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▪ In an upright patient, some free-flowing effusions are subtle lying in a subpulmonic location (<75 
mL)

▪ Pleural effusions can be appreciated on lateral chest radiography as blunting of the posterior

Costophrenic angle (>75 mL) 

▪ Anteroposterior chest radiography as blunting of the lateral costophrenic angle (>175 mL)

▪ Large effusions may obscure the diaphragm (>500 mL) and demonstrate a meniscus sign

▪ The entire hemithorax may be occupied by an effusion with associated underlying lung collapse





Ultrasonography 

▪ Bedside 

▪ Evaluate the size 

▪ Characteristics of the effusions 

▪Ultrasonography is best utilized for selecting and guiding needle or

▪ Catheter placement for thoracentesis

▪ Provides important prognostic and therapeutic information 



Chest computed tomography 

▪ Loculations, often lenticular in shape, may be appreciated by tapered borders and obtuse 
angles between the fluid and the chest wall with an absence of the meniscus sign.

▪ Parietal pleural thickening is seen in 86 percent and pleural enhancement in 96 percent 
of patients with empyema Thickening of the visceral and parietal pleura is suggestive of 
empyema when associated with significant (usually >30 mm) separation of the pleural 
surfaces (split pleura sign), which can be appreciated in up to 68 percent of patients 

▪ Pleural infection is also associated with increased attenuation of extracostal fat

▪ Air within the pleural fluid may suggest associated pneumothorax, bronchopleural fistula, 
air introduced during thoracentesis, a nonexpandable lung after pleural drainage or 
rarely gas-producing anaerobic organisms.

▪ Older empyemas that have spontaneously organized and remained undetected over 
years may exhibit minor or major calcification (eg, tuberculous empyema).

▪ Distinguishing pleural fluid from pleural masses and distinguishing empyema from a lung 
abscess



Thoracentesis and pleural fluid analysis

▪ In the past, it was considered safe to sample pleural fluid when a free-
flowing effusion was demonstrated on chest radiography with at least 1 cm 
depth to the chest wall on a lateral decubitus film 

▪ However, most pleural effusions are now sampled under ultrasound 
guidance; since there is no definition of what is considered a "safe" amount 
for sampling by ultrasonography, much of this decision is at the discretion 
of the ultrasonographer, although most experts would consider a pleural 
space of >1 cm (between parietal and visceral pleural) safe. 

▪ A pleural fluid thickness cutoff of 2 to 2.5 cm has been suggested to guide 
thoracentesis by chest CT, because smaller effusions on CT are likely to 
resolve with antibiotics alone





PLEURAL FLUID ANALYSIS — Tests routinely performed on pleural fluid include the following:

●Cell count and cell differential

●pH

●Protein

●Lactate dehydrogenase (LDH)

●Glucose

Additional commonly performed tests :

• Amylase

• Cholesterol

• Triglycerides

• N-terminal pro-brain natriuretic peptide (NT-proBNP)

• Creatinine

• Adenosine deaminase (ADA)

• Gram and acid-fast bacillus (AFB) stain, bacterial and AFB culture

• Cytology



According to the traditional Light's Criteria Rule, if at least one of the 
following three criteria (ie, component tests of the rule) is fulfilled, the 
fluid is defined as an exudate:

●Pleural fluid protein/serum protein ratio greater than 0.5

●Pleural fluid LDH/serum LDH ratio greater than 0.6

●Pleural fluid LDH greater than two-thirds the upper limits of the

laboratory's normal serum LDH
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Protein

Most transudates have absolute total protein concentrations below 3.0 
g/dL (30 g/L), although acute diuresis in heart failure can elevate 
protein levels into the exudative range . However, such patients have a 
serum to pleural fluid albumin gradient (the difference between the 
serum and pleural values) greater than 1.2 g/dL (12 g/L), or a protein 
gradient >3.1 g/dL, which correctly categorizes their effusions as 
transudates . Elevated blood NT-proBNP also supports the diagnosis of 
heart failure when Light's criteria yield results in the exudative range





PLEURAL FLUID ANALYSIS 
parapneumonic effusion
▪ Cell count with differential and chemistries 

▪ A total protein, lactate dehydrogenase (LDH), and glucose should be 
obtained together with serum values for protein and LDH. A neutrophil 
predominance is more common in patients with bacterial pneumonia 
while a lymphocyte predominance may indicate tuberculous or fungal 
etiologies



