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Notice

Medicine is an ever-changing science. As new research and clinical experience broaden our knowl-
edge, changes in treatment and drug therapy are required. The authors and the publisher of this work
have checked with sources believed to be reliable in their efforts to provide information that is com-
plete and generally in accord with the standards accepted at the time of publication. However, in view
of the possibility of human error or changes in medical sciences, neither the authors nor the publisher
nor any other party who has been involved in the preparation or publication of this work warrants
that the information contained herein is in every respect accurate or complete, and they disclaim
all responsibility for any errors or omissions or for the results obtained from use of the information
contained in this work. Readers are encouraged to confirm the information contained herein with
other sources. For example and in particular, readers are advised to check the product information
sheet included in the package of each drug they plan to administer to be certain that the information
contained in this work is accurate and that changes have not been made in the recommended dose or
in the contraindications for administration. This recommendation is of particular importance in con-
nection with new or infrequently used drugs.
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Traditional medical curricula have considered
preclinical and clinical undergraduate education
as pedagogically distinct. Historically, instruction
in the anatomical sciences followed this model.
However, changes in licensure examinations and
accreditation standards have necessitated the adop-
tion of different pedagogies for human anatomy
courses at many institutions. In many contempo-
rary courses, students apply their knowledge of
anatomy to clinical problems at the earliest stages
of their training.

Anatomy: A Clinical Case Approach is written
to promote the integration of basic anatomy with
clinical findings in the context of specific patient
conditions. Chapter 1 presents an overview of the
nervous system. Chapters 2-10 use the following
format to present clinical cases relevant to each
body region:

= Patient Presentation. This section outlines the
presenting complaint(s) as might be described
by a patient.

= Relevant Clinical Findings. A standard
sequence for clinical evaluation is presented:
History, Physical Examination, Laboratory
Tests, Imaging Studies, and Procedures. It is
understood that vital signs are collected and
assessed for every patient, but only those that
have significance for the particular case are
noted. Reference values for laboratory tests
are derived primarily from Harrison’s Online
(http://www.accessmedicine.com).

Preface

= Clinical Problems to Consider. The relevant
clinical findings are used to generate a list of
diseases or conditions that correlate with the
anatomical region involved in the case. The list
is not intended for use in making a differential
diagnosis.

= Relevant Anatomy. The essential anatomy
is reviewed for each disease or condition
presented in the list of Clinical Problems to
Consider. This section assumes students have
knowledge of basic anatomical information
and concepts.

= Clinical Reasoning. The Clinical Problems
for each case are defined and Signs and Symp-
toms, and Predisposing Factors outlined.

= Diagnosis. A likely diagnosis is presented and
the basis for the signs and symptoms associ-
ated with each Clinical Problem is discussed.

Review Questions. USMLE-type (clinical-vignette)
questions that emphasize important aspects of
regional anatomy are presented at the end of each
chapter. Explanations for the correct answers are
given in an appendix.

Anatomical terminology established by the
Federative Committee on Anatomical Terminology
(Terminologica Anatomica, 1998) is used through-
out. Anatomy: A Clinical Case Approach assumes
that students acquire anatomical terminology dur-
ing a basic anatomy course. Clinical terms, includ-
ing eponyms, familiarize students with terminology
used commonly in medical practice.


http://www.accessmedicine.com
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FUNCTIONAL CLASSIFICATION
OF NEURONS

The neuron, or nerve cell, is the basic functional
unit of the nervous system. A neuron includes its
cell body and processes (axons and dendrites).
Long neuronal processes are frequently referred to
as fibers. Neurons are generally classified as either
afferent or efferent:

= Afferent, or sensory, neurons receive input
from peripheral structures and transmit it to the
spinal cord and/or brain.

= Efferent, or motor, neurons transmit
impulses from the brain and/or spinal
cord to effectors (skeletal muscle, cardiac
muscle, smooth muscle, glands) throughout
the body.

ANATOMICAL DIVISIONS OF
THE NERVOUS SYSTEM

The nervous system has two anatomical divisions:

1. The central nervous system (CNS) includes
the brain and spinal cord.

2. The peripheral nervous system (PNS)
consists of spinal nerves, their roots, and
branches; cranial nerves (CN) and their
branches; and components of the autonomic
nervous system (ANS).

Collections of nerve cell bodies in the CNS form
nuclei, whereas those in the PNS form ganglia.
Ganglia and nuclei contain either motor or sensory
neurons. Bundles of axons in the CNS are called
tracts. Similar neuronal processes collected in the
PNS form nerves. Nerves are categorized based on
their CNS origin:

= Spinal nerves are attached to the spinal
cord. They transmit both motor and sensory
impulses and are, thus, considered mixed
nerves.

= Most CN are attached to the brain. Some CN
are either motor or sensory only, while others
are mixed.

Spinal Nerves

The spinal cord is composed of segments, as indi-
cated by the 31 pairs of spinal nerves. Each segment
has numerous dorsal (posterior) and ventral (ante-
rior) rootlets that arise from the respective surfaces
of the spinal cord (Fig. 1.1). Dorsal rootlets contain
neuronal processes that conduct afferent impulses to
the spinal cord, whereas the ventral rootlets conduct
efferent impulses from the spinal cord. Respective
rootlets from each segment unite to form dorsal and
ventral roots:

= The dorsal root contains the central
processes of sensory neuronal cell bodies that
are located in the dorsal root ganglion (DRG).
The DRG is also called a spinal ganglion.
The peripheral processes of these neurons
are located in the spinal nerve, its rami, and
their branches. These processes end at or form
receptors.

= The ventral root contains motor fibers. Their
neuronal cell bodies are found in the gray
matter of the spinal cord: ventral horn if the
axons innervate skeletal muscle; lateral horn
if the axons supply smooth muscle, cardiac
muscle, or glands.

The dorsal and ventral roots join to form a short,
mixed spinal nerve. Almost immediately after
its formation, the spinal nerve divides into mixed
dorsal and ventral rami:

= Dorsal rami supply intrinsic (deep) muscles
of the back and neck, joints of the vertebral
column, and skin on the dorsal surface of the
trunk, neck, and head.

= Ventral rami innervate all other muscles
of the neck and trunk (including the dia-
phragm), skin of the anterior and lateral body
walls, and all muscles, and skin of the limbs.
In general, ventral rami are larger than dorsal
rami.

The 31 pairs of spinal nerves arise from the five
regions of the spinal cord (Fig. 1.2). Most of the
spinal nerves (C2-L5) are formed in an interverte-
bral foramen. The C1 spinal nerve emerges between
the skull and the first cervical vertebra. Sacral spinal
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nerves are formed in the vertebral canal and their
rami exit through respective dorsal and ventral sacral
foramina. The Col spinal nerve exits inferior to the
rudimentary transverse process of the first segment
of the coccyx.

Dermatomes

A dermatome is the region of skin innervated by
a single-spinal nerve (Fig. 1.3). All spinal nerves,
with the exception of C1, transmit sensory informa-
tion from the skin. Dermatomes on the trunk, the
neck, and the posterior head form consecutive bands
that vary in width. Dermatomes on the limbs have
more complex shapes and arrangements. Most of
the skin of the face and scalp is supplied by the tri-
geminal nerve (CN V).

Spinal Nerve Plexuses

A nerve plexus is a network of nerves. The four
spinal nerve plexuses are formed from the ventral
rami of spinal nerves: cervical, brachial, lumbar, and
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FIGURE 1.3 Dermatomes.
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lumbosacral (Fig. 1.4). Each plexus has a charac-
teristic sensory and motor distribution (Table 1.1).

Cranial Nerves

There are 12 pairs of cranial nerves (CN I-CN XII).
The spinal part of CN XI (accessory) takes origin from
upper cervical spinal cord, enters the cranial cavity
through foramen magnum and, in the jugular foramen,
joins a cranial root from the brain stem. CN II-XII are
attached to the brain stem. CN I (olfactory) is located
in the nasal cavity and anterior cranial fossa. Cranial
nerves are sensory, motor, or mixed (Table 1.2). They
supply structures in the head and neck; CN X (vagus)
also supplies structures in the thorax and abdomen.

FUNCTIONAL DIVISIONS OF
THE NERVOUS SYSTEM

Functionally, the nervous system can be divided into
somatic and visceral parts.

= The somatic portion innervates structures
derived from somites of the embryo (skin and
skeletal muscles).

= The visceral portion is commonly known as
the ANS.

Both functional divisions convey impulses through
afferent and efferent fibers (Table 1.3).

Plexus Spinal levels

Cervical C1-c4

Brachial C5-T1 -

Lumbar L1-L4 .
| |

Lumbosacral L4-S4 .

Sensory distribution

= Skin of anterior and lateral neck,
and shoulder

Skin of upper limb

Skin of anterior and inferior
abdominal wall

Anterior scrotum/labium majus
Anterior and medial thigh
Medial leg and foot

Skin on posterior lower limb
Anterior and lateral leg, and foot

Motor distribution

= Anterior neck muscles
* Thoracic diaphragm

= Upper limb muscles

= Muscles of anterior and
inferior abdominal wall,
including cremaster

= Anterior and medial thigh

Muscles of pelvic floor
Gluteal region
Posterior thigh

Leg and foot
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Name
Olfactory
Optic

Oculomotor

Trochlear

Trigeminal

Abducens

Facial

Vestibulocochlear

Glossopharyngeal

Vagus

Accessory

Hypoglossal

Nervous System

Sensory

Olfaction

Vision

Skin of anterior scalp and
face

Mucous membranes of
nasal and oral cavities
Teeth

Anterior %3 of tongue
Anterior auricle

Taste: anterior %5 of tongue

Hearing and balance

Taste: posterior 5 of
tongue

Posterior ¥ of tongue
Mucous membranes of
pharynx and middle ear
Carotid body and sinus

External acoustic meatus
and tympanic membrane
Mucous membranes

of larynx, thoracic,

and abdominal organs
through the transverse
colon

Motor

= Superior rectus

= Inferior rectus

= Medial rectus

= Inferior oblique

® Levator palpebrae
superioris

Superior oblique

= Muscles of
mastication

= Anterior belly of
digastric

= Mylohyoid

= Tensor tympani

= Tensor veli palatini

Lateral rectus

® Muscles of facial
expression

= Posterior belly of
digastric

= Stylohyoid

= Stapedius

Stylopharyngeus

Muscles of soft
palate (except tensor
veli palatini)

Muscles of

pharynx (except
stylopharyngeus)

= Muscles of larynx

= Trapezius
" Sternocleidomastoid

Muscles of tongue
(except palatoglossus)

Parasympathetic

Sphincter pupillae and
ciliary muscles

= Lacrimal glands

® Mucous glands
of nasal and oral
cavities

® Sublingual and
submandibular
salivary glands

Parotid glands

® Mucous glands of
pharynx and larynx

= Smooth muscle of
cervical, thoracic,
and abdominal
viscera through
transverse colon
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Division Afferent

Somatic Sensory information primarily from receptors
in skin

Visceral Sensory information from receptors in body

cavity organs

Autonomic Nervous System

The ANS has sympathetic, parasympathetic, and
enteric divisions. The enteric division is a network
of neurons located within the wall of the gastrointes-
tinal tract. This part of the ANS can function auton-
omously, although it interacts with the sympathetic
and parasympathetic divisions. Somatic efferent
impulses utilize a single neuron to transmit infor-
mation from the CNS to skeletal muscle (Fig. 1.5A).
In contrast, sympathetic and parasympathetic effer-
ent information is transmitted through two neurons
(Fig. 1.5B):

1. A preganglionic neuron, whose cell body is
located in the CNS, is the first neuron in this
pathway.

2. A postganglionic neuron, whose soma is
located in an autonomic ganglion, is the
second neuron in the pathway.

(A) Somatic effector pathway

Spinal cord Somatic
effector
Somatic 7

motor I
neuron b’

Skeletal m.

Nervous System 7

Efferent

Skeletal muscles

Smooth muscle, cardiac muscle, and glands

Preganglionic axons synapse on postganglionic cell
bodies in autonomic ganglia. Axons of postgangli-
onic neurons exit these ganglia for distribution to
smooth muscle, cardiac muscle, or glands. Ana-
tomically, the sympathetic and parasympathetic
divisions are distinguished both by the location of
their pre- and postganglionic cell bodies (Table
1.4) and by the nerves that transmit impulses to the
effectors.

Sympathetic Division

All sympathetic preganglionic cell bodies are located
in the lateral horn of the spinal cord at levels T1-L.2
(Table 1.4). All preganglionic axons exit the spinal
cord through ventral roots at these levels, enter respec-
tive spinal nerves, and follow the ventral rami. These
axons branch from the ventral ramus and enter a white
ramus communicans. This short nerve carries the

(B) Visceral effector pathway

Visceral
effector

Spinal cord

Autonomic
ganglion

Preganglionic’  Postganglionic Smooth m.
visceral motor visceral motor C%rl(gﬁgsm-

neuron neuron

FIGURE 1.5 Somatic and visceral efferent (motor) pathways.
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17:\:1H- W | ocation of sympathetic and parasympathetic nerve cell bodies.

ANS division Preganglionic cell body

Sympathetic

Parasympathetic

preganglionic fibers to a paravertebral ganglion.
There are 22 pairs of paravertebral ganglia
adjacent to the vertebral column from C1 to the
coccyx: 3 cervical, 11 thoracic, 4 lumbar, 3 sacral,
and 1 coccygeal (unpaired). These ganglia contain
postganglionic sympathetic cell bodies. Together
with interganglionic segments, these ganglia form
the sympathetic trunk (sympathetic “chain”).
Once in the sympathetic trunk, the pathway of
a preganglionic axon depends on the effector
(skin, regional viscera, adrenal medulla) that
will ultimately be innervated by a postganglionic
axon.

Sympathetic Innervation of Peripheral
Effectors in Skin (Sweat Glands
and Arrector Pili)

Preganglionic axons that enter a paravertebral gan-
glion through a white ramus communicans can either
(Fig. 1.6A):

= Synapse in the ganglion at the level of entry.
Postganglionic axons exit the ganglion through
a gray ramus communicans to join ventral
and dorsal rami at the same level. These fibers
are distributed to effectors in dermatomes
T1-L2.

= Pass through the ganglion at the level of
entry without synapse. These axons ascend or
descend within the sympathetic trunk (using
the interganglionic segments) to synapse in
a ganglion above T1 or below L2 spinal cord
levels. Postganglionic axons exit the ganglion
at the level of synapse via a gray ramus

= Spinal cord (T1-L2)—lateral horn

= Brain stem nuclei of CN III, VII, IX, X
= Spinal cord (S2-S4)—Ilateral horn

Postganglionic cell body

Paravertebral ganglia
Prevertebral ganglia

Ciliary ganglion
Pterygopalatine ganglion
Submandibular ganglion
Otic ganglion

Terminal ganglia

communicans to join branches of spinal
nerves that supply the skin of the C2-C8 and
L3-Col dermatomes.

White rami communicantes are associated with
only T1-L2 spinal nerves. In contrast, gray rami
communicantes are associated with every spinal
nerve.

Sympathetic Innervation of Cranial,

Cervical, and Thoracic Viscera

Preganglionic axons that originate in the lateral

horn of T1-TS and enter a paravertebral ganglion

through a white ramus communicans can either

(Fig. 1.6B):

= Synapse in the ganglion at the level of

entry.

= Ascend in the sympathetic chain to synapse
in a cervical ganglion.

Rather than enter a gray ramus communicans, these
postganglionic fibers form either:

= Periarterial plexuses (e.g., internal carotid
plexus) to head and neck organs.

= Splanchnic (visceral) nerves (e.g., cardiac
nerves) that distribute to thoracic viscera.

Sympathetic Innervation

of Abdominal Viscera

Preganglionic axons that originate in the lat-
eral horn of T5-L2 and enter a paravertebral gan-
glion through a white ramus communicans pass
through the ganglion without synapse (Fig. 1.6C).
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(A) Skin (B) Cranial, cervical & thoracic viscera
Superior
- cervical
S e ganglion
B Internal Dilato!
carotid pupillae
o~ ’ plexus
| = C6 Dermatome
'\ray ramus
communicans
Cardiac nn.
(splanchnic)
Thoracic
White ramus viscera
communicans
Paravertebral
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- AN J )
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Abdominal Pelvic
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Sympathetic fibers

Preganglionic
Postganglionic

FIGURE 1.6 Sympathetic pathways.
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These axons exit the sympathetic chain and form
splanchnic nerves (e.g., greater, lesser, and least
thoracic, or lumbar) that end in prevertebral
ganglia. There are four collections of preverte-
bral ganglia, which are located adjacent to main
branches of the abdominal aorta:

1. Celiac
2. Superior mesenteric
3. Aorticorenal

4. Inferior mesenteric

/- Il Sympathetic innervation of abdominopelvic viscera and testes.

Preganglionic

After synapsing in a prevertebral ganglion, post-
ganglionic fibers follow the branches of abdominal
aorta to abdominal viscera, pelvic viscera, and the
testes (Table 1.5).

Adrenal Medulla

The adrenal (suprarenal) medulla is unique in that
it “acts” as the ganglion. The chromaffin cells of
the adrenal medulla are equivalent to postgangli-
onic sympathetic neurons. Upon stimulation by
preganglionic sympathetic axons, they release neu-
rotransmitters (epinephrine and norepinephrine)

cell body in Preganglionic Prevertebral Postganglionic
lateral horn fibers ganglion fibers
Celiac plexus
Esophagus (distal) T5-T9 Greater Celiac Celiac plexus
Stomach splanchnic nerve
Duodenum (proximal)
Pancreas
Liver
Gall bladder
Spleen
Superior mesenteric plexus
Duodenum (distal) T10-T11 Lesser Superior Superior mesenteric
Jejunum splanchnic nerve  mesenteric plexus
lleum
Cecum
Appendix
Ascending colon
Transverse colon
(proximal)
Inferior mesenteric plexus
Transverse colon (distal)  L1-L2 Lumbar Inferior Inferior mesenteric
Descending colon splanchnic nerves  mesenteric plexus
Sigmoid colon
Rectum
Anal canal (upper)
Aorticorenal plexus
Kidneys, gonads T12 Least splanchnic  Aorticorenal Renal or gonadal plexus
nerve
Adrenal medulla T8-T12 Thoracic None Chromaffin cells of
splanchnic adrenal medulla

nerves



directly into the blood. Preganglionic axons that
innervate the adrenal medulla originate in the lat-
eral horn of T8-T12, enter a prevertebral ganglion
via a white ramus communicans, pass through the
paravertebral ganglia without synapsing, and join
thoracic splanchnic nerves to distribute to the gland
(Table 1.5).

