The cardio vascular system

      The cardiovascular system consists of the heart & blood vessels. The blood vessel that takes blood from the heart to various tissues called arteries. The smallest arteries are called arterioles.

Arteries open into a network of capillaries. Blood from capillaries is collected by small venules which join to form veins. The veins return blood to the heart.

The heart      (2 ventricles – 2 atria)

The wall of the heart consists of three layers:
  Endocardium, myocardium and epicardium

 Endocardium

   Inner lining of atrium & ventricles. It consists of an endothelium   

   that is continuous with that of incoming veins & outgoing  

    arteries. It covers all valves.

 Subendocardium

     Deep to the endothelium is a dense C.T. with elastic & collagen 

      fibers, deep to it and supporting this layer is a layer of adipose 

       tissue. It may also contain smooth muscle.

   Myocardium

    It consists of regular cardiac muscle fibers which are anchored 
     to one another by their intercalated disks. Others inserted into  

      C.T.    skeleton of the heart.
   Chordae tendinae

      Narrow cords of collagen that extended from papillary muscles 

      & insert into C.T core of the valves.

  Epicardium

     It is fibroblastic covering that invests the entire outer surface of 

     the heart. The inner surface of the visceral pericardium is 

     tenaciously attached to the outer surface of the fibrous 

      epicardium.
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(*) Modified from A Carpentier, DH Adams, F Filsoufi (in press). Carpentier’s Techniques of Valve Reconstruction. Philadelphia: W.B. Saunders.

Blood vessels

     The walls of arteries & veins are composed of three layers from 
     the lumen outward:

1. Tunica intima, the innermost & include endothelial lining.

2. Tunica media, the muscular middle wall.

3. Tunica adventitia, the outermost C.T layer which anchor the vessel to its surrounding tissue.

 Histologically, the various types of arteries and veins are distinguished from each other on the basis of the thickness of the vascular wall and differences in the composition of the various layers, especially the tunica media.

Classically vessels layer consists of:

1. Tunica intima

      Innermost. It is made up of three layers:

a. Simple squamous cell, the endothelium, this resting on a basal lamina.

b. The subendothelial C.T layer = consists of loose C.T

c. Internal elastic lamina (in arteries & arterioles); a fenestrated elastic tissue layer; the fenestration enable substance to diffuse through the layer and reach deep cells.

 2. Tunica media:

It consists of:

1- Circumferentially arranged layers of smooth muscle cells.

2- Few scattered elastic fibers = fenestrated.

3- Fine collagenous fibers = few articular.

         In arteries, it is relatively thick

External elastic membrane

            It is a layer of elastic fibers, separates tunic media from tunica adventitia, because it's most propaply was synthesized by smooth muscle of tunica media, it is considered as a part of tunic media.

3. Tunica Adventitia

· It is the outer most layer.
· It consists mainly of:
(1) Longitudinally arranged collagenous tissue 

(2) Few elastic fibers.

(3) Some C.T. cells which emerge with C.T.that surrounding
 the vessels.

It ranges from relatively thin to quite thick layer in the venules and veins, where it is the major component of the vessel wall.
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low power view of a neurovascular bundle stained with H&E. A muscular artery
[image: image3.png]



wall of a muscular artery, stained with H&E. Although elastic fibers are present
at: zoomify.lumc.edu/.../dms107/popup.html
Arteries

     Traditionally, arteries are classified into three types on the  

      basis of the size & characteristic of tunica media 

· Large elastic arteries.

· Medium or muscular arteries (most of the “named arteries” of the body).

· Small arteries & arterioles.

Elastic arteries

· They are the largest diameter arteries.
· They convey blood from the heart to systemic and pulmonary circulation.
· They include : aorta, pulmonary and their large branches including:   cephalic, common carotid, subclavian, common iliac.
· They serve as conduction tube, and they have elastic recoil property of their walls. This recoil acts as an additional force to push the blood into smaller arteries.
Tunica intima

      It consists of endothelium, subendothelial C.T. This C.T increases in thickness with age (contain collagen & elastic fibers + smooth muscle).

The internal elastic lamina is not conspicuous because it is one of many elastic layers in the wall of the vessel.

Tunica media

· It is the thickest of three layers of elastic arteries.

