HEART LECTURE

I. Functions of the Heart

A. Ensures Unidirectional Flow of Blood 

Because the heart has valves, it ensures unidirectional flow of blood hrough both heart and blood vessels.

B. Pumps Blood to Lungs and Body

The blood flows to the lungs for gas exchange.

The blood flows to body tissues for delivery of nutrients and for gas exchange.

C. Develops Blood Pressure for Nutrient and Waste Exchange 

II.  Anatomical Location and Orientation of the Heart

A. Mediastinum

The heart is located left of the body midline posterior to the sternum in the middle mediastinum. This is the area between the lungs. The organs in this area include the heart and its large blood vessels, the trachea, the esophagus, the bronchi, and lymph nodes.

The heart is rotated such that its right side is located more anteriorly, while its left side is located more posteriorly.

The heart projects slightly antereroinferiorly toward the left side of the body.

II. Anatomy of the Heart

The heart is located

A. Chambers

1. Atria

(atrion = hall)

· upper chambers

· thin muscle wall

· right atrium collects deoxygenated blood from body via the superior and inferior vena cavae (large veins)

· left atrium collects oxygenated blood from lungs via the pulmonary veins.

· the anterior part of each atrium has a wrinkled extension called an auricle. 

· the coronary sinus is a hole in the atrium where the coronary veins that drains blood from the heart wall drain. (The coronary arteries supply blood to the heart wall. These can become hardened or clogged and lead to a heart attack or myocardial infarction.)

· the fossa ovalis is an oval depression where a hole existed between the 2 atria during fetal life.  

2. Ventricles

(ventricle = little belly) 

· lower chambers

· thick muscle walls to pump blood

· right ventricle pumps deoxygenated blood to lungs via the pulmonary artery
· left ventricle pumps oxygenated blood to body via the aorta
· left ventricle has the thickest walls, as it has to pump blood to entire body - right ventricle only has to pump blood to lungs

· the interventricular septum is a thick wall that separates theventricles.

· The atria function together as a unit; the ventricles function together as a unit. That is, the atria contract together, then the ventricles contract together.

B. Valves 

4 valves composed of dense connective tissue; keep blood from flowing backward; heart sounds (described as lub-dup) are associated with the closing of heart valves. 
1. Atrioventricular Valves (or Cuspid Valves)

a. Right AV Valve (tricuspid valves) (3 cusps or flaps) 

between rt. atrium and rt. ventricle

chordae tendineae ("heart strings") are thin strands of collagen fibers that connect the AV cusps to papillary muscles, projections of cardiac muscle located on the inner surface of the ventricle

These strings keep the cusps of the AV valves from everting and flipping into the atrium when the ventricle is contracting.

when ventricles contract, the pressure of the blood forces the cusps upward, closing the valves; papillary muscles pull on strings, taking up their slack, and preventing the valves from everting or prolapsing into the atria; it’s not the chordae tendinae that close the valve!).

b. Left AV Valve (bicuspid valve) - (2 cusps) 

also called the mitral valve

between left atrium and left ventricle; works the same way as the tricuspid.

2. Semilunar Valves 

No chordae tendineae

When ventricles contract, blood forces the valves open (the blood smashes them flat against the artery walls)

 When ventricles relax and some of the blood tries to backflow into the ventricles, the blood fills up the semilunar valves, closing them off.

a. pulmonary semilunar 
 the pulmonary artery

b. aortic semilunar

 in the aorta

C. Pericardium

The heart is contained within the pericardium, a sac made of two parts:

1. Fibrous Pericardium

The outer portion is tough, dense connective tissue layer called the fibrous pericardium. 

This layer is attached to both the diaphragm and the base of the arteries and veins entering and leaving the heart.

2. Serous Pericardium

The inner portion is a thin, double-layered serous membrane called the serous pericardium, which we have discussed and identified before.