Sympathetic Innervation
of Pelvic Viscera

Preganglionic axons that originate in the lateral
horn of T12-L2 and enter paravertebral ganglia via
white rami communicantes, pass through the gan-
glion without synapse, and form lumbar splanchnic
nerves. These nerves contribute to the inferior part of
the abdominal aortic plexus and the superior hypo-
gastric plexus (Fig. 1.6D).

= The abdominal aortic plexus is located along
the anterior and lateral surfaces of the abdomi-
nal aorta.

= The superior hypogastric plexus is formed
by preganglionic fibers of the aortic plexus as
they descend onto the S1 vertebral body. Some
of these fibers will synapse on postgangli-
onic sympathetic cell bodies located in small
ganglia within the plexus. Other fibers synapse
in small, inferior hypogastric and sacral para-
vertebral ganglia.

= Postganglionic fibers from the superior hypo-
gastric plexus unite to form the right or left
hypogastric nerves.

Nervous System 11

= The hypogastric nerves descend into the
pelvis and distribute into the right and left
inferior hypogastric plexuses. These postgan-
glionic fibers follow periarterial plexuses along
branches of the internal iliac artery to inner-
vate pelvic organs (Table 1.6).

The pathway described above is characteristic for
sympathetic innervation of pelvic viscera.

Parasympathetic Division

There are two locations for preganglionic cell bod-
ies of the parasympathetic division:

1. Brain stem nuclei of CN III, VII, IX, and X
2. Lateral horn of S2-S4 spinal cord segments

Preganglionic fibers that emerge as part of a CN
form the cranial outflow, while those that exit the
sacral spinal cord form the sacral outflow.

Cranial Outflow

Cranial outflow is associated with CN III, VII, IX,
and X (Fig. 1.7). Preganglionic fibers in CN III,
VII, and IX synapse in named parasympathetic gan-
glia in the head (Table 1.7). Postganglionic fibers
innervate smooth muscle in the eye and salivary and
lacrimal glands. The vagus nerve (CN X) has 80%
of the parasympathetic cranial outflow. In addition to
providing branches to the head and neck, it contrib-
utes to several plexuses in the thorax (e.g., cardiac,
pulmonary, and esophageal) and abdomen (e.g.,
celiac and superior mesenteric). All preganglionic

/A Al Sympathetic innervation of pelvic viscera.

Preganglionic

cell body in Preganglionic Sympathetic Postganglionic
lateral horn fibers ganglion fibers
Rectum T12-L2 Lumbar splanchnic Ganglia within Hypogastric nerves to

Anal canal (upper)
Urinary bladder

Uterus, uterine hypogastric
tubes plexuses

Vagina

Prostate

Seminal glands

nerves to aortic
and superior

superior inferior hypogastric
hypogastric plexuses to periar-
plexus terial plexuses for

specific organs
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Ciliary ganglion CN Ill—Oculomotor n.

Pterygopalatine

ganglion CN ViIl—Facial n.

" ¢ CN IX—Glossopharyngeal n.

Submandibular

a ganglion

CN X—Vagus n.

External genitalia
i & pelvic reproductive
Terminal organs

ganglion

Parasympathetic fibers Pelvic
y —— Preganglionic splanchnic nn.
Postganglionic

FIGURE 1.7 Parasympathetic pathways.

TABLE 1.7 REIERT] L] c cranial outflow.

] Oculomotor Ciliary Short ciliary nn. = Pupillary sphincter muscle
nerve = Ciliary muscle
Vil Greater petrosal Pterygopalatine Branches of ® Lacrimal gland
nerve maxillary nerve = Mucous glands of nasal and
(CN V2) oral cavities
Vi Chorda tympani Submandibular Lingual nerve = Submandibular gland
= Sublingual gland
IX Lesser petrosal Otic Auriculotemporal = Parotid gland
nerve nerve
X Vagus nerve Terminal Short nerve fibers = Mucous glands of pharynx
near/in wall of and larynx
organ = Smooth muscle of cervical,

thoracic, and abdominal
viscera
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LA A B Parasympathetic innervation of pelvic viscera.

Preganglionic

cell body in Preganglionic Parasympathetic Postganglionic
Organs lateral horn fibers ganglion fibers
Transverse colon S2-54 Pelvic splanchnic nerves  Terminal Short nerve fibers

Sigmoid colon
Rectum

Anal canal (upper)
Urinary bladder
Uterus, uterine

plexuses

to inferior hypogastric

near/in wall of
organ

From inferior hypogastric
plexuses to adjacent
periarterial plexuses

tubes (e.g., uterovaginal,
Vagina rectal)
Prostate

Seminal glands
Erectile tissues

fibers in the vagus nerve end in small, terminal
ganglia located near or in thoracic and abdominal
organs (Fig. 1.7). Postganglionic fibers innervate
the smooth muscle and glands of these organs. Vagal
distribution to the gastrointestinal tract ends at the
transverse colon, where it overlaps with the para-
sympathetic sacral outflow.

Sacral Outflow

Preganglionic parasympathetic cells in the lat-
eral horn of S2-S4 distribute their axons in respec-
tive ventral roots, spinal nerves, and ventral rami.
These preganglionic fibers branch from the S2
to S4 ventral rami as pelvic splanchnic nerves
(Table 1.8). These nerves pass through the infe-
rior hypogastric plexus without synapse and follow
periarterial plexuses to pelvic organs and the dis-
tal gastrointestinal tract. These nerves synapse on
postganglionic parasympathetic cells in terminal
ganglia.

Visceral Afferent Pathways

Visceral afferent fibers conduct sensory informa-
tion (pain or reflexive) from organs to the CNS.
Their neuronal cell bodies are located either in
dorsal root ganglia or a sensory ganglion associ-
ated with CN IX and X. They are considered part
of the ANS, but not classified as sympathetic or
parasympathetic.

Pain from Thoracic
and Abdominal Organs

Pain receptors of visceral afferents are located in
thoracic and abdominal organs. In general, these
receptors are responsive to ischemia, chemical
insult, or over-distension. Visceral afferent fibers
enter the periarterial plexus for an organ. From there,
they travel to and through the prevertebral ganglia
(i.e., without synapse). These fibers continue along
splanchnic nerves (specific for the visceral efferent
of the organ) to the sympathetic chain. They leave
the chain in a white rami communicans and enter the
ventral rami and spinal nerves. Afferent fibers follow
the dorsal root to their cell bodies in a dorsal root
ganglia. The central process of the visceral afferent
neuron enters the dorsal horn of the spinal cord. The
spinal cord segments that receive pain afferent input
from thoracic and abdominal viscera are, in general,
the same segments as those that provide sympathetic
visceral efferent innervation for an organ (Fig. 1.8).

Pain from Pelvic Organs

Pain information from pelvic organs is conducted
along afferent fibers that travel sequentially through
organ-specific periarterial plexuses, the inferior
hypogastric plexus, and pelvic splanchnic nerves.
From pelvic splanchnic nerves, afferent fibers
course in order through ventral rami, spinal nerves,
and the dorsal roots of S2-S4. The afferent neuronal
cell bodies are located in the S2-S4 dorsal root ganglia
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Dorsal root
ganglion

Splanchnic n.

White ramus /
communicans =

Paravertebral
ganglion

Visceral afferent
—— Sympathetic preganglionic
—— Sympathetic postganglionic

FIGURE 1.8 Visceral pain afferent pathway.

and their central processes enter the dorsal horn of
spinal cord at these levels.

Referred Pain
Pain that originates in an organ but is perceived in a
somatic structure, such as skin or underlying muscle,

Somatic
sensory n.

Visceral
sensory n.

Paravertebral
ganglion

FIGURE 1.9 Referred pain pathway.

Abdominal
aorta

Prevertebral
ganglion

Peri-arterial

Prevertebral
plexus

Abdominal
viscera

is considered referred pain. Visceral afferent fibers
conduct impulses in response to painful stimuli from
thoracic and abdominal organs. These fibers enter
the spinal cord through dorsal roots of levels T1-L2.
In these dorsal roots, visceral afferents intermingle
with somatic afferents from the body wall. In the

Patient perceives
diffuse pain in
T10 dermatome
.

—— Somatic afferent
—— Visceral afferent




dorsal horn of the spinal cord, visceral afferents may
synapse on the same interneurons as somatic affer-
ents. This “sharing” of a common interneuron pool
is one explanation for referred pain (Fig. 1.9). Most
pelvic viscera lie inferior to the parietal peritoneum
and therefore are located below the “pelvic pain
line.” The majority of pain afferent fibers from pel-
vic organs join, sequentially, the pelvic splanchnic
nerves, ventral rami, and spinal nerves to reach their
cell bodies in the S2-S4 dorsal root ganglia. There-
fore, pain from these organs is normally referred
to the S2-S4 dermatomes. Although the distal sig-
moid colon and superior rectum do not lie inferior
to the parietal peritoneum, pain afferents from these
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regions of the intestinal tract are also associated
with the S2-S4 dorsal root ganglia.

Visceral Reflexes

Afferent impulses from organs can evoke reflexes
that influence visceral functions such as gastric motil-
ity, urination, and defecation. These visceral afferents
primarily detect stretch and/or distention of organs.
The afferent fibers travel from these receptors along
either the vagus nerve (abdominal and thoracic vis-
cera) or pelvic splanchnic nerves (pelvic viscera).
Afferent neuronal cell bodies are therefore located
in vagal ganglia or the S2-S4 dorsal root ganglia,
respectively.

REVIEW QUESTIONS

1. A male patient is admitted to the hospital complain-
ing of severe headaches. During the neurological
examination, his tongue deviates to the left upon
protrusion. A CT scan reveals a tumor affecting a
cranial nerve. Which nerve if affected?

A. Glossopharyngeal (CN IX)
B. Hypoglossal (CN XII)

C. Mandibular (CN V3)

D. Maxillary (CN V2)

E. Vagus (CN X)

2. A female patient is unable to close her left eye
tightly. Which nerve is most likely affected?
A. Facial (CN VII)
B. Maxillary (CN V2)
C. Oculomotor (CN III)
D. Ophthalmic (CN V1)
E. Trochlear (CN IV)

3. During surgery to repair the gastro-esophageal junc-
tion, the surgeon damaged the vagal trunks. Which
part of the large bowel would be affected in this
patient?

A. Ascending colon

B. Descending colon
C. Left colic flexure
D. Sigmoid colon

E. All of the above

4. Amyotrophic lateral sclerosis (ALS) is a neurode-
generative disease that specifically targets motor
neurons that control skeletal muscles. The cell
bodies for these neurons are located in the:

A. Dorsal (posterior) root ganglia

B. Dorsal (posterior) horn of the spinal cord
C. Lateral horn of the spinal cord

D. Sympathetic chain ganglia

E. Ventral (anterior) horn of the spinal cord

5. A patient is suffering from intractable abdominal
pain due to a large, malignant tumor. The pain persists
despite removal of the tumor. A pain management
physician suggests a rhizotomy (nerve transection)
be performed as a treatment for pain relief. What
structures would be cut during this procedure?

A. Dorsal (posterior) rami
B. Dorsal (posterior) roots
C. Spinal nerves

D. Ventral (anterior) rami

E. Ventral (anterior) roots

6. An 85-year-old woman visits a neurology clinic
complaining of intermittent pains “shooting” down
her legs. An MRI of her lumbar spine reveals
severe arthritic changes, including stenosis (nar-
rowing) of the lumbar intervertebral foramina. The
neurologist explains that her pain is related to the
pressure on the nerves exiting these constricted
openings. What nerve is located in the interverte-
bral foramen?

A. Dorsal (posterior) ramus
B. Dorsal (posterior) root
C. Spinal nerve

D. Ventral (anterior) ramus
E. Ventral (anterior) root
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A 25-year-old female patient is seen in the family 9.

medicine clinic with a complaint of palmar hyper-
hidrosis (excessive sweating on her hands). After
numerous tests, her physician suggests endoscopic
thoracic sympathectomy to disconnect the sympa-
thetic chain ganglia from adjacent nerves. Sympa-
thetic chain ganglia contain:

A. Postganglionic neuronal cell bodies

B. Preganglionic neuronal cell bodies

C. Somatic afferent neuronal cell bodies

D. Visceral afferent neuronal cell bodies

A dermatome is an area of skin supplied by the affer-
ent component of one spinal nerve. The neuronal cell
bodies for the sensory axons that supply the skin of
the T4 dermatome would be located in the T4:

A. Dorsal (posterior) horns of spinal cord
B. Dorsal (posterior) root ganglia

C. Intercostal nerves

D. Sympathetic ganglia

E. Ventral (anterior) horns of spinal cord

10.

Which structure would ot be in the pathway for the
sympathetic innervation of the heart?

A. Cardiac splanchnic nerves

B. Gray rami communicantes

C. Neuronal cell bodies in T2 lateral horn
D. Sympathetic paravertebral ganglia

E. White rami communicantes

Visceral afferents associated with pain receptors in
the wall of the appendix are located in:

A. Greater splanchnic nerve

B. Least splanchnic nerve

C. Lumbar sympathetic ganglia

D. Superior cervical ganglion

E. Superior mesenteric arterial plexus



CHAPTER

Thorax



CASE 2 -1 Mitral Valve Stenosis

Patient Presentation

During a scheduled prenatal visit, a 34-year-
old in the 24th week of her first pregnancy
complains of shortness of breath and fatigue.
During a couple of recent exercise sessions she
noticed that her heart was “racing.” During one
of these episodes, she noticed a small amount
of blood in her saliva.

Relevant Clinical Findings

History

This patient emigrated from India to the
United States 10 years ago. She indicates that
there is no family history of cardiovascular or
respiratory disease. She does not have records
for childhood immunizations and illnesses. To
date, her pregnancy has been unremarkable.

Physical Examination
Noteworthy vital signs:

= Pulse: 122 bpm
Adult resting rate: 60-100 bpm

= Fetal pulse: 143 bpm
Baseline fetal rate: 110—-160 bpm

Results of physical examination:

= Auscultation over the heart apex with
the patient in left decubitus position reveals
a mid-diastolic murmur and a systolic
“snap.”

= Crackles are detected in all lung lobes.

Imaging Studies

= Echocardiography reveals calcification in
both leaflets of the mitral valve, doming of the
anterior leaflet, and thickened and shortened
chordae tendineae. The left atrium is enlarged.

Electrocardiogram
= Atrial fibrillation

Clinical Problems to Consider
= Atrial myxoma

= Mitral valve prolapse

= Mitral valve stenosis

LEARNING OBJECTIVES

1. Describe the anatomy of the left
atrioventricular (mitral) valve.

2. Correlate the normal electrocardiogram
(ECG) with events of the cardiac cycle.

3. Explain the anatomical basis for the signs
and symptoms associated with this case.

RELEVANT ANATOMY

Left Atrioventricular (Mitral) Valve

A system of one-way valves guards the entry and exit
channels of the ventricles of the heart (Fig. 2.1.1).
These valves are divided into those that lie at the
junction of each atrium with its respective ventricle
(atrioventricular valves) and those that are located

Auscultation A diagnostic method, usually with a
stethoscope, to listen to body sounds (e.g., heart,
breath, and gastrointestinal sounds)

Decubitus Lying down

18

Myxoma Benign neoplasms derived from connective tissue

Prolapse To fall or slip out of place

Stenosis Narrowing a canal (e.g., blood vessel and
vertebral canal)
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Left atrioventricular
1 (mitral) valve

| Chordae tendineae
| Aortic valve

[ Posterior papillary m.

= Trabeculae carneae

FIGURE 2.1.1 (A) Anterior view of the interior of the heart in a frontal section. The
pulmonary trunk and arteries are sectioned in this view. (B) View of the left atrium

and ventricle showing the left atrioventricular (mitral) valve.

in the root of the large vessel exiting each ventricle
(pulmonary and aortic valves). The cusps for each
heart valve are composed of a fibrous core that is
coated with endocardium. All cusps are anchored to
the cardiac skeleton, a fibrous ring that insulates
atrial from that of the ventricular myocardium.

The left atrioventricular (mitral or bicuspid)
valve lies at the junction of the left atrium and ven-
tricle (Fig. 2.1.1). Its two cusps are termed ante-
rior and posterior and the two papillary muscles of
the left ventricle have the same distinctions. The
area of the anterior cusp is approximately twice
that of the posterior cusp. Chordae tendineae from
each papillary muscle extend to both valve cusps.
This arrangement is most important during ventric-
ular systole since it prevents prolapse of the valve
cusps into the atrium and separation of the valve
cusps. Thus, as blood is forced from the ventricle
during systole, it cannot regurgitate into the left
atrium.

In the healthy heart, the left atrioventricular valve
opens wide during ventricular diastole so that
the left atrium and ventricle become a common
chamber.

Surface Projections of Heart Valves

The position of the heart in the mediastinum places
the four heart valves deep to the body of the sternum
(Fig. 2.1.2).

= The right atrioventricular (tricuspic) valve
lies slightly right of midline, deep to the 4th
and 5th intercostal spaces.

= The left atrioventricular (mitral) valve lies just
left of midline, deep to the 4th costal cartilage.

= The pulmonary valve lies just left of the mid-
line at the level of the 3rd costal cartilage.

= The aortic valve lies near the midline at the
level of the 3rd intercostal space.

Auscultation Points for Heart Valves

The opening and closing of the heart valves pro-
duces “heart sounds” that can be assessed with the
aid of a stethoscope. Because of the orientation
of the heart in the mediastinum, blood flow through
the heart valves is closer to horizontal than vertical.
The sound produced by each valve and the con-
tracting ventricular wall is projected along vectors
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FIGURE 2.1.2 Surface projections and auscultation points for the heart valves.

aligned with the orientation of the blood flow. Thus,
the valve sounds are projected to the sides of the
sternum where the resonance through the thoracic
wall is significantly better. In other words, the valve
sounds are best heard at some distance from actual
valve location (Fig. 2.1.2).

