
Chapter 18 The Cardiovascular System II: The Blood Vessels Chapter Outline

Module 18.1 Overview of Arteries and Veins (Figures 18.1–18.3; Table 18.1)
A. Blood vessels transport blood to the tissues, where gases, nutrients, and wastes are exchanged, and then transport it back to the heart. They also regulate blood flow to tissues, control blood pressure, and secrete a variety of chemicals.
1. Describe the two circuits that carry blood through the body:  	
 	 and
 	.
2. The pulmonary and systemic circuits are composed of three kinds of blood vessels—arteries, capillaries, and veins. Describe each type of vessel.
a. Arteries  	






b. Capillaries







c. Veins







B. Structure and Function of Arteries and Veins: All blood vessels are tubular organs that contain a central space—the lumen surrounded by several tissue layers, or tunics. Three tunics of blood vessel wall are as follows (Figures 18.1–18.3):
1. The innermost tunica intima is composed of 			, which is continuous with the inner lining of the heart, the endocardium (Figure 18.1).
2. The middle layer of the blood vessel wall is the tunica media, which is composed of two layers: (1)	, and (2)
 	. The smooth muscle cells control the diameter
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of the blood vessel and therefore the amount of blood that flows to organs. Smooth muscle cells are innervated by the 	 nervous system called vasomotor nerves. Discuss vasoconstriction and vasodilation as they relate to vessel diameter.  	











3. The outermost tunica externa (adventitia) is composed of dense 		 collagenous connective tissue that supports the blood vessel and prevents it from overstretching.
4. What are two notable differences between a typical artery wall and the wall of a typical vein (Table 18.1)?
a.  	



b.




5. Arteries: The thickness of each component of the arterial wall depends on the artery’s size and function. Elastic (conducting) arteries have the largest diameter, muscular (distributing) arteries have an intermediate diameter, the smallest arteries are		, while the smallest arterioles are called	that directly feed capillary beds in most tissues. Pressure receptors, or baroreceptors, and chemoreceptors that detect blood oxygen, carbon dioxide, and hydrogen ion concentrations are found in the aorta and the common carotid artery.
6. Veins typically outnumber arteries and their lumens have a larger average diameter. Veins have the following characteristics (Table 18.1): (1) veins function as blood reservoirs, (2) blood can be diverted from the veins to other parts of the body because veins typically have much	walls, fewer	fibers, less	muscle, and larger lumens than arteries.

7. Veins are classified by their size. The smallest veins are the	, which drain blood from capillary beds. Most veins have a thin tunica
 	 with few smooth muscle cells, and their diameter changes only slightly with vasodilation and vasoconstriction. Many veins contain venous
 	 that prevent blood from flowing backward in the venous circuit.
C. Vascular anastomoses are locations where vessels connect via pathways called
collateral vessels.
Module 18.2 Physiology of Blood Flow (Figures 18.4–18.6; Table 18.2)
A. Introduction to Hemodynamics: Hemodynamics is the physiology of blood flow in the cardiovascular system. The following is a review of the basic concepts related to blood flow.
1. Gradients drive most of the processes in the body, whether concentration gradients, pressure gradients, or electrical gradients.
2. Blood pressure is the outward force exerted by blood on the walls of blood vessels. Blood pressure is highest in the large systemic	and lowest in the large systemic	.
3. The magnitude of the blood pressure gradient is one main factor that determines the blood flow, or the volume of blood that flows per minute.
a. Blood flow generally matches cardiac output and averages 5–6 liters/min. Blood flow is directly proportional to the pressure gradient, meaning that blood flow increases when the pressure gradient
 	 and vice versa.
b. The other factor that determines blood flow is resistance. Define resistance:  	
Blood flow is inversely proportional to resistance: as resistance increases, blood flow	_.
c. The velocity with which blood flows is largely determined by the cross- sectional area of the blood vessel. As the arterial system branches into more, progressively smaller vessels, the total cross-sectional area increases. This increase in area causes the velocity of blood flow to

decrease. For this reason, the velocity of blood flow is fastest in the aorta and slowest in the capillaries.
B. Factors that Determine Blood Pressure: The three main factors that influence blood pressure are (1)		, (2)	, and (3)	(Figure 18.4).
1. Peripheral resistance: Any factor that hinders blood flow through the vasculature contributes to the overall resistance of that circuit. As peripheral resistance increases, blood pressure increases. List and describe the three variables that mainly contribute to resistance:
a.  	






b.







c.








