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Definition

 What is “Pleural Effusion”

 Do we normally have fluids in the pleural space?

 Do we have other names for fluids in the pleural 
space?



Normal pleural anatomy and 

physiology

The two layers combine around the root of the lung – so the root of lung has no pleural coverage, the 

layers combine to form the pulmonary ligament, which runs inferiorly and attaches the root of the 

lung to the diaphragm



The Pleural Space
The pleural space is depicted in a frozen sheep thorax by reflected-light 

microscopy. The pleural space is seen as a continuous dark band 

(between arrows) between the lung and the chest wall (labeled).

(Courtesy of Kurt Albertine, PhD, University of Utah School of Medicine.)



Normal pleural anatomy and 
physiology

Schema shows normal pleural liquid turnover. The initial microvascular filtrate in the parietal and visceral 
pleura is partly reabsorbed (dashed arrows). The remaining low-protein interstitial liquid flows across the leaky 

pleural mesothelial layers into the pleural space. The pleural liquid exits the pleural space via the parietal 

pleural lymphatic stomata.
(Redrawn from Staub NC, Wiener-Kronish JP, Albertine KH: Transport through the pleura: Physiology of normal 
liquid and solute exchange in the pleural space. In Chrétien J, Bignon J, Hirsch A [eds]: The Pleura in Health 
and Disease. New York: Marcel Dekker, 1985, p 182, by courtesy of Marcel Dekker.)



Pathophysiology

▪ Human body makes 0.01ml/kg/hr

▪ Most resorbed into bronchial 

veins and lung lymphatics

▪ 7-14cc nl state

▪ Low protein (1.0-1.5)

▪ <1,000 cells predominantly 

macrophages, mesothelial cells, 

monocytes, lymphs (10%)

▪ Ph 7.60-7.64

▪ Resorption occurs via stomata in 

parietal pleura



Mechanism for Pleural Fluid 

Formation

 Increase in hydrostatic pressure- CHF

 Decrease in oncotic pressure- hypoalbuminemia

 Increase in pleural pressure- atelectasis

 Increase in endothelial permeability- PNA 

 Decrease in lmphatic drainage- malignancy

 Movement from peritoneal space- hepatic 
hydrothorax

 Thoracic duct rupture -lymphoma

 Iatrogenic- drug-induced



Pleural Fluid Norms

 What is the normal pleural fluid volume?

 0.1-0.2 mL/kg (7-14 mL for a 70 kg person)

 What is the normal cell count & differential?

 <1000 nucleated cells/μL

 Neutrophils – 2%

 Eosinophils – 0%

 Lymphocytes – 7-11%

 Monocytes – 61-77%

 Mesothelial cells – 9-30%

 What is the normal amount of protein?

 1.0-1.5 g/dL

 What is the normal pH?

 7.60 to 7.64 



Transudate vs. exudate

 Light’s criteria

 Pleural fluid Total protein/serum total protein > 0.5

 Pleural fluid LDH/serum LDH > 0.6

 Pleural fluid LDH value > 2/3 upper limit of normal for 

serum normal values

 If meets one of these criteria, then fluid is classified 

as exudate.



Transudate vs. exudate

 Transudative pleural effusions-Basically caused by 
overproduction of water

CHF, Liver disease, Nephrotic syndrome, urinothorax, 
peritoneal dialysis, Myxedema

Transudates imbalance of hydrostatic and oncotic 
pressures

 Exudative pleural effusions-Caused by inflammation or 
injury to the lung/pleura

Infections, neoplasm, pulmonary embolism, collagen 
vascular diseases, post-surgical, uremia, asbestos 
exposure

Exudates inflammation or impaired lymphatic drainage



Transudate vs Exudate

Any ONE of the following defines an exudate

 Light’s criteria

 Protein P/S > 0.5

 LDH P/S > 0.6

 LDH > 2/3 ULN

 Difference between 
serum and pleural fluid 
protein >3.1g/dL

 Modified Light's Criteria

 Pleural fluid protein > 2.9 
g/dL

 Pleural cholesterol >45 
mg/dL

 Pleural LDH > 60 % ULN

 Difference between serum 
and pleural fluid albumin 
>1.2

This can misidentify transudates as exudates 25% of the time.
If a transudate is expected but an exudate is found there are 2 ways to help differentiate 

as transudates.



