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EDEMA 
Sixty percent of lean body weight is water, 2/3 intracellular & 1/3 is in 

extracellular. The latter is mostly interstitial fluid; only 5% of total body 

water is in blood plasma.  

 

Edema refers to” pathological accumulation of fluid in excess fluid in tissue 

spaces, serous cavities or pulmonary alveoli. 

 

Edema either: 

  1. Localized  

  2. Generalized (systemic)  

Anasarca: “severe, generalized edema, including profound subcutaneous 
tissue accumulations”. 

Ascites: collection of (edema) fluid in the peritoneal cavity.   

Hydrothorax: collection of fluid in pleural cavity (pleural effusion) 

Pericardial effusion: collection of fluid within pericardial cavity. 
Finger pressure over significantly edematous subcutaneous tissue displaces 

the interstitial fluid and leaves a finger-shaped depression, so-called pitting 

edema. 
Mechanisms of edema: 

The movement of fluid between vascular and interstitial spaces is controlled 

mainly by   

1.  Increased  hydrostatic pressure: heart failure, venous obstruction 

2. Increased  vascular permeability: acute inflammation, allergy    

3. Decreased  oncotic pressure: hypoproteinemia 

4. Interference with lymphatic drainage: obstruction, congenital absence 

5. Sodium (and water) retention 
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Nature of edema fluid 

A- Exudate:   

 - Protein-rich fluid 

 - Encountered with inflammation. 

 - Resulting from ↑vascular permeability with escape of   proteins 
(albumin)  

 - having SG > 1.012 (protein conc. > 2.5 g/dl).  

B- Transudate:  

 - Serous (thin)/protein-poor 

 - Encountered in heart failure/nephrotic syndrome 

 - SG < 1.012 (protein concentration <2.5g/dl)  

The principal causes of non-inflammatory edema are: 

1. Increased Hydrostatic Pressure 
This is either localized or generalized (systemic) 

Localized increases in intravascular pressure can result from impaired 

venous return  

Generalized increases in venous pressure, with resultant systemic edema, 

occur most commonly in congestive heart failure. 

2. Reduced Plasma Osmotic Pressure 
Albumin is the most important serum protein responsible for maintaining 

intravascular colloid osmotic pressure. Reduced osmotic pressure occurs 

when there is reduced synthesis or loss of this plasma protein from the 

circulation, e.g. nephrotic syndrome  

Increased capillary permeability 

A. Localized as in inflammation  

B. Generalized as in systemic allergic reactions :drug anaphylaxis 

,urticarial)    

3. Lymphatic Obstruction 
Impaired lymphatic drainage and consequent lymphedema is usually 

localized; it can result from inflammatory or neoplastic obstruction.   

4. Sodium and Water Retention 
Salt retention can also be a primary cause of edema. Increased salt-with  

accompanying water-causes both increased hydrostatic pressure (due to 

expansion of the intravascular volume) and reduced vascular osmotic 

pressure. Salt retention can occur with any impairment of renal function. 
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Pathologic features of edema 
Edema is most easily recognized grossly. Microscopically, edema fluid is 

reflected primarily as a clearing and separation of the extracellular matrix 

elements. Although any organ or tissue in the body may be involved, edema 

is most commonly encountered in subcutaneous tissues, lungs, and brain 

HYPEREMIA AND CONGESTION 
The terms hyperemia and congestion both indicate a local increased volume 

of blood in a particular tissue.  

Hyperemia is an active process resulting from augmented blood flow due 

to arteriolar dilation (e.g., at sites of inflammation or in skeletal muscle 

during exercise). The affected tissue is redder than normal because of 

engorgement with oxygenated blood.  

Congestion is a passive process resulting from impaired venous return out 

of a tissue. It may occur systemically, as in heart failure (right ventricular 

failure or congestive HF), or it may be local, resulting from an isolated 

venous obstruction. The tissue has a blue-red color (cyanosis), especially as 

worsening congestion leads to accumulation of deoxygenated hemoglobin in 

the affected tissues. 

