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Edema 

 a palpable swelling produced by expansion of the interstitial fluid 

volume

 Anasarca - massive and generalized excess of the interstitial fluid



Pathophysiology of edema

 1/3 of the total body water is in the extracellular space

 2/3 in the intracellular

 Extracellular fluid = intravascular plasma volume (25%) + interstitial 

fluid (75%)

 Generalized edema is seen when the interstitial volume increases by 

2.5-3 liters



Pathophysiology of edema

There are two basic steps involved in edema formation:

 An alteration in capillary hemodynamics that favors the movement 
of fluid from the vascular space into the interstitium

 The retention of dietary or intravenously administered sodium and 
water by the kidneys

 Edema (other than localized edema as with an allergic reaction) 
does not become clinically apparent until the interstitial volume has 
increased by at least 2.5 to 3 liters. Since the normal plasma volume 
is only approximately 3 liters, it is clear that patients would develop 
marked hemoconcentration and shock if the edema fluid were 
derived only from the plasma



Pathophysiology of edema

Systemic causes:

 increase in capillary hydrostatic pressure

 decrease in oncotic pressure of blood plasma

 increase in oncotic interstitial pressure

 capillary permeability disorder



pitting edema

non-pitting edema



Etiology of edema

The most common causes of generalized edema:

 Heart failure

 Cirrhosis

 Nephrotic syndrome and other forms of kidney disease

 Premenstrual edema and pregnancy



Pathophysiology of edema - cardiac

 increased venous hydrostatic pressure (cor pulmonale, constriction 

pericarditis, tricuspid valve defect)

 decrease in cardiac output → decrease in effective circulating 

blood volume and arterial filling → activation of the renin-

angiotensin-aldosterone system → ADH flushing + increase in 

sympathetic activity in the kidneys → water and Na retention → 

extracellular fluid volume increases



Pathophysiology of edema - nefrogenic

 sodium and water retention

 nephrotic syndrome - proteinuria 3.5 g/d

 oligo/anuria

 inflammatory diseases with increased capillary permeability



Pathophysiology of edema - hepatic

 increased NO production → peripheral vasodilation

 reduction of the effective volume of circulating blood → reduced 
filling of the arterial system → activation of the renin-angiotensin-

aldosterone system → flushing of ADH + increase of sympathetic 

activity in the kidneys → retention of water and Na → volume of 

extracellular fluid increases

 hypalbuminemia



Pathophysiology of edema -

hypoalbuminemia

 reduction of oncotic pressure → transfer of water to the interstitium

 reduction of the effective volume of circulating blood → reduced 
filling of the arterial system → activation of the renin-angiotensin-

aldosterone system → leaching of ADH + increase of sympathetic 

activity in the kidneys → retention of water and Na → volume of 

extracellular fluid increases



Pathophysiology of edema -

hypoalbuminemia

 reduction of oncotic pressure → transfer of water to the interstitium

 reduction of the effective volume of circulating blood → reduced 
filling of the arterial system → activation of the renin-angiotensin-

aldosterone system → leaching of ADH + increase of sympathetic 

activity in the kidneys → retention of water and Na → volume of 

extracellular fluid increases



Pathophysiology of edema – allergic 

and angioedema

 IgE antibody-mediated allergies - mast cell binding - histamine 

release - increased capillary permeability

 Angioedema

 Hereditary or acquired C1 protein inhibitor defect



Clinical manifestation and evaluation of edema

 Peripheral edema: pitting or nonpitting

- pitting edema - presence of tissue depression after pressure at 
least 5 sec and reflects movement of the excess interstitial water in 

response to pressure

grading from 1+ to 4+ (mild to severe)

- nonpitting edema suggests lymphatic obstruction, hypothyroidism

- locates preferentially in the dependent areas (lower extremities, 

sacrum)



Clinical manifestation and evaluation of edema

 Peripheral edema: pitting or nonpitting

 Leg edema: unilateral/asymmetric edema or bilateral 

edema, acuity of  edema

 Acute onset of unilateral leg edema raises concern for deep vein 

thrombosis

 Bilateral edema (frequent in older adults) - usually chronic rather 

than acute -- chronic venous disease, heart failure, venodilating 

medications, or pulmonary hypertension (the most commonly 

missed cause of bilateral edema)



Clinical manifestation and evaluation of edema

 approach to patients with acute unilateral or asymmetric leg edema: 

 clinical probability of DVT and perform appropriate diagnostic testing depending 

upon the clinical probability (Wells score and modified Wells score)

 if DVT excluded, then rule out other causes: muscle strain, tear, or twisting injury to the 

leg (40%), leg swelling in a paralyzed limb (9%), lymphangitis or lymph obstruction 

