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Structure of Blood Vessels (general considerations) 

1- Arteries include conducting and resistance vessels 
 

The vascular portion of the circulatory system is composed of a variety of blood vessel 

compartments that are categorized by size, structure and function. These include arteries, 

which are conducting and resistance vessels; capillaries; and veins 

* Elastic Arteries 

The largest blood vessels in the body, the aorta and the elastic arteries, are conduits for 

blood flow to smaller arterial branches and are composed of three layers: 

a- Tunica intima: This consists of a single layer of endothelial cells, a subendothelial compartment 
containing a few smooth muscle cells and connective tissue extending to the luminal side of the internal 
elastic lamina. The aortic intima is thicker than the other elastic arteries and contains matrix proteins 
including collagen, proteoglycans and small amounts of elastin.  

b- Tunica media: The next layer outward is the tunica media, the thickest tunica. It is bounded by internal 
and external elastic laminae and itself displays numerous elastic laminae and smooth muscle cells 
within an extracellular connective tissue matrix. 
 

c- Tunica adventitia: The most external vessel wall layer contains fibroblasts, connective tissue, nerves 
and small vessels that give rise to the vasa vasorum. 
 
*Muscular Arteries  
 

Blood conducted by the elastic arteries is distributed to individual organs through large 

muscular arteries (resistance vessels), The tunica media of a muscular artery consists of 

layers of smooth muscle cells without prominent bands of elastin, although a prominent 

internal elastic lamina and usually an external elastic lamina are present. The small 

muscular arteries are important regulators of blood flow and maintain systemic 

pressure by regulating total peripheral resistance. 

* Arterioles 

Arterioles are the smallest elements of the arterial system. They have an endothelial lining 

surrounded by one or two layers of smooth muscle cells. No elastic layers are evident. The 

smallest arterioles provide dynamic regulation of blood flow by vasomotion (change in 

the caliber of an artery), thus controlling the distribution of blood in the capillary tree. 
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Subdivisions and histologic structure of the vascular system. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
            Normal blood pressures in the different portions of the circulatory system  
                           when a person is lying in the horizontal position. 
    
                                                                                                                                                 Distribution of blood (in percentage of total blood) in the                                                                                                                                                                   
                                                                                                                                                             different parts of the circulatory system.  
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2- Capillaries Permit Transport From the Blood to the Interstitium 

In these smallest blood vessels, the endothelium is supported only by sparse smooth muscle 

cells. The capillary endothelium provides for exchange of solutes and cells between blood 

and extracellular fluid. The capillary endothelium is a semipermeable membrane, in which 

exchange of plasma solutes with extracellular fluid is controlled by molecular size and 

charge. The permeability of capillaries depends on their endothelial cells. 

 

 

 

 

 

 
                        Structure of the mesenteric capillary bed.                                                        Structure of the capillary wall.  
                                                                                                                                                     Note especially the intercellular cleft at  
                                                                                                                                             the junction between adjacent endothelial cells; 
                                                                                                                                      it is believed that most water-soluble substances diffuse 
                                                                                                                                            through the capillary membrane along the clefts. 

3- Veins Return Blood to the Heart 

Venules are the first vessels to collect blood from capillaries. Their thin media is 

appropriate for a vessel that does not face high intraluminal pressures. Venules merge into 

small and medium-sized veins, which in turn converge into large veins. Many veins, 

particularly in the extremities, have valves, made of endothelial- lined folds of the tunica 

intima, that prevent backflow and help to move blood under the low pressure of the venous 

circulation 

4- Lymphatics Drain Interstitial Fluid 

Lymphatic circulation is composed of blind-ended lymphatic capillaries, consisting of (1) 

endothelium with no pericytes; (2) precollecting lymphatics; and (3) collecting lymphatics, 

which pump lymph toward the lymph nodes, lymphatic trunks and finally thoracic and right 

lymphatic ducts, which return lymph back to the blood. 

 

 

 

 

 

 
 
 

 
Diffusion of fluid molecules and dissolved substances between                                         Special structure of the lymphatic capillaries that 
. 
                 the capillary and interstitial fluid spaces.                                             permits passage of substances of high molecular weight into the lymph 
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Cells of the Blood Vessel Wall (general considerations) 

1-A Single Layer of Endothelial Cells Comprises a Confluent Macromolecular Barrier 

It had several biological functions, including coagulation, platelet regulation, fibrinolysis, 

inflammation, immunoregulation and repair. They also modulate vascular smooth muscle 

cell function through paracrine pathways. Endothelium integrity depends on several types 

of adhesion complexes 

*Cell–substrate adhesion molecules attach endothelial cells to their substratum (e.g., basal lamina). (For example, 

integrins bind endothelial cells to extracellular matrix adhesive molecules, including laminin, fibronectin, fibrinogen, von 

Willebrand factor and thrombospondin) . 

*Cell–cell adhesion molecules attach one endothelial cell to its neighbor (The cadherins are linked to the actin cytoskeleton 

by catenins). 