Can definitively diagnose via 

pleural fluid analysis:

 Empyema

 Malignancy

 Lupus Pleuritis

 Tuberculous effusion

 Esophageal rupture

 Fungal effusion

 Chylothorax

 Hemothorax

 Rheumatoid pleurisy

 Biliopleural fistula

 Urinothorax

 Peritoneal dialysis

 Duropleural fistula

 Glycinothorax

 Migration of Central 
venous catheter

Transudates



The most common 

cause(s) of a pleural 

effusion is

A. Cirrhosis

B. Congestive heart failure

C. Pneumonia

D. Malignancy

E. B,C,D
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Evaluation: History 
 Most common symptoms of dyspnea and chest pain 

are relatively nonspecific

 Dyspnea can present in an effusion of any size 
depending on parenchymal lung disease

 Importance of extensive history incld environmental 
exposures, recent surgery, travel, PMH, drugs

 Extensive history and physical important to establish a diagnosis 
pre-thoracentesis—as many diagnoses of effusions are 
presumptive. Recent surgery including heart surgery can lead 
toward post cardiac injury syndrome- orthopedic procedures= 
PE as causative agent, obstructive uropathy =urinothorax, 
Lupus=lupus pleuritis



Drugs Associated with 

Pleural Effusion

 Bromocriptine

 Dantrolene

 Nitrofurantoin

 Mitomycin

 Cyclophosphamide

 Methotrexate

 Mesalamine

 Isoretinoin

 Procarbazine

 Practolol





Evaluation: Physical Exam

 Less than 300cc usually not detected on 
PE

 ~500cc: dull to percussion,   fremitus,          
intensity of breath sounds

 >1000cc: bulging intercostal spaces,   
ipsilateral chest wall expansion, dull 

percussion to level of scapula,    fremitus, 
egophany

 Massive- above are accented but breath 
sounds absent



Evaluation:Radiology
▪ CXR- AP&Lateral

▪ US- to differentiate small 
effusions vs pleural 
thickening

▪ CT – not routinely 
indicated but can eval 
lung parenchyma/mass 
obscured by effusion 

▪ Lateral Decubitus- free 
flowing/loculated

▪ By the time pt get to us, they have had a 
chest x ray, but this can be helpful in a 
differential dx. Effusions can be associated 
with or without parenchymal disease









Evaluation: Thoracentesis

 First described in 1852

 Indicated in any pleural 
effusion of adequate size 
where there is no obvious 
cause

 Clinically useful 92%

 Diagnosis 75%
 Such as in CHF, but a thora should be 

performed if symptoms are atypical:fever, 
pleuritic chest pain, unilateral effusion, L>R 
effusion, or PaO2 that does not correlate with 
the pts heart failure. Size = typically greater 
than 1 cm height on lateral decubitus film 



Pleural Fluid Appearance

Color Suggested Diagnosis

Pale Yellow Transudate

Red/Bloody Malignancy, BAPE, PCIS, Pulmonary 

infarction, Trauma

White/Milky Chylothorax/Cholesterol effusion

Brown Chronic bloody effusion, rupture of 

amebic liver abscess

Black Aspergillus

Yellow-green Rheumatoid pleurisy

Color of tube 

feeds/IVF

Feeding tube/Catheter has reached 

pleural space



Pleural Fluid Appearance

Characteristic Suggested  Diagnosis

Water Like Duro-pleural fistula

Urine Like Urinothorax

Pus Empyema

Viscous Mesothelioma, Empyema

Debris Rheumatoid pleurisy

Turbid Inflammatory exudate or lipids

Anchovy paste Amebic liver abscess rupture

Satin-like 

sheen

Cholesterol effusion



Transudate vs. exudate

 Light’s criteria

 Pleural fluid Total protein/serum total protein > 0.5

 Pleural fluid LDH/serum LDH > 0.6

 Pleural fluid LDH value > 2/3 upper limit of normal for 

serum normal values

 If meets one of these criteria, then fluid is classified 

as exudate.



