
Systemic and Pulmonary Circulations

In postnatal (after birth) circulation, the heart pumps blood into
two closed circuits with each beat—systemic circulation and
pulmonary circulation ( pulmon- ! lung). The two circuits are
arranged in series: The output of one becomes the input of the
other, as would happen if you attached two garden hoses (see
Figure 21.17 on page 000). The left side of the heart is the pump
for systemic circulation; it receives bright red, oxygen-rich
blood from the lungs. The left ventricle ejects blood into the
aorta (Figure 20.7). From the aorta, the blood divides into sepa-
rate streams, entering progressively smaller systemic arteries
that carry it to all organs throughout the body—except for the
air sacs (alveoli) of the lungs, which are supplied by pulmonary
circulation. In systemic tissues, arteries give rise to smaller-
diameter arterioles, which finally lead into extensive beds of
systemic capillaries. Exchange of nutrients and gases occurs
across the thin capillary walls. Blood unloads O2 (oxygen) and
picks up CO2 (carbon dioxide). In most cases, blood flows
through only one capillary and then enters a systemic venule.
Venules carry deoxygenated (oxygen-poor) blood away from tis-
sues and merge to form larger systemic veins. Ultimately the
blood flows back to the right atrium.

The right side of the heart is the pump for pulmonary circula-
tion; it receives all the dark red, deoxygenated blood returning
from systemic circulation. Blood ejected from the right ventricle
flows into the pulmonary trunk, which branches into pulmonary
arteries that carry blood to the right and left lungs. In pulmonary
capillaries, blood unloads CO2 , which is exhaled, and picks up
inhaled O2 . The freshly oxygenated blood then flows into pul-
monary veins and returns to the left atrium. 

Coronary Circulation

Nutrients are not able to diffuse quickly enough from blood in
the chambers of the heart to supply all the layers of cells that
make up the heart wall. For this reason, the myocardium has its
own network of blood vessels, the coronary or cardiac circula-
tion (coron- ! crown). The coronary arteries branch from the
ascending aorta and encircle the heart like a crown encircles the
head (Figure 20.8a). While the heart is contracting, little blood
flows in the coronary arteries because they are squeezed shut.
When the heart relaxes, however, the high pressure of blood in
the aorta propels blood through the coronary arteries, into capil-
laries, and then into coronary veins (Figure 20.8b).

Coronary Arteries
Two coronary arteries, the right and left coronary arteries,
branch from the ascending aorta and supply oxygenated blood to
the myocardium (Figure 20.8a). The left coronary artery
passes inferior to the left auricle and divides into the anterior in-
terventricular and circumflex branches. The anterior interven-
tricular branch or left anterior descending (LAD) artery is in
the anterior interventricular sulcus and supplies oxygenated
blood to the walls of both ventricles. The circumflex branch

lies in the coronary sulcus and distributes oxygenated blood to
the walls of the left ventricle and left atrium.

The right coronary artery supplies small branches (atrial
branches) to the right atrium. It continues inferior to the right
auricle and ultimately divides into the posterior interventricular
and marginal branches. The posterior interventricular branch
follows the posterior interventricular sulcus and supplies the
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Figure 20.7 Systemic and pulmonary 
circulations.  

The left side of the heart pumps 
oxygenated blood into the systemic 
circulation to all tissues of the body except the air
sacs (alveoli) of the lungs. The right side of the heart
pumps deoxygenated blood into the pulmonary
circulation to the air sacs (alveoli) of the lungs.
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Figure 20.8 The coronary circulation. The views of the heart from the anterior aspect in (a) and (b) are drawn as if the 
heart were transparent to reveal blood vessels on the posterior aspect. (See Tortora, A Photographic Atlas of 
the Human Body, Second Edition, Figures 6.8 and 6.9.)

The right and left coronary arteries deliver blood to the heart; the coronary veins drain blood from the heart
into the coronary sinus.

Which coronary blood vessel delivers oxygenated blood to the walls of the left atrium and left ventricle??
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Figure 20.8 The coronary circulation. The views of the heart from the anterior aspect in (a) and (b) are drawn as if the 
heart were transparent to reveal blood vessels on the posterior aspect. (See Tortora, A Photographic Atlas of 
the Human Body, Second Edition, Figures 6.8 and 6.9.)

The right and left coronary arteries deliver blood to the heart; the coronary veins drain blood from the heart
into the coronary sinus.