· It consists mainly of:

(a) Elastic lamellae membrane (form of elastin) that are arrange in concentric layers. These lamellae form of fenestrated sheath (i.e. fenestration in lamellae) to facilitate diffusion through the arterial wall. Fenestrated lamella are arrange between the muscle fiber.
(b) Smooth muscle cells arranged in layers (circular array).             

They secret collagen & elastic ground substance (proteoglycan) .

           (c) Collagen fibers and ground substance.

Note

Number and thickness of elastic lamellae related to blood pressure & age.

e. g. at birth, aorta devoid of lamellae, adult: it reach 40 – 70 lamellae

   in hypertension,there is increase in thickness and number of the lamellae..

Tunica adventitia

· It is relatively thin (less than half of thickness of tunica media)

· It consists of:

(a) Collagen fibers.

(b) Elastic fibers.

(c) Fibroblast & macrophages.

The fiber are less well organized than tunica media & collagen  

 fibers are mostly longitudinally arranged.
The elastic component prevents the expansion of arterial wall beyond the physiological limit during systole.

· It contains blood vessels (vasa vasorum) and nerves (nervi vascularis).
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Vasa vasorum supply the outer portion of the arterial wall.

ELASTIC ARTERY (AORTA) - Stained with orsein- 1 - tunica intima- 2 - tunica media - 3 - tunica externa – (at: www.histol.chuvashia.com/.../circulatory-en.htm)
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at: www.lab.anhb.uwa.edu.au/.../Vascular.htm
Clinical notes: Marfan's syndrome, syphilis, a therosclerosis lead 
to weakness in the wall of the arteries lead to ballooning, which lead to     

rupture 

Muscular arteries: Medium sized arteries

· They are smaller in diameter than elastic arteries.

· They have more smooth muscle & less elastic in tunica media.

Tunica intima

    It consists of:   

(a) Endothelium which rests in basal lamina.

(b) Subendothelium C.T which contains more elastic fibrous than elastic arteries and a well prominent internal elastic membrane.

Internal elastic membrane (lamina) is commonly considered part of tunica intima and clearly separate tunica intima from tunica media.

Tunica media

  It consists mainly of smooth muscle which arranged circularly (spiraly) between groups of muscle fibers some connective tissue and few scattered elastic laminae.

Smooth muscle produces collagen fibers, elastic fibers & ground substance. Their contraction assists in maintenance of blood pressure. They are controlled by (sympathetic + parasympathetic).

Tunica adventitia

Compared to elastic arteries, tunica adventitia is relatively thick, about  same  thickness of tunica media it is rich in collagen fibers (longitudinally arranged)
· Occasional bundles of small muscle fiber (longitudinally arrange)

· There is concentration of elastic material immediately adjacent to tunica media constitutes the external elastic lamina.

Arterioles & small arteries
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Small arterioles          arteriole        capillary

Small arteries & arterioles are distinguished from one another by the number of smooth muscle layers in tunica media .

Small arteries: 

May have up to 8 layers of smooth muscle in tunica media 

  = typically also have internal elastic membranes.

Arteriole 

By definition, only one – two layers of smooth muscle in tunica media diameter (20 – 100 uM).

Tunica adventitia is poorly developed with little or no external elastic lamina.

The terminal arteriole:
 That give rise to capillaries has a cuff of smooth muscle near the capillary origin. These are precapillary sphincters, which regulate blood flow into capillary bed by vasoconstriction or vasodilatation.

   Note:

    This could explain the regulation in directing blood flow to place 

    needed (muscles during exercise), to GIT during large meal ingestion.

    Also it is controlled by hormone or nerve stimulation.

 Clinical Note:

   Atherosclerosis = acquired disease of blood vessels.

· The lesions, which develop in intima have 2 characteristic features:

1- Accumulation of lipid.

2- Proliferation of smooth muscle cells (under effect of platelets derived growth factor PDGF) from platelets attached to atheroma

    Subsequently              fibrolipid lesion atheroma               loose 
     of integrity of endothelium             blood stasis and clotting 
       (thrombosis        

     occlusion              myocardial hypertension infarction, 
    ischaemic limb  stroke, gangrene ……..

    Hypertension usually associated with atherosclerotic pathology

       Size of lumen            active contraction of smooth muscle                

        thickness tunica media 

Capillaries

    They are the smallest diameter blood vessels. Often smaller than the 

     diameter of an erythrocyte.

