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		CARDIOVASCULAR SYSTEM






		Cardiovascular System



The cardiovascular system is a highly organized transport network responsible for delivering oxygen and nutrients to all cells of the body and removing carbon dioxide (CO₂) and other metabolic waste products from tissues.


		Blood circulates within a closed circulatory system, propelled by the heart, which acts as the central pump.

		Blood flow is maintained by pressure gradients generated by the heart’s pumping action.



Components of the Cardiovascular System


		
Heart: Muscular pump that generates pressure to circulate blood.

		
Arteries: Vessels that carry blood away from the heart; generally carry oxygenated blood except pulmonary arteries.

		
Capillaries: Microscopic vessels where exchange of gases, nutrients, and wastes occurs between blood and tissues.

		
Veins: Vessels that carry blood toward the heart; generally carry deoxygenated blood except pulmonary veins.



Functional Divisions of Circulation

Because blood performs opposite functions in lungs and tissues, the circulatory system is divided into two main circuits:

A. Systemic Circulation (Greater Circulation)


		Begins at the left ventricle and ends at the right atrium.

		Carries oxygenated blood from the heart to the body tissues.

		Blood delivers oxygen and nutrients to cells and picks up CO₂ and metabolic wastes.

		Blood returns deoxygenated to the right atrium.

		Characterized by high resistance due to extensive vascular bed and higher pressure requirements.



B. Pulmonary Circulation (Lesser Circulation)


		Begins at the right ventricle and ends at the left atrium.

		Carries deoxygenated blood from the heart to the lungs.

		Blood releases CO₂ and picks up oxygen in the lungs.

		Returns oxygenated blood to the left atrium.

		Characterized by low resistance and lower pressure compared to systemic circulation.
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Functions of Circulation


		
Maintain continuous blood flow to all tissues at rest and during activity.

		
Ensure adequate blood pressure to facilitate exchange of gases, nutrients, and wastes at the capillary level.

		
Adapt blood flow according to metabolic demands of tissues.
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		Anatomy of the Heart



1. Position and Orientation


		The heart is located in the mediastinum of the thoracic cavity, between the lungs.

		It lies obliquely with:




		
Anterior (sternocostal) surface facing the sternum.

		
Posterior (base) surface facing the vertebral column.

		
Inferior (diaphragmatic) surface resting on the diaphragm.



2. Chambers of the Heart


		The heart has four chambers:




		
Right atrium and left atrium (upper chambers).

		
Right ventricle and left ventricle (lower chambers).



Atria


		Thin-walled chambers that receive blood returning to the heart.

		The right atrium receives deoxygenated blood from the body.

		The left atrium receives oxygenated blood from the lungs.

		
Auricles are small, ear-shaped muscular appendages on the atria that increase capacity.



Ventricles


		Thick-walled chambers that pump blood out of the heart.

		The left ventricle has a thicker muscular wall than the right, reflecting its role in pumping blood to the entire body.

		The right ventricle pumps blood to the lungs.



3. Septa of the Heart


		The heart is divided into right and left halves by two septa:




		
Interatrial septum: Separates the right and left atria; primarily fibrous tissue.

		
Interventricular septum: Separates the right and left ventricles; upper one-fourth is fibrous, lower three-fourths muscular.



4. Major Blood Vessels Associated with the Heart


		

				Chamber

				Vessel(s) Connected

				Blood Type Carried

				Function

		

		
				Right atrium

				Superior vena cava, inferior vena cava, coronary sinus

				Deoxygenated

				Receives venous blood from body

		

		
				Right ventricle

				Pulmonary trunk (divides into pulmonary arteries)

				Deoxygenated

				Pumps blood to lungs

		

		
				Left atrium

				Pulmonary veins (usually 4)

				Oxygenated

				Receives oxygenated blood from lungs

		

		
				Left ventricle

				Aorta

				Oxygenated

				Pumps blood to systemic circulation

		

	




5. Circulatory Pathway Through the Heart


		
Oxygenated blood from lungs enters the left atrium via pulmonary veins.

		Blood flows into the left ventricle through the mitral (bicuspid) valve.

		Left ventricle contracts (systole), pumping oxygenated blood into the aorta for systemic circulation.

		Blood delivers oxygen and nutrients to tissues and becomes deoxygenated.

		Deoxygenated blood returns to the right atrium via superior and inferior venae cavae and coronary sinus.

		Blood flows into the right ventricle through the tricuspid valve.

		Right ventricle contracts, pumping deoxygenated blood into the pulmonary trunk and then lungs for oxygenation.

		Oxygenated blood returns to the left atrium, completing the cycle.