Localized venous congestion: 

A. Pulmonary venous congestion: Occurs in Left sided heart (ventricular) 

failure and in mitral valve stenosis 

B. venous outflow obstruction: Occurs in 
1. Venous thrombosis of major vein   

2. Cirrhosis of the liver   

3. Mechanical compression of veins 

Morphological changes in chronic venous congestion of the 

liver: 

Gross appearance: The liver is enlarged and firm in consistency. Its cut 

surface shows a mottled appearance of dark areas and pale peripheral   areas, 

simulating the appearance of the cut surface of a nutmeg, hence the term 

“nutmeg liver”.  

Microscopically, the central vein and the central ends of the sinusoids 

appear distended and packed with red cells. The hepatic cells in the center of 

the lobule undergo degeneration and sometimes necrosis  . The hepatic cells 
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at the periphery of the lobule are either normal or show mild injury such as 

fatty changes.   

Morphological changes in chronic venous congestion of the Lungs  

Grossly: The lungs are heavy, dark red in color and firm in consistency. 

Microscopically 

The alveolar capillaries and venules are dilated, and packed with red cells.  

Some of the alveolar capillaries rupture leading to intra-alveolar 

hemorrhage. Macrophages move into the alveolar spaces to engulf the red 

cells and store the iron in hemoglobin as hemosiderin granules. These 

macrophages are called heart failure cells .  

HEMORRHAGE 
Hemorrhage is “extravasation of blood from vessels into the extravascular 

space”. 

 Capillary bleeding can occur under conditions of chronic congestion or 

capillaritis.  

 Hemorrhagic diatheses refer to an increased tendency to hemorrhage 

(usually with insignificant injury). This occurs in a wide variety of clinical 

disorders.  

 Rupture of a large artery or vein results in severe hemorrhage, and is 

almost always due to 

1. Vascular injury, including trauma. 

2. Ruptured aneurismal dilatation.   

3. inflammatory or neoplastic erosion of the vessel wall 

 Hemorrhage can be external to or confined within a tissue.  

Hematoma refers to any localized accumulation of blood.  Hematomas can 

be relatively insignificant (e.g., a bruise) or can be due to massive bleeding 

as to cause death (e.g., a massive retroperitoneal hematoma resulting from 

rupture of a dissecting aortic aneurysm. 

Petechiae are minute (1- to 2-mm) hemorrhages into skin, mucous 

membranes, or serosal surfaces and are typically associated with  

1. Low platelet counts (thrombocytopenia) 

2. Defective platelet function.  

3. Locally increased intravascular pressure 

4. Clotting factor deficiencies. 
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Purpura is raised slightly larger than petechiae (3- to 5-mm) hemorrhages 

and can be associated with many of the same disorders that cause petechiae; 

in addition, purpura can occur with trauma, vascular inflammation 

(vasculitis), or increased vascular fragility.  

Ecchymoses are larger (1- to 2-cm) subcutaneous hematomas (bruises). 

The erythrocytes in these local hemorrhages are phagocytosed and degraded 

by macrophages; the hemoglobin (red-blue color) is enzymatically converted 

into bilirubin (blue-green color) and eventually into hemosiderin (golden-

brown), accounting for the characteristic color changes in a hematoma. 

Large accumulations of blood in one or another of the body cavities are 

called Hemothorax, hemopericardium, hemoperitoneum, or hemarthrosis 

refer to large accumulation of blood in the pleural, pericardial, peritoneal or 

synovial cavities respectively.  

Clinical significance of hemorrhage 
This depends on:  1- The volume of blood loss, 2-Its rate, and 3-Its location  

Rapid loss (internal or external) of as much as 20% of the blood volume or 

slow losses of even larger amounts may have little impact in healthy adults; 

greater losses, however, can cause hemorrhagic (hypovolemic) shock. The 

site of hemorrhage is also important; bleeding that would be trivial in the 

subcutaneous tissues may cause death if located in the brain. Finally, chronic 

or recurrent external blood loss (e.g., a peptic ulcer or menstrual bleeding) 

causes a net loss of iron, frequently culminating in an iron deficiency 

anemia.  