(7%), venous insufficiency (7%), popliteal (Baker's) cyst (5%), cellulitis (3%), knee 

abnormality (2%), unknown (26%)



Clinical manifestation and evaluation of edema

 Chronic unilateral or asymmetric edema: lower extremity chronic 
venous disease

- less common causes: primary or secondary lymphedema, pelvic 
neoplasm compromising venous return, and complex regional pain sy

 Approach to patients with chronic unilateral or asymmetric leg edema:

- chronic venous disease: history of thrombophlebitis in the 
affected leg (pigmentary changes and skin ulceration)

- lymphedema: history of an ipsilateral inguinal or pelvic lymph 
node dissection, or of radiation therapy (initially pitting edema, 
but becomes non-pitting as cutaneous fibrosis occurs)

- complex regional pain syndrome: occurs four to six weeks 
after limb trauma (pain, edema, and alteration in skin color 
and temperature)



Clinical manifestation and evaluation of edema

 Acute bilateral leg edema: uncommon

most likely etiologies: 

1. side effect of medications, especially dihydropyridine calcium channel blockers 

2. acute heart failure

3. acute nephrotic syndrome

4. bilateral DVT, which is often associated with malignancy



Clinical manifestation and evaluation of edema

 approach to patients presenting with acute bilateral leg edema: 

- exclude DVT first

- stop drugs known to cause edema

- dyspnea, orthopnea, paroxysmal nocturnal dyspnea, tachypnea, tachycardia, 

rales, or distended neck veins - evaluated for acute heart failure

- semi-quantitative urine dipstick

- D-dimers



Clinical manifestation and evaluation of edema

 Arm edema: acuity of the edema

- acute isolated upper extremity edema: trauma, infection, superficial 
thrombophlebitis, or inflammatory arthritis of the upper extremity

- acute bilateral upper extremity edema (rare) may be seen with bilateral 

spontaneous venous thrombosis or superior vena cava syndrome

- more gradual swelling of the arm occurs with lymphedema: primary 

(usually presenting in childhood) or secondary (usually following surgery 

or radiation treatment)



Clinical manifestation and evaluation of edema

 Isolated pulmonary edema: shortness of breath and orthopnea, 

tachypnea, rales, diastolic gallop (S3)

 common causes: cardiac disease (eg, acute myocardial infarction, heart 

failure, mitral or aortic valvular pathologies), volume overload due to 

primary renal sodium retention (such as acute glomerulonephritis) or by 

increased capillary permeability in the acute respiratory distress syndrome

 less common causes: forms of noncardiogenic pulmonary edema, 

including high-altitude pulmonary edema (HAPE), neurogenic pulmonary 

edema, and pulmonary edema related to opioid overdoseIn contrast to 

cardiac and renal disease, uncomplicated cirrhosis is not associated with 
pulmonary edema



Other forms of edema

 Lymphedema: most common in developed countries - axillary lymph node dissection in 
patients with breast cancer and axillary or inguinal lymph node dissection in patients 
with melanoma. 

- worldwide, the most common cause is filariasis  (typically limited to an arm or leg;  
clinical hallmark is cutaneous and subcutaneous thickening, as manifested by 
cutaneous fibrosis, peau d'orange, and a positive Stemmer sign, which refers to an 
inability to tent the skin at the base of the digits

 Nonpitting edema: due to 2 disorders: 

1. moderate to severe lymphedema, as can occur after radical mastectomy or with 
lymphatic disease

2. pretibial myxedema, which occurs in patients with thyroid disease and is associated 
with localized areas of swelling 

 Periorbital and scrotal edema: localized forms of edema that can be seen in systemic 
edematous states but should not be the sole manifestation of edema in these disorders



Ascites

- accumulation of fluid within the peritoneal cavity



Pathophysiology of ascites

 Portal hypertension: cirrhosis, alcoholic hepatitis, acute liver failure, hepatic 
veno-occlusive disease (eg, Budd-Chiari syndrome), heart failure, constrictive 
pericarditis, hemodialysis-associated ascites (nephrogenic ascites)

 Hypoalbuminemia: nephrotic syndrome, protein-losing enteropathy, severe 
malnutrition

 Peritoneal disease: malignant ascites (eg, ovarian cancer, mesothelioma), 
infectious peritonitis (eg, TB or fungal infection), eosinophilic gastroenteritis, 
starch granulomatous peritonitis, peritoneal dialysis, multicystic mesothelioma 
(peritoneal inclusion cysts)

 Other etiologies: chylous ascites, pancreatic ascites (eg, from a disrupted 
pancreatic duct), myxedema, hemoperitoneum, urologic injury

