Mr. Albertini

Anatomy & Physiology 2009

Cardiovascular System

I.  Introduction

A.  The cardiovascular system consists of the heart, and vessels, arteries, capillaries, and veins

B.  Function


1.  Supplies Oxygen and nutrients to tissues


2.  Removes wastes from tissues

See Heart 1
II.  Structure of the Heart


A.  Hollow, cone-shaped, muscular pump in thoracic cavity

B.  Size and Location



1.  Average is 14 cm long and 9 cm wide



2.  Lies under the sternum

See Heart 2

C.  Coverings of the Heart


1.  Pericardium encloses the heart



2.  Two layers:




a.  Epicardium is more delicate and surrounds heart




b.  Tough, fibrous pericardium surrounds epicardium

See Heart 3



c.  Between parietal and visceral pericardia is serous fluid


D.  Wall of the Heart



1.  Three layers:



a.  Epicardium-





i.    Outermost layer





ii.   Connective tissue and epithelium

iii.  Houses blood and lymph capillaries with coronary arteries




b.  Myocardium-





i.   Middle layer





ii.  Cardiac muscle





iii. Thickest layer of the heart wall




c.  Endocardium





i.   Inner layer





ii.  Connective tissue and epithelium




iii. Continuous with the epithelium of major vessels

iv.  Contains Purkinje fibers-rapidly transmitting muscle fibers in the heart

E.  Heart Chambers and Valves



1.  Four Internal Chambers




a.  Atria-





i.    Located on superior portion of the heart

ii.   Receive blood returning to the heart





iii.  Have thin walls





iv.  Contain ear-like auricles projecting from their exterior




b.  Ventricles





i.    Located on inferior portion of the heart





ii.   Thick-muscled





iii.   Pump blood to the body

See Heart 4


2.  A septum divides the atrium and ventricle on each side



3.  Each contains an atrioventricular (AV)




a.  Ensures one way flow of blood

b.  Right AV valve (tricuspid) and left AV valve (bicuspid or mitral valve) have cusps to which chordae tendinae attach

c.  Chordae tendinae

i.  Attach to papillary muscles in the wall
ii.  Contract during ventricular contraction to prevent backflow through AV valves



4.  Superior and inferior vena cavae (cava singular)




a.  Bring blood from the body to the right atrium



5.  Right ventricle




a.  Thinner wall than left ventricle




b.  Only pumps blood to the lungs



6.  Pulmonary Valve




a.  Located at base of pulmonary trunk




b.  Prevents return flow of blood to the ventricle



7.  Left atrium




a.  Receives blood from four pulmonary veins



8.  Left ventricle




a.  Pumps blood to entire body through the aorta



b.  Backflow prevented by aortic valve
See Heart 5

F.  Path of Blood through the Heart

1.  Blood low in O2 returns to the right atrium via the venae cavae and coronary sinus
2.  The right atrium contracts, forcing blood through the tricuspid valve into the right ventricle

3.  The right ventricle contracts, closing the tricuspid valve, and forcing blood through the pulmonary valve into the pulmonary trunk and arteries

4.  The pulmonary arteries carry blood to the lungs where O2 is replenished and CO2 disposed of
5.  Freshly oxygenated blood is returned to the left atrium of the heart through the pulmonary veins

6.  The left atrium contracts, forcing blood through the left bicuspid valve into the left ventricle

7.  The left ventricle contracts, closing the bicuspid valve and forcing open the aortic valve as blood enters the aorta for distribution to the body

See Heart 6

G.  Blood Supply to the Heart



1.  Coronary arteries




a.  First branches off of the aorta




b.  Carry fresh blood to the heart muscle itself




c.  Feed many capillaries of the myocardium



2.  Heart muscle requires a continuous supply of freshly oxygenated blood

a.  Smaller branches of arteries contain anastomoses as alternate pathways for blood, just in case



3.  Cardiac veins




a.  Drain blood from heart muscle




b.  Drains to the coronary sinus and empties into right atrium
See Heart 7,8, and 9
III.  Heart Actions

· Consists of the atria beating in unison (atrial systole)

· Followed by the contraction of both ventricles (ventricular systole)

· Then the entire heart relaxes for a brief moment (diastole)


A.  Cardiac Cycle

1.  Pressure within the heart chambers rises and falls with the contraction and relaxation of atria and ventricles

2.  When atria fill, pressure in the atria is greater than that of the ventricles forcing the AV valves open

3.  Pressure rises further during contraction of atria forcing remaining blood into the ventricles

4.  When ventricles contract, pressure inside increases sharply, shutting AV valves

5.  Aortic and pulmonary valves open

6.  As ventricles contract, papillary muscles contract, pulling chorea tendinae tight and preventing backflow through AV valves

See Heart 10 and 11

B.  Heart Sounds

1.  Due to vibrations in heart tissues as blood rapidly changes velocity within the heart

2.  Described as a “lubb-dubb” sound

3.  First sound (lubb) occurs as ventricles contract and AV valves are closing

4.  Second sound (dubb) occurs as ventricles relax and aortic and pulmonary valves are closing.


C.  Cardiac Conduction System

1.  Specialized cardiac muscle tissue conducts impulses throughout the myocardium

2.  Sinoatrial Node (SA Node or pacemaker)


a.  Self-exciting mass of specialized cardiac muscle


b.  Located on the posterior right atrium


c.  Generates the impulses for the heartbeat

3.  Impulses next spread to the atrial syncytium, it contracts

4.  Impulses travel to the junctional fibers leading to the atrioventricular node (AV node) located in the septum)

5.  Purkinje fibers


a.  Branches of the AV bundle lead to it


b.  Leads to papillary muscles

c.  Stimulate contraction of papillary muscles when ventricles contract

See Heart 12, 13, and 14

D.  Electrocardiogram (ECG)



1.  Measures electrical activity of the heart

2.  Measures depolarization and repolarization of different portions of the heart

3.  Does not measure mechanical events

4.  Interpretation

a.  P wave-

i.  Represents depolarization of the atrial muscle, not the SA node

b.  PR segment-

i.   Partially attributable to the conduction delay through the AV node

ii.  Measured from the end of the P wave and the beginning of the QRS complex




c.  QRS complex-





i.  Represents ventricular depolarization (Na+ in)




d.  ST segment





i.  Represents the plateau phase of the cardiac muscle AP.





