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Goals and objectives
1. Describe basic pleural anatomy and fluid homeostasis
2. Understand the pathophysiology of pleural effusion
3. Approach the initial evaluation of a new pleural effusion in the setting
of common disease
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Important concepts
1. Pleural effusion is a marker of underlying disease severity
2. Pathophysiology directs efficient initial evaluation
3. Incorporate early, aggressive subspecialty consultation to treat the
underlying problem
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Definitions

CT scan: Large left pleural effusion

• Pleural effusion: an excessive accumulation
of fluid in the pleural space.

• The pleural space: the space between the
lung and the chest wall, bounded by the
two pleural layers (aka “the space around
the lung ”).
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Embryology of lungs and pleura
Pleural lining cells: mesothelial cells

Lung

Chest wall

Visceral pleura

Parietal pleura

Pleural space: ~10-30μm
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Pleural fluid homeostasis
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Pleural fluid homeostasis:
A balance between influx and efflux across both pleural layers

Starling components
1- Permeability
2- Hydrostatic forces
3- Oncotic forces

1

2

3

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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Pleural fluid homeostasis:
Parietal pleura likely plays the primary role

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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Pleural fluid homeostasis:
Parietal pleura likely plays the primary role
1- Consistent across species

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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Pleural fluid homeostasis:
Parietal pleura likely plays the primary role
1- Consistent across species

2- Microvessels close to surface

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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Pleural fluid homeostasis:
Parietal pleura likely plays the primary role
1- Consistent across species

2- Microvessels close to surface

3- Lymphatics

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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Imbalance in pleural fluid homeostasis = Pleural effusion

Starling components

1
2

1- Permeability
2- Hydrostatic forces

3

3- Oncotic forces

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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Increased influx

Pleural effusion
Decreased clearance
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Pleural effusion, so what?
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1- Pleural effusion is common
> 1.5 million annually in USA; almost 200,000 will require thoracentesis

Light, 2007; Kookoolis, 2014

16

2- Significant health care burden

Overall

5.5 (2.7‐10.1)

$42,376 (21,618‐84,679)

11.6%
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3- Patient morbidity (causes symptoms)
What is the primary short-term clinical consequence of a pleural effusion?

a)
b)
c)
d)
e)
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Cough
Dyspnea (trouble breathing)
Hypoxemia (low oxygen level)
Chest pain
Fatigue

Mechanisms of dyspnea related to pleural effusion
V/Q mismatch, mechanoreceptor activation, and neuromechanical decoupling
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Mechanisms of dyspnea related to pleural effusion
V/Q mismatch, mechanoreceptor activation, and neuromechanical decoupling

Before thoracentesis

After thoracentesis
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4- A marker of disease severity
Overall
21%
51%
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Pleural effusion, so what?
1- Common
2- High health care burden
3- Patient morbidity
4- Marker of disease severity
(and early mortality)
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Goals of managing a pleural effusion
1. Diagnose the underlying disease pathophysiology
2. Provide therapeutic relief
3. Efficient and definitive management of the underlying disease
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Proper evaluation and management of pleural effusion: lots of options
Pleural effusion
Observation

Surgery

Medical
management

Indwelling
catheter

Thoracentesis

Pleurodesis

Chest tube
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Approach to managing a new pleural effusion
1

Suspect an underlying clinical disorder

2

Bedside ultrasound
and
thoracentesis

3

Solidify your diagnosis

4

Clinical clues (H/P, imaging)

Appearance, Light’s classification,
microbiology, cellular analysis

Medical management as indicated;
need for additional testing

Early subspecialty consultation as indicated
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Basics of initial bedside evaluation

Clinical presentation

Ultrasound

Thoracentesis

Diagnosis
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Clues at the bedside: clinical presentation
Symptoms and signs

Past medical history, labs

•

Orthopnea, dyspnea, leg edema (CHF, renal disease)