Which coronary blood vessel delivers oxygenated blood to the walls of the left atrium and left ventricle??
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flow is larger. Therefore, the left ventricle works much harder
than the right ventricle to maintain the same rate of blood
flow. The anatomy of the two ventricles confirms this functional
difference—the muscular wall of the left ventricle is consider-
ably thicker than the wall of the right ventricle (Figure 20.4c).
Note also that the perimeter of the lumen (space) of the left ven-
tricle is roughly circular in contrast to that of the right ventricle,
which is somewhat crescent shaped.

Fibrous Skeleton of the Heart

In addition to cardiac muscle tissue, the heart wall also contains
dense connective tissue that forms the fibrous skeleton of the
heart (Figure 20.5). Essentially, the fibrous skeleton consists of
four dense connective tissue rings that surround the valves of the
heart, fuse with one another, and merge with the interventricular
septum. In addition to forming a structural foundation for the
heart valves, the fibrous skeleton prevents overstretching of the
valves as blood passes through them. It also serves as a point of
insertion for bundles of cardiac muscle fibers and acts as an elec-
trical insulator between the atria and ventricles.

C H E C K P O I N T
1. Define each of the following external features of the

heart: auricle, coronary sulcus, anterior interventricular
sulcus, and posterior interventricular sulcus.

2. Describe the structure of the pericardium and the layers
of the wall of the heart.

3. What are the characteristic internal features of each
chamber of the heart?

4. Which blood vessels deliver blood to the right and left
atria?

5. What is the relationship between wall thickness and
function among the various chambers of the heart?

6. What type of tissue composes the fibrous skeleton of the
heart? What functions does this tissue perform?

!

HEART VALVES AND CIRCULATION 
OF BLOOD

O B J E C T I V E S
• Describe the structure and function of the valves of the

heart.
• Outline the flow of blood through the chambers of 

the heart and through the systemic and pulmonary 
circulations.

• Discuss the coronary circulation.

As each chamber of the heart contracts, it pushes a volume of
blood into a ventricle or out of the heart into an artery. Valves
open and close in response to pressure changes as the heart con-
tracts and relaxes. Each of the four valves helps ensure the one-
way flow of blood by opening to let blood through and then
closing to prevent its backflow.

Operation of the Atrioventricular Valves

Because they are located between an atrium and a ventricle, the
tricuspid and bicuspid valves are termed atrioventricular (AV)
valves. When an AV valve is open, the rounded ends of the cusps
project into the ventricle. When the ventricles are relaxed, the
papillary muscles are relaxed, the chordae tendineae are slack,
and blood moves from a higher pressure in the atria to a lower
pressure in the ventricles through open AV valves (Figure 
20.6a, d). When the ventricles contract, the pressure of the blood
drives the cusps upward until their edges meet and close the
opening (Figure 20.6b, e). At the same time, the papillary mus-
cles contract, which pulls on and tightens the chordae tendineae.
This prevents the valve cusps from everting (opening into the
atria) in response to the high ventricular pressure. If the AV
valves or chordae tendineae are damaged, blood may regurgitate
(flow back) into the atria when the ventricles contract.

!
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Figure 20.5 Fibrous skeleton of the heart. Elements of the fibrous skeleton are shown in capital letters.

Fibrous rings support the four valves of the heart and are fused to one another.
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In what two ways does the fibrous skeleton contribute to the functioning of heart valves??
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Figure 20.6 Responses of the valves to the pumping of the heart.

Heart valves prevent the backflow of blood.
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. When blockage of a coronary artery deprives the heart muscle of oxygen, reperfusion, the reestablishment of blood flow,                                                                   
may damage the tissue further. This surprising effect is due to the formation of oxygen free radicals from the reintroduced oxygen.

•   free radicals are electrically charged molecules that have an unpaired electron .

• These unstable, highly reactive molecules cause chain reactions that lead to cellular damage and death. 

• To counter the effects of oxygen free radicals, body cells produce enzymes that convert free radicals to less reactive substances. 

• Two such enzymes are superoxide dismutase and catalase. 

• In addition, nutrients such as vitamin E, vitamin C, beta-carotene, zinc, and selenium serve as antioxidants,                                                                                                          
which remove oxygen free radicals from circulation. 

• Drugs that lessen reperfusion damage after a heart attack or stroke are currently under development.  



walls of the two ventricles with oxygenated blood. The mar-
ginal branch in the coronary sulcus transports oxygenated
blood to the myocardium of the right ventricle.

Most parts of the body receive blood from branches of more
than one artery, and where two or more arteries supply the same
region, they usually connect. These connections, called anasto-
moses (a-nas!-tō-MŌ-sēs), provide alternate routes called col-
lateral circuits, for blood to reach a particular organ or tissue.
The myocardium contains many anastomoses that connect
branches of a given coronary artery or extend between branches
of different coronary arteries. They provide detours for arterial
blood if a main route becomes obstructed. Thus, heart muscle
may receive sufficient oxygen even if one of its coronary arteries
is partially blocked.