ii. The ventricles are contracting




e.  T wave





i.  Repolarization of the ventricles (K+ out)




f.  TP interval





i.  The time at which the heart is at rest.





ii. Rate of contraction is greatly influenced by this interval

See Heart 15


E.  Regulation of the Cardiac Cycle



1.  Amount of blood pumped must adjust to the needs of the body

2.  SA node is innervated by branches of the sympathetic and parasympathetic divisions (CNS controls heart rate)


a.  Sympathetic impulses speed up rate


b.  Parasympathetic impulses slow down rate

3.  Cardiac control center of medulla oblongata stimulates in response to baroreceptors (detect changes in blood pressure)

4.  Impulses from cerebrum or hypothalamus also influence heart rate, as do body temp and concentrations of certain ions

See Heart 16

IV.  Blood Vessels


A.  Arteries and Arterioles



1.  Strong, elastic vessels for carrying high-pressure blood



2.  Become smaller as they divide and give rise to arterioles

3.  Composed of tunica media (smooth muscle) and tunica externa (connective tissue)
4.  Capable of vasoconstriction as directed by sympathetic impulses (or vasodilation instead)

See Heart 17


B.  Capillaries



1.  Smallest vessels

2.  Consist only of a layer of endothelium to exchange substances with cells.

See Heart 18
3.  Highly permeable endothelium in glands, liver, intestines, etc..

4.  Less permeable in muscle and even less in brain (blood-brain barrier)

5.  High metabolic activity (ex.  Leg muscles) have high densities of capillaries

6.  Precapillary sphincters can regulate blood flow based on oxygen concentration

See Heart 19

C.  Exchanges in the Capillaries

1.  Blood entering capillaries contains high concentrations of O2 and nutrients that diffuse out of the capillary wall and into tissue.

2.  Plasma proteins remain in blood due to large size

3.  Hydrostatic pressure drives the passage of fluids and small molecules out of capillary

4.  At the venule end, osmosis, because of osmotic pressure of the blood, causes most tissue fluid back into the bloodstream
5.  Lymphatic vessels collect extra fluid and return it to circulation.

See Heart 20

D.  Venules and Veins



1.  Venules merge to form veins (return blood to heart)



2.  Veins




a.  Same layers as arteries




b.  Flap-like valve to prevent backflow of blood




c.  Much thinner and less muscular than arteries




d.  Carry low-pressure blood




e.  Can act as blood reservoirs

See Heart 21

E.  Blood Pressure


1.  Force of blood against the inner walls of blood vessels



2.  “Blood pressure” typically refers to arterial pressure



a.  BP rises and falls following a pattern according to the cardiac 



cycle




b.  During ventricular contraction, arterial pressure is highest 



(systolic pressure)




c.  During ventricular relaxation, arterial pressure is lowest 




(diastolic pressure)




d.  The surge of blood during ventricular contraction is felt as a 



pulse at certain points in the body

See Heart 22

F.  Factors Influencing Arterial Blood Pressure



1.  Heart Action




a.  Dependent upon stroke volume and heart rate (cardiac output)




b.  If cardiac output increases, so does BP



2.  Blood Volume




a.  BP is directly proportional to volume of blood in the 




cardiovascular system




b.  Varies with age, body size, and gender



3.  Peripheral Resistance




a.  Friction between blood and the walls of blood vessels




b.  As increases (ex.  Sympathetic constriction of vessels) BP 



increases


4.  Blood Viscosity




a.  Greater the viscosity, the greater its resistance to flowing, and 



the greater the BP

See Heart 23

G.  Control of Blood Pressure



1.  BP is determined by cardiac output and peripheral resistance



2.  Body maintains normal BP by adjusting cardiac output and peripheral 


resistance



3.  Factors affecting Cardiac Output




a. Volume of blood entering the right atrium is normally equal to 



the volume leaving the left ventricle




b.  If arterial pressure increases, the cardiac center of the medulla 



oblongata sends parasympathetic impulses to slow heart




c.  Opposite with sympathetic




d.  Other factors (emotional upset, exercise, rise in temp.)



4.  Vasomotor center of medulla oblongata can adjust sympathetic 



impulses to smooth muscles in arteriole walls, adjusting BP



5.  Certain chemicals can affect peripheral resistance (H+, CO2, O2)

See Heart 24


H.  Venous Blood Flow


1.  Blood flow through the venous system depends on skeletal muscle 


contraction, breathing, vasoconstriction of veins, AND heart action



2.  Skeletal muscle contractions squeeze blood back up veins, one valve at 


a time



3.  Thoracic and abdominal pressure differences draw blood back up the 


veins

V.  Paths of Circulation


A.  Pulmonary Circuit



1.  Includes vessels carrying blood to the lungs and back



2.  Right Ventricle(Pulmonary arteries(Lungs(Alveolar 



capillaries(Pulmonary veins(left atrium


B.  System Circuit



1.  Aorta



2.  Its branches to all body tissues and veins returning blood to the right 


atrium
***Understand the difference between the adult pathway and the fetal pathway.

