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THORAX
Objectives
Describe the subdivision of the thoracic cavity into a central mediastinum housing the
heart and related structures, and two lateral spaces housing the lungs and pleural
membranes.
Describe the lymphatics draining the mammary gland and their role in metastatic
spread of cancer.
Describe the development of the respiratory system and common developmental
defects of lungs including their clinical presentations and the mechanisms responsible
for these defects.
Describe the pleural membranes, pleural cavity, and pleural recesses. Be able to project
the positions of the pleural recesses to the body surface. Describe the structural features
of the two lungs and be able to project their position to the anterior chest wall by relating
their positions relative to the ribs.
Describe the development of the heart and describe common developmental
defects of the cardiovascular system, recognize their clinical presentations, and
describe the mechanisms responsible for these defects.
Describe the structure/relationships of the pericardial membranes and
describe the potential effects of pericarditis and cardiac tamponade.
Describe the external features of the adult heart and be able to project
the position of the heart, its chambers, valves, and great vessels to the
anterior chest wall, relating their positions to the sternum and the ribs.
Describe the structure, function, and location of the coronary
circulation and cardiac conduction system.
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GENERAL INTRODUCTION

The thorax houses and protects the heart, lungs, and great vessels. It plays a principle
role in respiration, and acts as a conduit for structures passing between the neck and
abdomen. The thorax contains two essential organs, the heart and lungs. Not to dismiss
the importance of the function of other thoracic structures such as the esophagus
(delivery of nutrition) or thoracic duct (returning tissue fluid to the systemic circulation),
but the most important functions of the organs in the thorax are delivery of O2 required
for tissue metabolism to cells of the body and the removal of the CO2 that is generated
by metabolic activity.

The Thoracic Wall
Breast
The mammary gland (or breast) lies in the superficial cutaneous layer overlying ribs
2-6 and the pectoralis major muscle (Figure 6.1A). The breast is a modified sweat gland
consisting of fatty adipose tissue interspersed with lobular milk glands and ducts. The
axillary tail of the breast extends laterally into the axillary region. The lobular glands drain
into a series of lactiferous ducts (~15-20) which converge onto the nipple. The breast
tissue is supported by connective tissue septi called suspensory ligaments (of Cooper)
which extend from the deep fascial overlying the pectoralis major to the undersurface of
the skin.

Blood Supply of the Breast
Blood supply to the breast is provided primarily via branches of the internal thoracic
artery medially and the lateral thoracic artery laterally. The lateral thoracic artery lies in
close proximity to the long thoracic and thoracodorsal nerves on the anterolateral chest
wall.

Lymphatics of the Breast
Lymph drainage from the breast is complex and may facilitate the spread of cancer.
The main regional filtering stations are either the axillary nodes (located in the armpit) or
parasternal lymph nodes (located along the lateral edges of the sternum) (Figure 6.1B).
1.

The axillary nodes (humeral, subscapular, pectoral, central and apical) of the armpit
receive drainage from the lateral 3/4 of the breast including the nipple region.

2. Parasternal nodes receive drainage from the medial 1/4 of the breast. These nodes
are distributed along either side of the sternum, and they communicate with
mediastinal channels and lymphatics of the opposite breast.
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B. Lymphatics of Mammary Gland
Figure 6.1 Structure and Lymphatics of Mammary Gland

Clinical Correlations:
1.

Breast cancer. Most adenocarcinomas of the breast begin in the lactiferous ducts
and may spread into the retromammary space between the breast tissue and the
deep fascia overlying pectoralis major. The upper, lateral aspect of the breast is the
most often involved. Tumors in the breast put tension on the Cooper’s ligaments
causing them to pull on the undersurface of the skin, giving the breast a pitted
appearance with an “orange peel” texture (peau d’orange) that is often indicative of
advanced breast cancer.
3
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2. Metastatic spread of breast cancer. The axillary nodes are usually the first nodes
affected by metastasizing tumor cells originating from the lateral 3/4 of the breast.
The pectoral nodes are first in line to receive lymph from this part of the breast
tissue. Therefore, the pectoral nodes act as sentinel nodes for the spread of
cancer to the axillary region. Cancer cells following this path usually will not involve
the contralateral breast. Parasternal nodes are usually the first nodes affected
by metastasizing tumor cells originating from the medial 1/4 of the breast. These
nodes are distributed along either side of the sternum, and they communicate with
mediastinal channels and lymphatics of the opposite breast. This path puts the
contralateral breast at risk for metastasis.
3. Mastectomy. Surgical approaches to remove breast tissue require that the
primary, lateral blood supply (lateral thoracic artery) be ligated. There is a risk of
damage to nerve structures on the anteriolateral chest wall. The close proximity
of the long thoracic and thoracodorsal nerves to the lateral thoracic artery
may result in damage to the nerves as the vessel is ligated. Damage to the long
thoracic nerve (innervates the serratus anterior) presents clinically as winged
scapula with a significant weakness in vertical abduction of the limb. Damage
to the thoracodorsal nerve (innervates latissimus dorsi) will present clinically as
weakness in extension and medial rotation of the arm.

Bony Thorax
The bony thorax consists of 12 pairs of ribs, 12 thoracic vertebrae and their associated
intervertebral discs, and the sternum. (Figure 6.2). The costal cartilages of ribs 1-7 attach
to the sternum directly, so these are called true ribs. Ribs 8-10 are called false ribs,
because their cartilages attach to the sternum via the costal cartilage of the rib above.
The 11th and 12th ribs have cartilaginous tips, but they do not attach to the others. These are
called floating ribs.
1.

The sternum is comprised of the manubrium, body, and xiphoid process. The
junction between the manubrium and the body of the sternum is referred to as the
sternal angle (of Louie). The sternal angle is on the same horizontal plane as the
T4 intervertebral disc. This plane (transverse thoracic plane) will be an important
anatomical landmark for locating visceral structures within the thorax. The junction
of the body of the sternum and the xiphoid process is referred to as the xiphisternal
junction.

2. The thoracic inlet, or superior thoracic aperture, is bounded by the 1st thoracic
vertebrae, the 1st ribs, and the manubrium of the sternum. The superior aspects of the
lungs, and the membranes that cover them, project up through the superior thoracic
aperture into the neck.
3. The thoracic outlet, or inferior thoracic aperture, is bounded by the xiphoid process,
costal arch, the 11th and 12th ribs, and the 12th thoracic vertebra. This aperture is closed
off from the abdomen by the diaphragm.
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Figure 6.2 Bony Thorax

Clinical Correlation:
1.

Counting ribs. The sternal angle forms a palpable ridge on the upper aspect of the
anterior chest wall that facilitates counting of the ribs and the interspaces between
them. The costal cartilage of rib 2 articulates with the sternum at the sternal angle.
Once rib 2 is identified, you can continue to count ribs and intercostal spaces as you
descend the chest wall. Rib 1 articulates with the manubrium deep to the clavicle and
is usually not palpable. Palpating the sternal angle also allows for the approximation
of the transverse thoracic plane.

2. Rib fractures. Rib fractures usually occur at the angle of the rib. Single rib fractures
are of little significance beyond the fact that they are extremely painful. With severe
trauma, however, multiple rib fractures may be present. If enough ribs are broken, a
loose segment of chest wall (called a flail segment) is produced. When the patient
inhales deeply, the flail segment moves in the opposite direction to the chest wall,
preventing full lung expansion and creating a paradoxically moving segment that is
visible on examination.
3. Thoracic outlet syndrome. This is a term used to describe symptoms resulting from
compression of brachial plexus structures (particularly the T1 ventral ramus) as they
pass over the first rib and into the axillary space. There are several ways in which this
type of compression might occur. Among these are the presence of a cervical rib, or
the presence of a mass (e.g. Pancoast tumor) in the apex of the lung.
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Intercostal Spaces
The space between each pair of adjacent ribs is the intercostal space. There are 11
intercostal spaces that are numbered according to the rib above.
1.

The intercostal spaces are filled by 3 flat layers of intercostal muscles (Figure 6.3).

2. These three layers are arranged with alternating fiber directions to help provide
structural support for the intercostal spaces during respiration. They also function
collectively to move the ribs during respiration.
3. The intercostal spaces receive their neurovascular supply via the intercostal
neurovascular bundle. This bundle consists of an intercostal vein, intercostal artery,
and an intercostal nerve.
4. This neurovascular bundle lies in the costal groove which is located at the inferior
edge of the upper rib (Figure 6.3). These neurovascular structures are arranged in the
order listed above from superior to inferior. The mnemonic “VAN” (vein, artery, nerve) is
often used to remember this arrangement.
5. Most of anterior intercostal arteries arise as branches from the internal thoracic
artery. The posterior intercostal arteries arise as branches from the descending
thoracic aorta.
6. The posterior intercostal veins drain into a network of veins on the posterior thoracic
wall called the azygos venous system. The anterior intercostal veins drain into the
internal thoracic veins which parallel the same named arteries.
7. The intercostal nerves are just the ventral primary rami of spinal nerves T1-T11. The
T1 ventral primary ramus supplies the first intercostal space, and so on. The ventral
primary ramus of T12 is the subcostal nerve, which supplies the territory immediately
below the 12th rib.
8. Deep to the intercostal spaces and ribs, the entire thoracic wall is lined internally by a
layer of loose connective tissue called endothoracic fascia.
Lung

Pleural cavity
Visceral pleura
Neurovascular bundle

Costal groove

Intercostal vein

Intercostal muscles

V

Intercostal artery A

External intercostal muscle

Intercostal nerve N

Internal intercostal muscle
Innermost intercostal muscle
Superficial fascia

Parietal pleura

Skin

Endothoracic fascia

Figure 6.3 Intercostal Spaces
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Anesthesia. Intercostal nerve block is often necessary in patients with chest trauma
or in those patients requiring anesthesia for a thoracotomy, mastectomy, or upper
abdominal surgical procedure. The position of the neurovascular bundle determines
the location where you would insert the needle containing anesthetic. In this case,
you want to administer the anesthetic as close to the intercostal nerve as possible, so
the needle is inserted at the upper margin of the intercostal space near the costal
groove.

2. Thoracotomy. Removal of excess fluid from the pleural cavity is usually accomplished
by making an incision in the chest wall (thoracotomy) for the insertion of a chest tube
or needle to drain the fluid. In this case, the incision is made in the lower aspect of the
intercostal space to avoid damage to the neurovascular bundle.

Subdivisions of the Thorax Cavity
The thoracic cavity is the space contained within the bony thorax. The cavity is divided
into three compartments. There is a central compartment called the mediastinum and
two lateral compartments (Figure 6.4).
1.

The lateral compartments house the lungs and the pleural membranes. The lateral
thoracic compartments are bound laterally by the ribs and intercostal spaces,
inferiorly by the diaphragm, and medially by the mediastinal region. The superior
aspects of the lateral compartments extend up through the superior thoracic
aperture.

2. The mediastinum comprises the central region of the thorax. It lies between the two
lateral compartments and extends from the sternum anteriorly, to the bodies of the
thoracic vertebrae posteriorly, and from the superior thoracic aperture superiorly to
the diaphragm inferiorly. The mediastinum houses the heart, pericardial membranes,
and other structures passing between the neck, upper extremity, and/or abdomen.
Right lateral
Left lateral
compartment Mediastinum compartment

Pleural Membranes
Right Lung

Left Lung

Figure 6.4 Subdivisions of Thoracic Cavity
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Lateral Compartments and Lungs
Respiratory System Development
The lungs & lower respiratory tract develop from an endodermal bud off the esophagus
(Figure 6.5A). The lungs and lower respiratory tract begin their development from a single
respiratory diverticulum off the endodermal lining of the esophagus beginning in the 4th
week. This respiratory diverticulum elongates to form the lung bud.
1.

The lung bud quickly bifurcates into a double bud that will form the right and left lungs
and respiratory trees. Multiple divisions occur over the course of several weeks of
development to form an elaborate respiratory tree.

2. By the 25th week of development, 17-18 generations of branching have formed and the
type I and type II pneumocytes are adequately developed and producing enough
surfactant to allow gas exchange.
3. Because the respiratory system develops from the foregut, there is initially an open
communication between the developing respiratory and gastrointestinal systems.
The communication is closed by the formation of the tracheoesophageal septum
(TE Septum, mesoderm) which will separate the foregut from the trachea.
Site of tracheoesophageal
septum

Foregut

Pharynx

Lung bud

Respiratory
diverticulum
Right lung bud

Trachea

Left lung bud

Lung bud

Esophagus

A
Sagittal View

B

C
Anterior View

Figure 6.5A Development of Lungs

Clinical Correlation:
1.

Premature Birth. By 25-26 weeks of gestation, the lungs are sufficiently developed
to allow gas exchange. An infant born prematurely after this point in development
has a good chance of survival with proper neonatal care. The amount of surfactant
produced is critical to their survival.

2. Tracheoesophageal Fistula. The most commonly occurring newborn defect of the
respiratory system is tracheoesophageal fistula (TE fistula, Figure 6.5B). This occurs
when the TE septum forms incorrectly resulting in an abnormal communication
between the respiratory system and the esophagus.
8
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•

The most common type of TE fistula is characterized by esophageal atresia
(where the proximal esophagus ends in a blind pouch). The distal portion of the
esophagus is usually connected to the trachea near the carina. This condition is
characterized by polyhydramnios (too much amniotic fluid) during fetal life, since
the defect will interfere with the ability of the fetus to swallow amniotic fluid.