•

Chronic organ disease (heart, liver, kidney)

•

Fever, cough, pleurisy (pneumonia)

•

Immunosuppression, autoimmune disease, cancer

•

Weight loss, malaise, anorexia (cancer, TB)

•

Recent surgeries (thoracic, abdominal, neuro)

•

Abdominal distension, jaundice (cirrhosis)

•

Elevated: WBC, ESR, CRP, BNP, T-bili, INR, Cr,
lipase

•

Decreased: platelets, albumin, protein

•

Medications
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Point-of-care lung ultrasound (POCLUS) helps characterize a pleural effusion

Characteristic

Simple

Complex,
Homogenous

Complex,
Heterogenous

Echogenicity

Anechoic

Echogenic

Echogenic

Characteristics

Jellyfish sign
(flapping lung)

Hematocrit or
plankton signs

Septations or
undulating strands

Light’s classification

Transudate or
exudate

Exudate

Exudate

Common diagnoses

CHF
Cirrhosis
Renal

Hemothorax
Malignant
Parapneumonic

Empyema
Malignant
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Most* new pleural effusions will need sampling
Thoracentesis

Diagnostic

Therapeutic

*Exceptions: Small, bilateral, asymptomatic effusions for which the cause is known
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Always use ultrasound to localize access target
Identify key landmarks: effusion, diaphragm and liver/spleen, +/- lung
C/o Angela Do, PA‐C
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Local anesthesia
skin, soft tissue and pleura
(5-15 ml 1-2% lidocaine)

C/o Angela Do, PA‐C
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Thoracentesis catheter insertion

‘Over the needle’ technique
C/o Angela Do, PA‐C
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Thoracentesis: basics of pleural fluid analysis
• Appearance
– Color, clarity

• Chemistry
– Protein, acid, glucose content

• Cells
– Inflammatory, atypical/malignant

• Microbiology
– Organisms
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Amoebic abscess
Aspergillus empyema

Bacterial empyema

Chylothorax

What’s the diagnosis?
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Transudate vs exudate: is the pleura inflamed (permeable)?
“Is there protein spilling into the pleural space?”

Transudate = fluid – rich effusion (little protein, few cells)
Dr. Richard Light: 1942-2021

Exudate = protein and cell – rich effusion (lots of protein and cells)
Don’t miss an exudate!

Light’s Criteria: any of
Pleural to serum protein ratio >0.5
Pleural to serum LDH ratio >0.6
Pleural LDH >67% of normal serum
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Cornerstone to diagnosing the pathophysiology of a pleural effusion:
Transudate vs exudate
Thoracentesis: check LDH, protein (also cell count, culture, cytology as indicated)
Transudate vs exudate?
Revisit clinical history

Consider repeat imaging

Consider repeat thoracentesis with
manometry and additional studies

Few
etiologies
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Consider repeat
invasive sampling

Many etiologies,
but discernible

Management: underlying pathophysiology guides therapy

1
2
3

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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Approach to managing a new pleural effusion
1

Suspect an underlying clinical disorder

Clinical clues (H/P, imaging)

2

Bedside ultrasound
and
thoracentesis

Appearance, Light’s classification,
microbiology, cellular analysis

3

Solidify your diagnosis

4

Medical management as indicated;
need for additional testing

Early subspecialty consultation as indicated
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Case 1
• 67 year old woman with a history of coronary artery disease presents
with several weeks of trouble sleeping at night because of frequent
arousals and having to stop more frequently when cleaning the house
due to difficulty catching her breath.
• Exam shows elevated blood pressure, bibasilar lung crackles, and
bilateral pitting leg edema to the upper shins.
What is the suspected underlying clinical diagnosis?
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A patient with CHF and bilateral pulmonary edema

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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A patient with CHF and bilateral pulmonary edema

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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A patient with CHF and bilateral pulmonary edema

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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CHF: hydrostatic pleural effusion

•
•
•
•

Appearance
– Clear or turbid?
Chemistry
– High or low protein?
Cells
– Cellular?
Microbiology
– Organisms?

