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Welcome to Clinical Anatomy by Systems by Richard S.
Snell, MD, PhD. This CD-ROM is designed for medical
students doing their clinical rotations, allied health stu-
dents, dental students, nurses, and residents.

The information provided is in the form of Clinical
Notes, which are linked to the appropriate chapters of the
main text. This gives students ready access to the basic
anatomic and clinical material. Sections on Congenital
Anomalies are also included.

The clinical material provides the medical professional
with the practical application of anatomic facts that he or
she will require when examining patients. It will also be of
great assistance when interpreting the findings of techno-

logic investigations. The anatomy of Common Medical
Procedures has also been included, and the complications
caused by an ignorance of normal anatomy have been
emphasized.

Examples of clinical cases are given at the end of each
group of Clinical Notes. Each clinical vignette is followed
by multiple choice questions. Answers and explanations for
the problems are given at the end of the section in the CD-
ROM.

*No part of this CD-ROM may be reproduced in any
form or by any means without written permission from the
copyright owner.
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[ines of Cleavage

In the dermis, the bundles of collagen fibers are mostly
arranged in parallel rows. A surgical incision through the
skin made along or between these rows causes the mini-
mum of disruption of collagen, and the wound heals with
minimal scar tissue. Conversely, an incision made across
the rows of collagen disrupts and disturbs it, resulting in the
massive production of fresh collagen and the formation of a
broad, ugly scar. The direction of the rows of collagen is
known as the lines of cleavage (Langer’s lines), and they
tend to run longitudinally in the limbs and circumferen-
tially in the neck and trunk (CD Fig. 1-1).

CD Figure 1-1

Cleavage lines of the skin.



A general knowledge of the direction of the lines of
cleavage greatly assists the surgeon in making incisions that
result in cosmetically acceptable scars. This is particularly
important in those areas of the body not normally covered
by clothing. A salesperson, for example, may lose his or her
job if an operation leaves a hideous facial scar.

Skin Infections

The nail folds, hair follicles, and sebaceous glands are
common sites for entrance into the underlying tissues of
pathogenic organisms such as Staphylococcus aureus.
Infection occurring between the nail and the nail fold is
called a paronychia. Infection of the hair follicle and seba-
ceous gland is responsible for the common boil. A carbuncle
is a staphylococcal infection of the superficial fascia. It fre-
quently occurs in the nape of the neck and usually starts as an
infection of a hair follicle or a group of hair follicles.

bebaceous Lyst

A sebaceous cyst is caused by obstruction of the mouth of a
sebaceous duct and may be caused by damage from a comb
or by infection. It occurs most frequently on the scalp.

Ghock

A patient who is in a state of shock is pale and exhibits goose-
flesh as a result of overactivity of the sympathetic system,
which causes vasoconstriction of the dermal arterioles and
contraction of the arrector pili muscles.

Ohkin Burns

The depth of a burn determines the method and rate of
healing. A partial-skin-thickness burn heals from the cells of
the hair follicles, sebaceous glands, and sweat glands as well
as from the cells at the edge of the burn. A burn that extends
deeper than the sweat glands heals slowly and from the
edges only, and considerable contracture will be caused by
fibrous tissue. To speed up healing and reduce the inci-
dence of contracture, a deep burn should be grafted.

okin brafting

Skin grafting is of two main types: split-thickness grafting
and full-thickness grafting. In a split-thickness graft the
greater part of the epidermis, including the tips of the der-
mal papillae, are removed from the donor site and placed on
the recipient site. This leaves at the donor site for repair pur-
poses the epidermal cells on the sides of the dermal papillae
and the cells of the hair follicles and sweat glands.

A full-thickness skin graft includes both the epidermis
and dermis and, to survive, requires rapid establishment of a
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new circulation within it at the recipient site. The donor site
is usually covered with a split-thickness graft. In certain cir-
cumstances the full-thickness graft is made in the form of a
pedicle graft, in which a flap of full-thickness skin is turned
and stitched in position at the recipient site, leaving the base
of the flap with its blood supply intact at the donor site.
Later, when the new blood supply to the graft has been
established, the base of the graft is cut across.

FAGCIAE

lasciae and Infection

Knowledge of the arrangement of the deep fasciae often
helps explain the path taken by an infection when it spreads
from its primary site. In the neck, for example, the various

fascial planes explain how infection can extend from the
region of the floor of the mouth to the larynx.

ShELETAL MUSCLE
Muscle Attachments

The importance of knowing the main attachments of all
the major muscles of the body need not be emphasized.
Only with such knowledge is it possible to understand the
normal and abnormal actions of individual muscles or
muscle groups. How can one even attempt to analyze,
for example, the abnormal gait of a patient without this
information?

Muscle Shape and Form

The general shape and form of muscles should also be
noted, since a paralyzed muscle or one that is not used (such
as occurs when a limb is immobilized in a splint) quickly
atrophies and changes shape. In the case of the limbs, it is
always worth remembering that a muscle on the opposite
side of the body can be used for comparison.

LCARDIAC MUSCLE

Necrosis of Cardiac Muscle

The cardiac muscle receives its blood supply from
the coronary arteries. A sudden block of one of the large
branches of a coronary artery will inevitably lead to necro-
sis of the cardiac muscle and often to the death of the
patient.
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JUINTS

Examination of Joints

When examining a patient, the clinician should assess
the normal range of movement of all joints. When
the bones of a joint are no longer in their normal
anatomic relationship with one another, then the joint is
said to be dislocated. Some joints are particularly suscep-
tible to dislocation because of lack of support by ligaments,
the poor shape of the articular surfaces, or the absence
of adequate muscular support. The shoulder joint, tem-
poromandibular joint, and acromioclavicular joints are
good examples. Dislocation of the hip is usually congeni-
tal, being caused by inadequate development of the
socket that normally holds the head of the femur firmly
in position.

The presence of cartilaginous discs within joints, espe-
cially weightbearing joints, as in the case of the knee, makes
them particularly susceptible to injury in sports. During
a rapid movement the disc loses its normal relationship
to the bones and becomes crushed between the weight-
bearing surfaces.

In certain diseases of the nervous system (e.g., sy-
ringomyelia), the sensation of pain in a joint is lost. This
means that the warning sensations of pain felt when a joint
moves beyond the normal range of movement are not
experienced. This phenomenon results in the destruction of
the joint.

Knowledge of the classification of joints is of great value
because, for example, certain diseases affect only certain
types of joints. Gonococcal arthritis affects large synovial
joints such as the ankle, elbow, or wrist, whereas tubercu-
lous arthritis also affects synovial joints and may start in the
synovial membrane or in the bone.

Remember that more than one joint may receive the
same nerve supply. For example, the hip and knee joints
are both supplied by the obturator nerve. Thus, a patient
with disease limited to one of these joints may experience
pain in both.

LIGAMENTS

[Jamage to Ligaments

Joint ligaments are very prone to excessive stretching and
even tearing and rupture. If possible, the apposing damaged
surfaces of the ligament are brought together by positioning
and immobilizing the joint. In severe injuries, surgical
approximation of the cut ends may be required. The blood

clot at the damaged site is invaded by blood vessels and
fibroblasts. The fibroblasts lay down new collagen and elas-
tic fibers, which become oriented along the lines of me-
chanical stress.

BUHGAE AN
aYNUVIAL
aHEATHS

Irauma and Infection of Bursae
and aynovial oheaths

Bursae and synovial sheaths are commonly the site of
traumatic or infectious disease. For example, the extensor
tendon sheaths of the hand may become inflamed after ex-
cessive or unaccustomed use; an inflammation of the
prepatellar bursa may occur as the result of trauma from re-
peated kneeling on a hard surface.

BLUUD VEaSELS

[Jiseases of Blood Vessels

Diseases of blood vessels are common. The surface anatomy
of the main arteries, especially those of the limbs, is dis-
cussed in the appropriate sections of this book. The collat-
eral circulation of most large arteries should be understood,
and a distinction should be made between anatomic end
arteries and functional end arteries.

All large arteries that cross over a joint are liable to be
kinked during movements of the joint. However, the distal
flow of blood is not interrupted because an adequate anas-
tomosis is usually between branches of the artery that arise
both proximal and distal to the joint. The alternative blood
channels, which dilate under these circumstances, form the
collateral circulation. Knowledge of the existence and posi-
tion of such a circulation may be of vital importance should
it be necessary to tic off a large artery that has been damaged
by trauma or disease.

Coronary arteries are functional end arteries, and if
they become blocked by disease (coronary arterial occlusion
is common), the cardiac muscle normally supplied by that
artery will receive insufficient blood and undergo necrosis.
Blockage of a large coronary artery results in the death of the
patient.




LYMPHATIC
aYalEM

[iseases of the Lymphatic oystem

The lymphatic system is often de-emphasized by anatomists
on the grounds that it is difficult to see on a cadaver. However,
it is of vital importance to medical personnel, since lymph
nodes may swell as the result of infection, metastases, or pri-
mary tumor. For this reason, the lymphatic drainage of all ma-
jor organs of the body, including the skin, should be known.

A patient may complain of a swelling produced by the
enlargement of a lymph node. A physician must know the
areas of the body that drain lymph to a particular node if he
or she is to be able to find the primary site of the disease. Of-
ten the patient ignores the primary disease, which may be a
small, painless cancer of the skin.

Conversely, the patient may complain of a painful ulcer
of the tongue, for example, and the physician must know the
lymph drainage of the tongue to be able to determine whether
the disease has spread beyond the limits of the tongue.

NERVOUS aYalTEM

oegmental [nnervation of the Skin

The area of skin supplied by a single spinal nerve, and
therefore a single segment of the spinal cord, is called a
dermatome. On the trunk, adjacent dermatomes overlap
considerably; to produce a region of complete anesthesia, at
least three contiguous spinal nerves must be sectioned. Der-
matomal charts for the anterior and posterior surfaces of the
body are shown in CD Figs. 1-2 and 1-3.

In the limbs, arrangement of the dermatomes is more
complicated because of the embryologic changes that take
place as the limbs grow out from the body wall.

A physician should have a working knowledge of the
segmental (dermatomal) innervation of skin, because with
the help of a pin or a piece of cotton he or she can determine
whether the sensory function of a particular spinal nerve or
segment of the spinal cord is functioning normally.

oegmental [nnervation of Muscle

Skeletal muscle also receives a segmental innervation. Most
of these muscles are innervated by two, three, or four spinal
nerves and therefore by the same number of segments of the
spinal cord. To paralyze a muscle completely, it is thus nec-
essary to section several spinal nerves or to destroy several
segments of the spinal cord.
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Learning the segmental innervation of all the muscles
of the body is an impossible task. Nevertheless, the segmen-
tal innervation of the following muscles should be known
because they can be tested by eliciting simple muscle
reflexes in the patient (CD Fig. 1-4):

Biceps brachii tendon reflex: C5 and 6 (flexion of the
elbow joint by tapping the biceps tendon)

Triceps tendon reflex: C6, 7, and § (extension of the
elbow joint by tapping the triceps tendon)
Brachioradialis tendon reflex: C5, 6, and 7 (supination
of the radioulnar joints by tapping the insertion of the
brachioradialis tendon)

Abdominal superficial reflexes (contraction of underly-
ing abdominal muscles by stroking the skin): Upper
abdominal skin T6-7, middle abdominal skin T8-9, and
lower abdominal skin T10-12

Patellar tendon reflex (knee jerk): L2, 3, and 4 (exten-
sion of the knee joint on tapping the patellar tendon)
Achilles tendon reflex (ankle jerk): S1 and S2 (plantar
flexion of the ankle joint on tapping the Achilles
tendon)

Llinical Modification of the
Activities of the Autonomic
Nervous System

Many drugs and surgical procedures that can modify the
activity of the autonomic nervous system are available. For
example, drugs can be administered to lower the blood
pressure by blocking sympathetic nerve endings and causing
vasodilatation of peripheral blood vessels. In patients with
severe arterial disease affecting the main arteries of the lower
limb, the limb can sometimes be saved by sectioning the
sympathetic innervation to the blood vessels. This produces
a vasodilatation and enables an adequate amount of blood to
flow through the collateral circulation, thus bypassing the

MUCUUS ANL
abRUUS
MEMBRANES

Mucous and Serous Membranes
and [nflammatory [lisease

Mucous and serous membranes are common sites for in-
flammatory disecase. For example, rhinitis, or the common
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cold, is an inflammation of the nasal mucous membrane,
and pleurisy is an inflammation of the visceral and parietal
layers of the pleura.

BUNES

Hone Iractures

Immediately after a fracture, the patient suffers severe lo-
cal pain and is not able to use the injured part. Deformity
may be visible if the bone fragments have been displaced
relative to each other. The degree of deformity and the di-

superficial peroneal nerve

transverse cutaneous nerve of neck

anterior cutaneous branch of second

upper lateral cutaneous nerve of arm
medial cutaneous nerve of arm

lower lateral cutaneous nerve of arm
medial cutaneous nerve of forearm

lateral cutaneous nerve of forearm

lateral cutaneous branch of
subcostal nerve

femoral branch of genitofemoral

median nerve
ulnar nerve

ilioinguinal nerve
lateral cutaneous nerve of thigh

\ obturator nerve
I?,JEI medial cutaneous nerve of thigh
") intermediate cutaneous nerve of thigh

\ infrapatellar branch of saphenous nerve

lateral sural cutaneous nerve

CD Figure 1-2 Dermatomes and dis-
tribution of cutaneous nerves on the
anterior aspect of the body.

rections taken by the bony fragments depend not only on
the mechanism of injury, but also on the pull of the mus-
cles attached to the fragments. Ligamentous attachments
also influence the deformity. In certain situations—for
example, the ileum—{fractures result in no deformity be-
cause the inner and outer surfaces of the bone are splinted
by the extensive origins of muscles. In contrast, a fracture
of the neck of the femur produces considerable displace-
ment. The strong muscles of the thigh pull the distal frag-
ment upward so that the leg is shortened. The very strong
lateral rotators rotate the distal fragment laterally so that
the foot points laterally.

Fracture of a bone is accompanied by a considerable
hemorrhage of blood between the bone ends and into the
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surrounding soft tissue. The blood vessels and the fibroblasts
and osteoblasts from the periosteum and endosteum take
part in the repair process.

Hichets

Rickets is a defective mineralization of the cartilage matrix
in growing bones. This produces a condition in which the
cartilage cells continue to grow, resulting in excess cartilage
and a widening of the epiphyseal plates. The poorly miner-
alized cartilaginous matrix and the osteoid matrix are soft,
and they bend under the stress of bearing weight. The
resulting deformities include enlarged costochondral junc-
tions, bowing of the long bones of the lower limbs, and
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C2
C3

C5
C6

S4

S3
L2

S2

C8

L3

L5
L4

S1

L5 CD Figure 1-3 Dermatomes and distri-
bution of cutaneous nerves on the pos-
terior aspect of the body.

bossing of the frontal bones of the skull. Deformities of the
pelvis may also occur.

Epiphyseal Plate lisorders

Epiphyseal plate disorders affect only children and adoles-
cents. The epiphyseal plate is the part of a growing bone con-
cerned primarily with growth in length. Trauma, infection,
diet, exercise, and endocrine disorders can disturb the growth
of the hyaline cartilaginous plate, leading to deformity and loss
of function. In the femur, for example, the proximal epiphysis
can slip because of mechanical stress or excessive loads. The
length of the limbs can increase excessively because of in-
creased vascularity in the region of the epiphyseal plate sec-
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C6,7,and 8

biceps brachii tendon reflex L2,3,and 4

patellar tendon reflex

brachioradialis
tendon
reflex

Achilles tendon reflex

CD Figure 1-4 Some important tendon reflexes used in medical practice.



ondary to infection or in the presence of tumors. Shortening
of a limb can follow trauma to the epiphyseal plate resulting
from a diminished blood supply to the cartilage.

LLINICAL

albNIFICANCE OF
kX, HALE, ANL
AGE UN 5THUCTURE

The fact that the structure and function of the human body
change with age may seem obvious, but it is often over-
looked; a child is just not a small adult. A few examples of
such changes are given here:

1. In the infant, the bones of the skull are more resilient
than in the adult, and for this reason fractures of the
skull are much more common in the adult than in the
young child.
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. The liver is relatively much larger in the child than in

the adult. In the infant, the lower margin of the liver ex-
tends inferiorly to a lower level than in the adult. This
is an important consideration when making a diagnosis
of hepatic enlargement.

. The urinary bladder in the child cannot be accommo-

dated entirely in the pelvis because of the small size of
the pelvic cavity and thus is found in the lower part of
the abdominal cavity. As the child grows, the pelvis en-
larges and the bladder sinks down to become a true
pelvic organ.

. At birth, all bone marrow is of the red variety. With

advancing age, the red marrow recedes up the
bones of the limbs so that in the adult it is largely
confined to the bones of the head, thorax, and
abdomen.

. Lymphatic tissues reach their maximum degree of de-

velopment at puberty and thereafter atrophy, so the vol-
ume of lymphatic tissue in older persons is considerably
reduced.

Llinical Problem Solving (Juestions

Read the following case histories/questions and give
the best answer for each.

A 45-year-old patient has a small, firm, mobile tumor
on the dorsum of the right foot just proximal to
the base of the big toe and superficial to the bones and
the long extensor tendon but deep to the superficial
fascia. The patient has a neurofibroma of a digital
nerve.

1. The following information concerning the tumor is
correct:
A. Itis situated on the lower surface of the foot close to
the root of the big toe.
It is attached to the first metatarsal bone.
. On palpation, it moves more freely from medial to
lateral than from proximal to distal.
. It lies deep to the tendon of the extensor hallucis
longus muscle.
. It is attached to the capsule of the metatarsopha-
langeal joint of the big toe.

o O%

e

A 3l-year-old woman has a history of poliomyelitis af-
fecting the anterior horn cells of the lower thoracic and
lumbar segments of the spinal cord on the left side. On

examination, she has severe right lateral flexion defor-
mity of the vertebral column.

. The following statement is correct about this case:

A. The virus of poliomyelitis attacks and always destroys
the motor anterior horn cells of the spinal cord.

B. The disease resulted in the paralysis of the muscles
that normally laterally flex the vertebral column on
the left side.

C. The muscles on the right side of the vertebral col-
umn are hyperactive.

D. The right lateral flexion deformity is caused by the
slow degeneration of the sensory nerve fibers origi-
nating from the vertebral muscles on the right side.

A 20-year-old woman severely sprains her left ankle while
playing tennis. When she tries to move the foot so that
the sole faces medially, she experiences severe pain.

. What is the correct anatomic term for the movement of

the foot that produces the pain?
A. Pronation

B. Inversion

C. Supination

D. Eversion
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A 25-year-old man has a deep-seated abscess in the pos-
terior part of the neck.

The following statement is correct concerning the

abscess:

A. The abscess probably lies superficial to the deep
fascia.

B. The deep fascia does not determine the direction of
spread of the abscess.

C. The abscess would be incised through a vertical skin
incision.

D. The lines of cleavage are not important when
considering the direction of skin incisions.

E. The abscess would be incised, if possible, through a
horizontal skin incision.

A 40-year-old workman received a severe burn on
the anterior aspect of his right forearm. The area of the
burn exceeded 4 in.? (10 cm?). The greater part of
the burn was superficial and extended only into the
superficial part of the dermis.

In the superficially burned area, the epidermis cells
would regenerate from the following sites except which?
A. The hair follicles

B. The sebaceous glands

C. The margins of the burn

D. The deepest ends of the sweat glands

In a small area the burn penetrated as far as the superfi-

cial fascia; in this region, the epidermal cells would

regenerate from the following sites except which?

A. The ends of the sweat glands that lie in the superfi-
cial fascia

B. The margins of the burn

C. The sebaceous glands

In a 63-year-old man, a magnetic resonance imaging
scan of the lower thoracic region of the vertebral col-
umn reveals the presence of a tumor pressing on the
lumbar segments of the spinal cord. He has a loss of
sensation in the skin over the anterior surface of the left
thigh and is unable to extend his left knee joint. Exam-
ination reveals that the muscles of the front of the left
thigh have atrophied and have no tone and that the
left knee jerk is absent.

The following statements concerning this patient are

correct except which?

A. The tumor is interrupting the normal function of the
efferent motor fibers of the spinal cord on the left side.

B. The quadriceps femoris muscles on the front of the
left thigh are atrophied.

C. The loss of skin sensation is confined to the der-
matomes L1, 2, 3, and 4.

D. The absence of the left knee jerk is because of
involvement of the first lumbar spinal segment.

10.

A woman recently took up employment in a factory.
She is a machinist, and for 6 hours a day she has to
move a lever repeatedly, which requires that she extend
and flex her right wrist joint. At the end of the second
week of her employment, she began to experience pain
over the posterior surface of her wrist and noticed a
swelling in the area.

The following statements concerning this patient are

correct except which?

A. Extension of the wrist joint is brought about by
several muscles that include the extensor digitorum
muscle.

B. The wrist joint is diseased.

C. Repeated unaccustomed movements of tendons
through their synovial sheaths can produce trau-
matic inflammation of the sheaths.

D. The diagnosis is traumatic tenosynovitis of the long
tendons of the extensor digitorum muscle.

A 19-year-old boy was suspected of having leukemia. It
was decided to confirm the diagnosis by performing a
bone marrow biopsy.

. The following statements concerning this procedure

are correct except which?

A. The biopsy was taken from the lower end of the
tibia.

B. Red bone marrow specimens can be obtained from
the sternum or the iliac crests.

C. At birth, the marrow of all bones of the body is red
and hematopoietic.

D. The blood-forming activity of bone marrow in
many long bones gradually lessens with age, and
the red marrow is gradually replaced by yellow
marrow.

A 22-year-old woman had a severe infection under the
lateral edge of the nail of her right index finger. On ex-
amination, a series of red lines were seen to extend up
the back of the hand and around to the front of the fore-
arm and arm, up to the armpit.

The following statements concerning this patient are

probably correct except which?

A. Palpation of the right armpit revealed the presence
of several tender enlarged lymph nodes (lym-
phadenitis).

B. The red lines were caused by the superficial lym-
phatic vessels in the arm, which were red and in-
flamed (lymphangitis) and could be seen through
the skin.

C. Lymph from the right arm entered the bloodstream
through the thoracic duct.

D. Infected lymph entered the lymphatic capillaries
from the tissue spaces.



Answers and Explanations

1. Cisthe correct answer. The tumor is a neurofibroma of

a small digital nerve. This fact explains why the tumor
is relatively superficial and moves with the digital nerve
more freely from medial to lateral than from proximal
to distal. A. The tumor is situated on the dorsum or up-
per surface of the foot. B. The tumor is mobile and not
attached to the first metatarsal bone. D. The tumor lies
superficial to the tendon of the extensor hallucis longus
muscle. E. The tumor is mobile and is not attached to
the capsule of the metatarsophalangeal joint.

. B is the correct answer. The disease infected the ante-
rior horn cells, whose axons supply the muscles that
normally laterally flex the vertebral column on the left
side. A. The virus of poliomyelitis attacks anterior horn
cells in the spinal cord. The result may be death of the
cells and muscle paralysis or, depending on the severity
of the attack, the nerve cells may recover and the mus-
cle paralysis may also recover. C. The muscles on the
right side of the vertebral column are contracting nor-
mally against the paralyzed left-sided vertebral muscles.
D. The sensory nerves of muscles are unaffected by the
polio virus.

. B is the correct answer. The movement of the foot so
that the sole comes to face medially is called inversion
(see text Fig. 1-3). For a full discussion of the move-
ments of inversion and eversion of the foot at the subta-
lar and transverse joints of the foot, see text.

. E is the correct answer. The abscess would be incised,
if possible, through a horizontal skin incision along a
line of cleavage (see CD Fig. 1-1). A. A deep-seated
abscess in the neck usually lies deep to the superficial
fascia and beneath the investing layer of deep cervical
fascia. B. The arrangement of the deep fascia in the

Introduction to Clinical Anatomy 1

neck plays an important role in the direction of spread
of a deep-seated abscess. C. The abscess would only be
incised through a vertical incision if a horizontal inci-
sion along a line of cleavage was not possible. A vertical
incision in the neck would result in an unsightly scar.
D. The lines of cleavage (see CD Fig. 1-1) are very im-
portant when considering the direction of skin inci-
sions. However, cosmetic concerns have to take second
place in life-threatening situations.

D is the correct answer. In a superficial burn, the epi-
dermal cells would regenerate from the hair follicles,
the sebaceous glands, and the margins of the burn.

. C is the correct answer. The sebaceous glands are lo-

cated superficially (see text Fig. 1-4) and are destroyed
in deep burns.

D is the correct answer. The patellar tendon reflex (knee
jerk) involves L2, 3, and 4 segments of the spinal cord.

B is the correct answer. The wrist joint is not diseased
in this patient. The swelling on the posterior surface of
the wrist region was caused by the excessive production
of fluid in the synovial sheaths of the extensor tendons
secondary to repeated and excessive extensor move-
ments, a condition called traumatic tenosynovitis.

A is the correct answer. In a 19-year-old boy, the bone
marrow at the lower end of the tibia is yellow. A biopsy
specimen of red marrow in an adult, who is suspected
of suffering from leukemia, is easily obtained from the
iliac crests or the sternum.

. C is the correct answer. Lymph from the right upper

limb enters the bloodstream through the right lym-
phatic duct.
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B= | THE NOSE
Pupillodilatation

A vasoconstrictor sprayed into the nasal vestibule can ascend
in the nasolacrimal duct to the conjunctival sac, where it is
absorbed, and may produce pupillodilatation.

Fxamination of the Nasal Cavity

Examination of the nasal cavity may be carried out by insert-
ing a speculum through the external nares or by means of a
mirror in the pharynx. In the latter case, the choanae and the
posterior border of the septum can be visualized (CD Fig. 2-
1). Tt should be remembered that the nasal septum is rarely
situated in the midline. A severely deviated septum may
interfere with drainage of the nose and the paranasal sinuses.

tubal elevation

soft palate

[nfection of the Nasal Cavity

Infection of the nasal cavity can spread in a variety of
directions. The paranasal sinuses are especially prone to
infection. Organisms may spread via the nasal part of the
pharynx and the auditory tube to the middle ear. It is pos-
sible for organisms to ascend to the meninges of the ante-
rior cranial fossa, along the sheaths of the olfactory nerves
through the cribriform plate, and produce meningitis.

Epistaxis, or bleeding from the nose, is a frequent con-
dition. The most common cause is nose picking. The
bleeding may be arterial or venous, and most episodes oc-
cur on the anteroinferior portion of the septum and in-
volve the septal branches of the sphenopalatine and facial
vessels.

Beware of bilateral cauterization of the septal mucous
membrane. It could compromise the blood supply to the
perichondrium and cause necrosis of the cartilaginous part
of the septum.

nasal septum

superior concha

middle concha

inferior concha

CD Figure 2-1 A. Position of the mirror in posterior rhinoscopy. B. Structures seen in

posterior rhinoscopy.
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Nasal Ubstruction

Nasal obstruction can be caused by edema of the mucous
membrane secondary to infection, or by foreign bodies
lodged between the conchae. The shelf-like conchae make
impaction and retention of balloons, peas, and small toys
relatively easy in children. Other causes include tumors,
polyps, and septal abscesses.

Deflection of the nasal septum is common. It is be-
lieved to occur most commonly in males because of trauma
in childhood.

The most voluminous part of the nasal cavity is close to
the floor, and it is usually possible to pass a well-lubricated
tube through the nostril along the inferior meatus into the
nasopharynx.

Irauma to the Nose

Nasal Fractures

Fractures involving the nasal bones are common. Blows di-
rected from the front may cause one or both nasal bones to
be displaced downward and inward.