The aortic and pulmonary valve sounds are assessed
with the bell of the stethoscope over, respectively, the
right and left 2nd intercostal spaces, adjacent to the
sternum. Both atrioventricular valve sounds can be
heard in the 5th left intercostal space: the right atrio-

ventricular valve adjacent to the sternum and the left
atrioventricular valve on the midclavicular line. The
position in the left 5th intercostal space on the mid-
clavicular line represents the location of the apex of
the heart. This region is often referred to as the “Point
of Maximal Impulse” (PMI) since heart sounds are
generally loudest at this location.

Normal Electrocardiogram

The electrocardiogram (EKG or ECG) is a record
of the electrical activity in the heart during each



cardiac cycle. The cardiac cycle takes <1 second and
includes one episode each of diastole and systole.

= Diastole is the portion of the cardiac cycle
when the myocardium relaxes and the heart
chambers fill.

= Systole is the portion of the cardiac cycle
when the myocardium contracts and the heart
chambers empty.

The electrical activity in the heart can be monitored
by an electrocardiograph, an instrument that records
and amplifies all action potentials in the conduction
system and myocardium. This electrical activity is
detected by a series of electrodes attached to the tho-
racic wall and to the extremities. The EKG is visual-
ized on a paper tracing or on a video monitor.

The EKG for a normal cardiac cycle consists of a
series of deflections above and below a reference or
baseline. These deflections represent depolarization
and repolarization activities in the heart. The EKG
for one cardiac cycle is divided into three major
parts (Fig. 2.1.3):
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1. The P wave represents depolarization of atrial
myocytes as impulses from the sinu-atrial (SA)
node spread.

2. The QRS complex includes a prominent
R spike above baseline and two smaller
deflections, Q and S, below baseline (before
and after the R wave, respectively). The QRS
complex represents ventricular depolariza-
tion. The shape of this part of the EKG is
created because of the difference in size and
depolarization rate for the ventricles.

3. The T wave represents the time of ventricu-
lar repolarization and immediately precedes
ventricular diastole.

During the PQ segment, the atria undergo systole.
At the end of the PQ segment, impulses have reached
the atrioventricular (AV) node.

Ventricular systole begins at the end of the QRS
complex and extends into the T wave. It is during
this period that the ventricles force blood into the
pulmonary trunk and ascending aorta.
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FIGURE 2.1.3 Normal
electrocardiogram (EKG).
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Alterations to the heart conduction system, val-
vular function, and/or myocardium may alter the elec-
trical activity in the heart. These alterations will mani-
fest as changes in the different segments of the EKG.

CLINICAL REASONING

This patient presents signs and symptoms of heart
disease.

Atrial Myxoma

An intracardiac myxoma, the most common primary
tumor of the heart, is a benign neoplasm. It occurs
most frequently (75%) in the left atrium. Typically, it is
pedunculated with attachment to the interatrial septum
near fossa ovalis. On average, it is 5—-6 cm in diameter.

Signs and Symptoms
= Pulmonary hypertension
= Dyspnea on exertion
= Orthopnea
= Acute pulmonary edema
=  Mitral valve murmur

= Heart failure

FIGURE 2.1.4 Transesophageal
echocardiogram from a four-chamber view
from a 50-year-old man who presented with
exertional dyspnea and syncope. A large,
left atrial myxoma (M) attached to the
interatrial septum is seen prolapsing across
the mitral valve (MV) into the left ventricle
(LV) in diastole (right panel). Source: Fig. 90-6
in Hurst’s the Heart.

= Palpitations
= Fatigue

Predisposing Factors
Atrial myxomas are classified as familial or sporadic:

= Sex: sporadic myxomas are most common in
women (75%).

= Age: mean age at presentation for sporadic
myxoma is 56 years; mean age at presentation
for familial myxoma is 25.

A left atrial myxoma may obstruct the mitral
orifice (Fig. 2.1.4) or pulmonary venous orifices
leading to pulmonary edema and hypertension.
This may result in leading to decreased left ven-
tricular output. Right ventricular hypertrophy
frequently develops as a result of obstruction of
pulmonary blood flow.

Left Atrioventricular (Mitral)
Valve Prolapse

Mitral valve prolapse is a condition in which one
or both cusps project partially or fully into the left
atrium during left ventricular systole.

Dyspnea Difficulty breathing and shortness of breath

Syncope Loss of consciousness (fainting)

Pedunculate Having a stalk

Edema Swelling of skin due to abnormal accumulation
of fluid in subcutaneous tissue

Murmur Variable vibrations produced by turbulence of
blood flow

Palpitation Forcible or irregular pulsation of the heart
that is perceptible to the patient

Hypertension Abnormal increase in arterial and/or
venous pressure

Hypertrophy Increase in size of a tissue or organ due
to increased cell size, i.e., without increased cell
number (antonym: hyperplasia)



Signs and Symptoms
= Dyspnea
= Fatigue
= Palpitations
= One or more midsystolic clicks heard on
auscultation
= Midsystolic clicks accentuated when patient
standing
Predisposing Factors
Sex: female (3:1)

Thin stature

Thoracic skeletal deformities (e.g., scoliosis)
= Heritable connective tissue diseases

Mitral valve prolapse is nearly always asymptom-
atic. The prolapse is always accompanied by some
regurgitation of blood into the left atrium during
systole. This regurgitation places a volume overload
on the left ventricle.

The underlying cause of mitral valve prolapse is not
well understood, but excessive (redundant) valve
may play a role in many patients with inherited con-
nective tissue disorders. The prolapse of one or both
leaflets places additional stress on the associated
papillary muscles and chordae tendineae. This may
impair the function of the valve complex. Papillary
muscle damage and/or rupture of chordae tendineae
exacerbate regurgitation through the valve, estab-
lishing a vicious cycle of events that may culminate
in heart failure, a failure of the ventricles to eject
the volume of blood necessary to adequately supply
oxygen to the organs and tissues of the body.

Mitral Valve Stenosis

Mitral valve stenosis is a progressive condition in
which the valve cusps become rigid and prevent
the valve from opening properly during ventricular
diastole.
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Signs and Symptoms
= Exertional and/or paroxysmal nocturnal dyspnea
= QOrthopnea
= Atrial fibrillation
= Lung crackles

= Hemoptysis

Predisposing Factors
= History of rheumatic fever

= Systemic lupus erythematosus
= Sex: female (3:1)

= Congenital valve defect

Clinical Notes

Rheumatic Fever

= Forty percent of all patients with docu-
mented history of rheumatic fever (Strep-
tococcus pyogenes) develop mitral valve
stenosis. Most patients have lived in tropical
and subtropical areas where rheumatic
fever is still a common childhood infection.
Rheumatic fever has not been common in
the United States since the development of
effective therapeutic medications.

= The latent period between initial infection
with S. pyogenes and the onset of symptoms
of mitral valve stenosis is about two decades.

= Cardiac involvement from rheumatic fever is
thought to result from the body’s immunolog-
ical response to attack the “M" protein anti-
gens found in S. pyogenes and in the heart
tissue of some patients. In these patients,
inflammation of the endocardium occurs.

= [t is thought that the hemodynamic stress
on valve cusps increases their vulnerability.
Why the mitral valve cusps are more suscep-
tible is unknown.

Paroxysmal Sudden onset of a symptom or disease

Orthopnea Difficulty breathing and shortness of breath
when lying down

Fibrillation Rapid contraction or twitching of muscle
fibrils but not of the muscle as a whole

Crackle Crackling noise heard with lung disease (also
known as a rale)

Hemoptysis Blood in sputum from airway
hemorrhage
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DIAGNOSIS

The patient presentation, medical history, physical
examination, imaging studies, and procedure results
support a diagnosis of mitral valve stenosis.

Mitral Valve Stenosis

Mitral valve stenosis is a condition in which the canal
between the left atrium and ventricle is narrowed due to
disease of the cusps of the left atrioventricular (mitral)
valve. Mitral valve stenosis may remain asymptomatic
for years. When clinical symptoms develop, they may
be similar to those of other heart diseases.

= The symptoms in this patient developed with
pregnancy due to the elevated cardiovascular
demands and associated increased transmitral
pressure gradient.

= The systolic “snap”, detected during ausculta-
tion, is associated with the stenotic mitral valve.
Normally, the mitral valve cusps “float” into the
closed position. In stenosis, the valve remains
open longer for ventricular filling and closes
from the full-open position with a “snap.”

= Conclusive diagnosis is made from echo-
cardiographic evidence of rigid cusps with
calcifications.

Mitral valve stenosis is said to “protect” the left
ventricle since there is no overload placed on this
chamber. Output from the ventricle is decreased, but
the chamber is not stressed. The stenotic valve is not
allowing the left atrium to empty and it eventually
enlarges. This change is reflected in the P wave of
the EKG (Fig. 2.1.5).

Biphasic
P wave

. ™ = i, =R

FIGURE 2.1.5 EKG with a biphasic (“notched”) P wave
from a patient with mitral stenosis. Source: Fig. 15-22 in
Hurst’s the Heart.

P wave

absent \

FIGURE 2.1.6 EKG with absent P wave from a patient
with atrial fibrillation.

In 50-80% of cases, the stress on the left atrium
results in atrial fibrillation (Fig. 2.1.6). This will,
in turn, produce increased pulmonary vasculature
pressure leading to:

= Hypertension
= Edema
= Lung crackles

= Hemoptysis

Clinical Notes

= Hemoptysis due to rupture of hypertensive
lung capillaries is not common in other
heart diseases.

= Patients may present with hoarseness due
to pressure on the left recurrent laryngeal
nerve by the enlarged left atrium.

Atrial Myxoma

This benign neoplasm is typically mobile due to the
presence of a stalk of variable length. The pedun-
culated mass may enter the mitral orifice during
diastole and return to the left atrium during systole.
Symptoms arise due to the mechanical interference
with the valve.

= Echocardiography in this patient did not reveal
any masses in the left side of the heart.



Clinical Note

Cardiac myxomas account for most cases of tumor
embolism.

Left Atrioventricular (Mitral)
Valve Prolapse

Mitral valve prolapse is a condition in which one
or both cusps project into the left atrium during
systole. The underlying cause is often a larger
than normal valve cusp associated with famil-
ial connective disorders. The posterior cusp is
more often affected and may have chordae ten-
dineae that are elongated or ruptured. Increased
stress placed on the papillary muscles in mitral
valve prolapse may lead to ventricular and atrial
arrhythmias.

= Midsystolic clicks are postulated to be the
result of sudden tension on elongated, slack-
ened chordae tendineae, or by the prolapsing
valve cusp reaching its maximal excursion.
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= With arrhythmias, presenting symptoms
may include palpitations, presyncope, and
dyspnea.

= Echocardiography is useful in establishing the
degree of prolapse. In mitral valve prolapse,
the cusps are mobile. In contrast, the cusps in
mitral stenosis are more rigid due to fusion
along the commissures, the accumulation of
foreign material on the cusp surfaces, and
calcification.

Clinical Note

Mitral valve prolapse is present in approxi-
mately 10% of the general female population.
For this reason, the clinical significance of this
condition is disputed.

Presyncope Feeling faint or lightheaded (syncope is

actually fainting)

Arrhythmia Irregular heart beat
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Congestive Heart
Failure

Patient Presentation

A 58-year-old male visits his cardiologist for
biannual monitoring of cardiovascular disease.
His current complaints are shortness of breath,
fatigue, and swelling of his feet and ankles.

Relevant Clinical Findings

History

At age 49, this patient was diagnosed with
advanced coronary artery disease. This diagno-
sis was made subsequent to a mild heart attack.
At that time, he had a triple bypass on the ante-
rior interventricular artery. For 30 years prior
to the heart attack, he smoked 20-30 cigarettes
daily, although he has not smoked for the last 9
years. He admits to regular use of illicit drugs
“during my 20s and 30s.”

He relates that he has trouble breathing in bed
and is able to sleep best in his recliner chair.
He also indicates that he commonly needs to
urinate 3—4 times each night.

Physical Examination
Noteworthy vital signs:
= Pulse: 102 bpm

Adult resting rate: 60—100 bpm
Results of physical examination:

= Mild edema of feet and hands

= Auscultation reveals wheezing and crackles in
both lungs

= Orthopnea

= Distension of neck veins

= S3 heart sound over apex of heart

Clinical Note

The S3 heart sound is produced during ven-
tricular diastole. It may be present in children
and in adults up to age 40. The presence of S3
after age 40 suggests left-side heart failure.

Electrocardiogram
= Consistently wide and deep Q wave
= Deep S and tall R waves

Imaging Studies
= Plain film radiography shows left ventricular
hypertrophy.
= Echocardiography reveals a left ventricular ejec-
tion fraction (EF) of 38%
Normal: 55-70%.

Clinical Problems to Consider

= Chronic obstructive pulmonary disease (COPD)
= Congestive heart failure (CHF)
= Valvular disease

Auscultation A diagnostic method, usually with a
stethoscope, to listen to body sounds (e.g., heart,
breath, and gastrointestinal sounds)

Crackle Crackling noise heard with lung disease (also
known as a rale)
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Edema Swelling of skin due to abnormal accumulation
of fluid in subcutaneous tissue

Orthopnea Difficulty breathing and shortness of breath
when lying down

Wheezing Labored breathing that produces a hoarse,
whistling sound



LEARNING OBJECTIVES

1. Describe the anatomy of the heart valves.

Describe the surface projections and
auscultation points for the heart valves.

3. Describe the anatomy of the heart ventricles.
Describe the intrapulmonary airway.

5. Correlate the normal electrocardiogram
(ECG) with the cardiac cycle.

6. Explain the anatomical basis for the signs
and symptoms associated with this case.

RELEVANT ANATOMY

Heart Valves

A system of one-way valves guards the entry
and exit channels of the ventricles of the heart
(Fig. 2.2.1). These valves are divided into those that

Superior vena cava

Ascending aorta

Right atrioventricular valve

Inferior vena cava

Papillary m.

FIGURE 2.2.1 Anatomy of the heart valves.
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lie at the junction of each atrium with its respective
ventricle (atrioventricular valves) and those that are
located in the root of the large vessel exiting each ven-
tricle (pulmonary and aortic valves). The cusps for
each heart valve are composed of a fibrous core that
is coated with endocardium. All cusps are anchored to
the cardiac skeleton, a fibrous ring that insulates the
atrial myocardium from that of the ventricles.

The right atrioventricular (tricuspid) valve lies at
the junction of the right atrium and ventricle (Fig.
2.2.1). It has three cusps: anterior, posterior, and sep-
tal. Chordae tendineae are attached near the ventricu-
lar margin of each cusp. These fibrous tethers, in turn,
attach to papillary muscles of the ventricular wall.
Each papillary muscle (anterior, posterior, septal) has
chordae tendineae that attach to two valve cusps.

= Chordae tendineae from the anterior papillary
muscle attach to anterior and posterior cusps

= Chordae tendineae from the posterior papillary
muscle attach to posterior and septal cusps

Arch of aorta

Pulmonary trunk
Left atrioventricular valve

Chordae tendineae

Aortic valve

Interventricular septum
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= Chordae tendineae from the septal papillary
muscle attach to septal and anterior cusps

This arrangement is most important during ventricular
systole since it prevents (a) prolapse of the valve cusps
into the atrium and (b) separation of the valve cusps.
Thus, as blood is forced from the ventricle during sys-
tole, it cannot regurgitate into the left atrium.

The left atrioventricular (bicuspid or mitral) valve
lies at the junction of the left atrium and ventricle (Fig.
2.2.1). Its two cusps are termed anterior and posterior.
The two papillary muscles of the left ventricle have
the same names. Chordae tendineae from each papil-
lary muscle extend to both valve cusps and function
similarly to those on the right side of the heart.

The pulmonary valve is located at the junction of
the pulmonary trunk with the right ventricle (Fig.
2.2.1). It consists of three semilunar cusps (anterior,
right, and left) that lack chordae tendineae. Each
cusp is concave on its distal surface. These concavi-
ties form the pulmonary trunk sinuses. During right
ventricular systole, blood is forced from the chamber
into the pulmonary trunk, causing the valve cusps to
be displaced toward the wall of the vessel. Conversely,
during right ventricular diastole, the elastic recoil in
the pulmonary trunk forces blood back toward the
right ventricle. Retrograde flow into the ventricle is
prevented by closure of the pulmonary valve due to
blood pooling in the pulmonary trunk sinuses. This
hemodynamic force brings the free edges of the cusps
back together to form a tight seal. The area of contact
for each cusp is thickened to form the lunule. The mid-
point of each lunule is further thickened as the nodule.
The anatomy of the aortic valve (posterior, right, and
left cusps) is very similar to that of the pulmonary valve
(Fig. 2.2.1). Likewise, the function of the valves is the
same—prevention of retrograde flow into the ventricle
during diastole. The aortic sinuses associated with
the right and left valve cusps contain the ostia for the
right and left coronary arteries, respectively.

Surface Projections of Heart Valves

The position of the heart in the mediastinum places
the four heart valves deep to the body of the sternum
(Fig. 2.2.2).

Ostium Opening (plural=ostia)

= The right atrioventricular (tricuspic) valve lies
slightly right of midline, deep to the 4th and
5th intercostal spaces.

= The left atrioventricular (mitral) valve lies just
left of midline, deep to the 4th costal cartilage.

= The pulmonary valve lies just left of the mid-
line at the level of the 3rd costal cartilage.

= The aortic valve lies near the midline at the
level of the 3rd intercostal space.

Auscultation Points for Heart Valves

The opening and closing of the heart valves pro-
duces “heart sounds” that can be auscultated with a
stethoscope. Because of the orientation of the heart
in the mediastinum, blood flow through the heart
valves is closer to horizontal than vertical. The
sound produced by the valve and the contracting
ventricular wall is projected along vectors that align
with the flow of blood. In other words, valve sounds
are best heard at some distance from their actual
location, in intercostal spaces where resonance
through the thoracic wall is better (Fig. 2.2.2).

= Atrioventricular valve sounds are projected
toward the left and inferiorly and are auscul-
tated in the Sth intercostal space.
= The right atrioventricular valve is auscul-
tated adjacent to the sternum.
= The left atrioventricular valve is auscultated
in the midclavicular line.

