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Hemodynamic disorder

3- Hypercoagulability: any alteration of the coagulation pathway that predispose to thrombosis.
Divided into primary & secondary disorders.

Primary disorders 

1- Mutation in factor V which found in 25% of Caucasian population & 60 % of DVT patient because mutant factor V is resistant to anticoagulant effect of active protien C leading to functional deficiency of protein C.

2- Inherited mutation of antithrombin III, protein C&S leading to venous thrombosis & recurrent thromboembolism in adolescent& early adult life.

Secondary disorders:

1- Heart failure or trauma causing vascular endothelial injury or stasis.

2- Oral contraceptive pills because of increase hepatic synthesis of coagulation factors& decrease synthesis of antithrombin III.

3- Dissemenated tumors because of release of procoagulant tumor products.

4- Advancing age because of increase platelets aggregation & decrease PGI2 by endothelium.

5- Smoking. 

6- Obesity 

7- Lupus anticoagulants (antiphospholipid syndrome) : antibodies directed against anionic phospholipids (induce hypercoagubility state) & high frequency of venous & arterial thrombosis .Those patients may have systemic lupus erythematosus( SLE) or thrombosis is the only clinical manifestation. The cause of hypercoagulability is : this syndrome cause inductin of platelet aggregation, inhibition of prostocyclin production by endothelial cells or interference in the generation of protein c.
Morphology of thrombi:

They are variable depending on site of origin & circumstances leading to their development.

Thrombi can develop at any sites of CVS. 

1. Arterial & cardiac thrombi: (white thrombi):

Sites: in descending order (coronary, cerebral & femoral arteries).

Predisposing factors:  Atherosclerosis,  Vasculitis, and trauma. 

*They are usually occlusive.

* Gross: firmly adherent to the injured artery, gray- white & friable.

* Mic: mesh of platelets, fibrin, erythrocytes & degenerated WBCs.
* Arterial thrombi tend to grow in a retrograde direction from the point of attachment.
*arterial & cardiac thrombi may have grossly & microscopically an apparent laminations called Lines of zahn (produced by pale layers of platelets & fibrin that alternate with darker layers containing more RBC).

*arterial & cardiac thrombi are characterized by formation of Mural thrombi (balllike thrombus within cardiac chambers):

Predisposing factors of mural thrombi:

1. Myocardial infarction, arrhythmias (these conditions are associated with abnormal myocardial contraction…. mural thrombus formation).

2. Myocarditis, catheterization trauma (endocardial injury….mural thrombus formation).

3. Aneurismal dilatation & ulcerating ATH lesion (associated with mural thrombus formation in the arteries).

*Embolization is more with venous thrombi than arterial thrombi.

Venous thrombi: (red thrombi) or phlebothrombosis: 

* Almost invariably occlusive because they form in slowly moving blood (stasis).

 * They contain more RBCs, known as red or stasis thrombi.

* Soft, gelatinous.

* 90% affect veins of lower limbs.

POST MORTEM THROMBUS: 

* Confused with venous (red) thrombus.

* They are gelatinous with dark red dependent portion where RBCs settled by gravity with yellow fat supernatant.

* Not attached to arterial wall.

*** While red thrombI are:
 * More firm.

 * Almost always have point of attachment & transection reveals vague strands of pale gray fibrin.

Difference between venous thrombi and post mortem clots

	Post mortem clot  


	Venous thrombus


	1-soft ,gelatinous in consistency


	1-firmer in consistency



	2-usually not attached to the wall of blood vessels  and  even if they attach so they could be detached
 Easily.
	2-firmly adherent to the wall of 
blood vessel.

	3-it composed of two parts :upper part is yellowish and and the lower part is red in color due to RBCs  
deposition.
	3-dark red in color 




Fate of thrombus:

1- Dissolution: Activation of fibrinolytic pathway will lead to shrinkage & total lysis of recent thrombus while older ones undergo fibrin polymerization & become more resistant to proteolysis.

2- Organization & recanalization: Ingrowths of endothelial cells, smooth muscle cells & fibroblasts into fibrin rich thrombus will create conduits from one end of thrombus to other & re-establish continuity of original lumen.
3- Propagation: Thrombus accumulates more platelets & fibrin &lead to obstruction.
4- Embolization: Thrombus dislodges & transported to other sites.

