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Table 4-1  Pathophysiologic Categories of Edema

1.  Increased Hydrostatic Pressure
     - congestive heart dz
     - constrictive pericarditis
     - ascites
     - venous obstruction/compression (thrombosis, mass)
     -arterioral dilation (heat, neurohumoral dsyregul)

2.  Reducted Plasma Osmotic Pressure (Hypoproteinemia)
     - protein losing glomerulopathy (nephrotic syndrome)
     - protein losing gastropathy
     - liver cirrhosis (ascites)
     - malnutrition

3.  Lymphatic Obstruction
     - inflammation
     - neoplastic
     - postsurgical
     - postirradiation

4.  Sodium Retention
     - glomerulonephritis
     - acute renal failure
     - excessive salt intake w/ renal insufficiency
     - increased tubular reabsorption of sodium
     - renal hypotension
     - increased renin-angiotensin-aldosterone secretion

5.  Inflammation
     - acute
     - chronic
     - angiogenesis
     

Figure 4-1

Figure 4-2

Normal fluid hemostasis
1.  maintenance of vessel wall integrity
2.  maintenance of intravascular pressure
3.  maintenance of intravascular osmolarity
4.  maintenance of blood as a liquid until necessary (clot formation)

Transudate = s.g. < 1.012
Exudate = s.g. > 1.020



Types of Hemorrhage
1.  Hematoma = blood w/in tissue
2.  Petechiae = minute 1-2mm hemorrhages
     - thrombocytopenia
     - locally increased intravascular pressure
     - defective platelet function
     - clotting factor deficits
3.  Purpura = slightly larger, > 3mm
     - same as above
     - secondary to trauma
     - vasculitis
     - increased vascular fragility (amyloid)
4.  Ecchymoses = larger, > 1-2cm
     - trauma

**Both hemostasis and thrombosis are regulated by 
three general components:  
     1.  the vascular wall (endothelium
     2.  platelets
     3.  the coagulation cascade

Normal Hemostasis:
1.  Arteriolar vasoconstriction (transient)
     - endothelial cells release endothelin  potent vasoconstrictor

2.  Exposure of subendothelial ECM (primary hemostasis)
     - highly thromobogenic
     - platelets adhere (via vWF)  platelet activation  platelet recruitement   hemostatic plug

3.  Tissue factor exposed at site of injury (secondary hemostasis)
     - tissue factor is a pro-coagulant produced by the endothelium
     - activate the coagulation cascade  activation of thrombin  insoluble fibrin
     - activated thrombin also induces platelet recruitment and granule release

4.  Polymerized fibrin and platelet aggregates form a solid permanent plug
     - counter-regulatory mechanisms (t-PA, thrombomodulin) occur to limit the hemostatic plug to the site of injury

Figure 4-6



Antithrombotic Property           Source          Action
Antiplatelet Effects
1.  Intact endothelium Prevents plts and coagul factors from meeting highly thrombogenic subendothel ECM; endothel

surface has heparan sulfate and alpha-2 macroglobulin (SC p. 103)
2.  Non-activated platelets Will not adhere to endothelium
3.  PGI2                        Endothelium Potent vasodilator; inhibits platelet aggreg
4.  Nitric oxide (NO)                     Endothelium Potent vasodilator; inhibits platelet aggreg
5.  Adenosine diphosphatase      Endothelium Degrades ADP  inhibits platelet aggreg
Anticoagulant Effects
1.  Heparin-like molecules     In serum Acts indirectly; Interacts with antithrombin III  inactivates thrombin (II), factors lXa, Xa, Xla, Xlla
2.  Thrombomodulin                    In serum Acts indirectly; Binds to thrombin  converts it from procoagulant to anticoagulant capable of 

activating protein C (requires protein S)  cleaves/inactivates factors Va and Vllla
3.  Protein C                      In serum Cleaves Va and VIIIa; requires protein S
4.  Tissue factor pathway inhib   Endothelium Complexes and inhibits activated tissue factor-factor VIIa and Xa
Fibrinolytic Effects
1.  t-PA                       Endothelium Promotes fibrinolytic activity to clear fibrin deposits

Prothrombotic Property Source Action
Platelet Effects
1.  vWF                  Endothelium    Endothel synthesizes, stores, and releases vWF; Binds plt to collagen (Gp lb-lX-V)
Procoagulant Effects
1.  Tissue factor (III)                  Endothelium    Activates Extrinsic Cascade; IL-1, TNF induce endothel cells to produce factor III and endotoxin
Antifibrinolytic Effects
1.  PAI                 Endothelium    PAI = Plasminogen inhibitors depress fibrinolysis
2.  PAF Endothelium PAF = Platelet activating factor (SC p. 103)

Figure 4-7



Figure 4-8

Types of Platelet Granules:

Alpha Granules – express P-selectin on their membrane
1.  fibrinogen
2.  fibronectin
3.  factors V, VIII
4.  platelet factor 4
5.  PDGF
6.  TGF-β

Gamma Granules (dense bodies)
1.  ADP
2.  ATP
3.  ionized Ca++
4.  histamine
5.  serotonin
6.  epinephrine

Endothelial injury  exposure of subendothelial tissue (collagen, proteolglycans, fibronectin, adhesive glycoproteins)  platelets contact ECM  
platelet adhesion and shape change  platelet secretion of both types of granules and synthesize TxA2  platelets expose phospholipid complexes that
initiate the intrinsic cascade  platelet aggregration  release of ADP  formation of primary hemostatic plug  converted to secondary hemostatic plug by 
the actions of ADP, thrombin, TxA2  fibrin deposition stabilizes the platelets