Transudates

 CHF

 Hepatic hydrothorax

 Nephrotic syndrome

 Atelectasis

 Peritoneal dialysis

 Hypoalbuminemia

 Acute SVC obstruction

 Trapped lung

 Constrictive pericarditits

 Urinothorax

 Extravascular migration of 

central venous catherter

 Duro-pleural fistula

 Ventriculopleural shunt

In order to make diagnosis here as with any effusion, you must 

combine testing with clinical picture. As you can recall there are 

only a few diagnosis that can definitively be made on PFA



Further studies for transudate

 Urinothorax

 Peritoneal dialysis

 Duropleural fistula

 Glycinothorax

 Migration of CVC

Creatinine PF/S>1

Protein<0.5g/dL & 

PF/S glucose >2.0

Presence of ß2-transferrin

Glycine PF>S (100-300mmol/L)

Depending on infusion

-Glucose: PF/S>1

-Saline: PF Protein<0.5g/dL

-Lipids:white fluid w/ high triglycerides

Depending on the clinical circumstance, the following tests can be 

considered: 1-Urinothorax typically complication of obtructive

uropathy, 2-Glycinothorax can be a complication of transurethral 

bladder procedures that use glycine solution for bladder irrigation. 

Mechanism is the same as with urinothorax via retroperitoneal 

migration- 2 reported cases



Exudate…




Other diagnostic testing for pleural fluid

• Glucose

• pH

• Cytology

• Cultures

• Amylase

• Triglyceride

• Adenosine deaminase

• May be reduced in infections or 

RA

• May be reduced in infections, 

malignancy, RA, esophageal 

rupture

• Malignancy

• Routine, AFB and fungal studies

• Elevated in esophageal rupture, 

pancreatitis, and malignancy

• Elevated in chylothorax

(chylomicrons)

• Elevated in tuberculous pleuritis, 

ADA < 40 U/L excludes tuberculosis



Routine Additional Testing:

 pH: NL PF >7.60 

 Transudates 7.45-7.55*

 Exudates 7.30-7.45

 pH <7.30 narrows diagnosis to: empyema, complicated 
parapneumonic effusion, chronic rheumatoid pleurisy, 
esophageal rupture, malignancy, tuberculous pleurisy, 
lupus pleuritis

 Dx with low pH are also associated with low glucose 
(<60mg/dL)

 pH low in ALL empyemas and esophageal rupture 
(produces an anaerobic empyema). pH low in 30% of 
malignant effusions, 20%tuberculous pleurisy, 15% lupus 
pleuritis

 There is one transudate that can have a pH lower than 
7.30= urinothorax--- ranges from 7-8 depending on urinary 
pH



pH and Glucose 

Empyema 100% 6.00-7.20 0-40

Complicated 

parapneumonic

80-100% 6.90-7.29 30-50

Rheumatoid 

pleurisy

85% 6.85-7.05 0-50

Esophageal 

rupture

80-100% 6.00-7.29 0-40

Malignancy 30% 7.00-7.29 15-59

Tuberculous 20% 7.00-7.29 15-59

Lupus pleuritis 15% 7.15-7.29 30-59

Diagnosis                              Incidence            pH                 Glucose



pH and glucose should be obtained in all exudative 

effusions. The same diagnosis with low pH are also 

associated with a pleural fluid glucose <60 in nearly the 

same incidence. The pathogenesis does differ between 

the examples such as in empyema there is increased 

glycolysis and acid production by netrophil phagocytosis 

and bacterial metabolism where in rheumatoid disease 

there is an impaired efflux of hydrogen ions and 

decreased glucose entry secondary to thickened plasma 

membrane



Cell Count 
Cell Type Value Differential Dx

RBC >100,000 

per mm3

Malignancy, trauma, PE, 

parapneumonic effusion

Lymphocytes >50%

>80%

>90%

Malignancy, PE, TB, Post CABG

Post CABG, TB, Chylothorax, Yellow nail, 

Sarcoid, Lymphoma, Acute Lung 

Rejection, Chronic Rheumatoid Effusion

TB, Lymphoma

Neutrophils >50% Parapneumonic effusion, PE, Abdominal 

disease, Acute tuberculous pleurisy (7%), 

Malignancy (20%), Viral infection

Eosinophils >10% PTX, HTX, BAPE, Parasitic, Drug 

induced, Fungal Disease, Churg-Strauss

Typically performed for exudative effusions to evaluate etiology 

Polys=acute process affecting the pleural surface

Eosinophils are essentially non-diagnostic= up to 1/3 of eosinophilic effusions do 