= Aortic and pulmonary valve sounds are
projected superiorly and are auscultated in the
2nd intercostal space.
= The pulmonary valve is auscultated
adjacent to the sternum on the left side.
= The aortic valve is auscultated adjacent to
the sternum on the right side.

The position in the left 5th intercostal space on the
midclavicular line represents the location of the
apex of the heart. This region is often referred to as
the “Point of Maximal Impulse”” (PMI) since heart
sounds are generally loudest at this location.

Intrapulmonary Airway

In the hilum, each main bronchus divides into lobar
(secondary) bronchi that distribute to lung lobes:
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FIGURE 2.2.2 Surface projections and auscultation points for the heart valves.

three to the right lung and two to the left (see Fig.
2.4.2). Lobar bronchi further divide in a prescribed
pattern to distribute as segmental (tertiary) bronchi
to bronchopulmonary segments. The basic functional
unit of the lung is the bronchopulmonary segment.
There are 10 bronchopulmonary segments in the right
lung and 8-10 in the left. Each bronchopulmonary
segment is pyramidal: its base directed toward the
surface of the lung and its apex toward the hilum.

Beyond the segmental bronchi, there is another 10
generations of branching until the bronchi are approx-
imately 1 mm in diameter. At this point, the airways
are termed bronchioles (Fig. 2.2.3), which lack carti-

lage. Bronchioles undergo two to three generations of
branching, and end as terminal bronchioles.

Terminal bronchioles form the stem for the respi-
ratory unit of the lung, the acinus. Each acinus
gives rise to several respiratory bronchioles. The
walls of the respiratory bronchioles contain a few
alveoli and are the most proximal portion of the
airway in which gas exchange can occur. Thus,
the airway within each bronchopulmonary seg-
ment undergoes 20-25 generations of branching
before they acquire alveoli. The respiratory bron-
chioles give rise to 2—11 alveolar ducts. Each of
these, in turn, gives rise to five or six alveolar
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Bronchus —|

Bronchiole —|

Lobule

FIGURE 2.2.3 Branching of a segmental bronchus.

sacs. The number of acini exceeds 100,000, each
of which contains approximately 3,000 alveoli.

Normal Electrocardiogram

The normal EKG is presented in Figure 2.2.4.
Alterations to the heart conduction system, valvular
function, and/or myocardium may affect electrical
activity in the heart that will manifest as changes in
the specific segments of the EKG. For further dis-
cussion of the normal EKG see pages 20-21.

CLINICAL REASONING

This patient presents signs and symptoms of heart
disease.

Chronic Obstructive
Pulmonary Disease

COPD is a lung disease that diminishes the flow of
air through the lungs. It is often a combination of

Terminal
bronchiole

Respiratory
bronchiole

— Acinus

Alveolus

two diseases: chronic bronchitis and emphysema.
The inflammation of the airways in chronic bron-
chitis causes increased mucus production, which
leads to partial airway obstruction. The inflam-
mation also causes bronchospasms, which further
narrows the airways. In emphysema, there is per-
manent damage to elastic tissue in the lung. This
results in the loss of the recoil function of the lungs
and compromises the ability to move air out of the
lungs.

Signs and Symptoms
= Chronic, productive (mucous) cough
= Dyspnea
= “Barrel chest” deformity in advanced

stages (produced by chronic over-inflation of
lungs)

Dyspnea Difficulty breathing and shortness of breath
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FIGURE 2.2.4 Normal
electrocardiogram (EKG).

Predisposing Factors
= Cigarette smoking (active or former)

= Smoking cigarettes and marijuana have risk
higher than either one alone

= Environmental air pollutants
= Occupation: exposure to dust and chemical
fumes

The major cause of COPD is smoking. This is a pro-
gressive disease in which the rate of progression is
determined by the number of cigarettes smoked and
how long the patient has smoked.

Clinical Notes

= Nonsmoking patients with asthma rarely
develop COPD.

= Spirometry is the most effective test for
staging COPD.

Congestive Heart Failure

This disease of the heart is almost always progressive
and the result of prior damage to the myocardium
by coronary artery disease, myocardial infarction,
valve disease, chronic hypertension, congenital heart
defects, and/or substance abuse. CHF often occurs
because of the combined effect of several diseases.
“Failure” in this sense refers to the inability of the
ventricles to eject the volume of blood necessary to
adequately supply oxygen to the organs and tissues
of the body. CHF may involve either or both ven-
tricles. The failure may be either systolic or diastolic
in nature.

= In systolic heart failure, the ventricular myo-
cardium cannot contract with enough force.
= In diastolic heart failure, the myocardium

does not relax adequately to allow proper fill-
ing of the ventricle(s).

Spirometry Pulmonary function test that measures
volume and rate of airflow

Hypertension Abnormal increase in arterial and/or
Venous pressure
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Signs and Symptoms
= Lung congestion with dyspnea
= Edema in extremities

» Tachycardia

Predisposing Factors
= Cardiovascular disease
= Prior heart attack
= Hypertension
= History of tobacco, alcohol, and/or illicit drug use

= Arrhythmias

Clinical Note

Some patients with CHF are asymptomatic.

Valvular Disease

Valvular heart disease is a condition in which one or
more of heart valves (right atrioventricular, pulmonary,
left atrioventricular, aortic) are not functioning prop-
erly. This disease is divided into two main categories:

1. Valvular stenosis occurs when the leaflets of
a heart valve are rigid or fused (Fig. 2.2.5),
causing the opening guarded by the valve to be
more narrow than normal.

2. Valvular insufficiency is caused by failure of
the valve to close properly. This allows blood to
“leak’ across the valve when it should form a seal.

Signs and Symptoms
= Dyspnea

= Dizziness

= Opverall weakness

= Peripheral edema

= Murmurs

= Palpitations

Predisposing Factors
= Rheumatic fever

= Endocarditis

= Heart attack

= Hypertension

Arrhythmia Irregular heart beat

Tachycardia Increased heart rate: >100 bpm (normal
adult heart rate: 55-100 bpm)

Murmur Variable vibrations produced by turbulence of
blood

J

) Pulmonary trunk
Left atrium

Pulmonary valve

Left ventricle Membranous part of

interventricular septum

Muscular part of
interventricular septum

Palpitation Forcible or irregular pulsation of the heart
that is perceptible to the patient

Stenosis Narrowing a canal (e.g., blood vessel and
vertebral canal)

Lesion of left
|— atrioventricular
(mitral) valve

— Chordae tendineae
[— Aortic valve

[— Posterior papillary m.

FIGURE 2.2.5 Lesion of the left atrioventricular (mitral) valve, secondary to

streptococcal infection.



Clinical Notes

= Although rheumatic fever is usually a child-
hood streptococcal infection, the effect on
heart valves may not manifest for several
decades.

= Stenosis and insufficiency of the aortic and
pulmonary valves are frequently due to
congenital malformation of these valves.

DIAGNOSIS

The patient presentation, history, physical examina-
tion, EKG, and imaging studies support a diagnosis
of left side CHF.

Congestive Heart Failure

A major contributing factor to CHF is a previous
heart attack that causes the death of myocardial cells.
The area of cell death will be replaced by fibrous tis-
sue, compromising the ability of the ventricle to eject
the normal volume of blood during systole (low EF).
The decreased cardiac output will cause:

= Peripheral edema because less blood is filtered
through the kidneys.

= Pulmonary hypertension and pulmonary
edema with associated crackles.

= Increased pressure in the pulmonary circula-
tion results from a sequence of cardiac events
that cause blood to “back-up” into the lungs:

Damaged left ventricular wall (myocardial death)
results in decreased output from left ventricle

Increased volume of blood in left ventricle at end of
systole

Volume of blood from left atrium that can enter left
ventricle is diminished

Resulting increased volume of blood in left atrium
decreases blood flow from pulmonary veins to
left atrium

As a result, blood volume increases in lungs

\

Pulmonary hypertension and pulmonary edema
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= Dyspnea and overall weakness. The pulmonary
edema increases resistance to airflow and gas
exchange.

It is common for a viscous cycle to evolve whereby
pulmonary congestion will result in increased resis-
tance to blood flow through the lung, leading to
increased pressure in the right ventricle. In an effort
to compensate for the decreased output from both
ventricles, the heart force and rate will increase and,
over time, cardiomegaly develops. Cardiomegaly
will cause disruption of normal atrioventricular
valve function, putting further load demands on the
ventricles.

Ventricular failure is accompanied by EKG changes.

= Wide and deep Q wave
= Deep S wave
= Tall R wave

The S3 (third) heart sound is considered a cardi-
nal sign for CHF in patients over 40 years of age.
This sound is produced by overexpansion of the
ventricular walls during diastole. The S3 heart sound
is difficult to discern and may require a cardiologist
for its discovery.

In this patient, symptoms of heart failure developed
as a result of long-standing coronary artery disease
associated with smoking and illicit drug use.

Chronic Obstructive
Pulmonary Disease

COPD is a progressive disease of the respiratory
system, in most cases caused by long-term smoking.
Many of the presenting respiratory symptoms for
COPD resemble those of CHF and valvular disease.
A chronic cough will often be present with each of
these diseases. However, in COPD, the cough typi-
cally produces thick mucous. In this patient, imag-
ing and procedures revealed:

= Left ventricular hypertrophy. In COPD, the
resistance to blood flow to the lungs will typi-
cally result in right ventricular hypertrophy.

Cardiomegaly Enlarged heart
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= A low left ventricular EF would not be
expected in COPD.

= Electrocardiography showed deviations that
are characteristic of heart failure.

Valvular Disease

Valvular disease encompasses a spectrum of pathol-
ogies involving one or more of the heart valves. The
valve is considered stenotic if cannot open fully
due to narrowing or hardening. Alternatively, the
valve is considered incompetent if it is unable to
close completely.

Valvular disease is not indicated as the underly-
ing problem in this patient because:

= No murmurs were noted during auscultation of
the thorax.

= No opacities were observed in the radiographic
images of the heart

The low left ventricular EF in the patient is due
to weakness of the myocardium rather than stenosis/
insufficiency of the aortic valve.
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Pericarditis

Patient Presentation

A 22-year-old male is admitted to the emer-
gency department complaining of chest pain.

Relevant Clinical Findings

History

The patient relates that the initial pain began

2 days ago and has progressively worsened. He
describes the pain to be beneath his sternum and it
“comes and goes.” He is having trouble sleeping
because the pain increases when he lies down.
Coughing or sneezing will initiate a bout of pain.
A week ago, he “‘came down with the flu,” which
consisted of fever, sore throat, and sores in his
mouth. He relates that he still has a mild sore
throat. There is no history of heart disease.

Physical Examination
Noteworthy vital signs:
= Temperature: 37.2°C (99°F)
Normal: 36.0-37.5°C = 96.5-99.5°F
= Pulse: 106 bpm
Adult resting rate: 60—100 bpm
Results of physical examination of the thorax:
= Auscultation reveals a friction rub at the left
sternal margin
= Inflammation of the oropharynx

Laboratory Tests

Test Value Reference value
Troponin | 0 0-0.04 ng/mL
Troponin T 0 0-0.01 ng/mL

Clinical Note

The troponin test is a blood test for levels of
troponin T and I. These compounds will be
elevated in serum when there is heart muscle
damage. Troponin is usually detectable in a
blood sample within 6 hours of a myocardial
infarction and may remain detectable for up
to 2 weeks. The levels of troponin T and | are
indicative of the degree of myocardial injury.

Procedures

= Electrocardiogram (EKG) results show
depression of the PR wave and elevation of
the ST segment.

= Echocardiography shows a normal size
heart and pericardial cavity (Fig. 2.3.1).

Clinical Problems to Consider
= Acute pericarditis

= Myocardial infarction

= Pleuritis

LEARNING OBJECTIVES

1. Describe the anatomy of the pericardium
and pleura.

2. Describe the anatomy of the coronary arteries.

3. Describe the nerve supply of the pleura,
pericardium, and myocardium.

4. Explain the anatomical basis for the

signs and symptoms associated with this
case.

Auscultation A diagnostic method, usually with a
stethoscope, to listen to body sounds (e.g., heart,
breath, and gastrointestinal sounds)

35
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PR segment
depression

’\.J'\_J\/\_/

ST segment elevation

FIGURE 2.3.1 EKG of a patient with pericarditis
showing ST segment elevation with PR segment
depression.

RELEVANT ANATOMY

Pericardium

The pericardium forms a sac that envelops the
heart (Fig. 2.3.2). The pericardium is divided into:

= Fibrous pericardium

= Serous pericardium

Superior vena cava

Right pulmonary aa.

Right pulmonary vv.

Pericardial cavity

Diaphragm

The fibrous pericardium is outermost, thick, and
opaque. It encases the heart as well as the great ves-
sels as they exit the heart. Thus, the ascending aorta
and the pulmonary trunk are within the pericardial
sac. The fibrous pericardium loses its identity as it
blends with the adventitia of the great vessels. Infe-
riorly, it fuses with the central tendon of the dia-
phragm.

The serous pericardium is composed of parietal
and visceral parts. The parietal layer of serous
pericardium is adherent to, and inseparable from,
the inner surface of the fibrous pericardium. At the
great vessels, the parietal layer separates from the
fibrous pericardium and reflects onto the surface of
the heart as the visceral layer of serous pericar-
dium. Coronary vasculature courses between the
myocardium and the visceral layer of serous peri-
cardium.

The pericardial cavity is the potential space
between the parietal and visceral layers of serous
pericardium. A few milliliters of pericardial fluid
limit surface tension between these layers during the
cardiac cycle.

Arch of aorta
Pulmonary trunk

Oy

_— | eft pulmonary aa.

* Left pulmonary vv.

Serous pericardium

Parietal layer
Visceral layer

Fibrous pericardium

FIGURE 2.3.2 Anterior view of the heart in the pericardial sac (opened).
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(8)

Parietal
pleura

Pleural cavity

Visceral
pleura

FIGURE 2.3.3 (A) Anterior view of the thoracic cavity (anterior wall removed). The
parietal pleura is intact on the right side. On the left, the anterior part of costal pleura
has been removed to show the pleural cavity and left lung. (B) High power view of the
inset (in A) showing the relationship between visceral pleura, lung, pleural cavity, and

parietal pleura.

Pleura

The thoracic cavity is divided into right and left
pulmonary cavities and a central mediastinum.
Each pulmonary cavity contains the respective lung
and a sac of pleura. The pleural sacs do not com-
municate across the midline (Fig. 2.3.3). Pleura is a
membrane that consists of two parts:

1. Parietal
2. Visceral

Parietal pleura is adherent to the walls of each pul-
monary cavity and is divided into parts based on the
structures with which it is associated:

Costal pleura

Diaphragmatic pleura

Mediastinal pleura

Cervical pleura

Points of reflection of parietal pleura create two
recesses:

1. Costodiaphragmatic
2. Costomediastinal

A pleural sleeve (mesopneumonium) surrounds the
pulmonary vessels and main bronchus as they extend
from the mediastinum to the hilum of the lung. Col-
lectively, these structures form the root of the lung.
At the hilum, the pleural sleeve reflects onto the sur-
face of the lung to become visceral pleura. Visceral
pleura coats each lung lobe and lines the fissures
between the lung lobes.

The potential space between parietal and visceral
pleurae is the pleural cavity. This cavity contains
a few milliliters of fluid to reduce friction when the
parietal and visceral layers come in contact during a
respiratory cycle.
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(A) Anterior

Left coronary a.
Sinu-atrial

nodal a. Circumflex a.

Right coronary a-

(B) Posterior

Right marginal a.

Anterior interventricular a.

Circumflex a.

Left marginal a.

Right coronary a.

Posterior interventricular a.

FIGURE 2.3.4 (A) Anterior/sternocostal and (B) posterior/diaphragmatic views of the
coronary circulation.

Nerve Supply of the Pleura, bral ganglia to the cardiac plexus. Stimulation

Pericardium. and Myoca rdium of these visceral efferents increases heart rate
! and contraction force, and dilates coronary

arteries. These sympathetic fibers also conduct
visceral afferent impulses (reflexive and
nociceptive) from thoracic viscera.

Nerve supply to the pleura, pericardium, and myocar-
dium (Table 2.3.2) utilizes the phrenic (C3-C5) and
intercostal nerves (T1-T11), as well as sympathetic
(T1-T5) and parasympathetic nerves (vagus—CN X).
A cardiac plexus, associated with the great vessels,
extends along tracheobronchial tree as the pulmo-
nary plexus. These plexuses have sympathetic and
parasympathetic components:

= Preganglionic parasympathetic fibers origi-
nate from the vagus nerve (cardiac branches).
Parasympathetic stimulation decreases heart
rate and contraction force, and constricts coro-

. . ) nary arteries.
= Cardiac (cardiopulmonary splanchnic) nerves

carry postganglionic sympathetic fibers from
the cervical and upper four thoracic paraverte- Nociception Nerve modality related to pain



TABLE 2.3.1

TABLE 2.3.2

Major branches of coronary

arteries and their distribution.

Artery  Branch

Right Sinu-atrial

nodal (60%)
Right marginal

Posterior

interventricular

(67%)

Atrioventricular

nodal

Left Anterior

interventricular

Circumflex

Sinu-atrial

nodal (40%)

Left marginal

Posterior

interventricular

(33%)

Tissue

Parietal pleura
Costal

Diaphragmatic
Central
Peripheral

Mediastinal

Cervical

Visceral pleura
Fibrous pericardium

Serous pericardium
Parietal
Visceral

Myocardium

Distribution

Right atrium
Sinoatrial node

Right ventricle and
apex

Right and left
ventricles
Interventricular
septum

Atrioventricular
node

Right and left
ventricles
Interventricular
septum

Left ventricle
Left atrium

Left atrium
Sinoatrial node

Left ventricle

Right and left
ventricles
Interventricular
septum

Nerve(s)

Intercostal

Phrenic
Intercostal
Phrenic
Phrenic

Sympathetic

Phrenic

Phrenic
Sympathetic

Sympathetic

Parasympathetic
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Pain from pleura, pericardium, and myocardium
may be referred to dermatomes C2-T4, depending
on which organ, tissue, or nerve is involved. For
additional information about the autonomic nervous
system and referred pain, see Chapter 1: Visceral
Afferent Pathways.