Lateral fractures also occur in which one nasal bone is
driven inward and the other outward; the nasal septum is
usually involved.

Skin Lacerations

Lacerations are sutured in the usual way. Remember, how-
ever, that there is very little excess of skin so that the vascu-
larity may be compromised if too much tension is placed on
the sutures. Avoid making incisions across depressed areas
on the side of the nose or at the junction of the nose and the

lip, or across the lower eyelid, since future scars tend to con-
tract and distort the depression.

g | CONGENITAL
N ANOMALIES OF
THE NOSE

Median Nasal Furrow

In median nasal furrow, the nasal septum is split, separating
the two halves of the nose (CD Fig. 2-2A).

|ateral Proboscis

In lateral proboscis, a skin-covered process develops, usually
with a dimple at its lower end (CD Fig. 2-2B).

g | THE PARANAGAL
M| GINUSES

Ginusitis and the Examination of
the Paranasal Sinuses

Infection of the paranasal sinuses is a common complication
of nasal infections. Rarely, the cause of maxillary sinusitis is

CD Figure 2-2 A. Median nasal furrow in which the nasal septum has completely split,
separating the two halves of the nose. Note that the external nares are separated by a wide
furrow. (Courtesy of L Thompson.) B. Lateral proboscis.
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frontal sinus

maxillary sinus

sphenoethmoidal recess superior concha

superior meatus

middle meatus

bulla ethmoidalis
hiatus semilunaris

inferior meatus

nasal septum palate

extension from an apical dental abscess. The extreme thin-
ness of the medial wall of the orbit relative to the ethmoidal
air cells must be emphasized. Ethmoidal sinusitis is the most
common cause of orbital cellulitis. The infection can easily
spread through the paper-thin bone.

The frontal, ethmoidal, and maxillary sinuses can be
palpated clinically for areas of tenderness (CD Fig. 2-3).
The frontal sinus can be examined by pressing the finger up-
ward beneath the medial end of the superior orbital margin.
Here the floor of the frontal sinus is closest to the surface.

The ethmoidal sinuses can be palpated by pressing the
finger medially against the medial wall of the orbit. The
maxillary sinus can be examined for tenderness by pressing
the finger against the anterior wall of the maxilla below the
inferior orbital margin; pressure over the infraorbital nerve
may reveal increased sensitivity.

The frontal sinus is supplied by the supraorbital nerve,
which also supplies the skin of the forehead and scalp. It is
not surprising, therefore, that patients with frontal sinusitis

frontal sinus

inferior concha

ethmoidal sinuses

middle concha

maxillary sinus

CD Figure 2-3 A. Bones of the face showing the po-
sitions of the frontal and maxillary sinuses. B. Regions
where pain is experienced in sinusitis (lightly dotted
area in frontal sinusitis; solid area in sphenoethmoidal
sinusitis; and heavily dotted area in maxillary sinusi-
tis). C. Coronal section through the nasal cavity show-
ing the frontal, ethmoidal, and maxillary sinuses.

have pain referred over this area (see CD Fig. 2-3). The
maxillary sinus is innervated by the infraorbital nerve and,
in this case, pain is referred to the upper jaw, including the

teeth (see CD Fig. 2-3).

£8| THE MOUTH

Examination of the Mouth

The mouth is one of the most important areas of the body
that the medical professional is called on to examine. Need-
less to say, the health professional must be able to recognize
all the structures visible in the mouth and be familiar with
the normal variations in the color of the mucous membrane
covering the underlying structures. The sensory nerve sup-
ply and lymph drainage of the mouth cavity should be
known. The close relation of the lingual nerve to the lower
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third molar tooth should be remembered. The close rela-
tion of the submandibular duct to the floor of the mouth
may enable one to palpate a calculus in cases of periodic
swelling of the submandibular salivary gland.

Lips and Vestibule and Facial
Paralysis

Asymmetry of the lips and paralysis of the buccinator with a
tendency to accumulate saliva and food in the vestibule in-
dicate a lesion of the facial nerve on that side.

Hanula

Ranula is a cystic swelling arising in a distended mucous
gland of the mucous membrane. It commonly occurs in the
floor of the mouth, and because of its transparent covering,
it resembles frog skin.

B8 THE TONGUE

[ aceration of the Tonque

A wound of the tongue is often caused by the patient’s teeth
following a blow on the chin when the tongue is partly pro-
truded from the mouth. It can also occur when a patient ac-
cidentally bites the tongue while eating, during recovery
from an anesthetic, or during an epileptic attack. Bleeding
is halted by grasping the tongue between the finger and
thumb posterior to the laceration, thus occluding the
branches of the lingual artery.

longue and Airway Ubstruction

In an unconscious patient, there is a tendency for the
tongue to fall backward and obstruct the laryngeal opening.
This is caused by the loss of tone of the extrinsic muscles
and, unless quickly corrected “with a jaw thrust or chin lift
maneuver,” will lead to all of the signs and symptoms of air-
way obstruction.

Anatomy of Procedures

Pulling the Tongue Forward in Airway
Obstruction

The head should be extended at the atlantooccipital joint
and the neck flexed at the C4 to C7 joints. The extended
head stretches the fascia and muscles of the front of the neck
and causes a forward and downward movement of the
mandible that is correctable by placing a finger below the
symphysis menti and pulling the mandible forward and up.

Sometimes this is inadequate to relieve the obstruction and
should be supplemented by placing the fingers behind the
angles of the mandible and exerting forward pressure. This
moves the mandible forward, causing displacement of the
tongue away from the laryngeal opening, since the mandible
is attached to the tongue by the genioglossus muscles.

Oral Endotracheal Intubation

Total visualization of the glottis with a laryngoscope is not
necessary for endotracheal intubation. If the epiglottis is vis-
ible, the tube is laid on the laryngeal side of the epiglottis
and advanced along its surface. Often this procedure alone
will allow the tube to go into the trachea. If only the esoph-
agus is visible and not the vocal cords, the endotracheal tube
can be placed “blindly” just anterior to the esophageal open-
ing. Occasionally when the tube is caught at the anterior
glottic constriction, the head should be flexed slightly, al-
lowing the pressure of the tongue to displace the endotra-
cheal tube posteriorly and hence move it into the opening
of the glottis. Frequently this maneuver has to be supple-
mented by turning the head slightly to one side or another.
The use of styleted endotracheal tubes also may help in this
situation. “I'rigger tubes” may be used, which allow the tip
to be manipulated from above.

When oral endotracheal intubation is impossible in the
above situations, nasotracheal intubation may be successful,
since the tube approaches the glottis slightly more posteri-
orly and is directed more toward it.

Oral Endotracheal Intubation and the Incisor Teeth
Interference with endotracheal intubation may be caused
by the presence of protruding incisor teeth, often making it
necessary to put the endotracheal tube in an extreme lateral
position to approach the glottis.

Oral Endotracheal Intubation and the Small Mandible
Patients with receding jaws, secondary to a small mandible,
often make intubation difficult, and in some cases the nasal
route or a lighted stylet or digital intubation must be used.
However, since this anatomic configuration approaches the
picture seen in younger children, many times a small
straight blade such as a Miller no. 2 or Miller no. 3 can over-
come the visual difficulties noted when a curved blade of
the Macintosh type is used.

B8 THE PALATE

Angioedema of the Uvula (Juinche’s
Uvula)

The uvula has a core of voluntary muscle, the musculus
uvulae, that is attached to the posterior border of the hard
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palate. Surrounding the muscle is the loose connective tis-
sue of the submucosa that is responsible for the great
swelling of this structure secondary to angioedema.

g | CONGENITAL
M ANOMALIES OF
THE PALATE

Lleft Palate

Cleft palate is commonly associated with cleft upper lip.
All degrees of cleft palate occur and are caused by failure
of the palatal processes of the maxilla to fuse with each
other in the midline; in severe cases, these processes also
fail to fuse with the primary palate (premaxilla) (CD Figs.
2-4 and 2-5). The first degree of severity is cleft uvula, and
the second degree is ununited palatal processes. The third
degree is ununited palatal processes and a cleft on one side
of the primary palate. This type is usually associated with
unilateral cleft lip. The fourth degree of severity, which is
rare, consists of ununited palatal processes and a cleft on
both sides of the primary palate. This type is usually asso-
ciated with bilateral cleft lip. A rare form may occur in
which a bilateral cleft lip and failure of the primary palate
to fuse with the palatal processes of the maxilla on each
side are present.

A baby born with a severe cleft palate presents a difficult
feeding problem, since he or she is unable to suck effi-
ciently. Such a baby often receives in the mouth some milk,
which then is regurgitated through the nose or aspirated into
the lungs, leading to respiratory infection. For this reason,
careful artificial feeding is required until the baby is strong
enough to undergo surgery. Plastic surgery is reccommended
usually between 1 and 2 years of age, before improper
speech habits have been acquired.

CD Figure 2-4 Cleft hard and soft palate.

CD Figure 2-5 Different forms of cleft palate: cleft uvula (A),
cleft soft and hard palate (B), total unilateral cleft palate and
cleft lip (C), total bilateral cleft palate and cleft lip (D), and
bilateral cleft lip and jaw (E).

wm| THE SALIVARY
BN (s

Parotid Salivary bland and Lesions
of the Facial Nerve

The facial nerve lies in the interval between the superficial
and deep parts of the gland. A benign parotid tumor rarely,
if ever, causes facial palsy. A malignant tumor of the parotid
is usually highly invasive and quickly involves the facial
nerve, causing unilateral facial paralysis.

Parotid Gland Infections

The parotid gland may become acutely inflamed as a result
of retrograde bacterial infection from the mouth via the
parotid duct. The gland may also become infected via the
bloodstream, as in mumps.




22 Chapter 2

Parotid [uct and Facial [njuries

The parotid duct, which is a comparatively superficial struc-
ture on the face, runs forward from the parotid gland one
fingerbreadth below the zygomatic arch (see text Fig. 2-18).
It is about 2 in. (5 cm) long and can be rolled beneath the
examining finger at the anterior border of the masseter as it
turns medially and pierces the buccinator muscle; it then
opens into the mouth opposite the upper second molar
tooth (see text Fig. 2-8).

The parotid duct may be damaged in injuries to the
face or may be inadvertently cut during surgical operations
on the face. The integrity of the parotid duct can be estab-
lished by wiping the inside of the cheek dry and then press-
ing on the parotid gland. Look for a drop of viscid saliva to
appear on the tip of the papilla in the mouth.

Submandibular Gland: Calculus

I 'ormation

The submandibular salivary gland is a common site of cal-
culus formation. The presence of a tense swelling below the
body of the mandible, which is greatest before or during a
meal and is reduced in size or absent between meals, is di-
agnostic of the condition. Examination of the floor of the
mouth will reveal absence of ejection of saliva from the ori-
fice of the duct of the affected gland. Frequently, the stone
can be palpated in the duct, which lies below the mucous
membrane of the floor of the mouth.

bublingual Gland and Cyst

I 'ormation

Blockage of one of the ducts of the sublingual gland may
cause cysts under the tongue.

B® THE PHARYNX
The hillian’s ehiscence and

Foreign Bodies

Inverted foreign bodies tend to get snared in the region of
Killian’s dehiscence.

I'he Piriform Fossa and Foreign

Hodies

The piriform fossa is a common site for fish bones or other
foreign bodies to become lodged.

THE PROCESS UF
aWALLUWING
(DEGLUTITION)

Hwallowing in Unconscious
[ndividuals

During swallowing in conscious individuals, food and
fluid cross naturally from the mouth to the esophagus,
and movements of air from the nose to the larynx is
momentarily stopped. In unconscious individuals, when
the reflex mechanisms are not functioning, it is possible
for food and fluid to enter the bronchial tree or air to enter
the stomach. Moreover, should vomiting occur, the regur-
gitated gastric contents may be inhaled into the lungs
(see below).

i

Pharyngeal Ubstruction of the
Upper Airway

This condition frequently occurs in patients during
cardiopulmonary arrest or in the decreased level of con-
sciousness that accompanies a major cerebrovascular acci-
dent or drug overdose. The obstruction is caused when the
atonic tongue falls back and the pharyngeal wall caves in
due to loss of tone of the pharyngeal muscles. The obstruc-
tion may clear if the patient is placed in the lateral decubi-
tus position, with the neck extended and the jaw pulled
forward (which pulls the tongue forward). If the patient
must lie in a supine position, an oropharyngeal or nasopha-
ryngeal airway may have to be inserted to counteract the
flaccid pharyngeal walls.

[.oss of the Gag Heflex

In conscious patients the airway is protected by a number of
important reflexes, including the gag reflex, the laryngeal
reflex, and the cough reflex. The gag or swallowing reflex
occurs in response to stimulation of the pharyngeal mucous
membrane, which is innervated by the glossopharyngeal
nerve. The laryngeal and cough reflexes (trachea and
bronchi) are mediated by the vagus nerve. These protective
reflexes are lost in descending order as the patient becomes
less and less responsive. In these circumstances the airway
may be blocked by aspiration of vomit and gastric and pha-
ryngeal secretions.
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iyl PALATINE TONSILS

Examination of the Tonsils

With the mouth wide open and with a good light shining into
the mouth, the tongue is depressed with a spatula. The ton-
sils can be clearly seen on each side of the oral pharynx in the
depression between the palatoglossal and palatopharyngeal
folds. Note the size and color of the tonsil; a reddened tonsil
covered with mucus or pus is a clear indication of tonsillitis.

Tonsillitis

The palatine tonsils reach their maximum normal size in
early childhood. After puberty, together with other lym-
phoid tissues in the body, they gradually atrophy. The pala-
tine tonsils are a common site of infection, producing the
characteristic sore throat and pyrexia. The deep cervical
lymph node situated below and behind the angle of the
mandible, which drains lymph from this organ, is usually
enlarged and tender.

Tonsillectomy, which is often the treatment for recur-
rent episodes of tonsillitis, is sometimes accompanied by
troublesome postoperative bleeding from the external pala-
tine vein.

[Juinsy

A peritonsillar abscess, or quinsy, is caused by spread of in-
fection from the palatine tonsil to the loose connective tis-
sue outside the capsule (see text Fig. 2-24).

Adenoids

Adenoids are enlarged nasopharyngeal tonsils usually associ-
ated with infection. Excessive enlargement blocks the poste-
rior nasal openings and causes the patient to snore loudly at
night and to breathe through the open mouth. The close re-
lationship of the infected lymphoid tissue to the auditory
tube may be the cause of deafness and recurrent otitis media.

B THE LARYNX

The Cricoid Cartilage and the
Sellick Maneuver

The continuous ring structure of the cricoid cartilage is uti-
lized when applying pressure on the cricoid to control re-
gurgitation of stomach contents during the induction of
anesthesia.

Helationship between Vocal Folds
and Lricothyroid Ligament

Text Fig. 2-27 shows the relationship between the vocal folds
and the cricothyroid ligament. It is clear that the folds may
be damaged in puncture wounds in the front of the larynx.

[arynx in Children

In children the neck is shorter and the larynx is more cepha-
lad than in adults (CD Fig. 2-6). Atbirth the cricoid cartilage
lies at the level of the fourth cervical vertebra, and only at the
age of 6 years does it lie opposite the sixth cervical vertebra.
The glottis at birth lies opposite the second cervical vertebra.

The epiglottis is U-shaped and less flexible in children,
which sometimes makes it difficult to line up the oral, pha-
ryngeal, and tracheal axes when passing a laryngoscope.

The rima glottidis tends to be more anterior in children
than in adults. The vocal folds in children have thicker sub-
mucosa, so that edema of the folds is more likely to occlude
the glottis.

As mentioned previously, the cavity of the larynx is nar-
rowest within the cricoid ring in children, whereas the glot-
tis is the narrowest part of the cavity in adults.

Epiglottitis

An acute inflammatory swelling of the mucous membrane of
the epiglottis can compromise the upper airway. The inflam-
mation may spread rapidly in the loosely arranged submucosa
down to the vocal cords. Here the spreading stops because the
mucosa is tightly adherent to the underlying vocal ligaments.
The condition is most often seen in children where the nar-
row passageway quickly leads to upper airway obstruction.

Foreign Bodies in the Airway

The laryngeal and cough reflexes mediated through the va-
gus nerves are the natural defense mechanisms for expelling
foreign bodies from the airway at all ages. If coughing is suc-
cessfully freeing the obstruction, it should be encouraged to
continue. If intervention is necessary, anatomic and physio-
logic age differences dictate treatment.

Anatomic Hationale for
[lifferences in Procedures for
Hemoving Foreign Bodies in

Adults and Children

It is generally agreed that all maneuvers are directed toward
the increase in intrathoracic pressure by compressing the
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CD Figure 2-6 Sagittal sections of the neck of an adult (A) and an infant (B) shortly after
birth. Different vertebral levels in these age groups are shown.

intrathoracic gas volume to expel the foreign body from
the airway. For children older than 1 year and for adults,
the abdominal thrust (Heimlich maneuver) should be used.
The rapid compression of the abdominal viscera suddenly
forces the diaphragm into the thoracic cavity. In infants, the
relatively large size of the liver and the delicate structure of
the abdominal viscera generally preclude its use. Children
younger than 1 year should be placed face down over the
rescuer’s arm, with the head lower than the trunk, and mea-
sured back blows should be delivered between the scapulae.
If this fails to open the airway, they should be rolled over,
and four rapid sternal compressions should be administered.

It is now accepted that sudden blows to the back in the
older age groups, especially in the standing or sitting
position, extends the thoracic part of the vertebral column
and may displace the foreign body further down the airway,
leading to impaction or complete obstruction.

[.esions of the Laryngeal Nerves

The muscles of the larynx are innervated by the recurrent la-
ryngeal nerves, with the exception of the cricothyroid mus-
cle, which is supplied by the external laryngeal nerve. Both
these nerves are vulnerable during operations on the thyroid
gland because of the close relationship between them and
the arteries of the gland. The left recurrent laryngeal nerve

may be involved in a bronchial or esophageal carcinoma or
in secondary metastatic deposits in the mediastinal lymph
nodes. The right and left recurrent laryngeal nerves may be
damaged by malignant involvement of the deep cervical
lymph nodes.

Section of the external laryngeal nerve produces weak-
ness of the voice because the vocal fold cannot be tensed.
The cricothyroid muscle is paralyzed (CD Fig. 2-7).

Unilateral complete section of the recurrent laryn-
geal nerve results in the vocal fold on the affected side
assuming the position midway between abduction and
adduction. It lies just lateral to the midline. Speech is not
greatly affected because the other vocal fold compensates to
some extent and moves toward the affected vocal fold (CD
Fig. 2-7).

Bilateral complete section of the recurrent laryngeal
nerve results in both vocal folds assuming the position
midway between abduction and adduction. Breathing is
impaired because the rima glottidis is partially closed, and
speech is lost (CD Fig. 2-7).

Unilateral partial section of the recurrent laryngeal
nerve results in a greater degree of paralysis of the abductor
muscles than of the adductor muscles. The affected vocal
fold assumes the adducted midline position (CD Fig. 2-7).
This phenomenon has not been explained satisfactorily.
It must be assumed that the abductor muscles receive a
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greater number of nerves than the adductor muscles, and
thus partial damage of the recurrent laryngeal nerve results
in damage to relatively more nerve fibers to the abductor
muscles. Another possibility is that the nerve fibers to the ab-
ductor muscles are traveling in a more exposed position in
the recurrent laryngeal nerve and are therefore more prone
to be damaged.

Bilateral partial section of the recurrent laryngeal
nerve results in bilateral paralysis of the abductor muscles
and the drawing together of the vocal folds (CD Fig. 2-7).
Acute breathlessness (dyspnea) and stridor follow, and
cricothyroidotomy or tracheostomy is necessary.

25

epiglottis
right vocal fold (cord)

aryepiglottic fold

corniculate cartilage

phonation

CD Figure 2-7 The position of the
vocal folds (cords) after damage to
the external and recurrent laryngeal
nerves.

[nspection of the Vocal Cords
(Folds) with the Laryngeal Mirror
and | aryngoscape

The interior of the larynx can be inspected indirectly
through a laryngeal mirror passed through the open mouth
into the oral pharynx (CD Fig. 2-8). A more satisfactory
method is the direct method using the laryngoscope. The
neck is brought forward on a pillow and the head is fully
extended at the atlantooccipital joints. The illuminated
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Inspection of the vocal folds (cords) indirectly through a laryngeal mirror

(A) and through a laryngoscope (B). Note the orientation of the structures forming the

laryngeal inlet.

instrument can then be introduced into the larynx over the
back of the tongue (CD Fig. 2-8). The valleculae, the piri-
form fossae, the epiglottis, and the aryepiglottic folds are
clearly seen. The two elevations produced by the corniculate
and cuneiform cartilages can be recognized. Within the lar-
ynx, the vestibular folds and the vocal folds can be seen. The
former are fixed, widely separated, and reddish in color; the
latter move with respiration and are white in color. With
quiet breathing, the rima glottidis is triangular, with the apex
in front. With deep inspiration, the rima glottidis assumes a
diamond shape because of the lateral rotation of the ary-
tenoid cartilages.

If the patient is asked to breathe deeply, the vocal folds
become widely abducted, and the inside of the trachea can
be seen.

[mportant Anatomic Axes for
Endotracheal Intubation

The upper airway has three axes that have to be brought into
alignment if the glottis is to be viewed adequately through a
laryngoscope —the axis of the mouth, the axis of the phar-
ynx, and the axis of the trachea (CD Fig. 2-9).
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CD Figure 2-9 Anatomic axes for endo-
tracheal intubation. A. With the head in
the neutral position, the axis of the mouth
(M), the axis of the trachea (T), and the
axis of the pharynx (P) are not aligned
with one another. B. If the head is ex-
tended at the atlantooccipital joints, the
axis of the mouth is correctly placed. If
the back of the head is raised off the table
with a pillow, thus flexing the cervical
vertebral column, the axes of the trachea
and pharynx are brought in line with the

The following procedures are necessary: First the head
is extended at the atlantooccipital joints. This brings the axis
of the mouth into the correct position. Then the neck is
flexed at cervical vertebrae C4 to C7 by elevating the back
of the head off the table, often with the help of a pillow. This
brings the axes of the pharynx and the trachea in line with
the axis of the mouth.

Anatomy of the Visualization of the
Vocal Cords with the Laryngoscope

1. The pear-shaped epiglottis is attached by its stalk at its
lower end to the interior of the thyroid cartilage (see text

Fig. 2-26).

axis of the mouth.

2. The vocal cords (ligaments) are attached at their ante-
rior ends to the thyroid cartilage just below the attach-
ment of the epiglottis (see text Fig. 2-26).

3. Because of the above two facts, it follows that manipu-
lation of the epiglottis and possibly the thyroid cartilage
will greatly assist the operator in visualizing the cords
and the glottis.

The patient’s head and neck are correctly positioned so
that the three axes of the airway (noted above) have been es-
tablished and the patient has assumed the “sniffing” posi-
tion. The laryngoscope is inserted into the patient’s mouth,
and the blade is correctly placed alongside the right
mandibular molar teeth. The blade can then be passed over
the tongue and down into the esophagus. The tip of the
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blade must be fully inserted into the esophagus (so that you
know where it is anatomically). The blade should by now
have moved toward the midline and followed the anatomic
curvature on the posterior surface of the tongue.

The laryngoscopic blade is then gently and slowly with-
drawn. The tip of the blade is kept under direct vision at all
times and is permitted to rise up out of the esophagus. Re-
member that the tip of the blade is at first in the esophagus
and therefore distal to the level of the vocal cords. Once the
blade tip has left the esophagus, it is in the laryngeal part of
the pharynx, and a view of the glottis should immediately be
apparent (CD Fig. 2-10). This is the critical stage. If the glot-
tis is not visualized, then the operator is viewing the poste-
rior surface of the epiglottis. Now use your anatomic
knowledge.

With the tip of the blade of the laryngoscope applied to
the posterior surface of the epiglottis, gently lift up and
elevate the epiglottis to expose the glottis. If the glottis is still
not in view, do not panic! Again use your knowledge of
anatomy. With the right free hand grasp the thyroid carti-
lage (to which the cords and the epiglottis are attached) be-
tween your finger and thumb and apply firm backward,
upward, rightward pressure (BURP). This maneuver re-
aligns the box of the larynx relative to the laryngoscopic
blade, and the visual axis of the operator and the glottis
should immediately be seen.

Heflex Activity oecondary to
Endotracheal [ntubation

Stimulation of the mucous membrane of the upper airway
during the process of intubation may produce cardiovascu-
lar changes such as bradycardia and hypertension. These

CD Figure 2-10 The laryngeal inlet as seen
from above.

changes are largely mediated through the branches of the

B THE TRACHEA

Palpation of the lrachea

The trachea can be readily felt below the larynx. As it
descends, it becomes deeply placed and may lie as much as
1.5 in. (4 cm) from the surface at the suprasternal notch.
Remember that in the adult it may measure as much as 1 in.
(2.5 cm) in diameter, but in a 3-year-old child it may
measure only 0.5 in. in diameter. The trachea is a mobile
elastic tube and is easily displaced by the enlargement of
adjacent organs or the presence of tumors. Remember also
that lateral displacement of the cervical part of the trachea
may be caused by a pathologic lesion in the thorax.

Lompromised Airway

In a medical emergency immediate treatment is necessary.

Anatomy of Cricothyroidotomy

In cricothyroidotomy, a tube is inserted in the interval be-
tween the cricoid cartilage and the thyroid cartilage. The
trachea and larynx are steadied by extending the neck over a
sandbag.

A vertical or transverse incision is made in the skin in
the interval between the cartilages (CD Fig. 2-11). The
incision is made through the following structures: the skin,
the superficial fascia (beware of the anterior jugular veins,
which lie close together on either side of the midline), the
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CD Figure 2-11 The anatomy of cricothyroidotomy. A. A vertical incision is made through
the skin and superficial and deep cervical fasciae. B. The cricothyroid membrane (ligament)
is incised through a horizontal incision close to the upper border of the cricoid cartilage.
C. Insertion of the tube.

2. Hemorrhage: The small branches of the superior
thyroid artery that occasionally cross the front of the
cricothyroid membrane to anastomose with one an-
other should be avoided.

investing layer of deep cervical fascia, the pretracheal fascia
(separate the sternohyoid muscles and incise the fascia), and
the larynx. The larynx is incised through a horizontal inci-

sion through the cricothyroid ligament and the tube in-
serted (CD Fig. 2-12).

Complications Anatomy of Tracheostomy
Tracheostomy is rarely performed and is limited to patients
with extensive laryngeal damage and infants with severe air-
way obstruction. Because of the presence of major vascular
structures (carotid arteries and internal jugular vein), the
thyroid gland, nerves (recurrent laryngeal branch of vagus
and vagus nerve), the pleural cavities, and esophagus, metic-

ulous attention to anatomic detail has to be observed (CD
Fig. 2-13).

1. Esophageal perforation: Because the lower end of the
pharynx and the beginning of the esophagus lie directly
behind the cricoid cartilage, it is imperative that the
scalpel incision through the cricothyroid membrane
not be carried too far posteriorly. This is particularly im-
portant in young children, in whom the cross diameter
of the larynx is so small.
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CD Figure 2-13 Cross section of the neck at the level of the second tracheal ring. A vertical
incision is made through the ring, and the tracheostomy tube is inserted.
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The procedure is as follows:

1. The thyroid and cricoid cartilages are identified and the
neck is extended to bring the tracheal forward.

2. Avertical midline skin incision is made from the region
of the cricothyroid membrane inferiorly toward the
suprasternal notch.

3. The incision is carried through the superficial fascia
and the fibers of the platysma muscle. The anterior
jugular veins in the superficial fascia are avoided by
maintaining a midline position.