not reach a diagnosis



Cytology

 Diagnostic yield of malignant effusion ranges from 40-

90%

 Likely secondary to mechanism for effusion or type of 

tumor:

-Endobronchial obstruction with atelectasis & resultant 
effusion

- Commonly negative  with Lymphoma, Sarcoma, 

Mesothelioma and + in AdenoCA

In addition to cytology, we obviously should be 

performing bacterial cultures and fungal cultures 

where indicated



Additonal testing for 

exudates
Amylase:

Should be ordered if pancreatic disease , malignancy or 

esophageal rupture suspected

Salivary amylase present in esophageal rupture and 

AdenoCA of lung or ovary (isoamylase), ruptured ectopic 

Pancreatic pseudocyst can reach levels up to >100,000IU/L

 Tumor secretes salivary like fluid called isoamylase

 Pancreatitis pleural fluid amylase levels are typically in the 

hundreds in contrast to pancreatic pseudocyst

 Esophageal rupture can lead to pleural fluid amylase 

levels near 80K IU/L



Triglyceride

 Should be ordered if a whitish pleural fluid sample 
obtained

 If >110mg/dL diagnostic of chylothorax

 If <50mg/dL => chylothorax excluded

 If 50-110mg/dL then order lipoprotein 
electrophoresis to eval if chylomicrons present

 Once sample obtained it may be difficult to 
differentiate between pus and chyle/cholesterol. 
Sample should be centrifuged and in empyema, 
the supernatant will be clear but in cholesterol and 
chylothorax  the supernatant will remain cloudy and 
white

 Chylothorax occurs when the thoracic duct is 
violated---Most common cause of chylothorax is 
NHL, surgical trauma

 Chylothorax with 50-110 likely secondary to 
malnourishment



Adenosine Deaminase (ADA)

 ADA is an enzyme found in most cells and is 

involved in the degradation of purines  and 

maturation of monocyte-macrophages

 >40 IU/L has a sens 90-100% and spec 85-90% for 

tuberculous pleurisy

 If only lymphocytic exudates are considered 

specificity     to >95%

 Can also be observed in RA, empyema, 

parapneumonic, malignant effusion



Bilirubin

 Should be ordered when a biliopleural fistula is 

suspected by history or greenish pleural fluid

 Complication of prolonged(7d-2months) 

percutaneous biliary drainage 

 PF/S Bilirubin >1



Lupus Pleuritis

 ANA 

 Wright stain performed on pleural fluid to 

evaluate for LE cells

 PF/S ANA>1 supports diagnosis

 LE Cells are diagnostic

 Specific immunofluorescent pattern of nuclear 

staining of either anti-IgG, anti-IgM, anti-C3 in 

pleural cells has been documented



Rheumatoid effusion

 Classic triad of: Glucose <30mg/dL, 

LDH >1000IU/L, pH 7.00 (Infxn excld)

 RF >1:320

 Cytology is characteristic- large, elongated tadpole-

shaped cells with background granular material



Undiagnosed exudates…

 Bronchoscopy should be considered if hemoptysis, 
infiltrates, mass is present

 Bx- had been recommended for undiagnosed exudates 
when TB or malignancy suspected

 Most patients with TB now avoid need for pleural 
biopsy tissue culture as diagnosis is highly suggested 
by elevated ADA

 Cytology is superior to blind pleural bx in diagnosis of 
malignancy …diagnostic yield is improved when 
some sort of imaging modality is employed to 
identify pleural thickening or nodularity

 Thoracoscopy is diagnostic in more than 90% of pt
with neg cytology and pleural malignancy---it also 
offers the possibility of pleurodesis during procedure



A 58-year old man is evaluated for dyspnea and is found to 

have a moderate sized right-sided pleural effusion. He 

undergoes a thoracentesis with the following findings.

