstances [2]. Thoracic ultrasound
(TUS) is, given the overwhelming evidence base [20, 21],
mandatory in modern clinical practice immediately prior to
any intervention into the pleural space for suspected fluid in
order to ensure safe entry and minimise the risk of iatrogenic
complications. In addition, certain sonographic features can
again raise suspicion for pleural infection including the pres-
ence of increased echogenicity or septations within the pleural
collection (Fig. 1) [22].

Contrast-enhanced computed tomography (CT) may also
be helpful in characterising the pleural anatomy further. It is
not usually required for the initial diagnosis of pleural infec-
tion unless the X-ray, and TUS appearances are difficult to
interpret, which is occasionally seen with multi-loculated in-
fections (Fig. 1). CT features that may be suggestive of pleural
infection include smooth pleural enhancement which appears
as the ‘split pleura’ sign when both visceral and parietal layers
are involved [23]. CT is often utilised in those cases where
sub-optimal drainage of the infected pleural space has oc-
curred, and further intervention (e.g. surgery) is being contem-
plated. It is noteworthy however that CT is inferior to TUS in
delineating the presence and extent of pleural fluid septations
[22], a feature that has been thought to herald failure of

medical treatment but for which prospective data are still lack-
ing [24, 25].

Pleural Fluid Analysis

Pleural fluid aspiration (thoracentesis) should be carried out as
soon as possible in the setting of suspected pleural infection,
immediately following the identification of a safe site for in-
tervention by TUS. For smaller or loculated collections, real-
time TUS guidance may be required in order to ensure safe
and adequate sampling.

Macroscopic examination of the aspirated fluid may yield
the diagnosis if frank pus is noted. Otherwise, bedside pH
measurement of the pleural fluid using a blood gas analyser
is the recommended next step, remembering that the sample
needs to be processed promptly to ensure accurate results [19,
26]. A pleural fluid pH < 7.20 is highly suggestive of pleural
infection and, in the correct clinical context, should trigger
further management steps for pleural infection including the
insertion of a chest tube. It is important to be aware that other
causes of pleural effusion such as malignancy (which is not
uncommon in the elderly) and rheumatoid pleurisy can also
have very low pH values [27] and clinical judgement is there-
fore important to avoid unnecessary interventions.

Fig. 1 a Chest X-ray with
partially encysted left-sided
pleural effusion with steep upper
border of the opacity (arrows). b
Chest X-ray with right-sided
opacification exhibiting a “D”
shape suggestive of a loculated
pleural collection. c Axial
computed tomography image
following on from chest X-ray in
b, confirming the presence of two
distinct pleural collections
(arrows). d Ultrasound images
following on from chest X-ray in
b and CT in c, showing a heavily
septated pleural collection;
subsequent pleural aspiration
confirmed the presence of frank
pus
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Conversely, a pleural fluid pH that is not lower than 7.20
cannot sufficiently rule out pleural infection, particularly in
the presence of TUS features suggesting a complex pleural
space (i.e. septations). It is known that the pleural pH is not
uniform in multiloculated effusions, and even in the presence
of pleural infection, a sampled locule may have a normal pH
[28]. It is a standard practice to send pleural fluid samples for
biochemical analysis (LDH, protein and glucose), microbio-
logical tests (gram stain, culture and sensitivity, smear for
acid-fast bacilli and culture for Mycobacterium tuberculosis)
and cytology. In the absence of low pleural fluid pH, other
findings to support a diagnosis of pleural infection are a pos-
itive gram stain and/or culture, and pleural fluid glucose <
60 mg/dL (< 3.3 mmol/L).

In order to maximise the chances of identifying the
offending pathogen, it is a good practice to send pleural fluid
samples in aerobic and anaerobic blood culture bottles in ad-
dition to the standard sample sent in a plain container [29]. In
the aforementioned study of patients with pleural infection
coming from the community and nursing homes, aerobic
gram-positive bacteria were more commonly isolated from
community dwellers in comparison to a higher prevalence of
anaerobic infection in nursing home dwellers [9]. However,
another study found the Streptococcus milleri group was the
most commonly isolated pathogen in pleural infection in adult
patients of all ages [15]. The main difference reported from
this study was that fungi were three times more commonly
isolated from patients with pleural infection > 65 years old
[15], although this remained an unusual pathogenic organism
overall. Molecular tests to detect bacterial genetic material are
more sensitive than standard cultures [12, 30] and can some-
times be resorted to in the management of pleural infection if
standard cultures are negative and a patient is failing empirical
treatment.

