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Detailed Chapter Summary
Chapter 21, The Circulatory System III—Blood Vessels
21.1 General Anatomy of the Blood Vessels (p. 564)

1. Arteries are efferent blood vessels; they carry blood away from the heart. Veins are afferent blood vessels; they carry blood back to the heart. Capillaries are short, microscopic blood vessels that connect the smallest arteries to the smallest veins.

2. Arteries and veins have three layers: an outer tunica externa of loose connective tissue; a middle tunica media of smooth muscle and connective tissue; and an inner tunica interna consisting of an endothelium overlying a basement membrane and thin connective tissue layer. In large and medium arteries, there is an internal elastic lamina at the boundary between the interna and media, and external elastic lamina at the boundary between media and externa.
3. Arteries are called resistance vessels because, with their muscular and elastic tissue, they are able to resist surges in blood pressure generated by the beating heart.
4. Although there is a gradual transition from one type of artery to another, they can be classified into three general types: large conducting arteries with an abundance of elastic connective tissue in the tunica media, adapted to withstanding blood pressure; medium distributing arteries with a more muscular tunica media; and smaller resistance arteries with a thinner wall of smooth muscle in the media. The smallest resistance arteries are arterioles.
5. Metarterioles link arterioles to blood capillaries. They have no continuous tunica media, but have a circular cuff of smooth muscle, the precapillary sphincter, at the beginning of each capillary.

6. Some of the great arteries above the heart have special sense organs in their walls: a pair of baroreceptors (blood pressure monitors) called carotid sinuses, and chemoreceptors (blood chemistry monitors) called carotid bodies and aortic bodies. These receptors communicate with the brainstem by way of the glossopharyngeal and vagus nerves and trigger corrective responses in heartbeat, vasomotion, and breathing to maintain a normal blood pressure, pH, and CO2 and O2 levels.

7. Blood capillaries have only an endothelium (no tunica media or externa) and basal lamina. They are the main point at which materials leave the bloodstream for the tissue, or return from the tissue fluid to the blood. Some capillaries are narrower than an RBC, and few cells in the body are more than four to six cell widths away from the nearest capillary.
8. Continuous capillaries form a continuous tube with only narrow intercellular clefts between their endothelial cells. Fenestrated capillaries have endothelial cells perforated by patches of filtration pores (fenestrations). Sinusoids are irregular blood-filled spaces with wide gaps between their endothelial cells.

9. Substances can pass through a capillary wall through the intercellular clefts, through the filtration pores of fenestrated endothelial cells, and through the plasma membranes and cytoplasm of endothelial cells.
10. Capillaries are arranged in networks called capillary beds, supplied by a metarteriole and drained by venules and thoroughfare channels.

11. Veins are under relatively low blood pressure. Consequently they are thin-walled and they stretch and accommodate more blood than any other vessels; they are therefore called capacitance vessels. 
12. The smallest veins are the postcapillary venules. These are very thin-walled and are another point of fluid exchange with the tissues. They converge to form larger muscular venules, then medium veins, and finally large veins. Even large veins have thinner, less muscular walls than arteries of comparable size. Venous sinuses have large lumens, thin walls, and no muscle.

13. Medium veins in the limbs have valves to help produce a one-way flow of blood.

14. Although systemic blood usually passes through one bed of capillaries in a single trip around the body, there are exceptions: portal systems, in which it passes through two consecutive capillary beds before returning to the heart, and arteriovenous anastomoses, in which it passes directly from an artery to a vein and returns to the heart without passing through any capillaries at all. There also are arterial anastomoses where two arteries converge, and venous anastomoses that form shortcuts from one vein to another, bypassing capillaries.
21.2 The Pulmonary Circuit (p. 572)

1. The pulmonary circuit begins with the pulmonary trunk, which arises from the right ventricle of the heart and branches into the right and left pulmonary arteries to the lungs. These divide into one or more lobar arteries for each lobe of the respective lung. Finer branches lead to capillaries around the pulmonary alveoli, where gas exchange occurs.

2. Blood exits the lungs by way of veins that converge to form two left and two right pulmonary veins, all of which enter the left atrium of the heart. 
3. The pulmonary circuit serves only for unloading CO2 and loading O2. Unlike veins and arteries elsewhere, here the veins carry well oxygenated blood and arteries carry oxygen-poor blood.

4. The lung tissue receives nourishment and waste removal by a separate set of vessels, the bronchial arteries of the systemic circuit.

21.3 Systemic Vessels of the Axial Region (p. 573)

1. The ascending aorta arises from the left ventricle and immediately gives off the two coronary arteries to the heart wall. It continues as the aortic arch, which gives off three large arteries to the neck, head, and upper limbs: the brachiocephalic trunk, left common carotid artery, and left subclavian artery. Beyond the arch, the aorta turns downward and continues as the descending aorta, divided into thoracic and abdominal regions (table 21.1).

2. Four arteries ascend each side of the neck: the common carotid artery, the vertebral artery, the thyrocervical trunk, and the costocervical trunk (table 21.2, part I).