•

The newborn will immediately regurgitate when he attempts the first feeding. The
milk will simply ooze right back out after it reaches the blind sac. Note, this is not
projectile vomiting. Additionally, when the newborn burps, gastric contents may
be refluxed from the distal esophagus into the tender newborn lungs (aspiration
pneumonia).

•

This is repaired surgically as quickly as possible, to avoid damage to the lungs due
to reflux of stomach acids and to ensure adequate nutrition.

Trachea

Proximal blind part of esophagus
(Esphageal atresia)

Tracheoesophageal fistula

Bronchi

Tracheal bifurcation
Distal part of esophagus

Figure 6.5B Tracheoesophageal Fistula
3. Pulmonary Hypoplasia. Pulmonary hypoplasia refers to underdevelopment of the
lungs. This usually occurs secondary to a congenital diaphragmatic hernia (results
in the herniation of abdominal viscera into the thorax) or secondary to bilateral renal
agenesis (accompanied by oligohydramnios which causes increased pressure on
the thoracic wall, pulmonary hypoplasia, and other defects collectively described as
Potter’s sequence). Pulmonary hypoplasia results in a decrease in lung volume and is
life threating.
4. Respiratory distress syndrome. Common in premature births and is the cause of the
majority of premature births.There are inadequate levels of surfactant.
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Anatomy of the Adult Lung
The lungs occupy the lateral compartments on either side of the mediastinum. Each
lung is covered by its own set of pleural membranes as described below. The purpose of
the lungs is to provide oxygen to supply the metabolic needs of the body tissues and to
remove the CO2 produced by this metabolic activity.
1.

Each lung has the geometric shape of a half-cone (Figure 6.6). The base (or
diaphragmatic surface) sits on the dome of the diaphragm. The apex (or cupola)
of the lung projects up through the superior thoracic aperture and into the neck.
The costal surface of the lung faces the ribs and intercostal spaces of the thoracic
wall. The mediastinal surface faces medially and contains the hilum (or root) of the
lung through which structures enter and leave the lung. Entering or exiting the lung
at its hilum, are the pulmonary artery (carrying de-oxygenated blood to the lungs),
pulmonary veins (carrying oxygenated blood to the heart), a main (or primary)
bronchus, bronchial vessels, autonomic nerves, and lymphatic vessels.

2. The right lung is larger and has three lobes (superior, middle, and inferior), which are
separated by two fissures (horizontal and oblique). The horizontal fissure separates
the superior lobe from the middle lobe. The oblique fissure separates the inferior lobe
from the middle lobe.
3. The left lung is smaller because it has given up some space in the thoracic cavity to
the heart. The left lung has only two lobes (superior and inferior), which are separated
by a single fissure (oblique). The oblique fissure of the left lung separates the superior
lobe from the inferior lobe. A tongue-like extension called the lingula extends from the
lower part of the superior lobe and projects anterior to the pericardium.
4. Right and left primary and secondary bronchi are the first two divisions of the
respiratory tree. The right bronchus is more vertical than the left.

Superior lobe

Superior lobe

Horizontal fissure

Oblique fissure

Oblique fissure

Cardic notch

Inferior lobe

Inferior lobe

Pleural cavity
Middle lobe

Lingula

Figure 6.6 Lung Anatomy
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Foreign Object Aspiration. The right main bronchus is larger, straighter, and more of
a direct continuation of the trachea than is the left main bronchus (Figure 6.6). For
these reasons, aspirated foreign objects will more often enter the right main bronchus
than the left. When a person is vertical, an aspirated object usually falls into the right
primary bronchus and lodges in the posterior basal bronchopulmonary segment of
the right inferior lobe. When the person is lying supine, the object usually lodges in the
superior bronchopulmonary segment of the right inferior lobe.

2. Surface Anatomy. The positions of the lobes of the lungs can be projected onto the
surface of the chest wall using certain ribs and interspaces as guides (Figure 6.7A and
6.7B).
•

On both the left and right sides, the oblique fissure follows the contour of the 6th
rib on the anterior chest wall.

•

The horizontal fissure of the right lung follows the contour of the right 4th rib on the
anterior chest wall.

•

On the right side at the midclavicular line, the superior lobe of the right lung is found
deep to interspaces 1-3. The middle lobe is found deep to interspaces 4 and 5. The
inferior lobe has little or no anterior surface projection at the midclavicular line.

•

On the left side at the midclavicular line, the superior lobe of the left lung is found
deep to interspaces 1-5. The inferior lobe has little to no anterior surface projection
at the midclavicular line. The inferior lobes of both lungs have greater surface
representation on the posterior chest wall deep to interspaces 6-9).

•

These surface anatomy projections will be important in determining where to
place the stethoscope to hear lung sounds from individual lobes, and in the
evaluation of penetrating chest wounds.

3. Auscultation of the Lungs. Breath sounds from the superior lobe of each lung can
be auscultated on the anterior chest wall above the 4th rib, near the mid-clavicular
line. Breath sounds from the middle lobe of the right lung can be auscultated on
the anterior chest wall between ribs 4 and 6 at the midclavicular line. Breath sounds
from the posterior lobes of both lungs can be auscultated on the posterior chest wall
between the 6th and 10th ribs, near the para-vertebral line.
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Figure 6.7 Projection of Lungs to Body Surface
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The lymphatic drainage of the lungs is complex (Figures 6.8 and 6.9). Superficial and
deep lymphatic channels drain into bronchopulmonary nodes near the hilum.

2. Bronchopulmonary nodes drain into tracheobronchial nodes at the bifurcation of the
trachea. From the tracheobronchial nodes, lymphatic channels ascend on either side
of the trachea to reach the bronchiomediastinal nodes and trunks.
3. On the right, the bronchomediastinal trunk drains into the right lymphatic duct.
On the left, the bronchomediastinal trunk drains into the thoracic duct. Lymphatics
from some parts of the left inferior lobe cross over and follow the right lymphatic
pathway. Lymphatics from the inferior lobes of both lungs may also drain through the
diaphragm into abdominal nodes.

Clinical Correlation:

Metastasis of lung cancer. The patterns of lymphatic drainage described above can
result in the metastasis of tumor cells from the left inferior lobe to the right lung, or from
either inferior lobe to the abdomen.
Right bronchomediastinal
trunks to right lymphatic duct

Left bronchomediastinal
trunk to thoracic duct

Bronchomediastinal
nodes (paratrachial)

Tracheobronchial
nodes (Carinal)
Bronchopulmonary
nodes (Hilar)

Figure 6.8 Lymphatics of the Lungs

13

6

Right
Gross Anatomy
lymphatic duct

Right
lymphatic duct

Thoracic duct

Thoracic duct

A

Area drained by
right lymphatic duct
Area drained by
right lymphatic duct

Area drained by
thoracic duct
Area drained by
thoracic duct

B
Figure 6.9 Drainage of Thoracic and Right Lymphatic Ducts

1.

Thoracic duct drains lymph from left upper limb, left side of head, left side of thorax,
and all body below the diaphragm.

2. Right lymphatic duct drains lymph from the right upper limb, right thorax, and right
side of head.
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Each of the body cavities contains a double-wall serous membrane that covers the
lungs (pleura), heart (pericardium) and abdominal viscera (peritoneum), respectively.
These membranes serve to reduce friction so that these viscera can move relative to
one another and the body wall without damage. Each of these membranes is formed
by an outer parietal layer that is continuous with an inner visceral layer. A thin cavity
containing serous fluid is present between the parietal and serous layers.
1.

Each lung is covered by a double-layered pleural membrane comprised of parietal
and visceral pleura (Figure 6.10). The pleural membranes form a closed sac into which
the lungs grow during development. The visceral layer of pleura adheres directly to
the surface of the lung.

2. The parietal layer of pleura lines the walls of the lateral compartment. The two layers
are continuous with one another at the hilum of the lung.
3. Between the two layers is a potential space called the pleural cavity. Negative
pressure develops in the pleural cavity during respiration to keep lungs inflated. The
pleural cavity is quite small, and normally only contains a small amount of serous
fluid. As a result, the surface of the lung which is covered by visceral pleura, directly
opposes and slides freely relative to the parietal pleura that lines the walls of the
lateral compartment, preventing damage to the lungs as they expand and contract
during respiration.
4. The parietal pleura is more complex than the visceral pleura. It is commonly
subdivided into four types of parietal pleural depending upon which wall of
the lateral compartment it is lining. The four types of parietal pleura are costal,
diaphragmatic, mediastinal, and cervical (Figure 6.10). The costal parietal pleural lines
the ribs and intercostal spaces. The diaphragmatic parietal pleura lines the superior
surface of the diaphragm. The mediastinal parietal pleura lines the mediastinal
surface. The cervical parietal pleura (or cupola) forms a dome over most superior
aspect of the lung. This is the part of the pleural membrane that extends up through
the superior thoracic aperture as mentioned earlier.
5. The parietal pleura receives somatic innervation from the intercostal nerves (costal
pleura) and the phrenic nerve (C3,4,5, mediastinal and diaphragmatic pleura).
Parietal pleurae are highly sensitive to pain. The visceral pleura receives innervation
from visceral autonomic nerves. Pain is generally not elicited from this tissue.
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Diaphragm

Figure 6.10 Pleura

Clinical Correlation :
1.

Pleurisy. The term pleurisy (pleuritis) refers to inflammation of the pleural layers
that may result in the formation of adhesions between the two layers. Somatic pain
develops in the parietal pleura during inspiration when tension is placed on the
adhesions. Inflammation of the visceral layer will not produce pain.

2. Referred Pain. Pain from the parietal pleura is often referred to the dermatomes
associated with the nerves supplying the GSA sensory innervation. In the case of the
costal parietal pleura, pain is referred to the lateral thoracic wall in the dermatomes
corresponding to intercostal nerves that supply that section of parietal pleura. In the
case of diaphragmatic and mediastinal parietal pleura, pain is felt in the C 3-4-5
dermatomes of the lateral neck, supraclavicular region, and shoulder.
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Pleural recesses are narrow, potential spaces within the pleural cavity. These potential
spaces exist between adjacent layers of parietal pleural that oppose one another when
the lung is not fully inflated (Figure 6.11).
1.

Anteriorly, there is a costomediastinal recess an each side where the costal pleural
is opposed to the mediastinal pleura. On the left side, the lingula of the lung fills this
recess during deep inspiration.

2. The costodiaphragmatic recess (CDR) is found at the base of each lung, where the
diaphragmatic and costal parietal pleura oppose one another. This space is more
expansive and more clinically relevant because this where excess pleural fluid (or
other fluid) will collect in a patient.
3. The costodiaphragmatic recesses span a two-rib interval of separation between
the inferior extent of the lungs which is covered by visceral pleura, and the inferior
extent of parietal pleural. You can map the positions of these two-rib intervals at the
midclavicular, midaxillary, or midscapular lines.
4. Anteriorly, at the mid-clavicular line, the costodiaphragmatic recess is found deep to
intercostal spaces 6 and 7. Laterally, at the mid-axillary line the costodiaphragmatic
recess is found deep to intercostal spaces 8 and 9. Posteriorly, at the scapular line
the costodiaphragmatic recess is found deep to intercostal spaces 10 and 11
(see Table 6.1).

Table 6.1: Surface Projections of the Costodiaphragmatic Recesses
Reference Line

Inferior Extent of Lung
& Visceral Pleura

Inferior Extent of
Parietal Pleura

Location of
Costodiaphragmatic Recess

Midclavicular Line

Rib 6

Rib 8

Deep to IC Spaces 6 and 7

Midaxillary Line

Rib 8

Rib 10

Deep to IC Spaces 8 and 9

Midscapular Line

Rib 10

Rib 12

Deep to IC Spaces 10 and 11

6
8

6

CDR

A. Midclavicular line

8

8
10

CDR

B. Midaxillary line

10

CDR

12

C. Midscapular line

Figure 6.11 Pleural Spaces
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Lung
Visceral pleura
Pleural cavity
Parietal pleura
Lung
Visceral pleura

Costodiaphragmatic
Pleural
cavity
recess

Parietal
pleura
Diaphragm

Figure 6.12 Pleural Spaces Costodiaphragmatic
recess

Clinical Correlations :
1.

Diaphragm

Pleural Effusion. A pleural effusion occurs when excess fluid accumulates within the
costodiaphragmatic recess (Figure 6.12). Fluids (excess serous fluid, pus, blood, etc.)
may accumulate in this space as a consequence of infection, malignancy, cardiac
failure, hepatic disease, or pulmonary embolism. As the fluid accumulates within the
pleural space, the underlying lung is compromised and may collapse as the volume
of fluid increases. Once pleural effusion has been diagnosed, you will often need to
aspirate the fluid to determine the cause and reduce pressure on the lung.

