Module E – The Circulatory System

Chapter 5
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I. Introduction

A. Oxygen delivery is dependent on adequate blood flow.  When blood flow is inadequate, alveolar ventilation is of little value.

II. Circulatory System

1. Blood

2. Heart

3. Vascular system

III. Blood

A. Composition

1. Cells

a. Erythrocytes (red blood cells)

b. Leukocytes (white blood cells)

c. Thrombocytes (platelets)

2. Plasma

B. Erythrocytes

1. Constitutes the major portion of the blood cells

2. Healthy male:  5 million/cubic mm

3. Healthy female:  4 million/cubic mm

4. The % of RBC in relation to total blood volume is the hematocrit.
a. Normal hematocrit is 45% in the adult male and 42% in the adult female (40 – 50%).

b. Low hematocrit = anemia

c. High hematocrit = polycythemia 

d. Abbreviation is Hct

5. The RBC appears as biconcave discs about 7.5 microns in diameter and 2.5 microns in thickness.

6. Produced in the bone marrow.

7. Produced at a rate of 2 million cells per second.

8. An equal number of cells are destroyed each second by the spleen and liver.

9. Life span of the RBC is 120 days.

10. Major constituent of RBC is hemoglobin, which is responsible for the transport of O2 and CO2.

a. Normal Hemoglobin value is 12 – 16 gm/100 mL blood or (gm/dL).

b. 1.34 mL oxygen is carried per gram of Hemoglobin.

c. Low Hb is called anemia.

d. High Hb is called polycythemia.

C. Leukocytes

1. The function of the leukocyte is to protect the body against the invasion of bacteria and other foreign agents that can harm the body.  

2. Leukocytes fall into two major categories: 

a. Granulocytes: Polymorphonuclear granulocytes which are produced in the red bone marrow.

i. Neutrophils are the most active WBC in response to tissue destruction by bacteria.

· They are one type of phagocyte that ingest and destroy particulate matter.

· Neutrophils release an enzyme called lysozyme which destroys bacteria

· An elevated neutrophil count suggests a bacterial infection.

· Neutrophils are divided into bands and segments
· Bands are immature cells (4% of WBCs); increase with bacterial infections.

· Segments are mature cells (60% of WBCs); decrease with bacterial infections

· A shift to the left means an increased number of immature bands and represents a bacterial infection.

ii. Basophils are also thought to combat allergic reactions.

iii. Eosinophils are increased in association with an allergic condition or asthma.  

· Eosinophils are thought to combat the allergen responsible for the allergic reaction.

b. Mononuclear or nongranulated cells which are produced in lymphoid and myeloid tissue.

i. Monocytes are increased in response to a chronic infection (tuberculosis)

· Monocytes take a longer time to reach the site of infection but when they do arrive they do so in greater number and destroy more bacteria.

ii. Lymphocytes are involved in the production of antibodies, which are special proteins that inactivate antigens.

3. Leukocytes are far less numerous than the red blood cells, averaging between 5000 to 10,000 cells per cubic millimeter  (cu mm).

4. Leukocytosis is an increased WBC count

5. Leukopenia is a decreased WBC count

6. Differential count is the number of each type of white blood cell in every 100 white cells

a. Neutrophils: 60 – 70%

b. Lymphocyte: 20 – 25%

c. Eosinophils: 2 – 4%

d. Monocytes: 3-8%

e. Basophils: 0.5 – 1%

D. Thrombocytes

1. Blood platelets: Smallest of the formed elements in the plasma.

2. Normal platelet count is 150,000 – 400,000 cu mm.

3. Responsible for blood coagulation.

4. Decreased values are associated with decreased bone marrow function

5. Platelets contain serotonin which when released, causes smooth muscle constriction and reduced blood flow.

E. Plasma

1. When all cells are removed from the blood, a straw colored liquid called plasma remains.

2. Plasma constitutes 55% of the total blood volume.

3. Approximately 90% of plasma is water the remaining is proteins, electrolytes gases, hormones, vitamins and waste products.

F. Serum
1. Serum is plasma without fibrinogen and several other proteins involved in the clotting mechanism.

G. Electrolytes
1. Electrolytes are positive and negative ions found in the bloodstream .

a. Na+: 135 – 145 mEq/L

b. K+: 3.5 – 5.0 mEq/L

c. Cl: 95 – 105 mEq/L

d. HCO3–: 22- 26 mEq/L

IV. HEART
A. Description

1. Hollow, 4-chamber, muscular organ approximately the size of your fist.  

2. Upper chambers are the right and left atria.

3. Lower chambers are the right and left ventricles.

4. The atria is separated by a thin muscular wall called the interatrial septum,

5. A thick muscular wall called the interventricular septum separates the ventricles.

6. The heart operates as two separate pumps:

a. The right atria and right ventricle act as one pump, pumping blood to the pulmonary circulation.

b. The left atria and left ventricle as another, pumping blood to the systemic circulation.