3. The common carotid arteries ascend beside the trachea and branch into an external carotid artery, supplying mainly head tissues external to the cranium, and internal carotid artery, supplying mainly the brain. The external carotid gives off superior thyroid, lingual, facial, occipital, maxillary, and superficial temporal arteries, in that order. The internal carotid gives off the ophthalmic, anterior cerebral, and middle cerebral arteries (table 21.2, part II).

4. The vertebral arteries converge to form a single median basilar artery along the anterior aspect of the brainstem. It supplies branches to the cerebellum and pons of the brain and to the inner ear.  
5. The basilar artery and two internal carotid arteries converge on the cerebral arterial circle at the base of the brain, surrounding the pituitary gland. The arterial circle gives off anterior and posterior cerebral arteries and often has short anastomoses called anterior and posterior communicating arteries that complete the circle (table 21.2, parts III–IV).

6. Blood drainage from the brain flows into numerous dural venous sinuses, including the superior sagittal, inferior sagittal, transverse, and cavernous sinuses. The greatest outflow from these sinuses is via the internal jugular vein, which courses down the neck, deep to the sternocleidomastoid muscle, to drain into the subclavian vein. The external jugular and vertebral veins drain more superficial structures of the head and neck and empty separately into the subclavian (table 21.3).

7. The thoracic aorta gives off bronchial, esophageal, and mediastinal arteries to the thoracic viscera; posterior intercostal and subcostal arteries to the skin, thoracic muscles, vertebrae, and other structures; and superior phrenic arteries to the diaphragm (table 21.4, parts I–II).

8. Continuing through the shoulder, the subclavian artery gives off the internal thoracic artery to the breast, pericardium, diaphragm, ribs, and intercostal muscles, then continues through the armpit as the axillary artery. 

9. The axillary artery gives off the thoracoacromial trunk, lateral thoracic artery, and subscapular artery to the breast and numerous muscles of the shoulder, brachial, and thoracic regions (table 21.4, part III) before entering the arm.
10. The thorax is drained in part by several small tributaries that flow into the subclavian and brachiocephalic veins. The right and left braciocephalics join to form the superior vena cava, which empties into the right atrium of the heart (table 21.5, part I).

11. The thorax is also drained by the azygos system. The major veins of this system are the azygos vein on the right and the hemiazygos and accessory hemiazygos veins on the left. These veins receive blood from most of the posterior intercostal veins and carry it to the superior vena cava. They also receive blood from the subcostal veins, ascending lumbar veins of the abdomen, and esophageal, mediastinal, pericardial, and bronchial veins (table 21.5, part II).

12. As it descends through the abdominal cavity, the abdominal aorta gives off inferior phrenic arteries, the celiac trunk, and the superior mesenteric, middle suprarenal, renal, ovarian or testicular, inferior mesenteric, lumbar, and median sacral artery. It then ends by  branching into two common iliac arteries (table 21.6, part I).

13. The celiac trunk provides a complex, anastomosing blood supply to the upper digestive tract and some other organs. Its three primary branches are the common hepatic, left gastric, and splenic arteries. The various subdivisions of these arteries supply the liver, gallbladder, pancreas, spleen, greater omentum, lower esophagus, stomach, and duodenum (table 21.6, part II).

14. The superior mesenteric artery gives rise to the inferior pancreaticoduodenal, jejunal, ileal, ileocolic, and right and middle colic arteries. It supplies nearly all of the small intestine and the proximal half of the large intestine. The inferior mesenteric artery gives off the left colic, sigmoid, and superior rectal arteries, serving the distal half of the large intestine (table 21.6, part III).

15. In the pelvic region, the common iliac artery branches into the external and internal iliac arteries. The internal iliac divides into posterior and anterior trunks. Subdivisions of these trunks supply the urinary bladder and ureters, rectum, penis and clitoris, and muscles, bones, and skin of the pelvic and femoral regions and contents of the lower vertebral canal (table 21.6, part IV).

16. Ascending the pelvic region, the internal and external iliac veins join to form the common iliac vein, and the two common iliacs merge to form the inferior vena cava (IVC). The IVC provides the major venous drainage of the pelvic region and abdomen. As it continues its ascent in the abdominal cavity, it receives the lumbar veins, ovarian or testicular veins, and the renal, suprarenal, hepatic, and inferior phrenic veins. It then enters the thorax and empties into the right atrium of the heart (table 21.7, part I)

17. Right and left ascending lumbar veins drain the abdominal wall, anastomose with the IVC, then penetrate the diaphragm and continue as the azygos and hemiazygos veins, respectively (table 21.7, part II).

18. Blood from the stomach, intestines, pancreas, gallbladder, and spleen flows to the liver by way of the hepatic portal system. The splenic vein receives the pancreatic veins, inferior mesenteric vein, and finally the superior mesenteric vein. From there it continues as the hepatic portal vein, which picks up the cystic vein and gastric veins, then enters the liver. This blood filters through the hepatic sinusoids, then exits the liver via the two hepatic veins, which empty into the IVC (table 21.7, part III).