2. Cardiac output (CO) is the product of of blood pumped with each beat) times beats per minute).

(the amount (the number of

a. What are the two factors that determine the pressure gradient driving circulation?	and
 	. The relationship is expressed by this mathematical equation: 
                                      ΔP = CO × PR.
b. A pressure change (ΔP) is caused by altering cardiac output (CO) and/or peripheral resistance (PR). When cardiac output increases, blood pressure increases and vice versa.
3. Blood volume and vessel compliance: the final factor that determines overall blood pressure is the volume of blood in the circulation.

a. The total volume of blood is directly linked to the amount of
 	 in the blood. When blood contains more water, blood volume increases: as blood volume	, blood pressure
 	 and vice versa.
b. Small increases in blood volume are offset by the ability of vessels to stretch, a property known as	. What are the most compliant vessels?  		
C. Blood Pressure in Different Portions of the Circulation: Blood pressure remains fairly low throughout the pulmonary circuit but changes significantly as blood travels through the systemic circuit. Blood pressures averages about  	 mm Hg in the pulmonary circuit and about	mm Hg in the systemic circuit. (Figures, 18.5–18.6; Table 18.2).
1. Systemic arterial pressure: Blood pressure is highest in the aorta and elastic arteries and declines slightly as it spreads throughout the muscular arteries.
a. Mean arterial pressure (MAP), is the average pressure in the systemic	during an entire cardiac cycle. The MAP generally measures about		mm Hg.
b. The heart has both contraction and relaxation periods. Pressure rises during ventricular systole and declines during ventricular diastole. This leads to two separate pressures in the arteries: (1) Systolic pressure averages about	mm Hg, and (2) Diastolic pressure averages about	mm Hg when the person is at rest. The difference between the systolic and diastolic pressures, about 40 mm Hg, is known as the			.
c. Measuring the arterial blood pressure: Arterial blood pressure is usually measured in the arm with an instrument called a
 	 and a stethoscope.
d. Calculating the mean arterial pressure (MAP): MAP is approximately equal to the diastolic pressure plus one-third of the pulse pressure.

MAP = diastolic pressure + 1/3 (systolic pressure – diastolic
pressure)
2. Systemic capillary pressure: As pressure continues to decline throughout the remainder of the systemic circuit: pressure at the arteriolar end of a capillary bed is about 35 mm Hg. However, at the venular end of the capillary          bed, the pressure has decreased to about 15 mm Hg. What accounts for the decrease in pressure?  	


3. Systemic venous pressure and mechanisms of venous return: Pressure declines even further in venules and veins, dropping to about	mm Hg in the inferior vena cava and to	mm Hg in the right atrium. What accounts for the low pressure?  			
 	 (Figure 18.6). List and describe three ways in which the rate of venous return is increased.
a.  	






b.







c.







Module 18.3 Maintenance of Blood Pressure (Figures 8.6–8.9)
A. MAP must be constantly maintained around	mm Hg. Any deviation from this set point triggers mechanisms from the nervous, endocrine, and urinary systems that act to restore blood pressure to this level.
B. Short-Term Maintenance of Blood Pressure: Short-term control of blood pressure is primarily accomplished by the nervous system and certain hormones

of the endocrine system and achieved by the adjustment of resistance and cardiac output (Figures 8.7–8.8).
1. Nervous system maintenance of blood pressure: The main branch of the nervous system in control of homeostasis is the autonomic nervous system (ANS) via its two divisions: the	and
 	 nervous systems. Both divisions have immediate effects on blood pressure.
a. Sympathetic effects on blood pressure: sympathetic axons release norepinephrine and epinephrine onto cardiac muscle cells and the smooth muscle cells of blood vessels, to produce two immediate changes: (1)  	
 	, and (2)  	






b. Parasympathetic effects on blood pressure: axons of the parasympathetic system, via the vagus nerve, release acetylcholine primarily onto certain cardiac pacemaker cells and atrial cardiac muscle cells. This	the heart rate, which
 	 cardiac output and blood pressure (Figure 18.7b).
c. The baroreceptor reflex: The baroreceptor reflex arc is a negative feedback loop that responds to increases or decreases in blood pressure (Figure 18.8a). The	maneuver raises the pressure in the thoracic cavity and reduces the return of venous blood to the heart, causing a drop in blood pressure. The baroreceptor reflex is triggered, increasing heart rate.
d. Effects of peripheral chemoreceptor stimulation: The peripheral chemoreceptors respond mostly to the level of	in the blood. Although they primarily play a role in the regulation of breathing, they also affect blood pressure.
e. Effects of central chemoreceptor stimulation: The central chemoreceptors respond to decreases in the	of the interstitial