THROMBOSIS 
Thrombosis is defined as the formation of a solid or semi-solid mass from 

the constituents of the blood within the vascular system during life. The 

mass itself is called a thrombus.  

Pathogenesis of thrombosis 
There are three predisposing factors for thrombus formation (Virchow's 

triad): 

1. Endothelial injury 

2. Stasis or turbulence of blood flow 

3. Blood hypercoagulability (Changes in the composition of blood)  

1-Endothelial injury 

A. Mechanical injury such as , pressure, ruptue or tortion of the vessel 

B. Degeneration of vascular endothelium at sites of   

1. Atherosclerosis    

      2. Aneurysm   
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      3. Myocardial infarction.  

C. Inflammatory processes as in   Phlebitis , Arteritis, and inflammation of 

heart valves. 

Significant endothelial dysfunction in the absence of endothelial cell loss 

may occur in: 

1. Hypertension    4. Hypercholesterolemia 

2. Turbulent flow over scarred valves 5. Radiation 

3. Bacterial endotoxins   6. Products absorbed from cigarette 

smoke 

2-Alterations in Normal Blood Flow 
Turbulence contributes to arterial and cardiac thrombosis by causing 

endothelial injury or dysfunction, as well as by forming countercurrents and 

local pockets of stasis. 

Stasis is a major contributor to the development of venous thrombi. 

Effects of Stasis and turbulence   
1. Disrupt laminar flow and bring platelets into contact with the endothelium 

2. Prevent dilution of activated clotting factors by fresh-flowing blood 

3. Retard the inflow of clotting factor inhibitors and permit the buildup of 

thrombi 

4. Promote endothelial cell activation, resulting in local thrombosis, 

leukocyte adhesion, etc.  

3-Hypercoagulability 

Hypercoagulability is defined as any alteration of the coagulation pathways 

that predisposes to thrombosis, and it can be divided into:- 

Primary (genetic)  
Causes include most commonly mutations in the factor V gene and the 

prothrombin gene. 

Secondary (acquired) disorders. 

The pathogenesis is frequently multifactorial & include  

1-Cardiac failure, major surgery or trauma    

 2-Oral contraceptive use & pregnancy   

3-Disseminated cancers  

4-Advancing age   

5-Smoking & obesity    

Pathological features of thrombosis 

 Thrombi can develop anywhere in the cardiovascular system . 

 Thrombi are focally attached to the underlying vascular surface. 
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 The propagating portion of a thrombus tends to be poorly attached and 

therefore prone to fragmentation, generating an embolus especially in 

venous thrombi. 

 Thrombi can have grossly (and microscopically) apparent laminations 

called lines of Zahn; these represent pale platelet and fibrin layers 

alternating with darker erythrocyte-rich layers. Their presence can 

distinguish ante-mortem thrombosis from the non-laminated postmortem 

clots that occur after death. Such lines are less prominent in venous 

thrombi compared to arterial ones.  

Fate of the Thrombus 
  Days or weeks after the formation of thrombi, they undergo some 

combination of the following four events: 

1. Propagation: thrombi may accumulate additional platelets and fibrin, 

eventually causing vessel obstruction. 

2. Embolization: thrombi may dislodge or fragment and are transported 

elsewhere in the vasculature.  

3. Dissolution is the result of fibrinolytic activation, which leads to rapid 

shrinkage and even total lysis of recent thrombi.  . 

4. Organization and recanalization: Older thrombi become organized by 

the ingrowth of endothelial cells, smooth muscle cells, and fibroblasts into 

the fibrin-rich clot. Capillary channels are eventually formed that can create 

canals along the length of the thrombus and thereby re-establish the 

continuity of the original lumen.   

Clinical significance of venous & arterial thrombosis 

Thrombi are significant because they 

1. Cause obstruction of arteries and veins 

2. Are potential sources of emboli.  

Which effect is most important depends on the site of thrombosis.  

Venous thrombi can cause congestion and edema in vascular beds distal to 

an obstruction, but they are most dangerous for their capacity to embolize to 

the lungs and cause death.  

While arterial thrombi can embolize and even cause downstream tissue   

infarction. 

  

 