Coronary Veins
After blood passes through the arteries of the coronary circula-
tion, it flows into capillaries, where it delivers oxygen and nutri-
ents to the heart muscle and collects carbon dioxide and waste,
and then moves into coronary veins. Most of the deoxygenated
blood from the myocardium drains into a large vascular sinus in
the coronary sulcus on the posterior surface of the heart, called
the coronary sinus (Figure 20.8b). (A vascular sinus is a thin-
walled vein that has no smooth muscle to alter its diameter.) The
deoxygenated blood in the coronary sinus empties into the right
atrium. The principal tributaries carrying blood into the coronary
sinus are the following:

• Great cardiac vein in the anterior interventricular sulcus,
which drains the areas of the heart supplied by the left coro-
nary artery (left and right ventricles and left atrium)

• Middle cardiac vein in the posterior interventricular sulcus,
which drains the areas supplied by the posterior interven-
tricular branch of the right coronary artery (left and right
ventricles)

• Small cardiac vein in the coronary sulcus, which drains the
right atrium and right ventricle

• Anterior cardiac veins, which drain the right ventricle and
open directly into the right atrium

When blockage of a coronary artery deprives the heart muscle
of oxygen, reperfusion, the reestablishment of blood flow, may
damage the tissue further. This surprising effect is due to the for-
mation of oxygen free radicals from the reintroduced oxygen. As
you learned in Chapter 2, free radicals are electrically charged
molecules that have an unpaired electron (see Figure 2.3b on
page 000). These unstable, highly reactive molecules cause chain
reactions that lead to cellular damage and death. To counter the
effects of oxygen free radicals, body cells produce enzymes
that convert free radicals to less reactive substances. Two such
enzymes are superoxide dismutase and catalase. In addition,
nutrients such as vitamin E, vitamin C, beta-carotene, zinc, and
selenium serve as antioxidants, which remove oxygen free
radicals from circulation. Drugs that lessen reperfusion damage
after a heart attack or stroke are currently under development.

C H E C K P O I N T
7. What causes the heart valves to open and to close? 

What supporting structures ensure that the valves
operate properly?

8. In correct sequence, which heart chambers, heart valves,
and blood vessels would a drop of blood encounter as it
flows from the right atrium to the aorta?

9. Which arteries deliver oxygenated blood to the
myocardium of the left and right ventricles?

CARDIAC MUSCLE TISSUE
AND THE CARDIAC CONDUCTION
SYSTEM

O B J E C T I V E S
• Describe the structural and functional characteristics of

cardiac muscle tissue and the conduction system of the
heart.

• Explain how an action potential occurs in cardiac contrac-
tile fibers.

• Describe the electrical events of a normal electrocardio-
gram (ECG).

!

!
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• CLINICAL CONNECTION Myocardial Ischemia 
and Infarction

Partial obstruction of blood flow in the coronary arteries may cause myo-
cardial ischemia (is-KĒ-mē-a; ische- " to obstruct; -emia " in the blood), a
condition of reduced blood flow to the myocardium. Usually, ischemia
causes hypoxia (reduced oxygen supply), which may weaken cells
without killing them. Angina pectoris (an-JĪ -na, or AN-ji-na, PEK-to-ris),
which literally means “strangled chest,” is a severe pain that usually
accompanies myocardial ischemia. Typically, sufferers describe it as a
tightness or squeezing sensation, as though the chest were in a vise.
The pain associated with angina pectoris is often referred to the neck,
chin, or down the left arm to the elbow. Silent myocardial ischemia,
ischemic episodes without pain, is particularly dangerous because the
person has no forewarning of an impending heart attack.

A complete obstruction to blood flow in a coronary artery may
result in a myocardial infarction (in-FARK-shun), or MI, commonly called
a heart attack. Infarction means the death of an area of tissue because
of interrupted blood supply. Because the heart tissue distal to the
obstruction dies and is replaced by noncontractile scar tissue, the heart
muscle loses some of its strength. Depending on the size and location
of the infarcted (dead) area, an infarction may disrupt the conduction
system of the heart and cause sudden death by triggering ventricular
fibrillation. Treatment for a myocardial infarction may involve injection
of a thrombolytic (clot-dissolving) agent such as streptokinase or t-PA,
plus heparin (an anticoagulant), or performing coronary angioplasty or
coronary artery bypass grafting. Fortunately, heart muscle can remain
alive in a resting person if it receives as little as 10–15% of its normal
blood supply. •
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