5. Calcification: deposition of calcium salts into thrombus & convert it into phleboliths.

Clinical correlations of venous & arterial thrombosis:

1. Arterial & cardiac thrombosis:

 *M.I, Rheumatic fever & ATH are the commonest causes of mural thrombus in the cardiac chambers & arterial thrombi.

Such mural thrombi act as valve like mechanism causing obstructive effects & also act as source of emboli.

2. Venous thrombosis:

*most of venous thrombi occur in either superficial or deep veins of leg.

Superficial venous thrombi are usually occurring in the saphenous veins (varicose veins) which result in followings: 

i. local congestion, swelling, pain & tenderness along the course of involved vein,  

ii. Rarely embolization.

iii. Predisposing to infection & ulceration of overlying skin (varicose ulcers).

Deep venous thrombi: 

*occur in large leg veins at or above the level of knee joint (popliteal, femoral, & iliac veins).

*These thrombi are more serious than superficial because more risk of pulmonary embolization.

Risk conditions for Deep venous thromobosis (DVT):

  1. Cardiac failure (cause stasis…… DVT).

2. Trauma, surgery, & burns (reduced physical activity, injury to blood vessels, & release prothrombotic factors & decrease antithrombotic factors……. DVT).

3. Long plane flights or car travel (produce stasis like condition…… DVT).

4. Late pregnancy & postpartum period (hypercoagubility state).

5. Disseminated cancer (tumor release thrombotic factors).

Embolism:

An embolus is a detached intravascular (solid, liquid, or gaseous) mass that is carried by blood to a site distant from point of origin.

99% of emboli are thrombotic in origin (thromboembolism).

Types of emboli according to their constituents :

· solid

· liquid

· gaseous

Solid emboli: (causes)

1. Fragments detached from a thrombus, this is called thromboembolic phenomenon (90%).

2. Some fragments of an ulcerated atherosclerotic plaque.

3. Tumor fragments.
4. Droplets of fat.
5. Cholesterol emboli.

6. Bits of bone marrow.

7. Foreign body (bullet).

· Clinical effects of embolism are divided according to the site where they are lodged into pulmonary & systemic thromboembolism.

Pulmonary thromboembolism:

*incidence: 20-25/100,000 hospitalized patient.

*this is the most common preventable cause of death in hospitalized patients. 

*95% of cases are venous emboli originate from deep leg vein thrombus above the level of knee, then move to the right side of heart, then enter the pulmonary circulation.

* Other sites of origin of these emboli are (venous thrombi of pelvic, IVC & Right side of the heart).

* Clinical effects of pulmonary thromboembolism:

1. 60-80% of cases of pulmonary embolism are clinically silent (small emboli & usually undergo organization & incorporation within the wall of vessels).

2. 5% of cases, showing sudden death due to acute right sided heart failure (acute cor pulmonale) or shock may occur when 60% of total pulmonary vasculature is obstructed by large thrombus or by multiple simultaneous, small thrombi. (due to obstruction 0f pulmonary trunk & its main branches by large emboli called saddle shaped emboli).

3. 10 – 15% of cases showing pulmonary infarction due to obstruction of small to medium pulmonary arteries (dyspnea, chest pain, fever, cyanosis).

4. 3% of cases showing recurrent multiple emboli lead to pulmonary hypertension & chronic right sided heart failure. (Progressive worsening dyspnea).

Morphology of pulmonary embolism:

1. Saddle embolism: no time of morphological changes in the lungs.

2. Small emboli obstructed the small to medium size branches with adequate cardiopulmonary state:  Just pulmonary hemorrhage as result of endothelial cells ischemic damage.

3. Same emboli in 2 with cardiopulmonary insufficiency:  pulmonary infarction, which characterized by followings

A. More at the periphery of lung.

B. Three fourths of all infarcts are affecting the lower lobes.

C. More than half of cases are multiple.

D. Infarcts are of wedge shaped with base at the pleural surface & apex at the hilus of lung.

E. Mic: the hallmark of fresh infarct is coagulative necrosis, while late infarct is red- brown in color (hemosiderin deposition), then gray – white due to formation of scar tissue.
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