		

				Circulation Type

				Origin Chamber

				Destination Chamber

				Blood Oxygenation Status

				Resistance Level

		

		
				Systemic

				Left ventricle

				Right atrium

				Oxygenated → Deoxygenated

				High

		

		
				Pulmonary

				Right ventricle

				Left atrium

				Deoxygenated → Oxygenated

				Low

		

	



		The right heart handles deoxygenated blood.

		The left heart handles oxygenated blood.



Cardiac Cycle Terminology


		
Systole: Phase of contraction of the heart muscle, ejecting blood.

		
Diastole: Phase of relaxation, allowing chambers to fill with blood.




		Valves of the Heart



Purpose of Heart Valves


		Ensure unidirectional blood flow through the heart.

		Prevent mixing of arterial and venous blood.

		Maintain one-way circulation.



Four Sets of Heart Valves

1. Atrioventricular (AV) Valves


		Right AV valve (Tricuspid valve):




		Has three cusps: anterior (infundibular), posterior (marginal), and medial (septal).

		Guards the opening between the right atrium and right ventricle.




		Left AV valve (Mitral or Bicuspid valve):




		Has two cusps: anterior and posterior.

		Guards the opening between the left atrium and left ventricle.

		Named for its resemblance to a bishop’s mitre.



2. Semilunar (SL) Valves


		Aortic valve:




		Guards the opening between the left ventricle and aorta.

		Has three semilunar cusps.




		Pulmonary valve:




		Guards the opening between the right ventricle and pulmonary trunk.

		Also has three semilunar cusps.



Structural Features of Valves

AV Valves (Tricuspid and Mitral)


		Cusps are triangular and attached at their bases to a fibrous ring encircling the atrioventricular orifices.

		Cusps open to allow blood flow from atria to ventricles during atrial contraction.

		The apices of cusps project into ventricles during ventricular filling.

		
Chordae tendineae attach the cusps’ apices to papillary muscles in the ventricular walls.

		During ventricular contraction, blood pressure forces cusps closed, preventing backflow into atria.

		Chordae tendineae prevent cusps from bulging back into atria.



Semilunar Valves (Aortic and Pulmonary)


		Each cusp has a thickened nodule (corpus Arantii) at the free margin center.

		
Sinuses of Valsalva (aortic sinuses) are spaces between the valve cusps and the aortic wall.

		During ventricular contraction, increased pressure opens the valves.

		During relaxation, blood flows back slightly, filling the sinuses and closing the cusps tightly to prevent regurgitation.
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Functional Action of Valves


		

				Valve Type

				Opens Toward

				Closes Toward

				Function During Cardiac Cycle

		

		
				Atrioventricular

				Ventricles

				Atria

				Open during atrial contraction; close during ventricular contraction to prevent backflow

		

		
				Semilunar

				Away from ventricles

				Ventricles

				Open during ventricular contraction; close during relaxation to prevent backflow

		

	





		During atrial systole, AV valves open, allowing blood flow into ventricles.

		During ventricular systole, AV valves close, semilunar valves open, allowing blood to flow into arteries.

		This coordinated action ensures one-way blood flow and prevents regurgitation.




		The right ventricle is less muscular than the left because it pumps blood to the low-resistance pulmonary circulation.

		The aortic valve is larger and stronger than the pulmonary valve due to higher systemic pressures.

		The simultaneous contraction of atria and ventricles and equal blood volume ejected by both ventricles are critical for efficient circulation.



Histology of Cardiac Muscle and Blood Vessels

Blood Vessel Branching and Capillary Network


		The aorta branches into progressively smaller arteries → arterioles → metarterioles → capillaries.

		
Capillaries (7–9 µm diameter) are the sites of exchange between blood and tissues.

		
Precapillary sphincters control blood flow into capillaries and are regulated by the sympathetic nervous system.

		Capillaries drain into venules → veins → venae cavae → heart.




		

				Histological Layers of Blood Vessels

		

		
				Layer (Tunica)

				Composition

				Function/Notes

		

		
				Tunica Adventitia (externa)

				Fibrous connective tissue (collagen), elastic fibers

				Provides structural support and limits overstretching; contains vasa vasorum (small vessels supplying vessel walls)

		

		
				Tunica Media

				Circularly arranged smooth muscle cells and elastic fibers

				Regulates vessel diameter and blood flow via contraction/relaxation

		

		
				Tunica Intima (interna)

				Single layer of endothelium on basement membrane (internal elastic lamina)

				Provides smooth lining; controls permeability and vascular tone

		

	





		The proportions of these layers vary depending on vessel type (artery, vein, capillary).

