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Interpreting pleural fluid results correctly requires an
awareness of the possible aetiologies of a pleural effusion

and an understanding of the reliability of the outcome of
each investigation. All results must be interpreted within each
different clinical context and knowledge of the pitfalls for each
test is necessary when the diagnosis is unclear. This review
aims to discuss the common aetiologies of a pleural effusion
and some of the pitfalls in interpretation that can occur when
the diagnosis is unclear.
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Introduction

Pleural effusions are a common clinical and radiological finding,
with presenting symptoms that include shortness of breath,
cough and chest pain. The most common causes of a pleural
effusion are heart failure, cancer and pneumonia but there are
over 50 documented causes.’ Diagnosing the cause of a pleural
effusion requires a combination of clinical, radiological and
laboratory investigations.

Pleural fluid (PF) accumulation is a result of disruption in the
balance between production and reabsorption. PF is produced
primarily by the parietal pleura and reabsorbed via the pleural
lymphatics. In healthy individuals, the pleural cavity contains
approximately 0.3 mL/kg of fluid.? A pleural effusion occurs either
when production exceeds reabsorption or when the mechanisms of
reabsorption have been disrupted, the latter being more common.

An understanding of the clinical situation is vital when
investigating the cause of a pleural effusion. In patients with
known congestive cardiac failure (CCF) and bilateral effusions, it
is highly likely that this is the cause of the effusions.® Unless there
is a suspicion of dual pathologies, which are more common than
previously thought,” diuresis should be undertaken rather than
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immediate thoracentesis, with a subsequent review to confirm
treatment response.® Conversely, patients with an effusion and
high inflammatory markers, fevers or chest pain should always
have thoracentesis due to the possibility of pleural infection.

Radiology can also aid in making a diagnosis; an ultrasound
showing an echogenic, septated collection with air bubbles, raises
the possibility of pleural infection. There are also several computed
tomography (CT) criteria suggesting malignant pleural disease®
and so a pleural effusion in this context would be highly suspicious
for a malignant pleural effusion (MPE).

Many pleural effusions will not have a clear aetiology, so
interpretation of the PF results, in addition to clinical and
radiological information, is essential in making a diagnosis
(Table 1). A standard panel of tests includes PF protein, glucose,
pH, lactate dehydrogenase (LDH), cytology and microbiology.
Interpreting these results requires some knowledge of the
sensitivity and specificity of these tests and an understanding of
the physiology and supporting evidence.

Transudate vs exudate

Differentiating between a transudative and exudative effusion is
pivotal in identifying the underlying process. The key difference

Table 1. Differential diagnosis of pleural fluid results
PF results

Common causes

Pleural infection, MPE,
rheumatoid effusion,
oesophageal rupture, lupus
pleuritis and, at times, TPE

Low glucose and/or high LDH

High protein levels Exudative effusion and any
aetiology, very high levels are

often caused by TB

Dural leak, urinothorax,
entrapped lung

Very low protein (<15 g/dL)

Lymphocyte predominance  TPE, lymphoma, post cardiac
bypass graft, renal or liver failure,

rheumatoid arthritis, rarely PPE

Neutrophil predominance PPE, early TPE, less commonly
due to pulmonary embolism or

pancreatitis
MPE, idiopathic and PPE

LDH = lactate dehydrogenase; MPE = malignant pleural effusion; PF = pleural
fluid; PPE = parapneumonic effusions; TB = tuberculosis; TPE = tuberculous
pleural effusion

Eosinophil predominance
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between a transudative and exudative effusion is how the PF has
accumulated. A transudate is almost always associated with an
imbalance of fluid or protein throughout the body, rather than a
specific pleural pathology. It can be produced in two ways; firstly,
from fluid overload, where the hydrostatic pressure forces the
fluid out of the capillaries and into the extravascular space, such
as in CCF. Secondly, decreased oncotic pressure in the capillaries
can lead to fluid being leached out of the vessels and again
accumulating in the extravascular space; this is found in low
albumin states such as liver failure or nephrotic syndrome.

An exudative effusion, conversely, is usually caused by a disease
localised to the pleura. Leakage of fluid is due to increased
capillary permeability triggered by an insult such as infection or
malignancy.