Normal Electrocardiogram

The normal EKG is presented in Figure 2.3.5. For
further discussion of the normal EKG see pages
20-21. Alterations to the heart conduction system,
valvular function, and/or myocardium may affect
electrical activity in the heart that will manifest as
changes in the specific segments of the EKG.

CLINICAL REASONING

This patient presents with intermittent, substernal
chest pain of recent onset.

Acute Pericarditis

Acute pericarditis is an inflammation of the serous
pericardium. It may occur with or without pericar-
dial effusion, that is, an abnormal collection of fluid

Effusion Abnormal collection of fluid (e.g., blood,
lymph, synovial, pleural, or pericardial)

Innervation of pleura, pericardium, and myocardium.

Modality

General sensation

Anoxia and distention

General sensation

General sensation
Anoxia and distention

Increases heart rate and force;
dilates coronary arteries
Decreases heart rate and force;
constricts coronary arteries
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ST interval
" PR interval QT interval
—I Atria I_I Ventricles I
contract contract

FIGURE 2.3.5 Normal
electrocardiogram (EKG).

in the pericardial cavity. The most common cause is
a viral infection and the usual agent is coxsackievi-
rus B. Idiopathic acute pericarditis is also most likely

viral.

Signs and Symptoms

Febrile

Substernal pain (dull or sharp), typically
increased when recumbent, coughing, or
sneezing

Tachycardia
Tachypnea

Pericardial rub heard on auscultation

Predisposing Factors

= Recent history of viral infection, especially
coxsackievirus B

= Recent (2-3 days) of myocardial infarction
= Open coronary artery surgery

Clinical Note

Dull pain is suggestive of primary involvement
of the visceral serous pericardium (visceral affer-
ent fibers). In contrast, sharp pain would indi-
cate involvement of the parietal serous pericar-
dium (somatic afferent fibers). Rapid, shallow
breathing (tachypnea) reduces the pain.

Febrile Elevated body temperature, that is, a fever (nor-

mal body temperature: 36.0-37.5°C (96.5-99.5°F)

Tachycardia Increased heart rate: >100 bpm (normal

adult heart rate: 55-100 bpm)

Tachypnea Increased respiration rate (normal adult

respiration rate: 14—18 cycles/min)



Myocardial Infarction

A myocardial infarction (commonly called a “heart
attack™) occurs when a region of the heart wall is
deprived of oxygen for a prolonged period and mus-
cle cells die. Most myocardial infarctions are caused
by blockage of one or more coronary arteries. The
blockage frequently results from thrombus forma-
tion.

Signs and Symptoms

= Chest discomfort (female: aching, tightness,
or pressure) or pain (male: often described as
“crushing”)

= Pain may be referred to arms (most commonly
left), shoulders, neck, teeth, or back

= Dyspnea

= Hyperhidrosis

= Nausea and vomiting

= Malaise or fatigue

= Anxiety

= Elevated serum troponin T and I

Predisposing Factors
Nonmodifiable
= Sex: 2:1 male to female ratio

= Age: incidence increases with age
= Family history of heart disease

= Race: African American, Mexican American,
Native American

Modifiable
= Smoking

Diet high in cholesterol and triglycerides
Obesity

Stress

Thrombus A fixed mass of platelets and/or fibrin (clot)
that partially or totally occludes a blood vessel or
heart chamber. An embolism is a mobile clot in the
cardiovascular system

Dyspnea Difficulty breathing, shortness of breath

Hyperhidrosis Excessive sweating

Malaise Feeling of general body weakness or discom-
fort, often marking the onset of an illness
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Clinical Note

Women <65 years of age are 25-30% more
likely than men of similar age to present with-
out chest pain.

Pleuritis

Pleuritis (pleurisy) is an inflammation of pleura.
Pleuritis may occur with our without pleural effusion.
In young, healthy adults, the cause is usually a respi-
ratory viral infection (especially coxsackievirus B).

Signs and Symptoms
= Sharp thoracic wall pain, aggravated by deep
breathing, coughing, or sneezing
= Auscultation reveals “pleural friction rub”
(may be inconstant)
= Febrile

= Tachypnea

Predisposing Factors

= Recent viral infection

= Chest injury (simple rib fracture)

= Pneumonia

= Tuberculosis
The chest pain is caused by inflamed pleural mem-
branes rubbing against each other (friction rub). Both
pleural sacs are often involved, so the symptoms may
be bilateral. The breathing is often shallow and rapid

since this limits the movement of lungs and thoracic
wall and, thereby, reduces the pain.

DIAGNOSIS

The patient presentation, medical history, physical
examination, laboratory tests, and procedures sup-
port a diagnosis of acute pericarditis.

Acute Pericarditis

Signs and symptoms related to pericarditis involve
inflammation of the membranes around the heart.
Normally, these membranes should glide smoothly
on each other during the cardiac cycle. With irritation,
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increase in friction produces auscultatory sounds and
stimulates pain receptors.

The friction rub at the left border of the ster-
num, determined by auscultation, is pericar-
dial. A friction rub associated with pleuritis is
heard lateral to the mediastinum, and fre-
quently is bilateral.

Substernal pain (dull or sharp), typically
increased when recumbent, coughing, or
sneezing. Pain may be referred to dermatomes
of the neck because pericardium is innervated
by phrenic nerve (C3-C5).
Electrocardiography is consistent with early
pericarditis.

Normal serum troponin levels make a myocar-
dial infarction unlikely.

The patient is at risk because he has symp-
toms of a respiratory viral infection, probably
coxsackievirus B.

Pleuritis

Like pericardium, pleural membranes should glide
smoothly on each other during the respiratory cycle.
Pleural inflammation, likewise, produces ausculta-
tory sounds and stimulates pain receptors.

A friction rub associated with pleuritis is heard
lateral to the mediastinum, and is frequently
bilateral.

Referred pain may indicate the involved

portion(s) of pleura:

= Involvement of costal or peripheral dia-
phragmatic pleura, supplied by intercostal

nerves, may refer pain to the thoracic
wall.

= Involvement of cervical, mediastinal, or
central diaphragmatic pleura, innervated by
the phrenic nerve (C3-C5), may refer pain
to dermatomes in the neck.

= Respiratory viral infection places the
patient at risk. This is also a risk factor for
pericarditis.

Myocardial Infarction

Heart attacks affect cardiac muscle. The associated
pain is due to prolonged ischemia and necrosis of
myocardium. Friction rubs are not present because
the pleural and pericardial membranes are not
inflamed.

= Characterized by “crushing” substernal
pain (male) or chest tightness (female) as
opposed to sharp stabbing pain associated
with inflammation of pleural and pericardial
membranes.

= Pain is not affected by body position or res-
piration, but may be referred to upper limb,
neck, teeth, and back.

= Serum troponin is elevated, usually within
6 hours, with heart muscle damage, and is
indicative of the degree of myocardial injury.

= Elevated body temperature is not a symptom
because pathophysiology does not involve
infection or inflammation.

= Hyperhidrosis, nausea, vomiting, malaise,
fatigue, and anxiety are not typically associ-
ated with pericarditis or pleuritis.

Ischemia Local anemia due to vascular obstruction

Necrosis Pathologic death of cells, tissues, or organs
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Patient Presentation

A 26-year-old male is admitted to the emer-
gency department complaining of chest pain.

Relevant Clinical Findings

History

The patient relates that over the past 3 hours he
has been experiencing sharp pain over the right
side of his chest. The pain started suddenly when
he was at home watching television. He relates
that the pain worsens when he inhales. He also
feels that his breathing is becoming progressive-
ly more difficult. The patient admits to smoking
as many as 15 cigarettes each day. There is no
history of heart or respiratory disease.

Physical Examination
Noteworthy vital signs include:
= Height: 64"
= Weight: 168 Ibs
= Pulse: 112 bpm
Adult resting rate: 60—100 bpm

= Respiratory rate: 24 cycles/min
Normal adult: 14-18 cycles/min; women
slightly higher
Results of physical examination of the thorax:
= Right, upper thorax has mild hyperresonance
on percussion.
= Respiratory sounds on the right are absent in
the upper lobe and are weak in the middle and
lower lobes.

Imaging Studies

= Anteroposterior chest radiography reveals a vis-
ceral pleural line in the right pulmonary cavity.

= No patchy infiltrates or increased bronchovas-
cular markings.

Procedures
= Electrocardiography (EKG) was normal.

Clinical Problems to Consider
= Myocardial infarction

= Pneumonia

= Primary spontaneous pneumothorax

LEARNING OBJECTIVES

1. Describe the anatomy of the pleura.

2. Describe the anatomy of the airways in the
thorax.

3. Describe the coronary arteries.

4. Explain the anatomical basis for the signs
and symptoms associated with this case.

Hyperresonance Exaggeration of sound produced by
transmission of vibrations generated by an organ
within a cavity; often elicited by percussion

Percuss Diagnostic procedure in which a body part is
tapped gently with a finger or instrument; used to
assess organ density or to stimulate a peripheral nerve

RELEVANT ANATOMY

Pleura

The thoracic cavity is divided into right and left
pulmonary cavities and a central mediastinum.
Each pulmonary cavity contains the respective lung
and a sac of pleura (Fig. 2.4.1). The pleural sacs do
not communicate across the midline. Pleura is a mem-
brane that consists of two parts:

1. Parietal

2. Visceral

Pneumothorax Air or gas in pleural cavity
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(A)

Cervical pleura

_ Costodiaphragmatic’
recess

Costal pleura

Mediastinal
pleura

Diaphragmic
pleura

(8)

Parietal
pleura

Pleural cavity

Visceral
pleura

FIGURE 2.4.1 (A) Anterior view of the thoracic cavity (anterior wall removed). The
parietal pleura is intact on the right side. On the left, the anterior part of costal pleura has
been removed to show the pleural cavity and left lung. (B) High power view of the inset (in
A) showing the relationship between visceral pleura, lung, pleural cavity, and parietal pleura.

Parietal pleura is adherent to the walls of each pul-
monary cavity and is divided into parts based on the
structures with which it is associated:

= Costal pleura

= Diaphragmatic pleura
= Mediastinal pleura

= Cervical pleura

Points of reflection of parietal pleura create two
recesses:

1. Costodiaphragmatic
2. Costomediastinal

A pleural sleeve (mesopneumonium) surrounds the
pulmonary vessels and main bronchus as they extend
from the mediastinum to the hilum of the lung. Col-
lectively, these structures form the root of the lung.
At the hilum, the pleural sleeve reflects onto the sur-
face of the lung to become visceral pleura. Visceral
pleura coats each lung lobe and lines the fissures
between the lung lobes.

The potential space between parietal and visceral
pleurae is the pleural cavity. This cavity contains
a few milliliters of fluid to reduce friction when the
parietal and visceral layers come in contact during a
respiratory cycle.

Nerve Supply

Nerve supply to the pleura (Table 2.4.1) utilizes
the phrenic (C3-C5) and intercostal nerves (T1-
T11), as well as sympathetic (T1-T5) and parasym-
pathetic (vagus—CN X)) nerves.

Innervation of the lungs is via the cardiac plexus.
It is associated with the great vessels and extends
along tracheobronchial tree as the pulmonary
plexus. The pulmonary plexus has sympathetic and
parasympathetic components:

= Cardiac (cardiopulmonary splanchnic) nerves
carry postganglionic sympathetic fibers from
the cervical and upper four thoracic paravertebral
ganglia to the cardiac plexus. Stimulation of
these visceral efferents increases respiratory rate
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Pleura Nerve(s) Modality
Parietal General
sensation
Costal Intercostal
Diaphragmatic
Central Phrenic
Peripheral Intercostal
Mediastinal Phrenic
Cervical Phrenic
Visceral Sympathetic Anoxia and
distention

and leads to bronchodilation and decreased glan-
dular secretion. These fibers also conduct visceral
afferent impulses (reflexive and nociceptive).

= Preganglionic parasympathetic fibers
(cardiac branches) originate from the vagus
nerve. Parasympathetic stimulation decreases
respiratory rate and leads to bronchoconstric-
tion and increased glandular secretion.

Nociception Nerve modality related to pain

Right lung

Right superior
lobar bronchus

Middle lobar
bronchus

Right inferior
lobar bronchus

FIGURE 2.4.2 Anterior view of the tracheobronchial tree.

Main bronchi
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Pain from pleura and lungs may be referred to
dermatomes C2-T4, depending on which nerve
is involved. For additional information about the
autonomic nervous system and referred pain, see
Chapter 1: Visceral Afferent Pathways.

Tracheobronchial Tree
Extrapulmonary Airway

Extrapulmonary airways consist of the trachea
and main bronchi. The trachea in the adult is a
hollow tube approximately 2.5 cm in diameter. It is
kept patent by a series of C-shaped, cartilaginous
“rings” that are incomplete posteriorly. The tra-
chialis muscle occupies the gap in each cartilage.
The trachea passes from the neck to the thorax
near the midline. It enters the superior mediasti-
num and descends to the level of the manubri-
osternal angle (Louis). Here, it divides into right
and left main bronchi (Fig. 2.4.2). The right
main bronchus is

= shorter,
= more vertical, and

= of greater diameter.

Left lung

Left superior
lobar bronchus

Left inferior
lobar bronchus
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(A) Anterior

Sinoatrial
nodal a.

Right coronary a.

Right marginal a.

Anterior interventricular a.

Circumflex a.

Left marginal a.

Left coronary a.

Circumflex a.

(B) Posterior

Right coronary a.

Posterior interventricular a.

FIGURE 2.4.3 (A) Anterior/sternocostal and (B) posterior/diaphragmatic views of the

coronary circulation.

Each main bronchus and its respective pulmonary
artery and veins, enveloped by pleura (mesopneu-
monium), forms the root of the lung.

Coronary Arteries

The right and left coronary arteries branch from the
respective sinuses of the aortic valve (Fig. 2.4.3).
Each vessel immediately enters the coronary sulcus.

= The right coronary artery arises from the
right aortic sinus and follows the coronary
sulcus to the posterior aspect of the heart.

= The left coronary artery arises from the left
aortic sinus and is shorter. It gives rise to its
terminal branches (anterior interventricular

and circumflex) soon after passing between the
pulmonary trunk and auricle of the left atrium.

Collateral circulation and anastomoses between
branches of the coronary arteries do exist; however,
they are not well established in the healthy heart and
are highly variable. The branches of the coronary arter-
ies and their distribution are outlined in Table 2.4.2.
Heart circulation is classified as “right dominant”
or “left dominant,” based on which coronary artery
gives rise to the posterior interventricular artery.
In 67% of cases, this artery is derived from the right
coronary artery. The sinu-atrial artery is a branch
of the right coronary artery in 60% of cases. In the
remainder, this artery is a branch of the circumflex
artery from the left coronary artery.
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arteries and their distribution.

Artery Branch Distribution
Right Sinu-atrial = Right atrium
nodal (60%) " Sinoatrial node
Right marginal = Right ventricle
and apex
Posterior ® Right and left
interventricular ventricles
(67 %) " |nterventricular
septum
Atrioventricular = Atrioventricular
nodal node
Left Anterior ® Right and left
interventricular ventricles
" |nterventricular
septum
Circumflex = |eft ventricle
= Left atrium
Sinu-atrial = Left atrium

nodal (40%) Sinoatrial node

Left marginal Left ventricle

Posterior ® Right and left

interventricular ventricles

(33%) " |nterventricular
septum

CLINICAL REASONING

This patient presents with sudden-onset pain on
the right side of his chest.

Myocardial Infarction

A myocardial infarction (commonly called a “heart
attack™) occurs when a region of the heart wall is
deprived of oxygen for a prolonged period and
muscle cells die. Most myocardial infarctions are
caused by the blockage of one or more coronary
arteries. The blockage frequently results from
thrombus formation.
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Signs and Symptoms

= Chest discomfort (female: aching, tightness,
or pressure) or pain (male: often described as
“crushing”)

= Pain may be referred to the arms (most com-
monly left), shoulders, neck, teeth, or back

= Dyspnea

= Hyperhidrosis

= Nausea and vomiting
= Malaise or fatigue

= Anxiety

= Elevated serum troponin T and I

Predisposing Factors
Uncontrollable
= Sex: 2:1 male
= Age: incidence increases with age
= Family history of heart disease
= Race: African American, Mexican American,
Native American
Controllable
= Smoking
= Diet high in cholesterol and triglycerides
= QObesity

= Stress

Clinical Notes

= \Women <65 years of age are 25-30% more
likely than men of similar age to present
without chest pain.

= The troponin test is a blood test for levels of
troponin T and I. These compounds will be
elevated in serum when there is heart muscle
damage. Troponin is usually detectable in a
blood sample within 6 hours of a myocardial
infarction and may remain detectable for up
to 2 weeks. The levels of troponin T and | are
indicative of the degree of myocardial injury.

Dyspnea Difficulty breathing and shortness of breath

Hyperhidrosis Excessive sweating

Malaise Feeling of general body weakness or discom-
fort, often marking the onset of an illness

Thrombus A fixed mass of platelets and/or fibrin (clot)
that partially or totally occludes a blood vessel or
heart chamber. An embolism is a mobile clot in the
cardiovascular system
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Pneumonia

Pneumonia is an infection of the lung. While
over 100 infectious agents have been linked to
pneumonia, the most common cause is the gram-
positive bacterium, Streptococcus pneumoniae.
The common etiology is an initial infection of
the nasopharynx with subsequent spread to other
areas of the respiratory tree. Pneumonia may
develop if there is a failure to clear the bacterium
from the lower respiratory system. Infections
may last for weeks to months. Viral co-infection
may lead to excess mucus production resulting
from impaired ciliary action. Smoking may have
a similar effect.

Signs and Symptoms
= Dyspnea
= Cough, with or without sputum
= Febrile
= (Crackling and wheezing breath sounds
= Percussion dullness

= Patchy lung infiltrate and increased bron-
chovascular markings in radiographs
(Fig. 2.4.5)

Predisposing Factors
= Recent history of nasopharyngeal infection
= Age: >05 years
= Smoking
= Chronic cardiovascular or respiratory
illnesses
= Long-term use of inhaled corticosteroids

= Compromised immune system (chemotherapy
or long-term treatment with immunosuppres-
sant drugs)

FIGURE 2.4.5 Anteroposterior chest radiograph
showing lobar pneumonia in the lower lobe of the
right lung. Source: Fig. 134-6, Harrison’s Online.