		In the heart, these layers correspond to:




		Adventitia → fibrous pericardium

		Media → cardiac muscle

		Intima → endocardium



Vasa Vasorum


		A network of small blood vessels that supply the walls of large arteries and veins, especially the tunica adventitia and outer tunica media.




		Arterioles




		Structure and Function




		Arterioles have relatively thick walls and a narrow lumen.

		Richly innervated by vasomotor nerves that regulate vessel diameter.

		Control blood distribution to various body parts via vasodilation and vasoconstriction.

		Play a key role in maintaining blood pressure and flow by adjusting lumen size.




		Histological Layers




		
Tunica intima: Endothelial lining + internal elastic membrane; lacks sub-endothelial fibro-elastic connective tissue.

		
Tunica media: 1–5 layers of smooth muscle cells with scattered elastic fibers.

		
Tunica adventitia: Thin layer of loose connective tissue; no distinct external elastic membrane.




		Capillaries




		Connect arterioles to venules, forming the site of exchange between blood and tissues.

		Walls consist of a single layer of flat endothelial cells resting on a basal lamina (connective tissue).

		Diameter: approximately 7–9 µm, just enough for red blood cells to pass through.

		Most capillaries are closed at rest and open during increased tissue activity to allow blood flow.
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		Sinusoids (Sinusoidal Capillaries)




		Not true capillaries; have larger diameter (~30 µm) and irregular, tortuous walls.

		Lack continuous endothelial lining and basal lamina.

		Contain phagocytic cells lining the walls.

		Allow direct contact between blood and tissue cells, facilitating exchange of large molecules and cells.

		Found in organs like liver, spleen, and bone marrow.




		Veins




		Structure




		Have all three layers (tunica intima, media, adventitia) but thinner than arteries, especially in intima and media.

		Walls are thin but strong due to abundant connective tissue.

		
Tunica intima: Endothelial cells less elongated than arteries; contains some connective tissue and elastic fibers.

		
Tunica media: Sparse smooth muscle and elastic fibers; more collagen fibers.

		
Tunica adventitia: Thickest layer; rich in muscle, collagen, and elastic fibers.




		Variability




		Some veins (e.g., cerebral, meningeal, retinal veins) lack smooth muscle.




		Valves of Veins




		Present mainly in veins of the lower limbs.

		Prevent backflow of blood.

		Formed by semilunar pocket-like flaps from the intima.



Vasa Vasorum (Blood Vessels of Blood Vessels)


		Large arteries and veins (>0.1 mm diameter) have their own blood supply via vasa vasorum.

		These small vessels arise from adjacent arteries and supply the tunica adventitia and outer tunica media.

		In large arteries, vasa vasorum may penetrate all vessel layers and open into the lumen.



Lymphatics of Blood Vessels


		Lymphatic vessels are abundant in the adventitial and peri-adventitial tissues of blood vessels.

		They help drain excess interstitial fluid and maintain tissue fluid balance.



Factors Maintaining Circulation


		Pumping Action of the Heart




		The primary driving force for blood flow.




		Elastic Recoil of Arteries




		During ventricular systole, arteries (especially aorta) stretch and store potential energy.

		During diastole, elastic recoil converts this energy into kinetic energy, propelling blood forward.

		Semilunar valves prevent backflow.




		Pressure Gradient




		Blood pressure decreases progressively from left heart to right heart:




		Large arteries: ~120 mm Hg

		Arterioles: 50–60 mm Hg

		Capillaries: ~15 mm Hg

		Veins: near 0 mm Hg (or negative near heart)




		Blood flows from high to low pressure regions.




		Respiration




		Inspiration lowers intrathoracic pressure and raises intra-abdominal pressure.

		This pressure difference sucks venous blood into the thorax, aiding venous return.




		Muscular Exercise




		Muscle contractions compress veins and capillaries, pushing blood toward the heart.

		Venous valves prevent backflow, enhancing venous return.




		Effect of Gravity




		Above the heart level, gravity assists venous return.

		Below the heart level, gravity opposes venous return.




		Special Junctional Tissues of the Heart



These specialized cardiac tissues are responsible for initiation and rapid conduction of cardiac impulses, enabling coordinated heartbeats. Collectively called the junctional tissues, they include:


		Sinoatrial (SA) node

		Atrioventricular (AV) node

		Bundle of His (atrioventricular bundle)

		Right and left bundle branches

		Purkinje fibers



Histology of Junctional Tissues


		Composed of specialized cardiac muscle fibers with:




		High glycogen content

		More sarcoplasm than ordinary cardiac muscle fibers




		SA node, AV node, and bundle of His contain these specialized fibers.