2. Thoracocentesis. In order to aspirate fluid from this space, an aspiration needle is
inserted through the intercostal space overlying the costodiaphragmatic recess
using the surface projections above (Figure 6.13B, Table 6.1). The needle is inserted
closer to the border of the lower rib of the intercostal space, in order to avoid damage
to the neurovascular bundle which lies in the costal groove. Contrast this with the
needle location for chest wall anesthesia as described previously. If excess fluid levels
are large, sometimes an incision is made (thoracotomy) for the insertion of a chest
tube to drain the excess fluid.
Lung
Fluid in pleural cavity
Lung
Diaphragmatic

parietal pleura

Fluid in pleural cavity

Diaphragm

Diaphragmatic
parietal
Liver pleura

Costal parietal pleura
Diaphragm
Liver
Costal parietal pleura

Figure 6.13A Pleural Effusion and Thoracocentesis
18

Thorax

6

3. Pneumothorax. A pneumothorax refers to an injury to the chest wall or lung that
allows air to enter the pleural cavity (Figure 6.13A). If air enters the pleural cavity, the
negative pressure is lost on the affected side, and the lung will collapse. The patient
will experience compromised breathing and shortness of breath, and potentially
reduced cardiac output. There are three types of pneumothorax as described on
below :
Open
Pneumothorax

Normal
Normal
airflow
during
inspiration
Right lung

Normal
airflow
during
expiration

Closed
Pneumothorax
Airflow into
pleural defect

Left lung

Collapsed lung
Cardiac shift

Airflow out of
pleural defect
"Empty"pleural
cavity at
atmospheric
pressure

Pleural defect
during
inspiration
Positive
pressure in
pleural cavity

Collapsed
lung
One-way
"valve"

Cardiac shift
persists

Cardiac shift
back to home position

Figure 6.13B Pneumothorax
a. Open pneumothorax occurs when the pleural cavity is open to the outside
atmosphere following a penetrating chest wound. The negative pleural pressure
is lost, and the lung on the damaged side will collapse. During inspiration, air is
sucked into the pleural cavity, pushing the heart and other mediastinal structures
toward the opposite side (cardiac shift) and compressing the other lung. During
expiration, air is expelled back through the open wound and the mediastinal
structures and the opposite lung will shift back into their normal positions. Open
pneumothorax is characterized by decreased breath sounds and radiolucency on
the affected side. This is usually not life-threatening.
b. Closed (or tension) pneumothorax occurs when piece of tissue obstructs the
internal surface of the wound allowing air to enter the pleural cavity during
inspiration. During expiration, the inspired air is trapped and cannot escape the
pleural cavity because the tissue over the wound acts like a one-way valve.
With each inspiration, the pleural pressure builds and pushes the collapsed lung
and other mediastinal structures to the opposite side. Closed pneumothorax is
characterized by severely decreased cardiac output and respiratory function,
often accompanied by tracheal deviation as seen in radiograph. This can be lifethreatening.

c. Spontaneous pneumothorax occurs internally when a bleb on the surface of the
lung ruptures, causing the lung to collapse as air enters the pleura cavity from the
lung. The most common site for spontaneous pneumothorax is on the superior
lobe of the lung.
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Mediastinum Divisions
For organizational purposes, the mediastinum is subdivided into several smaller regions
(Figure 6.14). The transverse thoracic plane (extending from the sternal angle to the
intervertebral disc between TV4/5) divides the mediastinum into a superior mediastinum
and an inferior mediastinum.
1.

The inferior mediastinum is further divided by the position of the pericardial sac into
anterior, middle, and posterior mediastina.
•

The anterior mediastinum is the region between the sternum and the anterior
aspect of the pericardial sac.

•

The middle mediastinum consists of the pericardial membranes and everything
intimately attached to or contained within them.

•

The posterior mediastinum is the region between the posterior aspect of the
pericardial sac and the bodies of the thoracic vertebrae.

2. The superior, middle, and posterior mediastina are highly relevant for the Step 1 board
exam. These regions will be discussed in subsequent sections.
Major mediastinal contents
1.

Arch of aorta and its three
branches

Trachea
Superior mediastinum
Transverse thoracic plane

Divisions of the
Inferior mediastinum

Brachiocephalic veins

I

II

Sternal Angle

III

IV

V

Anterior
mediastinum

VI
VII

Middle
mediastinum
Posterior
mediastinum

Esophagus

Superior mediastinum

X
XI

XII

Superior vena cava
Trachea and esophagus
Phrenic and vagus nerves

2. Middle mediastinum

VIII

Heart

IX

Great vessels
Pericardium

3. Posterior mediastinum
Descending aorta
Esophagus
Thoracic duct
Azygos vein

4. Anterior mediastinum
Thymus

Figure 6.14 Divisions of the Mediastinum
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The superior mediastinum is continuous with the neck superiorly, and with the inferior
mediastinum inferiorly (Figure 6.14). The relationships between the structures contained
within the superior mediastinum are critically important to the identification of structures
in cross-sectional radiographs through the thorax.

Boundaries
The boundaries of the superior mediastinum are as follows:
1.

Anterior boundary—manubrium of the sternum

2. Posterior boundary—bodies of thoracic vertebrae 1-4
3. Lateral boundaries—lungs and pleural membranes
4. Superior boundary—superior thoracic aperture
5. Inferior boundary—imaginary line through the transverse thoracic plane

Contents of superior mediastinum
The major contents of the superior mediastinum are listed below. The first 5 items in
this list have predictable relationships to one another. They are organized, in the order
listed, from anterior to posterior within the superior mediastinum (Figure 6.15). These
relationships will be critical to your identification of structures within this region on crosssectional radiographic images (see Thorax Imaging Chapter). The remaining contents of
the superior mediastinum do not really fall into this anterior-to-posterior gradient that we
have established.
Right recurrent laryngeal nerve
Right common carotid artery
Right subclavian artery
Right vagus nerve
Brachiocephalic trunk
Right brachiocephalic vein

Superior vena cava

Ascending aorta
Azygos vein

Left common carotid artery
Left subclavian artery
Left brachiocephalic vein
Left vagus nerve
Aortic arch

Left recurrent laryngeal nerve
Transverse thoracic plane
Left pulmonary veins
Pulmonary trunk

Ventral to dorsal relationships:
1. Sternum
5. Trachea
2. Thymus

6. Esophagus

3. Brachiocephalic 7. Vertebra
veins
4. Aortic arch and
branches

Figure 6.15 Superior Mediastinum

Inferior vena cava
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Thymus gland. The thymus gland lies immediately posterior to the manubrium of
the sternum. It was involved in the early development of the immune system but is
atrophied in the adult and consists primarily of fatty tissues.

2. Venous plane. The venous plane consists of the right and left brachiocephalic veins,
and the superior vena cava. Each brachiocephalic vein is formed by the union of
the internal jugular and subclavian veins posterior to the medial ends of the clavicle.
The right and left brachiocephalic veins join inferiorly to form the superior vena cava
posterior to the first costal cartilage. The SVC descends and drains into the right
atrium deep to the third costal cartilage. The right brachiocephalic vein is oriented
vertically in the superior mediastinum, but the left brachiocephalic vein crosses the
mediastinum obliquely from left to right, anterior to the branches of the aortic arch.
3. Arterial Plane. The arterial plane consists of the arch of the aorta and its three
branches, the brachiocephalic trunk, left common carotid artery and the left
subclavian artery.
•

The brachiocephalic artery is the first branch off the arch of the aorta. It terminates
by dividing into the right common carotid artery and right subclavian artery.

•

The left common carotid artery and the left subclavian artery are the next two
branches off the arch of the aorta.

•

The arch of the aorta is the distal continuation of the ascending aorta (located in
the middle mediastinum). It leaves the superior mediastinum as the descending
thoracic aorta. The arch itself both begins and ends at the transverse thoracic
plane and is therefore entirely contained within the superior mediastinum.

•

The superior vena cava descends to the right side of the arch of the aorta,
whereas the brachiocephalic veins are immediately anterior to the three
branches of the arch.

•

The aortic arch is inferior to the left branchiocephalic vein and the three
branches of the aortic arch are posterior to the left vein

•

Related to the arch of the aorta is the ligamentum arteriosum. The ligamentum
arteriosum is a fibrous band that connects the inferior part of the aortic arch to
the pulmonary trunk. It is the adult remnant of the ductus arteriosus (described
later).

4. Trachea. The trachea is a midline structure that is palpable at the jugular notch. The
trachea begins at the distal end of larynx and terminates at the transverse thoracic
plane by dividing into the right and left main (or primary) bronchi at the carina. The
trachea is held open by the presence of C-shaped cartilaginous rings embedded in
its wall. The open part of the C faces posteriorly and the gap is filled in by connective
tissue. The trachea is another structure that is entirely contained within the superior
mediastinum.
5. Esophagus. The esophagus is a muscular tube that connects the pharynx superiorly,
to the stomach inferiorly. The esophagus faces the open part of the C-shaped
cartilages of the trachea. This arrangement is important, because it allows the
esophagus to expand each time a bolus of food or liquid passes through it. The
esophagus lies just anterior to the vertebral bodies of TV1-4.
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6. Right and left vagus nerves. The vagus nerves (CN X) descend through the superior
mediastinum, however, they are not symmetrical on the right and left sides.
•

The left vagus nerve descends between the left common carotid and left
subclavian arteries, then crosses the left side of the aortic arch. As the left vagus
nerve passes the arch of the aorta, the left recurrent laryngeal nerve branches
off and passes deep and posterior to the ligamentum arteriosum at the inferior
edge of the arch. The left recurrent laryngeal nerve then ascends back up to the
neck just lateral to the trachea.

•

The right vagus nerve descends between the right brachiocephalic vein and the
brachiocephalic trunk. The right recurrent laryngeal nerve branches off higher in
the neck and is NOT one of the contents of the superior mediastinum.

•

The right and left recurrent laryngeal ascend the neck deep to the thyroid gland.
The two nerves then enter the larynx where they innervate all the muscles & the
larynx except for the cricothyroid muscle.

•

Both vagus nerves leave the superior mediastinum by passing posterior to the hila
of the lungs to reach the posterior mediastinum.

7. Right and left phrenic nerves. The phrenic nerves (C3, 4, 5) are more lateral,

relative to the vagus nerves. They pass through the superior mediastinum to
reach the diaphragm. Both phrenic nerves leave the superior mediastinum by
passing anterior to the hila of the lungs.

8. Thoracic duct. The superior end of the thoracic duct terminates in the superior
mediastinum by emptying into the junction of the left internal jugular and left
subclavian veins.
9. Azygos Vein. The termination of the azygos vein (arch of the azygos vein) drains into
the superior vena cava in the superior mediastinum near the transverse thoracic
plane.

Clinical Correlation :
1.

Compression of the left recurrent laryngeal nerve. The left recurrent laryngeal nerve
may be compressed along its course between the pulmonary artery and the arch of
the aorta in a patient with pathologies in this region (i.e. aortic aneurysm, pulmonary
cancer). The patient presents with paralysis of the left vocal fold and hoarseness of
the voice. The right vocal fold is not involved because the right recurrent laryngeal
nerve is not located in the superior mediastinum. Both nerves are at risk with surgical
procedures involving the thyroid gland.
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Inferior Mediastinum
The inferior mediastinum is further divided by the position of the pericardial sac into
anterior, middle, and posterior mediastina (Figure 6.14).

1. Anterior Mediastinum
The anterior mediastinum is inferior to the transverse thoracic plane. It is the narrow
space between the body of the sternum and the pericardium. It contains the thymus
and a few other structures that will not be described further. The middle, and posterior
mediastina are highly relevant for the Step 1 board exam.

2. Middle Mediastinum
The middle mediastinum is inferior to the transverse thoracic plane. It consists of the
pericardial membranes and everything intimately attached to or contained within them.
The most significant structures within the mediastinum are the 3 great vessels (superior
vena cava, ascending aorta and the pulmonary trunk) and the heart itself. This section
will discuss the embryologic development of the heart and then describe the anatomical
features of the adult heart. Both of these topics should be considered hi-yield for the Step
1 board exam.

3. Posterior Mediastinum
The posterior mediastinum is inferior to the transverse thoracic plane. It is the space
between the pericardium and the thoracic vertebrae. Its contents will be discussed later.
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The contents of the middle mediastinum include the pericardial membranes, the three
great vessels and the heart.

Pericardial Membranes

The heart is surrounded by the pericardial membranes (Figure 6.16). The pericardium
is the second of three sets of serous membranes associated with the body cavity. The
pericardium is a fibro-serous sac surrounding the heart and the origins of the great vessels.
It is similar to the pleural membranes in concept, but there are some important distinctions.
The pericardium is comprised of three layers rather than two. These layers are the :
1.

Fibrous pericardium. The outermost layer is the fibrous pericardium. The fibrous
pericardium is attached inferiorly to the central tendon of the diaphragm by the
pericardiacophrenic ligament. Superiorly it blends with the external connective tissue
of the great vessels entering and leaving the heart. Anteriorly, the fibrous pericardium
is attached to the sternum by sternopericardial ligaments. These attachments are
important because they help to retain the position of the heart in the thoracic cavity
and limit cardiac distension. One consequence of the attachment of the fibrous
pericardium to the diaphragm is that the heart moves up and down in the thoracic
cavity with each inspiration and expiration.

2. Serous pericardium. The serous pericardium is internal to the fibrous pericardium
and consists of two layers, the parietal serous pericardium and the visceral serous
pericardium.
•

Parietal serous pericardium. The parietal serous pericardium lines the inner
surface of the fibrous layer.

•

Visceral serous pericardium. The visceral serous pericardium adheres to the
surface of the heart and forms its outer covering.

•

The visceral and parietal serous layers are continuous with one another at the
roots of the great vessels as they enter and leave the heart. There is a narrow
potential space between these two layers, the pericardial cavity. The pericardial
cavity normally contains a small volume of serous fluid to allow the frictionless
movement of the heart relative to the surrounding structures.