Clinical Note

Most cases are considered to be community-
acquired pneumonia (CAP). Areas of crowding
(e.g., nursing homes and child-care centers)
have a higher incidence.

Spontaneous Pneumothorax

The pleural cavity is normally under negative pres-
sure compared to alveolar pressure in the lung. A
pneumothorax is a condition in which air accumu-
lates in the pleural cavity. This will compromise
the expansion of the lung on the affected side.
Excessive accumulation of air in the pleural cavity
will cause the lung to collapse (atelectasis).

Atelectasis Reduction or absence of air in all or part of a
lung (lung collapse)

Crackle Crackling noise heard with lung disease (also
known as a rale)

Febrile Elevated body temperature, that is, a fever (nor-
mal body temperature: 36.0-37.5°C (96.5-99.5°F)

Wheezing Labored breathing that produces a hoarse,
whistling sound



Spontaneous pneumothorax is divided into:

= Primary: spontaneous pneumothorax without
underlying lung disease or trauma

= Secondary: spontaneous pneumothorax with a
history of lung disease or recent trauma

Signs and Symptoms
= Sudden onset of unilateral, constant chest pain
= Tachypnea
= Tachycardia

Predisposing Factors
= Age: 20-30 years
= Sex: male (6:1)
= Stature: tall and lean individuals

= Smoking: 20-fold increase in risk for males;
10-fold for females

= Previous pneumothorax (15-40% of patients
have a recurrence)

Tall, young males, especially those who smoke,
have a higher incidence of blebs on the visceral
surface of the apical regions of the lungs. Rupture
of a bleb will allow alveolar air to escape into the
pleural cavity, producing a pneumothorax.

Clinical Notes

= Any type of pneumothorax has the potential

to become a tension pneumothorax. This

life-threatening situation occurs when a

piece of injured tissue (on the lung surface or

in the thoracic wall) forms a one-way valve:

e Air can enter the pleural cavity during
inspiration, but cannot escape during
expiration.

The atmospheric air in the pleural cavity
can cause complete collapse of the lung
and a shift of mediastinal structures toward
the unaffected side. This will compromise
venous return to the heart.
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DIAGNOSIS

The patient presentation, medical history, physical
examination, imaging studies, and procedures support
a diagnosis of primary spontaneous pneumothorax.

Primary Spontaneous Pneumothorax

A pneumothorax occurs when the partial vacuum in
the pleural cavity is compromised. Primary sponta-
neous pneumothorax develops when a bleb on the
lung surface ruptures. Alveolar (atmospheric) air
that enters the pleural cavity may have several con-
sequences: atelectasis, tachypnea, tachycardia, chest
pain, and potentially compromised venous return.

= The patient is at risk because of his age, stature,
and use of cigarettes.

= Visceral pleural line in radiographs indicates
separation of the visceral and parietal pleura
by a foreign gas or fluid. The lack of lung
parenchymal markings eliminates pneumonia
as a possibility.

= The absence of respiratory sounds is consistent
with atelectasis. Tachypnea and tachycardia
result from decreased lung capacity and
decreased oxygen saturation.

= Unilateral chest pain is most likely the result
of a small amount of blood being released into
the pleural cavity with bleb rupture. Blood is
an irritant to pleural membranes.

= The position of the pain (right lateral versus
substernal) and a normal EKG is not consistent
with myocardial infarction.

Pneumonia

Pneumonia is an infection of the lungs. Accumula-
tion of mucus obstructs airways and impairs pulmo-
nary function. Smoking exacerbates this condition.

= Dyspnea, cough, altered breath sounds, per-
cussion dullness, and radiographic evidence

Bleb Small bulla (<1 cm diameter)
Tachycardia Increased heart rate: >100 bpm (normal
adult heart rate: 55—-100 bpm)

Tachypnea Increased respiration rate (normal adult
respiration rate: 14—18 cycles/min)
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of lung infiltrates and altered bronchovascu-
lar markings reflect obstructed airways and
impaired pulmonary function.

Increased body temperature is a sign of infec-
tion. A patient with pneumothorax or myocar-
dial infarction would not be febrile.

Myocardial Infarction

Heart attacks affect cardiac muscle. The associated
pain is due to prolonged ischemia and necrosis of
myocardium. Friction rubs are not present because the
pleural and pericardial membranes are not inflamed.

Characterized by “crushing” substernal pain
(male) or chest tightness (female) as opposed

to sharp stabbing pain associated with inflam-
mation of pleural and pericardial membranes.

Pain is not affected by body position or res-
piration, but may be referred to upper limb,
neck, teeth, and back.

Serum troponin is elevated, usually within 6
hours, with heart muscle damage and is
indicative of the degree of myocardial injury.

Elevated body temperature is not a symptom
because pathophysiology does not involve
infection or inflammation.

Hyperhidrosis, nausea, vomiting, malaise,
fatigue, and anxiety are not typically associ-
ated with pericarditis or pleuritis.

Ischemia Local anemia due to vascular obstruction

Necrosis Pathologic death of cells, tissues, or organs



CASE m Breast Carcinoma

Patient Presentation

A 60-year-old female visits her primary care
physician because she has discovered a “lump”
in her left breast.

Relevant Clinical Findings

History

The patient relates that last week, while bathing,
she discovered a lump in her left breast. While
she has not noticed any pain in the breast, push-
ing against the lump causes discomfort. Her last
mammogram was approximately 8 years ago.
She has had three uncomplicated pregnancies
and one first-trimester miscarriage during her
4th decade. She used birth control pills for
approximately 15 years (age 35-50). She start-
ed menopause at age 56 and began combined
hormone replacement medications soon after.
She voluntarily stopped the hormone replace-
ment regimen 2 years ago.

She has been a smoker (2—12 cigarettes/day)
for most of her adult life. The patient was
adopted at 3 months of age and does not know
the health history of her biological parents.

Physical Examination
Results of physical examination:

= Left breast exhibits mild edema.

= Slight dimpling of the skin of left breast at the
11 o’clock position.

= Palpation of the left breast (patient either
seated or supine) reveals a solid mass, approx-
imately 2 cm in diameter, in its lateral half.

= Two 0.5 cm, movable masses are palpable in
the left axilla.

= Both nipples are inverted and the patient indi-
cates that they have been since puberty.

= Contraction of pectoralis major muscles with
the patient’s hands on her hips results in sym-
metrical movement of the breasts.

Imaging Studies
= Mammography reveals a 3 cm density in the
superior lateral quadrant of the left breast.

Biopsy Results
= Core needle biopsy of the breast mass indicates
the presence of adenocarcinoma cells.

Clinical Problems to Consider
= Breast carcinoma

= Fibroadenoma of the breast

= Fibrocystic condition of the breast

LEARNING OBJECTIVES

1.

Describe the anatomy of the female
breast.

Explain the anatomical basis for the
signs and symptoms associated with this
case.

RELEVANT ANATOMY

Female Breast

The female breast begins to grow and differentiate
from the onset of puberty. An intermammary cleft
separates the breasts. Rarely are the breasts bilater-
ally symmetrical.

Palpation Physical examination with the hand(s) to
assess organs, masses, inflitration, heart beat, pulse,
or body cavity vibrations
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FIGURE 2.5.1 Position of female breast on thoracic wall; the quadrants of the female breast are shown on the

left side.

The base of the breast is its deepest and broadest
part. It overlies costal cartilages 2—6 and their associ-
ated ribs (Fig. 2.5.1A). On the transverse plane, the
base extends from the parasternal region to near the
midaxillary line. A superolateral extension of
the base lies along the inferior border of the pecto-
ralis major muscle and extends toward, or into, the
axilla as the axillary tail (Spence) of the breast.
Breast tissue lies within the subcutaneous layer of
the upper thorax. The base of the breast is in contact
with muscular (deep) fascia over:

= Pectoralis major
= Serratus anterior
= Aponeurosis of external abdominal oblique

The retromammary space is a layer of loose connec-
tive tissue between this muscular fascia and the base of
the breast. This space allows the breast some movement
independent of the deep fascia and musculature.

For descriptive purposes, the breast is divided into
quadrants that intersect at the nipple (Fig. 2.5.1B):

1. Superior medial
2. Inferior medial
3. Superior lateral

4. Inferior lateral

Clinical Note

In advanced breast carcinoma, the tumor
may invade the retromammary space and
adhere the base of the breast to the deep
fascia, “fixing” the breast to pectoralis major
muscle.

The post-pubescent breast includes the nipple,
areola, mammary gland, fat, and connective tissue
(Fig. 2.5.2). The nipple is a conical projection of
modified skin that usually lies near the center of the
breast, just inferior to the equator. Fifteen to twenty
lactiferous ducts open on its tip. Smooth muscle is
arranged circumferentially in the nipple and con-
traction causes it to become erect.

The areola is an oval zone of skin that surrounds
the nipple. The pigmentation of the areola is typi-
cally greater than that in other areas of skin for an
individual. Areolar pigmentation increases during
the second month of pregnancy. The width of the
areola and its degree of pigmentation are variable.
The areola usually has several small elevations.
These indicate the position of sebaceous areolar
glands (Montgomery) that are best developed dur-
ing lactation.
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Internal Structure

The size, shape, and consistency of the breast varies
greatly among individuals and races. Likewise, breast
anatomy changes with age, pregnancy, and lactation.
In the premenopausal, nonpregnant, and nonlactating
condition, the breast is comprised primarily of fat. It
is divided into 16-20 lobes that are defined by fibrous
septae. These septae extend in a spoke-like fashion
from the nipple and areola through the thickness of
the breast. Septae are most apparent superiorly (sus-
pensory ligaments of Cooper) and have a role in breast
support. Each lobe of the breast contains:

= A single lactiferous duct

Clinical Note

Malignant growths in the breast may invade
the fibrous septae, placing traction on them.
This may cause retraction of the nipple and/or
dimpling of the breast skin.

Lactiferous duct

Mammary gland

FIGURE 2.5.2 Sagittal section
showing the anatomy of the
nonlactating female breast.

= Clusters of mammary glands that produce
milk during lactation

= Fat

As each lactiferous duct approaches the nipple,
it dilates as a lactiferous sinus, which then nar-
rows to open independently on the nipple. The
suggested function of the lactiferous sinus is to
act as a reservoir for a droplet of milk, which
is released when the infant begins to nurse. The
taste from this small amount of milk is thought
to keep the infant suckling until the mother’s
neurohormonal response triggers “let down” of
additional milk from the mammary gland. Some
researchers maintain that the lactiferous sinus is
an artifact.

The greatest glandular development occurs during
the later months of pregnancy and during lactation.
Under the influence of elevated estrogen and pro-
gesterone, glandular alveoli proliferate and become
capable of producing milk.
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Blood Supply = The medial mammary arteries arise from
the internal thoracic and supply primarily the

The breast is supplied by branches of vessels derived X
medial quadrants.

from the axillary and internal thoracic arteries
and the aorta (Fig. 2.5.3A). = Lateral cutaneous branches of posterior inter-
costal arteries from the aorta also have small

= The lateral mammary arteries are derived
branches that extend to the lateral breast.

from the lateral thoracic artery, a branch of
the axillary. They supply primarily the lateral
breast quadrants.

(A) Arteries

Axillary a. Subclavian a.
Lateral thoracic a. Internal thoracic a.

Medial mammary aa.

Lateral mammary aa.

(B) Lymphatics
Apical Supraclavicular
nodes nodes
Central nodes

Pectoral nodes Parasternal nodes

Subareolar plexus

FIGURE 2.5.3 Anterior view of breast vasculature. (A) Arterial. (B) Lymphatic.



The venous drainage follows the arterial pattern,
but the largest channels enter the axillary vein.

Lymphatics

Lymphatic drainage of the breast is predomi-
nately (75%) into axillary lymph nodes (Fig.
2.5.3B). Lymph from all breast quadrants enters
these nodes. The medial quadrants also drain into
parasternal nodes that lie along internal thoracic
vessels. Breast lymphatics are divided into two
plexuses.

1. A superficial, subareolar plexus drains the
terminal portions of the lactiferous ducts and
the subcutaneous tissues of the breast and sur-
rounding skin.

2. A deep plexus receives lymph from the
remaining tissues of each lobe.

There is little communication between these plex-
uses. However, there are anastomoses between the
right and left subareolar lymphatic plexuses. Effer-
ent lymphatic vessels tend to follow blood vessels in
the subcutaneous tissues.

Clinical Notes

= Metastasis of breast tumor cells is preferen-
tially via the lymphatic system.

= Anastomoses between the right and left
subareolar lymphatic plexuses account for
the fact that breast tumor cells can spread
to the opposite side.

Axillary lymph nodes are typically divided into
three levels.

1. Level I nodes lie lateral to pectoralis minor
muscle and include the brachial, subscapular,
and pectoral groups of axillary nodes.

2. Level II nodes lie deep to pectoralis minor
muscle and are commonly termed the central
group.

3. Level III nodes lie between pectoralis minor
muscle and rib 1 and are termed apical nodes.

Usually, lymph passes sequentially through levels I,
11, and III.
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CLINICAL REASONING

This patient presents with a recently self-discovered
mass in her left breast.

Breast Carcinoma

Breast carcinoma is a malignancy in the breast and
almost always originates from the ductal epithelial
cells of the mammary gland.

Clinical Notes

= The name of a carcinoma refers to the organ
of origin of the tumor cells. This is considered
the original or primary cancer. For example,
the term breast carcinoma indicates tumor
cells that developed in the breast.

= Metastatic carcinoma has the name of the
primary tumor. For example, breast carci-
noma that spreads to the lungs and forms a
tumor is considered metastatic (secondary)
breast carcinoma, not lung cancer.

= Sites for metastasis of common primary
carcinomas have been developed by
the National Cancer Institute of the U.S.
National Institutes of Health (Table 2.5.1).

Signs and Symptoms
= Painless, palpable breast mass
= Breast skin dimpling and/or nipple retraction
= Nipple discharge
= Edema in affected breast

= Changes in breast symmetry

Predisposing Factors
= Age: median age at diagnosis is 61 years
= Race: white

= Family history (breast or ovarian carcinoma;
mutations on chromosomes 13 or 17)

= Previous documented breast carcinoma

= Nulliparous or first full-term pregnancy after
age 30

Edema Swelling of skin due to abnormal accumulation
of fluid in subcutaneous tissue
Nulliparous Having never borne children
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TABLE 2.5.1

Primary cancer
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Metastatic sites for common

primary carcinomas (National
Cancer Institute?).

Main sites of

type metastasis

Breast Lung, liver, bone

Colon Liver, peritoneum, lung
Kidney Lung, liver, bone

Lung Adrenal gland, liver, lung
Melanoma Lung, skin/muscle, liver
Ovary Peritoneum, liver, lung
Pancreas Liver, lung, peritoneum
Prostate Bone, lung, liver
Rectum Liver, lung, adrenal gland
Stomach Liver, peritoneum, lung
Thyroid Lung, liver, bone

Uterus Liver, lung, peritoneum

ehttp://www.cancer.gov/cancertopics/factsheet/Sites-Types/
metastatic

Early menarche (<12 years of age) or late
natural menopause (>56 years of age)

Hormone replacement therapy (HRT) after

menopause, especially with a combination of
estrogen and progesterone

Clinical Notes

= Younger females have denser breast tissue,

making mammography less reliable. The
breasts of older females are more fatty,
yielding much higher detection of breast
lesions by imaging.

Most women with breast carcinoma do not
have identifiable risk factors.

A woman with one first-degree relative
(mother, daughter, sister) with breast carcinoma
has double the chance of developing breast
carcinoma. With two first-degree relatives
with breast carcinoma, the likelihood triples.

Fibroadenoma of the Breast

Fibroadenoma of the breast is a benign neoplasm
composed of encapsulated glandular and cystic epi-
thelial structures.

Signs and Symptoms
= Painless, palpable breast mass
= Multiple, bilateral masses

= Progressive increase in size of masses

Predisposing Factors
= Premenopausal, within 20 years of menarche

= Race: more common in young African American
women

Clinical Notes

= Fibroadenomas are considered by some to
be focal, developmental anomalies. This
argument for their etiology would not clas-
sify them as a neoplasm.

= They are common in adolescence and nearly
always involute spontaneously at menopause.

Fibrocystic Condition of the Breast

This condition involves the presence of benign, solid,
and/or cystic masses in the breast. Fibrocystic condi-
tion of the breast is the most common breast lesion.
The causative factor is elevated estrogen levels.

Clinical Note

Fibrocystic condition is often termed “fibrocys-
tic disease.”

Signs and Symptoms
= Transient breast pain or tenderness

= Transient, multiple, palpable masses; often
bilateral

Menarche Age of first menstrual cycle
Menopause Cessation of menstrual cycles
Neoplasm Abnormally increased tissue growth by cell

proliferation

Etiology Underlying cause of a disease or condition
Cyst Abnormal membrane-bound sac that contains gas
or fluid


http://www.cancer.gov/cancertopics/factsheet/sites-Types/metastatic
http://www.cancer.gov/cancertopics/factsheet/sites-Types/metastatic

= Nipple discharge

= Mass enlarges during premenstrual part of cycle

Predisposing Factors
= Age: 30-50 years
= Alcohol consumption between ages 18 and 22

= Postmenopausal women on HRT

Clinical Notes

= A cystic mass can be distinguished by ultra-
sound.

= Distinguishing fibrocystic condition and
breast carcinoma by mammography can be
difficult in young women because of the
denser breast tissue. Mammography may be
helpful, however, in establishing the extent
of the masses.

= A lump should be considered malignant until
proven otherwise through a biopsy analysis.

DIAGNOSIS

The patient presentation, medical history, physical
examination, imaging studies, biopsy results support
a diagnosis of primary carcinoma of the breast.
Standard procedure in evaluation of breast masses is
the “triple test”:

1. Physical examination
2. Imaging
3. Needle biopsy

When all three tests indicate a benign mass, or when
all three tests indicate malignancy, the triple test
is said to be concordant. If the triple test is benign
concordant, accuracy is >99%. If any of the three
components of the triple test indicates malignancy,
intervention is recommended.