      Diameter 8-10 um. They form a tube just large enough to 
        Allow  passage of RBC , one at a time.

· They consist of a single layer of endothelial cells and their        

           basal lamina with scant amount of reticular fibers.

· The endothelial cells have elongated nucleus that are 
           aligated parallel to longitudinal axis of the capillary.

· The endothelial cells are extremely thin so as to enhance  

           diffusion of O2 out to surrounding tissue.

· The margins of endothelial cells are joined by tight junctions

· …occationally perivascular or pericytes with several  

              cytoplasmic process present in capillary wall.

Types of capillaries:            
                  continuous
                  fenestrated

                 discontinuous (sinusoidal)

1. Continuous

· It is the most common type

· Its endothelium is also the same type that lines the lumen of all arteries & veins.

· Typically present in muscle, lung & CNS, skin.

· The endothelial cells are joined one another by incomplete junction (fascia occludens) which permit the escape of limited amount of plasma from the lumen.

· Numerous pinocytotic vesicles (PCV) underline both the luminal and basal membrane surface.

           Function = transmit material.

     Lumen             endocytosis                cells               
     exocytosis surrounding C.T

· In certain site blood brain barrier and blood – thymus barrier the intercellular junction is complete (zonula occludens), so that the escape of plasma into interstitial space is virtually eliminated.
2. Fenestrated capillaries:

· with diaphragm

· Without diaphragm 

     Fenestration = pores

· They are characterized by presence of fenestration (80 – 100nm) in diameter.

· Fenestration provide channel across capillary wall.

 (A) Fenestrated capillaries with diaphragm = ultrathin

Here, the fenestration have a thin membranous diaphragm across its opening.
Site:

     Intestinal villi, endocrine organe.

· Fenestration increase the permeability of those capillaries to water & dissolved solutes with molecular weight less than 40,000

Thus dramatically accelerate capillary fluid transport compared to continous ones.

  (B) Fenestrated capillaries devoid of diaphragms

· They are more permeable
Site:

    Glomerular capillaries, where rapid filtration of plasma is 
     required.

3. Discontinuous = sinusoidal capillaries

· They are larger

· Irregularly shaped.

· There is partial or total absence of basal lamina underlying endothelium.

· There are larger intercellular gaps between endothelial cells that permit or facilitate passage of formed elements of blood.

· Presence of specialized cells in the gaps e.g. satellite cell macrophage (macrophages of liver) = Kupffer cells. Vit. A storage cell (lipocyte).

  Site:

    Liver, spleen, bone marrow.

Veins

   They start at the capillary bed as postcapillary venules           
    collecting 

    Venules               muscular, small, medium and large veins.

Postcapillary venules

· The wall consists of a single layer of single squamous endothelium surrounded by basal lamina and a very small amount of collagen. Endothelial cells are rich in actin.

· Pericytes are frequently associated with small venules.

Muscular venules = large lumen

Their wall consists of endothelial, basal lamina and a single layer of smooth muscle cells with underlying collagenous adventitia.

Small and medium size venules = large lumen

· They are more muscular i.e tunica media is formed of gradual acquisition of circularly arranged bundles of smooth muscle with few interspersed collagen.

· Adventitia consists of longitudinally arranged collagen fibers& scattered smooth muscle fibers and lesser elastic fiber but it is thicker than media.

· These veins, in the hand and leg, exhibit valves that prevent refered backflow of blood.

· The valves are semilunar folds of intima.

Large veins e.g inferior vena cava or superior.vena cava

· Large lumen
· Thick subendothelial layer of tunica intima 
· Poorly developed media (thin with no elastic lamina).
· Presence of valve.
· The adventitia is the thickest with longitudinally arrange smooth muscle bundles to prevent overloading 
     It is outer most aspect contain longitudinally arranged    

     collagen and elastic fibers.

· Vasa vasorum present.

at: www.lab.anhb.uwa.edu.au/.../Vascular.htm
Lymphatic vessels 

· They have variable size & shapes.

· They are usually larger in caliber than blood vessels.

· They branch & anastomose extensing.

· They have similar structure to vein, but with large caliber.

Marfan’s syndrome, Enter Dands syndrome

        Weakness wall lead to: balloon:  lead to:  aneurysm.
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