fluid in the brain, which triggers another feedback loop that indirectly increases the activity of sympathetic neurons, resulting in vasoconstriction and a rise in blood pressure.
2. Endocrine system maintenance of blood pressure: the endocrine system works with the nervous system to maintain nearly all aspects of homeostasis, including blood pressure although the hormonal responses are much slower.
a. Hormones that control cardiac output include	,
 	, and	hormone.
b. Hormones that control resistance: epinephrine and norepinephrine cause vasoconstriction and increase			, elevating blood pressure. Angiotensin-II is a vaso	and atrial natriuretic peptide (ANP) causes a mild		in peripheral resistance.
C. Long-term maintenance of blood pressure by the endocrine and urinary Systems: The long-term maintenance of blood pressure falls to the urinary system and certain hormones of the endocrine system that affect the kidneys. These systems control blood pressure by increasing or decreasing the amount of body water lost as urine, which affects blood volume.
1. The endocrine system regulates blood volume through hormones:
a. When blood pressure increases: atrial cells secrete ANP, which causes the kidneys to excrete more	and
 	 ions to decrease blood volume, and so blood pressure.
b. When blood pressure decreases: (1) ADH secretion triggers thirst and increases the amount of water retained by the kidneys,
 	 blood volume and blood pressure; (2) Renin secretion from the kidneys, triggered when the blood pressure drops, activates angiotensin-II, which induces thirst, causes  	 ion retention, and as a result increases blood volume; (3) Angiotensin- II also triggers the secretion of another hormone,

 	, which causes retention of sodium ions and water from the kidneys, increasing blood volume.
2. The urinary system controls blood volume with these responses:
a. If blood pressure increases:  	






b. If blood pressure decreases:










D. Summary of Blood Pressure Maintenance: The maintenance of blood pressure by the nervous, endocrine, and urinary systems is summarized in Figure 18.9.
E. Disorders of Blood Pressure, Hypertension, and Hypotension: Blood pressure must be maintained within a certain normal range. If the blood pressure rises too high (a condition known as		) or falls too low (a condition known as	), severe disturbances in homeostasis may result.
Module 18.4 Capillaries and Tissue Perfusion (Figures 18.10–18.12; Table 18.3)
A. Introduction to capillaries and tissue perfusion: Capillaries generally are found in clusters called	that wind their way through the cells of most tissues. The blood flow to a tissue through a capillary bed is known as tissue perfusion.
B. Capillary Structure and Function: Capillaries are extremely thin vessels, with walls that are only about 0.2 µm in thickness. Each capillary consists of only an
 	 rolled into a tube and a small amount of basal lamina secreted by the endothelial cells (Figure 18.10–18.11; Table 18.3).
1. Capillary exchange: Nutrients, gases, ions, and wastes must be able to cross the wall and travel between the blood in the capillary and the tissue cells. This movement of materials is known as capillary exchange (Figure 18.11).

2. Types of capillaries: Capillaries in different parts of the body have slightly different functions and slightly different structures. The three types of capillaries and their characteristics are as follows (Table 18.3):
 	 capillaries,	capillaries, and
 	 capillaries.
C. Blood Flow through Capillary Beds: The flow of blood that takes place within the body’s capillary beds is collectively called the  	 (Figure 18.12).
D. Local Regulation of Tissue Perfusion: Tissue perfusion is regulated by local factors within each individual tissue, known as	or self-regulation. Autoregulation ensures that the correct amount of blood is delivered to match a tissue’s level of activity. List and describe the two main types of local autoregulatory controls:
1.    	






2.







E. Tissue Perfusion in Special Circuits: Each organ has its own unique requirements in terms of blood flow and necessary nutrients.
Module 18.5 Capillary Pressures and Water Movement (Figures 18.13–18.14)
A. The movement of water across a capillary is driven by a process called
 	, which is the movement of a fluid by a force such as pressure or gravity.
B. Pressures at Work in a Capillary: What are the two basic pressures that drive water movement at work within a capillary?  	 and	. These forces promote movement in opposite directions—hydrostatic pressure drives water out of the capillary, whereas osmotic pressure generally draws fluid into the capillary. (Figure 18.13).