Appearance Serosanguinous

pH 7.48

Protein 5.8g/dL(serum protein 

7.2g/dL)

LDH 285 IU/L(serum LDH 320 

IU/L)

Glucose 66 mg/dL

WBC 3800/mm3

RBC 24,000/mm3

PMNs 10%

Lymphocytes 80%

Mesothelial cells 10%

Cytology Lymphocytosis with 

chronic inflammation 

and no malignant cells 

or organisms identified

Which of the 

following is an 

unlikely cause of 

the pleural effusion 

in this patient?

A. Cirrhosis

B. Lung cancer

C. Mesothelioma

D. Pulmonary 

embolism

E. Tuberculosis

Answer: A



A 62 year-old woman is admitted to the 

hospital with a community acquired 

pneumonia with a 4-day history of fever, 

cough, and right-sided pleuritic chest 

pain.  The admission chest x-ray identifies 

a right lower and middle lobe infiltrate 

with an associated effusion. 

Answer: E



All of the following indicate a 

complicated effusion that may 

require tube thoracostomy EXCEPT:

A. Loculated fluid

B. Pleural fluid pH less than 7.2

C. Pleural fluid glucose greater than 60 mg/dL

D. Positive Gram stain or culture of the pleural fluid

E. Frank pus on thoracentesis



Indicators of complicated parapneumonic pleural 

effusion

Empyema-positive Gram stain of fluid 

or gross pus noted on thoracentesis

Multiple septations or loculations noted 

on ultrasound or CT chest

pH < 7.2 indicates complicated 

infection, < 7.0 will likely need 

drainage/decortication

Pleural fluid glucose < 60 mg/dL

Treatment is drainage and 

antibiotic therapy.

Includes either repeat 

thoracentesis, percutaneous 

catheter drainage, chest tube 

thoracostomy or possible surgical 

decortication. Can use intrapleural

thrombolytics to help facilitate 

drainage.

Early intervention improves 

outcomes.



Radiology of 

complicated pleural 

effusion

• Shows pocket of fluid or mass

• CT shows split pleura with some 

contrast enhancement of the 

parietal pleura

• Ultrasound images can show 

septations in the fluid



Malignant pleural 

effusions

 Poor prognosis – median survival 6-9 months (except 

breast, lymphoma, ovarian)

 Diagnosis: Pleural fluid cytology x 2 (yield on second 

thoracentesis goes up slightly)

 Thoracosopic biopsy

 Management: Repeat thoracentesis, indwelling pleural 

catheters, pleurodesis, surgery



42 year old man with a history of arthritis 

develops a cough and some increased 

dyspnea. Physical exam reveals bilateral wrist 

swelling and subcutaneous nodules. There are 

decreased breath sounds over the left chest 

and CXR shows a moderate sized pleural 

effusion. 

Thoracentesis reveals

• Protein 3.8 g/dl (Serum 

6.8)

• LDH 400 IU/L (serum 280)

• Glucose 25 mg/dl

• pH 7.0

C. Pleural rheumatoid fluid 

level. Titer usually 320:1

Findings are suggestive of 

pleural RA disease. May 

have other features of RA.



Additional diagnostic testing to 

help with diagnosis should include

A. Pleural fluid Triglyceride level

B. Pleural fluid ANA

C. Pleural fluid rheumatoid factor

D. Pleural fluid ADA level

E. Pleural fluid eosinophil level
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Pleural effusions associated with collagen vascular diseases

