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Can parapneumonic effusion be diagnosed only with pleural fluid

analysis?
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Pleural effusion is a common medical problem caused by
local disease in the pleura or underlying lung, systemic
conditions, and organ dysfunction (1). The major
causes of pleural effusion are congestive heart failure,
pneumonia, cancer, and tuberculosis (Tb) (2). Systemic
and expeditious evaluation is essential because a delay in
diagnosing infectious disease is associated with increased
morbidity and mortality (3). Infectious pleural effusion,
called parapneumonic effusion, is the most common of
exudative effusions (3). Although parapneumonic effusion
can resolve with antibiotic treatment alone (uncomplicated
parapneumonic effusion), a minority of patients undergo
secondary bacterial infection of the pleural effusion leading
to complicated parapneumonic effusion (4). Complicated
parapneumonic effusions generally do not resolve
without effusion drainage (4). Persistent pleural effusion
can eventually result in the accumulation of pus in the
pleural space (empyema) (4). Prevention of progression
to complicated effusion can be aided by thoracentesis, if
possible, for prompt diagnosis and treatment in patients at
risk for parapneumonic effusion (5).

Light’s criteria has remained the standard method for
differentiating exudative effusion via the following findings:
a ratio of pleural fluid protein to serum protein greater than
0.5, a ratio of pleural lactate dehydrogenase (LDH) level to
serum LDH level greater than 0.6, or a pleural fluid LDH
level higher than 200 IU per liter (6).
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When pleural infection is suspected, microscopic
examinations of Gram stain, culture, and pH should
be performed. However, fluid culture is only positive
in empyema, with a low reported sensitivity (18-60%)
(4,7), and time to incubation was 24 to 72 hours (8).
Pleural low pH (<7.2) and low glucose (<40 mg/dL)
have been assessed as additional features of complicated
parapneumonic effusion; however, the sensitivity of
these markers is reported to be below 50% (9). As of
now, there are no absolute criteria for the diagnosis of
uncomplicated parapneumonic effusion. Table I suggest that
the biochemical features of pleural fluid could assist the
diagnostic process.

Ferreiro and colleagues introduced a model for detecting
pleural fluid infection using biomarkers in pleural fluids,
including C-reactive protein (CRP), leukocyte count,
percentage of neutrophils, and IL-6 (10). They evaluated
patients having undergone thoracentesis between June 1,
2013, and December 31, 2016 (10). Of the 706 cases, 241
were malignant, 28 were tuberculous, 177 were infectious,
48 were miscellaneous exudative effusion, and 212 were
transudative effusion (10). Ferreiro’s group developed
a predictive model using logistic regression based on a
combination of leukocyte count, neutrophil count, CRP,
and I1.-6 (10). The area under the curve (AUC) of Model 1
used leukocyte, neutrophil, and CRP values for an AUC of
0.898 (95% CI, 0.866-0.935), and Model 2 added IL-6 to
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Table 1 Biochemistry of pleural effusion markers used to diagnose pleural disease

Biomarker Differential disease

Glucose Low glucose (<3.4 mmol/L);
Complicated parapneumonic effusion, empyema, rheumatoid pleuritis, pulmonary tuberculosis, malignancy,
esophageal rupture

Amylase Pancreatic disease, esophageal rupture, pleural malignancy

pH Pleural acidosis (pH <7.30); malignant effusion, complicated pleural infection, connective tissue disease,

tuberculous pleural effusion, esophageal rupture

Pleural fluid differential cell
counts

ADA ADA >40 U/L; tuberculosis pleurisy

Predominant lymphocytosis; malignancy, tuberculosis, cardiac failure. Neutrophil dominant;
parapneumonic effusion, pulmonary embolism, acute tuberculosis, benign asbestos pleural effusion

Based on the biomarker of pleural fluid, differential diagnosis is decided. This table is modified from BTS pleural disease guideline (1).

ADA, adenosine deaminase.

Model 1 for an AUC of 0.909 (95% CI, 0.882-0.937) (10).
Elderly patients often do not present with the classic
symptoms of cough, fever, sputum, and chest pain; as such,
detecting infectious effusion based on pleural fluid analysis
is crucial for these patients (3).

The characteristics of pleural fluid are well described
in the Ferreiro study (10) and showed that a neutrophil-
dominant differential cell count and the inflammatory
markers CRP, procalcitonin, and IL-6 were higher in
infectious effusion, consistent with previous studies (1,11).