Microbiologic analysis 

▪Microbiologic analysis of the pleural fluid with appropriate stains and 
cultures (eg, aerobic, anaerobic, mycobacterial, fungal) is critical. 
Although sampling should ideally occur before the administration of 
antibiotics, thoracentesis should not delay prompt antimicrobial 
therapy. Samples should be drawn directly from the pleural space 
because cultures from previously placed catheters or tubing can be 
colonized or contaminated with bacteria or fungi 

▪ A putrid odor of fluid is considered diagnostic of anaerobic infection; 
the Gram stain will also help identify anaerobes because of the 
unique morphology of some anaerobic Gram-negative rods



Blood and pleural culture results yield a diagnosis in approximately 60 percent of

cases . There are several reasons why bacteria may not be identified in culture for the 
remaining 40 percent:

•Anaerobic organisms may be difficult to culture

•Anaerobic cultures are not specifically requested

•Sampling is often performed after a patient has received antibiotics

•Sterile inflammatory fluid may be aspirated adjacent to an infected loculus of

infection

•Current culture methods are insufficiently sensitive

•Bacteria may be located in the pleural membranes rather than in the fluid



pH 

The most useful test when determining the therapeutic course

Cytology 

Cytologic examination for appropriate stains (eg, mycobacteria, actinomyces, nocardia) can be sent 
when organisms requiring special stains are needed. In addition, malignancy can cause pleural fluid 
acidosis; thus, sending fluid for cytology for malignant cells is prudent

Other tests  

Although blood cultures are frequently negative in patients with parapneumonic effusion and 
empyema, they should be obtained. Growth from cultures can help make the microbiologic 
diagnosis as well as identify concurrent bacteremia. The need for additional microbiologic testing 
should be determined on a case-by-case basis (eg, sputum cultures, urine S. pneumoniae antigen 
testing, interferon-gamma release assays for tuberculosis, galactomannan, cryptococcal antigen).

Procalcitonin's usefulness for distinguishing bacterial from nonbacterial parapneumonic effusions is 
not well studied but is not likely to be high. In one study, serum procalcitonin levels >0.18 ng/mL 
were associated with a sensitivity of 83 percent and specificity of 81 percent for the pleural effusion 
having a bacterial infectious etiology . However, this marker rises in the setting of invasive and 
systemic infections; thus the sensitivity for determining whether bacteria are present in a contained 
space infection is questionable. Neither high nor low procalcitonin levels are likely to change the 
need for drainage



parapneumonic effusion

The annual incidence of bacterial pneumonia is estimated to be 4 million, with 
approximately 25% of patients requiring hospitalization. Because as many as 40% of 
hospitalized patients with bacterial pneumonia have an accompanying pleural 
effusion . 5 to 10 percent of those progress to empyema

Risk factors
▪ Aspiration

▪ Poor dental hygiene

▪ Malnutrition

▪ Alcohol or intravenous drug abuse 

▪ Immunosuppression

▪ Age (<18 years, >65 years)

▪ Partially-treated pneumonia

▪ Influenza 

▪ Gastroesophageal reflux
Pleural Diseases .Richard W. Light.2013







Outline of the pathogenesis of parapneumonic pleural effusion. IL-8, interleukin-8; TNFα, tumor necrosis factor; PAI, 
plasminogen activator inhibitor, t-PA, tissue plasminogen activato

Recommendations of Diagnosis and Treatment of Pleural Effusion   pages 235-249 (June 2014)















ANTIBIOTIC THERAPY

Empiric therapy

▪ For most patients, empiric antibiotic therapy should be started as soon as

the diagnosis of a parapneumonic effusion or empyema is known or suspected

▪ Nearly all antibiotics adequately penetrate the pleural space. Aminoglycosides 
(eg, gentamicin, amikacin, tobramycin) are exceptions. Because their pleural 
penetration is poor and because they may be inactivated in acidic environments 
(eg, empyemas), we generally avoid them when alternatives are available

▪ Initial antibiotic therapy should be given intravenously. Transition to oral 
therapy can be considered once the patient has demonstrated clear clinical 
improvement and adequate drainage has been achieved. There is no role for 
routine use of intrapleural antibiotics





Community-acquired

Local epidemiology should also be taken into account when selecting empiric antibiotics 
because the prevalence of pathogens that cause parapneumonic effusions vary with 

geography
❖A third-generation cephalosporin (eg, ceftriaxone or cefotaxime) plus metronidazole
❖A beta-lactam/beta-lactamase inhibitor combination (eg, ampicillin-sulbactam)
penicillin hypersensitivity who cannot tolerate cephalosporins 
▪ Carbapenem (eg, imipenem, meropenem)
▪ Combination therapy with a respiratory fluoroquinolone (eg, levofloxacin, 

moxifloxacin)plus metronidazole 
▪ Monobactam (eg, aztreonam) plus metronidazole
▪ Although clindamycin has been used historically for the treatment of anaerobic lung 

infections, resistance rates to clindamycin among anaerobes now consistently exceed 
20 percent across treatment settings. For this reason, we no longer routinely use 
clindamycin for empiric treatment of anaerobic infections.