**vWF-glycoprotein Ib associations are the ONLY interactions
     strong enough to overcome the shearing forces of blood flow

Promoters of Platelet Aggregation:
1.  ADP – in plt dense bodies
2.  TxA2 – vasoconstrictor; secreted by plts
3.  Thrombin – binds to PARs on the plts

** the primary hemostatic plug is REVERSIBLE; however, once the 
     platelets contract it creates the secondary hemostatic plug  that is
     IRREVERSIBLE
     

PGI2 = endothelial derived; potent vasodilator; inhibits plt aggreg
NO = endothelial derived; potent vasodilator; inhibits plt aggreg

TxA2 = platelet derived; potent vasodilator; promotes plt aggreg
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(III)

Thrombin  converts fibrinogen to fibrin
                 binds to PARs (protease-activated receptors) on endothelium
                 mediator of inflammation
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Three types of natural anticoagulants:
1.  Antithrombins (antithrombin III)
     - inhibits thrombin
     - inhibits other serine proteases (IXa, Xa, XIa, XIIa)
     - it is activated by binding to heparin-like molecules on endothelial cells

2.  Proteins C and S
     - both are vitamin K dependent
     - inactivate factors Va, VIIIa

3.  Tissue factor pathway inhibitors (TFPI)
     - secreted by endothelium
     - complexes to factor Xa and III-VIIa and inactivates them

Activation of the coagulation cascade  initiates the fibrinolytic cascade:  plasminogen  plasmin  breaks down fibrin and interferes with its
polymerization  FDPs, FSPs (also act as anitcoagulants)

Endothelial cells release plasminogen activator inhibitors (PAIs)  these block fibrinolysis by inhibiting t-PA binding to fibrin (therefore procoagulant)

Formation of Plasmin
1.  Enzymatic breakdown of plasminogen
2.  Plasminogen activators
     - urokinase-like PA (u-PA); present in plasma and tissues
     - tissue-type PA (t-PA); synthesized by endothelial cells
3.  Streptokinase – a bacterial product that activates 
     plasminogen
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Pathogenesis of Thrombosis (Virchow Triad):
1.  Endothelial injury
     - the dominant influence
     - physical loss of endothelium will lead to exposure of the
          subendothelial ECM, adhesion of platelets, release of tissue
          factor, local depletion of PGI2 and Pas
     - it is NOT necessary that the endothelium be denuded; ANY
          perturbation in the dynamic balance of pro- and anti- thrombotic
          effects on the endothelium can influence local clotting events

2.  Stasis / turbulence of blood flow
     - turbulence contributes to arterial and cardiac thrombosis by 
          causing endothelial injury or dysfunction as well as forming
          pockets of stasis
     - stasis is the major factor in formation of venous thrombi

3.  Blood hypercoagulability
     - may be primary (genetic) or secondary (acquired)
     - the most common primary causes are mutations in factor V gene
          and the prothrombin geneArterial thrombi = usually occlusive

     -coronary artery
     -cerebral artery
     -femoral artery
     -atherosclerosis is a major initiator 

Venous thrombi = invariably occlusive
     -veins of the lower extremities

Fate of a thrombus:
1.  Propagation
2.  Embolization
     -brain, kidneys, spleen
3.  Dissolution
4.  Organization and recanalization

Types of Emboli
1.  Pulmonary thromboemboli
     - from deep leg vein thrombi
2.  Systemic thromboemboli
     - from cardiac mural thrombi
3.  Fat
4.  Air / nitrogen
5.  Amniotic fluid
6.  Tumor 
7.  Athrosclerotic debris
8.  BM fragments
9.  FB (bullets)

Infarction = an area of ischemic necrosis caused by occlusion of either the arterial supply
or the venous drainage; almost all result from thrombotic or embolic events leading to
arterial occlusion
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Shock = cardiovascular collapse
1.  Leads to systemic hypoperfusion as a result of decreased cardiac output or 
     decreased effective circulating volume
2.  End result = hypotension, impaired tissue perfusion, cellular hypoxia
3.  Three categories of shock
     - Cardiogenic shock = myocardial pump failure
     - Hypovolemic shock = loss of blood or plasma volume
     - Septic  shock = systemic microbial infection; endotoxic shock
     - Neurogenic shock = spinal cord injury
     - Anaphylactic shock = systemic vasodilation and increased vascular permeability

Septic shock = LPS released from bacterial cell wall  attaches to circulating LPS-binding protein 
 this complex bind to a cell surface receptor (CD14)  LPS binds to TLR-4  direct activation of 
vascular wall cells and leukocytes or initiates cytokine cascade

TLR-4 on endothelium  down-regulation of anticoagulants (TFPI, thrombomodulin)
TLR-4 on monocytes  activation  production of IL-1, IL-6, TNF

Stages of Shock:
1.  Nonprogressive – perfusion of vital organs maintained
2.  Progressive – tissue hypoperfusion; acidosis
3.  Irreversible – severe cellular and tissue injury; survival is not possible

Shock Morphology seen in:
1.  Brain – ischemic encephalopathy
2.  Heart – contraction band necrosis
3.  Lungs – diffuse alveolar damage
4.  Kidneys – acute tubular necrosis
5.  Adrenal glands – cortical cell lipid depletion
6.  Gastrointestinal system – hemorrhagic 
     enteropathy
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