Light’s Criteria: exudate if any of:
Pleural to serum protein >0.5
Pleural to serum LDH >0.6
LDH >67% of normal

A thoracentesis is performed

1
2

What will the fluid results show
and why?

3

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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CHF: hydrostatic pleural effusion

Light’s Criteria: exudate if any of:
Pleural to serum protein >0.5
Pleural to serum LDH >0.6
LDH >67% of normal

Thoracentesis results:
- Clear, light yellow
- Few cells, no organisms
- Low protein, LDH

1
2

= TRANSUDATE
(not inflammatory)

3

WHAT NEXT?
Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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What is the expected 1-year mortality of a patient with congestive
heart failure who develops a pleural effusion requiring drainage
with a thoracentesis?
a)
b)
c)
d)
e)
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~1%
~5%
~10%
~25%
~50%

Pleural effusion: a marker of disease severity
CHF
~25%
~55%
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‘Benign’ pleural effusions are NOT BENIGN
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CHF effusion treatment: Manage pulmonary venous hypertension =>
Diuretics, enhance cardiac output, dietary compliance, subspecialty consultation
(Cardiology)

3

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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Case 2
• 37 year old man with HIV presents with several days of cough, fever, and
right sided pleurisy since last night. No sick contacts. COVID test was
negative.
• Exam shows fever of 101.8F, mild tachycardia, right chest egophony.
• Labs notable for mildly elevated WBC count, neutrophilia.
What is the suspected underlying clinical diagnosis?
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A patient with pneumonia

1
2
3

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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Parapneumonic effusion (~40%)

51

Fibrinopurulent parapneumonic effusion
and empyema (~10%)
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A patient with pneumonia

•
•
•
•

Appearance
– Clear or turbid?
Chemistry
– High or low protein?
Cells
– Cellular?
Microbiology
– Organisms?

Light’s Criteria: exudate if any of:
Pleural to serum protein >0.5
Pleural to serum LDH >0.6
LDH >67% of normal

A thoracentesis is performed

1

What will the fluid results show
and why?

2
3

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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A patient with pneumonia

Light’s Criteria: exudate if any of:
Pleural to serum protein >0.5
Pleural to serum LDH >0.6
LDH >67% of normal

Thoracentesis results:
- Turbid, thick yellow
- many neutrophils
- High protein, LDH

1
2

Light’s classification
= EXUDATE

3

(inflammatory)

WHAT NEXT?
Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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Which of the following are potential consequences of a poorly
controlled pleural space infection?

a)
b)
c)
d)

Septic shock
Bronchopleural fistula
Fibrothorax
All of the above
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Treatment: manage infection, prevent fibrothorax
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Predictors of worse outcome: large, inflammatory, organized fluid
Assess: 1-size, 2-complexity, 3-chemical, and 4-microbiologic characteristics
Parapneumonic effusion

Imaging: Large or complex?
Thoracentesis
Purulent
or
Low pH, glucose/High LDH
or
+gram stain / culture?
No

Antibiotics only
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No

Yes

Yes

Chest tube,
fibrinolysis

Fibrinolysis enhances drainage, reduces surgical need,
and decreases hospital stay: The MIST2 trial
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Parapneumonic effusion: Antibiotics, subspecialty consultation as needed
(interventional pulmonology/pulmonology, infectious disease, thoracic surgery)
Parapneumonic effusion

Imaging: Large or complex?
Thoracentesis
Purulent
or
Low pH, glucose/High LDH
or
+GS/culture?
No