3. Innervation. The fibrous and parietal serous pericardia receive somatic innervation
from the phrenic nerve (C3, 4, 5). These layers are highly sensitive to pain. The visceral
serous pericardium receives innervation from visceral autonomic nerves. Pain is
generally not elicited from this tissue.
4. Pericardial Sinuses. There are two sinuses associated with the pericardium. The
transverse pericardial sinus lies between the ascending aorta and pulmonary trunk
anteriorly and the superior vena cava posteriorly. This sinus is clinically significant
because a surgeon can place a finger through the sinus to separate the vessels or
stabilize the heart. The oblique pericardial sinus is a blind cul-de-sac is posterior to
the base of the heart between the pulmonary veins. A hand placed in this sinus may
be used to stabilize the heart during surgery.
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Right phrenic nerves

Left phrenic nerves

Position of transverse
pericardial sinus

Fibrous pericardium
Serous pericardium
Parietal layer
(Somatic pain)
Visceral layer
Pericardial cavity
Diaphragm

Figure 6.16 Pericardium

Clinical Correlation:
1.

Pericarditis. The term pericarditis refers to inflammation of the pericardium resulting
in pain.

2. Referred Pain. Pain from the fibrous and parietal serous pericardia is often referred
to the dermatomes served by the phrenic nerve (lateral neck, supraclavicular region,
and shoulder, C3, 4, 5).
3. Pericardial Effusion. Normally, only a small amount of serous fluid is present in
the pericardial cavity. However, in some pathological conditions, the space can
be filled with excess fluid (serous fluid, blood, pus, etc.) resulting in a pericardial
effusion. Because the fibrous pericardium has little to no elasticity, it cannot expand
to accommodate a rapid increase of fluid in the pericardial cavity. The resulting
pressure will be directed internally, compressing the heart and reducing cardiac
output. This results in a condition known as cardiac tamponade. If not alleviated,
this will lead to heart failure. Cardiac tamponade presents clinically with the
following features: muffled heart sounds, jugular venous distension (JVD), and arterial
hypotension (Beck’s triad).
4. Pericardiocentesis. Excess fluid can be removed by inserting an aspiration needle
into the pericardial cavity to draw off the excess fluid. This procedure is called
pericardiocentesis. The needle is usually placed through the 5th IC space, to the left of
the xiphisternal junction. This will allow the needle to pass through the cardiac notch
of the left lung to reach the pericardium.
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Overview of the Adult Heart
•

•

The adult heart is comprised of four chambers (right and left atria, and right and
left ventricles) that are separated by internal partitions (Figure 6.17). The right and
left atria are separated from one another by the interatrial septum. The right and
left ventricles are separated from one another by the interventricular septum. The
right atrium communicates with the right ventricle through the right atrioventricular
aperture which is guarded by the right atrioventricular valve (or tricuspid valve). The
left atrium communicates with the left ventricle via the left atrioventricular aperture
which is guarded by the left AV (or bicuspid) valve. Flow of blood through the heart is
controlled by pressure gradients and the function of the two atrioventricular valves
and the two semilunar valves.
Entering and exiting the heart are eight great vessels:
1.

The superior vena cava and inferior vena cava bring de-oxygenated blood
from the periphery into the right atrium. This blood is then pumped into the
right ventricle through the right AV (tricuspid ) valve. From the right ventricle, the
pulmonary trunk takes this de-oxygenated blood to the lungs via the right and
left pulmonary arteries for re-oxygenation. Flow of blood into the pulmonary trunk
is controlled by the pulmonary semilunar valve.

2. The pulmonary veins (4) bring re-oxygenated blood from the lungs to the left
atrium. This blood is then pumped into the left ventricle through the left AV (mitral)
valve. The ascending aorta sends the re-oxygenated blood out into the periphery
to supply the tissues of the body via the arch of the aorta and its branches. Flow of
blood into the ascending aorta is controlled by the aortic semilunar valve.
Superior
vena cava
Aorta

Pulmonary
artery

Pulmonary
trunk

Pulmonary
veins
Left
atrium

Right
atrium

Pulmonary
valve

Aortic
valve

Tricuspid
valve

Mitral
valve
Left
ventricle

Right
ventricle

Inferior vena cava

Figure 6.17 Overview of Adult Heart
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Development of the Heart
The cardiovascular system is one of the first systems to begin developing and is one of
the first major organ systems to become functional. Heart development coincides with
the development of the nervous system (neurulation) beginning in the latter half of week
three. The primitive, muscular heart tube will begin having some contractibility as early
as the 23-24th day, and by the end of the 4th week, it is a fairly functional system. This early
developmental timeline is critical for meeting the extensive oxygen and nutritional needs
of the developing fetus.

Early Heart Tube Development
1.

The cardiogenic mesoderm forms from migrating epiblast cells during gastrulation
in the first part of week 3. This mesoderm provides the primordial cells of heart
development. This mesoderm is first seen in an unexpected location, just cranial to
the neural tube and the future mouth (cardiogenic region). The developing heart
relocates to the thorax as a consequence of a series of body foldings.

2. By the 19th day, the cardiogenic mesoderm condenses to form a horse-shoe shaped
tube that will eventually split to form right and left endocardial tubes (Figure 6.18). At
the end of the third week, lateral body folding results in the fusion of the right and left
endocardial tubes into a single, midline embryonic heart tube. Only the caudal end of
the embryonic heart tube retains right-left sidedness. At the same time, head-to-tail
folding of the embryo results in the relocation of the developing heart first to the neck
region and finally into the thorax.

Endocardial tubes

Cardiogenic mesoderm
Neural plate
Cut edge of amnion

A Day 18

B Day 19

C Day 20

Figure 6.18 Early Development of the Endocardial Tubes
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Once the embryonic heart tube reaches the mediastinum, it elongates and subdivides
into distinctive regions that communicate openly with one another. The five divisions of
the embryonic heart tube are (from cranial to caudal): truncus arteriosus, bulbus cordis,
primitive ventricle, primitive atrium, and sinus venosus (Figure 6.19). The early heart tube
has little resemblance to the adult cardiac structure described above. The big story of
week 4, is the transformation of the embryonic heart tube. This transformation occurs via
looping and folding of the tube itself.
1.

At the beginning of week 4, the heart tube is vertical. By the 23rd day, the embryonic
heart tube has some contractibility and is moving blood in a caudal to cranial
direction. The cranial part of the tube represents the arterial outflow, while the caudal
end of the tube represents the venous inflow. By the end of week 4, the embryonic
heart has undergone a U-shaped looping and folding that results in the venous
(atrial) end of the tube (including atria) moving posteriorly, superiorly, and to the right,
and the arterial (truncal) end of the tube (including ventricles) moving anteriorly,
inferiorly, and to the left (Figure 6.19).

2. This folding event is responsible for the definitive position of the right and left atria,
which are more superior and posterior relative to the right and left ventricles (and
great vessels) which occupy a more anterior, inferior position. The most posteriorly
positioned part of the developing heart tube will give rise to the left atrium, which
is the most posterior of the four heart chambers. These are important anatomical
relationships and landmarks which will help you orient yourself to the position of the
heart in cross-sectional images (see Thorax Imaging chapter).

Divisions of the embryonic heart tube
Each of the five regions of the embryonic heart tube give rise to specific adult structures
as detailed in Table 6.2 and the text below.
Arterial
blood
1. Truncus
arteriosus
2. Bulbus
cordis

3. Primitive
ventricle
Left atrium

4. Primitive
Atrium

Ventral

5. Sinus
venosus
Venous
blood

A

Dorsal

Left
ventricle

B

C

Figure 6.19 Embryonic Heart Tube Remodeling
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Truncus Arteriosus. The truncus arteriosus forms the major outflow tracts of the
heart (aorta & pulmonary trunk) and their semilunar valves. The truncus arteriosus is
one of the most important cardiovascular development stories. It is one of two sites
of neural crest cell migration in the cardiovascular system, and it is often involved in
newborn cardiovascular defects (described later).

2. Bulbus Cordis. The bulbus cordis forms the smooth walled areas (outflow tracts) of
the right and left ventricles (conus arteriosus & aortic vestibule).
3. Primitive Ventricle. The primitive ventricle forms the trabeculated parts of the right
and left ventricles.
4. Primitive Atrium. The primitive atrium forms the trabeculated parts of the right and
left atria (i.e. the auricles).
5. Sinus Venosus. The sinus venosus is another hi-yield cardiovascular development
story. The sinus venosus is the only part of the embryonic tube that has distinct
right-left sidedness from its earliest presentation. The right horn of sinus venosus
is incorporated into and forms the smooth walled portion of the right atrium (sinus
venarum). The left horn of the sinus venosus is involved in the formation of cardiac
veins on the surface of the heart (coronary sinus and the oblique vein of the left
atrium).
Note : The truncus, bulbus, primitive ventricle, and primitive atrium must undergo
septation events in order to form the definitive heart structures.

Table 6.2: Adult Derivatives of the Embryonic Heart Tube
Undergoes
Septation?

Neural Crest
Cells Involved?

Embryonic Division

Adult Structure

Truncus Arteriosus

Ascending Aorta
Pulmonary Trunk
Semilunar Valves

Yes

Yes
• Formation and Spiraling
of AP Septum

Bulbus Cordis

Conus Arteriosus of
Right Ventricle
Aortic Vestibule of
Left Ventricle

Yes

No

Primitive Ventricle

Trabeculated Parts
of Right and Left
Ventricles

Yes

Yes
• Formation of membranous
part of IV Septum

Primitive Atrium

Trabeculated Parts
of Right and Left
Atria (Auricles)

Yes

No

Right Horn Sinus
Venosus

Sinus Venarum
(Smooth Part of
Right Atrium)*

No

Yes
• Formation of IA Septum

Left Horn Sinus
Venosus

Coronary Sinus &
Other Veins

No

No

* Smooth part of the left atrium is formed by the incorporation of pulmonary veins into the atrial wall.
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Before the septation events are described, we need to understand pre- and post-natal
circulation. For this discussion, pay attention to both the structural features of pre-natal
circulation and the vessels where high, moderate, and low oxygenated blood is found in
the system (Figure 6.20).

Prenatal circulation
In pre-natal development, oxygen-saturated blood is provided to the fetus through
the placental circulation via the single umbilical vein. Deoxygenated blood is returned
to the placenta via the paired umbilical arteries as shown in Figure 6.20. This image is
color coded. Areas of red represent high oxygen saturation, purple represents moderate
oxygen saturation, and blue represents low oxygen saturation. The umbilical vein
contains the blood with the highest oxygen content as it is coming directly from mom via
the placenta and through the umbilical cord.
During fetal life, there are two visceral systems that are not functioning because mom is
doing the work. Metabolism in the fetal liver is minimal, because the nutrients in the blood
entering the system via the umbilical vein have already been metabolized by the mother.
Similarly, the blood has already been oxygenated, so fetal lung function is not required.
Therefore, these systems can be bypassed during fetal circulation. This is accomplished
by presence of three pre-natal shunts.
1.

Ductus venosus. The ductus venosus bypasses the liver by shunting blood from the
umbilical vein to the IVC. In the IVC, the high oxygen saturated blood from the ductus
venosus is mixed with low oxygen saturated blood returning from the fetal periphery.
Nevertheless, blood flow from the IVC into the right atrium still has reasonably high
oxygen saturation.

2. Foramen Ovale. The foramen ovale shunts oxygen-rich blood from the right atrium
directly into the left atrium, bypassing the pulmonary circulation of the fetus. The
shunting occurs because right atrial pressure is greater than left atrial pressure
during fetal life. This pressure gradient exists because there is a large volume of
blood entering the right atrium from the placenta and because resistance in the
pulmonary circulation is high. Once in the left atrium, oxygen-rich blood flows through
the left AV valve into the left ventricle and out into the systemic circulation via the
ascending aorta, arch of the aorta, and its branches. Most importantly, the most
highly oxygenated blood supplies the heart tissue itself (via coronary arteries), then
enters the carotid arterial system while it still has a reasonably high oxygen saturation
to supply the developing brain before distributing to the remainder of the periphery
via the descending aorta and its branches.
3. Ductus Arteriosus. Low-oxygenated blood from the fetal periphery flows into to the
SVC and is directed into the right ventricle. The ductus arteriosus shunts this blood
from the pulmonary trunk to the descending aorta (distal to the arch), bypassing
the fetal pulmonary circulation without impacting the oxygen flow to the head. High
oxygenated and low oxygenated blood mix in the descending aorta distal to the
ductus arteriosus before distributing to the lower part of the body and returning to the
placenta via the paired umbilical arteries.
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To brain (65%)

Ductus
arteriosus
Superior
vena cava
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trunk
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Left atrium

Right atrium
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vena cava

66%

88%

Ductus
venosus
Aorta

Umbilical vein

25%

Umbilicus
Umbilical
arteries

Placenta
Blood O2 levels

3 Prenatal Bypasses

High O2 content

Medium O2 content
Low O2 content

Figure 6.20 Prenatal Circulation
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An important concept to remember is that pressure on the right side of the heart is
higher than the left side during prenatal circulation. At birth, all three shunts must close
within the first few hours or first day of life.
1.

The foramen ovale is closed in response to pressure changes. This change is nearly
immediate, with the drawing of the first breath. The adult remnant is the fossa
ovalis of the right atrium. Pulmonary circulation opens, the pressure gradients in the
heart reverse. The right side, no longer receiving a massive influx of placental blood
from mom, is now under lower pressure than the left side. These changing pressure
gradients will be important to you in just a few moments when we begin describing
septation events and newborn cardiovascular defects.