7. The heart is covered by the visceral (inner) and parietal (outer) pericardium.

8. The three heart layers are the endocardium, myocardium and epicardium.

B. Blood Flow Through the Heart

1. Deoxygenated, venous blood enters the Inferior and Superior Vena Cava (IVC & SVC).

a. This blood is high in CO2 and low in O2.

2. Right Atrium

3. Tricuspid valve 

a. Three leaflets or cusps held in place by the chordae tendineae
i. Chordae tendineae are secured to the ventricle by the papillary muscles.

4. Right Ventricle

5. Pulmonic Valve 

6. Right and left pulmonary arteries 

a. Only arteries in adult circulation to carry deoxygenated blood.

7. Lungs

8. Pulmonary veins 

a. Four in number; 2 from each lung. 

b. Blood is now fully oxygenated.

9. Left atrium 

10. Bicuspid valve (mitral valve)

a. Two cusps

b. Also held in place by the chordae tendineae and papillary muscles.

11. Left ventricle

12. Aortic Valve

13. Aorta

14. Aortic Arch 

a. Brachiocephalic artery (innominate)

i. Right common carotid

ii. Right subclavian

b. Left common carotid

c. Left subclavian

C. Blood Supply of the Heart

1. Blood supply that nourished the heart originates directly from the aorta by means of two arteries:

a. Left coronary artery 

i. Divides into 

· Left Circumflex  (runs posteriorly and supplies the lateral wall of the heart and inferior diaphragmatic surface).

· Left Anterior Descending (Supplies anterior surface of left ventricle, right ventricle and septum).

b. Right coronary artery (Supplies right ventricle and posterior portion of the septum).

2. The coronary arteries feed the heart muscle during diastole or when the heart is resting.

3. The heart receives about 5% of the cardiac output at rest.  

4. The venous blood from the heart returns to the right atrium via the coronary sinus.
5. Some blood also returns to the ventricular chambers via the Thebesian veins.  These veins may carry oxygenated blood from the ventricle backward into the muscular walls to supply the inner musculature with nutrients.

D. Conduction System of the Heart

1. The heart is innervated with sympathetic and parasympathetic neurons that can excite or inhibit the natural pacemaker of the heart, the sinoatrial node (SA node)
a. SA Node
i. Located in the upper portion of the right atrium.

ii. Possesses the property of automaticity.
b. Atrioventricular node (AV node) 

c. Bundle of His

d. Right bundle branch

e. Left bundle branch

i. Left anterior division (left anterior fascicular branch).

ii. Left posterior division (left posterior fascicular branch).

f. Purkinje fibers

2. Sympathetic stimulation increases the force and rate of contraction.

3. Parasympathetic stimulation decreases the force and rate of contraction.

a. Vagal stimulation

E. Electrocardiogram

1. The electrical impulses that travel through the conduction system of the heart can be recorded as an electrocardiogram (ECG or EKG) by means of electrodes placed on the surface of the body.  

2. Depolarization means contraction of heart.

a. It is the changing of the intracellular charge from a negative charge to a positive one. 

3. Repolarization means recovery or relaxation of the heart.

a. It is the changing of the intracellular charge from a positive charge back to the resting negative state.

4. ECG of a normal cardiac cycle

a. P wave represents atrial depolarization

b. QRS complex represents ventricular depolarization

c. T wave represents ventricular repolarization 

F. Cardiac Rate

1. Sinus node normally fires at a rate of 60 – 100/min

2. AV node normally fires at a rate of 40 – 60/min

3. Ventricles (Purkinje fibers) fire at a rate of 30 – 40/min

4. The heart rate of a newborn is 120 – 160/min

V. Pulmonary and Systemic Vascular Systems

A. The vascular network is composed of two major subdivisions

1. Systemic system

a. The systemic system begins with the aorta and ends in the right atrium.

2. Pulmonary system

a. The pulmonary system begins with the pulmonary artery and ends in the left atrium.

B. Both systems are composed of arteries, capillaries, venules and veins.

C. Arteries carry blood away from the heart and veins carry blood back to the heart.

1. Arteries 

a. Strong, elastic vessels capable of carrying blood under high pressure.

b. They carry oxygenated blood (except for pulmonary arteries).

c. They subdivide as they move away from the heart into smaller vessels called arterioles.

d. Arterioles play a role in the distribution and regulation of blood pressure and are called resistance vessels.
2. Capillary

a. Site of gas exchange.

i. External respiration (exchange of gases between the alveoli and the capillaries).

ii. Internal respiration (exchange of gases between the blood and tissues)

3. Venules

a. Conduit between the capillaries and the veins.