 Rare causes: abdominal pregnancy, Whipple disease, and sarcoidosis 

 5% of patients have more than one cause (eg, cirrhosis + one of the following: 
tuberculosis peritonitis, peritoneal carcinomatosis, heart failure, or diabetic 
nephropathy



Pathophysiology of ascites in liver 

cirhosis

 Portal hypertension ˃ 12 mmHg → opening of portocaval junctions 

→ endotoxemia → increased activity of endothelial NO-synthase → 
vasodilation of splanchnic → reduction of the effective volume of 

circulating blood → reduced filling of the arterial bed → activation 

of the renin-angiotensin-aldosterone system → flushing of ADH + 

increase of sympathetic activity in the kidneys → retention of water 

and Na → volume of extracellular fluid increases

 hypalbuminemia



Clinical manifestation of ascites

 Symptoms: abdominal distension that may be painless or associated 
with abdominal discomfort

- ascites due to cirrhosis and/or alcoholic hepatitis usually develops 
rapidly over a few weeks - weight gain, shortness of breath, early 
satiety, and dyspnea resulting from fluid accumulation and increased 
abdominal pressure

- spontaneous bacterial peritonitis - fever, abdominal tenderness, and 
altered mental status

- symptoms associated with hepatic decompensation, such as 
confusion or evidence of gastrointestinal bleeding. 

- malignant ascites - weight loss

- ascites due to heart failure - dyspnea, orthopnea, and peripheral 
edema



Clinical manifestation of ascites

 Physical examination: 

- stigmata of cirrhosis (spider angioma, palmar erythema, abdominal wall 
collaterals)

- jaundice, muscle wasting, gynecomastia, and leukonychia (white nails), 

palpable liver and spleen, parotid enlargement may be present but is 

probably due to alcohol and not cirrhosis per se

- umbilical nodule – evidence for cancer as the cause of ascites (gastric 

cancer, colon cancer, hepatocellular carcinoma)

- findings in heart failure: jugular venous distension, pulmonary congestion, or 

peripheral edema



Clinical manifestation of ascites

 Laboratory tests

- cirrhosis or heart failure: abnormal liver and renal tests 

- cirrhosis: elevated INR, hypoalbuminemia, thrombocytopenia, 

anemia, leukopenia

- spontaneous bacterial peritonitis: leukocytosis, metabolic acidosis, 

azotemia



Diagnosis of ascites

 physical examination, abdominal imaging (USG), paracentesis



Diagnosis of ascites

 General approach

Two of the main issues that arise regarding ascites are:

- is the fluid infected?

- is portal hypertension present?

Initial tests that should be performed on the ascitic fluid include

- appearance assessment (eg, clear, bloody, cloudy, milky)

- serum-to-ascites albumin gradient determination (SAAG) 

- cell count and differential

- total protein concentration



Diagnosis of ascites

serum-to-ascites albumin gradient (SAAG) – identifies portal hypertension 
- more useful than the protein-based exudate/transudate concept



Pleural effusion

 Fluid in the pleural cavity - excessive production or insufficient 

resorption

 transsudate vs. exudate - according to the mechanism of origin and 

biochemistry

 Diagnosis:

- history and physical examination

- chest X-ray

- chest CT

- ultrasound



Conditions diagnosted by thoracocenthesis



Pleural fluid analysis

 Gross appearance



Pleural fluid analysis

Tests routinely performed on pleural fluid:

 cell count and cell differential

 pH

 protein

 lactate dehydrogenase (LDH)

 glucose



Pleural fluid analysis

 Light's traditional criteria: exsudate if at least one of the following 

criteria is  presented:

- pleural fluid protein/serum protein ratio greater than 0.5

- pleural fluid lactate dehydrogenase (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



Transudates are largely due to imbalances in hydrostatic and oncotic 
pressures in the chest



Exudates are caused by a variety of mechanisms, including infection, 
malignancy, immunologic responses, lymphatic abnormalities, 
noninfectious inflammation, and trauma



Pleural fluid analysis

 Chemical and biochemical analysis

- protein: transudates - protein concentration below 3.0 g/dL (30 g/L)

Tuberculous pleural effusions - total protein concentrations above 4.0 g/dL (40 g/L)

Waldenström’s macroglobulinemia and multiple myeloma – total protein 

concentrations range 7.0 to 8.0 g/dL (70 to 80 g/L)

- LDH:

empyema - LDH above 1000 IU/L (with upper limit of normal for serum of 200 IU/L)

fluidothorax in Pneumocystis jirovecii pneumonia - pleural fluid/serum LDH ratio 

greater than 1.0 and a pleural fluid/serum protein ratio of less than 0.5



Pleural fluid analysis

 Chemical and biochemical analysis

- LDH: 

urinothorax - elevated pleural fluid LDH associated with low pleural fluid protein levels