 

2- Smooth Muscle Cells Maintain Blood Vessel Integrity 

like endothelial cells, smooth muscle cells proliferate in response to injury, and are 

important in the pathogenesis of atherosclerotic plaques. Smooth muscle cells are major 

producers of the growth factors, cytokines and chemokines involved in atherogenesis. 

Smooth muscle cells maintain blood vessel integrity and provide support for endothelium. 

They control blood flow by contracting or dilating in response to specific stimuli. 

3-Leukocytes Enter Vessel Walls and Are Important in Atherosclerosis 

 
4-Pericytes Are Modified Smooth Muscle Cells That Surround Capillaries 

They are in close contact with endothelial cells, and both share the same basement 

membrane contractile or regulate the function and proliferation of adjacent endothelial 

cells. 

 
5-Vacular Progenitor/Stem Cells Regulate Vasculogenesis 
 

Endothelial progenitor cells (EPCs) are bone marrow–derived cells arising from perinatal 

hemangioblasts, and are present in adult bone marrow and peripheral circulation. They are 

multipotent immature cells that can proliferate, migrate and differentiate into endothelial 

cells. The presence of circulating EPCs in adults suggests that new blood vessel growth in 

adults occurs by vasculogenesis, not only by angiogenesis as previously thought 

(angiogenesis refers to the sprouting of new capillaries from existing blood vessels, whereas 

vasculogenesis is the differentiation of angioblasts [precursor cells] into endothelial cells 

that form a vascular network de novo). 
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Atherosclerosis:- 

In atherosclerosis, inflammatory and immune cells, smooth muscle cells, lipid and 

connective tissue progressively accumulate in the intima of large and medium-sized elastic 

and muscular arteries. The classic atherosclerotic lesion is best described as a 

fibroinflammatory lipid plaque (atheroma). These plaques develop over several decades 

Their continued growth encroaches on the media of the arterial wall and into the lumen of 

the vessel, narrowing the lumen. Atherosclerotic lesions are also called atherosclerotic 

plaques, atheromas, fibrous plaques or fibrofatty lesions. 

The life of a plaque can be divided into three stages:  

(1) Initiation and formation Stage (a. sites that appear to be predisposed to lesion formation 

b. Lipid accumulation, c. Mononuclear macrophages factors, d. mural thrombi formation, e. 

ischemic necrosis of deeper thickened intima, f. fibroinflammatory lipid plaque is formed, 

g. immune system participates)  

(2) Adaptation Stage (plaque protrudes into the lumen and the wall of the artery remodels 

to maintain lumen size.)  

(3) Clinical stage (hemorrhage occurs when fragile new vessels are formed in the plaques, 

which may rupture locally. Macrophages clean up the hemorrhagic material and 

Complications develop surface ulceration, fissure formation, calcification). 

 

 

 

 

 

 

 

 
Complicated lesions of atherosclerosis. The luminal surface of the 

abdominal aorta and the common iliac arteries shows numerous fibrous 
plaques and raised, ulcerated lesions containing friable, atheromatous 
debris. The distal portion of the aorta displays a small aneurysmal dilation. 

 

 

 
A unifying hypothesis for the pathogenesis of atherosclerosis 
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Risk Factors for Atherosclerosis 

1- Hypertension: High blood pressure is consistently associated with greater risk of 

myocardial infarction. 

2- Blood cholesterol level: Serum cholesterol levels correlate directly with development 

of ischemic heart disease 

3- Cigarette smoking: Coronary and aortic atherosclerosis are more severe and extensive 

in cigarette smokers than in nonsmokers, 

4- Diabetes: Diabetics are at greater risk for occlusive atherosclerotic vascular disease in 

many organs. 

5- Increasing age and male sex: These factors are strongly correlated with risk of 

myocardial infarction 

6- Physical inactivity and stressful life patterns 

7- Homocysteine: Homocystinuria is a rare autosomal recessive disease caused by 

mutations in the gene encoding cystathionine synthase. 

 

8- C-reactive protein: CRP is an acute phase reactant mainly produced by hepatocytes. It 

is a serum marker for systemic inflammation, and has been linked to increased risk of 

myocardial infarction and ischemic stroke. 

 

Hypertensive Vascular Disease 

Blood pressure is the product of cardiac output and systemic vascular resistance to blood 

flow. Both systolic and diastolic pressures are important in determining the risk of 

cardiovascular disease, especially atherosclerosis. Over the course of the day, blood 

pressure varies widely, depending on exertion, emotional state and other poorly 

understood factors. It also exhibits a circadian rhythm falling at night or during sleep, as 

sympathetic nervous system tone declines. Blood pressure also varies with age. The most 

widespread hypothesis holds that primary hypertension results from an imbalance in the 

interactions between these mechanisms, Frequency of hypertension increases as the 

glomerular filtration rate (GFR) falls even with mild renal dysfunction. Reduced GFR in 

renal dysfunction causes sodium retention and volume expansion, which should be 

compensated by reduced tubular sodium reabsorption, the end result of autoregulation is 

always increased peripheral resistance due to smooth muscle cells contraction in vessel 

wall 
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Factors contributing to hypertension and the counterregulatory factors that 
lower blood pressure. An imbalance in these factors results in the increased 
peripheral resistance that is responsible for most cases of essential (primary) 
hypertension. Note the central role of peripheral resistance. 
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® Monckeberg Medial Sclerosis 

Monckeberg medial sclerosis refers to degenerative calcification of the media of large and 

medium sized muscular arteries. The disorder occurs principally in older persons and most 

often involves arteries of the upper and lower extremities. It is also common in advanced 

chronic kidney disease. 

