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THE HEART

Hollow muscular organ about the size of your fist.

Located in the middle of the thoracic cavity (mediastinum).

The heart beats more than 100,000 times per day and pumps more than 8,000 liters per day. (75 beats per minute X 60 minutes X 24 hours = 108,000 beats per day).  (Cardiac output = 80mls X 75 beats per minute = 6000mls per minute).
(6 liters per minute X 60 minutes X 24 hours = 8,640 liters per day).

Veins carry blood TO the heart.

Arteries carry blood AWAY from the heart.

So, veins carry deoxygenated blood (except PULMONARY VEINS, which carry oxygenated blood from the lungs to the left atrium of the heart).

Note:  The umbilical vein in the fetal circulation also carries oxygenated blood.

Arteries carry oxygenated blood (except the PULMONARY ARTERY, which carries deoxygenated blood from the right ventricle to the lungs).

Blood in arteries is under pressure.  If cut, blood will spurt out with each heartbeat.

Blood pressure = Systolic pressure / diastolic pressure

Normal Blood pressure = 120 / 80 mm Hg

Systole = contraction

Diastole = relaxation

***Know the conduction system of the heart (See Figure 20.10 on Page 774***:

SA node 

>>>AV node 

>>>AV bundle (also known as the "Bundle of His")

>>>Bundle Branches

>>>Purkinje fibers

1. SA node = heart pacemaker

Location  is right atrial wall, inferior to the opening of the superior vena cava.

2. AV node

Location is in the septum between the right and left atria.

3. AV bundle:  makes the connection between the atria and ventricles.

4. Right and Left Bundle branches:  carry electrical impulses towards the apex of the heart.

5. Purkinje fibers (also called conduction myofibers):  found in apex of heart, they conduct impulse upwards to ventricular myocardium.

_______________________________________________________

***Know flow of blood through the systemic and pulmonary circulation (See Figure 20.7 on Page 769***):
1. superior and inferior vena cava

2. right atrium

3. tricuspid valve

4. right ventricle

5. pulmonary semilunar valve

6. pulmonary trunk

7. pulmonary arteries (NO oxygen)

LUNGS

8. pulmonary veins (carry OXYGENATED blood)

9. left atrium

10. bicuspid (mitral) valve

11. left ventricle

12. aortic semilunar valve

13. aorta

14. systemic arteries

>>>arterioles

>>>capillaries

>>>venules

>>>veins

>>>back to superior and inferior vena cava

_____________________________________________________

LAYERS ASSOCIATED WITH THE HEART:

Parietal Pericardium = sac that surrounds and protects the heart.  It has two parts:

1. Fibrous pericardium = tough connective tissue that anchors the heart in the mediastinum. (The outside surface of the pericardial sac.)
2. Serous pericardium = thin, shiny membrane on the inside surface of the pericardial sac.  

Visceral pericardium = also called epicardium.  It adheres to the surface of the heart.

NOTE: Between the parietal and visceral layers of the  pericardium lies the pericardial cavity which contains a few milliliters of pericardial fluid which acts as lubrication between the two layers.

_______________________________________________________

THREE LAYERS OF THE HEART WALL

1. Epicardium = mesothelium and connective tissue

2. Myocardium = cardiac muscle tissue (thickest layer)

3. Endocardium = endothelium and connective tissue

________________________________________________________

HEART CHAMBERS

Upper chambers = atria (right atrium and left atrium)

Lower chambers = ventricles (right and left)

________________________________________________________

Starlings Law of the Heart = the greater the strech(preload),on cardiac muscle fibers, just before they contract, increases their force of contraction.  (increased stretch = increased force of contraction).

________________________________________________________

HEART VALVES (prevent backflow of blood)

Atrioventricular (AV) Valves: located between atria and ventricles.

Right AV valve = tricuspid valve

Left AV valve = bicuspid (mitral) valve

Chordae tendinae and papillary muscles keep valve flaps from turning back into the atria and stops backflow of blood.

Semilunar valves also prevent backflow of blood into the heart:

1. Pulmonary semilunar valve = valve between heart and lungs.

2. Aortic semilunar valve = valve between the heart and the rest of the body.

______________________________________________________

CORONARY CIRCULATION (the heart's own blood supply)

Right and left coronary arteries, which branch from the ascending aorta, carry oxygenated blood to the heart.

Deoxygenated blood returns to the right atrium via the main vein called the coronary sinus.
______________________________________________________

Angina pectoris = severe pain associated with reduced blood flow (ischemia) to the myocardium.

Myocardial infarction (MI) = heart attack.

MI results in the death of an area of myocardium due to a blocked blood supply (eg. thrombus or embolus).