Treatment

General Measures

A comprehensive assessment of a patients’ nutritional status,
potentially with the early involvement of a dietician, is an
integral part of the management of elderly patients with pleu-
ral infection. Patients are at increased risk of venous thrombo-
embolism as a result of reduced mobility and an inflammatory
state and appropriate prophylaxis should be instituted
accordingly.

Antibiotics

The cornerstones of managing pleural infection are the early
commencement of appropriate antibiotics and adequate drain-
age of the infected material. Almost always, the initial choice

of antibiotic regimen for pleural infection is empirical. Pleural
fluid cultures are negative in up to 60% of cases, and in these
situations, the antibiotic choice remains entirely empirical
[19]. As a result, clinicians should be aware of local patterns
of disease in their population given the geographic variations
seen in pleural infection across the world [14•]. Given the
higher risk of aspiration among the elderly, anaerobic cover
should always be ensured. An important factor to take into
consideration is whether the infection is community-
acquired or hospital-acquired, as the usual culprits in either
settings are different with an abundance of gram-positive aer-
obes and anaerobic bacteria in community-acquired infec-
tions, as opposed to gram-negative bacteria in hospital-
acquired infection [14•]. Intravenous co-amoxiclav with or
without metronidazole is a recommended regime that provides
reasonable coverage for community-acquired pleural infec-
tion. In penicillin-allergic subjects, a fluoroquinolone com-
bined with metronidazole is usually sufficient. Pleural infec-
tion by atypical bacteria is uncommon [31, 32], and therefore,
the addition of macrolides and tetracyclines has a limited role
in its management. In hospital-acquired pleural infections, an
anti-pseudomonal antibiotic is strongly recommended such as
piperacillin-tazobactam or meropenem, either of which will
additionally cover anaerobic infection. Infection by
Staphylococcus aureus and, in particular, the methicillin-
resistant isolates, are common in hospital-acquired pleural in-
fection, and coverage should be considered at an early stage in
subjects either not responding to initial treatment or known to
be colonised by this organism [2].

Chest Drainage

Except with very small collections, inserting a chest tube is
always indicated to ensure adequate drainage of the infected
pleural fluid. Evidence suggests that small-bore drains (12–
18 F) are as effective as larger bore drains (> 24 F) in the
management of pleural infection, with the latter causing con-
siderably more chest discomfort [33, 34]. Regular flushing
with 20–30 mL of normal saline four times daily of smaller-
bore drains is necessary to avoid blockage by tissue debris. It
has also been shown in a recently published pilot study that
more regular irrigation of the pleural space with larger vol-
umes of saline may enhance fluid drainage and reduce the
need for referral to surgery, although this needs to be replicat-
ed in a larger multicentre study before entering mainstream
practice [35].

Intrapleural Fibrinolytics

For patients with suboptimal drainage and/or features of on-
going sepsis such as fever and persistently raised inflammato-
ry markers from pleural infection, further measures need to be
considered to adequately clear infected material from the
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pleural space. Conventionally, this was achieved through sur-
gical thoracotomy and decortication but this approach has
changed considerably in the last two decades. The MIST-2
trial has shown that the combination of tissue plasminogen
activator, and DNase instilled into the infected pleural cavity
improved drainage of pleural fluid and reduced the need for
referral to surgery [36•]. Further real-life data attested to the
efficacy and safety of this regime in managing pleural infec-
tion [37]. This option is particularly relevant in elderly patients
with multiple comorbidities who are traditionally regarded as
poor candidates for surgery. However, since this is an off-label
use of these medications, it should only be utilised after ap-
propriate discussion with a specialist.

Surgery

Surgery is indicated if there are persistent sepsis and subopti-
mal drainage of the infected pleural collection [19]. It remains
the preferred pathway for patients with non-draining pleural
infection who can tolerate a procedure under general anaes-
thesia. Video-assisted thoracoscopic surgery (VATS) is now
the preferred approach to debride the infected pleural space
[38] due to equivalent efficacy to conventional open thoracot-
omy, the latter of which is associated with higher procedural
morbidity and longer hospital stays [39].