Hospital-acquired 

▪ we select an empiric IV antibiotic regimen that targets MRSA, gram-
negative bacteria (including Pseudomonas spp), and anaerobic bacteria .

vancomycin + metronidazole +cefepime or ceftazidime

▪ However, there is growing concern that the combination of vancomycin 
plus piperacillin-tazobactam is nephrotoxic . Thus, some clinicians use 
linezolid in place of vancomycin when piperacillin-tazobactam is used.

▪ For those who are penicillin-allergic, we suggest combining vancomycin 
with metronidazole and an antipseudomonal fluoroquinolone (eg, 
ciprofloxacin); alternatively, combining vancomycin with an 
antipseudomonal carbapenem (eg, imipenem or meropenem) is 
appropriate



Duration of therapy

The optimal duration of therapy is not known. We generally individualize the duration of therapy based upon 
the type of effusion, the adequacy of drainage, clinical and radiographic response to treatment, and the 

patient's immune status.

▪ Uncomplicated bacterial parapneumonic effusions, therapy may last one to two weeks

▪ Complicated parapneumonic effusions  two to three weeks 

▪ Empyema four to six weeks 

▪ While we take radiographic response into account when determining the duration of therapy, complete 
radiographic resolution may take many weeks or months and residual pleural thickening can persist for 
longer periods. Thus, treating with the goal of complete radiographic resolution is not necessary.

▪ The initial IV antibiotic regimen can be switched to an oral regimen with a similar treatment spectrum when 
clinical response is clear (eg, patient is afebrile, hemodynamically stable, clinically improving), no further 
drainage procedures are needed, and the patient is able to tolerate oral medications



Uncomplicated parapneumonic effusion (antibiotics alone) 

Uncomplicated parapneumonic effusions are small to moderate-sized  
(ie, less than half the hemithorax) free-flowing effusions with no 
evidence of infection by culture or chemistry  that generally resolve 
with antibiotics alone and generally do not need drainage. In such 
cases, the diagnosis and therapy with antibiotics alone are empiric 



The treatment and prognosis of parapneumonic effusion and empyema



Thoracentesis may be performed
▪ Underlying lung disease

▪ Symptomatic relief

▪ Severe clinical presentation

▪ The pleural space is the suspected source of infection. (eg, patient with septic shock)

▪ All patients with uncomplicated parapneumonic effusion should be followed 
clinically and with serial chest radiographs or ultrasound examinations to assess for 
improvement or deterioration. The optimal frequency of radiographic follow-up is 
unknown but it is appropriate that the first follow-up imaging be obtained within 48 
hours if thoracentesis was not performed. If thoracentesis was performed and 
confirms an uncomplicated parapneumonic effusion, serial radiographs can be 
repeated within one week of the diagnosis and followed every one to two weeks 
until resolution since progression to empyema while appropriate antibiotics are 
being administered is rare. 



Complicated pleural effusion and empyema (antibiotics plus drainage)

●Empyema (ie, overtly purulent pleural fluid)

●Positive pleural fluid Gram stain or culture

●Loculated pleural effusion

●Large free-flowing effusions (ie, ≥0.5 hemithorax)

●Effusions associated with thickened parietal pleura

●Sepsis from a pleural source



Initial drainage (tube or catheter thoracostomy) 

Efficacy 

All of the features that comprise a complicated effusion and empyema 
(loculations, large size, pleural fluid acidosis) are associated with an 
increased risk of progression and poor outcomes including the requirement 
for more than one procedure, eventual need for surgery, and longer 
hospitalization 

One meta-analysis of seven observational studies reported that pleural pH 
<7.2 was the most useful predictor of a complicated clinical course. If pleural 
pH is not measured, a pleural fluid glucose value <40 mg/dL (2.2 mmol/L) 
and/or pleural fluid lactate dehydrogenase (LDH) value >1000 international 
units/L, or significant loculations also appear predictive of the need for tube 
thoracostomy. 