The two layers of the serous pericardium are made of

a. Parietal Layer

This layer lines the inner surface of the fibrous pericardium

b. Visceral Layer

a visceral layer of serous pericardium also called the epicardium lies directly on the heart and covers the outside of the heart.

c. Pericardial Cavity

There is a thin space between the parietal and visceral layers called the pericardial cavity.

Recall pericardial fluid is secreted into this cavity in order to lubricate the membranes and reduce friction when the heart beats.

3. Function of the pericardium:

a. Restricts heart movements so that it doesn't bounce and move about in the thoracic cavity.

b. It also prevents the heart from overfilling with blood.

D. Layers of the Heart

The heart wall is made of 3 layers:

1. Epicardium (Visceral Pericardium)

(epi = upon or above)

membrane that covers the outside of heart

Made of 

· simple squamous epithelium 

· areolar connective tissue and fat.

2. Myocardium

(myo = muscle; cardio = heart)

Made of

· cardiac muscle tissue

Recall that cardiac muscle tissue has

· cells that branch

· 1 or 2 centrally lcated nuclei

· cells joined by intercalated discs with gap junctions that allow electrical synapse (electrolytes flow between the muscle fibers so that cells can beat synchronously)

· sarcomeres

· actin and myosin arranged parallel so has striations

· lots of mitochondria (more than skeletal muscle tissue)

The myocardium receives its blood supply from the coronary arteries.

3. Endocardium

(endo = within; cardio = heart)

The endocardium lines the inside of the myocardium and covers the valves and tendons.

Made of

· a thin layer of simple squamous epithelium called the endothelium
· areolar connective tissue.

II. Flow of Blood Through the Heart

The right atrium receives blood from all parts of the body except the lungs through 2 veins: the superior vena cava and the inferior vena cava. 

The SVC brings blood from part of the body superior to the heart and the IVC brings blood from parts of the body inferior to the heart. 

SVC + IVC ----> r. atrium-----> r. ventricle ------> r. and l pumonary arteries ----> 

lungs (picks up O2 and drops off CO2) -----> pulmonary veins -----> l. atrium ----> 

l. ventricle -----> aorta ----> rest of the body

What valves are passed along the way?

The left ventricle has the thickest muscle layer since it must pump blood through thousands of miles of blood vessels in the body. 

III. The Conducting System

The conduction system is a system of modified cardiac cells that are noncontractile and are specialized to initiate and distribute impulses throughout the heart.

Although a part of our nervous system (the autonomic division) can stimulate the heart to relax and contract, the heart can do this without any direct stimulus from the nervous system.  (Chemoreceptors in the carotid and aortic bodies monitor blood O2, CO2, and pH. Baroreceptors in the carotid sinus and aortic arch respond to increases in blood pressure.)

The cardiac muscle cells in the heart coordinate together to contract because are all interconnected with gap junctions so that when one cell receives an electrical impulse, this spreads quickly to all of the cells.

The specialized tissues of the conduction system are:

A. Sinoatrial (SA) node.

This is also called the pacemaker. It is located in the right atrial wall just inferior to the opening of the superior vena cava. T\

This node initiates each heartbeat and sets the rhythm for the rest of the heart.

The SA node’s rate may be altered by the autonomic nervous system or by hormones.

When the SA node depolarizes the impulse spreads over both atria (through gap junctions), causing them to contract and spreads to the AV node. 

B. Atrioventricular (AV) node
The AV node is located just superior to the tricuspid valve in the right atrium..

The AV node allows for a delay so that the atria and ventricles don't contract at the same time.

C Bundle of His

The distal part of the AV node is known as the Bundle of His.

In the interventricular septum, the Bundle of His splits into 2 branches, the left and right bundle branches.

D. Bundle Branches
The bundle branches cause contraction of the muscle cells in the interventricular septum.

E. Purkinje Fibers

These stimulate most of the ventricular muscle cells to contract.

Summary of Conduction Pathway:

SA node depolarizes ---> AV node and atria depolarize (contract) ----> 

bundle of His ----> bundle branches ---> Purkinje fibers --- ventricles 

depolarize (contract)
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