2. The ductus venosus and the ductus arteriosus are closed as a result of contraction
of the smooth muscle that comprises the walls of those structures. This process
takes place over the first 24-36 hours of life. The adult remnants are the ligamentum
venosum of the liver and ligamentum arteriosum of the aortic arch, respectively
(see Table 6.3).
3. The closure of these shunts gives rise to the pattern of postnatal circulation that
you are familiar with (Figure 6.21). The right heart, receiving deoxygenated blood via
the SVC and IVC, comprises the venous side of the heart. The left heart, receiving
oxygenated blood from the pulmonary circulation and sending it out into the
periphery, comprises the arterial side of the heart.
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Aortic arch

Superior Vena Cava

ligamentum
arteriosum

Pulmonary artery

Pulmonary trunk
Pulmonary veins

Right atrium

Lung
Right ventricle

Foramen ovale
valve (closed)
= Fossa Ovalis

Inferior vena cava

Descending aorta
Liver

Ligamentum
venosum

Hepatic Portal vein
Round ligament
of liver (ligamentum
teres)

Umbilicus
Medial umbilical
ligament
Bladder
Umbilical artery

Internal iliac arteries

Figure 6.21 Postnatal Circulation

Table 6.3: Adult Remnants of the Prenatal Circulation
Embryonic Structure

Adult Remnant

Mechanism of Closure

Umbilical Vein

Ligamentum Teres of Liver

Muscular Contraction

Ductus Venosus

Ligamentum Venosum of the Liver

Muscular Contraction

Foramen Ovale

Fossa Ovalis

Increased Pressure in
the Left Atrium

Ductus Arteriosus

Ligamentum Arteriosum

Muscular Contraction

Umbilical Arteries

Medial Umbilical Ligaments

Muscular Contraction
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Three major septation events (atrial septation, ventricular septation, truncal septation)
transform the embryonic heart tube into the definitive four chambered structure of the
adult heart. All three of these septation events are occurring simultaneously. Most events
related to septation begin around the 5th week of development and are complete by the
end of the 8th week. These events follow formation and remodeling (looping/folding) of
the embryonic heart tube in week 4. For simplicity, we will consider the events one by one.
1.

Some aspects of these septation events involve the migration of neural crest cells
into the developing cardiac tissue. When neural crest cells fail to migrate properly,
septation defects may occur. These defects are representative of a spectrum of
newborn cardiovascular defects associated with failure of neural crest cell migration.

2. Septation defects result in abnormal communications between the right and left
sides of the heart that allow shunting of blood from one side to another. The direction
of the resulting shunt is important, as it will determine the severity of the defects.
a. Left-to-Right Shunts. Left-to-right shunts produce defects that are noncyanotic at birth. They result in continual cycling of oxygenated blood through the
pulmonary circulation, producing super-saturated oxygen levels.
b. Right-to-Left Shunts. Right-to-left shunts produce defects that are cyanotic at
birth. These defects push low oxygenated blood to the left side of the heart and
out into the peripheral circulation. Cyanosis occurs when peripheral tissues do not
receive adequate oxygenation and “bluing” of the skin and nails may occur, hence
the term “blue-baby”. Some of these defects are so severe, that they do not permit
life to continue.
3. Each defect is categorized as cyanotic or non-cyanotic at birth based on the type of
shunt associated with the defect. They are also classified as neural crest dependent
or neural crest independent defects.
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Endocardial Cushion
The endocardial cushion is a mass of mesoderm that is centrally located within the
developing heart tube. It is a major site for migration of neural crest cells that play a
critical role in certain aspects of cardiovascular development (Figure 6.22).
The endocardial cushion plays an important role in the :
1.

Formation of the right and left atrioventricular canals and the valves that guard
them.

2. Atrial Septation
3. Ventricular Septation
4. Truncal Septation
Formation of aorticopulmonary septum leading
the formation of ascending aorta/pulmonary trunk
Formation of semilunar valves of ascending
aorta/pulmonary trunk
Fusion of septum primum to EC cushion
(closes ostium primum)

Endocardial Cushion

Formation of right
atrioventricular canal
and right AV valve

Formation of left
atrioventricular canal
and left AV valve

Formation of membranous
part of interventricular septum
(closes interventricular foramen)

Figure 6.22 Cruciate Model of Endocardial Cushion Development

Clinical correlations
1.

The cushion has a cruciform appearance on ultrasound with the atrioventricular
canals and valves forming on the cross bar and the atrial and ventricular septi
forming on the vertical bar.

2. Cushion defects are common in Down Syndrome (40-50%).
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Here are some important concepts to note before we talk about the specifics of atrial
septation.
1.

During fetal life, blood must be continually shunted from the right atrium to the left
atrium via the foramen ovale in order to get highly oxygenated blood to the left heart
and out into the systemic circulation. The foramen ovale, then, acts as a right-to-left
shunt.

2. The foramen ovale must remain open at all times during fetal life, to allow for the
right-to-left shunting of blood. Therefore, the atria cannot be fully septated until birth.
3. Blood flows from right-to-left through foramen ovale due to pressure differences
between the two sides of the heart. During fetal life, right atrial pressure is higher
than left atrial pressure, and blood flow follows that gradient, from high to low. Right
atrial pressure is higher prenatally due to:
a. The large volume of umbilical blood entering the right atrium from the placenta.
b. High pulmonary resistance since the pulmonary circuit is closed.
4. Atrial septation is the most complex of the three septation events, due to this need
to maintain a constant communication between the right and left atria up until
birth. Table 4 introduces the main players involved in atrial septation and provides
an overview of their roles. They include two septi (septum primum and septum
secundum), two foramen or ostia (foramen primum and foramen secundum), the
foramen ovale, the endocardial cushion, and neural crest cells which migrate into
the cushion.
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Table 6.4: Adult Remnants of the Prenatal Circulation
Embryonic Structure Alternative
Name

Structure / Function

Septum 1

• Downward growth of mesoderm from the interatrial roof
• Initially stops just short of the endocardial cushion forming foramen
primum

Foramen Primum

Foramen 1

• Temporary opening in septum primum
• Just superior to the endocardial cushion
• Eventually closed by the fusion of septum primum and the
endocardi cushion
• Fusion is dependent upon neural crest cell migration into the
endocardial cushion

Septum Secundum

Septum 2

• Second downward growth of mesoderm from the interatrial roof
just to the right of and overlapping septum primum
• More rigid than septum primum
• The two septi eventually fuse to form the interatrial wall

Foramen Secundum

Foramen 2

• Before foramen primum is closed, a second opening forms in
upper aspect of septum primum via pre-programmed apoptotic
cell death
• This opening is foramen secundum.
• This opening ensures that blood is able shunt R to L

Foramen Ovale

N/A

• An oblique passage is formed between the overlapping septi.
• Blood flows under the inferior free margin of septum secondum
and through foramen secundum

N/A

• A mass of mesoderm that lies in the center of the developing
embryonic heart tube
• A major site of neural crest cell migration in developing
cardiovascular system

Septum Primum

Endocardial Cushion

Sequence of atrial septation events
Figure 23 depicts the major events in atrial septation. The three images labeled A-C are
sequential stages of prenatal development between the 5th and 8th weeks. Image labeled
D is immediately after birth (postnatal). Note the position of the endocardial cushion
near the midpoint of the developing heart.
1.

The first step in atrial septation is the downward growth of septum primum from
mesoderm of the common interatrial roof (see image A). Septum primum grows
toward, but initially stops just short of the endocardial cushion, leaving an opening
in the developing interatrial wall called foramen (ostium) primum. This opening
maintains the right-to-left shunt and blood flows along its pressure gradient from
the right atrium to left atrium.

2. Septum primum will continue its downward growth and eventually fuse with the
endocardial cushion, obliterating the foramen primum. The fusion of septum
primum with the endocardial cushion is dependent upon neural crest cell
migration into the cushion.
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3. Before foramen primum is completely closed, programmed cell death (apoptosis)
occurs in the upper aspect of septum primum (see images B+C), forming a
second opening higher in the interatrial wall called foramen (ostium) secundum,
so that the right-to-left shunt is maintained.
4. In the next stage, a second septum (septum secundum) begins to grow
downward from the interatrial roof just to the right of septum primum (see image
B). Septum secundum is thicker and more rigid than septum primum.
5. Septum secundum continues to grow, eventually overlapping foramen secundum
and the lower part of septum primum with its free inferior edge (see image C). This
results in the formation of an oblique passageway between the right and left atria
as indicated by the black arrow image C. This passageway is the foramen ovale.
Foramen ovale will remain open until birth, providing a continual right-to-left
shunting of blood in the fetal heart. The lower half of septum primum is quite thin
and flexible. It acts as a one-way flapper valve for the foramen ovale that opens
with every fetal heartbeat.
Septum 1
Foramen 2

Septum 2

Foramen 1

Primitive
atrium

Endocardial
cushion
Primitive
ventricle

A Prenatal

B Prenatal
Septum 1

Septum 2
RA

LA
RV

LV

Foramen
ovale (arrow)
Endocardial
cushion

RA

LA
RV

Fossa
ovalis

LV

IV Septum

C Prenatal

D At birth

Figure 6.23 Events in Atrial Septation
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Pressure Changes at Birth
1.

Moments after birth, the umbilical cord is cut, reducing the volume of blood into the
right atrium. With the first breath, the lungs inflate, and the pulmonary circulation
opens, and pulmonary resistance is reduced. As a result, atrial pressure reverses, and
pressure becomes higher on the left side relative to the right side.

2. Increased pressure on the left side pushes the valve of the foramen ovale up tight
against septum secundum, effectively closing foramen ovale. Over the first several
months of life, the layers fuse together forming a true septum.
3. The fossa ovalis, a thumbprint like depression on the interatrial wall, is the adult
remnant of the foramen ovale (Figure 6.24). It has an elevated ridge around its margin
called the limbus. The limbus is the inferior free edge of septum secundum. The floor
of the fossa ovalis is thin and comprised of the septum primum. Above the fossa
ovalis, the interatrial wall is thicker where it is comprised of both septum primum and
septum secundum.

Arch of aorta
Superior
vena cava
Pectinate muscle
Right atrium
Sinus
venarum

Limbus
Fossa ovalis
(septum
primum)
Inferior
vena cava

Site of foramen ovale
during fetal life
Tricuspid valve

Valve of coronary sinus

Figure 6.24 Postnatal Appearance of Interatrial Septum
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Atrial septal defects (ASDs) occur when the atrial septum does not form properly. There
are two major classifications of these, secundum type ASDs and primum type ASDs.
(Figure 6.25A) Both give rise to left-to-right shunts and are non-cyanotic at birth. They
can be differentiated by their position on the interatrial wall as seen in Figure 6.25A. 		

Arch of aorta
Superior
vena cava
Secundum
ASD

Arch of aorta
Superior
vena cava

Fossa ovalis
Primum ASD
Inferior
vena cava

Secundum
ASD
Fossa ovalis
Primum ASD

A

Figure 6.25A Atrial Septation Defects (ASDs)
Inferior
vena cava

A

A. Secundum ASDs:
1.

Septum primum

Most common type of Septum
ASD (80%). Epidemiologically, this type of ASD is more common
secundum
Secundum ASD
in females.

2. Characterized by defects
that are located high on the
Foramen
interatrial wall (superior
to the
secundum
fossa ovalis) (Figure 6.25B)
3. Result from excessive
resorption of septum primum
or underdevelopment of
septum secundum, such that
they no longer overlap.

Endocardial cushion

Septum primum

Septum
secundum

Foramen
secundum

4. Result in left-to-right shunting
from high pressure to low
pressure.
5. Defect is non-cyanotic at birth.

Secundum ASD
Endocardial cushion

B

B
Figure 6.25B Secundum ASD (Postnatal)

6. NOT a neural crest cell (NC) defect.
Septum primum

Primum ASDSeptum primum
Endocardial cushion
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Endocardial cushion

Foramen
secundum

7. Small ones may close on their own. Those of significant size may result in pulmonary
hypertension and other defects later in life. Some major clinical considerations are
B (blood clots that can travel
atrial fibrillation and the formation of paradoxical emboli
to the brain, producing stroke).
8. These are distinct from a patent foramen ovale (PFO), which result from failure of
septum 1 and septum 2 to fuse at birth.

B. Primum ASDs:
1.

Less common (20% of all ASDs).

2. Characterized by defects that are low
on the interatrial wall (inferior to the
fossa ovalis) (Figure 6.25C)

Septum primum

3. Results from failure of septum primum
to fuse with the endocardial cushion
giving rise to a patent foramen
primum at birth.
4. Involves defect in migration of neural
crest cells.
5. Can be associated with a
membranous interventricular and
atrioventricular valve defects.
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Endocardial cushion

C
Figure 6.25C Primum ASD (Postnatal)
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Septation of the common ventricle is less complex, because we don’t have to maintain
a prenatal shunt between the right and left ventricles. The interventricular (IV) septum
consists of two parts (muscular and membranous) and is fully formed by the end of the
8th week (Figure 6.26).
1.

Muscular Interventricular Septum. The large muscular portion of the IV septum
develops from an upward growth of mesoderm from the common ventricular floor.
The muscular portion stops short of the endocardial cushion, temporarily leaving an
open interventricular foramen.

2. Membranous Interventricular Septum. As development proceeds, the interventricular
foramen is closed by formation of the membranous portion of the IV septum. The
membranous part of the IV septum is formed by a downward growth of mesoderm
from the bulbar ridges of the endocardial cushion. This downgrowth fuses with the
superior edge of the muscular portion and closes the interventricular foramen.
Development of the membranous portion of the IV septum is dependent upon neural
crest cell migration into the cushion.
Septum
secundum

Septum primum
Endocardial
cushion

LA
RA

Interventricular
foramen
Interventricular
septum (muscular
portion)

RV

LV

A. Prenatal

Foramen
ovale
Membranous
portion of the
interventricular
septum

LA

RA

RV

LV

Valve of
oval formen

Muscular
portion of the
interventricular
system

B. Postnatal

Figure 6.26 Events in Ventricular Septation
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Ventricular Septal Defects (VSDs)
Ventricular septal defects (VSDs) are another type of newborn cardiovascular defect
that arises when septation events do not occur properly. Like ASDs, VSDs result in a
left-to-right shunt of blood between the ventricles and are non-cyanotic at birth
(Figure 6.27A). VSDs may be found in either the muscular portion or the membranous
portion of the IV septum, however membranous VSDs are much more common. In fact,
membranous VSDs are the most common of all newborn cardiac defects.