Assessment of response

Immediately following drainage, patients typically undergo chest radiographic imaging for a 
rudimentary assessment of tube or catheter placement and response. Patients are then followed 
clinically (signs and symptoms, laboratory values, and drainage volume) for the next 24 to 48 hours. 
Chest CT imaging is typically performed within that time frame since CT provides accurate details 
regarding chest tube position and adequate drainage of the effusion or empyema , thereby helping to 
inform the clinician regarding the next-steps in decision-making.

●If imaging shows that the chest tube is not in a good position, then it can be manipulated or replaced

(typically under image  guidance), following which drainage volume should be monitored and a repeat

chest CTobtained.

●If the drainage tube is in good position but the drainage is inadequate and/or the lung has not

reexpanded adequately, then several options need to be explored

●If imaging reveals marked improvement, removing the drainage tube should be considered

Bronchoscopy is   rarely indicated unless there is suspicion for endobronchial obstruction or a

bronchopleural fistula.



Discontinuing drainage

• Chest tubes can generally be removed when drainage volume falls below 
50 to 100 mL/day (for two to three days assuming there is no blockage) 

• Complete resolution of pleural thickening radiologically is not required as 
this may require months. 

• The patient is typically discharged on antibiotics and evaluated as an 
outpatient with follow-up imaging (typically chest CT) in about two weeks

• A small fraction of patients may be discharged with a temporary catheter in 
place for clearance of residual fluid, provided adequate follow-up in 
outpatient clinic is assured.

• Antibiotics should be discontinued once clinical and radiologic 
improvement is observed and it is assured that the effusion has not 
worsened or reaccumulated. 



Drainage options

Intrapleural tPA +/- additional drainage 

Indications 

▪ Intrapleural tPA/DNase is frequently administered to patients with complicated

parapneumonic effusion or empyema who fail antibiotic therapy and initial drainage

▪ It is also a suitable option in patients who are not candidates for or do not want surgery

▪ Both tPA (10 mg) and DNase (5 mg) are administered via the chest tube or catheter twice

daily for three days

Adverse effects 

Side effects of intrapleural administration of fibrinolytic agents include chest pain,

fever, allergic reactions (more frequent with streptokinase), and pleural hemorrhage

▪ These agents typically decrease the need for surgery (by approximately 30 to 80 percent)

but a mortality benefit has not been proven



Drainage options

Additional drainage tubes 

In some patients in whom drainage is inadequate with a single chest 
tube or catheter, particularly those with complex (ie, multiloculated) 
effusions and those who fail fibrinolytic therapy, the placement of 
additional chest tubes is appropriate



Video-assisted thoracic surgery (VATS) 

VATS is often indicated in symptomatic patients with parapneumonic 
effusion or empyema that fails to resolve with antibiotics, tube 
thoracostomy, and a course of tPA/Dnase

VATS is preferred over open thoracotomy since outcomes are similar 
and morbidity and hospital length of stay is lower 



REFRACTORY CASES 

In rare patients who fail antibiotics, tube thoracostomy, and 
fibrinolytic/mucolytic therapy, who are not candidates for VATS, 
options are limited but may include persisting with conservative care 
(antibiotics and multiple drains) and in some cases, performing an 
open-window thoracostomy.



PROGNOSIS 

The long-term survival of patients with parapneumonic effusion and empyema is good, provided 
therapy is adequate and prompt

▪ Mortality is highest in those with empyema with retrospective series reporting a mortality of 
approximately 15 percent among empyema patients who are admitted to hospital . In another 
prospective series of 85 patients, the mortality at four years was 14 percent with most deaths 
occurring in the first 400 days after drainage but many deaths were due to comorbid conditions 
or surgical complications rather than due to the empyema itself .

▪ One series reported that mortality was highest among those who require open surgery or 
decortication and 30-day readmission rates were highest in those who were managed with chest 
thoracostomy tubes alone (21 percent) compared with those treated with video-assisted thoracic 
surgery (VATS; 11 percent) and open surgery (13 percent) .

▪ In contrast, another retrospective analysis of over 9000 patients with a discharge diagnosis of 
empyema reported that over a 20-year period, patients treated with chest tube drainage with or 
without fibrinolytics had a higher mortality than those treated with VATS decortication (17 versus 
11 percent); in addition there were no differences in readmission rates at 90 days .

▪ In a database analysis of over 21,000 hospitalizations for empyema, older age, number of 
comorbidities, were associated with increased odds of death .





با تشکر از شما 
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