Rheumatoid Arthritis

• Usually occurs after arthritis 

has been present for years

• Associated with 

subcutaneous nodules

• More common in men with 

RA

• Can be associated with other 

pulmonary manifestations 

such as pulmonary nodules

• Does not tend to respond to 

treatment of RA

• Can have cholesterol crystals

Lupus Pleuritis

• Usually preceded by arthritis 

and arthralgias

• May be associated with drug 

induced lupus –INH, 

hydralazine, phenytoin, 

procainamide

• Frequently have pleuritic

pain

• Diagnosis is based primarily 

on clinical picture

• Pleural fluid ANA not 

particularly sensitive or 

specific for diagnosis

• Drug induced disease 

resolves with stopping 

offending agent

• Responds to steroid therapy



24 year old woman presents with several weeks of increasing cough and 

dyspnea. She denies chest pain, fever or chills. She has noted some weight 

loss but is unable to quantify it well. Physical exam reveals decreased 

breath sounds over the right chest with dullness to percussion and 

decreased tactile fremitus. A CXR reveals large mediastinal mass and right 

sided pleural effusion. She has no previous history of any trauma or recent 

surgery to the chest. She takes NSAIDS for dysmenorrhea.  You perform a 

thoracentesis revealing turbid fluid. Pleural fluid analysis shows triglycerides 

of 600

The most likely diagnosis is 

A. Drug induced pleural effusion

B. Bronchogenic carcinoma

C. Lymphoma

D. Empyema

E. Rheumatoid arthritis



Chylothorax and Pseudochylous effusions

Chylothorax-presence of chyle

in the pleural space. 

Triglyceride level > 110mg/dL

• Trauma to thoracic 

duct(surgery) 

• Non-traumatic causes 

related to malignancy-

lymphoma

• Difficult to treat. Use a low fat 

diet. Limit use of 

thoracentesis and chest tube 

drainage

• Treatment of lymphoma or 

other malignancy with XRT 

and/or chemotherapy

• Embolization of the thoracic 

duct or ligation may be 

options

Pseudochylous effusion-

presence of cholesterol in the 

pleural space, Cholesterol 

level >250 mg/dL. May have 

cholesterol crystals

• Chronic effusions 

• Tuberculous pleurisy

• Rheumatoid arthritis

• Thoracentesis may have 

limited benefit because of 

the chronicity of the process 

causing trapped lung.



• 68 year old man, previously worked at a paper mill for 20 years where he 

applied insulation to large industrial boilers, however, he stopped when 

he was 50. presents with complaint of increased cough and dyspnea 

over the past three months. He has also had some dull continuous chest 

discomfort over the right side of his chest

• Physical exam reveals decreased breath sounds and dullness to 

percussion over the right chest

CT chest reveals-

Murray and Nadel’s Textbook of Respiratory Medicine



Most likely diagnosis:
 A. Yellow Nail syndrome

 B. Loculated empyema

 C. Tuberculous pleuritis

 D. Chylothorax

 E. Mesothelioma

Correct E. Mesothelioma-pleural tumor 

primarily related to asbestos exposure.

Yellow Nail Syndrome-triad of yellow 

nail beds, recurrent pleural effusions 

and lymphedema. Fluid is typically 

clear yellow, lymphocytic. Appears to 

be caused by hypoplasia of lymphatic 

vessels.

Tuberculous pleuritis- is a lymphocytic 

exudate that if frequently associated 

with an elevated ADA. May resolve 

spontaneously.

Chylothorax- milky white pleural 

effusion. Associated with an elevated 

triglyceride level or chylomicromon



Pleural malignancy

 Adenocarcinoma is most common diagnosis and is 
metastatic. Usually related to lung cancer, but also 
can be seen in breast or other adenocarcinomas.

 Treatment is usually palliative though some 
malignancies may respond better to chemotherapy. 
(Breast and Lymphoma)

 Mesothelioma is a primary neoplasm involving the 
pleura. Related to prevous asbestosis exposure. 
Mesothelin levels in pleural fluid may suggest 
diagnosis.

 Can treat localized mesothelioma with surgical 
excision but most disease is extensive. 
Cisplatin/pemetrexed can be used for treatment.



Asbestos related pleural disease

• Can cause disease many years after exposure

• Pleural effusion is more likely with heavier exposure history

• Associated with recurrent pleural effusions that may resolve without 

evidence of disease or may cause pleural fibrosis

• May cause calcified pleural plaques.

• Diagnosis of benign pleural disease is a diagnosis of exclusion. 

Monitor for up to two years. Eosinophils may be noted in fluid, also 

hemorrhagic effusion. 



 Management and Prognosis


