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ANATOMY OF THE HEART
O B J E C T I V E S
• Describe the location of the heart. 
• Describe the structure of the pericardium and the heart

wall.
• Discuss the external and internal anatomy of the cham-

bers of the heart.

Location of the Heart

For all its might, the heart is relatively small, roughly the same
size (but not the same shape) as your closed fist. It is about 
12 cm (5 in.) long, 9 cm (3.5 in.) wide at its broadest point, and

!

6 cm (2.5 in.) thick, with an average mass of 250 g (8 oz) in
adult females and 300 g (10 oz) in adult males. The heart rests
on the diaphragm, near the midline of the thoracic cavity. It lies
in the mediastinum (mē-dē-a-STĪ-num), an anatomical region
that extends from the sternum to the vertebral column, the first
rib to the diaphragm, and between the lungs (Figure 20.1a).
About two-thirds of the mass of the heart lies to the left of the
body’s midline (Figure 20.1b). You can visualize the heart as a
cone lying on its side. The pointed apex is formed by the tip of
the left ventricle (a lower chamber of the heart) and rests on the
diaphragm. It is directed anteriorly, inferiorly, and to the left.
The base of the heart is its posterior surface. It is formed by the
atria (upper chambers) of the heart, mostly the left atrium.
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Figure 20.1 Position of the heart and associated structures in the mediastinum (dashed outline). (See Tortora,
A Photographic Atlas of the Human Body, Second Edition, Figures 6.5 and 6.6.)

The heart is located in the mediastinum, with two-thirds of its mass to the left of the midline.

What is the mediastinum??
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In addition to the apex and base, the heart has several distinct
surfaces and borders (margins). The anterior surface is deep to
the sternum and ribs. The inferior surface is the part of the
heart between the apex and right border and rests mostly on the
diaphragm (Figure 20.1b). The right border faces the right lung
and extends from the inferior surface to the base. The left bor-
der, also called the pulmonary border, faces the left lung and ex-
tends from the base to the apex.

Pericardium

The membrane that surrounds and protects the heart is the peri-
cardium ( peri- ! around). It confines the heart to its position
in the mediastinum, while allowing sufficient freedom of move-
ment for vigorous and rapid contraction. The pericardium con-
sists of two main parts: (1) the fibrous pericardium and (2) the
serous pericardium (Figure 20.2a). The superficial fibrous peri-
cardium is composed of tough, inelastic, dense irregular con-
nective tissue. It resembles a bag that rests on and attaches to the
diaphragm; its open end is fused to the connective tissues of the
blood vessels entering and leaving the heart. The fibrous peri-
cardium prevents overstretching of the heart, provides protec-
tion, and anchors the heart in the mediastinum.

The deeper serous pericardium is a thinner, more delicate
membrane that forms a double layer around the heart (Figure
20.2a). The outer parietal layer of the serous pericardium is
fused to the fibrous pericardium. The inner visceral layer of the
serous pericardium, also called the epicardium (epi- ! on top
of), is one of the layers of the heart wall and adheres tightly to
the surface of the heart. Between the parietal and visceral layers
of the serous pericardium is a thin film of lubricating serous
fluid. This slippery secretion of the pericardial cells, known as
pericardial fluid, reduces friction between the layers of the
serous pericardium as the heart moves. The space that contains
the few milliliters of pericardial fluid is called the pericardial
cavity.

ANATOMY OF THE HEART 719

• CLINICAL CONNECTION Cardiopulmonary
Resuscitation

Because the heart lies between two rigid structures—the vertebral
column and the sternum (Figure 20.1a)—external pressure on the chest
(compression) can be used to force blood out of the heart and into the
circulation. In cases in which the heart suddenly stops beating, cardiopul-
monary resuscitation (CPR)—properly applied cardiac compressions,
performed with artificial ventilation of the lungs via mouth-to-mouth
respiration—saves lives. CPR keeps oxygenated blood circulating until
the heart can be restarted. 