4. The investing layer of deep cervical fascia is incised.

5. The pretracheal muscles embedded in the pretracheal
fascia are split in the midline two fingerbreadths supe-
rior to the sternal notch.

6. The tracheal rings are then palpable in the midline, or
the isthmus of the thyroid gland is visible. If a hook is
placed under the lower border of the cricoid cartilage
and traction is applied upward, the slack is taken out of
the elastic trachea; this stops it from slipping from side
to side.

7. A decision is then made as to whether to enter the tra-
chea through the second ring above the isthmus of the
thyroid gland; through the third, fourth, or fifth ring by
first dividing the vascular isthmus of the thyroid gland;
or through the lower tracheal rings below the thyroid
isthmus. At the latter site, the trachea is receding from
the surface of the neck, and the pretracheal fascia
contains the inferior thyroid veins and possibly the
thryoidea ima artery.

8. The preferred site is through the second ring of the tra-
chea in the midline, with the thyroid isthmus retracted
inferiorly. A vertical tracheal incision is made, and the
tracheostomy tube is inserted.

Complications

Most complications result from not adequately palpating
and recognizing the thyroid, cricoid, and tracheal cartilages
and not confining the incision strictly to the midline.

1. Hemorrhage: The anterior jugular veins located in the
superficial fascia close to the midline should be
avoided. If the isthmus of the thyroid gland is tran-
sected, secure the anastomosing branches of the supe-
rior and inferior thyroid arteries that cross the midline
on the isthmus.

2. Nerve paralysis: The recurrent laryngeal nerves may be
damaged as they ascend the neck in the groove between
the trachea and the esophagus.

3. Pneumothorax: The cervical dome of the pleura may
be pierced. This is especially common in children be-
cause of the high level of the pleura in the neck.

4. Esophageal injury: Damage to the esophagus, which is
located immediately posterior to the trachea, occurs
most commonly in infants; it follows penetration of the
small-diameter trachea by the point of the scalpel blade.

R oUME IMPURTANT
BT ATRWAY DISTANCES

CD Table 2-1 shows some important distances between
the incisor teeth or nostrils to anatomic landmarks in
the airway in the adult. These approximate figures are
helpful in determining the correct placement of an endo-
tracheal tube.

me | UHANGES IN THE
N T

THACHEAL LENGTH
WITH RESPIRATIUN
AND PUSITION OF
THE HEAL ANL
NELh

On deep inspiration the carina may descend by as much as
3 cm. Extension of the head and neck, as when maintaining
an airway in an anesthetized patient, may stretch the trachea
and increase its length by 25%.

Important Airway
Distances (Adult)?

CD Table 2-1

Distances
Airway (approximate)
Incisor teeth to the vocal cords 5.9in. (15 cm)
Incisor teeth to the carina 7.9 in. (20 cm)
External nares to the carina 11.8 in. (30 cm)

2Average figures given = 1-2 cm.
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B8 THE BRONCH]

Aspiration of Foreign Hodies and
Stomach Contents

In adults, foreign bodies and stomach contents tend to be
aspirated into the right principal bronchus, since this is
more in line with the trachea than the left bronchus.
In young babies, since both bronchi arise from the trachea
at equal angles, no predilection for the right bronchus
exists.

Guction Catheters, Endotracheal

Tubes, and the Bronchi

Suction catheters and endotracheal tubes are more likely to
enter the right more vertical principal bronchus than the
obliquely positioned left principal bronchus in adults and
older children.

g BRONCHOPULMU-

NARY 5EGMENTS

See CD-ROM Chapter 3.

Llinical Problem Solving (Juestions

Read the following case histories/questions and give
the best answer for each.

1. A 36-year-old man was taken to the emergency depart-
ment after having been found lying unresponsive in a
local park with an empty whisky bottle nearby. He was
given oxygen by an open face mask during the 15-
minute ride in the ambulance. The paramedic decided
to improve the airway by passing a soft nasal tube. On
attempting to pass the well-lubricated tube into the
patient’s nose, the paramedic found it impossible to
push it much beyond the nasal vestibule on either side.
What are the common anatomic causes of obstruction
of the nasal airway?

2. A 12-year-old girl was brought to the hospital with a his-
tory of fever, malaise, anorexia, and a sore throat. She
also had hoarseness, a cough, and rhinitis. On exami-
nation there was erythema of the posterior pharyngeal
wall, with small ulcers on the palatoglossal folds and
soft palate. The tonsils were seen to be red and en-
larged, and an obvious white-yellow exudate was seen
on the surface of the left tonsil. Examination of the
deep cervical lymph nodes showed enlargement and
tenderness of the node below and behind the angle of
the mandible; the enlargement was greatest on the left
side. A diagnosis of viral pharyngitis was made. List the
various lymphoid organs found in the nasal and oral
parts of the pharynx. Explain Waldeyer’s ring.

3. A 3-year-old boy was playing with his toys on the floor
when his sister decided to share some peanuts with
him. A few minutes later he started to cough and gave

a hoarse cry. The cough then became croupy, and
aphonia occurred. The mother, hearing the commo-
tion, rushed into the room and quickly realized what
had happened. She turned the child upside down and
hit his back several times, but with no effect. The child,
now in obvious respiratory distress, was rushed to the
local emergency department. On examination, he was
tachypneic, with suprasternal retractions. He was not
coughing, and although he attempted to cry, there was
no sound. He would not tolerate being laid down. On
the basis of your knowledge of the anatomy of the air-
way, where do you think the foreign body was lodged?
Describe the normal protective reflexes that exist in the
airway to prevent the inhalation of a foreign body. What
is the anatomic and physiologic rationale behind the
use of back blows, chest thrusts, and abdominal thrusts
(Heimlich procedure) in the management of upper
airway obstruction? Which of these procedures is most
appropriate for a 3-year-old child?

4. A 17-year-old boy was driving his minibike at high
speed along a country lane, when he suddenly saw what
he thought was a shortcut through a gap in a hedge. He
did not see that the gap was closed by a strand of barbed
wire. He struck the wire with his neck and was thrown
from the bicycle. On arrival at the emergency depart-
ment, he had all the signs and symptoms of upper air-
way obstruction. Using your knowledge of the anatomy
of the neck, explain the type of injury that could have
occurred in this case. Does the position of the vocal
cords at the time of impact influence the type of injury
that occurs? What anatomic factors normally protect



The Upper and Lower Airway and Associated Structures 33

the upper airway from serious blunt injuries? Does age
play a role in the severity of the injury?

5. A 39-year-old man with extensive maxillofacial injuries

following an automobile accident was brought to the
hospital. Evaluation of the airway revealed partial
obstruction. Despite an obvious fractured mandible, an
attempt was made to move the tongue forward from the
posterior pharyngeal wall by pushing the angles of
the mandible forward. This maneuver failed to move
the tongue, and it became necessary to hold the tongue
forward directly in order to pull it away from the poste-

1. The most common cause for difficulty in passing a

nasal tube is a deflected nasal septum. This occurs
more commonly in the male, and is thought to be due
to previous trauma to the septum during the period of
active growth. Nasal spurs and polyps may cause diffi-
culty and swelling of the mucous membrane secondary
to infection or chemical irritation, and can also cause
blockage. The widest part of the nasal cavity is near
the floor.

. The lymphoid tissue around the openings of the mouth
and nasal cavities into the pharynx include (1) the pala-
tine tonsil, (2) the lingual tonsil, (3) the tubal tonsils,
and (4) the pharyngeal tonsil. For details of Waldeyer’s
ring, see text Chapter 2.

. The presence of severe respiratory distress with supraster-
nal retractions and aphonia indicates the presence of up-
per airway obstruction, probably located within the
larynx. The airway is protected by a number of important
reflexes, including the gag reflex, the laryngeal reflex,
and the cough reflex. The gag reflex occurs in response
to stimulation of the pharyngeal mucous membrane in-
nervated by the glossopharyngeal nerve. The laryngeal
and the cough reflexes are mediated via the vagus nerve.
These protective reflexes are lost in descending order as
a patient loses consciousness.

All maneuvers that are directed toward freeing an ob-
struction of the airway by an inhaled foreign body are
based on an attempt to increase the intrathoracic pres-
sure by compressing the intrathoracic gas volume, so
that the foreign body is expressed from the mouth. The
underlying mechanisms involved in the use of back
blows, chest thrusts, and abdominal thrusts are dis-
cussed in this CD chapter. It is now generally agreed
that the best and safest method to use on a 3-year-old
child is the abdominal thrust.

rior pharyngeal wall. At times, why is it not possible to
pull the tongue forward in the presence of a fractured
mandible?

6. When a laryngoscope is passed it is important to align

the mouth, the oropharynx, and the larynx into one
plane. How do you bring the axes of the oropharynx
and the larynx in line? How do you bring the axis of
the mouth in line with the other axes? Describe the
structures in the order that you can view them through
a laryngoscope from the base of the tongue down to
the trachea.

4. The impact of the wire to the front of the neck caused

hyperextension of the cervical part of the vertebral col-
umn with stretching of the larynx and trachea. This ef-
fectively fixed the airway structures in the midline so
that they were not deflected laterally at the moment of
impact. Under these circumstances the cartilages of the
larynx are fractured or crushed. Depending on the
speed of the impact, the larynx could be completely
avulsed from the trachea. In this situation the tone of
the suprahyoid muscles would cause the larynx to be re-
tracted superiorly and the elasticity of the trachea
would cause it to retract inferiorly to the root of the neck
or behind the sternum.

If the glottis were closed at the time of impact,
the raised intraluminal pressure within the upper
airway may contribute to the severity of the injury.
The upper airway receives a considerable amount of
protection from blows to the front of the neck and
chest because of the presence of the mandible and
manubrium sterni. With the head and neck in the
flexed position, the larynx and trachea are remarkably
mobile and often deflected laterally by an anterior
blow to the neck.

In children, the very flexible nature of the laryngeal and
tracheal cartilages and looseness of the supporting con-
nective tissue reduce the likelihood of severe damage to
these structures.

. The root of the tongue is attached anteriorly to the

mental spines on the posterior surface of the symph-
ysis menti of the mandible by the right and left
genioglossus muscles. If this bony origin were floating
because of fractures on both sides of the body of
the mandible, pulling the angles of the mandible for-
ward would have no effect on the position of the
tongue.
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The axis of the oropharynx and the larynx are brought
into direct line by flexing the cervical part of the verte-
bral column. The axis of the mouth is brought in line
with the oropharynx by extending the atlantooccipital
joints.

The following structures may be viewed: (1) the base of
the tongue; (2) the median glossoepiglottic fold, the two
lateral glossoepiglottic folds, and the valleculae on each

side of the median fold; (3) the upper edge of the
epiglottis and the opening into the larynx, bounded in
front by the epiglottis with its tubercle and laterally by
the aryepiglottic folds—the rounded elevations of
the cuneiform and corniculate cartilages in the folds
can be recognized; (4) the reddish fixed vestibular folds;
(5) the whitish mobile vocal cords; and (6) below the
glottis the interior of the trachea with the upper two or
three rings.
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Bl THE CHEST WALL

oternum and Marrow Biopsy

Since the sternum possesses red hematopoietic marrow
throughout life, it is a common site for marrow biopsy.
Under a local anesthetic, a wide-bore needle is introduced
into the marrow cavity through the anterior surface of the
bone. The sternum may also be split at operation to allow
the surgeon to gain easy access to the heart, great vessels,

= THE RIS

Lervical Hib

A cervical 1ib (i.e., a rib arising from the anterior tubercle of
the transverse process of the seventh cervical vertebra)
occurs in about 0.5% of humans (CD Fig. 3-1). It may have
a free anterior end, may be connected to the first rib by a
fibrous band, or may articulate with the first rib. The
importance of a cervical rib is that it can cause pressure on
the lower trunk of the brachial plexus in some patients,
producing pain down the medial side of the forearm and
hand and wasting of the small muscles of the hand. It can

also exert pressure on the overlying subclavian artery and
interfere with the circulation of the upper limb.

Hib Excision

Rib excision is commonly performed by thoracic surgeons
wishing to gain entrance to the thoracic cavity. A longitudi-
nal incision is made through the periosteum on the outer
surface of the rib and a segment of the rib is removed. A sec-
ond longitudinal incision is then made through the bed of
the rib, which is the inner covering of periosteum. After the
operation, the rib regenerates from the osteogenetic layer of
the periosteum.

ww| THE INTERCOSTAL
BN\ v

Skin [nnervation of the Chest
Wall and Heferred Pain

Above the level of the sternal angle, the cutaneous innerva-
tion of the anterior chest wall is derived from the supraclav-
icular nerves (C3 and 4). Below this level, the anterior and
lateral cutaneous branches of the intercostal nerves supply
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scalenus medius

brachial plexus

scalenus anterior

subclavian artery

cervical rib

oblique bands of skin in regular sequence. The skin on the
posterior surface of the chest wall is supplied by the posterior
rami of the spinal nerves. The arrangement of the der-
matomes is shown in CD Figures 1-2 and 1-3.

An intercostal nerve supplies not only areas of skin but
also the ribs, costal cartilages, intercostal muscles, and the
parietal pleura lining the intercostal space. Furthermore,
the seventh to eleventh intercostal nerves leave the thoracic
wall and enter the anterior abdominal wall so that they, in
addition, supply dermatomes on the anterior abdominal
wall, muscles of the anterior abdominal wall, and parietal
peritoneum. This latter fact is of great clinical importance
because it means that disease in the thoracic wall may be re-
vealed as pain in a dermatome that extends across the costal
margin into the anterior abdominal wall. For example, a
pulmonary thromboembolism or pneumonia with pleurisy
involving the costal parietal pleura could give rise to ab-
dominal pain and tenderness and rigidity of the abdominal
musculature. The abdominal pain in these instances is
called referred pain.

Herpes Zoster

Herpes zoster, or shingles, is a relatively common condi-
tion caused by the reactivation of the latent varicella-zoster
virus in a patient who has previously had chickenpox. The
lesion is seen as an inflammation and degeneration of
the sensory neuron in a cranial or spinal nerve with the for-
mation of vesicles and inflammation of the skin. In the
thorax, the first symptom is a band of dermatomal pain in

cervical rib CD Figure 3-1 Thoracic outlet as

seen from above. Note the pres-
ence of the cervical ribs (black) on
both sides. On the right side of the
thorax, the rib is almost complete
and articulates anteriorly with the
first rib. On the left side of the tho-
rax, the rib is rudimentary but is
continued forward as a fibrous
band that is attached to the first
costal cartilage. Note that the cervi-
cal rib may exert pressure on the
lower trunk of the brachial plexus
and may kink the subclavian artery.

fibrous band

the distribution of the sensory neuron in a thoracic spinal
nerve, followed in a few days by a skin eruption. The
condition occurs most frequently in patients older than
50 years.

Anatomy of Intercostal Nerve Bloch

Area of Anesthesia

The skin and the parietal pleura cover the outer and inner
surfaces of each intercostal space, respectively; the seventh
to eleventh intercostal nerves supply the skin and the pari-
etal peritoneum covering the outer and inner surfaces of the
abdominal wall, respectively. Therefore, an intercostal
nerve block will also anesthetize these areas. In addition, the
periosteum of the adjacent ribs is anesthetized.

Indications

Intercostal nerve block is indicated for repair of lacerations
of the thoracic and abdominal walls, for relief of pain in rib
fractures, and to allow pain-free respiratory movements.

Procedure

To produce analgesia of the anterior and lateral thoracic
and abdominal walls, the intercostal nerve should be
blocked before the lateral cutaneous branch arises at the
midaxillary line. The ribs may be identified by counting
down from the second (opposite sternal angle) or up
from the twelfth. The needle is directed toward the rib
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near the lower border (Text Fig. 3-4) and the tip comes to
rest near the subcostal groove, where the local anesthetic is
infiltrated around the nerve. Remember that the order of
structures lying in the neurovascular bundle from above
downward is intercostal vein, artery, and nerve and that
these structures are situated between the posterior inter-
costal membrane of the internal intercostal muscle and
the parietal pleura. Furthermore, laterally the nerve lies
between the internal intercostal muscle and the innermost
intercostal muscle.

Anatomy of Complications

Complications include pneumothorax and hemorrhage.

Pneumothorax can occur if the needle point misses
the subcostal groove and penetrates too deeply through the
parietal pleura.

Hemorrhage is caused by the puncture of the intercostal
blood vessels. This is a common complication, so aspiration
should always be performed before injecting the anesthetic.
A small hematoma may result.

®| [HE oTERNUM,
BT Rips, ANTTCOSTAL
CARTTLAGES

Lhest Uage Histortion

The shape of the thorax can be distorted by congenital
anomalies of the vertebral column or by the ribs. Destruc-
tive disease of the vertebral column that produces lateral
flexion or scoliosis results in marked distortion of the tho-
racic cage.

Chest Trauma

Traumatic injury to the thorax is common, especially as a re-
sult of automobile accidents.

)

Mechanics of Chest Trauma

Chest organ injuries from blunt trauma occur as the result
of rapid acceleration or deceleration, by compression, or
by a sudden increase in intrathoracic or intraabdominal
pressure. A knife wound piercing the chest wall injures the
organs along its path. A bullet wound does not follow a
straight path but yaws, tumbles, and may fragment, causing
widespread tissue damage. In addition, the kinetic energy
generated by a speeding bullet may damage tissue that is
distant from the actual path of the bullet.

Rib Contusion

Bruising of a rib, secondary to trauma, is the most common
rib injury. In this painful condition, a small hemorrhage
occurs beneath the periosteum.

Rib Fractures

Fractures of the ribs are common chest injuries. In chil-
dren, the ribs are highly elastic, and fractures in this age
group are therefore rare. Unfortunately, the pliable chest
wall in the young can be easily compressed so that the un-
derlying lungs and heart may be injured. With increasing
age, the rib cage becomes more rigid, owing to the deposit
of calcium in the costal cartilages, and the ribs become
brittle. The ribs then tend to break at their weakest part,
their angles.

The ribs prone to fracture are those that are exposed or
relatively fixed. Ribs five through 10 are the most commonly
fractured ribs. The first four ribs are protected by the clavi-
cle and pectoral muscles anteriorly and by the scapula and
its associated muscles posteriorly. The eleventh and twelfth
ribs float and move with the force of impact.

Because the rib is sandwiched between the skin exter-
nally and the delicate pleura internally, it is not surprising
that the jagged ends of a fractured rib may penetrate the
lungs and present as a pneumothorax.

Severe localized pain is usually the most important
symptom of a fractured rib. The periosteum of each rib is in-
nervated by the intercostal nerves above and below the rib.
To encourage the patient to breathe adequately, it may be
necessary to relieve the pain by performing an intercostal
nerve block.

Flail Chest

In severe crush injuries, a number of ribs may break. If lim-
ited to one side, the fractures may occur near the rib angles
and anteriorly near the costochondral junctions. This
causes flail chest, in which a section of the chest wall is
disconnected to the rest of the thoracic wall. If the fractures
occur on cither side of the sternum, the sternum may be
flail. In either case, the stability of the chest wall is lost, and
the flail segment is sucked in during inspiration and driven
out during expiration, producing paradoxic and ineffective
respiratory movements (CD Fig. 3-2).

Fractured Sternum

The sternum is a resilient structure that is held in position
by relatively pliable costal cartilages and bendable ribs. For
these reasons, fracture of the sternum is not common; how-
ever, it does occur in high-speed motor vehicle accidents.
Remember that the heart lies posterior to the sternum and
may be severely contused by the sternum on impact.



40 Chapter 3

inspiration

A expiration A

CD Figure 3-2 Flail chest is a condition in which a portion of
the chest wall is drawn inward during inspiration and bulges
outward during expiration; it occurs when several ribs are
fractured in two or more places. A. On inspiration the frac-
tured ribs are pulled inward as the pressure within the chest
decreases. The inspired air passing down the trachea tends
to be drawn into the lung on the unaffected side. B. On expi-
ration the fractured ribs are pushed outward as the pressure
within the chest rises. Note that some of the air in the bronchi
tends to enter the lung on the affected side as well as passing
up the trachea.

Traumatic Injury to the Back of the
Chest

The posterior wall of the chest in the midline is formed by
the vertebral column. In severe posterior chest injuries, the
possibility of a vertebral fracture with associated injury to the

spinal cord should be considered. Remember also the pres-
ence of the scapula, which overlies the upper seven ribs.
This bone is covered with muscles and is fractured only in
cases of severe trauma.

Traumatic Injury to the Chest and
Abdominal Viscera

When the anatomy of the thorax is reviewed, it is important
to remember that the upper abdominal organs—namely,
the liver, stomach, and spleen—may be injured by trauma
to the rib cage. In fact, any injury to the chest below the level
of the nipple line may involve abdominal organs as well as
chest organs.

i

Hiccup

Hiccup is the involuntary spasmodic contraction of the di-
aphragm accompanied by the approximation of the vocal
folds and closure of the glottis of the larynx. It is a common
condition in normal individuals and occurs after eating or
drinking as a result of gastric irritation of the vagus nerve
endings. It may, however, be a symptom of disease such as
pleurisy, peritonitis, pericarditis, or uremia.

THE DTAPHRAGM

Paralysis of the Diaphragm

A single dome of the diaphragm may be paralyzed by
crushing or sectioning of the phrenic nerve in the neck.
This may be necessary in the treatment of certain forms of
lung tuberculosis, when the physician wishes to rest the
lower lobe of the lung on one side. Occasionally, the con-
tribution from the fifth cervical spinal nerve joins the
phrenic nerve late as a branch from the nerve to the sub-
clavius muscle. This is known as the accessory phrenic
nerve. To obtain complete paralysis under these circum-
stances, the nerve to the subclavius muscle must also be
sectioned.

Penetrating [njuries of
the [liaphragm

Penetrating injuries can result from stab or bullet wounds
to the chest or abdomen. Any penetrating wound to the
chest below the level of the nipples should be suspected
of causing damage to the diaphragm until proved other-
wise. The arching domes of the diaphragm can reach
the level of the fifth rib (the right dome can reach a
higher level).
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Hupture of the liaphragm

In severe crushing injuries to the chest or abdomen, the di-
aphragm may rupture, usually through the central tendon.
Herniation of abdominal viscera into the thorax may occur,
especially if the left dome of the diaphragm is the site of the
rupture. The rupture of the right dome or the central tendon
is usually plugged by the large right lobe of the liver, unless
the opening is very great. A ruptured diaphragm, if not re-
paired, may result in a delayed herniation of abdominal

o LCUNGENTTAL
ANUMALIES OF
THE DIAPHRAGM

Longenital Herniae

Congenital herniae may occur as the result of incomplete
fusion of the septum transversum, the dorsal mesentery, and
the pleuroperitoneal membranes from the body wall. The
herniae occur at the following sites: (1) the pleuroperitoneal
canal (more common on the left side; caused by failure of
fusion of the septum transversum with the pleuroperitoneal
membrane), (2) the opening between the xiphoid and costal
origins of the diaphragm, and (3) the esophageal hiatus.

Acquired Hernige

Acquired herniae may occur in middle-aged people with
weak musculature around the esophageal opening in the
diaphragm. These herniae may be either sliding or parae-
sophageal (CD Fig. 3-3).

esophagus

INTERNAL THUH-
ALIE ARTERY IN
THE THEATMENT
UE CURONARY

ARTERY DIGEASE

In patients with occlusive coronary disease caused by ather-
osclerosis, the diseased arterial segment can be bypassed by
inserting a graft. The graft most commonly used is the great
saphenous vein of the leg. In some patients, the my-
ocardium can be revascularized by surgically mobilizing
one of the internal thoracic arteries and joining its distal cut
end to a coronary artery.

pe IHE CLAVICLE
AND TTh
HELATTUNSHIP
WITH THE
THUORACIC UUTLET
The Thoracic Uutlet Syndromes

The brachial plexus of nerves (C5, 6, 7, and § and T'1) and
the subclavian artery and vein are closely related to the
upper surface of the first rib and the clavicle as they enter
the upper limb see (see CD Fig. 3-4). It is here that the

i

CD Figure 3-3 A. Sliding esophageal hernia. B. Parae-
sophageal hernia.
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brachial plexus

A
first rib ‘ \,

axillary
artery

subclavian artery

clavicle B

brachial plexus
subclavian artery

—- axillary artery

pectoralis
minor

CD Figure 3-4 Examples of thoracic outlet syndrome. A. The relationship between the
brachial plexus, the subclavian and axillary arteries, the clavicle, the first rib, and the pec-
toralis minor tendon. B. How the cords of the brachial plexus and the subclavian artery can
be squeezed between the clavicle and the first rib in some individuals. C. How the axillary
artery and the branches of the brachial plexus might be pressed upon by the pectoralis
minor tendon when the arm is abducted at the shoulder joint.

nerves or blood vessels may be compressed between
the bones. Most of the symptoms are caused by pressure on
the lower trunk of the plexus producing pain down the me-
dial side of the forearm and hand and wasting of the small
muscles of the hand. Pressure on the blood vessels may
compromise the circulation of the upper limb. Examples of
the thoracic outlet syndromes are shown in CD Fig. 3-4.

The Adson Maneuver

This maneuver was commonly used in making the diagno-
sis of thoracic outlet syndrome; recently the reliability of the
test has been questioned. The patient takes a deep breath
(raises the first rib), extends the neck (takes up the slack of
the brachial nerve plexus and subclavian vessels), and turns
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his or her chin to the side being examined (narrows the in-
terval between the scalene muscles); at the same time the
pulse of the radial artery is palpated. Disappearance or re-
duction of the pulse, and possibly coldness and paleness of
the hand, would indicate that the subclavian artery is being
compressed by the scalene muscles and/or the first (or cer-
vical) rib. In addition to looking for vascular compromise,
the physician should also look for replication of the nerve
symptoms down the arm.

g | LYMPH DHAINAGE
NJ 0F THE THORACIC
WALL

The lymph drainage of the skin of the anterior chest wall
passes to the anterior axillary lymph nodes; that from the
posterior chest wall passes to the posterior axillary nodes
(CD Fig. 3-5). The lymph drainage of the intercostal spaces
passes forward to the internal thoracic nodes, situated along
the internal thoracic artery, and posteriorly to the posterior
intercostal nodes and the paraaortic nodes in the posterior
mediastinum. The lymphatic drainage of the breast is
described in the next section.

B THE BREASTS
Witch's Milk in the Newborn

While the fetus is in the uterus, the maternal and placental
hormones cross the placental barrier and cause proliferation

of the duct epithelium and the surrounding connective tis-
sue. This proliferation may cause swelling of the mammary
glands in both sexes during the first week of life; in some
cases a milky fluid, called witch’s milk, may be expressed
from the nipples. The condition is resolved spontaneously as
the maternal hormone levels in the child fall.

Hreast Examination

The breast is one of the common sites of cancer in women.
It is also the site of different types of benign tumors and may
be subject to acute inflammation and abscess formation.
For these reasons, clinical personnel must be familiar
with the development, structure, and lymph drainage of
this organ.

With the patient undressed to the waist and sitting up-
right, the breasts are first inspected for symmetry. Some de-
gree of asymmetry is common and is the result of unequal
breast development. Any swelling should be noted. A
swelling can be caused by an underlying tumor, cyst, or ab-
scess formation. The nipples should be carefully examined
for evidence of retraction. A carcinoma within the breast
substance can cause retraction of the nipple by pulling on
the lactiferous ducts. The patient is then asked to lie down
so that the breasts can be palpated against the underlying
thoracic wall. Finally, the patient is asked to sit up again and
raise both arms above her head. With this maneuver, a car-
cinoma tethered to the skin, the suspensory ligaments, or
the lactiferous ducts produces dimpling of the skin or re-
traction of the nipple.