4. Veins

a. These vessels are capable of holding large amounts of blood with very little pressure change.

b. Veins are called capacitance vessels.
c. Approximately 60% of the body’s total blood volume is contained within the venous system

VI. Neural Control of the Vascular System

A. Sympathetic Control

1. Pulmonary arterioles and arterioles in the systemic circulation.

2. Sympathetic fibers are found in the arteries, arterioles and to a lesser degree, the veins.

3. Controlled by the Vasomotor Center (Medulla Oblongata).
a. Medulla oblongata controls the number of sympathetic impulses sent to the vascular system.

b. The vasomotor center transmits a continual stream of sympathetic impulses to the blood vessels in a moderate state of constriction all the time

c. This state is called vasomotor tone.

i. The vasomotor center coordinates both vasoconstriction and vasodilation by controlling the number of sympathetic impulses that leave the medulla.  

ii. When the vasomotor center is activated to constrict a particular vascular region, (more than the normal state of constriction) it does so by increasing the number of sympathetic impulses to that vascular area.  In contrast, the vasomotor center initiates vasodilation by reducing the number of sympathetic impulses sent to a certain vascular region.

iii. Working together, the vasomotor center and the cardiac centers in the medulla oblongata regulate the arterial blood pressure in response to signals received from special pressure receptors located throughout the body.  These pressure receptors are called arterial baroreceptors.  
B. Baroreceptor Reflex

1. Pressoreceptors (baroreceptors) are specialized stretch receptors located in the walls of the carotid arteries and the aorta.

2. Carotid Artery Baroreceptors are found in the carotid sinuses high in the neck where the common carotid arteries divide into the internal and external carotid artery.

a. The walls of the carotid sinuses are thin and contain a large number of branching, vine-like nerve endings that are sensitive to stretch or distortion.  

b. The afferent fibers from the carotid sinuses travel with the glossopharyngeal nerve (ninth cranial nerve) to the medulla.

3. Aortic Baroreceptors are located in the aortic arch.

a. Afferent fibers from the aortic arch baroreceptors travel with the vagus nerve (10th cranial nerve).

4. Function of the baroreceptors.

a. The function of baroreceptors is to regulate blood pressure by initiating reflex adjustments to deviations in blood pressure.  

b. When arterial blood pressure decreases, neural impulses transmitted from the baroreceptors to the vasomotor and cardiac centers in the medulla also decrease this causes the medulla to increase sympathetic activity which in turn causes an increase in myocardial force, heart rate, and arterial constriction.

c. This raises the cardiac output and increases SVR, which returns blood pressure to normal when blood pressure increases, the neural impulses also increase and which causes the medulla to decrease sympathetic activity, which decreases CO and SVR.

d. The baroreceptors are only short-term regulators of blood pressure.  If factors causing blood pressure to move away from normal, persists for a few days, the arterial baroreceptors will eventually come to accept the new pressure as normal.

e. In patients with high blood pressure, the baroreceptors still operate but at a higher level, their operating point is reset at a higher level

5. Other baroreceptors

6. Baroreceptors are also found in the large arteries, large veins, and cardiac walls.

VII. Pressures in the Pulmonary and Systemic Vascular Systems

A. Pressure Types

1. Intravascular pressure: The actual blood pressure in the lumen of any vessel at any point, relative to the barometric pressure.

a. Also called intraluminal pressure

2. Transmural pressure: The difference between the intravascular pressure of a vessel and the pressure surrounding the vessel.

3. Driving pressure: The difference between the pressure at one point in a vessel and the pressure at any point downstream in the vessel.
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B. The Cardiac Cycle

1. Arterial Blood Pressure

a. Pressures rise and fall in a pattern that corresponds to the phases of the cardiac cycle.

b. When the ventricles contract (ventricular systole) blood is forced into the pulmonary artery and aorta and the pressure increases sharply.  This pressure is called systolic pressure.
c. When the ventricles relax (ventricular diastole), the arterial pressure drops.  The lowest pressure that remains in the arteries prior to the next ventricular contraction is the diastolic pressure.
d. The normal blood pressure in the systemic system is 120/80 mm Hg.

2. Pulmonary Blood Pressure

a. The normal blood pressure in the pulmonary system is 25/8 mm Hg.

b. The pulmonary circulation is a low-pressure system.

c. The mean pressure in the pulmonary artery is 10 – 20 mm Hg with an average of 15 mm Hg.

d. The pressure in the left atrium is 5 mm Hg; therefore the driving pressure needed to move blood through the lungs is 10 mm Hg (Mean Pulmonary Artery pressure (MPAP) – Left Atrial Pressure (LAP).

e. In contrast, the mean aortic pressure (MAP) is 100 mm Hg and the right atrial pressure (RAP or CVP) is 2 mm Hg making the driving pressure through the systemic system about 98 mm Hg.  This is about 10 times greater than the pulmonary circulation

3. Pulse

a. The expansion and contraction of the artery walls in the systemic circulation is felt as a pulse.  The pulse can be detected in the following locations 

i. Radial artery

ii. Carotid artery

iii. Brachial artery

iv. Femoral artery