In a 2007 Japanese study, researchers found that chest compres-
sions alone are equally as effective as, if not better than, traditional CPR
with lung ventilation. This is good news because it is easier for an emer-
gency dispatcher to give instructions limited to chest compressions to
frightened, nonmedical bystanders. As public fear of contracting conta-
gious diseases such as hepatitis, HIV, and tuberculosis continues to
rise, bystanders are much more likely to perform chest compressions
alone than treatment involving mouth-to-mouth rescue breathing. •

ENDOCARDIUM

FIBROUS PERICARDIUM

PARIETAL LAYER OF 
SEROUS PERICARDIUM

VISCERAL LAYER OF 
SEROUS PERICARDIUM 
(EPICARDIUM)

Pericardial cavity

(a) Portion of pericardium and right ventricular heart wall showing the 
     divisions of the pericardium and layers of the heart wall

MYOCARDIUM
(CARDIAC MUSCLE)

Trabeculae carneae

PERICARDIUM
Heart wall

Coronary blood vessels

Pericardium

Epicardium

Myocardium

Endocardium

Pericardial
cavity

Figure 20.2 Pericardium and heart wall.

The pericardium is a triple-layered sac that surrounds and protects the heart.

F I G U R E 20.2 CO N T I N U E S
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Figure 20.3 Structure of the heart: surface features. Throughout this book, blood vessels that carry oxygenated blood
(which looks bright red) are colored red, whereas those that carry deoxygenated blood (which looks dark red)
are colored blue.

Sulci are grooves that contain blood vessels and fat and mark the external boundaries between 
the various chambers.
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greater volume of blood. Also on the surface of the heart are a
series of grooves, called sulci (SUL-sē), that contain coronary
blood vessels and a variable amount of fat. Each sulcus (SUL-
kus) marks the external boundary between two chambers of the
heart. The deep coronary sulcus (coron- ! resembling a crown)
encircles most of the heart and marks the external boundary be-
tween the superior atria and inferior ventricles. The anterior
interventricular sulcus is a shallow groove on the anterior sur-
face of the heart that marks the external boundary between the
right and left ventricles. This sulcus continues around to the pos-
terior surface of the heart as the posterior interventricular
sulcus, which marks the external boundary between the ventri-
cles on the posterior aspect of the heart (Figure 20.3c).

Right Atrium
The right atrium forms the right border of the heart and re-
ceives blood from three veins: the superior vena cava, inferior
vena cava, and coronary sinus (Figure 20.4a) (Veins always re-
turn blood to the heart). The right atrium is about 2–3 mm
(0.08–0.12 in.) in average thickness. The anterior and posterior
walls of the right atrium are very different. The posterior wall is
smooth; the anterior wall is rough due to the presence of muscu-
lar ridges called pectinate muscles (PEK-tin-āt; pectin !
comb), which also extend into the auricle (Figure 20.4b).
Between the right atrium and left atrium is a thin partition called

the interatrial septum (inter- ! between; septum ! a dividing
wall or partition). A prominent feature of this septum is an oval
depression called the fossa ovalis, the remnant of the foramen
ovale, an opening in the interatrial septum of the fetal heart that
normally closes soon after birth (see Figure 21.30 on page 822).
Blood passes from the right atrium into the right ventricle
through a valve that is called the tricuspid valve (trı̄-KUS-pid;
tri- ! three; cuspid ! point) because it consists of three leaflets
or cusps (Figure 20.4a). It is also called the right atrioventricu-
lar valve. The valves of the heart are composed of dense con-
nective tissue covered by endocardium.

Right Ventricle
The right ventricle is about 4–5 mm (0.16–0.2 in.) in average
thickness and forms most of the anterior surface of the heart.
The inside of the right ventricle contains a series of ridges
formed by raised bundles of cardiac muscle fibers called tra-
beculae carneae (tra-BEK-ū-lē KAR-nē-ē; trabeculae ! little
beams; carneae ! fleshy; see Figure 20.2a). Some of the trabec-
ulae carneae convey part of the conduction system of the heart,
which you will learn about later in this chapter (see page 732).
The cusps of the tricuspid valve are connected to tendonlike
cords, the chordae tendineae (KOR-dē ten-DIN-ē-ē; chord- !
cord; tend- ! tendon), which in turn are connected to cone-
shaped trabeculae carneae called papillary muscles (papill- !
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The coronary sulcus forms an external boundary between which chambers of the heart??