_______________________________________________________

CARDIAC OUTPUT (CO)

CO = stroke volume times beats per minute

So, cardiac output depends on BOTH stroke volume and heart rate.

Changing heart rate is the body's MAIN mechanism for short-term control over cardiac output and blood pressure.

Normal CO = 80mls X 75 beats per minute = 6,000 mls per minute.

With increased demand, stroke volume can almost double and the heart rate can increase by 250%.

The stroke volume is the difference between the end diastolic volume (EDV) and the end systolic volume (ESV).  Changes in either EDV or ESV can change stroke volume and cardiac output.

EDV = the amount of blood a ventricle contains at the end of diastole, just before ventricular contraction occurs.

ESV = the amount of blood that remains in the ventricle at the end of ventricular systole.

ESV is influenced by preload, contractility of the ventricle, and afterload.

Preload = the degree of stretching experienced during ventricular diastole.

Starling’s Law of the Heart = increased stretch results in increased EDV (more blood in = more blood out).
Contractility = amount of force produced during a contraction at a given preload.

Afterload = the amount of tension the contracting ventricle must produce to force open the semilunar valves and eject blood.

_______________________________________________________

CARDIAC CYCLE

= the period between the start of one heartbeat and the beginning of the next is ONE cardiac cycle.

Cardiac cycle has two phases:

1. Systole (contraction)

2. Diastole (relaxation)

A cardiac cycle lasts for 0.8 seconds:

Atrial systole = 0.1 seconds (100 milliseconds)

Ventricular systole = 0.3 seconds (300 milliseconds)
Diastole = 0.4 seconds (400 milliseconds)

Note:  Cardiac muscle cells have a long refractory period which prevents tetany.

________________________________________________________

HEART RATE REGULATORS

Nervous System Control of the Heart:
1. Cardiovascular (CV) center in medulla:

a) sympathetic nerve impulses (Cardiac Accelerator Nerves) speed up heart rate and increase force of cardiac muscle contraction.

(parasympathetic impulses (Vagus Nerve) DECREASE heart rate)

b) baroreceptors and nerve cells that respond to changes in blood pressure and send messages to the CV center in the medulla.

Note: important baroreceptors are located in the arch of the aorta and carotid arteries.

2. Heart rate is also affected by hormones:

epinephrine, norepinephrine and thyroid hormones.

All increase the resting heart rate = tachycardia.

3. Other factors that affect the heart rate:

a) ions (Na+, K+, Ca++), produce action potentials in nerve and muscle fibers.

b) age: baby's heart rate is greater than 120 beats per minute.

c) sex: female heart rate is slightly higher than male.

d) physical fitness: regular exercise lowers the resting heart rate.

e) body temperature: 

fever = increased heart rate (by SA node)

hypothermia = lowered heart rate. (cold slows metabolism).

_______________________________________________________

HEART SOUNDS

A stethoscope is used for listening to the heart; a technique called “auscultation”.  
S1 (Lub) = AV valves closing. (ventricular systole begins).

Note:  S1 occurs during ISOVOLUMETRIC CONTRACTION which happens near the end of the QRS complex on the EKG.

S2 (Dup) = semilunar valves closing. (end of ventricular systole).

Note:  S2 occurs during ISOVOLUMETRIC RELAXATION which happens near the end of the “T” wave.
Isovolumetric contraction and relaxation are the only times during the cardiac cycle when ALL FOUR VALVES in the heart are CLOSED.  (Both AV valves and the aortic and pulmonary semilunar valves.)

Murmur = flow noise, usually from valve disorder.

Korotkoff sounds = various normal sounds heard while listening to the heart with a stethoscope.

ECG (ELECTROCARDIOGRAM)
P wave = depolarization of atria(Note: Both atria contract at the same time).
QRS wave = depolarization of ventricles.

(Note: Both ventricles contract at the same time and both the right and left ventricles pump the same VOLUME of blood).

T wave = Ventricles are repolarizing

___________________________________________________

***Be able to calculate the following:

1. Cardiac Output (CO)
CO = stroke volume X heart rate

Eg. CO = 80mls X 75 beats per minute = 6,000 mls per minute.

2. Mean Arterial Blood Pressure (MABP)

MABP = diastolic BP + 1/3 (systolic - diastolic)

Eg. if BP is 150/90, MABP is:

90 + 1/3 (150-90)

= 90 + 1/3 (60)

=90 + 20

so MABP = 110

3. Pulse Pressure

= systolic - diastolic

Eg. BP = 150/90

so, 150-90 = 60 mm Hg Pulse Pressure

__________________________________________________

PRESSURE IN BLOOD VESSELS

Arteries = have greatest pressure

Veins = have lowest pressure

Capillaries = have greater pressure than veins but lower than arteries

__________________________________________________

END OF CHAPTER 20 NOTES

