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Detailed Chapter Summary
Chapter 20, The Circulatory System II—The Heart
20.1 Overview of the Cardiovascular System (p. 540)

1. The cardiovascular system is divided into a pulmonary circuit supplied by the right side of the heart and a systemic circuit supplied by the left.
2. The pulmonary circuit serves only to exchange carbon dioxide for oxygen in the lungs. The systemic circuit serves to deliver oxygen and nutrients to all organs.
3. The pulmonary circuit begins where the pulmonary trunk arises from the right ventricle, continues through the lungs, and ends where the two pulmonary veins from each lung empty into the left atrium. The systemic circuit begins where the aorta arises from the left ventricle, continues through the entire body, and ends where the superior and inferior venae cavae empty into the right atrium.

4. The pulmonary trunk, pulmonary arteries, pulmonary veins, aorta, and venae cavae are called the great vessels because of their large diameters.

5. The heart is located in the mediastinum between the lungs, with about two-thirds of it to the left of the median plane.

6. The adult heart weighs about 300 g and measures about 9 cm wide at the base (broad superior end), 13 cm from base to apex (the bluntly pointed inferior end), and 6 cm from anterior to posterior.

7. The heart is loosely enclosed in a pericardial sac (parietal pericardium), which is anchored to the diaphragm, sternum, and mediastinal tissue. The pericardial sac has a superficial fibrous layer and a deeper, thinner serous layer. The serous layer turns inward and forms the epicardium (visceral pericardium), which constitutes the surface of the heart itself.

8. The pericardial and visceral pericardium are separated by a space, the pericardial cavity, which contains lubricating pericardial fluid. This fluid enables the heart to beat with a minimum of friction.
20.2 Gross Anatomy of the Heart (p. 543)

1. The heart wall is composed of a thin outer epicardium, a thick muscular myocardium, and a thin inner endocardium.

2. The heart has a connective tissue fibrous skeleton that supports the myocardium and valves, anchors the myocytes, electrically insulates the ventricles from the atria, and may aid in ventricular filling by means of elastic recoil. 

3. The two upper chambers of the heart are the right and left atria, and serve to receive blood from the venae cavae and pulmonary veins, respectively. The two lower chambers are the right and left ventricles, which eject blood into the pulmonary trunk and aorta, respectively. The atrioventricular and interventricular sulci on the heart surface mark the boundaries of these chambers.
4. The ventricles are much more muscular than the atria, and the left ventricle is more muscular than the right, since it must pump blood throughout the body whereas the right ventricle pumps it only to the lungs and back.
5. The chambers are internally separated by an interatrial septum between the atria and interventricular septum between the ventricles. 

6. The passages between the atria and ventricles are regulated by the atrioventricular valves (tricuspid valve on the right and bicuspid, or mitral, valve on the left). The cusps of these valves are connected by tendinous cords to papillary muscles on the floor of the ventricles.

7. The openings into the pulmonary trunk and aorta are regulated by the semilunar (pulmonary and aortic) valves. 
8. The opening and closing of the heart valves is caused by changes in the pressure difference on the two sides of a valve.

9. Systemic blood is received by the right atrium and flows into the right ventricle. The right ventricle pumps it into the pulmonary trunk, from which it flows to the lungs. Pulmonary blood returning from the lungs is received by the left atrium and flows into the left ventricle. The left ventricle pumps it into the aorta, the beginning of the systemic circulation.

20.3 Coronary Circulation (p. 549)
1. The myocardium has a high workload and metabolic rate and needs an abundant oxygen and nutrient supply. It gets this not from the blood in its chambers but from a system of blood vessels called the coronary circulation.

2. The left coronary artery arises behind an aortic valve cusp near the beginning of the aorta, and gives rise mainly to the anterior interventricular and circumflex branches. The circumflex gives off a left marginal branch.

3. The right coronary artery gives off mainly a right marginal branch and posterior interventricular branch.
4. The myocardium is drained mainly by the great cardiac, posterior interventricular, and left marginal veins, all of which empty into the coronary sinus. The coronary sinus and several small thebesian veins empty into the right atrium.

5. Obstruction of a coronary artery deprives the downstream myocardium of a blood supply and may cause myocardial infarction (heart attack). The risk of this is reduced to some extent by several anastomoses in the coronary circulation.
6. Coronary blood flow is greatest in diastole, when the ventricles are relaxed. It is reduced in systole, when contraction of the ventricles compresses the coronary blood vessels.
20.4 The Cardiac Conduction System and Cardiac Muscle (p. 552)

1. The cardiac rhythm is set by its own internal pacemaker, the sinoatrial (SA) node. Electrical signals originating here spread through the atrial myocardium and then travel via the atrioventricular (AV) node, AV bundle, right and left bundle branches, and Purkinje fibers to reach the ventricular myocytes.

2. Cardiac myocytes (cardiocytes) are striated muscle cells with a single nucleus, a poorly developed sarcoplasmic reticulum, very large T tubules, and large abundant mitochondria. They are joined end to end by interdigitating folds in their intercalated discs. The discs also include intercellular mechanical junctions (fascia adherens and desmosomes) and electrical (gap) junctions. The latter enable cardiocytes to electrically communicate directly with each other. 

3. Although the heart can beat independently of the nervous system, it is innervated by the autonomic nervous system, which modifies the heart rate and contraction force. Sympathetic nerves supply mainly the ventricular myocardium, and parasympathetic (vagus) nerves supply the SA and AV nodes. Sympathetic stimulation increases heart rate and contraction strength, and parasympathetic stimulation reduces the heart rate. 

4. A cardiac cycle begins with all four chambers relaxed and blood flowing into the heart, through the atria to the ventricles. The SA node fires, and the two atria contract simultaneously and finish filling the ventricles. The AV node fires, and the two ventricles contract simultaneously and eject blood into the pulmonary artery and aorta.

20.5 Developmental and Clinical Perspectives (p. 557)

1. Embryonic heart development begins when a pair of mesodermal endocardial heart tubes appear in the third week of gestation and fuse into a single median heart tube. The heart tube divides into five dilated chambers in a linear series: the truncus arteriosus, bulbus cordis, ventricle, atrium, and sinus venosus. As the heart tube loops into U and S shapes around days 26 to 28, the truncus arteriosus and upper bulbus cordis divide longitudinally to become the pulmonary trunk and ascending aorta; the lower bulbus cordis becomes the right ventricle; the single embryonic ventricle develops into the mature left ventricle; the single atrium divides into the right and left atria; and the sinus venosus contributes to the right atrium, coronary sinus, sinoatrial node, and atrioventricular node.

2. In the fetal circulation, most blood bypasses the lungs by way of the foramen ovale between the right and left atria and the ductus arteriosus between the left pulmonary artery and the aortic arch. These passages close soon after birth so that all blood from the right ventricle is forced to flow through the lungs.

3. In old age, the heart has to work harder against increasing arterial resistance. This tends to lead to ventricular hypertrophy. The aged heart also exhibits fibrosis or calcification of the valve anuli, valvular dysfunction, deviation of the interventricular septum, stiffening of the fibrous skeleton, loss of cells from both the myocardium and the cardiac conduction system, and reduced sensitivity to sympathetic stimulation. These changes lead to weakening of the myocardium, reduced cardiac output, less exercise tolerance, and increasing risk of arryhthmia or heart block. Heart failure is the leading cause of death in the United States.

4. Heart diseases are very diverse and include congenital defects in anatomy, hypertrophy and atrophy of the myocardium, inflammation of the pericardium and heart wall, valvular defects, and cardiac tumors.