Antibiotics only

No

Yes

Yes

Chest tube,
fibrinolysis
Good drainage,
clinically improved

No

Surgical evaluation

Yes

Remove tube once drainage ceases
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Case 3
• 71 year old man with a history of 50 pack-year tobacco smoking
presents with several weeks of worsening dyspnea with exertion, nonspecific cough, mild anorexia and ten-pound weight loss.
• Exam is normal except for slight digital clubbing and decreased breath
sounds and tactile fremitus over most of the right hemithorax.
What is the suspected underlying clinical diagnosis?
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A patient with suspected cancer, metastatic to pleura
(malignant pleural effusion—MPE)

1
2
3

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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MPE: multifactorial pathophysiology

Primary pathophysiology =
Inflammatory and obstructive

True ‘malignant’ = Pleural invasion
(cytology positive)

1
2
3

=> Cytokine release, direct tumor, effects

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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MPE: multifactorial pathophysiology

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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‘Paramalignant’ etiologies

A patient with suspected cancer, metastatic to pleura

•
•
•
•

Appearance
– Clear or turbid?
Chemistry
– High or low protein?
Cells
– Cellular?
Microbiology
– Organisms?

A thoracentesis is performed

1
2

What will the fluid results show
and why?

3

Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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A patient with suspected cancer, metastatic to pleura
Thoracentesis results:
- serosanguinous
- High protein, LDH
- +cancer cells

1
2
3

= EXUDATE
= Inflammatory, malignant

WHAT NEXT?
Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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What is the average time it takes for a malignant pleural effusion to
recur and cause symptoms after initial drainage?

a)
b)
c)
d)
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1-2 weeks
1-2 months
3-6 months
A malignant pleural effusion rarely recurs enough to cause
symptoms after initial drainage

Large, rapidly recurrent: Median 9 days, IQR 3-32

‘Paramalignant’ etiologies

True ‘malignant’ = Pleural invasion

Pathophysiology =
Inflammatory and obstructive
Flow = k x [(P1 ‐ P2) ‐ s (π1 ‐ π2)]
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MPE: Significant morbidity
• Drainage offers a substantial palliative benefit in a majority of patients

a) Flattening of diaphragm due to large pleural effusion, restored to more normal ‘dome’ contour after thoracentesis (b)
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MPE predicts a poor prognosis
MPE
~35%
~80%
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Malignant pleural effusion: Efficient, definitive management to prevent recurrence
Lots of variables
Symptomatic MPE
Yes

Prognosis < one month

Thoracentesis

Yes

Trapped lung?
No

Patient factors, local expertise

Bedside indwelling pleural
catheter

Thoracoscopy,
pleurodesis
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Malignant pleural effusion: Efficient, definitive management to prevent recurrence
Lots of variables

IMMEDIATE SUBSPECIALTY
CONSULTATION
Symptomatic
MPE
Yes
Prognosis < one month
PLEURAL EFFUSION: Yes
Interventional pulmonology
Trapped lung?
Pulmonology, thoracic surgery, interventional radiology

Thoracentesi
s

No

NEW CANCER DIAGNOSIS:
Patient factors, local expertise
Medical oncology
Palliative care
Radiation, surgery services as needed
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Summary: Approach to managing a new pleural effusion
1

Suspect an underlying clinical disorder

Clinical clues (H/P, imaging)

2

Bedside ultrasound
and
thoracentesis

Appearance, Light’s classification,
microbiology, cellular analysis

3

Solidify your diagnosis

4
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Early subspecialty consultation as indicated

Medical management as indicated;
need for additional testing

Evaluating and managing symptomatic pleural effusion: conclusions

1. Pleural effusion is common and a marker of disease severity
a. Elevated short and long-term mortality

2. Clinical clues, bedside ultrasound, and thoracentesis with Light’s
classification guide high-yield initial evaluation
3. Efficient and definitive management of the underlying disease is
essential
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Thank you, Questions??
Ara A. Chrissian, MD, FCCP, DAABIP
Director, Adult Bronchoscopy and Interventional Pulmonology
Associate Professor of Medicine
Loma Linda University Medical Center
achrissian@llu.edu
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