Mammuography

Mammography is a radiographic examination of the breast
(CD Fig. 3-6). This technique is extensively used for screen-
ing the breasts for benign and malignant tumors and cysts.

posterior
axillary
lymph
nodes

anterior axillary
nodes

watershed —/~—

superficial CD Figure 3-5 Lymph drainage of the skin of the
inguinal thorax and abdomen. Note that levels of the umbili-
%‘&22 cus anteriorly and iliac crests posteriorly may be

regarded as watersheds for lymph flow.
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skin

dense
fibrous
septa

nipple

glandular tissue supported
by connective tissue

Extremely low doses of x-rays are used so that the dangers are
minimal and the examination can be repeated often. Its suc-
cess is based on the fact that a lesion measuring only a few
millimeters in diameter can be detected long before it is felt
by clinical examination.

oupernumerary and
Hetracted Nipples

Supernumerary nipples occasionally occur along a line ex-
tending from the axilla to the groin; they may or may not be
associated with breast tissue. This minor congenital anomaly

CD Figure 3-6 Mediolateral
mammogram showing the glan-
dular tissue supported by the
connective tissue septa.

may result in a mistaken diagnosis of warts or moles. A long-
standing retracted nipple is a congenital deformity caused by
a failure in the complete development of the nipple. A re-
tracted nipple of recent occurrence is usually caused by an
underlying carcinoma pulling on the lactiferous ducts.

The Importance of Fibrous Septa

The interior of the breast is divided into 15 to 20 compart-
ments that radiate from the nipple by fibrous septa that ex-
tend from the deep surface of the skin. Each compartment
contains a lobe of the gland. Normally, the skin feels
completely mobile over the breast substance. However,
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should the fibrous septa become involved in a scirrthous car-
cinoma or in a disease such as a breast abscess, which results
in the production of contracting fibrous tissue, the septa will
be pulled on, causing dimpling of the skin. The fibrous
septa are sometimes referred to as the suspensory ligaments
of the mammary gland.

An acute infection of the mammary gland may occur
during lactation. Pathogenic bacteria gain entrance to the
breast tissue through a crack in the nipple. Because of
the presence of the fibrous septa, the infection remains
localized to one compartment or lobe in the beginning.
Abscesses should be drained through a radial incision to
avoid spreading of the infection into neighboring compart-
ments; a radial incision also minimizes the damage to the
radially arranged ducts.

[ymph [rainage and Carcinoma
of the Hreast

The importance of knowing the lymph drainage of the
breast in relation to the spread of cancer from that organ
cannot be overemphasized. The lymph vessels from the
medial quadrants of the breast pierce the second, third,
and fourth intercostal spaces and enter the thorax to drain
into the lymph nodes alongside the internal thoracic
artery. The lymph vessels from the lateral quadrants of the
breast drain into the anterior or pectoral group of axillary
nodes. It follows, therefore, that a cancer occurring in the
lateral quadrants of the breast tends to spread to the axillary
nodes. Thoracic metastases are difficult or impossible to
treat, but the lymph nodes of the axilla can be removed
surgically.

Approximately 60% of carcinomas of the breast occur
in the upper lateral quadrant. The lymphatic spread of
cancer to the opposite breast, to the abdominal cavity, or
into lymph nodes in the root of the neck is caused by
obstruction of the normal lymphatic pathways by malig-
nant cells or destruction of lymph vessels by surgery or
radiotherapy. The cancer cells are swept along the lymph
vessels and follow the lymph stream. The entrance of can-
cer cells into the blood vessels accounts for the metastases
in distant bones.

In patients with localized cancer of the breast, most sur-
geons do a simple mastectomy or a lumpectomy, followed
by radiotherapy to the axillary lymph nodes and/or hormone
therapy. In patients with localized cancer of the breast with
early metastases in the axillary lymph nodes, most authori-
ties agree that radical mastectomy offers the best chance of
cure. In patients in whom the disease has already spread be-
yond these areas (e.g., into the thorax), simple mastectomy,
followed by radiotherapy or hormone therapy, is the treat-
ment of choice.

Radical mastectomy is designed to remove the primary
tumor and the lymph vessels and nodes that drain the area.

This means that the breast and the associated structures con-
taining the lymph vessels and nodes must be removed en
bloc. The excised mass is therefore made up of the follow-
ing: a large area of skin overlying the tumor and including
the nipple; all the breast tissue; the pectoralis major and
associated fascia through which the lymph vessels pass to the
internal thoracic nodes; the pectoralis minor and associated
fascia related to the lymph vessels passing to the axilla; all
the fat, fascia, and lymph nodes in the axilla; and the fascia
covering the upper part of the rectus sheath, the serratus
anterior, the subscapularis, and the latissimus dorsi muscles.
The axillary blood vessels, the brachial plexus, and the
nerves to the serratus anterior and the latissimus dorsi are
preserved. Some degree of postoperative edema of the arm
is likely to follow such a radical removal of the lymph vessels
draining the upper limb.

A modified form of radical mastectomy for patients with
clinically localized cancer is also a common procedure and
consists of a simple mastectomy in which the pectoral mus-
cles are left intact. The axillary lymph nodes, fat, and fascia
are removed. This procedure removes the primary tumor
and permits pathologic examination of the lymph nodes for
possible metastases.

a| CONGENITAL
B ANOMALIES OF
THE BHEAST

Polythelia

Supernumerary nipples occasionally occur along a line cor-
responding to the position of the milk ridge. They are liable
to be mistaken for moles.

)

Hetracted Nipple or [nverted Nipple

Retracted nipple is a failure in the development of the nip-
ple during its later stages. It is important clinically, because
normal suckling of an infant cannot take place, and the nip-
ple is prone to infection.

Micromastia

An excessively small breast on one side occasionally occurs,
resulting from lack of development.

Macromastia

Diffuse hypertrophy of one or both breasts occasionally oc-
curs at puberty in otherwise normal girls.
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Liynecomastia

Unilateral or bilateral enlargement of the male breast occa-
sionally occurs, usually at puberty. The cause is unknown,
but the condition is probably related to some form of hor-

[ASTINUM

B8l THE ME

[Jeflection of Mediastinum

In the cadaver, the mediastinum, as the result of the hard-
ening effect of the preserving fluids, is an inflexible, fixed
structure. In the living, it is very mobile; the lungs, heart,
and large arteries are in rthythmic pulsation, and the esoph-
agus distends as each bolus of food passes through it.

If air enters the pleural cavity (a condition called pneu-
mothorax), the lung on that side immediately collapses and
the mediastinum is displaced to the opposite side. This con-
dition reveals itself by the patient’s being breathless and in a
state of shock; on examination, the trachea and the heart are
found to be displaced to the opposite side.

Mediastinitis

The structures that make up the mediastinum are embed-
ded inloose connective tissue that is continuous with that of
the root of the neck. Thus, it is possible for a deep infection
of the neck to spread readily into the thorax, producing a
mediastinitis. Penetrating wounds of the chest involving the
esophagus may produce a mediastinitis. In esophageal per-
forations, air escapes into the connective tissue spaces and
ascends beneath the fascia to the root of the neck, produc-
ing subcutaneous emphysema.

Mediastinal Tumors or Lysts

Because many vital structures are crowded together within
the mediastinum, their functions can be interfered with by
an enlarging tumor or organ. A tumor of the left lung can
rapidly spread to involve the mediastinal lymph nodes,
which on enlargement may compress the left recurrent la-
ryngeal nerve, producing paralysis of the left vocal fold. An
expanding cyst or tumor can partially occlude the superior
vena cava, causing severe congestion of the veins of the up-
per part of the body. Other pressure effects can be seen on
the sympathetic trunks, phrenic nerves, and sometimes the
trachea, main bronchi, and esophagus.

Mediastinoscopy

Mediastinoscopy is a diagnostic procedure whereby speci-
mens of tracheobronchial lymph nodes are obtained without

opening the pleural cavities. A small incision is made in the
midline in the neck just above the suprasternal notch, and
the superior mediastinum is explored down to the region of
the bifurcation of the trachea. The procedure can be used to
determine the diagnosis and degree of spread of carcinoma
of the bronchus.

Byl THE PLEURA
Plearal Hluid

The pleural space normally contains 5 to 10 mL of clear
fluid, which lubricates the apposing surfaces of the visceral
and parietal pleurae during respiratory movements. The
formation of the fluid results from hydrostatic and osmotic
pressures. Since the hydrostatic pressures are greater in the
capillaries of the parietal pleura than in the capillaries of
the visceral pleura (pulmonary circulation), the pleural
fluid is normally absorbed into the capillaries of the vis-
ceral pleura. Any condition that increases the production
of the fluid (e.g.,, inflammation, malignancy, congestive
heart disease) or impairs the drainage of the fluid (e.g., col-
lapsed lung) results in the abnormal accumulation of fluid,
called a pleural effusion. The presence of 300 mL of fluid
in the costodiaphragmatic recess in an adult is sufficient to
enable its clinical detection. The clinical signs include de-
creased lung expansion on the side of the effusion, with
decreased breath sounds and dullness on percussion over
the effusion.

Pleurisy

Inflammation of the pleura (pleuritis or pleurisy), sec-
ondary to inflammation of the lung (e.g., pneumonia),
results in the pleural surfaces becoming coated with inflam-
matory exudate, causing the surfaces to be roughened. This
roughening produces friction, and a pleural rub can be
heard with the stethoscope on inspiration and expiration.
Often the exudate becomes invaded by fibroblasts, which
lay down collagen and bind the visceral pleura to the pari-
etal pleura, forming pleural adhesions.

Pneumothorax

As a result of disease or injury (stab or gunshot wounds), air
can enter the pleural cavity from the lungs or through the
chest wall (pneumothorax).

Spontaneous Pneumothorax

A spontaneous pneumothorax is a condition in which air
enters the pleural cavity suddenly without its cause being
immediately apparent. After investigation, it is usually found
that air has entered from a diseased lung and a bulla (bleb)
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has ruptured. The resulting signs of pneumothorax are ab-
sent or diminished breath sounds over the affected lung and
deflection of the trachea to the opposite side.

Open Pneumothorax

Open pneumothorax occurs when the air enters the pleural
cavity through an opening in the chest wall and may result
from stab or bullet wounds (CD Fig. 3-7). Sucking pneu-
mothorax occurs when the hole in the chest wall is larger
than the glottis. With each inspiration the negative pressure
created is more effective at sucking air in through the chest
wound than air entering through the glottis; this produces a
sucking sound. The lung cannot be expanded, and respira-
tion is compromised.

Tension Pneumothorax

Tension pneumothorax occurs when air is sucked into the
pleural cavity through a chest wound with each inspiration
but does not escape (CD Fig. 3-8). This can occur as the
result of clothing and/or the layers of the chest wall com-
bining to form a valve so that air enters on inspiration but
cannot exit through the wound. In these circumstances,
the air pressure builds up on the wounded side and pushes
the mediastinum progressively over to the opposite side.
Because of the anatomic thin walls of the great veins (vena
cavae) and the atria of the heart, the increase in air pres-
sure within the chest cavity interferes with blood return
to the heart; the patient may die because of lack of venous
return. The clinical signs are hypertension, hyperreso-
nance to percussion on the affected side, the engorgement
of the neck veins, and the evidence of mediastinal deflec-
tion. Eventually, hypotension (secondary to lack of venous
return) results. The treatment is immediate decompres-
sion of the affected side by the insertion of a needle thora-
costomy.

Fluid in the Pleural Uavity

Pleural Effusion

The presence of fluid in the cavity is referred to as a pleural
effusion. Fluid (serous, blood, or pus) can be drained from
the pleural cavity through a wide-bore needle, as described
later in this section.

Hydropneumothorax

Air in the pleural cavity associated with serous fluid is
known as hydropneumothorax.
Pyopneumothorax

Air in the pleural cavity associated with pus is known as
pyopneumothorax.

A

expiration

CD Figure 3-7 Open pneumothorax without tension. A. On
inspiration air is drawn in through the wound in the chest
wall at atmospheric pressure, and the lung partially or com-
pletely collapses (depending on the size of the hole in the
chest wall) from its own inherent elasticity; the mediastinum
is deflected to the opposite side. B. On expiration air passes
out of the chest wound as the diaphragm rises and the
mediastinum is deflected to the same side. With large chest
openings (larger than the cross-sectional area of trachea), air
will preferentially use the hole in the chest wall rather than
passing up and down the trachea, and respiratory ventilation
will cease.
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CD Figure 3-8 Tension pneumothorax. A. Following penetration of the chest wall, cloth-
ing and/or tissue create a valve-like mechanism that permits air entry into the pleural space
during inspiration but prevents exit during expiration. B. The lung collapses on the
wounded side and the buildup of air pressure with each respiration causes severe deflec-
tion of the mediastinum to the opposite side. C. Spontaneous pneumothorax with air
entering the pleural space through a ruptured bulla; the lung collapses and the mediastinum
is deflected to the opposite side.

Hemopneumothorax Empyema

Air in the pleural cavity associated with blood is known as A collection of pus (without air) within the pleural cavity is
hemopneumothorax. called an empyema.
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PUSTTION OF
THORACIL AND
UPPER ABUUMINAL
VIaLERA DURING
DIFFERENT PHASES
UE RESPIRATTON

[t is important to remember that the pleura, lungs, and heart
in the chest cavity, and the upper abdominal viscera in the
abdominal cavity, move extensively during the different
phases of respiration. This movement largely results from
the rising and falling of the diaphragm. It is particularly
important when trying to work out the path taken by a sharp
instrument or bullet following penetrating wounds to the

R ROOT OF THE NECK
AN INJURITS

The cervical dome of the parietal pleura and the apex of the
lungs extend into the neck so that at their highest point
they lie about 1 in. (2.5 cm) above the clavicles (see text
Fig. 3-51). Consequently, they are vulnerable to stab
wounds in the root of the neck.

g TIAUMATIC
MNJ ASPHYXIA

The sudden caving in of the anterior chest wall associated
with fractures of the sternum and ribs causes a dramatic rise
in intrathoracic pressure. Apart from the immediate evi-
dence of respiratory distress, the anatomy of the venous
system plays a significant role in the production of the char-
acteristic vascular signs of traumatic asphyxia. The thinness
of the walls of the thoracic veins and the right atrium of the
heart causes their collapse under the raised intrathoracic
pressure, and venous blood is dammed back in the veins of
the neck and head. This produces venous congestion;
bulging of the eyes, which become injected; and swelling of
the lips and tongue, which become cyanotic. The skin of the
face, neck, and shoulders becomes purple.

e

g CARDIOPULMUONARY
RESUSLITATION

Cardiopulmonary resuscitation (CPR), achieved by compres-
sion of the chest, was originally believed to succeed because
of the compression of the heart between the sternum and the
vertebral column. Now it is recognized that the blood flows in
CPR because the whole thoracic cage is the pump; the heart
functions merely as a conduit for blood. An extrathoracic
pressure gradient is created by external chest compressions.
The pressure in all chambers and locations within the chest
cavity is the same. With compression, blood is forced out of
the thoracic cage. The blood preferentially flows out the arte-
rial side of the circulation and back down the venous side be-
cause the venous valves in the internal jugular system prevent
a useless oscillatory movement. With the release of compres-
sion, blood enters the thoracic cage, preferentially down the
venous side of the systemic circulation.

B THE CHEST WALL

Thoracocentesis

Needle Thoracostomy

A needle thoracostomy is necessary in patients with tension
pneumothorax (air in the pleural cavity under pressure) or to
drain fluid (blood or pus) away from the pleural cavity to al-
low the lung to reexpand. It may also be necessary to withdraw
a sample of pleural fluid for microbiologic examination.

Anterior Approach

For the anterior approach, the patient is in the supine posi-
tion. The sternal angle is identified, and then the second
costal cartilage, the second rib, and the second intercostal
space are found in the midclavicular line.

Lateral Approach

For the lateral approach, the patient is lying on the lateral
side. The second intercostal space is identified as above, but
the anterior axillary line is used.

The skin is prepared in the usual way, and a local anes-
thetic is introduced along the course of the needle above the
upper border of the third rib. The thoracostomy needle will
pierce the following structures as it passes through the chest
wall (see text Fig. 3-4): (a) skin, (b) superficial fascia (in the
anterior approach the pectoral muscles are then penetrated),
(c) serratus anterior muscle, (d) external intercostal muscle,
(e) internal intercostal muscle, (f) innermost intercostal mus-
cle, (g) endothoracic fascia, and (h) parietal pleura.
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The needle should be kept close to the upper border of
the third rib to avoid injuring the intercostal vessels and
nerve in the subcostal groove.

lube Thoracostomy

The preferred insertion site for a tube thoracostomy is the
fourth or fifth intercostal space at the anterior axillary line
(CD Fig. 3-9). The tube is introduced through a small inci-
sion. The neurovascular bundle changes its relationship to
the ribs as it passes forward in the intercostal space. In the
most posterior part of the space, the bundle lies in the mid-
dle of the intercostal space. As the bundle passes forward to
the rib angle, it becomes closely related to the lower border

of the rib above and maintains that position as it courses
forward.

The introduction of a thoracostomy tube or needle
through the lower intercostal spaces is possible provided that
the presence of the domes of the diaphragm is remembered
as they curve upward into the rib cage as far as the fifth rib
(higher on the right). Avoid damaging the diaphragm and
entering the peritoneal cavity and injuring the liver, spleen,
or stomach.

| horacotomy

In patients with penetrating chest wounds with uncon-
trolled intrathoracic hemorrhage, thoracotomy may be a

intercostal vein

™

intercostal artery

intercostal nerve 1_|

tube

skin

superficial fascia
external

serratus anterior intercostal

pleural cavity (space)

parietal pleura
innermost intercostal

internal intercostal

CD Figure 3-9 Tube thoracostomy. A. The site for insertion of the tube at the anterior ax-
illary line. The skin incision is usually made over the intercostal space one below the space
to be pierced. B. The various layers of tissue penetrated by the scalpel and later the tube as
they pass through the chest wall to enter the pleural cavity (space). The incision through the
intercostal space is kept close to the upper border of the rib to avoid injuring the intercostal
vessels and nerve. C. The tube advancing superiorly and posteriorly in the pleural space.
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life-saving procedure. After preparing the skin in the usual
way, the physician makes an incision over the fourth or fifth
intercostal space, extending from the lateral margin of the
sternum to the anterior axillary line (CD Fig. 3-10).
Whether to make a right or left incision depends on the site
of the injury. For access to the heart and aorta, the chest
should be entered from the left side. The following tissues
will be incised (see CD Fig. 3-9): (a) skin, (b) subcutaneous
tissue, (c) serratus anterior and pectoral muscles, (d) exter-
nal intercostal muscle and anterior intercostal membrane,
(e) internal intercostal muscle, (f) innermost intercostal
muscle, (g) endothoracic fascia, and (h) parietal pleura.
Avoid the internal thoracic artery, which runs vertically
downward behind the costal cartilages about a fingerbreadth
lateral to the margin of the sternum, and the intercostal ves-
sels and nerve, which extend forward in the subcostal groove
in the upper part of the intercostal space (see CD Fig. 3-9).

po THE THACHEA AND
PRINCIFAL
BRONCHI

Lompression of the [rachea

The trachea is a membranous tube kept patent under normal
conditions by U-shaped bars of cartilage. In the neck, a uni-
lateral or bilateral enlargement of the thyroid gland can cause
gross displacement or compression of the trachea. A dilatation
of the aortic arch (aneurysm) can compress the trachea. With
each cardiac systole the pulsating aneurysm may tug at the
trachea and left bronchus, a clinical sign that can be felt by
palpating the trachea in the suprasternal notch.

Iracheitis or Bronchitis

The mucosa lining the trachea is innervated by the recur-
rent laryngeal nerve and, in the region of its bifurcation, by
the pulmonary plexus. A tracheitis or bronchitis gives rise to
a raw, burning sensation felt deep to the sternum instead of
actual pain. Many thoracic and abdominal viscera, when
diseased, give rise to discomfort that is felt in the midline. It
seems that organs possessing a sensory innervation that is not
under normal conditions directly relayed to consciousness
display this phenomenon. The afferent fibers from these or-
gans traveling to the central nervous system accompany au-
tonomic nerves.

[nhaled Foreign Bodies

Inhalation of foreign bodies into the lower respiratory tract
is common, especially in children. Pins, screws, nuts, bolts,

peanuts, and parts of chicken bones and toys have all found
their way into the bronchi. Parts of teeth may be inhaled
while a patient is under anesthesia during a difficult dental
extraction. Because the right bronchus is the wider and
more direct continuation of the trachea (see text Fig. 3-22),
foreign bodies tend to enter the right instead of the left
bronchus. From there, they usually pass into the middle or
lower lobe bronchi.

Hronchoscopy

Bronchoscopy enables a physician to examine the interior of
the trachea; its bifurcation, called the carina; and the main
bronchi (CD Figs. 3-11 and 3-12). With experience, it is
possible to examine the interior of the lobar bronchi and the
beginning of the first segmental bronchi. By means of this
procedure, it is also possible to obtain biopsy specimens of
mucous membranes and to remove inhaled foreign bodies
(even an open safety pin).

B8 THE TINGS

Llinical Examination of the Chest

As medical personnel, you will be examining the chest to
detect evidence of disease. Your examination consists of in-
spection, palpation, percussion, and auscultation.

Inspection shows the configuration of the chest,
the range of respiratory movement, and any inequalities on
the two sides. The type and rate of respiration are also
noted.

Palpation enables the physician to confirm the impres-
sions gained by inspection, especially of the respiratory
movements of the chest wall. Abnormal protuberances or re-
cession of part of the chest wall is noted. Abnormal pulsa-
tions are felt and tender areas detected.

Percussion is a sharp tapping of the chest wall with
the fingers. This produces vibrations that extend through
the tissues of the thorax. Air-containing organs such as the
lungs produce a resonant note; conversely, a more solid
viscus such as the heart produces a dull note. With prac-
tice, it is possible to distinguish the lungs from the heart or
liver by percussion.

Auscultation enables the physician to listen to the
breath sounds as the air enters and leaves the respiratory
passages. Should the alveoli or bronchi be diseased and
filled with fluid, the nature of the breath sounds will be al-
tered. The rate and rhythm of the heart can be confirmed
by auscultation, and the various sounds produced by the
heart and its valves during the different phases of the car-
diac cycle can be heard. It may be possible to detect fric-
tion sounds produced by the rubbing together of diseased
layers of pleura or pericardium.
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CD Figure 3-10 Left thoracotomy. A. Site of skin incision over fourth or fifth intercostal
space. B. The exposed ribs and associated muscles. The line of incision through the inter-
costal space should be placed close to the upper border of the rib to avoid injuring the inter-
costal vessels and nerve. C. The pleural space opened and the left side of the mediastinum
exposed. The left phrenic nerve descends over the pericardium beneath the mediastinal
pleura. The collapsed left lung must be pushed out of the way to visualize the mediastinum.
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CD Figure 3-11 The bifurcation of the trachea as seen
through an operating bronchoscope. Note the ridge of the ca-
rina seen in the center and the opening into the right main
bronchus on the right, which is a more direct continuation of
the trachea. (Courtesy of E.D. Andersen.)

CD Figure 3-12 The interior of the left main bronchus as
seen through an operating bronchoscope. The openings into
the left upper lobe bronchus and its division and the left lower
lobe bronchus are indicated. (Courtesy of E. D. Andersen.)

To make these examinations, the physician must be
familiar with the normal structure of the thorax and must
have a mental image of the normal position of the lungs and
heart in relation to identifiable surface landmarks. Further-
more, it is essential that the physician be able to relate any
abnormal findings to easily identifiable bony landmarks so
that he or she can accurately record and communicate them
to colleagues.

Since the thoracic wall actively participates in the
movements of respiration, many bony landmarks change
their levels with each phase of respiration. In practice, to sim-
plify matters, the levels given are those usually found at about
midway between full inspiration and full expiration.

For physical examination of the patient, it is good to
remember that the upper lobe of the lungs is most easily
examined from the front of the chest and the lower lobe
from the back. In the axilla, areas of all three lobes can be
examined (see text Fig. 3-53).

Irauma tfo the Lungs

A physician must always remember that the apex of the lung
projects up into the neck (1 in. [2.5 cm] above the clavicle)
and can be damaged by stab or bullet wounds in this area.

Fractured Hibs and the Lungs

Although the lungs are well protected by the bony thoracic
cage, a splinter from a fractured rib can nevertheless pene-
trate the lung, and air can escape into the pleural cavity,
causing a pneumothorax and collapse of the lung. It can also
find its way into the lung connective tissue. From there, the
air moves under the visceral pleura until it reaches the lung
root. It then passes into the mediastinum and up to the neck.
Here, it may distend the subcutaneous tissue, a condition
known as subcutaneous emphysema.

The changes in the position of the thoracic and upper
abdominal viscera and the level of the diaphragm during
different phases of respiration relative to the chest wall are of
considerable clinical importance. A penetrating wound in
the lower part of the chest may or may not damage abdomi-
nal viscera, depending on the phase of respiration at the
time of injury.

Pain and [ung isease

Lung tissue and the visceral pleura are devoid of pain-
sensitive nerve endings, so that pain in the chest is always
the result of conditions affecting the surrounding struc-
tures. In tuberculosis or pneumonia, for example, pain
may never be experienced.

Once lung disease crosses the visceral pleura and the
pleural cavity to involve the parietal pleura, pain becomes a
prominent feature. Lobar pneumonia with pleurisy, for
example, produces a severe tearing pain, accentuated by
inspiring deeply or coughing. Because the lower part of the
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costal parietal pleura receives its sensory innervation from
the lower five intercostal nerves, which also innervate the
skin of the anterior abdominal wall, pleurisy in this area
commonly produces pain that is referred to the abdomen.
This has sometimes resulted in a mistaken diagnosis of an
acute abdominal lesion.

In a similar manner, pleurisy of the central part of the
diaphragmatic pleura, which receives sensory innervation
from the phrenic nerve (C3, 4, and 5), can lead to referred
pain over the shoulder because the skin of this region is sup-
plied by the supraclavicular nerves (C3 and 4).

ourgical Access to the Lungs

Surgical access to the lungs or mediastinum is commonly
undertaken through an intercostal space. Special rib retrac-
tors that allow the ribs to be widely separated are used. The
costal cartilages are sufficiently elastic to permit consider-
able bending. Good exposure of the lungs is obtained by this
method.

oegmental Hesection of the Lung

Alocalized chronic lesion such as that of tuberculosis or a
benign neoplasm may require surgical removal. If it is re-
stricted to a bronchopulmonary segment, it is possible to
carefully dissect out a particular segment and remove it,
leaving the surrounding lung intact. Segmental resection re-
quires that the radiologist and thoracic surgeon have a
sound knowledge of the bronchopulmonary segments and
that they cooperate fully to localize the lesion accurately be-
fore operation.

Pulmonary Contusion

This condition is caused by a sudden rapid compression of
the chest wall and underlying lung. It may be produced by
blunt trauma or gunshot wounds. Because of the pliability
of the chest wall in children, lung contusion is often
present in the absence of rib fractures. The localized
endothelial damage to the capillaries results in the transu-
dation of fluid into the lung parenchyma, thus compro-
mising lung function. In cases of blunt trauma, the area of
damage to the lung will depend on the site of impact
and will not be determined by anatomic subdivisions of
the lung.

Iracheobronchial Injury

The lung root is the site where the mobile lung is connected
by the main bronchi to the relatively fixed lower end of the
trachea. It is not surprising, therefore, to find that when a
rapid deceleration or shearing force is applied to the lungs,
injuries occur to the bronchi. In the majority of patients, the
tear occurs within 1 in. of the carina.