		Purkinje fibers also have abundant glycogen and large diameter.

		A fibrous tissue ring electrically isolates atrial muscle from ventricular muscle, so impulses pass only via the bundle of His.

		Damage to the bundle of His causes atrial and ventricular rhythm dissociation.




		1. Sinoatrial (SA) Node 




		Location: Right atrium at the junction of the superior vena cava and the right auricular appendage.

		Size: Approximately 5 mm × 20 mm, broad at the top, tapering downward along the sulcus terminalis (~2 cm).

		Contains Purkinje-like fibers forming three internodal atrial pathways to the AV node (Goldman, 1970):




		
Anterior internodal tract: Curves around superior vena cava, bifurcates to left atrium and anterior superior AV node.

		
Middle internodal tract: Curves behind superior vena cava to superior margin of AV node.

		
Posterior internodal tract: Curves behind superior vena cava to posterior margin of AV node.



Function


		Acts as the primary pacemaker of the heart.

		Generates impulses at 70–80 beats per minute (sinus rhythm).

		Initiates the normal cardiac impulse.




		2. Atrioventricular (AV) Node 




		Location: Right atrium, posterior part of the interatrial septum near the coronary sinus opening.

		Size: About 2 mm × 5 mm.

		First identified by Kent (1892), with His (1893) describing the bundle connecting atrium to ventricle.



Functions


		Receives impulses from the SA node via internodal pathways.

		Transmits impulses to ventricles through the bundle of His.

		Acts as a secondary pacemaker (nodal rhythm) generating impulses at 40–60 beats per minute if SA node fails.

		Slower intrinsic rhythm than SA node.




		3. Bundle of His (Atrioventricular Bundle)




		Continuation of the AV node.

		Runs upward to the posterior margin of the membranous interventricular septum, then forward below it.

		Length: ~20 mm.



Bundle Branches


		Divides into right and left bundle branches just above the muscular septum.

		
Right bundle branch: Longer, runs down right side of septum.

		
Left bundle branch: Bifurcates into superior and inferior divisions, enters left ventricle, runs along muscular septum toward apex.

		Both branches lie just beneath the endocardium.

		Branches end in the Purkinje fiber network in the subendocardial tissue.



Function


		Conducts impulses from atria to ventricles rapidly.

		Can act as a tertiary pacemaker generating impulses at ~36 beats per minute if SA and AV nodes fail.




		4. Purkinje Fibers




		Arise from bundle branches and spread throughout the ventricular subendocardial tissue.

		Larger diameter (50–70 µm) than ordinary cardiac muscle fibers (15 µm).

		Contain abundant sarcoplasm rich in glycogen; myofibrils are peripheral.

		First described by Purkinje (1845) in ungulate hearts.



Function


		Rapidly conduct impulses to all parts of the ventricular myocardium, ensuring coordinated contraction.

		Can initiate impulses at 30–35 beats per minute in case of AV dissociation.




		

				Structure

				Location

				Pacemaker Rate (beats/min)

				Primary Function

		

		
				SA Node

				Right atrium near SVC

				70–80

				Primary pacemaker, initiates impulse

		

		
				AV Node

				Posterior interatrial septum

				40–60

				Secondary pacemaker, impulse delay and conduction

		

		
				Bundle of His

				Interventricular septum

				~36

				Conducts impulses to ventricles

		

		
				Purkinje Fibers

				Subendocardial ventricular tissue

				30–35

				Rapid conduction, tertiary pacemaker

		

	





		Properties of Cardiac Muscle



Cardiac Muscle Structure:


		Composed of interlocking cardiac muscle cells (fibres) with striations and a single nucleus.

		Light and dark bands visible microscopically:




		Dark bands = thick myosin filaments

		Light bands = thin actin filaments




		Cardiac myosin is a hexamer: two myosin heavy chains (MHC) + two myosin light chains (MLC).

		Multiple isoforms of myosin subunits modulate force generation by affecting cross-bridge kinetics.

		Cardiac muscle fibers vary in size and glycogen content:




		Smallest fibers with least glycogen: Nodes (SA and AV)


		Broader fibers with more glycogen: Ventricles


		Broader fibers with more glycogen: Atria


		Broadest fibers with abundant glycogen: Purkinje fibers, Bundle of His, and branches





		Larger fibers conduct impulses faster and have more glycogen.

		Duration of systole, refractory period, and rhythmicity increase inversely with fiber size.




		Excitability



Ability of living tissue to respond to a stimulus, initially by generating an electrical action potential, followed by mechanical activity (contraction).