Membranous VSDs (mVSD):
1.

Most common newborn cardiovascular defect.

2. Result from failure of the membranous portion of the IV septum to form.
3. Babies are born with a patent interventricular foramen.

4. Result in left-to-right shunting of blood through the open interventricular foramen
from high pressure to low pressure.
5. Defect is non-cyanotic at birth.

6. IS a neural crest defect (neural crest cells fail to migrate properly to the endocardial
cushion).
7. Epidemiologically, this type of VSD is more common in males.
8. While these defects are non-cyanotic at birth, serious problems begin to develop
within the first year of life.
9. Common in Down Syndrome and tetralogy of Fallot.

AO

PA

Aortic valve

LA

Pulmonary valve

RA

Mitral valve

Tricuspid valve
RV

LV

Membranous
VSD
AO = Aorta

PA = pulmonary
artery
Oxygen-rich blood
Oxygen-poor blood
Mixed blood

Early Months

LA = Left atrium

RA = Right atrium

LV = Left ventricle

RV = Right ventricle

Figure 6.27A Membranous VSD: Early Presentation
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Eisenmenger Complex:
1.
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Aortic valve

With a mVSD, the increased volume of blood that flows through the pulmonary trunk
RA
will eventually
damage
narrowing
of its lumen,
Mitral
valve
Pulmonary
valve to the intima of the vessel subsequent
leading to pulmonary stenosis (Figure 6.27B).
Membranous

Tricuspid
valve
VSD
2. Pulmonary
stenosis
will give rise to increasing pulmonary resistance
(pulmonary
LV
hypertension) and pressure will rise on right side of the heart relative to the left. As
RVthe left, blood flow through the patent
pressure on the right exceeds pressure on
AO = Aorta
interventricular foramen will reverse directions, now producing
a right-to-left shunt.
PA = pulmonary
artery

3. This will force deoxygenated blood into the left heart and out into the peripheral
LA = Left atrium
Oxygen-rich
blood
circulation causing
late-onset
cyanosis
(or Eisenmenger complex).
Early Months
RA = Right atrium

Oxygen-poor blood

LV = Left
ventricle
4. This will become evident around the 9-10 months of life. Surgical
correction
prior
Mixed blood
RV
=
Right
to damaging the pulmonary trunk and the onset of Eisenmenger’s isventricle
usually
recommended.

5. You can also get Eisenmenger’s complex with an ASD, but it occurs much more
gradually over a longer period of time, since the pressures across the atria are lower
than those across the ventricles.

Left atrium
Right atrium

Ventricular
septal defect
Left ventricle

Hypertrophied
right ventricle

Late First Year

Figure 6.27B Membranous VSD: Late Presentation (Eisenmenger’s)
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Truncal Septation

The last of the three septation events is septation of the truncus arteriosus. The truncal
region is septated by the growth of the aorticopulmonary septum
(AP septum),
which divides the truncus into the pulmonary trunk and ascending aorta.

The AP septum is vertically oriented and spirals like a spiral staircase in the common
lumen of the truncal region (Figure 6.28). The spiraling of the septum is critical and is
responsible for the classic relationships of the great vessels.

•
•
•

The ascending aorta arises from the left ventricle and travels upward and to the right.
It is crossed anteriorly by the pulmonary trunk. The pulmonary trunk arises from the
right ventricle and travels upward and to the left.
Neural crest cells migrate into the truncal region and play a critical role in the
formation and spiraling of the aorticopulmonary septum and semilunar valves.

Aorta
Truncal ridge

Aorticopulmonary
septum mesoderm

Bulbar ridges
Left
atrioventricular
canal

Right
atrioventricular
canal

Pulmonary
trunk

Interventricular
septum

Pulmonary
trunk

Aorta

Aorticopulmonary
septum
Ascending
aorta

Left pulmonary
artery

Pulmonary
trunk
Aorticopulmonary
septum

Figure 6.28 Truncal Septation

Truncal Septal Defects

Cardiac defects associated with truncal septation produce right-to-left shunts and
present with variable degrees of cyanosis at birth. Because of this, defects associated
with truncal septation are more clinically significant and more difficult to manage in the
newborn. The most common truncal defects are tetralogy of fallot, transposition of the
great vessels, and persistent truncus arteriosus.
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Tetralogy of Fallot (TOF) is the most common cyanotic defect at birth. TOF results when
the AP septum forms and spirals as it should, but fails to align properly in the midline
of the truncal lumen. It usually ends up displaced to the right resulting in unequal
division of the aorta and pulmonary trunk. This results in the formation of a narrow
diameter pulmonary trunk (pulmonary stenosis) and a wide diameter aorta (Figure 6.29).
Symptoms include dyspnea and clubbing of the fingers.
1.

Four classic markers of TOF :

a. Pulmonary artery stenosis leading to pulmonary hypertension
b. Large over-riding aorta (straddles the VSD)

c. Always accompanied by a membranous VSD

d. Hypertrophy of the right ventricle (secondary to pulmonary stenosis)
2. The large, over-riding aorta receives blood from both the left and right ventricles,
so the oxygen level of the blood flowing out to the periphery is reduced (purple).
Physiologically, this is a right-to-left shunt. Cyanosis is minimal at birth but increases
with age. Individuals with this defect usually live a normal lifespan but must control
the level of cyanosis by limiting physical exertion. If cyanosis develops during physical
activity, symptomatic relief is sometimes obtained by squatting down for a moment.
Squatting increases afterload resulting in an increase in pressure on the left side
which will temporarily reduce right to left shunting and relieve cyanosis.
3. TOF is often accompanied by a patent ductus arteriosus (PDA), which is actually
beneficial to the individual because, at least initially, it will force more blood into the
lungs, increasing the oxygen saturation level.
4. The heart is described as having a boot-shaped appearance on radiograph due to
right ventricular hypertrophy.
5. Defect is accompanied by a systolic heart murmur.

Aorta
Ductus arteriosus
Superior vena cava
a. Pulmonary stenosis

LA

b. Overriding aorta

RA

c. mVSD
RV

LV

Inferior vena cava

d. Ventricular hypertrophy

Figure 6.29 Tetralogy of Fallot
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B. Transposition of the Great Vessels
The defect causing the most severe cyanosis at birth is transposition of the great
vessels (Figure 6.30). It is more common in males.
1.

Occurs when the AP septum forms in the midline but fails to spiral.

2. Results in the aorta arising from the right ventricle and the pulmonary trunk arising
from the left ventricle.
3. Results in a physiological right-to-left shunt (because deoxygenated blood from
the right heart is flowing out into the systemic circulation via the aorta), with severe
cyanosis at birth. Transposition defects will require surgical correction for long-term
survival.
4. Leading cause of death in infants younger than 1-year-old with cyanotic heart
disease.
5. More common in infants of diabetic mothers.
6. The presence of other heart defects (VSD, ASD, PDA) at birth provides alternate routes
of oxygenation and better survival.
7. No heart murmur.
8. Two forms (closed transposition and open transposition).
a. Closed (or pure) transposition. In closed transposition (Figure 6.30A), there are
no other accompanying defects (ASDs, VSDs, or PDA). This gives rise to a totally
separate right and left heart, with no communication between the systemic and
pulmonary circulations. Deoxygenated blood entering the right heart via the SVC
and IVC, flows into the right ventricle, then back out into the peripheral circulation
via the aorta without being oxygenated. On the left side of the heart, supersaturated, oxygenated blood is cycling repeatedly from the left atrium, to the left
ventricle, to the lungs via the pulmonary trunk, and then back to left atrium. The
cyanosis is so significant, that most of these newborns don’t survive very long.

Aorta

Aorta arises from
right ventricle

LA

Pulmonary trunk arlses from
left ventricle

RA

RV

LV

Figure 6.30A Closed Transposition of Great Vessels
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b. Open Transposition. In open transposition
(Figure
6.30B), the defect is
RV
LV
accompanied by the presence of one or more other cardiac defects (ASD,
VSD, or PDA). There is still a right-to-left shunting of blood and cyanosis at birth,
but the presence of other defects allows for some mixing of oxygenated and
deoxygenated blood. Survivability is determined by the degree of oxygen
saturation that can achieved for the blood flowing to the periphery via the aorta.
If this defect is accompanied by a PDA at birth, it is beneficial to keep that open, so
prostaglandins are administered pharmacologically to prevent closure.

Aorta

Patent ductus arteriosus

Patent foramen ovale
Aorta arises from right
ventricle

LA

Pulmonary trunk arlses from
left ventricle

RA

Interventricular septal defect
RV

LV

Figure 6.30B Open Transposition of Great Vessels
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C. Persistent Truncus
The third truncal defect is persistent truncus.
1.

Occurs when the AP septum fails to form or only forms partially.

2. Results in a single, common outflow vessel leaving the heart.
3. Always accompanied by a mVSD.
4. Results in a right-to-left shunting of blood and some degree of cyanosis at birth.
5. Some approximation of a separate aorta and pulmonary trunk usually form
somewhere distal to the common outflow tract.
6. The common truncus straddles the mVSD, and a mix of oxygenated/deoxygenated
blood is sent into the peripheral circulation via the aorta. The diameter of the
pulmonary trunk will determine the level of cyanosis and survivability. If the pulmonary
trunk is stenotic, survival probability is low because you cannot get enough blood
into the pulmonary circulation to be oxygenated. If the pulmonary trunk has a larger
diameter, there is a better chance of survival.
7. Surgical correction is often required.
8. More common in DiGeorge syndrome.
9. No heart murmur

Aorta
Pulmonary artery

LA

Persistent truncus
arteriosus

RA

mVSD

RV

LV

Figure 6.31 Persistent Truncus Arteriosus
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There are a few other common cardiovascular defects that do not fall under the
umbrella of the septation defects. These include patent ductus arteriosus and
coarctation of the aorta.

Patent Ductus Arteriosus
A patent ductus arteriosus (PDA, Figure 6.32) is not a septation defect. The ductus
arteriosus was a prenatal shunt between the pulmonary trunk and the descending
aorta that allowed deoxygenated blood from the right heart to bypass the pulmonary
circulation. It normally closes via contraction of its smooth muscle wall within 24-36 hours
after birth, forming the ligamentum arteriosum. Closure of the ductus is initiated by a
precipitous drop in the levels of prostaglandin E and a change in oxygen tension
(Figure 6.32).
Aortic arch
Ductus arteriosus
(becomes
ligamentum
arteriosum)

Pulmonary
artery

Ligamentum
arteriosum

Pulmonary
trunk

A. Normal prenatal
(right to left)

B. Normal obliterated
ductus arteriosus at birth

Patent ductus
arteriosus
Left pulmonary
artery

C. Patent ductus arteriosus
after birth (left to right)

Figure 6.32 Patent Ductus Arteriosus
Occasionally the ductus arteriosus will fail to close, giving rise to a patent ductus
arteriosus (PDA) at birth (Figure 6.32C)
1.

PDAs result in left-to-right shunting of blood from the aorta to the pulmonary trunk
that is non-cyanotic at birth.

2. Eisenmenger’s complex may occur overtime if untreated (reverse of shunting right to
left).
3. Results in decreased oxygenation of the blood flow to the lower body.
4. Common in premature births or in mothers with rubella infection during pregnancy.
5. Prostaglandin E inhibitors like ibuprofen or indomethacin may be used
pharmacologically to induce closure of the ductus, although surgical correction is
sometimes required.
6. If a PDA occurs in common with other cardiovascular defects it may be beneficial
to keep it open. In that case you would administer prostaglandins and avoid
prostaglandin inhibitors.
7. Machine-like murmur.
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Coarctation of the Aorta

Another congenital malformation related to the aorta is coarctation (Figure 6.33). These
aren’t true shunts, but they can be associated with variable degrees of cyanosis at birth.
Coarctation (CoA) occurs when there is significant constriction or narrowing of the aorta
distal to the origin of the left subclavian artery. Coarctations are classified as preductal
(infant type) or postductal (adult type), depending on the relationship of the constriction
to the ductus arteriosus. They also differ with regards to the presence of absence of
a PDA at birth. The cause of aortic narrowing is not entirely clear but seems to involve
proliferation of the intimal lining of the aorta.
Cyanosis can range from mild to severe depending upon the diameter of the aorta
at the constriction. These defects are usually nonlethal. Both pre- and postductal
coarctation defects can be corrected with catheterization or surgery.
Coarctation of the aorta occurs twice as often in males than in females, and the
incidence of coarctation is increased in individuals with Down Syndrome and Turner
Syndrome.

A. Preductal Coarctation (infant type).
1.

Constriction is proximal to the ductus arteriosus (Figure 6.33A and B)

2. Less common than postductal coarctation.

3. Ductus arteriosus is open at birth (patent ductus arteriosus, PDA).
4. The collateral circulation described later usually does not develop because
oxygenated blood can reach the lower body via the patent ductus arteriosus.
5. When the PDA closes at birth, differential perfusion of the upper and lower limbs can
develop, resulting in better perfusion to the upper body relative to the lower body.
This can cause differential cyanosis, because the upper body is perfused more
adequately than the lower body, which will become cyanotic.
6. The lower body is hypotensive.