Hronchogenic Larcinoma

Bronchogenic carcinoma accounts for about one third of all
cancer deaths in men and is becoming increasingly common
in women. It commences in most patients in the mucous
membrane lining the larger bronchi and is therefore situated
close to the hilum of the lung. The neoplasm rapidly spreads
to the tracheobronchial and bronchomediastinal nodes and
may involve the recurrent laryngeal nerves, leading to hoarse-
ness of the voice. Lymphatic spread via the bronchomediasti-
nal trunks may result in early involvement in the lower deep
cervical nodes just above the level of the clavicle. Hematoge-
nous spread to bones and the brain commonly occurs.

Londitions That [Jecrease
Hespiratory Etficiency

Constriction of the Bronchi (Bronchial
Asthma)

One of the problems associated with bronchial asthma is the
spasm of the smooth muscle in the wall of the bronchioles.
This particularly reduces the diameter of the bronchioles
during expiration, usually causing the asthmatic patient to
experience great difficulty in expiring, although inspiration is
accomplished normally. The lungs consequently become
greatly distended and the thoracic cage becomes perma-
nently enlarged, forming the so-called barrel chest. In addi-
tion, the air flow through the bronchioles is further impeded
by the presence of excess mucus, which the patient is unable
to clear because an effective cough cannot be produced.

Loss of Lung Elasticity

Many diseases of the lungs, such as emphysema and pul-
monary fibrosis, destroy the elasticity of the lungs, and thus
the lungs are unable to recoil adequately, causing incom-
plete expiration. The respiratory muscles in these patients
have to assist in expiration, which no longer is a passive
phenomenon.

Loss of Lung Distensibility

Diseases such as silicosis, asbestosis, cancer, and pneumo-
nia interfere with the process of expanding the lung in
inspiration. A decrease in the compliance of the lungs
and the chest wall then occurs, and a greater effort has to
be undertaken by the inspiratory muscles to inflate the lungs.

Postural Urainage

Excessive accumulation of bronchial secretions in a lobe or
segment of a lung can seriously interfere with the normal



The Chest Wall, Chest Cavity, Lungs, and Pleural Cavities b5

flow of air into the alveoli. Furthermore, the stagnation of
such secretions is often quickly followed by infection. To aid
in the normal drainage of a bronchial segment, a physio-
therapist often alters the position of the patient so that grav-
ity assists in the process of drainage. Sound knowledge of the
bronchial tree is necessary to determine the optimum posi-
tion of the patient for good postural drainage.

g LUNGENTTAL
ANUMALIES OF
THE THACHEA AND

LUNGS

Esophageal Atresia and Iracheo-
esophageal Histula

If the margins of the laryngotracheal groove fail to fuse ade-
quately, an abnormal opening may be left between the laryn-
gotracheal tube and the esophagus. If the tracheoesophageal

CD Figure 3-13 Different types
of esophageal atresia and tra-
cheoesophageal fistula. A. Com-
plete blockage of the esophagus
with a tracheoesophageal fistula.
B. Similar to type A, but the two
parts of the esophagus are joined
together by fibrous tissue.
C. Complete blockage of the
esophagus; the distal end is
rudimentary. D. A tracheoe-
sophageal fistula with narrowing
of the esophagus. E. An
esophagotracheal fistula; the
esophagus is not connected with
the distal end, which is rudimen-
tary. F. Separate esophagotra-
cheal and tracheoesophageal
fistulas. G. Narrowing of the
esophagus without a fistula.
In most cases, the lower
esophageal segment communi-
cates with the trachea, and types
A and B occur more commonly.

septum formed by the fusion of the margins of the laryngotra-
cheal groove should be deviated posteriorly, the lumen of the
esophagus would be much reduced in diameter. The differ-
ent types of atresia, with and without fistula, are shown in CD
Fig. 3-13). Obstruction of the esophagus prevents the child
from swallowing saliva and milk, and this leads to aspiration
into the larynx and trachea, which usually results in pneu-
monia. With early diagnosis, it is often possible to correct this
serious anomaly surgically.

Neonatal Lobar Emphysema

This condition occurs shortly after birth and is an overdisten-
tion of one or more lobes of the lung. It is a result, in many
cases, of a failure of development of bronchial cartilage,
which causes the bronchi to collapse. Air is inspired through
the collapsed bronchi, but it is trapped during expiration.

Longenital Cysts of the Lung

Lung cysts may be solitary or may form multiple honey-
comb-like masses. They are believed to be caused by sepa-
ration of lung tissue occurring during development. Prompt
surgical removal of the cysts is necessary to prevent com-
pression and collapse of surrounding lung and infectious
complications.
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Llinical Problem Solving (Juestions

Read the following case histories/questions and give
the best answer for each.

A 3l-year-old soldier received a shrapnel wound in the
neck during the Persian Gulf War. Recently, during a
physical examination, it was noticed that when he blew
his nose or sneezed, the skin above the right clavicle
bulged upward.

. The upward bulging of the skin could be explained by

A. injury to the cervical pleura.

B. damage to the suprapleural membrane.

C. damage to the deep fascia in the root of the neck.
D. ununited fracture of the first rib.

A 52-year-old woman was admitted to the hospital with
a diagnosis of right-sided pleurisy with pneumonia. It
was decided to remove a sample of pleural fluid from
her pleural cavity. The resident inserted the needle
close to the lower border of the eighth rib in the ante-
rior axillary line. The next morning he was surprised to
hear that the patient had complained of altered skin
sensation extending from the point where the needle
was inserted downward and forward to the midline of
the abdominal wall above the umbilicus.

The altered skin sensation in this patient after the nee-
dle thoracostomy could be explained by which of the
following?

A. The needle was inserted too low down in the inter-
costal space.

B. The needle was inserted too close to the lower bor-
der of the eighth rib and damaged the eighth inter-
costal nerve.

C. The needle had impaled the eighth rib.

D. The needle had penetrated too deeply and pierced
the lung.

A 68-year-old man complained of a swelling in the skin
on the back of the chest. He had noticed it for the last 3
years and was concerned because it was rapidly enlarg-
ing. On examination, a hard lump was found in the skin
in the right scapula line opposite the seventh thoracic
vertebra. A biopsy revealed that the lump was malignant.

Because of the rapid increase in the size of the tumor,
the following lymph nodes were examined for metas-
tases:

A. Superficial inguinal nodes

B. Anterior axillary nodes

C. Posterior axillary nodes

D. External iliac nodes

E. Deep cervical nodes

A 65-year-old man and a 10-year-old boy were involved
in a severe automobile accident. In both patients the
thorax had been badly crushed. Radiographic examina-
tion revealed that the man had five fractured ribs but
the boy had no fractures.

. What is the most likely explanation for this difference in

medical findings?

A. The patients were in different seats in the vehicle.

B. The boy was wearing his seat belt and the man was
not.

C. The chestwall of a child is very elastic, and fractures
of ribs in children are rare.

D. The man anticipated the impact and tensed his
muscles, including those of the shoulder girdle and
abdomen.

On examination of a posteroanterior chest radiograph
of an 18-year-old woman, it was seen that the left dome
of the diaphragm was higher than the right dome and
reached to the upper border of the fourth rib.

. The position of the left dome of the diaphragm could

be explained by the following conditions except which?

A. The left lung could be collapsed.

B. There is a collection of blood under the diaphragm
on the left side.

C. There is an amoebic abscess in the left lobe of the
liver.

D. The left dome of the diaphragm is normally higher
than the right dome.

E. There is a peritoneal abscess beneath the diaphragm
on the left side.

A 43-year-old man was involved in a violent quarrel
with his wife over another woman. In a fit of rage, the
wife picked up a carving knife and lunged forward at
her husband, striking his anterior neck over the left
clavicle. The husband collapsed on the kitchen floor,
bleeding profusely from the wound. The distraught
wife called for an ambulance.

. On examination in the emergency department of the

hospital the following conditions were found except

which?

A. Awound was seen about 1 in. (2.5 cm) wide over the
left clavicle.

B. Auscultation revealed diminished breath sounds
over the left hemithorax.

C. The trachea was deflected to the left.

D. The left upper limb was lying stationary on the table,
and active movement of the small muscles of the left
hand was absent.
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E. The patient was insensitive to pin prick along the lat-
eral side of the left arm, forearm, and hand.

A 72-year-old man complaining of burning pain on the
right side of his chest was seen by his physician. On ex-
amination the patient indicated that the pain passed
forward over the right sixth intercostal space from the
posterior axillary line forward as far as the midline over
the sternum. The physician noted that there were sev-
eral watery blebs on the skin in the painful area.

. The following statements are correct except which?

A. This patient has herpes zoster.

B. A virus descends along the cutaneous nerves, caus-
ing dermatomal pain and the eruption of vesicles.

C. The sixth right intercostal nerve was involved.

D. The condition was confined to the anterior cuta-
neous branch of the sixth intercostal nerve.

An 18-year-old woman was thrown from a horse while
attempting to jump a fence. She landed heavily on the
ground, striking the lower part of her chest on the left
side. On examination in the emergency department she
was conscious but breathless. The lower left side of her
chest was badly bruised, and the ninth and tenth ribs
were extremely tender to touch. She had severe tachy-
cardia, and her systolic blood pressure was low.

. The following statements are possibly correct except

which?

A. There was evidence of tenderness and muscle spasm
in the left upper quadrant of the anterior abdominal
wall.

B. A posteroanterior radiograph of the chest revealed
fractures of the left ninth and tenth ribs near their
angles.

C. The blunt trauma to the ribs had resulted in a tear of
the underlying spleen.

D. The presence of blood in the peritoneal cavity had
irritated the parietal peritoneum, producing reflex
spasm of the upper abdominal muscles.

E. The muscles of the anterior abdominal wall are not
supplied by thoracic spinal nerves.

A 55-year-old man states that he has noticed an alter-
ation in his voice. He has lost 40 Ib (18 kg) and has a
persistent cough with blood-stained sputum. He
smokes 50 cigarettes a day. On examination, the left vo-
cal fold is immobile and lies in the adducted position.
A posteroanterior chest radiograph reveals a large mass
in the upper lobe of the left lung with an increase in
width of the mediastinal shadow on the left side.

. The symptoms and signs displayed by this patient can

be explained by the following statements except which?

A. This patient has advanced carcinoma of the
bronchus in the upper lobe of the left lung, which
was seen as a mass on the chest radiograph.

10.
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B. The carcinoma had metastasized to the broncho-
mediastinal lymph nodes, causing their enlarge-
ment and producing a widening of the mediastinal
shadow seen on the chest radiograph.

C. The enlarged lymph nodes had pressed on the left
recurrent laryngeal nerve.

D. Partial injury to the recurrent laryngeal nerve re-
sulted in paralysis of the abductor muscles of the vo-
cal cords, leaving the adductor muscles unopposed.

E. The enlarged lymph nodes pressed on the left re-
current nerve as it ascended to the neck anterior to
the arch of the aorta.

A 35-year-old woman had difficulty breathing and
sleeping at night. She says she falls asleep only to wake
up with a choking sensation. She finds that she has to
sleep propped up in bed on pillows with her neck flexed
to the right.

The following statements concerning this case are
correct except which?
A. Veins in the skin at the root of the neck are
congested.
B. The U-shaped cartilaginous rings in the wall of the
trachea prevent it from being kinked or compressed.
C. The left lobe of the thyroid gland is larger than the
right lobe.
D. On falling asleep, the patient tends to flex her neck
laterally over the enlarged left thyroid lobe.
. The enlarged thyroid gland extends down the neck
into the superior mediastinum.
F. The brachiocephalic veins in the superior medi-
astinum were partially obstructed by the enlarged
thyroid gland.

=

A 15-year-old boy was rescued from a lake after falling
through thin ice. The next day, he developed a severe
cold, and 3 days later his general condition deterio-
rated. He became febrile and started to cough up blood-
stained sputum. At first, he had no chest pain, but later,
when he coughed, he experienced severe pain over the
right fifth intercostal space in the midclavicular line.

The following statements would explain the patient’s

signs and symptoms except which?

A. The patient had developed lobar pneumonia and
pleurisy in the right lung.

B. Discase of the lung does not cause pain until the
parietal pleura is involved.

C. The pneumonia was located in the right middle
lobe.

D. The visceral pleura is innervated by autonomic
nerves that contain pain fibers.

E. Pain associated with the pleurisy was accentuated

when movement of the visceral and parietal pleurae
occurred, for example, on deep inspiration or
coughing.
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A 2-year-old boy was playing with his toy car when his
baby-sitter noticed that a small metal nut was missing
from the car. Two days later the child developed a
cough and became febrile.

. This child’s illness could be explained by the following

statements except which?

A. The child had inhaled the nut.

B. The metal nut could easily be seen on posteroante-
rior and right oblique radiographs.

C. The left principal bronchus is the more vertical and
wider of the two principal bronchi, and inhaled for-
eign bodies tend to become lodged in it.

D. The nut was successfully removed through a bron-
choscope.

E. Children who are teething tend to suck on hard toys.

A 23-year-old woman was examined in the emergency
department because of the sudden onset of respiratory
distress. The physician was listening to breath sounds
over the right hemithorax and was concerned when no
sounds were heard on the front of the chest at the level
of the tenth rib in the midclavicular line.

. The following comments concerning this patient are

correct except which?

A. In a healthy individual, the lower border of the right
lung in the midclavicular line in the midrespiratory
position is at the level of the sixth rib.

B. The parietal pleura in the midclavicular line crosses
the tenth rib.

B is the correct answer. The shrapnel had torn the
suprapleural membrane, which normally prevents
the cervical dome of the pleura from bulging up into
the neck.

B is the correct answer. The intercostal nerve is located
in the subcostal groove on the lower border of the rib
(see text Fig. 3-4).

. Cis the correct answer. The lymphatic drainage of the

skin of the back above the level of the iliac crests is
upward and forward into the posterior axillary lymph
nodes.

C is the correct answer. The chest wall of a child is very
elastic, and fractures of ribs in children are rare.

. D is the correct answer. The right dome of the di-

aphragm is normally higher than the left dome due to
the large size of the right lobe of the underlying liver.

C. The costodiaphragmatic recess is situated between
the lower border of the lung and the parietal
pleura.

D. The lung on extreme inspiration could descend in
the costodiaphragmatic recess only as far as the
eighth rib.

E. No breath sounds were heard because the stetho-
scope was located over the liver.

A 36-year-old woman with a known history of emphy-
sema (dilatation of alveoli and destruction of alveolar
walls with a tendency to form cystic spaces) suddenly
experiences a severe pain in the left side of her
chest, is breathless, and is obviously in a state of
shock.

. Examination of this patient reveals the following

findings except which?

A. The trachea is displaced to the right in the supraster-
nal notch.

. The apex beat of the heart can be felt in the fifth left
intercostal space just lateral to the sternum.

C. The right lung is collapsed.

D. The air pressure in the left pleural cavity is at
atmospheric pressure.

. The air has entered the left pleural cavity as the
result of rupture of one of the emphysematous cysts
of the left lung (left-sided pneumothorax).

F. The elastic recoil of the lung tissue caused the lung

to collapse.

os]
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Answers and Explanations

6. E isthe correct answer. The lower trunk of the brachial

plexus was cut by the knife. This would explain the loss
of movement of the small muscles of the left hand. It
would also explain the loss of skin sensation that oc-
curred in the C8 and T'1 dermatomes on the medial,
not on the lateral, side of the left forearm and hand. The
knife had also pierced the left dome of the cervical
pleura, causing a left pneumothorax with left-sided
diminished breath sounds and a deflection of the tra-
chea to the left.

D is the correct answer. The skin over the sixth inter-
costal space is innervated by the lateral cutaneous
branch as well as the anterior cutaneous branch of the
sixth intercostal nerve.

E is the correct answer. The seventh to the eleventh in-
tercostal nerves supply the muscles of the anterior ab-
dominal wall.



9.

10.

11.

The Chest Wall, Chest Cavity, Lungs, and Pleural Cavities

E is the correct answer. The left recurrent laryngeal
nerve ascends to the neck by passing under the arch of
the aorta; it ascends in the groove between the trachea
and the esophagus.

B is the correct answer. The trachea is a mobile, fibro-
elastic tube that can be kinked or compressed despite
the presence of the cartilaginous rings.

D is the correct answer. Lung tissue and the visceral
pleura are not innervated with pain fibers. The costal
parietal pleura is innervated by the intercostal nerves,
which have pain endings in the pleura.

12.

13.

14.
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C is the correct answer. The right principal (main)
bronchus is the more vertical and wider of the two prin-
cipal bronchi, and for this reason an inhaled foreign
body passes down the trachea and tends to enter the right
main bronchus, where it was lodged in this patient.

B is the correct answer. The parietal pleura in the mid-
clavicular line only extends down as far as the eighth rib
(see text Fig. 3-51).

C is the correct answer. The left lung collapsed imme-
diately when air entered the left pleural cavity because
the air pressures within the bronchial tree and in the
pleural cavity were then equal.
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N | THE HEART

Lhordae ‘lendineae and Papillary
Muscle Hupture

Rupture of the chordae tendineae by disease, such as acute
bacterial endocarditis, may cause sudden valvular insuffi-
ciency and cardiac decompensation. Rupture of a papillary
muscle, since each has many chordae attached to its apex, is
much more serious. Rupture of a papillary muscle may oc-
cur in penetrating wounds of the heart.

Mitral Valve Prolapse

In this condition, one or both mitral valve cusps balloon up
into the left atrium during ventricular systole. The valve
cusps are larger than normal and the chordae tendineae
may be excessively long. The posterior cusp is always in-
volved; the anterior cusp is involved less frequently.

Accessory Atrioventricular Bundles

Accessory atrioventricular bundles are thought to exist. They
are believed to be slender and normally have no functional
significance. However, in the condition of accelerated atri-
oventricular conduction, the aberrant connection (bundle of
Kent) permits one ventricle to be excited early. In this condi-
tion the PR interval is shortened and a delta wave appears on
the initial part of the QRS complex. Another aberrant con-
nection (bundle of Mahaim) bypasses the atrioventricular
node and inserts just distal to the node. In this condition,
known as the Lown-Ganong-Levine syndrome, the PR inter-
val is short but the ORS complex is normal.

Lircus Movement

This abnormal form of conduction allows a wave of excita-
tion to travel continuously in a circle. This ring may occur
in the atrioventricular node, causing abnormal atrial con-
tractions and paroxysmal nodal tachycardia. If the individ-
ual has an accessory atrioventricular bundle, the circus



movement may pass in one direction through the atrioven-
tricular node and in the opposite direction through the
bundle of Kent.

Failure of Conduction System

The sinuatrial node is the spontaneous source of the cardiac
impulse. The atrioventricular node is responsible for picking
up the cardiac impulse from the atria. The atrioventricular
bundle is the only route by which the cardiac impulse can
spread from the atria to the ventricles. Failure of the bundle
to conduct the normal impulses results in alteration in the
rhythmic contraction of the ventricles (arthythmias) or, if
complete bundle block occurs, complete dissociation be-
tween the atria and ventricular rates of contraction. The com-
mon cause of defective conduction through the bundle or its
branches is atherosclerosis of the coronary arteries, which re-
sults in a diminished blood supply to the conducting system.

Loronary Angiography

The coronary arteries can be visualized by the introduction
of radiopaque material into their lumen. Under fluoro-
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scopic control, a long narrow catheter is passed into the as-
cending aorta via the femoral artery in the leg. The tip of the
catheter is carefully guided into the orifice of a coronary
artery and a small amount of radiopaque material is injected
to reveal the lumen of the artery and its branches. The in-
formation can be recorded on radiographs (CD Fig. 4-1) or
by cineradiography. Using this technique, pathologic nar-
rowing or blockage of a coronary artery can be identified.

Loronary Artery lisease

The myocardium receives its blood supply through the right
and left coronary arteries. Although the coronary arteries
have numerous anastomoses at the arteriolar level, they are
essentially functional end arteries. A sudden block of one of
the large branches of either coronary artery will usually lead
to necrosis of the cardiac muscle (myocardial infarction) in
that vascular area, and often the patient dies. Most cases of
coronary artery blockage are caused by an acute thrombosis
on top of a chronic atherosclerotic narrowing of the lumen.

Arteriosclerotic disease of the coronary arteries may pre-
sent in three ways, depending on the rate of narrowing of the
lumina of the arteries: (1) General degeneration and fibrosis

CD Figure 4-1 Coronary angiograms. A. An area of extreme narrowing of the circumflex
branch of the left coronary artery (white arrow). B. The same artery after percutaneous
transluminal coronary angioplasty. Inflation of the luminal balloon has dramatically im-
proved the area of stenosis (white arrow).
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(DR XS] Coronary Artery Lesions, Infarct Location, and ECG Signature

Coronary Artery Infarct Location

ECG Signature

Proximal LAD
More distal LAD

Large anterior wall
Anteroapical
Inferior wall if
wraparound LAD
Anteroseptal

High lateral wall
Small lateral wall

Distal LAD

Early obtuse, marginal
More distal marginal
branch, circumflex

Circumflex Posterolateral
Distal RCA Small inferior wall
Proximal RCA Large inferior wall and
posterior wall
Some lateral wall
RCA Right ventricular

Usually inferior

ST elevation: |, L, V1-V6
ST elevation: V2-V4
ST elevation: I, lll, F

ST elevation: V1-V3
ST elevation: I, L, V4-V6
ST elevation: |, L, or V4-V6, or no abnormality

ST elevation: V4-V6; ST depression: V1-V2
ST elevation: Il, lll, F; ST depression: |, L
ST elevation: Il, I, F;

ST depression: |, L, V1-V3

ST elevation: V5-V6

ST elevation: V2R-V4R; some

ST elevation: V1, or ST depression: V2-V3
ST elevation: II, lll, F

ECG, electrocardiographic; LAD, left anterior descending (interventricular); RCA, right coronary artery.

of the myocardium occur over many years and are caused by
a gradual narrowing of the coronary arteries. (2) Angina pec-
toris is cardiac pain that occurs on exertion and is relieved
by rest. In this condition, the coronary arteries are so nar-
rowed that myocardial ischemia occurs on exertion but not
at rest. (3) Myocardial infarction occurs when coronary flow
is suddenly reduced or stopped and the cardiac muscle un-
dergoes necrosis. Myocardial infarction is the major cause
of death in industrialized nations.

CD Table 4-1 shows the different coronary arteries that
supply the different areas of the myocardium. This informa-
tion can be helpful when attempting to correlate the site of
myocardial infarction, the artery involved, and the electro-
cardiographic signature.

Because coronary bypass surgery, coronary angioplasty,
and coronary artery stenting are now commonly accepted
methods of treating coronary artery disease, it is incumbent on
the studentto be prepared to interpretstill-and motion-picture
angiograms that have been carried out before treatment. For
this reason, a working knowledge of the origin, course, and dis-
tribution of the coronary arteries should be memorized.

Myocardial Infarction and
Papillary Muscle Hupture

Rarely, in acute myocardial infarction involving the left ven-
tricle, a papillary muscle may rupture. Rupture of the pos-
teromedial papillary muscle is more common since it is

supplied by a single artery, the right coronary artery. The an-
terolateral papillary muscle is less likely to rupture since it
has a dual blood supply from the anterior interventricular
and circumflex branches of the left coronary artery.

Lhest Pain

The presenting symptom of chest pain is a common and
classic problem in medicine. Unfortunately, chest pain is a
symptom common to a large number of conditions and may
be caused by disease in the thoracic and abdominal walls or
in many different chest or abdominal viscera. The severity of
the pain is often unrelated to the seriousness of the cause.
Myocardial pain may mimic esophagitis, musculoskeletal
chest wall pain, and other non-life-threatening causes. Un-
less medical personnel are astute, a patient may be dis-
charged from the hospital with a more serious condition
than the symptoms indicate. It is not good enough to have a
correct diagnosis only 99% of the time with chest pain. An
understanding of the anatomy of chest pain will help the
physician in the systematic consideration of the differential
diagnosis.

Somatic Pain

Pain arising from the chest or abdominal walls is intense and
discretely localized. Somatic pain arises in sensory nerve
endings in these structures and is conducted to the central
nervous system by somatic segmental spinal nerves.




Visceral Pain

Visceral pain is diffuse and poorly localized. It is conducted
to the central nervous system along afferent autonomic
nerves. Most visceral pain fibers ascend to the spinal cord
along sympathetic nerves and enter the cord through the
posterior nerve roots of segmental spinal nerves. Some pain
fibers from the pharynx and upper part of the esophagus and
the trachea enter the central nervous system through the
parasympathetic nerves via the glossopharyngeal and vagus
nerves. The descending colon, the pelvic colon and rectum,
and the bladder reach the sacral spinal cord through the
parasympathetic nerves.

Referred Pain

Visceral pain frequently is referred to skin areas that are in-
nervated by the same segment of the spinal cord as is the
painful viscus. The explanation for referred pain is not
known. One theory is that the nerve fibers from the viscus
and the dermatome ascend in the central nervous system
along a common pathway and the cerebral cortex is inca-
pable of distinguishing between the sites of origin. Another
theory is that under normal conditions the viscus does not
give rise to painful stimuli, whereas the skin area repeatedly
receives noxious stimuli. Because both afferent fibers enter
the spinal cord at the same segment, the brain interprets the
information as coming from the skin rather than the viscus.
Pain arising from the gastrointestinal tract is referred to the
midline. This can probably be explained since the tract
arises embryologically as a midline structure and receives a
bilateral nerve supply.

Llinical Significance of Thoracic
[ Jermatomes Helative to Chest Pain

The dermatomes on the anterior and posterior chest walls
are shown in CD Figs. 1-2 and 1-3. A dermatome is an area
of skin supplied by a single spinal nerve and, therefore, a
single segment of the spinal cord. On the trunk, adjacent
dermatomes overlap considerably and a given area of skin is
innervated by three adjacent spinal nerves.

Fach thoracic spinal nerve innervates a large number of
structures, including the vertebrae; the ribs and costal carti-
lages and their joints; the postvertebral, intercostal, and ab-
dominal muscles; and the costal parietal pleura and parietal
peritoneum. Any one of these structures could be the source
of chest pain.

The skin of the anterior and posterior chest walls, down
as far as the sternal angle in front and the spine of the
scapula behind, is supplied by the supraclavicular nerves
(C3 and C4). The phrenic nerves (C3, C4, and C5) supply
the parietal pleura over the central part of the diaphragm
and a corresponding area of parietal peritoneum over the
lower surface of the diaphragm. Irritation of these areas by
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disease of neighboring viscera, such as the gallbladder, liver,
or stomach, could send afferent impulses up to the central
nervous system. Because of the phenomenon of referred
pain, the patient would presume that the cause of the pain
was located over the upper part of the chest wall or shoulder.

Below the level of the sternal angle and the spine of the
scapula, the chest skin is innervated by the thoracic segments
of the spinal cord. The anterior chest wall is supplied by the
intercostal nerves T2 through T6; the seventh intercostal
nerve enters the anterior abdominal wall to supply the skin
in the xiphoid area. The posterior chest wall is supplied by
the posterior primary rami of the thoracic spinal nerves T2
through T11. Remember that the seventh to the eleventh in-
tercostal nerves cross the costal margin and innervate the full
thickness of the anterior abdominal wall including the pari-
etal peritoneum. This would explain how irritation of the
parietal peritoneum caused by disease of abdominal viscera
could give rise to pain referred to the chest wall.

Note also the distribution of the T1 and T2 der-
matomes; they extend down the medial side of the upper
limbs. The second thoracic nerve reaches the skin of the ax-
illa and the medial (ulnar) side of the arm via the intercos-
tobrachial nerve (a branch of the second intercostal nerves).
T'1 reaches the ulnar side of the forearm via the medial cu-
taneous nerve of the forearm from the brachial plexus.

