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®Normal Circulation:- 

Normal function and metabolism of organs and cells depend on an intact circulatory system 

for continuous delivery of oxygen, nutrients, hormones, electrolytes and water, as well as for 

removal of metabolic waste and carbon dioxide. The circulatory system is a vascular conduit 

made of a muscular pump connected to tubes (or blood vessels) that deliver blood to organs 

and tissues and return it to the heart to complete the circuit. Delivery and elimination at the 

cellular level are controlled by exchanges between the intravascular space, interstitial space, 

cellular space and lymphatic space, which occur via the smallest-diameter blood vessels in 

the body (the microcirculation). 

 

Circulation considerations:- 
 
1-The Heart Is a Two-Sided Pump With Vascular Circuits in Series:- 
 

The amount of blood handled by the right ventricle, which pumps blood to the lungs 

(pulmonary circulation), must, over time, exactly equal the amount of blood going through 

the left ventricle, which distributes blood to the body (systemic circulation). 

 

The hemodynamically important parameters are  

 

1-Cardiac output is the volume of blood pumped by each ventricle per minute and 

represents the total blood flow in pulmonary and systemic circuits. 

 

2-Perfusion pressure (also called driving pressure) is the difference in dynamic pressure 

between two points along a blood vessel. 

 

3-Peripheral vascular resistance is the sum of the factors that determine regional blood 

flow in each organ. Two thirds of the resistance in the systemic vasculature is determined by 

the arterioles. 

*Assessment of the heart’s response to inflow (preload) and outflow (afterload) relies on 

cardiac reflexes as well as cardiac muscle integrity and neurohormonal regulation. 
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2-The Aorta and Arteries Transport Blood to the Organs:- 
 

They also convert pulsatile flow into sustained regular flow. The latter function derives from 

the elastic properties of the aorta and the resistance produced by the arteriolar sphincters. 

 

Blood flow (F)  through a blood vessel is determined by two factors: (1) pressure 

difference (   P) of the blood between the two ends of the vessel, and (2) the impediment 

to blood flow through the vessel, which is called vascular resistance ( R ). 

 

 
3-The Microcirculation Includes Arterioles, Capillaries and Venules:- 

Blood from an arteriole enters capillaries, which freely anastomose with each other, 

either directly or through metarterioles. 

4-The Microcirculation Includes Arterioles, Capillaries and Venules. 

5-The Normal Endothelium Provides a Continuous Partition Between Blood and Tissues. 

6-Veins and Venules Return Blood to the Heart. 

7-Interstitium Represents 15% of Total Body Volume. 

8-Lymphatics Aid in the Reabsorption of Interstitial Fluid. 

 Disorders of Perfusion:- 

1-Hyperemia:- 

Is an excess of Blood in an organ, caused either by an increased supply of blood from 

the arterial system (active hyperemia) or by impaired exit of blood through venous 

pathways (passive hyperemia or congestion). 

 

2-Hemorrhage:-  

Is a discharge of Blood out of the vascular compartment, Blood can be released from the 

circulation to the exterior of the body or into nonvascular body spaces. The most common 

and obvious cause is trauma. 

 
Thrombosis:- 
 

Formation of a thrombus is thrombosis, a thrombus is an aggregate of coagulated blood 

containing platelets, fibrin and entrapped cellular elements, within a vascular lumen. 
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thrombus  adheres to vascular endothelium and should be distinguished from a simple 

blood clot, which reflects only activation of the coagulation cascade and can form in vitro 

or even postmortem. 

a thrombus differs from a hematoma, which results from hemorrhage and subsequent 

clotting outside the vascular system. 

 

*The causes and consequences of thrombosis:- 
 

1-Thrombosis in the Arterial System Is Usually Due to Atherosclerosis: 

inflammation of arteries (arteritis), trauma and blood diseases, The pathogenesis factors 

of arterial thrombosis are three principally: 

1-Damage to endothelium 

2- Alterations in blood flow 

3- Increased coagulability of the blood 

 

2- Thrombosis in the Heart Develops on the Endocardium 

Mural thrombosis (i.e., a thrombus adhering to the underlying wall of the heart). Disorders 

in which mural thrombi occur include: 

1- Myocardial infarction 

2- Atrial fibrillation: Disordered atrial rhythm 

3- Cardiomyopathy: 

4- Endocarditis: 
 

3- Thrombosis in the Venous System Is Multifactorial 

Deep venous thrombosis caused by the same factors that favor arterial and cardiac 

thrombosis—endothelial injury, Conditions that favor the development of deep venous 

thrombosis include: 

1- Stasis 

2- Injury and inflammation 

3- Hypercoagulability 

4- Advanced age 

5- Sickle cell disease 
 

Embolism:- 

Embolism is passage through venous or arterial circulations of any material that can 

lodge in a blood vessel and obstruct its lumen. 

 

1- Pulmonary Arterial Embolism Is Common and Is Potentially Fatal 

- Massive Pulmonary Embolism (due to release of a large deep venous thrombus from a 

lower extremity.) 

 – Pulmonary Infarction (They tend to lodge in peripheral pulmonary arteries.)  
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- Pulmonary Embolism Without Infarction (the lung is supplied by both the bronchial arteries 

and the pulmonary artery, most (75%) small pulmonary emboli do not produce infarcts.) 