1. Hydrostatic P\pressure is the force that a fluid exerts on the wall of its container. Blood pressure is equal to hydrostatic pressure.
a. What creates hydrostatic pressure?  	



b. Fluid flows through from an area of higher hydrostatic pressure to the area of lower hydrostatic pressure through the capillaries until the gradient is extinguished. This fluid flow is a passive process known as filtration.
c. Hydrostatic pressure in a capillary changes from its arteriolar end, where it measures about	mm Hg, to its venular end, where it measures about	mm Hg. The hydrostatic pressure of the interstitial fluid is so low that it is functionally 0 mm Hg. Thus, there are steep hydrostatic pressure gradients on both ends of the capillary that drive water out of the capillary and into the interstitial fluid.
2. Osmotic pressure: Osmosis involves the movement of water from a solution with a lower solute concentration to one with a higher solute concentration.
a. What creates osmotic pressure?  	







b. The osmotic pressure of capillary blood is about

mm Hg. This


osmotic pressure is created almost exclusively by large proteins in the blood, especially the protein	. These proteins are too large to leave the capillary, so osmotic pressure remains consistent throughout the capillary’s length while this pressure is very low in the interstitial fluid.
c. This difference in osmotic pressure creates an osmotic pressure gradient known as the colloid osmotic pressure (COP), or the oncotic pressure. Colloid osmotic pressure draws water into the capillary by osmosis, a process known as	.
C. Capillary Net Filtration Pressure: Colloid osmotic pressure and the hydrostatic pressure gradient drive water in opposite directions. Hydrostatic pressure pushes

water out of the capillary and colloid osmotic pressure pulls water into the capillary. The difference between these gradients is the  	
 	.
1. At the capillary’s arteriolar end, the NFP is 13 mm Hg. This force drives water out of the capillary by	because hydrostatic pressure is greater at this end.
2. At the capillary’s venular end, the NFP is –7 mm Hg. NFP is a negative number, which means that water flows into the capillary. Colloid osmotic pressure is greater and water is absorbed into the capillary by osmosis.
D. Edema is a condition characterized by an excessive amount of water in the interstitial fluid. List some common causes of edema: (1)  	
 		, (2)	, or (3)
 	, or (4)	, etc.
Module 18.6 Anatomy of the Systemic Arteries (Figures 18.15–18.22; Table 18.4)
A. The largest artery in the body is the aorta, which begins at the left ventricle and has four divisions (Figure 18.15; Table 18.4).
1. The	aorta is the initial portion that travels superiorly. The right and left coronary arteries that supply the myocardium branch from the ascending aorta.
2. The ascending aorta curves to become the aortic		, which has the following three large branches: (1)  			 (brachiocephalic trunk), which quickly branches into the right common carotid artery and the right subclavian artery; (2) the  		  carotid artery, (3) the left	artery.
3. The aortic arch turns inferiorly to become the descending thoracic aorta, which supplies thoracic structures.
4. The descending thoracic aorta enters the abdominopelvic cavity to become descending abdominal aorta, whose branches supply the abdominal viscera: right and left common	arteries split into the internal iliac

arteries, which supply pelvic structures, and the external iliac arteries, which supply the lower limbs.
B. Arteries of the Head and Neck: The arterial supply to the head and neck comes primarily from the right and left common carotid arteries, with some contributions from the subclavian arteries (Figures 18.16–18.17; Table 18.4):
1. The common carotid arteries split into the following two branches:  	
 	, which supplies the superficial structures of the head and face, and the		, which supplies the brain.
2. Blood supply of the neck, face, and superficial head: The external carotid artery divides into several branches that serve the neck, face, and superficial structures of the head.
3. Blood supply of the brain: The majority of the brain’s blood supply comes from the two internal carotid arteries, which branch inside the skull. The following arteries are part of a circular anastomosis known as the cerebral arterial circle, or circle of Willis: anterior and posterior  	 arteries, anterior and posterior	arteries, and internal
 	 artery.
C. Arteries of the Thorax: The blood supply to the thorax and the thoracic organs is derived from branches of the subclavian arteries and the descending thoracic aorta (Figure 18.18; Table 18.4).
D. Arteries of the Abdominal Organs: The following arteries serve the following regions of the abdomen (Figure18.19; Table 18.4): superior epigastric artery, lumbar arteries, and branches of the descending abdominal aorta. Branches of the descending abdominal aorta, listed from superior to inferior, include the inferior phrenic arteries; the celiac trunk which gives rise to the  	 artery,	artery, and the left	artery; the middle mesenteric arteries, superior mesenteric artery, renal arteries, gonadal arteries, and the inferior mesenteric artery. Branches of the two internal
 	 arteries supply the majority of the remaining structures in the abdominopelvic cavity and the pelvic musculature.