Lardiac Pain

Pain originating in the heart as the result of acute myocardial
ischemia is assumed to be caused by oxygen deficiency and
the accumulation of metabolites, which stimulate the sen-
sory nerve endings in the myocardium. The afferent nerve
fibers ascend to the central nervous system through the car-
diac branches of the sympathetic trunk and enter the spinal
cord through the posterior roots of the upper four thoracic
nerves. The nature of the pain varies considerably, from a se-
vere crushing pain to nothing more than mild discomfort.

The pain is not felt in the heart, but is referred to the
skin areas supplied by the corresponding spinal nerves. The
skin areas supplied by the upper four intercostal nerves and
by the intercostobrachial nerve ('12) are therefore affected.
The intercostobrachial nerve communicates with the me-
dial cutaneous nerve of the arm and is distributed to skin on
the medial side of the upper part of the arm. A certain
amount of spread of nervous information must occur within
the central nervous system, for the pain is sometimes felt in
the neck and the jaw.

Myocardial infarction involving the inferior wall or di-
aphragmatic surface of the heart often gives rise to discom-
fort in the epigastrium. One must assume that the afferent
pain fibers from the heart ascend in the sympathetic nerves
and enter the spinal cord in the posterior roots of the sev-
enth, eighth, and ninth thoracic spinal nerves and give rise
to referred pain in the T7, T8, and T9 thoracic dermatomes
in the epigastrium.
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Because the heart and the thoracic part of the esopha-
gus probably have similar afferent pain pathways, it is not
surprising that painful acute esophagitis can mimic the pain
of myocardial infarction.

Auscultation of Heart Valves

On listening to the heart with a stethoscope, one can hear
two sounds: 1ab-dtip. The first sound is produced by the con-
traction of the ventricles and the closure of the tricuspid and
mitral valves. The second sound is produced by the sharp
closure of the aortic and pulmonary valves. It is important
for a physician to know where to place the stethoscope on
the chest wall so that he or she will be able to hear sounds
produced at each valve with the minimal distraction or in-
terference (CD Fig. 4-2).

The tricuspid valve is best heard over the right half of the
lower end of the body of the sternum.

The mitral valve is best heard over the apex beat, that is,
at the level of the fifth left intercostal space, 3.5 in. (9 cm)
from the midline.

The pulmonary valve is heard with least interference
over the medial end of the second left intercostal
space.

The aortic valve is best heard over the medial end of the
second right intercostal space.

Valvular lisease of the Heart

Inflammation of a valve can cause the edges of the valve cusps
to stick together. Later, fibrous thickening occurs, followed by
loss of flexibility and shrinkage. Narrowing (stenosis) and
valvular incompetence (regurgitation) result, and the heart
ceases to function as an efficient pump. In rheumatic disease
of the mitral valve, for example, not only do the cusps undergo
fibrosis and shrink, but also the chordae tendineae shorten,
preventing closure of the cusps during ventricular systole.

Valvular Heart Murmurs

Apart from the sounds of the valves closing, lab-diip, the
blood passes through the normal heart silently. Should the
valve orifices become narrowed or the valve cusps distorted
and shrunken by disease, however, a rippling effect would
be set up, leading to turbulence and vibrations that are
heard as heart murmurs.

Lardiac [njuries

Cardiac Contusion

The heart, although protected by the thoracic cage, can be
squeezed between the sternum and the vertebral column

pulmonary valve

aortic valve
right atrium )
left ventricle
4 ' mitral valve

\
valve ‘0‘

tricuspid

—\
: \\\ -
/ 0o

CD Figure 4-2 Surface

anatomy of the heart and great
right ventricle blood vessels. Note the position
the chest wall. The bold letters
indicate positions where valves
may be heard with least interfer-
ence. A = aortic valve, M = mi-
tral valve, P = pulmonary valve,
T = tricuspid valve.
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o of the heart valves relative to



(see text Fig. 4-8) when the thorax is subjected to a severe
frontal impact. Moreover, if the force is also applied to the
anterior abdominal wall, the diaphragm is thrust upward,
impinging on the heart from below. The highly flexible rib
cage present in children makes myocardial contusion a
common occurrence in this age group. The result of heart
muscle damage is precordial pain, similar in nature to a my-
ocardial infarction. Tachycardia often occurs and, if enough
cardiac muscle is contused, cardiac output may decrease.
Depending on the severity of the injury, there may be ar-
rhythmias and evidence of heart block.

Valve and Septal Injuries

In both blunt and penetrating injuries to the heart, the valve
cusps, the papillary muscles, and the chordae tendineae can
be damaged. The incidence of valve involvement is in the
following order: aortic, mitral, and pulmonary. Acute valvu-
lar insufficiency can be diagnosed clinically, but it should
be confirmed by cardiac catheterization. In severe cases
prompt surgical repair may be necessary.

Penetrating Injuries to the Heart

The anatomy of the heart relative to the front of the thoracic
cage determines the common sites of injury. The anterior sur-
face of the heart is formed largely by the right ventricle; the
left border is formed by the left ventricle and the right border
is formed by the right atrium. The right ventricle is most com-
monly injured, followed by the left ventricle and the right
atrium. The anterior interventricular branch of the left coro-
nary artery is the most common artery to be damaged.

Since the pericardium has to be penetrated for the
heart to be injured, cardiac tamponade is often present. The
hemopericardium quickly presses on the thin-walled atria
and large veins and compromises the venous return. The
classic triad of (1) distension of the jugular veins of the neck,
(2) faint heart sounds (damped down by blood in the peri-
cardial sac), and (3) hypotension may all be present. If there
is substantial concomitant blood loss or volume depletion,
the jugular veins may not be enlarged. Do not expect to see
a greatly enlarged heart shadow on a chest radiograph. Even
though the blood in the pericardial sac may be under high
pressure caused by a ventricular leak, the tough fibrous tis-
sue in the wall of the fibrous pericardium prevents its undue
distension. Hemopericardium must be relieved surgically.

Longenital Anomalies
Atrial Septal Defects

After birth, the foramen ovale becomes completely closed as
the result of the fusion of the septum primum with the sep-
tum secundum. In 25% of hearts, a small opening persists,
but this is usually of such a minor nature that it has no clin-
ical significance. Occasionally, the opening is much larger
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and results in oxygenated blood from the left atrium passing
over into the right atrium (CD Fig. 4-3).

Ventricular Septal Defects

The ventricular septum is formed in a complicated manner
and is complete only when the membranous part fuses with
the muscular part. Ventricular septal defects are less fre-
quent than atrial septal defects. They are found in the
membranous part of the septum and can measure 1 to 2 cm
in diameter. Blood under high pressure passes through the
defect from left to right, causing enlargement of the right
ventricle. Large defects are serious and can shorten life if
surgery is not performed.

Tetralogy of Fallot

Normally, the bulbus cordis becomes divided into the aorta
and pulmonary trunk by the formation of the spiral aorti-
copulmonary septum. This septum is formed by the fusion
of the bulbar ridges. If the bulbar ridges fail to fuse correctly,
unequal division of the bulbus cordis may occur, with con-
sequent narrowing of the pulmonary trunk and resulting in
interference with the right ventricular outflow.

This congenital anomaly is responsible for about 9% of
all congenital heart disease (see CD Fig. 4-3). The anatomic
abnormalities include large ventricular septal defect; steno-
sis of the pulmonary trunk, which can occur at the in-
fundibulum of the right ventricle or at the pulmonary valve;
exit of the aorta immediately above the ventricular septal de-
fect (instead of from the left ventricular cavity only); and se-
vere hypertrophy of the right ventricle, because of the high
blood pressure in the right ventricle. The defects cause con-
genital cyanosis and considerably limit activity; patients
with severe untreated abnormalities die. Once the diagnosis
has been made, most children can be successfully treated
surgically.

Most children find that assuming the squatting position
after physical activity relieves their breathlessness. This
happens because squatting reduces the venous return by
compressing the abdominal veins and increasing the sys-
temic arterial resistance by kinking the femoral and
popliteal arteries in the legs; both these mechanisms tend to
decrease the right-to-left shunt through the ventricular sep-
tal defect and improve the pulmonary circulation.

Mitral Valve Prolapse

In this condition, one or both mitral valve cusps balloon up
into the left atrium during ventricular systole. The valve
cusps are larger than normal and the chordae tendineae
may be excessively long. The posterior cusp is always in-
volved; the anterior cusp is involved less frequently. The ma-
jority of the patients are female, and there may be a familial
incidence of the syndrome. The typical symptoms are chest
pain and palpitations, and dysrhythmias may occur.
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septum secundum
septum primum

foramen ovale

hypertrophy of
right ventricle

displaced aortic opening

septal defect

left recurrent laryngeal
nerve

E

CD Figure 4-3 A. Normal fetal heart. B. Atrial septal defect. C. Tetralogy of Fallot.
D. Patent ductus arteriosus (note the close relationship to the left recurrent laryngeal

nerve). E. Coarctation of the aorta.

Bicuspid Aortic Valve

This is a congenital anomaly occurring in 1% to 2% of the
population. At first it causes no functional problems. How-
ever, with advancing years and continued wear and tear, the
valve cusps become damaged and undergo fibrosing steno-
sis and calcification. The valve is also prone to the develop-
ment of infective endocarditis.

Persistent Truncus Arteriosus

This condition represents about 1% of all congenital
heart defects. Only one artery arises from the heart, the
pulmonary artery and aorta sharing a common trunk. A
large ventricular septal defect is usually present. The
child exhibits mild cyanosis and heart failure. Surgical
correction of the ventricular septal defect and the



establishment of a separate pulmonary and aortic outflow
are necessary.

Patent Ductus Arteriosus

The ductus arteriosus represents the distal portion of the
sixth left aortic arch and connects the left pulmonary artery
to the beginning of the descending aorta (see CD Fig. 4-3).
During fetal life, blood passes through it from the pul-
monary artery to the aorta, thus bypassing the lungs. After
birth, it normally constricts, later closes, and becomes the
ligamentum arteriosum.

Failure of the ductus arteriosus to close may occur as an
isolated congenital abnormality or may be associated with
congenital heart disease. A persistent patent ductus arterio-
sus results in high-pressure aortic blood passing into the pul-
monary artery, which raises the pressure in the pulmonary
circulation. A patent ductus arteriosus is life threatening and
should be ligated and divided surgically.

N | THE PERICARDIUM

Iraumatic [njury to the Pericardium

Pericardial Disruption

"This may occur from blunt trauma from a puncture following
penetration by a fractured rib and rupture from a sudden in-
crease in pressure. The most common location of rupture is
along the lateral margins, especially on the left side. The
phrenic nerve may be involved, as it is situated between the
mediastinal parietal pleura and the pericardium (CD Fig. 4-4)

\/(

right phrenic
nerve

rupture of
right atrium

&
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Hemopericardium

With blunt or penetrating injuries to the heart, blood can es-
cape into the pericardial cavity. The normal volume of peri-
cardial fluid, about 50 mL, is used to lubricate the apposing
surfaces of the serous pericardium during heart movements.
Once the fluid in the cavity exceeds about 250 mlL, the dias-
tolic filling is compromised, a condition known as cardiac
tamponade.

Pericardiocentesis

This procedure is used in the treatment of cardiac
tamponade.

The patient is placed in a supine position with the
shoulders raised 60° from the horizontal position. The
usual skin preparation is now completed. The needle is in-
serted in the angle between the xiphoid process and the
left costal margin. With the positions of the cardiac
notches of the lungs and pleura in mind (CD Fig. 4-5), the
tip of the needle is directed upward, backward, and to the
left in the left xiphocostal angle, that is, toward the left
shoulder. The following structures will be penetrated by
the needle:

1. Skin
2. Subcutaneous tissue

3. Aponeurosis of the external oblique muscle of the
abdomen

4. Anterior lamina of the aponeurosis of the internal
oblique muscle of the abdomen

5. Rectus abdominis muscle

left phrenic

nerve

rupture of

left ventricle

CD Figure 4-4 Anterior view of
the heart showing common sites
for rupture of the pericardium on
the anterior surface. Note the po-
sition of the right and left phrenic
nerves.
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pleural
reflection

pleural reflection

internal thoracic

pericardium
cardiac notch

pericardial cavity

iaphragm

xiphoid
process

CD Figure 4-5 A and B. The xiphisternal approach for pericardiocentesis. Note that the
needle is aimed upward and backward in the direction of the left shoulder.

6. Posterior lamina of the aponeurosis of the internal
oblique and the transversus abdominis muscles

7. Extraperitoneal fat; avoid entering the peritoneal cavity
8. Diaphragm

9. Pericardium (fibrous pericardium and parietal serous
pericardium)

The long large-bore needle is advanced through
the above structures and when pericardial penetration is
achieved there is a sudden “give.” The needle is connected
to a 20-mL syringe with a three-way stopcock to permit
aspiration of the fluid.

Read the following case histories/questions and give
the best answer for each.

A 61-year-old man was seen in the emergency depart-
ment complaining of a feeling of pressure within his
chest. On questioning, he said that he had several attacks
before and that they had always occurred when he was
climbing stairs or digging in the garden. He found that

Anatomy of Complications

1.

The needle is advanced too far and enters the my-
ocardium of the right ventricle.

. The needle pierces the anterior descending branch of

the left coronary artery.

. The needle enters the pleural cavity, producing a pneu-

mothorax or a hydropneumothorax.

. The needle pierces the liver.

the discomfort disappeared with rest after about 5 min-
utes. The reason he came to the emergency department
was that the chest discomfort had occurred with much
less exertion.

. The following comments concerning this case are cor-

rect except which?
A. The diagnosis is a classic case of angina pectoris.



B. The sudden change in history, that is, pain caused
by less exertion, should cause the physician concern
that the patient now has unstable angina or an actual
myocardial infarction.

C. The afferent pain fibers from the heart ascend to the
central nervous system through the cardiac branches
of the sympathetic trunk to enter the spinal cord.

D. The afferent pain fibers enter the spinal cord via the
posterior roots of the tenth to the twelfth thoracic
nerves.

E. Pain is referred to dermatomes supplied by the up-
per four intercostal nerves and the intercostal
brachial nerve.

A 55-year-old woman has severe aortic incompetence,
with the blood returning to the cavity of the left ventri-
cle during ventricular diastole.

. To hear the aortic valve with the least interference from

the other heart sounds, the best place to place your

stethoscope on the chest wall is

. the right half of the lower end of the body of the
sternum.

. the medial end of the second right intercostal space.

. the medial end of the second left intercostal space.

. the apex of the heart.

. the fifth left intercostal space 3.5 in. (9 cm) from the
midline.

-
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A 33-year-old woman was jogging across the park at 11
PM when she was attacked by a gang of youths. After she
was brutally mugged and raped, one of the youths de-
cided to stab her in the heart to keep her silent. Later in
the emergency department she was unconscious and in
extremely poor shape. A small wound about 0.5 in. in di-
ameter was present in the left fifth intercostal space
about 0.5 in. from the lateral sternal margin. Her carotid
pulse was rapid and weak, and her neck veins were dis-
tended. No evidence of a left-sided pneumothorax ex-
isted. A diagnosis of cardiac tamponade was made.

. The following observations are in agreement with the

diagnosis except which?

A. The tip of the knife had pierced the pericardium.

B. The knife had pierced the anterior wall of the left
ventricle.

C. The blood in the pericardial cavity was under right
ventricular pressure.

D. The blood in the pericardial cavity pressed on the
thin-walled atria and large veins as they traversed the
pericardium to enter the heart.

E. The backed-up venous blood caused congestion of
the veins seen in the neck.

F. The poor venous return severely compromised the
cardiac output.

G. A leftsided pneumothorax did not occur because
the knife passed through the cardiac notch.
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A 38-year-old woman was taken from the scene of an au-
tomobile accident to the local hospital. She had been
driving her car without a seat belt on and had hit a util-
ity pole head on. On examination she was conscious and
alert but had sustained severe facial and chest injuries.
A careful examination of the chest cage revealed the
presence of a sternal fracture (middle of the body) and
fractures of the third and fourth left ribs near their cos-
tochondral junctions. After an extensive workup it was
decided that the patient had a ruptured pericardium.

. The following observations are in agreement with the

diagnosis except which?
A. Blunt trauma had been applied to the anterior chest
wall.

B. The fractures of the third and fourth left ribs were
situated over the anterior surface of the heart.

. The left dome of the diaphragm was paralyzed.

. The patient had tachycardia.

. The right lateral margin of the pericardium was the
site of the rupture.

. There were diminished breath sounds over the
lower lobe of the left lung.

=oO0

s

A 21-year-old man was walking along a city street when
suddenly a burst of automatic gunfire came from a pass-
ing car. The man, who was an innocent bystander, was
struck in the front of the chest by a stray bullet. He was
rushed to the emergency department by an ambulance.
The position of the entry wound was the fourth left
intercostal space about 3 in. from the midline.

. The following observations are in agreement with the

findings in this patient except which?

A. The right ventricle is the most likely chamber of the
heart to be injured should a bullet enter the frontal
surface of the chest.

B. If the bullet continues on its path, the left ventricle
is also damaged, since the left ventricle lies posterior
to the right ventricle.

C. The circumflex branch of the left coronary artery
may be damaged by the bullet as it runs down the
anterior surface of the heart.

D. The chordae tendineae of the anterior cusp of the
tricuspid valve could be injured.

A 5-year-old boy was seen in the emergency room fol-
lowing an attack of breathlessness during which he had
lost consciousness. The mother, on questioning, said
that her child had had several such attacks before and
sometimes his skin had become bluish. Recently she
had noticed that he breathed more easily when he was
playing in a squatting position; he also seemed to sleep
more easily with his knees drawn up. On physical ex-
amination, the child was found to be thinner and
shorter than normal. His lips were cyanotic, and his fin-
gers and toes were clubbed. A systolic murmur was
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present along the left border of the sternum, and the
heart was considerably enlarged to the right. An exten-
sive workup, including angiography, demonstrated
tetralogy of Fallot.

Using your knowledge of cardiac development, criti-
cally read the following observations made in this case
and determine the one that is incorrect.

A. The systolic murmur heard along the left border of
the sternum was caused by the pulmonary stenosis.

B. A right-to-left shunt of blood occurs through the
large ventricular septal defect.

C. The aortic blood is poorly oxygenated resulting in
the impaired growth of the child, the cyanosis of the
lips, and the clubbing of the fingers and toes

D. Maintaining the squatting position during play and
sleeping with the knees drawn up increases the pe-
ripheral resistance in the systemic circulation and
decreases the right-to-left shunt through the ventric-
ular septum.

E. Ifthe patienthad alarge ductus arteriosus as well as the
tetralogy of Fallot, the cyanosis would be much worse.

A 43-year-old woman was seen in the emergency de-
partment complaining of a severe localized pain over
the left side of the chest. She stated that the pain started
quite suddenly, about 1 hour previously, when she was
reaching for a book on a high shelf. On further ques-
tioning she disclosed that she had been sailing with her

D is the correct answer. The afferent pain fibers from
the heart enter the spinal cord via the posterior nerve
roots of the upper four thoracic spinal nerves.

. Bis the correct answer. The best location to place your

stethoscope on the chest wall to hear the aortic valve is

the medial end of the second right intercostal space (see
CD Fig. 4-2).

. B is the correct answer. The knife had pierced the an-

terior wall of the right ventricle.

E is the correct answer. The left lateral margin of the
pericardium had ruptured, injuring the left phrenic
nerve; this resulted in the paralysis of the left dome of
the diaphragm and the diminished breathing heard
over the lower lobe of the left lung.

. C is the correct answer. The anterior interventricular

(descending) branch of the left coronary artery is the
most likely artery to be damaged in such a wound
through the frontal surface of the chest.

husband the previous day and that they had been
caught in a storm. She described the pain as a continu-
ous dull ache that was made worse by taking deep
breaths and using the left arm. She indicated that the
pain was localized over the sixth left costal cartilage
about 2 in. to the left of the sternum, which corre-
sponded to an area of tenderness over the sixth left cos-
tochondral junction.

. The following possible conditions could explain the se-

vere chest pain. Choose the most likely diagnosis based

on your knowledge of anatomy.

A. Myocardial infarction

B. Lobar pneumonia of the left lung

C. Tearing of muscle fibers in the chest wall, possibly
the serratus anterior muscle

D. Separation of the sixth left costochondral joint or an
acute costochondritis

E. Leftsided pleurisy

. The following anatomic structures are penetrated by a

needle when performing a pericardiocentesis except

which?

A. Skin and subcutaneous tissue

B. The aponeuroses of the external and internal
oblique muscles

C. The left parietal and visceral layers of pleura

D. The rectus abdominis muscle

E. The diaphragm and fibrous pericardium

Answers and Explanations

6. E is the correct answer. The tetralogy of Fallot consists

of the following: (1) a large ventricular septal defect, (2)
a stenosis of the pulmonary trunk or the pulmonary
valve, (3) an exit of the aorta that lies immediately above
the ventricular septal defect and thus communicates
with both ventricles, and (4) a right ventricular hyper-
trophy secondary to the ventricular septal defect and
pulmonary stenosis. Should the child have a large
patent ductus arteriosus, cyanosis is reduced to a mini-
mum. This is because a large patent ductus allows aor-
tic blood to enter the pulmonary trunk distal to the
stenosis of the pulmonary artery or valve and, in this
way, enables the blood to enter the pulmonary circula-
tion for oxygenation.

. D is the correct answer. Separation of the sixth left

costochondral joint or an acute costochondritis can be
extremely painful conditions. The injury must have oc-
curred when the patient was pulling on the ropes of the
sailing boat during the storm on the previous day. The



joint is innervated by the sixth intercostal nerve and the
pain is localized over the affected joint. This case is a
good example of somatic pain that may be intense and
localized, in contradistinction to visceral pain, which is
diffuse and poorly localized.

. Cis the correct answer. By placing the needle correctly
in the angle between the xiphoid process and the left
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costal margin and directing the tip of the needle up-
ward, backward, and to the left toward the left shoulder,
the left pleura is not pierced. By passing the needle
through the cardiac notches of the left lungs and pleura
both these structures are avoided (see CD Fig. 4-5).
Entry of the needle into the pleural cavity produces a
pneumothorax or hydropneumothorax.
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The Aorta

Ascending Aorta and the Pericardium

The entire ascending aorta lies within the pericardial sac.
Consequently, tear or rupture of this part of the aorta results
in a massive outpouring of blood into the pericardial cavity,
producing cardiac tamponade.

Aneurysm of the Arch of the Aorta

The arch of the aorta lies behind the manubrium sterni. A
gross dilatation of the aorta (aneurysm) may show itself as a
pulsatile swelling in the suprasternal notch.

Coarctation of the Aorta

Coarctation of the aorta is a congenital narrowing of the aorta
just proximal, opposite, or distal to the site of attachment of
the ligamentum arteriosum (CD Fig. 5-1). Clinically, the
cardinal sign of aortic coarctation is absent or diminished
pulses in the femoral arteries of both lower limbs. To com-
pensate for the diminished volume of blood reaching the
lower part of the body, an enormous collateral circulation
develops, with dilatation of the internal thoracic, subclavian,
and posterior intercostal arteries. The dilated intercostal
arteries erode the lower borders of the ribs, producing char-
acteristic notching, which is seen on radiographic examina-
tion. The condition should be treated surgically.

Trauma to the Aorta in the Thorax
Deceleration Injuries

The heart is suspended from the aorta much like a weight
attached to the end of a curved piece of flexible tubing.
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CD Figure 5-1 Coarctation of the aorta.

In horizontal deceleration injuries the movement of
the body is suddenly stopped and the heart continues to
move forward within the pericardial sac. The descending
thoracic aorta from the point of origin of the left subclavian
artery onward is firmly attached to the vertebral column by
connective tissue and pleura. As the heart continues to
move forward on body impact, the curve of the arch of the
aorta is slightly straightened and the vessel shears just distal
to the origin of the left subclavian artery. The aorta may be
completely transected and be accompanied by a massive
hemorrhage. If the trauma to the aorta is less, a tear may
occur in the aortic wall, leaving the more resilient outer
connective tissue coat intact. Blood then dissects between
the layers of the aortic wall, producing a false aneurysm.

In vertical deceleration injuries, as in falls from a
height, the violent pull of the heart on the end of the aortic
arch causes a tear in the inner coat of the aortic wall at the
root of the ascending aorta. If rupture of the ascending aorta
should ensue, the aortic blood would burst into the pericar-
dial sac, causing immediate cardiac tamponade. The
ascending aorta together with the pulmonary trunk is sur-
rounded only by a thin sleeve of serous pericardium and by
the fibrous pericardium. Once the sleeve of serous peri-
cardium gives way, the blood enters the pericardial cavity,
causing cardiac tamponade. Most of these injuries are fatal.

Penetrating Injuries of the Aorta

Penetrating vascular injuries are likely to occur when the
entrance and exit wounds are on opposite sides of the chest,
indicating that the bullet has crossed the midline of the
chest. Penetrating injuries involving blood vessels and not
the heart have the highest mortality when they occur in the
superior mediastinum; here the aortic arch gives rise to its
major branches, and the superior vena cava and brachio-
cephalic veins are present.
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The Descending Thoracic Aorta and the
Esophagus in Posterior Thoracotomy

The relationship of the aorta and the esophagus in the pos-
terior mediastinum is important when distinguishing
between these structures when performing an emergency
thoracotomy.

The Descending Thoracic Aorta and
Left Hemothorax

The close relationship of the descending thoracic aorta to
the left pleura and lung means that rupture of the aorta may
occur into the left pleural cavity, producing a massive
hemothorax.

Aortic Dissection

This is the most serious and difficult form of aortic disease
to treat (CD Fig. 5-2). Degeneration of the tunica media
of the aortic wall is believed to be the basic cause, and the
condition is associated with a history of hypertension in the
majority of patients. Marfan’s disease can also be responsi-
ble for the degeneration. Hemorrhage occurs through the
tunical intima and extends as an expanding hematoma
between the middle and outer thirds of the tunica media.
The initial tear may occur anywhere along the thoracic
aorta. Type A (proximal dissection) involves the ascend-
ing aorta or ascending and descending aorta (see CD Fig.
5-2). Type B (distal dissection) does not involve the
ascending aorta and usually begins distal to the left subcla-
vian artery. The clinical signs and symptoms will depend
on the type of aneurysm present and the extent of distal
propagation.

The sudden onset of excruciating, sharp, tearing pain
localized to the front or the back of the chest and back is a
typical presenting symptom. It must be assumed that the
pain impulses originate in the aortic wall, ascend to the
central nervous system along with the sympathetic nerves,
and enter the spinal cord through the posterior roots of the
segmental spinal nerves. The pain is then referred along
the somatic spinal nerves of the same segments. The num-
ber of dermatomes involved will depend on the extent of
the dissection. If the dissection continues to spread distally,
the pain may be felt segmentally in the abdomen, lower
back, and legs.

An aneurysm of the ascending aorta has the highest
mortality since it may rupture into the pericardial cavity, pro-
ducing immediate cardiac tamponade; it may rupture into
the mediastinum or pleural cavities; it may extend into the
coronary arteries, causing occlusion; or it may extend to
the aortic valve, producing acute aortic incompetence.
Involvement of the brachiocephalic, left common carotid, or
left subclavian arteries at their origin from the aortic arch may
give rise to symptoms of cerebral ischemia or upper limb
ischemia.
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An aneurysm of the descending thoracic aorta can rup-
ture into the pleural cavity on the left side. If the dissection
progresses distally to involve the abdominal aorta, occlusion
of the mesenteric arteries could result in bowel infarction,
and occlusion of the renal arteries could result in renal
failure. Ischemic necrosis of the spinal cord resulting in para-
plegia could follow blockage of the posterior intercostal
arteries arising from the thoracic aorta or the lumbar arteries
arising form the abdominal aorta.