F I G U R E 20.3 CO N T I N U E D
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Figure 20.4 Structure of the heart: internal anatomy.

Blood flows into the right atrium through the superior vena cava, inferior vena cava, and coronary sinus and into
the left atrium through four pulmonary veins.
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C H E C K P O I N T
25. Describe how a heart transplant is performed.
26. Explain four different cardiac arrest devices and

procedures.

DEVELOPMENT OF
THE HEART

O B J E C T I V E
• Describe the development of the heart.

Listening to a fetal heartbeat for the first time is an exciting mo-
ment for prospective parents, but it is also an important diagnos-
tic tool. The cardiovascular system is one of the first systems to
form in an embryo, and the heart is the first functional organ.

!

! This order of development is essential because of the need of the
rapidly growing embryo to obtain oxygen and nutrients and get
rid of wastes. As you will learn shortly, the development of the
heart is a complex process, and any disruptions along the way
can result in  congenital (present at birth) disorders of the heart.
Such disorders, described on page 752, are responsible for al-
most half of all deaths from birth defects.

The heart begins its development from mesoderm on day 18
or 19 following fertilization. In the head end of the embryo, the
heart develops from a group of mesodermal cells called the car-
diogenic area (kar-dē-ō-JEN-ik; cardio- ! heart; -genic ! pro-
ducing) (Figure 20.19a). In response to signals from the underly-
ing endoderm, the mesoderm in the cardiogenic area forms a
pair of elongated strands called cardiogenic cords. Shortly after,
these cords develop a hollow center and then become known as
endocardial tubes (Figure 20.19b). With lateral folding of the

748 CHAPTER 20 • THE CARDIOVASCULAR SYSTEM: THE HEART
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When during embryonic development does the primitive heart begin to contract??

Figure 20.19 Development of the heart. Arrows within the structures indicate the direction of blood flow.

The heart begins its development from a group of mesodermal cells called the cardiogenic area during
the third week after fertilization.
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embryo, the paired endocardial tubes approach each other and
fuse into a single tube called the primitive heart tube on day 21
following fertilization (Figure 20.19c). 

On the twenty-second day, the primitive heart tube develops
into five distinct regions and begins to pump blood. From tail
end to head end (and the direction of blood flow) they are the (1)
sinus venosus, (2) atrium, (3) ventricle, (4) bulbus cordis, and
(5) truncus arteriosus. The sinus venosus initially receives
blood from all the veins in the embryo; contractions of the heart
begin in this region and follow sequentially in the other regions.
Thus, at this stage, the heart consists of a series of unpaired
regions. The fates of the regions are as follows:

1. The sinus venosus develops into part of the right atrium,
coronary sinus, and sinoatrial (SA) node.
2. The atrium develops into part of the right atrium, right auri-
cle, and the left atrium and left auricle.
3. The ventricle gives rise to the left ventricle.
4. The bulbus cordis develops into the right ventricle.
5. The truncus arteriosus gives rise to the ascending aorta and
pulmonary trunk.

On day 23, the primitive heart tube elongates. Because the
bulbus cordis and ventricle grow more rapidly than other parts of
the tube and because the atrial and venous ends of the tube are
confined by the pericardium, the tube begins to loop and fold. At
first, the primitive heart tube assumes a U-shape; later it be-
comes S-shaped (Figure 20.19e). As a result of these move-
ments, which are completed by day 28, the atria and ventricles
of the future heart are reoriented to assume their final adult posi-
tions. The remainder of heart development consists of recon-
struction of the chambers and the formation of septa and valves
to form a four-chambered heart.