21.4 Systemic Vessels of the Appendicular Region (p. 590)

1. Blood flow to the upper limb follows the subclavian, axillary, and brachial arteries into the arm, in that order. The brachial artery descends through the arm and gives off the deep brachial and superior ulnar collateral arteries; the deep brachial flows into the radial collateral artery (table 21.8, part I).

2. Near the elbow, the brachial artery branches into the radial and ulnar arteries of the forearm. The ulnar gives rise (indirectly) to anterior and posterior interosseous arteries. The radial and ulnar arteries anastomose in a pair of palmar arches at the wrist, and these give off branches to the hand and fingers (table 21.8, part II).

3. Superficial venous drainage of the upper limb includes the dorsal venous network of the hand, flowing into the cephalic and basilic veins of the forearm. The median antebrachial vein drains the superficial palmar venous network of the hand and empties into the cephalic, basilic, or median cubital vein. The  median cubital vein is a short anastomosis that joins the cephalic and basilic at the elbow; it is a commonly used site for drawing blood (table 21.9, part I).

4. Deep venous drainage of the upper limb includes a pair of venous palmar arches, which drain into a pair of radial veins laterally and a pair of ulnar veins medially. These lead to two brachial veins, one formed by convergence of the radial veins and the other by convergence of the ulnar veins. The brachial veins join the basilic vein. This union forms the axillary vein, which continues into the shoulder and becomes the subclavian vein (table 21.9, part II).

5. Arterial flow to the lower limb comes from the external iliac artery, which supplies some structures of the pelvic region, then continues into the thigh as the femoral artery. The femoral artery gives off the deep femoral and two circumflex femoral arteries, then continues its descent, becoming the popliteal artery at the back of the knee and finally branching into the anterior and posterior tibial arteries just below the knee (table 21.10, part I).

6. The anterior tibial artery descends to the ankle and gives rise to the dorsal pedal and arcuate artery of the foot. The posterior tibial artery branches at the ankle to produce the medial and lateral plantar arteries. The lateral plantar leads to the deep plantar arch, which in turn gives off arteries to the toes. The fibular artery arises from the posterior tibial artery near the knee and ends in a network of small vessels in the heel (table 21.10, part II).

7. Blood from the toes and foot drains partly into a superficial dorsal venous arch of the foot, which drains on the lateral and medial sides into the small saphenous and great saphenous veins, respectively. The small saphenous vein ends at the knee by draining into the popliteal vein, whereas the great saphenous vein extends to the groin and empties into the femoral vein (table 21.11, part I).

8. The deep plantar venous arch of the foot drains the toes and gives rise to lateral and medial plantar veins. These, in turn, produce two posterior tibial veins and two fibular veins that ascend the leg and converge into a single posterior tibial and fibular vein higher up. Convergence of those two produces the popliteal vein of the knee. A pair of anterior tibial veins arise from the dorsal venous arch and empty into the popliteal vein (table 21.11, part II).

9. Above the knee, the popliteal vein continues as the femoral vein. The femoral vein receives the deep femoral vein, which drains the muscles and bone of the thigh, then joins the great saphenous vein to become the external iliac vein. In the pelvic region, the external iliac joins the internal iliac and their union forms the common iliac vein (table 21.11).

21.5 Developmental and Clinical Perspectives (p. 601)

1. Angiogenesis is the development of new blood vessels. Its first embryonic traces are the blood islands of the yolk sac. Cells in the middle of a blood island develop into hemoblasts, which give rise to blood cells, and cells on the periphery become angioblasts, which differentiate into the blood vessel endothelium. Convergence of blood islands gives rise to an irregular network of channels in the embryo that later become remodeled into tubular blood vessels.

2. Like other vertebrate embryos, the human embryo develops six pairs of aortic arches that connect the aortic sac of the heart with a pair of long dorsal aortae. Little becomes of arches I, II, and V in humans, but arch III becomes the common carotid artery and part of the internal carotid; arch IV on the right becomes the mature aortic arch; and arch VI gives rise to the pulmonary arteries.

3. The two dorsal aortae fuse into a single dorsal aorta, which gives off numerous intersegmental arteries. Most intersegmental arteries degenerate, but some remain as the adult intercostal, lumbar, and common iliac arteries.

4. Venous drainage of the embryonic body is mainly by way of the anterior and posterior cardinal veins. Other major veins are the vitelline and umbilical veins, draining the yolk sac and placenta, respectively. The anterior cardinal vein eventually contributes to the superior vena cava, while the posterior cardinal vein degenerates except for the common iliac veins and part of the azygos system. 

5. In the fetus, two vascular shunts allow most blood to bypass the largely nonfunctional liver and lungs—the ductus venosus bypassing the liver and the ductus arteriosus bypassing the lungs. Shortly after birth, these shunts close and become fibrous cords called the ligamentum venosum and ligamentum arteriosum, respectively.

6. The aging vascular system exhibits stiffening of the vessels by deposition and cross-linking of collagen, and declining baroreflexes, resulting in less prompt adjustments to changes in posture and sometimes causing orthostatic hypotension, a dizzying drop in cerebral blood flow when one goes from a lying to an upright position.
7. Atherosclerosis is the most common disease of the aging blood vessels. Other disorders are described in table 21.12.