Pleural fluid lactate dehydrogenase

LDH is a marker of inflammation or cellular injury, so is a sensitive,
but non-specific pathological marker.® LDH levels of greater than
three times the upper limit of normal (often >1,000 U/L) are often
indicative of pleural infection, in the appropriate clinical scenario.”
This can also be associated with rheumatoid pleurisy, tuberculous
pleurisy’ or malignancy.®

Light’s criteria

In 1972, Dr Richard Light published a study producing criteria

that have a high sensitivity and specificity for differentiating
transudative from exudative effusions using their biochemical
results. The original criteria to diagnose a biochemically exudative
effusion was one or more of a PF to serum protein ratio greater
than 0.5, a PF LDH of greater than 200 IU and a PF to LDH ratio
greater than 0.6.° The PF LDH level was later modified to more than
two-thirds of the upper limit of the normal LDH level.”® Any one of
these criteria being present, predicts an exudative effusion with a
94.7% accuracy," although the criteria have a lower specificity, so
it is more common to misclassify a transudate as an exudate rather
than vice versa. This is important, so causes of exudative effusions,
such as MPE, are less likely to be missed. Serum to PF albumin levels,
or the total protein gradient may be calculated and potentially used
to reclassify apparently exudative effusions which are clinically
more likely to have a transudative aetiology.

Discordant results

There are times when the PF results can be misleading, and results
should always be interpreted with the clinical context in mind.
Some examples are described in Table 2.

Cell differential

A high lymphocyte count is most commonly associated with a
tuberculous pleural effusion (TPE), but chronic effusions can often
have a high lymphocyte ratio of 50% or more. The most common
aetiologies which produce lymphocytic effusions are tuberculosis
(TB), malignancy and CCF. Other aetiologies include lymphoma
and post-cardiac bypass graft, renal or liver failure, rheumatoid
arthritis and rarely parapneumonic effusions (PPE).”

A neutrophil count of >50% of the total leukocyte count is
commonly seen with PPEs," but it has been shown that about
10% of tuberculous effusions can also be neutrophil predominant.
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Table 2. Factors which can confound pleural fluid

interpretation

Biomarker Confounder Results
PF protein Diuretic Concentrated pleural
therapy effusion causing a higher

level of PF protein or LDH
and, therefore, leading to
a misclassification as an
exudate

PF pH'? Air, time delay  Falsely elevates pH, all air

in processing should be expelled from
the syringe and processing

should occur within 4 hours

Local
anaesthetic

Falsely lowers the pH

Loculations Different locules of a pleural
effusion can have different

pH measurements

Skin commensals are
occasionally cultured in PF.
Positive PF cultures should
be interpreted with caution
if the biochemical PF results
and clinical picture are not in
keeping with infection

PF microbiology Contaminants

LDH = lactate dehydrogenase; PF = pleural fluid.

A systematic review including 687 patients with an eosinophilic
effusion the most common underlying diagnoses were malignancy
(26%), idiopathic (25%) and PPE (13%), but the likelihood of
malignancy was lower as the levels of eosinophilia increased.

The predominant cell type is rarely diagnostic of an underlying
aetiology, but it can help contribute to the clinical picture in cases
where the cause of the effusion is unclear.

Diagnostic tests

There are a small number of pathologies where PF results can be
diagnostic of the aetiology of an effusion. These are described in
Table 3.

Amylase in the PF, which has not been specifically tested for its
different isoenzyme forms is not diagnostic of one aetiology alone
but is highly sensitive for either oesophageal rupture, pancreatic
disease or malignancy. Levels of over 10,000 IU/L can be found in
patients with a pancreaticopleural fistula but any level of amylase
in the pleural fluid which is above the reference range for serum is
considered abnormal.?°

While a number of the tests mentioned have a very high specificity
and are considered diagnostic, many have a low sensitivity. A
number of these aetiologies, such as pleural infection and MPE can
be diagnosed using a combination of the pleural fluid results and
clinical picture, which will be discussed later in the article.