®Raynaud Phenomenon 

Raynaud phenomenon refers to intermittent, bilateral attacks of ischemia of the fingers or 

toes, and sometimes the ears or nose. It is characterized by severe pallor and is often 

accompanied by paresthesias and pain. Symptoms are precipitated by cold or emotional 

stimuli and relieved by heat. 

®Fibromuscular Dysplasia 

Fibromuscular dysplasia is a rare, noninflammatory thickening of large and medium-sized 

muscular arteries, which is distinct from atherosclerosis and arteriosclerosis. 

Vasculitis 

Vasculitis is inflammation and necrosis of blood vessels. It may affect arteries, veins and 

capillaries 

                                                                                                                
Model of the pathogenesis of 
antineutrophil cytoplasmic 
antibodies (ANCA) vasculitis 

 

 

Famous examples of vaculitis:- 

1-Serum sickness: immune complexes and complement are found in local tissue reaction 

2-Viral antigens: viral antigen– antibody complexes circulate and are deposited in the 

vascular lesions. 

3-Hypersensitivity Angiitis: Is a Response to Exogenous Substances 

4-Giant Cell Arteritis (Temporal Arteritis, Granulomatous Arteritis) Is a Focal, Chronic, 

Granulomatous Inflammation, Mainly of the Temporal Arteries 

5-Wegener Granulomatosis Is a Vasculitis of the Respiratory Tract and Kidney 

6-Allergic Granulomatosis and Angiitis (Churg- Strauss Syndrome) Is a Systemic Vasculitis 

of Young Patients with Asthma 

7-Kawasaki Disease (Mucocutaneous Lymph Node Syndrome) Is a Childhood Vasculitis 

That Targets Coronary Arteries 

8-Thromboangiitis Obliterans (Buerger Disease) Is a Peripheral Vascular Disease of 

Smokers 
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Aneurysms 

Arterial aneurysms are localized dilations of blood vesselsncaused by a congenital or 

acquired weakness of the media. 

 

Veins 
Varicose Veins Are Enlarged, Tortuous Veins: Superficial varicosities of leg veins are usually 

in the saphenous system, and are very common. The principal symptoms are aching in the 

legs, aggravated by standing and relieved by elevation, Factors are Age, Sex, Heredity, 

Posture, Obesity. 

Lymphatic Vessels 

Transport of infectious material to regional lymph nodes incites lymphadenitis. The periphery 

of a focus of inflammation reveals dilated lymphatics filled with fluid exudate, cells, cellular 

debris and bacteria B-hemolytic streptococci (pyogenes). Lymphatic obstruction causes 

Lymphedema 

Benign Tumors of Blood Vessels 

 

Hemangiomas Are Common Benign Tumors of Vascular Channels 

 

Glomus Tumor (Glomangioma) Is a PainfulTumor of the Glomus Body: Glomus bodies 

are normal neuromyoarterial receptors that are sensitive to temperature and regulate arteriolar 

flow. Glomus tumors are widely distributed in the skin, mostly in the distal regions of fingers 

and toes. This pattern is reflected in the location of glomus tumors at these sites, typically in 

a subungual location. 

 

Hemangioendothelioma Is a Vascular Tumor of Endothelial Cells That is Intermediate 

Between Benign Hemangiomas and Frankly Malignant Angiosarcomas 

 

Malignant Tumors of Blood Vessels 

Angiosarcoma Is a Rare, Highly Malignant Tumor of Endothelial Cells 

Hemangiopericytoma is a rare neoplasm previously thought to arise from pericytes, modified 

smooth muscle cells outside the walls of capillaries and arterioles. 

Kaposi sarcoma is a malignant angioproliferative tumor derived from endothelial cells. It Is 

a Common Complication of Acquired Immunodeficiency Syndrome 

Tumors of the Lymphatic System 

Capillary Lymphangioma: Sometimes called “simple lymphangiomas,” these benign 

tumors are small, circumscribed, grayish pink, fleshy nodules which can be single or multiple. 

Cystic Lymphangioma (Cystic Hygroma, Cavernous Lymphangioma) These benign 

lesions are most common in the neck and axilla 

Lymphangiosarcoma May Occur Following Lymphedema or Radiation These are rare 

malignant tumors 

 