Breast Carcinoma

In this patient, two components of the triple test
(physical examination and needle biopsy) indicated
malignancy. The strongest support for this diagnosis
was confirmation of malignant cells in the biopsy.
This information alone supports the diagnosis.
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= The patient is at risk because of her age, the late
onset of menopause, having her first full-term
pregnancy after age 30, and the use of combined
(estrogen/progesterone) hormone replacement
after menopause.

= The position of the mass is relevant since 75%
of carcinomas form in the lateral breast quad-
rants (Fig. 2.5.4).

= The symmetrical movement of the breasts with
contraction of both pectoralis major muscles
(hands on hip test) suggests that the carcinoma
has not invaded the retromammary space and
involved the pectoral fascia. Asymmetric move-
ment of the affected breast would be expected
had tumor cell invaded the deep (pectoral) fascia.

= The lack of nipple discharge and the failure to
palpate enlarged axillary lymph nodes would
indicate early detection.

FIGURE 2.5.4 Quadrants of the female breast.
Frequency distribution of carcinoma in different
regions of the breast.
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Clinical Notes

Palpation of axillary lymph nodes of <1 cm
diameter is considered a normal finding.
Lymph nodes >1 cm should be monitored
closely.

When there is no evidence of regional
spread beyond the breast, the clinical
cure rate with most accepted methods

of therapy is 75-80%. When the axillary
lymph nodes are involved with the tumor,
the survival rate drops to 50-60% at

5 years.

Fibrocystic Condition and
Fibroadenoma of the Breast

These types of breast masses, while multiple, are
restricted to breast lobes, and do not extend beyond
the limits of the breast (i.e., they will not involve
pectoral fascia). The connective tissue septae of the
breast are not involved, and dimpling of the skin or
nipple retraction is not seen.

= Fibrocystic condition and fibroadenoma are
typically found in younger patients.

= These masses are commonly multiple and
bilateral.
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Bronchogenic
Carcinoma

Patient Presentation

A 73-year-old male visits his primary care
physician because he has recently noticed
bloody streaks in his sputum.

Relevant Clinical Findings

History

The patient indicates that he has had a
“smoker’s cough” for several decades, but
over the past 3 months the cough has become
more productive and the sputum contains
blood. He relates that he began smoking in
his late teens and has smoked 20 or more
cigarettes/day. Over the past several months,
he has noticed that his clothes fit looser and
he believes he has lost some weight (chart
review indicated a 10 Ib decrease since his
last physical evaluation, 10 months ago). He
has not altered his activity or diet. He often
eats only one meal a day, as most foods do
not appeal. The patient’s son is with him in
the examination room and indicates he has
noticed that his father’s voice has become
hoarse.

Physical Examination
Noteworthy vital signs:

= Weight: 149 1b

Results of physical examination:
= Asthenic

= Dyspneic, with sibilant rthonchi in all lung
lobes

Laboratory Tests
= Sputum analysis: hemoptysis and malignant
squamous cells

Imaging Studies

= Chest radiographs indicate a mass along the
left main bronchus, with extensions to the
hilum of the lung and mediastinum. There is
atelectasis of the superior lobe of the left lung.

= Abdominal radiographs show several
2-3 cm masses in the liver.

Clinical Problems to Consider

= Bronchogenic carcinoma
= Metastatic carcinoma to the lung
= Tuberculosis

LEARNING OBJECTIVES

1. Describe the anatomy of the lungs and
tracheobronchial tree.

2. Describe the nerve and blood supply of the
pleura, lungs, and tracheobronchial tree.

3. Describe the anatomical relationships
and surface anatomy of the lungs and
tracheobronchial tree.

4. Explain the anatomical basis for the signs
and symptoms associated with this case.

Asthenia Overall weakness due to debility

Atelectasis Reduction or absence of air in all or part of a
lung (lung collapse)

Dyspnea Difficulty breathing and shortness of breath

Hemoptysis Blood in sputum from airway
hemorrhage

Sibilant rhonchus High-pitched whistling lung sound
caused by airway narrowing or obstruction

59
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Right superior lobe

Horizontal fissure
of right lung

Middle lobe

Oblique fissure
of right lung

Right inferior lobe

FIGURE 2.6.1 Anterior view of the lungs.

RELEVANT ANATOMY

Lungs and Tracheobronchial Tree
Lungs

Each lung, and its pleura, occupies its respective
pulmonary cavity (Fig. 2.6.1). The lungs are coni-
cal, with the apex directed into the root of the neck,
posterior to the medial one-third of the clavicle.
The lung base assumes the contour of the diaphragm.
Each lung has costal, diaphragmatic, and medias-
tinal surfaces, and anterior and inferior borders.
Each lung has lobes that are separated by fissures.

Right Lung
Lobes

= Superior
= Middle
= Inferior
Fissures

= Oblique fissure separates superior from
middle and inferior lobes.

= Horizontal fissure separates superior and
middle lobes.

Left superior lobe

Oblique fissure
of left lung

Cardiac notch

Left inferior lobe

Lingula of
left lung

Left Lung
Lobes

= Superior
= Inferior
Fissures

= Oblique fissure separates superior from
inferior lobe.

The anterior border of the superior lobe of the left lung
is indented by the cardiac notch. A small projection
of lung tissue inferior to the notch is the lingula.

Tracheobronchial Tree

The trachea passes through the superior thoracic
aperture, anterior to the esophagus, to enter the
mediastinum. This hollow tube is approximately
2.5 cm in diameter and is kept patent by a series of
cartilaginous “rings.” Tracheal rings are incomplete
posteriorly; the gap in each cartilage is occupied by
the trachialis muscle.

In the mediastinum, the trachea ends by dividing
into a right and left main (primary) bronchus
(Fig. 2.6.2). The right main bronchus is wider,
shorter, and more vertical. Each unites with the



Right superior
lobar bronchus

Middle lobar
bronchus

Right inferior
lobar bronchus

FIGURE 2.6.2 Tracheobronchial tree.

pulmonary artery, pulmonary veins, lymphatic ves-
sels, and autonomic nerves to from the short root
of the lung. This bundle of structures leaves the
mediastinum and enters the hilum of the lung on its
mediastinal surface. In the hilum, each main bron-
chus divides to provide an airway for each lung lobe
(three on the right; two on the left). These are known
as lobar (secondary) bronchi.

Each lobe is composed of bronchopulmonary seg-
ments (Fig. 2.6.3), the basic functional units of the
lung. Bronchopulmonary segments are separated by
thin, connective tissue septae. Bronchopulmonary
segments are pyramidal, with their base directed
toward the lung surface and the apex pointed toward
the hilum. Segments are named by their position
within a lobe. The number of segments varies among
lobes; however, each lung contains a total of 10.
Lobar bronchi divide into segmental (tertiary)
bronchi, one to each bronchopulmonary segment.
Beyond the segmental bronchi, there are another
10 generations of branching until the bronchi are
approximately 1 mm in diameter (Fig. 2.6.3). At this
diameter, the airways are termed bronchioles. This
is the first part of the airway that lacks cartilage. No

Main bronchus
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Trachea

Left superior
lobar bronchus

Left inferior
lobar bronchus

gas exchange occurs across the airway wall up to
this point.

Bronchioles undergo two to three generations of
branching to give rise to terminal bronchioles. Each
terminal bronchiole forms the stem for an acinus,
the respiratory unit of the lung. Each acinus gives
rise to several respiratory bronchioles. The walls
of the respiratory bronchioles contain a few alveoli
and are the most proximal portion of the airway in
which gas exchange can occur. The respiratory bron-
chioles give rise to 2—11 alveolar ducts that, in turn,
give rise to five or six alveolar sacs. The two lungs,
collectively, contain more than 100,000 acini. Each
acinus contains approximately 3,000 alveoli.

Clinical Notes

®  The full complement of alveoli is not
formed until approximately 8 years of age.

= The tendency of foreign material to pref-
erentially enter the right main bronchus
results from its greater diameter and more
vertical orientation.
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Bronchus |

Bronchiole —|

Lobule

FIGURE 2.6.3 Branching of a segmental bronchus.

Blood Supply and Lymphatics

Two pulmonary arteries are derived from the pul-
monary trunk (Fig. 2.6.4A). These carry blood to the
lungs for oxygenation. From the hilum of the lung,
pulmonary arteries follow the branching pattern of the
airways, forming lobar and then segmental arteries.
Lobar veins become pulmonary veins in the root
of each lung (Fig. 2.6.4B). Four pulmonary veins
(superior and inferior from each lung) enter the left
atrium. On the right, the middle lobe vein unites with
the superior lobe vein to form the right superior
pulmonary vein. These vessels transport oxygen-
enriched blood from the lung.

Unlike the arteries and airways, which are confined
to a bronchopulmonary segment, segmental veins
communicate with those in adjacent segments.

Lobule

Terminal
bronchiole

Respiratory

bronchiole
"""""" L Acinus
Alveolar
sac
Alveolus’” T

Segmental veins also receive blood from the vis-
ceral pleura and most of the bronchial venous sys-
tem.

There are
arteries.

typically three small bronchial

= Two left bronchial arteries usually branch
from the thoracic aorta.

= One right bronchial artery usually branches
from the right third posterior intercostal artery.

Bronchial arteries course in the respective root of
the lung and follow the airway branching pattern as
far as the respiratory bronchioles. They supply:

= Structures in the root and hilum of the lung
= Supporting structures of the lung
= Visceral pleura
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(A) Pulmonary and bronchial arteries

Right pulmonary a.

Right superior lobar a.

Pulmonary trunk

Left pulmonary a.

(B) Pulmonary and bronchial veins

Right pulmonary vv.

Left pulmonary vv.

FIGURE 2.6.4 (A) Pulmonary and bronchial arteries (blue) supply to lungs and bronchi.
(B) Pulmonary and bronchial veins (red) supply to lungs and bronchi.

Each lung has a single bronchial vein. They do not
drain the same areas that are supplied by the bron-
chial arteries. These small veins drain tissues near
the hilum of the lung. The remainder of the venous
drainage of the lung, including the visceral pleura,
enters the pulmonary veins.

= The right bronchial vein enters the azygos vein.

= The left bronchial vein enters the hemiazygos
vein.

Two interconnected lymphatic plexuses (superficial
and deep) drain the lungs and bronchi (Fig. 2.6.5).
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Deep submucosal
plexus

Superficial subpleural
plexus

FIGURE 2.6.5 Lymphatics of the lungs and bronchi.

The lymphatic drainage of the lung is outlined in
Table 2.6.1.

Clinical Note

Lymphatic vessels provide the primary route of
spread for bronchogenic carcinoma.

Nerve Supply of the Pleura,
Tracheobronchial Tree, and Lungs

Pleura

Innervation of the pleura utilizes the phrenic (C3-
C5) and intercostal nerves (T1-T11), as well as

TABLE 2.6.1

Superficial Subpleural: follows surface
contour of lung
Deep Bronchial submucosal

Bronchopulmonary nodes

Visceral pleura
Lung parenchyma

Bronchi

Paratrachial nodes

Tracheobronchial nodes

sympathetic (T1-T5) and parasympathetic (vagus—
CN X) nerves (Table 2.6.2).

Trachea, Bronchi, and Lungs

The pulmonary plexus, an extension of the cardiac
plexus, supplies the trachea, bronchi, and lungs. The
pulmonary plexus has sympathetic and parasympa-
thetic components:

= Cardiac (cardiopulmonary splanchnic) nerves
carry postganglionic sympathetic fibers from
the cervical and upper four thoracic paraverte-
bral ganglia to the cardiac plexus. Stimulation
of these visceral efferents increases respira-
tory rate and leads to bronchodilation and

Lymphatic drainage of the lungs and bronchi.

Bronchopulmonary (hilar)
to tracheobronchial

Pulmonary to
bronchopulmonary to
tracheobronchial
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Pleura Nerve(s) Modality
Parietal General
sensation
Costal Intercostal
Diaphragmatic
Central Phrenic
Peripheral Intercostal
Mediastinal Phrenic
Cervical Phrenic
Visceral Sympathetic Anoxia and
distention

decreased glandular secretion. These fibers
also conduct visceral afferent impulses (reflex-
ive and nociceptive).

= Preganglionic parasympathetic fibers (car-
diac branches) originate from the vagus nerve.
Parasympathetic stimulation decreases respira-
tory rate and leads to bronchoconstriction and
increased glandular secretion.

Pain may be referred to dermatomes C2-T4, depend-
ing on which nerve is involved. For additional informa-
tion about the autonomic nervous system and referred
pain, see Chapter 1: Visceral Afferent Pathways.

Anatomical Relationships
and Surface Anatomy
Anatomical Relationships

There are several important anatomical relation-
ships of the airways and pulmonary vasculature:

= The left main bronchus lies inferior to the
arch of the aorta.

= The right main bronchus lies inferior to the
arch of the azygos vein.

= In the hila of the lungs:

= The superior pulmonary vein lies anterior to
other structures.

= The inferior pulmonary vein lies inferior to
other structures.

= The right pulmonary artery lies anterior
to the main bronchus.

= The left pulmonary artery lies superior to
the main bronchus.
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= The phrenic nerve lies anterior to the root of
each lung.

= The vagus nerve lies posterior to the root of
each lung.

= The left recurrent laryngeal nerve loops around
the ligamentum arteriosum and, at this point, is
closely associated with the left main bronchus.

Surface Anatomy

The surface projections of components of the respi-
ratory system are important landmarks used in phys-
ical examination.

The manubriosternal angle (Louis) lies at the junc-
tion of the manubrium and body of the sternum. It is
subcutaneous and lies at the level of the T4-T5 inter-
vertebral disc. The trachea bifurcates at this level.
The cervical pleura extends into the root of the
neck, approximately 3 cm superior to the medial
one-third of the clavicle. Thus, the pleural cavity
extends through the superior thoracic aperture into
the root of the neck.

The oblique fissure for each lung approximates a line
connecting the spinous process of T3 or T4 with the
costochondral junction of rib 6. In the midaxillary line,
the oblique fissure lies deep to the Sth intercostal space.
The horizontal fissure extends from the right
oblique fissure in the midaxillary line (5th intercos-
tal space) and parallels the right 4th costal cartilage.

Clinical Note

= Auscultation during physical examination
requires evaluation of each lung lobe. The
superior lobes are auscultated on the anter-
osuperior aspect of the thorax, the inferior
lobes posteroinferiorly, and the middle lobe
of the right lung on the right lateral chest
wall near the midaxillary line.

= Auscultation can detect movement of air in
the lungs (“breath sounds”) during inspira-
tion and early expiration. In the healthy
lung, breath sounds should not be detected
during most of expiration.

Auscultation A diagnostic method, usually with a
stethoscope, to listen to body sounds (e.g., heart,
breath, and gastrointestinal sounds)
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FIGURE 2.6.6 Bronchogenic carcinoma. (A) Postero-anterior radiograph showing
a mass in the left lung. Source: Fig. 4-36A in Basic Radiology, 2e. www.accessmedicine.com.
(B) Axial CT image of the same patient showing the mass in the left superior lobe.
Source: Fig. 4-37A in Basic Radiology, 2e. www.accessmedicine.com.

This patient presents with signs and symptoms of Biopsy of the tumor or regional lymph nodes is

respiratory disease. required to confirm the histological type(s) of
lung cancer present so that proper treatment

Bronchogenic Carcinoma can be administered. Two different types of

; . . . . bronchogenic carcinoma can exit simultaneously.
Bronchogenic carcinoma is a malignant disease of

the lung (Fig. 2.6.6). It is one of the most prevent-
able malignancies since >90% of cases are caused
by cigarette smoking.

Bronchogenic carcinoma is divided into five histo- = Chronic cough
logically based categories (Table 2.6.3). = Hemoptysis

Signs and Symptoms

TABLE 2.6.3 SRR T REL LT

Category Frequency (%) Characteristics

Adenocarcinoma 40 Arises from mucous glands in the airway; usually a peripheral
mass or nodule

Squamous cell 25 Arises from bronchial epithelium; usually central and
intraluminal

Small cell 15 Bronchial in origin; begins centrally and invades submucosa

Large cell 10 Heterogenous; may be central or peripheral

Other 10 Poorly differentiated lung cancers
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= Hoarseness

= Atelectasis and dyspnea
= Dysphagia

= Asthenia

= Weight loss

Predisposing Factors
= Cigarette smoking (active or former)

= Environmental tobacco smoke (“second-hand”
smoke)

= Prolonged exposure to radon

= QOccupation: exposure to heavy metals, asbes-
tos, or polycyclic aromatic hydrocarbons

If the tumor is restricted to the hilum and/or bronchi,
there may be no pain and the presenting symptom is
often a productive cough with hemoptysis. Somatic
pain may be a symptom if the tumor is more periph-
eral in the lung, with involvement of parietal pleura.
Regional tumor growth may compress bronchi, the
trachea, and/or esophagus leading to atelectasis,
dyspnea, and dysphagia, respectively.

Metastasis to the brain, bone, liver, and adrenal
medulla is common. Liver involvement typically
leads to weight loss, while metastasis to brain may
present as headache or neurologic deficits. Bone
metastases commonly present with pain and/or
pathologic fractures.

Clinical Notes

= The typical patient with lung carcinoma is
past 60 years of age, with a history of ciga-
rette smoking. The median age at diagnosis
in smokers (active or former) is 71.

= More than 50% of patients with lung can-
cer present with advanced disease.

Metastatic Cancer to the Lung

This condition involves lung malignancy due to
metastasis of nonrespiratory primary carcinoma.

Dysphagia Difficulty swallowing
Lymphatogenous Spread via lymphatic vasculature
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Signs and Symptoms

= Respiratory symptoms uncommon until
advanced stages

Predisposing Factors
= Nonpulmonary malignancy

Nearly all cancers can metastasize to the lung (see
Table 2.5.1). The pulmonary arteries are consid-
ered the primary route for transporting malignant
cells 7o the lung. In contrast, the metastasis of a pri-
mary tumor from the lung is usually lymphatogenous.
Imaging studies for metastatic involvement of the
lung often reveal multiple, small bilateral tumors
that tend to be located in the lower lung segments.