In previous studies, each of the biochemical markers
alone has lacked predictive power, with an AUC of 0.75-0.87
for pleural CRP, 0.57-0.59 for pleural procalcitonin, 0.75
for pleural leukocytes, 0.81 for pleural neutrophil count, and
0.54 for pleural lymphocytes (12,13). In infectious effusion,
CRP and neutrophil values were significantly higher than
for other exudative effusions; San and colleagues proposed
a predictive model that uses the multiplied values of
neutrophils and CRP (12). This model was reported to have
a sensitivity of 64.3%, specificity of 93.4%, and AUC of
0.836 (12). In another study by the same group, a predictive
model using IL-6 and pleural neutrophils only had a
sensitivity of 25% and specificity of 100% (14). However,
the predictive value of these models (12,14) remained lower
than Ferreiro’s model (10), potentially because of omitting
neutrophil percentages or relying on a crude multiplied
value. San’s study population also had a higher percentage
of tuberculous effusion (20-21%) than Ferreiro’s 3%), a
population defined by high inflammatory markers (12,14).

Against this background, another investigation exploring
other biomarkers that could be unique for infectious pleural
effusion, such as soluble triggering receptor expressed on
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myeloid cells (STREM-1) or lipopolysaccharide binding
protein (LBP) showed AUCs of 0.79 (sSTREM-1) and 0.80
(LBP) (13). These biomarkers did not, however, show an
improved diagnostic value over previous inflammatory
markers (13).

In the Ferreiro study (10), mean pH and glucose were
within normal limits (WNL) during pleural infection
although they included 65 cases of complicated infectious
effusion and 38 of empyema in infectious effusion. pH and
glucose are usually low in complicated parapneumonic
effusion and empyema (4). Thus, infectious condition of
Ferreiro study might have been less severe than other study’s
populations, because pH and glucose are commonly assessed
to detect complicated infectious effusions. Diagnosis
of complicated parapneumonic effusion with a cut-off
value of pleural pH below 7.2 had a sensitivity of 41%
and specificity of 94%; that for glucose below 60 mg/dL
had a sensitivity of 39% and specificity of 97%; and that
for LDH greater than 1,000 U/L had a sensitivity of 74%
and specificity of 83% (9). Porcel and colleagues suggested
a model using TNF-a and LDH to improve accuracy that
showed a sensitivity of 91% and specificity of 77% (9).
TNF-a can also be elevated in tuberculous effusion (10)
and thus cannot be used for differentiating between
parapneumonic and tuberculous effusion; however, it
may be an additional value for diagnosing complicated
parapneumonic effusion (9).

In the Ferreiro study (10), although samples were
collected continuously between June 1, 2013, and December
31, 2016, the percentage of tuberculous pleural effusion was
3%, which was much less than the 9% reported in Spanish
epidemiology and other studies (2,12,14). Moreover,
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tuberculous pleural effusion also presented with high CRP
and IL-6 values (although not neutrophil values) that might
easily be misclassified as infectious pleural effusion (10).
Since infectious and tuberculous effusions have common
inflammatory features, a predictive model would perform
poorly in areas with a high incidence of pulmonary Tb,
such as the Philippines, India, Africa, and China (15). This
predictive model also included IL-6, which is not generally
screened for in hospital, rendering the model difficult to
generalize to other hospitals.

Adenosine deaminase (ADA) is used to diagnose
tuberculous pleurisy (16), with a widely accepted cut-off
value in pleural fluid of 40 U/L (16). The sensitivity and
specificity of ADA in the diagnosis of pleural Tb were
92% and 90%, respectively (16). However, one-third of
parapneumonic effusions and two-thirds of empyemas
present with ADA levels that exceed 40 U/L (17).

These data indicate that diagnosis should be based
on the fact that parapneumonic effusion presents with
predominantly polymorphonuclear leukocytes rather than
lymphocytes and inflammatory markers, and suggest that a
diagnosis should be made via a logical pathway that includes
a high neutrophil count percentage combined AND high
CRP AND low ADA, or high neutrophils AND very high
CRP AND moderate ADA. This process is well suited to a
decision tree model (18).

In a logistic regression model, the biochemical
results, such as neutrophil, CRP, and ADA values, should
be considered independent variables that render the
decision process of the model different from a typical
clinician’s diagnostic process. In the decision tree model,
the probability of parapneumonic effusion is based on a
combination of conditions, including high neutrophil and
CRP values and a low ADA. Darooei and colleagues used
a decision tree model to discriminate tuberculous from
malignant effusion (19). The decision tree model could
also be used for multiclass classifications that differentiate
among infectious, tuberculous, malignant, and transudative
effusion at once. Studies have shown that the random
forest (20) and gradient boosting (21) models showed
significantly higher discriminating power than logistic
regression models and could also be used for multiclass
classification. Deep learning is also incorporated into
multi-class classification, with favorable accuracy thus
far (22). In the future, these new models could significantly
improve diagnostic precision and provide a differential
probability for each disease.
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