Electrical Potentials in Cardiac Muscle


		

				Cardiac Tissue

				Resting Membrane Potential (mV)

		

		
				Single cardiac muscle fiber

				–85 to –95

		

		
				Sinoatrial (SA) node

				–55 to –60

		

		
				Purkinje fibers

				–90 to –100

		

	




Action Potential in Cardiac Muscle


		Duration: 250–350 milliseconds (0.25–0.35 sec), much longer than in skeletal muscle.

		Longer action potential leads to prolonged contraction time (5–15 times longer than skeletal muscle).



Phases of Cardiac Muscle Action Potential


		Initial Depolarization




		Very rapid (~2 ms).

		Amplitude reaches about +20 mV.

		Due to rapid opening of fast sodium channels and influx of Na⁺.




		Initial Repolarization




		Rapid but brief (~2 ms), forming a notch in the curve.

		Caused by transient opening of potassium channels (K⁺ efflux) and closing of fast Na⁺ channels.

		Simultaneous opening of slow sodium channels allows slow Na⁺ influx.




		Plateau (Final Depolarization)




		Prolonged depolarized state lasting ~200 ms in atrial fibers, ~300 ms in ventricular fibers.

		Due to slow opening of calcium channels (Ca²⁺ influx) and continued slow Na⁺ influx.

		Maintains positivity inside the cell, crucial for contraction.




		Final Repolarization




		Slow process lasting 50–80 ms.

		Caused by potassium efflux exceeding calcium influx, restoring negativity inside the cell.




		

				Ionic Basis

		

		
				Phase

				Ion Movement

				Effect on Membrane Potential

		

		
				Initial Depolarization

				Rapid Na⁺ influx via fast Na⁺ channels

				Rapid depolarization (+20 mV)

		

		
				Initial Repolarization

				Transient K⁺ efflux + slow Na⁺ influx

				Partial repolarization (notch)

		

		
				Plateau

				Slow Ca²⁺ influx + slow Na⁺ influx

				Maintains depolarization (plateau)

		

		
				Final Repolarization

				K⁺ efflux > Ca²⁺ influx

				Repolarization to resting potential

		

	




Restoration of Resting Membrane Potential


		After final repolarization:




		
Na⁺/K⁺ pump moves Na⁺ out and K⁺ in.

		
Na⁺/Ca²⁺ exchanger removes excess Ca²⁺.




		Restores resting membrane potential.



Spread of Action Potential Through Cardiac Muscle


		Rapid spread due to gap junctions (low-resistance channels) between fibers allowing free ion movement.

		Action potential propagates quickly from one fiber to another.

		Transmission from atria to ventricles occurs via a specialized conductive system (e.g., AV node, bundle of His, Purkinje fibers).




		Rhythmicity (Autorhythmicity)




		
Definition: Ability of cardiac tissue to generate spontaneous, regular impulses without external stimuli.

		Present in all heart tissues but concentrated in the pacemaker (SA node).

		Pacemaker initiates impulses that spread through the heart via the conductive system, coordinating rhythmic contractions.

		Pacemaker sites include:




		SA node: 70–80 beats/min (primary pacemaker)

		AV node: 40–60 beats/min

		Atrial muscle: ~60 beats/min

		Ventricular muscle: 20–40 beats/min




		The SA node controls the heart rate due to its highest intrinsic rhythm.




		Pacemaker of the Heart



The pacemaker is a specialized structure in the heart responsible for generating the electrical impulses that initiate each heartbeat. It consists of pacemaker cells (P cells), which are modified cardiac muscle cells capable of spontaneous depolarization.

OEBPS/images/image.jpeg
Pulmonary
circulation

Systemic
circulation

Lungs

Pulmonary Pulmonary vein

artery
Vena cava Aorta
Upper body
Liver
Hepatic vein Hepatic artery
Hepatic portal vein
Stomach,
intestines B Vessels transporting
Renal vein oxygenated blood

Renal artery [ Vessels transporting

deoxygenated blood

Kidneys = Vessels involved in

gas excange

Lower body





OEBPS/images/image-1.jpeg
Posterior

Tricuspid valve Bicuspid (mitral)
Y\/\ valve

Right Left
side of side of
heart heart

Aortic valve Pulmonary valve

Anterior





OEBPS/images/image.png
ORGANS &

TISSUES
¢ Deoxygenated :
Oxygenated : blood enters the :
: blood is : : capillaries & then
: distributed to the : exits oxygenated :
brain, skin, throughthe

! kidneys, muscles,
: liver,and then :
: back to the heart :
¢ deoxygenated

 diffusion of O, in
the alveol :

Right side Left side





OEBPS/images/image-2.jpeg
<—— Artery

Capillary