- cholesterol: derived from degenerating cells and vascular leakage from increased 
permeability

cholesterol >250 mg/dL defines a cholesterol effusion (known as pseudochylothorax or 
chyliform effusion)

- TAG: 

chylothorax – TAG in pleural fluid greater than 110 mg/dL

TAG in an intermediate level between 50 and 110 mg/dL should be followed by 
lipoprotein analysis of the pleural fluid



Pleural fluid analysis

 Chemical and biochemical analysis

- glucose:  

low pleural fluid glucose concentration (less than 60 mg/dL, or a pleural fluid/serum 

glucose ratio less than 0.5): rheumatic pleurisy, complicated parapneumonic 

effusion, empyema, malignant effusion, TB pleurisy, lupus pleurits, esophageal rupture

2 reasons: 1. decreased diffusion of glucose from blood to pleural fluid 

(rheumatoid pleurisy or malignancy)

2. increased utilization of glucose by constituents of pleural fluid 

(neutrophils, bacteria, and malignant cells)



Pleural fluid analysis

 Chemical and biochemical analysis

- Creatinine - urinothorax - when a transudate has a pleural fluid/serum creatinine ratio >1

- pH: normal pH 7.60 (due to a bicarbonate gradient between pleural fluid and blood) 

transudates - pH in the 7.40 to 7.55 range (urinothorax - pleural fluid pH <7.40)

majority of exudates - pH range from 7.30 to 7.45 

Mechanisms responsible for pleural fluid acidosis (pH <7.30): 

1. increased acid production by pleural fluid cells and bacteria (empyema)

2. decreased hydrogen ion efflux from the pleural space, due to pleuritis, tumor, or 
pleural fibrosis (malignancy, rheumatoid pleurisy, and TB pleurisy



Pleural fluid analysis

 Chemical and biochemical analysis

- pH: pleural fluid acidosis (pH <7.30) - diagnostic, prognostic, and therapeutic 
implications for patients with parapneumonic and malignant effusions

malignant effusion: high initial positive yield on pleural fluid cytology, shorter survival, 
poorer response to chemical pleurodesis (strength not provide prognostic value for 
individual patients; not use as the sole criterion for the decision to forego pleurodesis. 
parapneumonic effusion (pH ≤7.15): pleural space drainage

- amylase: acute pancreatitis, chronic pancreatic pleural effusion, esophageal rupture, 
malignancy (low discriminative value for differentiating benign from malignant 
effusions)

- adenosine deaminase (ADA) – differentiate malignant (ADA 40 U/L) less than and TB 
effusion (ADA greater than 35 to 50 U/L) when exsudate is lymphocytic, but initial 
cytology and smear and culture for tuberculosis are negative



Pleural fluid analysis

 Chemical and biochemical analysis

- N-terminal pro-BNP, procalcitonin: not demonstrated sufficient diagnostic utility

 Cytology 

malignant pleural effusions - overall sensitivity 60% (may increase by 15% with the 2nd

thoracentesis)

 Cancer-related biomarkers

no single pleural fluid biomarker is accurate enough for routine use in the diagnostic 

evaluation of pleural effusion



Pleural fluid analysis

 Nucleated cells - total pleural fluid nucleated cell count is virtually never diagnostic 

Some settings in which the cell count may be helpful:

1. complicated parapneumonic effusions, including empyema – cell counts above 

50,000/microL

2. exudates from bacterial pneumonia, acute pancreatitis, and lupus pleuritis - cell 

counts above 10,000/microL

3. chronic exudates (TB pleurisy, malignancy) – cell counts below 5000/microL

- acute pleural injury: early response neutrophilic, late mononuclear predominance



Pleural fluid analysis

 Nucleated cells 

- lymphocytosis (85-95%): TB pleurisy, lymphoma, sarcoidosis, chronic rheumatoid 
pleurisy, yellow nail syndrome, or chylothorax, some drugs (eg, dasatinib)

malignant pleural effusions - lymphocyte-predominant in over one-half of cases (usually 
between 50 and 70%)

 - eosinophilia (above 10%): PNO, hemothorax, pulmonary infarction, benign asbestos 
pleural effusion, parasitic disease, fungal infection (coccidioidomycosis, cryptococcosis, 
histoplasmosis), drugs, catamenial pneumothorax with pleural effusion, malignancy 
(carcinoma, lymphoma, myeloma), TB pleurisy, parapneumonic effusions, chronic 
eosinophilic pneumonia

- mesothelial cells: in small numbers in normal pleural fluid, prominent in transudates, and 
variable in exudate

major clinical significance: TB pleurisy is unlikely if there are more than 5% of mesothelial 
cells



Thank you for your attention