In a retrospective study of 33 patients older than 65 years of
age with pleural infection, VATS had a 30-day mortality of
3%. Eighty-four percent of these patients were stable on dis-
charge with a mean hospital stay of 27.5 days [40]. By com-
parison, in another report of patients > 80 years of age with
pleural infection who underwent surgery, the in-hospital mor-
tality was 3%, most commonly as a result of severe sepsis.
This study showed that post-operative mortality in those >
80 years of age (1 in 37 patients with pleural infection) was
not significantly worse than that of younger patients (14 in
185 patients) [10]. In a study comparing the outcomes from
surgery for pleural infection, early surgical intervention in
patients younger than 65 years was associated with faster re-
covery, but this faster recovery was also noticed in those older
than 65 years who had early surgical intervention [15].
Despite this, there remains an element of nihilism when con-
sidering whether or not to surgically manage older adults with
pleural infection who have failed to respond to initial medical
treatment, with surgical case series consistently reporting out-
comes in a population that is on average 10 years younger than
that seen in unselected studies of all-comers with pleural
infection.

Outcomes

Mortality from pneumonia remains strongly associated with
older age [41], and this is also true for pleural infection. In a

study looking at predictors of poor outcome that combined
data from two large randomised trials in pleural infection, an
age > 70 years was an independent risk factor for death at
3 months with an odds ratio of 25.6 [42•]. The same study
also found that hypoalbuminaemia and raised serum urea (as a
marker of renal impairment), both commonly found in elderly
patients with pleural infection, were also independent predic-
tors of poor outcome [42•]. Age, serum urea and serum albu-
min, together with other clinical parameters, are used to cal-
culate the RAPID score which assigns patients with pleural
infection to a certain 3-tier risk level (low, medium and high)
which correlates with the risk of death at 3 months (Table 1)
[42•].

The aforementioned epidemiological study from Denmark
reported the 30-day mortality from pleural infection for pa-
tients aged 80 years or more was 20.2%, compared to only
1.2% in patients aged 15–39 years [6]. Another study which
strictly included patients with community-acquired pleural in-
fection only did not show a mortality difference according to
age, but reported a longer hospital stay for older adults with a
median duration of 20 days for younger patients in compari-
son to a median of 29 days in patients older than 65 years of
age [15]. Longer hospital stay was also noted in those with
nursing home-acquired pleural infection in comparison to
those with community-acquired infection with median hospi-
tal stays of 21 vs. 13 days, respectively [9]. It is not clear
whether higher mortality in the elderly is purely due to their

Table 1 The components of the RAPID score for prediction of outcome
for patients with pleural infection

Parameter Designated score

Renal function (serum urea)

< 5 mmol/L 0

5–8 mmol/L 1

> 8 mmol/L 2

Age

< 50 years 0

50–70 years 1

> 70 years 2

Purulence of pleural fluid

Purulent 0

Non-purulent 1

Infection source

Community-acquired 0

Hospital-acquired 1

Dietary factors (serum albumin)

> 27 g/L 0

< 27 g/L 1

Risk categories: scores 0–2, low risk (3-month mortality of 3% approx.);
scores 3–4, medium risk (3-month mortality of 9%); and scores 5–7, high
risk (3-month mortality of 31%)
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frailty and comorbidity, or whether a tendency to be less in-
terventional in older patients including an aversion to defini-
tive surgical treatment is also contributory.

Conclusion and Future Directions

The available data show that pleural infection in the elderly is
associated with considerable morbidity and mortality.
Diagnosis of the condition can be more challenging in this
population who often present with atypical symptoms.
Prompt institution of antibiotic treatment and drainage is vital
to successful management. In patients not draining sufficient-
ly, current practice favours intrapleural fibrinolytic therapy
over surgery due to a fear of complications from the latter.
However, in carefully selected patients, current evidence does
not show worse surgical outcomes in the elderly population.
Future studies are needed to compare treatment outcomes of
pleural infection with different modalities, including surgery,
in elderly patients not responding to initial medical treatment
to see if it is possible to reduce the substantial morbidity and
mortality associated with this condition. In particular, the use
of a clinical risk score to identify those patients at greatest risk
from their pleural infection as part of these studies may allow
clinicians to identify those in whommore aggressive interven-
tion should be considered with the aim of improving an oth-
erwise bleak prognosis.
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