 

- Fate of Pulmonary Thromboemboli (completely resolve, organized and leave strings of 

fibrous tissue attached to a vessel wall in the lumen of pulmonary arteries). 

 

- Paradoxical Embolism (emboli that arise in the systemic venous circulation but bypass the 

lungs by traveling through an incompletely closed foramen ovale, subsequently entering 

the left side of the heart and blocking flow to the systemic arteries.) 

 

2- Systemic Arterial Embolism Often Causes Infarcts 
 
-Thromboembolism:- 

The heart is the most common source of arterial thromboemboli, which usually arise 

from mural thrombi  or diseased valves. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Sources of arterial emboli                              Common sites of infarction from arterial emboli 
 

-Air Embolism:- 

Small amounts of circulating air in the form of bubbles are of little consequence, but 

quantities of 100 mL or more can lead to sudden death. Air bubbles tend to coalesce 

and physically obstruct blood flow in the right side of the heart, the pulmonary 

circulation and the brain. 

-Fat Embolism:- 

Fat embolism is release of emboli of fatty marrow into damaged blood vessels after 

severe trauma to fat containing tissue, particularly accompanying bone fractures. 
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-Amniotic Fluid Embolism:- 

Amniotic fluid containing fetal cells and debris may enter the maternal circulation 

through open uterine and cervical veins, occurs at the end of labor, and can be 

catastrophic when it occurs. The emboli are composed of the solid epithelial 

constituents (squames) contained in the amniotic fluid. 

 

-Bone Marrow Embolism:- 

Bone marrow emboli to the lungs 

-Miscellaneous Pulmonary Emboli:- 

Intravenous drug abusers, Talc emboli, Cotton emboli, chistosomiasis, Tumor emboli 

 

Infarction:- 
Infarction is the process by which coagulative necrosis develops in an area distal to 

occlusion of an end-artery. The necrotic zone is an infarct. Infarcts of vital organs such 

as heart, brain and intestine are serious medical conditions and are major causes of 

morbidity and mortality. If the victim survives, the infarct heals with a scar. 

 
Pale infarcts : typical in the heart, kidneys and spleen 
Dry gangrene : of the leg due to arterial occlusion 
Red infarcts: either arterial or venous occlusion and are also characterized by coagulative necrosis 
Septic infarction: results when the necrotic tissue of an infarct is seeded by pyogenic bacteria and 
becomes infected. 
 

*The Outcome of Infarction Depends on the Organ Involved and the Extent of Injury 
 

Edema:- 
Edema is excess fluid in interstitial tissue spaces. It may be local or generalized. Local 

edema in most instances occurs with inflammation, Generalized edema, affecting 

visceral organs and the skin of the trunk and lower extremities usually reflects a global 

disorder of fluid and electrolyte metabolism, most often due to heart failure. 

 

Edema caused by  

1-Increased Hydrostatic Pressure 

2-Decreased Oncotic Pressure 

3-Lymphatic Obstruction 
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Consequences of edema:- 

1-Congestive Heart Failure is a consequence of inadequate cardiac output 

2-Pulmonary Edema features increased fluid in the alveolar spaces and interstitium of 

the lung 

3-Edema in Cirrhosis of the liver is commonly an end-stage condition 

4- In Nephrotic Syndrome, the rate of protein loss in the urine exceeds the rate of 

protein replacement by the liver 

5- Fluid accumulates in body cavities as extensions of the interstitial space 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fluid Loss and Overload:- 

Fluid imbalance, whether excessive loss (dehydration) or overload (Overhydration), 

has potentially grave consequences. It causes hemodynamic disorders; alterations in 

osmolality and the quantity of fluid in intravascular, interstitial and cellular spaces may 

affect perfusion or delivery of nutrients, electrolytes or fluids. 
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Shock:- 

Shock is a profound hemodynamic and metabolic disturbance characterized by failure 

to maintain an adequate blood supply to the microcirculation, with consequent 

inadequate perfusion of vital organs, Multiple Organ Dysfunction Syndrome (MODS) 

is the end-result of Shock 

 

Types of shocks:- 

1- Cardiogenic shock is caused by myocardial pump failure. It usually arises after 

massive myocardial infarction, but myocarditis may also be responsible. 

2- Hypovolemic shock is secondary to a pronounced decrease in blood or plasma 

volume, caused by loss of fluid from the vascular compartment. 

3-Septic shock is caused by severe systemic microbial infections. 

4-Anaphylactic shock is a consequence of a systemic type I hypersensitivity reaction, 

which leads to widespread vasodilation and increased vascular permeability 

5- Neurogenic shock can follow acute injury to the brain or spinal cord, which impairs 

the neural control of vasomotor tone, causing generalized vasodilation. 

 

Decreasing tissue perfusion and cell injury is perpetuated by several mechanisms: 

 

1-Injury to endothelial cells, secondary to the hypoxia caused by decreased tissue 

perfusion and increased vascular permeability, leads to escape of fluid from the 

vascular compartment. 

2-Increased exudation of fluid from the circulation reduces (1) blood volume; (2) 

venous return; and (3) cardiac output, thereby aggravating hypoxic cell injury. 

3-Decreased perfusion of kidneys and skeletal muscles results in metabolic acidosis, 

which in turn further decreases cardiac output and tissue perfusion. 

4-Decreased perfusion of the heart injures myocardial cells and decreases their 

ability to pump blood, further reducing cardiac output and tissue perfusion. 