Rupture of the aneurysm below the diaphragm may
produce catastrophic retroperitoneal hemorrhage.

The Pulmonary Irunk

Penetrating Injuries of the Pulmonary
Trunk

Any missile injury with entry or exit wounds close to the
manubrium sterni may damage the pulmonary trunk or any
other vessel in the superior mediastinum, Remember that
the pulmonary trunk and the ascending aorta together are
surrounded by a sheath of serous pericardium within the
fibrous pericardium (see text Fig. 4-21), so that hemorrhage

CD Figure 5-2 Aortic dissec-
tion. Type A (proximal dissec-
tion) involves the ascending
aorta or ascending and descend-
ing aorta. Type B (distal dissec-

/‘ (\ tion) does not involve the
ascending aorta.

into the pericardial cavity from either of these vessels could
result in cardiac tamponade.

Pulmonary Artery (Swan-Ganz)
Catheterization

The pulmonary artery catheter is used to assess left and right
ventricular function, measure pulmonary artery and right and
left atrial pressures, measure cardiac output, and take samples
of right atrial and pulmonary arterial blood.

The catheter is introduced through the right internal
jugular vein, right subclavian vein, right basilic vein, or the
femoral vein. The catheter is advanced into the right atrium
through the tricuspid valve into the right ventricle (CD Fig.
5-3). The balloon is advanced into the pulmonary trunk and
then into the left pulmonary artery.

Pulmonary Embolism

In the great majority of patients, the pulmonary emboli arise
from a thrombosis in the large deep veins of the lower
extremity, especially from the femoral veins, and from the
internal iliac veins in the pelvis. Thromboses in the veins of
the calf muscles following prolonged immobility, such as
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CD Figure 5-3 Pulmonary artery (Swan-Ganz) catheterization. A. The catheter has been
introduced through the right internal jugular vein (posterior approach). B. Diagram show-
ing the course taken by the catheter through the right side of the heart into the pulmonary

trunk and the left pulmonary artery.

commonly occurs in long-distance plane flights, may be the
origin of pulmonary emboli.

EMBRYOLOGIC NOTE

Detailed Development of the Large Arteries
of the Thorax and the Ductus Arteriosus

The truncus arteriosus, which is the distal part of the
bulbus cordis (CD Fig. 5-4) is continuous beyond the peri-
cardium with a large vessel called the aortic sac. This sac
gives off two branches, each of which runs dorsally in the
first pharyngeal arch on each side in the developing em-
bryo. The branches then pass caudally in the posterior
wall of the embryo as the two dorsal aortae. Five addi-
tional arteries now join the aortic sac to the dorsal aortae
(see CD Fig. 5-4). Meanwhile, the two dorsal aortae fuse
throughout much of their lengths to form the descend-
ing thoracic aorta and the abdominal aorta.

The ascending aorta below the right pulmonary
artery and the main pulmonary trunk are derived from the
truncus arteriosus (see CD Fig. 5-4). The aorta, from the
level of the right pulmonary artery up to the level of the left
common carotid artery, is derived from the aortic sac.

The brachiocephalic artery also is formed from
the aortic sac. The remainder of the arch of the aorta is
formed from the left fourth aortic arch artery and the left
dorsal aorta (see CD Fig. 5-4).

The fourth right aortic arch artery becomes the root
of the right subclavian artery, which also is derived in
sequence from a small part of the right dorsal aorta and
the right seventh segmental artery.

The third aortic arch artery on both sides becomes
the common carotid artery; this sends off a bud of
mesenchyme that becomes the external carotid
artery. The remainder of the third aortic arch artery and
part of the dorsal aorta form the internal carotid artery
on each side.
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CD Figure 5-4 The formation and fate of the aortic arch arteries.

The first, second, and fifth aortic arch arteries
disappear completely. The right and left pulmonary
arteries are formed from the sixth aortic arch arteries.
The distal part of the right sixth aortic arch artery
disappears, while the remainder of the left sixth aortic
arch artery becomes the important ductus arteriosus,
which after birth becomes the ligamentum arte-
riosum.

The descending thoracic aorta below the level of
the fourth thoracic vertebra is formed from the fusion of
the dorsal aortae (see CD Fig. 5-4).

Congenital Anomalies

Patent Ductus Arteriosus
The ductus arteriosus represents the distal portion of the
sixth left aortic arch and connects the left pulmonary
artery to the beginning of the descending aorta (see CD
Fig. 5-4). During fetal life, blood passes through it from
the pulmonary artery to the aorta, thus bypassing the
lungs. After birth, it normally constricts, later closes, and
becomes the ligamentum arteriosum.

Failure of the ductus arteriosus to close may occur as
an isolated congenital abnormality or may be associated

with congenital heart disease. A persistent patent ductus
arteriosus results in high-pressure aortic blood passing
into the pulmonary artery, which raises the pressure
in the pulmonary circulation. A patent ductus arteriosus
is life threatening and should be ligated and divided
surgically.

Coarctation of the Aorta

Coarctation of the aorta is a congenital narrowing of the
aorta just proximal, opposite, or distal to the site of attach-
ment of the ligamentum arteriosum (see CD Fig. 5-1). This
condition is believed to result from an unusual quantity of
ductus arteriosus muscle tissue in the wall of the aorta.
When the ductus arteriosus contracts, the ductal muscle in
the aortic wall also contracts, and the aortic lumen be-
comes narrowed. Later, when fibrosis takes place, the aor-
tic wall also is involved, and permanent narrowing occurs.

Double Aorta and Right Aortic Arch

Anomalies involving double parts of the arterial system
are rare conditions that result from the persistence of
aortic arch arteries, which normally disappear. In the
case of the right aortic arch, the development of the left
arch does not take place.
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Penetrating Injuries

As has been emphasized before with arterial injuries, the
highest mortality can occur in penetrating injuries in the re-
gion of the superior mediastinum. Behind the manubrium
sterni lie not only the aortic arch and its large branches but
also the right and left brachiocephalic veins and the superior
vena cava. Moreover, the thoracic cage may hide the extent
of the bleeding, which may take place entirely within the
thoracic cavity. The cage also renders the veins relatively
inaccessible to the operating physician.

Migrating Bullets

Bullets entering a large artery or vein may migrate with the
blood from their site of entrance. Bullets in the aorta can
migrate to the distal branches until they become wedged,
causing blockage and ischemia. In the same manner, a
bullet entering a pulmonary vein can migrate to the left
atrium and left ventricle and enter the systemic circulation.
Abullet entering the superior vena cava can migrate into the
right atrium and right ventricle and enter the pulmonary
circulation. Paradoxic movement of bullets through a
patent atrial septum has been reported.

ouperior Vena Lava or
Hrachiocephalic Vein
Ihrombosis

This condition usually results from compression of the veins
by tumors in the superior mediastinum; enlarging lymph
node metastases secondary to a bronchial carcinoma is a
common cause. Venous blockage results in engorgement of
the veins of the head and neck.

[mportant Connections between
the Superior and Inferior Venae
Lavae

In obstruction of the superior or inferior venae cavae, the
azygos veins provide an alternative pathway for the return of
venous blood to the right atrium of the heart. This is possi-
ble since these veins and their tributaries connect the supe-
rior and inferior venae cavae (CD Fig. 5-5).

N
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EMBRYOLOGIC NOTE

Fetal Circulation and Changes in Fetal
Circulation at Birth

Fetal Circulation

Starting at the placenta, the fetal blood may be traced in
the circulation as follows:

Having circulated through the capillaries of the pla-
cental villi, the fetal blood returns through the umbilical
vein to the fetus about 80% saturated with oxygen and
containing many important nutrients, antibodies, and
hormones (CD Fig. 5-6). The oxygenated blood then
passes toward the liver. However, the greater volume of
it bypasses the liver, since this organ is not fully func-
tioning, and travels to the inferior vena cava by way of
the ductus venosus. The remainder is distributed to the
liver sinusoids by offshoots of the umbilical vein, and this
in turn passes to the inferior vena cava by the hepatic
veins. At the same time, the ductus venosus receives
poorly oxygenated blood from the gut by way of the left
branch of the portal vein. In addition, the inferior vena
cava already contains venous blood from the lower part
of the trunk and the lower limbs of the fetus. As a conse-
quence of this admixture of blood from these various
sources, the inferior vena cava contains blood about 67%
saturated with oxygen.

Before considering the further passage of the fetal
blood, it is necessary to examine the anatomic arrange-
ment of the inferior vena cava and its relationship with
the right and left atria in the fetal heart (CD Fig. 5-7). In the
fetus, the opening of the inferior vena cava into the right
atrium lies directly opposite the foramen ovale. Thus,
blood entering the heart through the inferior vena cava is
directed through the foramen ovale and enters the left
atrium. This process is assisted by the presence of the
valve of the inferior vena cava.

The nutritious oxygenated fetal blood, on reaching
the foramen ovale, is divided into two streams by the
crista dividens, which is the lower margin of the sep-
tum secundum. The greater volume of blood enters the
left atrium, and the remainder, joined by venous blood
from the superior vena cava and coronary sinus, passes
from the right atrium into the right ventricle.

The oxygenated blood in the left atrium is joined by
a relatively small volume of blood from the nonaerated
fetal lungs. The left atrial blood then passes into the left
ventricle and out into the aorta. The oxygen saturation of
this blood is about 62%. This is distributed chiefly to the
arteries of the head, neck, and upper extremities. Thus, it
is apparent that blood that is richer in oxygen and nutri-
ents is transported to the cephalic region rather than the
caudal regions of the fetus.
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Meanwhile, the right ventricular blood passes into
the pulmonary trunk. Only a small portion of this passes
into the unexpanded lungs, since the vascular resistance
is high. Most of the blood bypasses the lungs by being
directed through the wide channel, the ductus arterio-
sus, into the descending thoracic aorta (see CD Fig. 5-6).

The now relatively poor oxygenated blood passes
down the descending thoracic and abdominal aortae and
supplies the thoracic and abdominal viscera and lower
limbs. The fetal blood, which by this time is loaded with
waste products of metabolism and carbon dioxide, then
returns to the placenta through the right and left umbili-
cal arteries, where the waste products and carbon
dioxide are eliminated and oxygen is picked up. The cir-
culatory cycle then is repeated.

superior rectal vein

middle rectal vein

inferior rectal vein

superior vena cava

hemiazygos veins

\ inferior vena cava

11 lumbar veins

inferior mesenteric
vein ascending to
portal vein CD Figure 5-5 The possible col-
lateral circulations of the superior
and inferior venae cavae. Note the
alternative pathways that exist for
blood to return to the right atrium
of the heart if the superior vena
cava becomes blocked below the
entrance of the azygos vein (upper
black bar). Similar pathways exist
if the inferior vena cava becomes
blocked below the renal veins
(lower black bar). Note also the
connections that exist between the
portal circulation and systemic
veins in the anal canal.

internal iliac vein

Changes in Fetal Circulation at Birth

Immediately after birth the umbilical cord is tied,
thus severing the placental extension of the fetal
circulation.

PHYSIOLOGIC NOTE

Blood Flow in the Umbilical Cord after
Delivery

In cases in which the umbilical cord is not tied, the blood
flow may continue for several minutes after delivery,
although at a rapidly decreasing rate. A number of fac-
tors may contribute to this diminishing flow, including (1)
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‘ ductus arteriosus

pulmonary trunk

abdominal aorta

umbilical arteries

CD Figure 5-6 Fetal circulation. R.A. = right atrium, R.V. = right ventricle, L.A. = left

atrium, L.V. = left ventricle.

the contraction of the uterus and the effect of this on the
placental attachment and (2) constriction of the umbilical
vessels as the result of mechanical stimulation or the
presence in the fetal circulation of catecholamines. The
fetal blood volume may be increased by as much as 100
mL if the tying of the cord is delayed. However, it gener-
ally is agreed that there is no advantage in delaying the
tying beyond a minute after delivery.

The interruption of umbilical flow when the cord is tied
results in animmediate fall in blood pressure in the inferior
vena cava. This fact, coupled with the increased left atrial
pressure from the increased pulmonary blood flow, causes
the foramen ovale to close (CD Fig. 5-8). From that moment
onward the valve of the foramen ovale is kept closed by the
hemodynamic changes, and within a few days of birth the
valve becomes attached to the edge of the foramen ovale.
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The diminished pulmonary vascular resistance asso-
ciated with inflation of the lungs cause the direction of
flow (from right to left) through the ductus arteriosus
to be changed to the neonatal route of left to right. The
ductus arteriosus constricts as a reaction of its muscle
to the raised oxygen tension. It later closes and becomes
the ligamentum arteriosum. One week after birth its
lumen is 2 mm or less in diameter, and by the end of the
first month it usually has closed (see CD Fig. 5-8). In ad-
dition, the wall of the ductus venosus contracts and the
lumen is closed. Later the ductus becomes fibrosed to
form the ligamentum venosum.

Llinical Problem Solvine

Read the following case histories/questions and give
the best answer for each.

1. A l6-year-old girl, on examination in the doctor’s of-
fice, was found to have absent pulses in both femoral
arteries. In addition, her blood pressure was higher
in both upper limbs than in both lower limbs.
An anteroposterior radiograph of the chest showed
notching of the necks of the upper ribs on both sides.
What is your diagnosis? Why is there notching of the
ribs?

2. Name the common sites on the thoracic aorta where
damage occurs in blunt trauma. Between 80% and 90%
of such injuries result in immediate death. Explain in
anatomic terms the path commonly taken by the escap-
ing blood in cases of traumatic rupture of the thoracic
aorta. Name the tissues that can sometimes temporarily
control the leak, thus permitting the patients to be taken
to the emergency department alive.

3. A 56-year-old man was seen in the emergency depart-
ment complaining of swelling of both arms. On
questioning, he said that he first noticed that his hands

Answers and Fxplanations

1. Coarctation of the aorta is a narrowing of the aorta just
proximal, opposite, or distal to the site of attachment of
the ligamentum arteriosum. It is believed to result from
the presence of an unusual quantity of ductus arteriosus
muscle tissue incorporated in the wall of the aorta.
When the ductus arteriosus contracts after birth, the
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PHYSIOLOGIC NOTE

The Heart in the Newborn

The heart in the newborn is relatively large and is higher
in the thorax and in a more horizontal position than it is
in later life. The pulse rate is rapid, with an average of 130
beats per minute. The rate may rise considerably with
crying and fall to around 80 during sleep. The peripheral
circulation initially is slow in the newborn. The hands and
feet may be cold and slightly cyanotic for the first few
hours after birth.

were swollen 3 weeks earlier. He admitted being a heavy
smoker and had on several occasions coughed up blood-
stained sputum. On examination, his face looked putty,
especially around the eyes. Pitting edema was present in
both the upper limbs, the face, and the neck. With the
patient in the recumbent position, numerous dilated su-
perficial veins were seen over the chest wall and ab-
domen. Later a chest radiograph revealed a large opac-
ity in the upper lobe of the right lung. A diagnosis of ad-
vanced bronchogenic carcinoma of the right upper lobe
was made. Can you explain the presence of edema in
both the upperlimbs, the face, and the neck? Whatis the
cause of the dilated superficial veins of the chest and ab-
dominal walls? Is there normally communication be-
tween the main veins draining the upper part of the body
and those draining the lower half of the body?

4. A fourth-year medical student was asked by a pediatri-
cian what factors are responsible for the closure of the
foramen ovale in the atrial septum at birth. The student
also was asked if oxygenated or deoxygenated blood nor-
mally passes through the foramen ovale during fetal
life. How would you answer these questions?

ductus muscle in the aortic wall also contracts and the
aortic lumen becomes narrowed. Later, fibrosis occurs
and permanent narrowing takes place. The notching of
the lower borders of the ribs is caused by the opening up
of the collateral circulation through the subclavian, in-
ternal thoracic, and posterior intercostal arteries to carry
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blood from above the coarctation to the distal part of
the aorta ; it is the dilated posterior intercostal arteries
that notch the ribs.

. Blunt traumatic injury to the thoracic aorta involving

horizontal deceleration occurs most commonly just dis-
tal to the origin of the left subclavian artery. This site is
vulnerable since the heart and the aortic arch are mobile
and the descending aorta is fixed. Sudden vertical de-
celeration, as in a fall, may result in an intimal tear at the
root of the ascending aorta; the momentum of the heart
filled with blood is sufficient to produce the tear.

Rupture of the ascending aorta occurs into the pericar-
dial cavity, producing immediate cardiac tamponade
and death. Rupture of the descending thoracic aorta
frequently occurs into the left pleural cavity. The tear
initially occurs in the tunica intima; the tunica media
and adventitia and the surrounding connective tissue
and the pleura may delay the complete rupture or tem-
porarily control the leak. If untreated, delayed rupture
and death usually occur in these cases within 2 weeks.

. The swelling of both upper extremities and the head

and neck, caused by edema, and the engorgement of
the superficial veins of the chest and abdominal walls

clearly indicate the presence of a superior vena caval
obstruction. This obstruction was caused by the ex-
panding metastases in the mediastinal lymph nodes
secondary to the bronchogenic carcinoma. The dilated
superficial veins included the lateral thoracic vein, a
tributary of the axillary vein; lumbar veins, tributaries
of the inferior vena cava; and the superficial epigastric
vein, a tributary of the great saphenous vein of the leg
that drains into the femoral vein. These venous chan-
nels provide an alternative pathway in superior vena
caval obstruction, permitting superior vena caval blood
to return to the heart via the inferior vena cava. The
superior vena cava normally communicates with the
inferior vena cava through the azygos veins. However,
in this case the tumor was pressing on the superior vena
cava proximal to the entrance of the azygos vein.

. 'The foramen ovale is closed after birth by the valve-like

flap formed by the lower part of the septum primum
pressing against the septum secundum and fusing with it.
This takes place as a result of a rise in blood pressure in
the left atrium, which occurs once the child takes a deep
breath and the pulmonary circulation is established.
During fetal life, oxygenated blood passes through the
foramen ovale from the right atrium to the left atrium..
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LARGE ARTERIES
UF THE HEAL ANIJ
NELh

laking the Caratid Pulse

The bifurcation of the common carotid artery into the in-
ternal and external carotid arteries (see text Figs. 6-1 and
6-3) can be easily palpated just beneath the anterior border
of the sternocleidomastoid muscle at the level of the supe-

N
NN

rior border of the thyroid cartilage. This is a convenient site
to take the carotid pulse.

Larotid Hinus Sensitivity

In cases of carotid sinus hypersensitivity, pressure on one or
both carotid sinuses can cause excessive slowing of the heart
rate, a fall in blood pressure, and cerebral ischemia with
fainting.

Facial Artery Pulse

The facial artery (see text Fig. 6-1), as it winds around the
lower margin of the mandible level with the anterior border



of the masseter, is commonly used by the anesthetist to take
the patient’s pulse.

lemporal Artery Pulse

The superficial temporal artery, as it crosses the zygomatic
arch in front of the ear (see text Fig. 6-1), can also be used
by the anesthetist to take the patient’s pulse.

Middle Meningeal Artery and

Extradural Hemorrhage

Extradural hemorrhage results from injuries to the
meningeal arteries or veins. The most common artery to be
damaged is the anterior division of the middle meningeal
artery (CD Fig. 6-1). A comparatively minor blow to the side
of the head, resulting in fracture of the skull in the region of
the anteroinferior portion of the parietal bone, may sever the
artery. The arterial or venous injury is especially liable to
occur if the artery and vein enter a bony canal in this region.
Bleeding occurs and strips up the meningeal layer of dura
from the internal surface of the skull. The intracranial
pressure rises, and the enlarging blood clot exerts local

central sulcus

parietal
eminence
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pressure on the underlying motor area in the precentral
gyrus. Blood may also pass outward through the fracture line
to form a soft swelling under the temporalis muscle.

To stop the hemorrhage, the torn artery or vein must be
ligated or plugged. The burr hole through the skull wall
should be placed about 1 to 1.5 in. (2.5 to 4 cm) above the
midpoint of the zygomatic arch (CD Fig. 6-2).

Atherosclerosis of the Larotid
Arteries and Neurologic [njury

Approximately 70% of strokes are caused by extracranial ar-
teriosclerosis of the carotid and/or vertebral arteries. In the
carotid arteries the atherosclerotic thromboses usually form
slowly in the distal part of the common carotid and the first
parts of the external and internal carotid arteries. The result
isa diminished blood flow to the central nervous system. Less
commonly, emboli, formed of fragments of plaques or blood
clots, are carried distally to lodge in the ipsilateral central
artery of the retina or in the smaller branches of the middle
cerebral artery. Such a situation could produce the classic
syndrome of ipsilateral blindness and contralateral hemiple-
gia, although it is unusual to have both at the same time.

motor area of cerebral cortex
trunk
head

pterion

anterior branch of
middle meningeal artery

Lnasion

cerebellum :
mastoid

process

- baseline
d [~
external occipital wf
protuberance ; J\/\\J\/M//
0

zygomatic
arch

CD Figure 6-1 Surface landmarks on the right side of the head. The relations of the mid-
dle meningeal artery and the brain to the surface of the skull are shown.
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tragus
of ear

Penetrating Neck [njuries to the
Larotid Arteries

Hemorrhage may be severe, with consequent hypotension
or shock. An enlarging hematoma may press on the larynx
or trachea, compromising the airway. Injuries to the internal
carotid artery are usually associated with a central neuro-
logic deficit. Injuries to the common carotid arteries are less

site of
of burr hole

anterior branch of
middle meningeal
artery

blood clot
lying between
endosteal layer
and meningeal
layer of dura

CD Figure 6-2 A. Surface
landmarks for a temporal burr
hole. B. The vertical incision
passes through the temporalis
muscle down to bone. The
middle meningeal artery lies
between the endosteal and
meningeal layers of dura and is
embedded in the endosteal
layer of dura or lies in a bony
tunnel.

zygomatic
arch

likely to cause neurologic problems, provided there is ade-
quate collateral circulation through the external carotid
arteries and their branches.

Aneurysms of the Uarotid Arteries

Aneurysms of the carotid arteries in the neck are rare and are
usually caused by arteriosclerosis. They are commonly located
at the bifurcation of the common carotid artery. Expansion of



the aneurysm may create pressure on the vagus nerve (causing
hoarseness), glossopharyngeal nerve (causing dysphagia), or
hypoglossal nerve (causing weakness of the tongue); pressure
on the sympathetic trunk as it lies behind the carotid sheath
may cause Horner’s syndrome. Rupture of the aneurysm re-
sulting in hemorrhage may exert pressure on surrounding
structures and compromise the airway (see text Fig. 6-5).

Lerebral Circulation and the Lircle

of Willis

The circle of Willis allows blood that enters by either internal
carotid or vertebral arteries to be distributed to any part of
both cerebral hemispheres. The arterial circle permits the
blood to flow across the midline, as shown when the internal
carotid or vertebral artery on one side is blocked by disease.

Lompression of the Subclavian
Artery and the Hrachial Plexus at
the Hoot of the Nech

At the root of the neck, the brachial plexus and the subcla-
vian artery enter the posterior triangle through a narrow
muscular-bony triangle (see text Fig. 6-2). The boundaries
of the narrow triangle are formed in front by the scalenus
anterior, behind by the scalenus medius, and below by the
first rib. In the presence of a cervical rib, the first thoracic
nerve and the subclavian artery are raised and angulated as
they pass over the rib. Partial or complete occlusion of the
artery causes ischemic muscle pain in the arm, which is
worsened by exercise. Rarely, pressure on the first thoracic
nerve causes symptoms of pain in the forearm and hand and
wasting of the small muscles of the hand.

Lerebravascular isease

Cerebral Ischemia

Unconsciousness occurs in 5 to 10 seconds if the blood flow
to the brain is completely cut off. Irreversible brain damage
with death of nervous tissue rapidly follows complete arrest
of cerebral blood flow. It has been estimated that neuronal
function ceases after about 1 minute and that irreversible
changes start to occur after about 4 minutes, although this
time may be longer if the patient’s body has been cooled.

[nternal Thoracic Artery and
Loranary Hypass Uperations

In patients with occlusive coronary disease caused by ather-
osclerosis, the diseased arterial segment can be bypassed by
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inserting a graft. The graft most commonly used is the great
saphenous vein of the leg. In some patients, the my-
ocardium can be revascularized by surgically mobilizing
one of the internal thoracic arteries (see text Fig. 6-2) and
joining its distal cut end to a coronary artery.

Palpation and Compression of the
bubclavian Artery in Patients
with Upper Limb Hemorrhage

In severe traumatic accidents to the upper limb involving
laceration of the brachial or axillary arteries, it is important
to remember that the hemorrhage can be stopped by ex-
erting strong pressure downward and backward on the
third part of the subclavian artery (see text Fig. 6-2). The
use of a blunt object to exert the pressure is of great help,
and the artery is compressed against the upper surface of
the first rib.

N VEINa OF THE
== HEAI) ANIJ NELh

The Sigmoid ainus and Infection
from the Mastoid Antrum

Infection of the mastoid antrum of the ear may spread
to the sigmoid venous sinus, causing thrombosis and
septicemia.

Cavernous Sinus Thrombosis and
Facial Infection

The area of facial skin bounded by the nose, the eye,
and the upper lip is a potentially dangerous zone to
have an infection. For example, a boil in this region can
cause thrombosis of the facial vein, with spread of
organisms through the inferior ophthalmic veins to
the cavernous sinus. The resulting cavernous sinus
thrombosis may be fatal unless adequately treated with
antibiotics.

apread of Sealp Infections and
the Emissary Veins

Infections of the scalp tend to remain localized and are
usually painful because of the fibrous tissue in the subcu-
taneous layer. Occasionally, an infection of the scalp



94 Chapter 6

spreads by the emissary veins (see text Fig. 6-8), which are
valveless, to the skull bones, causing osteomyelitis. Infected
blood in the diploic veins may travel by the emissary veins
farther into the venous sinuses and produce venous sinus
thrombosis.

Visihility of the External
Jugular Vein

The external jugular vein is less obvious in children and
women because their subcutaneous tissue tends to be
thicker than the tissue of men. In obese individuals, the vein
may be difficult to identify even when they are asked to hold
their breath, which impedes the venous return to the right
side of the heart and distends the vein.

The superficial veins of the neck tend to be enlarged
and often tortuous in professional singers because of pro-
longed periods of raised intrathoracic pressure.

Ihe External Jugular Vein as a
Venous Manameter

The external jugular vein serves as a useful venous manome-
ter. Normally, when the patient is lying at a horizontal angle
of 30°, the level of the blood in the external jugular veins
reaches about one third of the way up the neck. As the pa-
tient sits up, the blood level falls until it is no longer visible
behind the clavicle.

External Jugular Vein
Latheterization

The external jugular vein can be used for catheterization,
but the presence of valves or tortuosity may make the
passage of the catheter difficult. Because the right exter-
nal jugular vein is in the most direct line with the supe-
rior vena cava, it is the one most commonly used (CD
Fig. 6-3).

The vein is catheterized about halfway between the
level of the cricoid cartilage and the clavicle. The passage of
the catheter should be performed during inspiration when
the valves are open.

Penetrating Wounds of the
[nternal Jugular Vein

The hemorrhage of low-pressure venous blood into the
loose connective tissue beneath the investing layer of deep
cervical fascia may present as a large, slowly expanding
hematoma. Air embolism is a serious complication of a

lacerated wall of the internal jugular vein. Because the wall
of this large vein contains little smooth muscle, its injury is
not followed by contraction and retraction (as occurs with
arterial injuries). Moreover, the adventitia of the vein wall is
attached to the deep fascia of the carotid sheath, which hin-
ders the collapse of the vein. Blind clamping of the vein is
prohibited because the vagus and hypoglossal nerves are in
the vicinity.