E. Arteries of the Upper Limb: The arterial supply of the upper limb is derived entirely from the		artery, which changes its name in the axillary region to become the axillary artery (Figure 18.20; Table 18.4). The axillary artery gives off several branches that supply muscles and other tissues around the axilla, including the brachial artery. The branches of the brachial artery include the lateral	artery and the medial	artery. The radial and ulnar arteries supply structures of the forearm and terminate in the palm, in arterial anastomoses called the superficial and deep palmar arches.
F. Arteries of the Lower Limb: The femoral artery, the distal continuation of the external iliac artery, is the main artery serving the lower limb. The following are branches of the femoral artery (Figure 18.21; Table 18.4): deep femoral artery, popliteal artery, anterior tibial artery, posterior tibial artery, dorsalis pedis artery, medial and lateral plantar arteries, and plantar arch.
G. Pulse Points: Blood pressure in systemic arteries is pulsatile; it increases during ventricular systole and decreases during ventricular diastole. Many superficial
 	 can be used to assess heart rate and blood flow (Figure 18.22).
 Module 18.7 Anatomy of the Systemic Veins (Figures 18.23–18.29: Table 18.5)
A. Introduction to the Systemic Veins: Deoxygenated blood that has traveled through capillary beds drains into systemic	to be returned to the heart.
1. Most veins superior to the diaphragm drain into the two brachiocephalic veins, which merge to form the superior vena cava (Figure 18.23).
2. Venous blood from the lower limbs and pelvis drains into the external and internal iliac veins, respectively, which merge to form the common iliac veins. The common iliac veins merge to form the	vena cava that terminates in the right atrium.
B. Veins of the Head and Neck: Three main veins drain the head and neck: the deep internal jugular and vertebral veins, and the superficial external jugular vein. The external jugular and vertebral veins empty into the	vein which merges with the internal jugular vein to become the  		 vein (Figure 18.24).

1. Venous drainage of the neck, face, and scalp: The veins that drain the face share the same names with many of the arteries that supply this region. The superficial temporal, facial, and maxillary veins drain into both the internal and external	veins.
2. Venous drainage of the brain: Blood from the brain capillaries drains into cerebral veins, and then into	sinuses, which receive cerebrospinal fluid and allows this fluid to return to the circulation (Figure 18.25).
C. Veins of the Thorax and Abdomen: The venous drainage of the thorax and abdomen is more complicated than their arterial supply, although many vessels do share the same names (Figure 18.26).
1. Venous drainage of the thoracic and abdominal walls: The anterior thorax is drained primarily by the internal thoracic veins, which empty into the brachiocephalic veins, and the anteroinferior abdomen is drained by the inferior epigastric veins, which empty into the external		veins. The posterior thoracic and abdominal walls are drained by an entirely different system collectively called the	system (Figure 18.26).
2. Venous drainage of the pelvic and abdominal organs: The pelvic organs are drained by veins that merge into the internal iliac vein, which then empties into the common	vein. The common iliac veins, as well as several veins of the abdominopelvic cavity, drain directly into the
 	 vena cava (Figure 18.27a).
3. The hepatic portal system: The superior and inferior mesenteric veins do not drain into the inferior vena cava. Instead, they merge with and drain into a large vein that enters the liver, called the	vein (Figure 18.27b). This special type of circuit in which veins feed a capillary bed is known as a portal system and this in this case the hepatic portal system.
D. Veins of the Upper Limb: The venous drainage of the upper limb consists of a superficial system and a deep system (Figure 18.28).

1. The superficial venous system begins in the hand with the  	
 	 arch, which drains into a set of highly anastomosing veins in the hand and wrist whose anatomy often varies from person. The most common venous pattern in the forearm includes the cephalic vein, the median antebrachial vein, and the basilic vein (Figure 18.28b). In the antecubital fossa, a small oblique vein called the	vein often connects the cephalic and basilic veins.
2. The deep venous system also begins in the hand with the palmar venous arches. These anastomosing vessels drain into the	and
 	 veins.
E. Veins of the Lower Limb: Veins of the lower limb are divided into a superficial system and a deep system (Figure 18.29).
1. The superficial system begins with the dorsal venous arch in the foot; this drains into the anastomosing great and small saphenous veins in the ankle and leg. The great saphenous vein empties into the	vein in the proximal thigh. The small saphenous vein empties into the
 	 vein.
2. The deep veins of the foot drain into the medial and lateral plantar veins, which drain into the anterior and posterior tibial veins in the ankle and leg and merge to form the	vein, which becomes the
 	 vein and finally becomes the external iliac vein.
3. [bookmark: _GoBack]Table 18.5 summarizes the major veins of the body.
