
Lec. 4                                                                                Dr. Methaq Mueen
Hemodynamic disorders
Systemic thromboembolism:
· Refers to emboli traveling within the arterial circulation.
· Sources of systemic thromboembolism:

· 80% arise from intracardiac mural thrombi (complications of myocardial infarction, mitral stenosis).

· Other causes are ulcerated ATH lesion, aortic aneurysm.

· Few cases are due to paradoxical emboli (emboli travel from right side of heart to    the left side through an opening within the heart wall (ventricular septal defect).

Sites: (where did these emboli are settled?)
· Lower limbs in 75%, brain 10%, lesser extent are intestine, kidneys & spleen.

· Effects of emboli at these sites depend on collateral circulation in those organs, caliber of involved vessels, tissue sensitivity to ischemia (brain is more sensitive than intestine).

· The dangerous effect of arterial embolism is infarction of involved organs.

Fat embolism:
It means presence of microscopic fat globules in the circulation. 

Causes: 

1. Fracture of long bones (injury to the fatty marrow).

2. Injury to the adipose tissue; like in burn, fatty liver & acute pancreatitis.

· Only less than 10% of patient show clinical features.

Clinical features:

Fat embolism syndrome: characterized by pulmonary insufficiency, nurological symptoms, anemia, & thrombocytopenia & is fatal in about 10% of cases.
Symptoms start within 1 to 3days after injury with sudden onset of tachypnea, dyspnea, tachycardia, & nurological symptoms in forms of irritability, delirium & then coma.

Pathogenesis: 

1-Fat microemboli cause occlusion of cerebral & pulmonary microvasculature (mechanical obstruction).

2- Free fatty acids released from fat globules leading to local toxic injury to endothelium (chemical injury).

Air Embolism:

Is the presence of air bubbles in the circulation.

Causes:

1. neck wounds: air is sucked by the negative pressure in the thorax.
2. cardiothoracic injury:
3. venous or arterial catheterization: air may enter veins .
4. 4-In criminal abortion → air may pass into uterine veins

5. caisson syndrome (chronic form of decompression sickness characterized by presence of persistence of gas emboli in the long bones lead to multiple foci of ischemic necrosis; mainly at the head of femur, tibiae, & humeri.
Causes: 
- In deep dives, the high pressure increases the amount of   gasses dissolved in the blood of the divers. 
    - If decompression is done rapidly, gases especially nitrogen form 
  emboli in the blood vessels. 
    - Small amount of air is harmless, but 50-100 cc. interferes with 
  cardiac contraction and causes acute heart failure. 
 Outcome:
Small volume of air is harmless

100 ml will ( acute distress

300 ml will be fatal.
Amniotic Fluid Embolism:

It is a rare obstetrical complication (complications of labor, of postpartum period) with a mortality rate of 80% , it is unpredictable, unpreventable event.

Signs and symptoms: 

Dyspnea, cyanosis, shock, then convulsions & coma.
Pathogenesis: 

Underlying causes are :

1. Presence of fetal epithelial cells and fat (vernix caseosa) in the maternal pulmonary circulation.

2. Presence of mechanical obstruction within the maternal pulmonary circulation. 

3. Presence of thrombogenic factors which may( intravascular coagulation (DIC).

Ischemia:

· Defined as deficient blood supply to the tissue which is either:

Complete deficiency: caused by obstruction by a thrombus or an embolus which( infarction.

Partial deficiency: caused by an atheroma or spasm which ( tissue damage and fibrous tissue formation.

Tissue susceptibility to ischemia:

It depends on

· Blood supply and collateral circulation.

· Tissue metabolism.

Blood supply and collateral circulation :

· Tissue with double blood supply resist ischemia e.g liver, lung.

· Tissue that possess a collateral circulation resist ischemia e.g brain, lower limbs, bowel.

· Organs that have end arteries are susceptible to ischemia e.g kidney, spleen , heart (coronaries are end arteries)

Tissue metabolism:

· Supporting tissues: as fibrous tissue, fatty tissue., cartilage and bone are less susceptible to ischemia because of their low metabolic rate.
· Parenchymal tissue: are so susceptible to ischemia because of their high metabolic rate e.g brain, heart.
Infarction:
Area of ischemic necrosis caused by occlusion of either arterial supply or the venous drainage in particular tissue.
- 99 % of infarction cases are result from thrombotic or embolic events & almost all result from arterial occlusion.
Other mechanisms:

 1- Local vasospasm 

2- Swelling of an atheroma due to hemorrhage within ATH plaque 

3- Extrinsic compression of vessels e.g by tumor.

4. Twisting blood vessels (testicular torsion).

Types of infarction: according to their color (contents of RBC) & presence or absence of bacterial infection, into:

1-red (hemorrhagic) 

2- White 
 Red Infarct: occur with:

1- Venous occlusion like ovarian torsion.

2- Loose tissues e.g. lung that allow blood to collect in infracted zone.

3- Tissues with dual circulation e.g. lung & small intestines.

4- Tissues that previously congested because of sluggish venous outflow.

5- When flow re-established to a site of previous arterial occlusion & necrosis (fragmentation of occlusive embolus).

White Infarct: occur with:

1- Arterial occlusion. 

2- Solid organs (heart, spleen, kidneys) where solidity of tissues limits the amount of hemorrhage into the area of ischemic necrosis, where a few of RBCs ar extravasated & lyses & hemoglobin released which remain in form of hemosidrin, while in spongy organs, the hemorrhage is too extensive.
● Gross picture: 
Shape: The infarct is wedge shaped or pyramidal.    
                 The base is directed towards the surface of the organ. 
· Site: The infarct is subcapsular, raised when recent due to edema and depressed when healed due to fibrosis. 
· Size: depends on the size of the occluded vessel.
· Color: Infarcts are of two types; red and pale.
· It is surrounded by a red zone of inflammatory hyperemia. 
Histologically:
 * The infracted area shows ischemic coagulative necrosis.

* If infarction occur minutes or hours before death, no demonstrable histological changes.

* Inflammatory response begin within few hours along margin & becomes well defined in 1-2 days caused by necrotic tissues then gradual degradation of dead tissues with phagocytosis by inflammatory cells.

· Reparative response begin in margin & most infarction replaced by scar tissues.

Factors Influence Development of an Infarction: 
(1) Nature of Vascular Supply:

Availability of alternative blood supply e.g. lung have dual pulmonary & bronchial arterial blood supply. Obstruction of pulmonary arterioles not cause infarction in intact bronchial circulation, liver with portal vein & hepatic artery, hand & forearm with radial & ulnar artery. In contrast renal & splenic circulation are end arterial & obstruction of suchvessels cause infarction.

(2)Rate of Development of Occlusion:

Slowly developing occlusion less likely to cause infarction because provide time for alternative pathway to develop e.g. small inter arterial anastamosis connect the three coronary arteries, so if one coronary artery slowly occluded (by atherosclerotic plaque), the flow in this collateral circulation increase & prevent infarction.

(3) Vulnerability to hypoxia: 
Neurons undergo irreversible damage when deprived of their blood supply 3-4 minutes, myocardial cells 20-30 minutes, fibroblasts within myocardium remain viable after many hours of ischemia.

(4) Oxygen content of blood: Partial obstruction in anemic patient may lead to infarction, while it is without effect in normal conditions e.g congestive heart failure.
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