On about day 28, thickenings of mesoderm of the inner 
lining of the heart wall, called endocardial cushions, appear
(Figure 20.20). They grow toward each other, fuse, and divide
the single atrioventricular canal (region between atria and 
ventricles) into smaller, separate left and right atrioventricular
canals. Also, the interatrial septum begins its growth toward
fused endocardial cushions. Ultimately, the interatrial septum
and endocardial cushions unite and an opening in the septum,
the foramen ovale, develops. The interatrial septum divides 
the atrial region into a right atrium and a left atrium. Before
birth, the foramen ovale allows most blood entering the right
atrium to pass into the left atrium. After birth, it normally 
closes so that the interatrial septum is a complete partition. The
remnant of the foramen ovale is the fossa ovalis (Figure 20.20).
Formation of the interventricular septum partitions the ventric-
ular region into a right ventricle and a left ventricle.
Partitioning of the atrioventricular canal, atrial region, and ven-
tricular region is basically complete by the end of the fifth 
week. The atrioventricular valves form between the fifth and
eighth weeks. The semilunar valves form between the fifth and
ninth weeks.

C H E C K P O I N T
27. Why is the cardiovascular system one of the first

systems to develop?
28. From which tissue does the heart develop? 

!
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Figure 20.20 Partitioning of the heart into 
four chambers.

Partitioning the heart begins on 
about the 28th day after fertilization.

When is the partitioning of the heart complete??
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following fertilization (Figure 20.19c). 

On the twenty-second day, the primitive heart tube develops
into five distinct regions and begins to pump blood. From tail
end to head end (and the direction of blood flow) they are the (1)
sinus venosus, (2) atrium, (3) ventricle, (4) bulbus cordis, and
(5) truncus arteriosus. The sinus venosus initially receives
blood from all the veins in the embryo; contractions of the heart
begin in this region and follow sequentially in the other regions.
Thus, at this stage, the heart consists of a series of unpaired
regions. The fates of the regions are as follows:

1. The sinus venosus develops into part of the right atrium,
coronary sinus, and sinoatrial (SA) node.
2. The atrium develops into part of the right atrium, right auri-
cle, and the left atrium and left auricle.
3. The ventricle gives rise to the left ventricle.
4. The bulbus cordis develops into the right ventricle.
5. The truncus arteriosus gives rise to the ascending aorta and
pulmonary trunk.

On day 23, the primitive heart tube elongates. Because the
bulbus cordis and ventricle grow more rapidly than other parts of
the tube and because the atrial and venous ends of the tube are
confined by the pericardium, the tube begins to loop and fold. At
first, the primitive heart tube assumes a U-shape; later it be-
comes S-shaped (Figure 20.19e). As a result of these move-
ments, which are completed by day 28, the atria and ventricles
of the future heart are reoriented to assume their final adult posi-
tions. The remainder of heart development consists of recon-
struction of the chambers and the formation of septa and valves
to form a four-chambered heart.

On about day 28, thickenings of mesoderm of the inner 
lining of the heart wall, called endocardial cushions, appear
(Figure 20.20). They grow toward each other, fuse, and divide
the single atrioventricular canal (region between atria and 
ventricles) into smaller, separate left and right atrioventricular
canals. Also, the interatrial septum begins its growth toward
fused endocardial cushions. Ultimately, the interatrial septum
and endocardial cushions unite and an opening in the septum,
the foramen ovale, develops. The interatrial septum divides 
the atrial region into a right atrium and a left atrium. Before
birth, the foramen ovale allows most blood entering the right
atrium to pass into the left atrium. After birth, it normally 
closes so that the interatrial septum is a complete partition. The
remnant of the foramen ovale is the fossa ovalis (Figure 20.20).
Formation of the interventricular septum partitions the ventric-
ular region into a right ventricle and a left ventricle.
Partitioning of the atrioventricular canal, atrial region, and ven-
tricular region is basically complete by the end of the fifth 
week. The atrioventricular valves form between the fifth and
eighth weeks. The semilunar valves form between the fifth and
ninth weeks.

C H E C K P O I N T
27. Why is the cardiovascular system one of the first

systems to develop?
28. From which tissue does the heart develop? 
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