Transudative effusions

Transudative effusions are very common but have few specific
tests. It is not always necessary to obtain a sample of PF if
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Table 3. Diagnostic pleural fluid biomarkers

Pathology Aetiology Diagnostic tests
Haemothorax Frank blood in the pleural Haematocrit PF
space, normally as a level of >0.5 that
result of trauma of the serum
Chylothorax (Fig 1)  Damage to the thoracic ~ Presence of
duct causing a chyle leak  chylomicrons is
into the pleural space diagnostic
Triglyceride levels
of >110 mg/dL
(>1.24 mmol/L)'®
Pseudochylothorax  High levels of cholesterol, Presence of
common in tuberculous  cholesterol
and rheumatoid related  crystals
effusions Cholesterol/
triglyceride level
of >1"7
MPE Fluid accumulation PF cytology or
caused by primary or pleural biopsies
secondary malignancies.  showing

malignant cells

Visual
confirmation of
pus or positive
microbiological

Pleural infection Frank pus or infected

fluid in the pleural space

culture
(including
Mycobacterium
tuberculosis)
Urinothorax Due to traumatic PF/serum
damage to the urinary creatinine ratio
system or obstructive of >1 with a
uropathy pH lower than
730"
Pancreatic disease  Any damage to the PF amylase
pancreas can resultina  >110 U/L (only

pleural effusion diagnostic if there
is a predominant
pancreatic
isoenzyme

profile)'?

MPE = malignant pleural effusion; PF = pleural fluid

the effusions are bilateral and there is a systemic condition
which would explain them. CCF is the most prevalent cause of
a transudative effusion (about 80% of the cases) but other
common causes include cirrhosis, hypoalbuminaemia and
peritoneal dialysis.” Rarer causes include hypothyroidism,
nephrotic syndrome, constrictive pericarditis, urinothorax and
Meigs’ syndrome.?’

Heart failure

Patients who have known CCF, bilateral, small to moderate pleural
effusions without fever, chest pain and leukocytosis, can be
treated with diuresis rather than needing immediate thoracentesis,
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Fig 1. Sample of chyle

with subsequent evaluation of clinical response.’ A therapeutic
thoracentesis, however, can be performed for symptomatic relief in
patients with large cardiac effusions.

In patients with CCF, pleural effusions are bilateral in 58 % of
patients, 27% are right sided and 14% left sided.?? If sampling
is undertaken these effusions are traditionally transudative but
misdiagnosis can occur in the case of bloody effusions or with
diuretic use, causing a concentrated effusion.

N terminal — pro-brain natriuretic peptide (NT-proBNP) in PF can
also be used to help support a diagnosis of a CCF related effusion.
A meta-analysis of 10 studies found the pooled sensitivities and
specificities were both 94%, but there was also a high correlation
between serum and PF NT-proBNP.23 This suggests that, unless
dual pathologies are suspected, PF testing may offer little that
serum results could not provide.

Exudative effusions
Pleural infection

Pleural infection has a high mortality?® and an infected pleural
space should be drained promptly to improve the patient’s
morbidity and mortality.2>2®

The gold standard for diagnosis of pleural infection is the growth
of an organism in the PF. Unfortunately, 40% of aspirates are
negative in standard culture, but the yield is increased with the
simultaneous use of blood culture bottles.?” The addition of pleural
biopsy culture may further increase microbiological yield,? but this
requires further evaluation given the additionally invasive nature
of the technique. The decision regarding whether the pleural
space is infected cannot be based on culture alone due to the low
diagnostic yield and the time taken for an organism to be cultured.

Biochemical markers are used to differentiate between a
complicated parapneumonic effusion (CPPE) which needs prompt
drainage and a simple or uncomplicated PPE which is likely to
resolve with antibiotics alone. A CPPE is defined by a PF pH <7.2
but also can include glucose <3.4 mmol/L (<61 mg/dL) and LDH
>1000 if pH is not available.??°

Ultrasound findings are relevant for pleural infection as
in heavily septated or loculated effusions, the biochemical
results can be different in the discrete areas, so can give falsely
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reassuring results.>® Effusions are also sometimes referred to as
sonographically complex, which is an echogenic effusion with or
without septations.3" A sonographically complex effusion was
69.2% sensitive and 90% specific in predicting a CPPE in one
study,31 but this sensitivity is too low to replace thoracentesis.

PF biochemistry is the primary diagnostic tool for pleural
infection due to the ability to deliver prompt results and the
impact on management strategies,?? but the investigations must
always be interpreted in the appropriate clinical context as some
MPE or inflammatory effusions can produce similar biochemical
results. Ultrasound is not sensitive enough to replace thoracentesis
when pleural infection is suspected. If in doubt, erring on the side
of caution and treating for pleural infection, is often the right
course of action while awaiting the microbiological culture and
regularly assessing the patient’s clinical state.