B. Postductal coarctation (adult type).
1.

Constriction is distal to the ductus arteriosus (Figure 6.33C)

2. More common, this type of coarctation accounts for ~90% of total cases.
3. Ductus arteriosus is normally closed in postductal coarctation.
4. Results in separation of the circulation between the upper body and the lower body.
The vascular system must find a means of compensating for loss of blood supply to
the lower extremity. It does so through the development of a collateral circulation that
takes on the responsibility of getting oxygenated blood to the lower extremity.
5. The vessels involved in this collateral circulation (Figure 6.33B) include the:
a. Left subclavian artery
b. Thoracic aorta
c. Left internal thoracic artery
d. Intercostal arteries (enlargement of these within the costal groove will produce a
distinct radiological notching of the ribs).
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6. The upper body is hypertensive.

7. The lower body is hypotensive with weak pulses.
8. Limited cyanosis.

Subclavian
artery

Preductal
coarctation
Ductus
arteriosus
(closed)
Descending
aorta

Ductus
arteriosus
(open)

A

Internal
thoracic
artery

Postductal
coarctation

Intercostal
arteries

Postductal
coarctation

Inferior
epigastric
artery

B

Preductal Coarctation (Infantile Type)

C

Postductal Coarctation (AdultType)

Figure 6.33 Coarctation of the Aorta

Table 6.5: Summary of Atrial and Ventricular Septation Defects
Type of Defect

ASD
(primum type)

ASD
(secundum type)

VSD
(membranous
type)

Direction
of Shunt

Non-cyanotic or
Cyanotic at Birth

Left to Right

Non-cyanotic
(may be associated with
paradoxical emboli)
*Rarely causes heart failure in
childhood

Left to Right

Non-cyanotic
(may be associated with paradoxical emboli)
*Rarely causes heart failure in
childhood

Left to Right

Non-cyanotic
(If large leads to Eisenmenger
complex: late onset cyanosis
around >10 months of age)

Mechanism
Patent Foramen (septum) Primum:
• Found lower (near AV vavles)on
the interatrial wall
• Failure of Septum 1 to fuse with
the EC
• Can present clinically in
adulthood
• Found higher on the interatrial wall
• Insufficient growth of Septum 2 or
too much apoptosis in Septum 1
• Can present clinically in
adulthood
*Not the same as a patent foramen
ovale
Patent Interventricular Foramen
(failure of membranous part of IV
septum to form)

NC dependent?

YES
(endocardial
cushion)

No

YES
(endocardial
cushion)
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Table 6.6: Summary of Truncal Septation Defects
Type of Defect

Tetralogy of
Fallot

Transposition
(Closed)

Transposition
(Open)

Persistent
Truncus

Direction
of Shunt

Non-cyanotic or
Cyanotic at Birth

Mechanism

NC dependent?

Right to Left

Cyanotic (can be transiently
improved be by modifying
activity or squatting)
*Most common cyanotic defect

AP septum forms, but is misaligned
to the right:
• Stenotic pulmonary trunk
• Large over-riding aorta
• Always accompanied by mVSD
• Right ventricular hypertrophy
• Boot-shaped heart on radiograph

YES

Right to Left

AP septum forms, but fails to spiral:
Cyanotic (severe, incompatible
• Aorta is connected to right
with life)
ventricle
*If foramen ovale stays open long
• Pulmonary trunk is connected to
enough to get the infant to
left ventricle
surgery, the survival is maximized
• No other defects-completely
by making a hole in the interatrial
separate right and left heart
septum.
• Egg-on-a-string on radiograph

Yes

Right to Left

AP septum forms, but fails to spiral:
• Aorta is connected to right
ventricle
• Pulmonary trunk is connected to
left ventricle
• Accompanied by at least one
other defect (ASD, VSD or PDA)
which allows some mixing of
oxygenated and deoxygenated
blood
• Egg-on-a-string on radiograph

YES

AP septum fails to form:
Cyanotic (degree depends upon Common outflow trunk containing
diameter of PT distal to common mix of high to low oxygenated
outflow region)
blood Always accompanied by a
mVSD

YES

Right to Left

Cyanotic (severe)

Table 6.7: Summary of Other Cardiovascular Defects
Type of Defect

Direction
of Shunt

Patent Ductus
Arteriosus (PDA)

Left to Right

Coarctation of
the Aorta
(pre-ductal type)

No Shunt

Coarctation of
the Aorta
(post-ductal type)
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No Shunt

Non-cyanotic or
Cyanotic at Birth

Non-cyanotic:
• Common in premature births or
in mothers who have rubella
during pregnancy
• Machine-like, constant murmur
• May lead to Eisenmenger
complex but with only lower
limbs being cyanotic

Mechanism
Ductus arteriosus fails to close at
birth:
• Close medically with
prostaglandin inhibitors
• It is sometimes advantageous to
keep an existing PDA open
medically with prostaglandins

Differential Cyanosis
Constriction of the aorta proximal to
*Obvious problem at birth, infant ductus arteriosus (accompanied by
presents with shock
PDA during development)
Non Cyanotic:
• Due to presence of collateral
circulation, upper limbs are
hypertensive while lower limbs
are hypotensive. There may be
differential cyanosis.
• Systolic murmur heard in 5th IC
space
• Lower limb claudication
common with exercise

Constriction of the aorta distal to
ductus arteriosus
• Ductus arteriosus is closed
• Collateral circulation develops
between left subclavian artery
and vessels of lower body. This
circulation gives rise to distinct
notching of the ribs on the left
side, visible on radiograph
• Often associated with Turner’s
Syndrome

NC dependent?

No

No

No
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Anatomy of the Adult Heart

The heart is described as having two borders and three surfaces. Its external surface is
marked by three grooves or sulci that mark the boundaries between the heart chambers
and house the coronary vessel distribution (Figure 6.34A and 6.34B). These relationships
can be used to approximate the surface projection of the heart to the body wall and to
identify parts of the heart on radiographic images.

External Features: Borders, Surfaces, and Sulci
A. Borders
1.

Right Border. The right border is formed by the right atrium which lies between the
SVC and the IVC (Figure 6.34A).

2. Left Border. The left border, sometimes called the obtuse margin, is formed by the left
ventricle.
3. Apex. The apex is formed by the inferior most tip of the left ventricle. It is located in the
5th intercostal space at approximately the mid-clavicular line.

B. Surfaces
1.

Anterior Surface. The anterior (or sternocostal) surface of the heart is formed
primarily by the right ventricle which lies just posterior to the body of the sternum.

2. Posterior Surface. The posterior surface of the heart (or base) is formed primarily by
the left atrium. The great veins (IVC, SVC, pulmonary veins) all enter the base of the
heart. This arrangement fixes the base of the heart to the pericardial wall just anterior
to the esophagus. This will be an important radiological landmark for interpreting
cross-sectional radiographic images through the middle mediastinum (see Thorax
Imaging chapter). This relationship also has implications regrading pathology, as
problems with the left atrium will often impact the esophagus and vice versa.
3. Inferior Surface. The inferior (or diaphragmatic) surface of the heart rests on the
diaphragm and is comprised primarily of the left ventricle. The diaphragmatic surface
is separated from the base of the heart by the position of the coronary sinus.

C. Sulci
1.

Coronary Sulcus. The coronary sulcus almost completely encircles the heart and
demarcates the boundary between atria above and the ventricles below.

2. Anterior Interventricular Sulcus. The anterior interventricular sulcus is found on the
anterior surface of the heart. It marks the position of the interventricular septum and
demarcates the boundary between the right and left ventricles.
3. Posterior Interventricular Sulcus. The posterior interventricular sulcus is found on
the diaphragmatic surface of the heart. It marks the position of the interventricular
septum and demarcates the boundary between the right and left ventricles.
4. The sulci contain the neurovascular supply to the heart, embedded within variable
amounts of epicardial fat.
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Coronary sulcus
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RV
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A. Anterior View

LA
RA

Coronary sinus (vein)

Posterior surface (base)

Coronary sulcus
Posterior interventricular
sulcus

LV

RV

Diaphragmatic surface

B. Posterior View
Figure 6.34 External Features of the Heart
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Surface Projection of the Heart
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Projection of the heart to the anterior chest wall is important in cardiac imaging and in
the evaluation of penetrating wounds to the chest wall. Important landmarks are the
3rd and 6th ribs on the right side, and the 2nd rib and 5th intercostal space on the left side
(Figure 6.35).The four corners of the heart are indicated by the four red dots on figure 6.35.
Asc. Aorta
Pulm. Trunk

1
SVC

2

Upper right;
3rd rib

3
4

Lower right;
6th rib

5

Upper left; 2nd rib
Left Atrium

RA
RV

LV

6

Apex; 5th IC space
Midclavicular line

Figure 6.35 Surface Projection of Heart
1.

Surface Projection of the Right Border. The right border of the heart (consisting
of the right atrium) extends between the 3rd and the 6th ribs just to the right of the
parasternal border.

2. Surface Projection of the Right Atrium. The right atrium is deep to the 3rd through the
5th intercostal spaces, just to the right of the parasternal border.
3. Surface Projection of the SVC. The SVC is formed deep to the junction of the first
costal cartilage and the manubrium of the sternum. The SVC is found deep to the 1st
and 2nd intercostal spaces, just to the right of the parasternal border.

4. Surface Projection of the Left Border. The left border of the heart (consisting of the
left ventricle) extends between the left 2nd rib and the 5th intercostal space at the midclavicular line.

5. Surface Projection of the Left Ventricle. The left ventricle is found deep to the 3rd to 5th
intercostal spaces on the left, at the mid-clavicular line.
6. Surface Projection of the Right Ventricle. The right ventricle is mostly found deep to
body of the sternum and extends laterally beyond the left parasternal border.
7. Surface Projection of the Pulmonary Trunk. The pulmonary trunk is deep to the left
2nd intercostal space at the left parasternal border.

8. Surface Projection of the Apex. The apex of the heart is found in the left 5th intercostal
space at the mid-clavicular line.
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Internal Features of the Heart Chambers
A. Right Atrium
1.

Pectinate Muscles. Pectinate muscles are small bundles of “comb-like” modified
cardiac muscles that line the right auricle and atrial wall (Figure 6.36).

2. Sinus Venarum. The sinus venarum is the large smooth-walled portion of the atrial
wall (developed from the right horn of the sinus venosus).
3. Crista Terminalis. The crista terminalis is a muscular ridge that separates the sinus
venarum from the pectinate muscles.
4. Fossa Ovalis. The fossa ovalis and its limbus form a “thumbprint” like depression on
the interatrial wall that marks the position of the former foramen ovale.
5. Right atrioventricular aperture.
6. Opening for the coronary sinus.
7. Openings for the SVC and IVC.

Superior vena cava

Crista terminalis
Pectinate muscles
Limbus fossa ovalis
Fossa ovalis

Sinus venarum

Opening of coronary sinus

Inferior vena cava

Figure 6.36 Internal Features of Right Atrium

B. Right Ventricle
1.

Trabeculae Carnae. Trabeculae carnae muscles are modified cardiac muscles
which form criss-crossing bundles on the ventricular wall (Figure 6.37).

2. Papillary Muscles. Papillary muscles (anterior, posterior, septal) are another type
of modified cardiac muscle. They are pyramidal in shape, with bases that attach to
the ventricular wall and apexes that attach to the cusps of the tricuspid valve via
chordae tendinae.
3. Chordae Tendinae. The chordae tendinae are fibrous cords that attached the
papillary muscles to the free edges of the leaflets of the tricuspid valve.
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4. Septomarginal Trabeculae (Moderator Band). The moderator band is another
specialized cardiac muscle. It forms a bridge between the lower aspect of the
interventricular septum and the base of the anterior papillary muscle. It conveys a
portion of the cardiac conduction system.

6

5. Tricuspid Valve. The tricuspid valve guards the right atrioventricular aperture. It is
comprised of three leaflets (anterior, posterior, septal).

C. Left Atrium
1.

Pectinate Muscles. Pectinate muscles are small bundles of “comb-like” modified
cardiac muscles that line the right auricle and atrial wall.

2. Left atrioventricular aperture.
3. Openings for the pulmonary veins.

D. Left Ventricle
1.

Trabeculae Carnae. Trabeculae carnae muscles are modified cardiac muscles
which form criss-crossing bundles on the ventricular wall (Figure 6.37).

2. Papillary Muscles. Papillary muscles (anterior, posterior) are another type of
modified cardiac muscle. They are pyramidal in shape, with bases that attach to
the ventricular wall and apexes that attach to the cusps of the tricuspid valve via
chordae tendinae.
3. Chordae Tendinae. The chordae tendinae are fibrous cords that attached the
papillary muscles to the free edges of the leaflets of the tricuspid valve.

4. Bicuspid Valve. The tricuspid valve guards the left atrioventricular aperture. It is
comprised of two leaflets (anterior, posterior).

Arch of aorta

Superior Vena Cava

Left pulmonary artery

Right pulmonary artery
Pulmonary trunk

Left pulmonary veins

Right pulmonary veins

Pulmonary semilunar
valve
Tricuspid valve
Chordae tendineae
Moderator band
Inferior Vena Cava

LA
RA

Mitral (Bicuspid) valve
RV

LV

Aortic semilunar valve

Papillary muscles
Interventricular septum

Trabeculae carnae

Figure 6.37 Internal Features of Ventricles
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Clinical Correlation:
1.