Tuberculosis

Tuberculosis is a bacterial infection (Mycobacterium
tuberculosis) that commonly involves the respiratory
system, but may involve other systems as well. The
bacilli are spread most often in aerosolized droplets
of saliva produced during coughing, sneezing, or
speaking. Development of the disease following M.
tuberculosis infection depends on immunologic sta-
tus; immunocompromised patients are at higher risk.
Tuberculosis is divided into two clinical categories:
latent and active.

Signs and Symptoms
Latent Tuberculosis

= Patient has M. tuberculosis infection but bacte-
rium is inactive and there are no symptoms

= Not contagious

Active Tuberculosis
= Cough
= Unexplained weight loss
= Fever and chills
= Fatigue

= Contagious

Predisposing Factors
= HIV infection

= Race: African American (U.S. born)
= Ethnicity: foreign-born U.S. resident
= Occupation: health-care worker
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FIGURE 2.6.7 Postero-anterior chest radiograph
showing a right upper lobe infiltrate in a patient with
active tuberculosis. Source: Fig. 165-5 in Harrison’s Online.
www.accessmedicine.com.

Culture analysis (commonly of sputum) is consid-
ered the “gold standard” for the diagnosis of active
tuberculosis. Radiographic findings of infiltrates and
cavities in the superior lung lobes in patients with
respiratory symptoms are consistent with tuberculo-
sis (Fig. 2.6.7).

Clinical Notes

= |n 2009, 5.8 million new cases of tubercu-
losis were reported to the World Health
Organization.

= The tuberculin skin test (TST) is used com-
monly to assess M. tuberculosis in asymptom-
atic patients. Tuberculin is an extract of M.
tuberculosis (and other species in the Myco-
bacterium genus). The TST, also known as the
Mantoux or PPD (purified protein derivative)
test, involves measuring induration (swelling)
around an intradermal injection of 0.1 mL of
PPD tuberculin after 48-72 hours.

= Most tuberculosis infections remain latent.

= Active tuberculosis may develop weeks to
years after initial infection.

DIAGNOSIS

The patient presentation, medical history, physical
examination, laboratory tests, and imaging studies
support a diagnosis of bronchogenic carcinoma of
the squamous cell type.

Bronchogenic Carcinoma

Bronchogenic carcinoma is primary to the lungs and
bronchi.

= The patient’s history of cigarette smoking and
his age put him at high risk.

= Imaging studies show the mass along the main
bronchus, extending into the hilum of the lung
and the mediastinum. A mass at this position
could constrict main airways and lead to
atelectasis and dyspnea.

= Chronic cough, hemoptysis, and squamous
cells in the sputum support the diagnosis.

= The voice change (hoarseness) in this patient is
due to involvement of the left recurrent laryngeal
nerve. The close relationship of this nerve with
the left main bronchus may result in it becoming
invested by an enlarging tumor. This compromises
the innervation to most of the intrinsic muscles on
the left side of the larynx. The unilateral paralysis
of these muscles produces asymmetric tension on
the vocal cords and presents as hoarseness.

= The weight loss and liver masses seen in films
support the conclusion of metastatic spread to
the liver.

Metastatic Cancer to the Lung

Metastasis of malignant cells to the lung from other
nonpulmonary organs and tissues is common (see
Table 2.5.1). These tumor cells are transported to
the lungs via pulmonary arteries. Commonly, both
lungs are involved and the tumors tend to be mul-
tiple and in lower bronchopulmonary segments.
These tumors are also more peripheral in the lung
tissue, that is, further from the hilum.

= This patient had a unilateral tumor located
close to hilum of the lung with metastasis to

Paralysis Loss of muscle function, particularly related
to voluntary movement
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the liver. Sputum analysis suggested the tumor
was of the squamous type.

Tuberculosis

Tuberculosis is a bacterial infection. In the active
stage, it presents as a recent cough that has persisted
for more than 3 weeks. The cough is usually accom-
panied by fever and chills.
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Hemoptysis may be present and sputum may
contain M. tuberculosis (rather than tumor cells).

A chest radiograph will show small white
spots throughout the lung field. These rep-
resent the body’s immune system isolating
clusters of the bacillus.

While active tuberculosis typically involves
the lung, the kidneys, brain, and spinal column
also may be involved.

REVIEW QUESTIONS

1. A 23-year-old male arrives at the outpatient clinic
with complaints of fever, chills, and a “chest cold”
of 3 days duration. Crackling is detected during
inspiration with the stethoscope over the right
triangle of auscultation. At this position on the
posterior chest wall, air movement is being heard in
which part of the respiratory system?

A. Right inferior lung lobe
B. Right main bronchus

C. Right middle lung lobe
D. Right superior lung lobe
E. Trachea

2. A 68-year-old male presents with the primary com-
plaint of shortness of breath during mild exertion.
Auscultation of the thoracic wall detects a murmur
adjacent to the sternum in the left 2nd intercostal
space. This is suggestive of:

A. Aortic valve disease

B. Coronary artery disease

C. Left ventricular failure

D. Pulmonary valve disease

E. Stenosis of the right atrioventricular (tricuspid)
valve

3. A 35-year-old male driver was involved in a car
accident with air-bag deployment. Radiography
reveals costochondral joint separation for both the
fourth and fifth ribs on the left. While still in the
emergency department, he develops dyspnea (dif-

ficulty breathing), hypotension, cyanosis, and

neck vein distension. These classic signs of

cardiac tamponade result from accumulation of

fluid in the:

A. Costomediastinal recess

B. Potential space between fibrous and parietal
serous pericardium

C. Potential space between parietal and visceral
serous pericardium

D. Potential space between visceral serous pericar-
dium and myocardium

E. Superior mediastinum

. A 48-year-old obese man collapsed while playing

basketball on his driveway. He could not be resusci-
tated. At autopsy, his left coronary artery and its two
terminal branches were 95% occluded with sclerotic
buildup. The terminal (end) branches of the left
coronary artery are the:

A. Anterior and posterior interventricular

B. Anterior interventricular and circumflex

C. Anterior interventricular and left marginal

D. Circumflex and left atrial

E. Left marginal and circumflex

. Coronary angiography done in advance of coronary

bypass surgery on a 54-year-old female reveals that

she has a “right dominant heart.” This condition:

A. Indicates that the posterior interventricular artery
is derived from the right coronary artery

Crackle Crackling noise heard with lung disease (also
known as a rale)

Auscultation A diagnostic method, usually with a
stethoscope, to listen to body sounds (e.g., heart,
breath, and gastrointestinal sounds)

Murmur Variable vibrations produced by turbulence of
blood flow

Stenosis Narrowing a canal (e.g., blood vessel and

vertebral canal)

Hypotension Abnormal decrease in arterial and/or

venous pressure

Cyanosis Bluish color of skin and mucous membranes

from insufficient blood oxygen
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B. Indicates that the right and left coronary arteries
are derived from a common trunk

C. Is a major correlate with coronary artery disease

D. Is frequently associated with atrial fibrillation

E. Is present in <10% of female patients

6. A premenopausal 51-year-old female describes the

recent discovery of a lump in her right breast. Physi-

cal examination reveals a mass of approximately

2.5 cm in the upper lateral breast quadrant. There is

some dimpling of the skin overlying the mass. This

dimpling is due to:

. Decreased fat in the area of the mass

. Displacement of glandular tissue by the mass

. Increased vasculature to the mass

. Influence of cyclical hormonal changes

. Traction on connective tissue septae by the
expanding mass
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7. A transverse CAT scan at the level of the interverte-
bral disc between T4 and TS5 in a 29-year-old male
reveals normal anatomy. All of the following might
be seen in this scan except:

A. Arch of aorta

B. Arch of azygos vein

C. Pulmonary valve

D. Superior lobe of right lung
E. Superior vena cava

8. Imaging of the thorax in an 18-month-old female
reveals a diffuse structure in the superior medias-
tinum, representing the thymus gland. All of the
following also would be found in the superior
mediastinum except:

A. Ascending aorta

B. Brachiocephalic artery
C. Left brachiocephalic vein
D. Phrenic nerve

E. Vagus nerve

9. Thoracentesis is performed in the midaxillary line
through the right 8th intercostal space of a 73-year-
old female to drain excess pleural fluid. All of the
following can be found in this intercostal space
except:

A. Axons of parasympathetic neurons
B. Axons of sympathetic neurons

C. Somatic pain receptors

D. Tributaries of the azygos vein

E. Ventral ramus of T8 spinal nerve

10. During a domestic quarrel, a 38-year-old male is
stabbed in the chest with a paring knife. The knife
pierced the left 5th intercostal space beside the
sternum. Emergency department workup reveals
a hemopericardium, but there is no indication of a
hemo- or pneumothorax. A senior intern explains
during rounds that there is no pneumothorax because:

A. The left lung has only two lobes.

B. The parietal pleura reflects away from the midline
beginning at the 4th costal cartilage on the left side.

C. The patient was exhaling at the time of the
injury.

D. The patient was standing at the time of the injury.

E. There is a cardiac notch in the inferior lobe of the
left lung.

11. A 61-year-old patient complains of a nagging
cough that, over the past 2 months, produces blood-
tinged sputum. Her husband indicates that he has
noticed a progressive hoarseness in her voice. Imag-
ing reveals a mass in the root and hilum of the left
lung. A likely explanation for the hoarse voice is:

. A compromised blood flow to and from the lung.
. Displacement of the trachea by the mass.

. Metastasis to the larynx.

. Partial occlusion of the main bronchus by the mass.
. The relationship of the left recurrent laryngeal
nerve to the left lung root.

moQw >

Hemopericardium Blood in pericardial fluid within the
pericardial cavity

Pneumothorax Air or gas in pleural cavity
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Indirect Inguinal
Hernia

Patient Presentation

During a routine physical examination, a
small, round swelling was noted in the left
groin of a 12-year-old male.

Relevant Clinical Findings

History

The patient reported that he had noted the
swelling some time ago, but that it was not
painful. The bulge seemed to change in size
depending on his body position and time of
day. Early in the morning it was barely notice-
able, but later in the day or after exercise the
enlargement was more obvious. The patient
has had no prior major illnesses or surgeries.

Physical Examination

The following findings were noted on physical

examination:

= Testes of normal size and position for
patient’s age

= Small palpable mass in left groin, just lateral
and superior to pubic tubercle
= Mass is easily reducible

Laboratory Tests

Test Value Reference value
Erythrocytes 5.3 4.3-5.6 x 10mm?>
(count)

Leukocytes 8.2 3.54-9.06 x 10°/mm?
(count)

Imaging Studies
= Ultrasonography of the left groin showed an
abnormal mass.

Clinical Problems to Consider

= Enlarged superficial inguinal lymph nodes
= Hydrocele

= Direct inguinal hernia

= Indirect inguinal hernia

LEARNING OBJECTIVES

1.

Describe the anatomy of the inguinal
region.

Describe the anatomy of the spermatic
cord.

Describe the development of the male
inguinal canal.

Define the anatomy of the inguinal
triangle.

Explain the anatomical basis for the signs
and symptoms associated with this case.

RELEVANT ANATOMY

Inguinal Region

The inguinal (groin) region is the antero-inferior
area of the anterior abdominal wall. Three flat muscles
of the abdominal wall (external oblique, internal
oblique, and transversus abdominis) contribute to
the anatomy of this region. Each of these muscles
has an aponeurosis (flat tendon). The inferior mar-
gin of the external oblique aponeurosis forms the
inguinal ligament, a thickened band that stretches
from the anterior superior iliac spine to the pubic
tubercle.
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External abdominal oblique m.

Internal abdominal oblique m.

Transversus abdominis m:
Transversalis fascia

Parietal peritoneum

External spermatic fascia
Cremasteric fascia

Internal spermatic fascia

CASE3.1 | Indirect Inguinal Hernia 73

Ductus deferens

Inferior epigastric vessels

Spermatic cord

FIGURE 3.1.1 Antero-inferior abdominal wall (anterior view) showing anatomy of

the inguinal region.

Inguinal Canal

The inguinal canal is an oblique passageway through
the inferior part of the anterior abdominal wall
(Fig. 3.1.1). The canal is approximately 5 cm in length
and is directed inferomedially. In males, it serves as
a passageway for the spermatic cord, which contains
structures coursing to and from the testis. In females,
the round ligament of the uterus passes through the
canal.

The boundaries of the inguinal canal are formed by
muscles and fascia of the abdominal wall (Table 3.1.1).

Spermatic Cord

The spermatic cord contains structures that support
the testis (Fig. 3.1.2). The contents of spermatic
cord are given in Table 3.1.2.

The spermatic cord begins at the deep inguinal ring,
passes through the inguinal canal, exits the superfi-
cial inguinal ring, and ends in the scrotum at the root
of the testis.

Development of the
Male Inguinal Canal

Prior to descent of the testis, the gubernaculum tes-
tis (a mesenchymal condensation) extends from the
inferior pole of each testis to the scrotal swellings in
the inguinal region. The processus vaginalis (a hol-
low outgrowth of peritoneum) evaginates the fascial
and muscular layers of the anterior abdominal wall
as it extends into the scrotal swellings, following the
course of the gubernaculum testis. This process cre-
ates the inguinal canal. The testis follows the course
of the gubernaculum from its retroperitoneal posi-
tion, through the inguinal canal, and into the scro-
tum. As a result, layers of the anterior abdominal
wall contribute to the fasciae that surround the sper-
matic cord (Table 3.1.3).

Before birth, the proximal part of processus vagi-
nalis becomes obliterated, closing off the entrance
to the inguinal canal from the peritoneal cavity.
The distal portion of the processus vaginalis forms
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TABLE 3.1.1 LTSRS RGN EIRELETR

Boundary Structures
Anterior Aponeurosis of external abdominal oblique muscle
Posterior Transversalis fascia

Conjoint tendon (fused aponeuroses of internal abdominal oblique
and transversus abdominis muscles that attach to pubic crest)
reinforces medial part of posterior wall

Superior (roof) Arching fibers of internal abdominal oblique and transversus
abdominis muscles

Inferior (floor) Inguinal ligament

Deep inguinal ring Evagination of transversalis fascia, superior to inguinal ligament

and lateral to inferior epigastric vessels
Superficial inguinal ring Slit-like opening in external abdominal oblique aponeurosis,
superior and medial to pubic tubercle
Lateral crus is lateral margin of superficial ring
Medial crus is medial margin of superficial ring

Testicular a.
Pampiniform venous plexus

Ductus deferens

Epididymis

Parietal tunica vaginalis

Testis (covered with
visceral tunica vaginalis)

Internal spermatic fascia
Cremasteric fascia

External spermatic fascia

FIGURE 3.1.2 Anterior view of scrotum showing the spermatic fasciae, spermatic
cord, and testis.
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Structure

Ductus deferens (vas deferens)

Description
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Muscular tube that conveys sperm from epididymis to

ejaculatory duct

Testicular artery

Pampiniform venous plexus

Artery to ductus deferens

Genital branch of genitofemoral nerve

Autonomic nerve fibers

Branch of abdominal aorta; supplies testis and epididymis
Vascular network that converges to form testicular vein(s)
Branch of inferior vesical artery; supplies ductus deferens
Innervates cremaster muscle

Innervate smooth muscle in blood vessels, testis, ductus deferens,

and epididymis

Lymphatic vessels

Drain lymph from testis and associated structures to lumbar and

pre-aortic nodes

a reflected fold that partially covers the testis and
epididymis. This remnant of processus vaginalis
creates the visceral and parietal layers of the tunica
vaginalis testis. In some individuals, the processus
vaginalis remains patent through infancy, into child-
hood, and possibly into adulthood.

Clinical Note

A persistent processus vaginalis creates a
potential pathway for herniation of abdominal
contents through the inguinal canal and into
the scrotum (indirect inguinal hernia).

Inguinal Triangle

The inguinal triangle (Hesselbach) is a region of the
inferomedial anterior abdominal wall (Fig. 3.1.3

and Table 3.1.4). The triangle is within the medial
umbilical fossa. The inferior portion of the tri-
angle is related to the medial end of the inguinal
canal and superficial inguinal ring. Deep to the
superficial ring, the posterior wall of the canal is
composed of transversalis fascia and parietal perito-
neum, which is reinforced medially by the conjoint
tendon.

Clinical Note

Because the inferomedial aspect of the inguinal
triangle is not well reinforced, it is an area that
is susceptible to herniation, particularly in older
males.

1/:: 1R BB Layers of scrotum and spermatic fascia.

Layers of scrotum and
spermatic fascia

Skin Skin
Dartos muscle and fascia
External spermatic fascia
Cremaster muscle (fascia)

Internal spermatic fascia

Superficial fascia

Internal abdominal oblique

Corresponding layer from anterior
abdominal wall

Notes

Smooth muscle

External abdominal oblique aponeurosis

Skeletal muscle

Transversalis fascia
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Inferior epigastric vessels

Inguinal ligament

Site of deep inguinal ring
External iliac vessels

Superficial inguinal ring

Rectus abdominis m.

(I Borders of inguinal triangle)

FIGURE 3.1.3 Anterior view of the male inguinal region, showing the borders of
the inguinal triangle (Hesselbach) and the position of the deep inguinal ring.

CLINICAL REASONING

This patient presents with signs and symptoms
related to a swelling in the inguinal region.

Enlarged Superficial Inguinal
Lymph Nodes

The superficial inguinal lymph nodes are a collec-
tion of 12-20 nodes parallel to the inferior border of
the inguinal ligament.

= Medially placed nodes receive lymph from
the external genitalia (except the testis, epididy-
mis and spermatic cord), inferior anal canal,
and perianal region, as well as the uterus in the

LV:\:1H3c R W' Boundaries of the inguinal
triangle.

Medial Linea semilunaris (lateral margin of
rectus sheath)

Lateral Inferior epigastric vessels

Inferior Medial portion of inguinal ligament

female (lymph drains along the round ligament).
Also included in this group are four or five
nodes that are located around the saphenous
hiatus (where great saphenous vein passes
through the fascia lata to join the femoral vein);
these nodes receive lymph from all superficial
lymphatics of the lower limb (except those that
drain the posterolateral calf).

= L