Tuberculous pleural effusion

There is a high incidence of tuberculous pleurisy worldwide, but
there is significant variation in different geographical areas. TPE
often presents subacutely with a fever and chest pain but will also
normally resolve without treatment in around 4-16 weeks. This
can generate an incorrect assumption that the pathology has
resolved, which can lead to a delay in TB diagnosis.>? The effusion
is often caused by a delayed hypersensitivity reaction rather

than an acute bacterial empyema, which may explain the poor
diagnostic yield.

The gold standard for diagnosis of a TPE is a positive microscopy
and/or culture of Mycobacterium tuberculosis in PF or biopsies.
Culturing Mycobacterium is a lengthy process and has been
reported to have a modest diagnostic yield in PF of <30% .32
Biopsies have a higher diagnostic yield*® and the diagnosis is often
made, in the correct clinical context, after granulomas are noted
on pleural biopsy, rather than acid fast bacilli being identified.
TPE classically has high lymphocyte (around 80%), glucose
<5.6 mmol/L, high protein (half of patients have levels above
50 g/dL) and high LDH levels (>500 IU/L in 75% of cases).”

Adenosine deaminase (ADA) is a marker of immune reactions
within lymphocytes®® and is used to help diagnose a TPE. In low
risk areas (prevalence of TB <125/100,000 population), an ADA
<40 1U/L can effectively rule out TPE in 97-98% of patients.”>%
In moderate to high-risk populations an ADA level of 235-40 IU/L
can be used to diagnose TPE with 92% sensitivity and 90%
specificity.®® False positive results can be found in empyemas,

rheumatoid effusions, malignancy and other infectious diseases.>’

Malignant pleural effusion

The gold standard for diagnosis of MPE is positive PF cytology or
pleural biopsy. The yield for cytology is around 60%.2" The majority
of MPEs will be detected within two attempts at sampling and
further specimens are unlikely to yield new positive results.“ The
British Thoracic Society guidelines suggest that a sample of at
least 50 mL of PF should be sent for cytological testing.?’ The most
common types of malignancies to cause a MPE are lung (37 %),
breast (16%), haematological (10%) and unknown primary (10%).“"
Serum tumour markers are used in clinical practice for
screening, diagnosis, prognosis and management in a number of
malignancies,* but PF tumour markers are not routinely used in
clinical practice. One study used a combination of four PF tumour
markers which were assessed as being the most clinically relevant

and found that the with 100% specificity there was only 54%
sensitivity for predicting malignancy.?

If pleural thickening is identified on CT, a pleural biopsy can be
offered which is reported to have between a 85-93% sensitivity
with 100% speciﬁcity.21 Pleural biopsies are obtained through
image guided techniques, such as CT or ultrasound, or via
thoracoscopy.

Despite these techniques there are still some patients in whom it
is not possible to obtain a definite malignant diagnosis, but in which
the clinical suspicion is still high. A cytology negative, exudative
effusion, in the context of known malignancy, is normally managed
as an MPE unless an alternative diagnosis is identified.

Malignant mesothelioma

Mesothelioma is an aggressive and usually incurable cancer of
the pleura almost exclusively related to asbestos exposure. The
importance of diagnosis with this condition is both clinical and
financial as a diagnosis of mesothelioma is often related to a
previous occupation and the patients can be eligible for financial
compensation. The yield from PF cytology is low and biopsies are
usually needed.?’

Predictive scores in pleural diseases

There are a number of algorithms that have been developed over
the last few years to establish factors which are predictors of
morbidity and mortality. For patients with MPE, the LENT (pleural
fluid lactate dehydrogenase, Eastern Cooperative Oncology
Group performance score, neutrophil-to-lymphocyte ratio and
tumour type) score uses PF values and performance status to
predict survival.*“ More recently, the PROMISE (survival and
pleurodesis response markers in malignant pleural effusion) score
was developed which estimates the risk of 3-month mortality in
patients with MPE using a larger combination of biomarkers.*®
The RAPID (renal, age, purulence, infection source, and dietary
factors) score predicts 3 month mortality in patients with pleural
infection.“® Although some of these scores have been validated in
larger practice, their clinical utility in day-to-day decision making is
yet to be established.

Knowledge regarding the interpretation of PF results is vital to
effectively manage patients with pleural effusions. Although the
sensitivity and specificity of many of the most commonly used
tests is high, there is always a small proportion of false positives
and false negatives. PF results are a key part of the clinical
assessment, but all results must be interpreted in the context of
the patient in front of you, to allow for accurate diagnosis and
management.
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