Auscultation. Auscultation reveals the normal audible cardiac cycle. Auscultation
allows one to assess cardiac cycle, heart rate, rhythm and regularity, and valve
function. Closing of the AV valves produces the 1st hear sound (lub) and closing of the
semilunar valves produces the 2nd heart sound (dub). Cardiac murmurs can also be
detected and evaluated. As a general principle, in order to listen to valve sounds, you
should position the stethoscope just downstream of the blood flow through the valve
of interest. This requires that you be able to project the positions of each of the four
heart valves onto the anterior chest wall as shown in Figure 6.38. The arrows indicate
the direction of blood flow through each valve.
a. Blood flow through the aortic semilunar valve is heard by placing the stethoscope
in the right 2nd IC space, just to the right of the parasternal border.
b. Blood flow through the pulmonary semilunar valve is heard by placing the
stethoscope in the left 2nd IC space, just to the left of the parasternal border.
c. Blood flow through the tricuspid AV valve is heard by placing the stethoscope in
the left 5th IC space, just to the left of the parasternal border.
d. Blood flow through the bicuspid AV valve is heard by placing the stethoscope in
the left 5th IC space, at the mid-clavicular line.

Aortic valve

Pulmonary
valve

Tricuspid
valve

Mitral valve

Figure 6.38 Auscultation of Heart Sounds
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The myocardium receives its blood supply via the right and left coronary arteries (Figure
39). The right and left coronary arteries are the first branches off the ascending aorta.
They arise just distal to the aortic semilunar valve, from the right and left aortic sinuses.
Maximum blood flow into the right and left coronary arteries occurs during diastole, when
the semilunar valve is closed.

Right Coronary Artery
The right coronary artery arises from the sinus of the right coronary cusp of the aortic
semilunar valve and travels in the right coronary sulcus. It supplies the anterior and
diaphragmatic surfaces of the right atrium and right ventricle. It the curves around the
right border of the heart to continue in the coronary sulcus posteriorly. The distal end
of the right coronary artery enters the posterior interventricular sulcus as its terminal
branch, the posterior interventricular artery. It has three branches of major clinical
importance.
1.

Sinoatrial (SA) nodal artery. The SA nodal artery is one of the first branches off the
right coronary artery. It encircles the base of the SVC and supplies the SA node of the
cardiac conduction system.

2. Atrioventricular (AV) nodal artery. The AV nodal artery branches from the right
coronary artery on the diaphragmatic surface of the heart right before it makes a 90
degree turn into the posterior interventricular sulcus. The AV nodal artery penetrates
the lower part of the interatrial septum to supply the AV node of the cardiac
conduction system.
3. Posterior interventricular artery. The posterior interventricular artery (a.k.a. posterior
descending artery, PDA) is the terminal branch of the right coronary artery. It travels
in the posterior interventricular sulcus where it supplies the posterior one-third of the
interventricular septum, and the right and left ventricles.

Left Coronary Artery
The left coronary artery arises from the sinus of the left coronary cusp of the aortic
semilunar valve and travels in the left coronary sulcus for a short distance before dividing
into two terminal branches, the circumflex artery and the anterior interventricular artery.
It has two branches of major clinical importance.
1.

Circumflex artery. The circumflex artery travels in the left coronary sulcus, around the
left border of the heart. It supplies the left border of the heart and the posterior aspect
of the left ventricle and left atrium.

2. Anterior interventricular artery. The anterior interventricular artery (a.k.a Left anterior
descending artery, LAD) descends in the anterior interventricular sulcus. It supplies
the anterior surfaces of the right and left ventricles, the anterior two-thirds of the
interventricular septum, and the right and left atrioventricular bundles of the cardiac
conduction system.
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Left coronary artery

Right coronary artery
Sinoatrial nodal artery
Atrioventricular nodal artery
Posterior descending
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posterior 1/3 of IV septum
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RV

LV

Anterior descending or
anterior interventricular
artery supplies anterior 2/3 of
the IV septum, anterior left
ventricle and bundle of His.

Figure 6.39 Coronary Circulation

Clinical Correlations:
1.

Coronary Dominance. Coronary circulation is said to be right-dominant if the
posterior descending artery derives from the right coronary artery. This is true of ~85%
of the population. Coronary circulation is said to be left-dominant if the posterior
descending artery derives from the left coronary artery (~15% of the population.)

2. Coronary Artery Disease. Occlusion of a major coronary artery, usually due to
atherosclerosis, leads to inadequate oxygenation of a portion of the myocardium and
cell death. The severity of the problem will be related to the size and location of the
artery involved, whether or not the blockage is complete. Depending of severity, the
patient may develop angina (pain) or a myocardial infarction (MI). Occlusions may
be treated with blood thinners, catheterization & angioplasty or stent placement, or
coronary bypass.
3. Heart Attack. Heart attack occurs when the perfusion of the myocardium is
insufficient to meet its metabolic needs, resulting in permanent tissue damage.
The most common cause is total occlusion of a major coronary artery. The most
commonly occluded cardiac vessel is the anterior interventricular artery (LAD, a.k.a.
the widow-maker).
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Most venous blood from the heart tissue is collected via the great, middle, and small
cardiac veins (Figure 6.40). These veins drain into the coronary sinus. The coronary sinus
is a large dilated vein that lies in the left coronary sulcus on the between the base and
diaphragmatic surface of the heart. It opens directly into the right atrium.
1.

Great cardiac vein. The great cardiac vein travels first with the anterior
interventricular artery (in the anterior ventricular sulcus) and then with the circumflex
artery (in the left coronary sulcus) to reach the coronary sinus.

2. Middle cardiac vein. The middle cardiac vein travels with the posterior
interventricular artery (in the posterior interventricular sulcus) to reach the coronary
sinus.
3. Small cardiac vein. The small cardiac vein travels first with the right marginal artery
and then with the right coronary artery (in the right coronary sulcus) to reach the
coronary sulcus.
4. Coronary sinus. The coronary sinus receives all the venous drainage from the heart
except the small anterior cardiac veins and the thebesian veins, which drain directly
into the heart chambers.

LA

LA

RA

Great cardiac vein

RA

RV

LV

Coronary sinus
Middle cardiac vein

Anterior

LV

RV

Posterior
Figure 6.40 Cardiac Veins
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Cardiac Conduction System
The conduction system of the heart consists of modified cardiac muscle that carries
impulses through the heart, initiating and coordinating the contraction of the heart
musculature (Figure 6.41). The conducting system is governed by the ANS. The conduction
system of the heart consists of:
Sinoatrial (SA) Node. Impulses begin at the SA node (cardiac pacemaker). The SA
node is located at the superior end of crista terminalis of the right atrium, at the
junction of the SVC and the right atrium. Excitatory signals generated by the SA node
spread across the atria, causing the muscles to contract. The SA node sets the rate
and force of cardiac contraction. It is supplied by the SA nodal branch of the right
coronary artery.

1.

2. Atrioventricular (AV) Node. The wave of excitation in the atria stimulates the AV
node, which is located in the interatrial septum near the septal cusp of the tricuspid
AV valve. The AV node functions to delay the depolarization from the atria to the
ventricles. This allows the atria to complete their contraction before the ventricles
begin to contract. The AV node is supplied by the AV nodal branch of the right
coronary artery.
3. Atrioventricular(His) Bundle. The AV bundle is the direct continuation of the AV
node. It passes through the cardiac skeleton and then splits into right and left
atrioventricular bundles. The two bundle branches descend along the interventricular
septum and end as Purkinje fibers that spread throughout the ventricular muscle. The
AV bundle is supplied by the left anterior descending artery of the left coronary.		
		
4. Autonomic Control. The vagus nerve (CN X) supplies parasympathetic innervation.
Thoracic cord segments (T1-T5) provide sympathetic innervation.

Sinoatrial node (SAN)
Atrioventricular node (AVN)

LA

RA

Atrioventricular bundle
(Bundle of His)

Right bundle branch (RBB)
RV

LV

Left bundle branch (LBB)
Purkinje fibers (PF)

Figure 6.41 Cardiac Conduction System
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Clinical Correlations:
1.

Coronary Artery Disease. The cardiac conduction system can be affected by
coronary artery disease. The normal rhythm may be disturbed if the blood supply to
any part of the conduction system is disrupted.

2. Angina referred pain. Visceral afferent pain fibers from the heart travel with
sympathetic fibers to the spinal cord. Pain is generally referred to the T1-T4
dermatomes, corresponding to the origin of the sympathetic motor outflow to the
heart.

Posterior Mediastinum
The posterior mediastinum (Figure 6.42) is inferior to the transverse thoracic plane. It
is the space wedged between the pericardium and the bodies of thoracic vertebrae.
It communicates with the superior mediastinum above and is separated from the
abdominal cavity by the diaphragm below.

Contents of the Posterior Mediastinum
1.

Thoracic Aorta. The thoracic aorta begins at the transverse thoracic plane as the
continuation of the arch of the aorta. It descends on the left side of the vertebral
column before passing through the aortic hiatus at the level of the 12th thoracic
vertebrae. It provides blood supply to the posterior thoracic wall (intercostal arteries),
diaphragm, lungs, and esophagus.

2. Esophagus. The esophagus is a muscular tube that connects the pharynx to the
stomach. In the thorax, it descends on the anterior aspect of the vertebral bodies,
generally in a midline position. It passes posterior to the left atrium and then passes
into the abdomen via the esophageal hiatus at TV10 with the right and left vagus
nerves.
3. Azygos Venous System. The azygos venous system collects venous return from
the posterior body wall and returns it to the SVC. It also serves as an important
anastomotic pathway for the return of venous blood from the lower body if the IVC
becomes occluded.
4. Thoracic Duct. The thoracic duct is the principal channel through which lymph from
most of the body is returned to the venous system. It begins in the abdomen at the
cisterna chyli. The thoracic duct enters the thorax posterior to the aorta, passing
through the aortic hiatus at TV12. It terminates by draining its contents into the
junction of the left subclavian and left internal jugular veins.
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Diaphragm
The inferior thoracic aperture is closed off from the abdomen by the diaphragm
(Figure 6.42). The skeletal muscle that makes up the diaphragm originates around the
periphery from lumbar vertebrae (crura of the diaphragm), the lower ribs, the costal arch
and the xiphoid process, and inserts into a central tendon.
1.

Motor innervation to the diaphragm is via the phrenic nerve (C3-4-5). Sensory
innervation of the diaphragm is via the phrenic nerve (central portion) and the lower
intercostal nerves (peripheral portion).

2. There are three major hiatuses in the diaphragm for the passage of structures
between the thoracic and abdominal cavities (Figure 6.42).
•

Caval hiatus. The caval hiatus is at the level of TV8. It transmits the IVC and the
right phrenic nerve.

•

Esophageal hiatus. The esophageal hiatus is at the level of TV10. It transmits the
esophagus and the anterior and posterior vagus trunks.

•

Aortic hiatus. The aortic hiatus is at the level of TV 12, bounded on right and left
sides by the crura of the diaphragm. It transmits the aorta, azygos vein, and
thoracic duct.

•

I 8 10 Eggs At 12 is a useful mnemonic for remembering the vertebral levels
corresponding to each of the hiatuses.

Posterior mediastinum
Inferior vena cava (T8)

T8

Esophagus (T10)

T10

Aorta (T12)

T12

Figure 42 Posterior Mediastinum and Diaphragm
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Development of the diaphragm involves four different components (Figure 6.43A).
1.

The septum transversum forms most of the central tendon of the diaphragm.

2. The right and left pleuroperitoneal membranes form the posterior part of the
central tendon and the posterior aspect of the diaphragm by closing off the
pericardioperitoneal canals.
3. The dorsal mesentery of the esophagus forms the crura of the diaphragm which
frame the aortic and esophageal hiatuses.
4. Muscular outgrowth from the body wall forms the peripheral parts of the diaphragm
Ventral

1. Septum transversun
(central tendon)

4. Muscular body wall

2. Dorsal mesentery
of the esophagus
(crura)

Site of congenital
diaphragmatic hernia

3. Pleuroperitoneal
membrane
(dorsal diaphragm)

Aorta

Dorsal

Figure 6.43A Development of Diaphragm

Hypoplastic left lung
Small intestine, in left
chest, pushing heart
and lungs to the right

Liver partially
up into chest
Diaphragmatic hernia
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Clinical Correlations:
1.

4. Muscular body wall

Esophageal Hernia. An esophageal (hiatal) hernia may occur when the fibers of

2. Dorsal
mesentery surrounding the esophageal hiatus become weak. This allows the
the diaphragm
Site of congenital
of
the
esophagus
stomach to herniate into the thoracic cavity. The patient will
likely present
with
diaphragmatic
hernia
(crura)

esophageal reflux and constriction of the esophagus or stomach. Damage to the

3.vagal
Pleuroperitoneal
trunks may also occur.
membrane
diaphragm)
2. (dorsal
Congenital
Diaphragmatic Hernia.

Aorta

A congenital diaphragmatic hernia (Figure 6.43B)
results when the pleuroperitoneal membranes fail to close the pericardioperitoneal
canals. This results in an open communication between the abdomen and thorax
which allows the herniation of abdominal
contents (spleen, intestines, stomach, or
Dorsal
liver) into the thorax. Presence of the abdominal viscera in the thorax hinders the
growth of the lung resulting in a hypoplastic lung at birth that is associated with a
high degree of mortality (75%) due to pulmonary dysfunction. This most commonly
affects the left side.
Hypoplastic left lung
Small intestine, in left
chest, pushing heart
and lungs to the right

Liver partially
up into chest
Diaphragmatic hernia

Figure 6.43B Diaphragmatic Hernia
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