[nternal Jugular Vein
Latheterization

The internal jugular vein is remarkably constant in position.
It descends through the neck from a point halfway between
the tip of the mastoid process and the angle of the jaw to the
sternoclavicular joint. Above, it is overlapped by the anterior
border of the sternocleidomastoid muscle, and below, it is
covered laterally by this muscle. Just above the sternoclavic-
ular joint the vein lies beneath a skin depression between
the sternal and clavicular heads of the sternocleidomastoid
muscle. In the posterior approach, the tip of the needle and
the catheter are introduced into the vein about two finger-
breadths above the clavicle at the posterior border of the
sternocleidomastoid muscle (CD Fig. 6-4). In the anterior
approach, with the patient’s head turned to the opposite
side, the triangle formed by the sternal and clavicular heads
of the sternocleidomastoid muscle and the medial end of
the clavicle are identified. A shallow skin depression usually
overlies the triangle. The needle and catheter are inserted
into the vein at the apex of the triangle in a caudal direction

(see CD Fig. 6-4).

Gubclavian Vein Thrombosis

Spontaneous thrombosis of the subclavian and/or axillary
veins occasionally occurs after excessive and unaccustomed
use of the arm at the shoulder joint. The close relationship
of these veins to the first rib and the clavicle and the possi-
bility of repeated minor trauma from these structures is
probably a factor in its development.

Secondary thrombosis of subclavian and/or axillary
veins is a common complication of an indwelling venous
catheter. Rarely, the condition may follow a radical mas-
tectomy with a block dissection of the lymph nodes of the
axilla. Persistent pain, heaviness, or edema of the upper
limb, especially after exercise, is a complication of this
condition.

Gubclavian Vein Latheterization

The subclavian vein is located in the lower anterior cor-
ner of the posterior triangle of the neck (CD Fig. 6-5),
where it lies immediately posterior to the medial third of
the clavicle.
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CD Figure 6-3 Catheterization of the right external jugular vein. A. Surface marking of
the vein. B. Site of catheterization. Note how the external jugular vein joins the subclavian
vein at a right angle. C. Cross section of the neck showing the relationships of the
external jugular vein as it crosses the posterior triangle of the neck.

Infraclavicular Approach

Since the subclavian vein lies close to the undersurface of
the medial third of the clavicle (see CD Fig. 6-5), this is a
relatively safe site for catheterization. The vein is slightly
more medially placed on the left side than on the right side.

Anatomy of the Procedure

The needle should be inserted through the skin just below
the lower border of the clavicle at the junction of the medial
third and outer two thirds, coinciding with the posterior

border of the origin of the clavicular head of the sternoclei-
domastoid muscle on the upper border of the clavicle (see
CD Fig. 6-5). The needle pierces the following structures:

Skin

Superficial fascia

Pectoralis major muscle (clavicular head)
Clavipectoral fascia and subclavius muscle
Wall of subclavian vein

The needle is pointed upward and posteriorly toward
the middle of the suprasternal notch.
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CD Figure 6-4 Catheterization of the right internal jugular vein. A. Posterior approach.
Note the position of the catheter relative to the sternocleidomastoid muscle and the com-
mon carotid artery. B. Anterior approach. Note that the catheter is inserted into the vein
close to the apex of the triangle formed by the sternal and clavicular heads of the stern-

ocleidomastoid muscle and the clavicle.

Anatomy of Problems

Hitting the clavicle: The needle may be “walked” along
the lower surface of the clavicle until its posterior edge is
reached.

Hitting the first rib: The needle may hit the first rib if it
is pointed downward and not upward.

Hitting the subclavian artery: A pulsatile resistance and
bright red blood flow indicates that the needle has passed

posterior to the scalenus anterior muscle and perforated
the subclavian artery.

Anatomy of Complications
Refer to CD Fig. 6-5.

Pneumothorax: The needle may pierce the cervical
dome of the pleura, permitting air to enter the
pleural cavity. This complication is more common in
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CD Figure 6-5 Subclavian vein catheterization. A. Infraclavicular approach. Note the
many important anatomic structures located in this region. B. Supraclavicular approach.
The catheter enters the subclavian vein close to its junction with the internal jugular vein

to form the brachiocephalic vein.

children, in whom the pleural reflection is higher than
in adults.

Hemothorax: The catheter may pierce the posterior wall
of the subclavian vein and the pleura.

Subclavian artery puncture: The needle pierces the wall
of the artery during its insertion.

Internal thoracic artery injury: Hemorrhage may occur
into the superior mediastinum.

Diaphragmatic paralysis: This occurs when the needle
damages the phrenic nerve.

The Procedure in Children

The needle pierces the skin in the deltopectoral groove
about 2 cm from the clavicle. The catheter is tunneled

beneath the skin to enter the subclavian vein at the point
where the clavicle and the first rib cross.

The more oblique approach in children minimizes the
possibility of entering the subclavian artery.

Supraclavicular Approach

This approach (see CD Fig. 6-5) is preferred by many for the
following anatomic reasons:

The site of penetration of the vein wall is larger, since it
lies at the junction of the internal jugular vein and the
subclavian vein, which makes the procedure easier.

The needle is pointed downward and medially toward
the mediastinum, away from the pleura, avoiding the
complication of pneumothorax.
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The catheter is inserted along a more direct course into
the brachiocephalic vein and superior vena cava.

Anatomy of the Procedure

With the patient in the Trendelenburg position (patient
supine with head tilted downward) or simple supine posi-
tion and the head turned to the opposite side, the posterior
border of the clavicular origin of the sternocleidomastoid
muscle is palpated (see CD Fig. 6-5). The needle is inserted
through the skin at the site where the posterior border of the
clavicular origin of sternocleidomastoid is attached to the
upper border of the clavicle. At this point, the needle lies
lateral to the lateral border of scalenus anterior muscle
and above the first rib. The needle pierces the following
structures (see CD Fig. 6-5):

Skin

Superficial fascia and platysma
Investing layer of deep cervical fascia
Wall of the subclavian vein

The needle is directed downward in the direction of the
opposite nipple. The needle enters the junction of the in-
ternal jugular vein and the subclavian vein. It is important
that the operator understands that the pleura is not being
penetrated and that it is possible for the needle to lie in a
zone between the chest wall and the cervical dome of the
parietal pleura but outside the pleural space (cavity).

Anatomy of Complications

The following complications may occur as the result of dam-
age to neighboring anatomic structures (see CD Fig. 6-5):

Paralysis of the diaphragm: This is caused by injury to the
phrenic nerve as it descends posterior to the internal jugu-
lar vein on the surface of the scalenus anterior muscle.
Pneumothorax or hemothorax: This is caused by
damage to the pleura and/or internal thoracic artery by
the needle passing posteriorly and downward.

Brachial plexus injury: This is caused by the needle
passing posteriorly into the roots or trunks of the plexus.

Llinical Problem Solving Juestions

Read the following case histories/questions and give
the best answer for each.

A 40-year-old man mentioned to his physician during a
medical checkup that on four occasions during the past
5 months he had fainted at work. On each occasion the
fainting attack occurred while he was sitting at his desk.
He said that the attack took place when he turned his
face to the left and bent down to open a bottom drawer.
He also complained that he first felt dizzy before he
fainted. The physician noted that the patient was rather
formally dressed with a stiff collar and a regimental tie.
When the physician commented on his collar, the pa-
tient stated that he always wore this type of collar to
work. On careful examination of the patient no abnor-
mal physical signs were found. In fact, the man looked
very fit.

1. Using your knowledge of anatomy and physiology,
make the most likely diagnosis.
A. Atrial fibrillation
B. Cardiac ischemia
C. Carotid sinus syndrome
D. Anemia
E. Petit mal (a form of epilepsy)

Two sisters were playing in their bedroom having a pil-
low fight, when one of them tripped and fell head first

against a window. The glass was shattered and a knife-
like piece became impaled in her neck. Within seconds
the wound spurted bright red blood and she ran scream-
ing to her parents. In the emergency department of the
local hospital it was immediately apparent that a large
artery in the front of the neck had been pierced by the
glass.

2. The examining physician made the following observa-
tions and comments, all of which were correct except
which?

A. The entry wound was situated along the anterior
border of the sternocleidomastoid muscle at about
the level of the upper border of the thyroid carti-
lage.

B. The artery involved could be either the terminal
part of the common carotid artery or the beginning
of the external or internal carotid arteries.

C. The arteries were situated beneath the investing
layer of deep cervical fascia within the carotid fascial
sheath.

D. The internal jugular vein, which is also located
within the carotid sheath, is not involved because
the blood was bright red in color and spurted from
the wound on removing the pressure gauze pad.

E. Branches of the trigeminal nerve lie in the sheath at
this level and are likely to have been damaged.



A7-year-old boy was playing in his grandparents” garden
when he suddenly disappeared from view. His grandfa-
ther rushed over to see what had happened to his grand-
son when he heard muffled crying coming from a hole
in the ground. On peering into the hole, the child’s
head was just visible about five feet from the surface.
The local rescue team determined that the child had
fallen down a disused well. Fortunately, the opening of
the hole was large enough to allow the emergency
physician to be lowered to the child. Having reassured
the child, it was necessary to check his vital signs. The
only arteries that could be palpated were restricted to

the head and neck.

. Name sites in the head and neck where the arterial

pulse can be felt.

A. On the upper surface of the head in the midline

B. Just in front of the auricle of the ear, the lower
margin of the mandible, or the anterior border of the
sternocleidomastoid muscle at the level of the upper
margin of the thyroid cartilage

C. Behind the ear over the mastoid process or at the
root of the nose

D. In the midline of the front of the neck in the
suprasternal notch or just below the mandible

E. At the apex of the posterior triangle of the neck or
halfway down the posterior border of the sternoclei-
domastoid muscle

A 53-year-old man was admitted to the emergency room
unconscious. Apparently he had attempted to cross the
road on crutches when he was hit on the side of the
head by a car. On examination he was found to have a
large swelling over the left side of the head in the tem-
poral region. The neurologic findings included a right-
sided hemiplegia. A lateral radiograph of the skull
showed a fracture line across the region of the lower
anterior end of the right parietal bone.

. Name the artery that was most likely to have been

damaged in the accident.

A. The left middle cerebral artery

B. The right posterior cerebral artery

C. The anterior division of the left middle meningeal
artery

D. The posterior division of the left middle meningeal
artery

E. The left superficial temporal artery

A42-year-old workman was cutting down a tree. During
the cleanup of the site, he was feeding the cut branches
into a large wood chipping machine and the sleeve of
his shirt on his right arm became caught in the ma-
chinery. Within seconds his arm was dragged into the
cutters. The man attempted to turn off the machine but
could not reach the switch. His right upper limb was
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cut to pieces and he fell to the ground in agony and
quickly lost consciousness. When the emergency
personnel arrived on the scene they found the man to
be still alive but unconscious and lying in a pool of
blood. They had to stop the bleeding immediately.

. Using your knowledge of anatomy, where would you ap-

ply pressure at the root of the limb to stop the bleeding?

A. Just above the manubrium sterni in the midline to
compress the right brachiocephalic artery

B. Above the right sternoclavicular joint to compress
the right subclavian artery

C. Behind the medial part of the right clavicle, apply-
ing pressure downward and backward on the right
subclavian artery as it lies on the upper surface of the
first rib

D. High up in the right armpit to compress the axillary
artery

E. Behind the lateral part of the right clavicle, applying
pressure backward to compress the right subclavian
artery as it becomes the axillary artery

A 45-year-old man was rushed to hospital complaining
of cardiac pain referred to the root of his neck. After a
thorough workup, including a coronary arteriogram,
which showed extensive blockage of the coronary arter-
ies, it was decided to do an immediate triple bypass op-
eration. At operation, because of the poor condition of
his superficial leg veins, an artery rather than a vein was
selected to perform the bypass.

. From the list of arteries given below, choose an artery

in the chest cavity that could be used to perform a
coronary bypass.

A. Right superior intercostal artery

B. Right and left anterior thoracic arteries

C. Phrenic arteries

D. Musculophrenic artery

E. Superior epigastric artery

A patient with a malignant melanoma in the left tem-
poral region was told that because of the seriousness of
the condition and the likelihood of metastases, an ex-
tensive operation was required including the removal of
the deep cervical lymph nodes in the neck.

. Using your knowledge of anatomy, explain why it is

necessary to remove the internal jugular vein in the

neck as well as the deep cervical lymph nodes.

A. The deep cervical lymph nodes lie deep to the in-
ternal jugular vein, and it is necessary to remove the
vein to get at the lymph nodes.

B. Damage to the internal jugular vein would result in
serious air embolism.

C. The numerous tributaries of the internal jugular
vein would complicate the procedure
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D. The deep cervical lymph nodes are embedded
in the carotid sheath and the tunica adventitia of
the internal jugular vein.

E. Metastases of the melanoma commonly invade the
internal jugular vein.

A 57-year-old woman was examined by her physician
and found to have rightsided heart failure. As the pa-
tient lay propped up on pillows in bed, her physician no-
ticed that the blood in a superficial vein on the side of
the neck (in the posterior triangle) could be easily seen.

. From the list of veins in the neck given below, select the
most likely one that the physician could see.

A. Anterior jugular vein

B. Suprascapular vein

C. Superficial cervical vein

D. Internal jugular vein

E. External jugular vein

. The jugular veins are commonly used to establish a

central venous line. Why is it sometimes difficult to pass

a catheter from the external jugular vein into the right

atrium?

A. The catheter tip may catch in the valves.

B. The vein turns at a right angle before it drains into
the subclavian vein.

Answers and Explanations

1. C is the correct answer. The carotid sinus syndrome is

a condition in which the carotid sinus reflex is hyper-
sensitive. Pressure on one or both carotid sinuses can
cause excessive slowing of the heart, a fall in blood pres-
sure, and cerebral ischemia with fainting. In this
patient the pressure of the stiff collar on the carotid
sinuses, caused by bending over to gain access to the
bottom desk drawer, was sufficient to cause the episodes
of fainting and loss of consciousness.

. E is the correct answer. The trigeminal nerve is not
related to the carotid arteries in the neck. However, the
hypoglossal nerve crosses the external carotid artery op-
posite the level of the tip of the greater cornu of the hyoid
bone.The glossopharyngeal nerve is related to the inter-
nal and external carotid arteries high up in the neck (see
text Fig. 6-4). The vagus nerve lies within the carotid
sheath and accompanies the internal jugular vein and
common and internal carotid arteries down the neck.
The sympathetic trunk lies behind the common and
internal carotid arteries (see text Fig. 6-4).

. Bisthe correctanswer. In a difficult situation, when the
patient’s head and neck are the only accessible parts of

1.
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C. The catheter tip may enter the mouth of the anterior
division of the retromandibular vein.

D. The vein may be very small in professional singers.

E. The vein is normally constricted as it passes behind
the clavicle.

. In deep penetrating injuries of the neck involving the

common carotid artery, the status of the collateral cir-
culation determines the feasibility of ligation versus a
reconstructive procedure. Describe the collateral circu-
lation of the common carotid artery. How may injury to
the artery produce loss of sight on the same side and
contralateral hemiplegia? How may a carotid artery
injury produce airway obstruction?

Why is air embolism a complication of a lacerated wall
of the internal jugular vein?

In subclavian vein catheterization using the infraclavic-
ular approach, the following problems may occur, even
when great care is exercised: (a) The needle may hit the
clavicle; (b) the needle may hit the first rib; (¢) the nee-
dle may hit the subclavian artery. How would you deal
with these problems?

the body for taking the pulse, the following arteries are
casily palpable: The pulsating facial artery can be felt as
it winds around the lower margin of the mandible in
line with the anterior border of the masseter muscle
(see text Fig. 6-10). The superficial temporal artery may
be palpated in front of the auricle of the ear as it ascends
over the zygomatic arch (see text Fig. 6-1). The classi-
cal site for feeling the pulse in the neck is along the an-
terior border of the sternocleidomastoid muscle at the
level of the upper border of the thyroid cartilage (see
text Fig. 6-3). Here, the common carotid artery divides
into the external carotid and internal carotid arteries,
and all three are quite superficial at this location.

C is the correct answer. The anterior division of the
middle meningeal artery is the most common artery to
be damaged after a blow to the lateral side of the head.
The arterial or venous injury is especially liable to oc-
cur if the artery and vein enter a bony canal in the re-
gion of the anterior inferior angle of the parietal bone
(see CD Fig. 6-1).

. Cisthe correct answer. The arterial supply to the upper

limb can be cut off by applying deep pressure to the
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third part of the subclavian artery, as it lies on the upper
surface of the first rib. Here, the subclavian artery lies
behind the medial part of the clavicle and becomes
continuous with the axillary artery (see text Fig. 6-10).

B is the correct answer. The anterior thoracic artery,
which is a branch of the first part of the subclavian
artery, can be used in coronary bypass operations.

D is the correct answer. The deep cervical lymph nodes
are embedded in the carotid sheath and in the tunica
adventitia of the internal jugular vein. The aim of the
operation is to remove all the lymph nodes on the af-
fected side of the neck.

. E is the correct answer. The external jugular vein lies

superficially beneath the platysma muscle and can be
easily seen in a good light (in an obese patient it may
be difficult to see). The vein serves as a useful venous
manometer. It runs from the angle of the jaw to the
midpoint of the clavicle (see text Fig. 6-10). The level
of the blood in the vein normally reaches about one
third of the way up the neck when the patient is lying at
a horizontal angle of 30°. As the patient sits up, the
blood level falls until the vein is no longer visible
behind the clavicle.

A is the correct answer. The catheter tip may catch in
the valves. The external jugular vein has two sets of
valves: One pair lies at its entrance into the subclavian
vein and the other pair lies abut 4 cm superior to the
clavicle. The valves are usually incompetent.

The common carotid artery has no branches in the
neck except for its terminal branches, the internal and
external carotid arteries. The internal carotid artery has
no branches in the neck, but at the base of the brain it
takes part in the arterial circle of Willis, where it anas-
tomoses with the branches of the vertebral arteries and
the internal carotid artery of the opposite side. The

11.

12.
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external carotid artery, however, gives off numerous im-
portant branches in the neck that anastomose with the
fellow branches from the opposite side.

Since the internal carotid artery gives off the oph-
thalmic artery and the middle cerebral artery, severe
damage or blockage of the common carotid artery
could cause ipsilateral blindness and contralateral
hemiplegia.

The common carotid artery is contained within the
carotid sheath beneath the investing and pretracheal
layers of deep cervical fascia. Hemorrhage beneath the
deep fascia could spread medially and compress the
larynx or the trachea, thus compromising the airway.

Air embolism is a serious complication of a lacerated
wall of the internal jugular vein. Because the wall of
this large vein contains very little smooth muscle, its in-
jury is not followed by contraction and retraction (as
occurs with arterial injuries). Moreover, the outer coat
of the vein is attached to the fascia of the carotid sheath,
which hinders the collapse of the vein.

When performing a subclavian vein catheterization
using the infraclavicular approach, the clavicle may
be hit by the advancing needle. The needle may then
be “walked” along the lower surface of the clavicle un-
til its posterior edge is reached and then inserted into
the subclavian vein. The needle may hit the first rib.
This is due to the fact that the needle is pointing down-
ward and not upward. The needle may hit the subcla-
vian artery. This is recognized by feeling the pulsatile
resistance to the advancing needle and the presence of
bright red blood in the catheter. It indicates that the
needle has passed too deeply posterior to the scalenus
anterior muscle and perforated the wall of the subcla-
vian artery (see CD Fig. 6-5). The needle should be
partially withdrawn and the vein approached again.
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N ARTERIES OF THE
== UPPER EXTREMITY

The Importance of the Collateral
Lirculation when Ligating
Arteries of the Upper Extremity

The arteries of the upper limb may be damaged by pene-
trating wounds or may require ligation in amputation op-
erations. Because of adequate collateral circulation around
the shoulder, elbow, and wrist joints, ligation of the main
arteries of the upper limb is not followed by tissue necrosis
or gangrene, provided, of course, that the arteries forming
the collateral circulation are not diseased and that the pa-
tient’s general circulation is satisfactory. Nevertheless, it
may take days or weeks for the collateral vessels to open up
sufficiently to provide the distal part of the limb with the
same volume of blood as previously provided by the main
artery.

At the time of the injury, where there is a complete in-
terruption of the main arterial supply, the collateral flow

may be sufficient to prevent the signs of ischemia; it is rare,
however, for the physician to be able to palpate the distal
pulse at the initial examination.

Anatomy of Arterial Injuries in
the Upper Extremity

Many of the injuries are directly related to the anatomy of
the upper limb. The extreme mobility of the limb at the
shoulder joint permits the forearm and hand to be raised as
a shield to ward off an attack. This position of the arm com-
monly results in laceration of the blood vessels.

Penetrating Arterial Injuries

Arterial injuries of the upper limb are common and may oc-
cur from guns, knives, automobile accidents, and iatrogenic
causes. Basically, three types of arterial injury are possible,
and the structure of the artery determines the signs and
symptoms as well as the type of treatment instituted.

1. In a completely severed artery the circular smooth-mus-
cle fibers of the tunica media contract, immediately
slowing the bleeding. In addition, the elastic fibers and
longitudinal smooth-muscle fibers of the media contract,



causing the ends of the artery to retract. The contraction
and retraction of the arterial ends usually slow the blood
flow to such an extent that bleeding ceases sponta-
neously, and a firm blood clot plugs both ends of the sev-
ered artery. The loss of distal pulses is immediate.

2. In a partially severed artery the vessel is unable to con-
tract and retract; in fact, any retraction that does occur
causes the arterial wound to gape, resulting in serious
bleeding. Hemorrhage into the surrounding tissues
may produce an enlarging pulsatile hematoma that
may slowly expand along fascial planes to reach the sur-
face and cause a severe hemorrhage. Another possibil-
ity is that the damaged arterial wall gives way, leaving
only the tunica adventitial intact. In these circum-
stances, a pseudoaneurysm is formed.

Since with partial arterial injury the arterial wall is still
intact, blood flow continues into the distal end, and a
distal pulse is usually recognizable.

3. In an artery with intimal damage only secondary to ex-
ternal blunt trauma, excessive stretching, or internal
damage from a catheter, there is a reduction in blood
flow and an absence of external hemorrhage. Later, as a
result of progressive thrombosis or bleeding into the
wall at the site of injury, the blood flow becomes di-
minished and the distal pulses disappear.

Injuries to the Axillary Artery

These are often caused by penetrating wounds in the pec-
toral region, fractures of the surgical neck of the humerus,
or excessive stretching following anterior dislocations of the
shoulder joint (see text Fig. 7-7). Damage to the branches of
the brachial plexus may be an added complication.

Injuries to the Brachial Artery

These may follow supracondylar fractures of the lower end of
the humerus (especially in children), a site where the artery
is close to the shaft of the humerus as it lies on the brachialis
muscle (see text. Fig. 7-9). Damage to the adjacent median
nerve may also occur. Severe dislocations of the elbow joint
may damage the artery in the cubital fossa. Since the brachial
artery is located superficially in the upper part of the arm, it
is a common site for arterial catheterization. Frequently the
tunical intima is damaged on the wall opposite the penetra-
tion site, and arterial thrombosis may follow.

Allen Test

This test may be used to determine the patency of the ulnar
and radial arteries. With the patient’s hands resting in his or
her lap, the radial arteries are compressed against the ante-
rior surface of each radius. The patient then tightly clenches
his or her fists, which closes off the superficial and deep pal-
mar arterial arches. When he or she opens his or her hands,
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the skin of the palms is at first white, and then normally the
blood quickly flows into the arches through the ulnar arter-
ies, causing the palms to promptly turn pink. This estab-
lishes that the ulnar arteries are patent. The patency of the
radial arteries can be established by repeating the test, only
with the ulnar arteries compressed where they lie lateral to
the pisiform bone

Injuries to the Radial Artery

These are common and occur in the lacerations of the front of
the forearm. The close relation of the artery to the radial nerve
and the forearm tendons means that these structures are also
commonly damaged (see text Figs. 7-12 and 7-13). Catheter

injuries are also common just proximal to the wrist joint.

Injuries to the Ulnar Artery

These are relatively common and occur in lacerations in the
front of the wrist and flexor retinaculum. Here the artery is
superficial and easily cut in glass or knife wounds (see text
Figs. 7-12 and 7-13). The closely related ulnar nerve is fre-
quently involved also.

Intraarterial Injections by Drug Users

In cases of intraarterial injection by drug abusers, the patient
presents with a swollen and extremely painful hand. The
drug is often injected into the radial or ulnar arteries. The
pharmacologic agent and its diluent causes damage at
the arteriole level as the result of blockage by crystal, chem-
ical necrosis of the tunica intima, or vasospasm of the
smooth muscle in the tunica media. Extensive tissue necro-
sis or gangrene may occur in the area of anatomic distribu-
tion of the artery injected.

Arterial Venous Fistulas

Arteriovenous fistulas are common complications of arterial
injuries in the upper limbs. This results from the close rela-
tionship that exists between the arteries and veins in the
limbs. The axillary artery has the axillary vein on its medial
side; the brachial, radial, and ulnar arteries have venae
comitantes running alongside.

Arteriovenous fistulas occur when the penetrating arte-
rial injury also perforates the accompanying vein. Bleeding
from the artery follows the path of least resistance, and there-
fore an arteriovenous communication is established with re-
sulting venous hypertension, varicosities, and edema distal
to the communication site.

Anatomy of the Procedure of
Arterial Puncture

The brachial, radial, and ulnar arteries are commonly used
for arterial puncture.
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Brachial Artery

The brachial artery is usually cannulated as it descends into
the cubital fossa on the medial border of the biceps brachii
muscle (see text Fig. 7-11). Unfortunately, the brachial
artery has been associated with a higher incidence of post-
catheterization thrombosis than the radial artery. This is
probably because of the motility of the brachial artery asso-
ciated with movements at the elbow joint.

Radial Artery

With the radial artery it is first essential to determine the ad-
equacy of the collateral circulation of the hand by perform-
ing the Allen test. This precaution is necessary in case
thromboid occurs during or after cannulation. The forearm
is then supinated and the wrist joint is extended to an ap-
proximately 50° angle (CD Fig. 7-1). The radial artery can
then easily be palpated as it lies anterior to the distal end of
the radius.

Needle Approach

The needle is passed through the arterial wall at an angle of
about 25° to the anterior surface of the wrist (see CD Fig. 7-
1). The catheter can then be advanced into the arterial lu-
men and the needle withdrawn.

Cutdown Approach

Atransverse incision is made over the radial artery just above
the proximal transverse skin crease at the wrist. The artery is
gently mobilized on the anterior surface of the radius and
the cannula is introduced.

Some physicians make a vertical incision for the radial
artery cutdown to lessen the risk of cutting a nerve and also
to avoid giving the patient a horizontal cut that could po-
tentially be misinterpreted (as a suicide attempt) on the an-
terior surface of the forearm.

aUPERFICIAL
VEINS UF THE
UPPER EXTREMITY

Finding the Superticial Veins of
the Upper Extremity

The cephalic, basilic, median cubital, median cephalic, me-
dian basilic, and median veins of the forearm can all be used
for venipuncture and blood transfusion. These veins are fairly
large and relatively constant in position. Unfortunately, in

N
NN

obese persons the veins cannot always be seen. The surface
anatomy of the superficial veins is given on text page 209.

Anatomy of Hasilic and Uephalic
Vein Latheterization

The median basilic or basilic veins are the veins of choice
for central venous catheterization, because from the cubital
fossa until the basilic vein reaches the axillary vein, the
basilic vein increases in diameter and is in direct line with
the axillary vein (see text Fig. 7-19). The valves in the axil-
lary vein may be troublesome, but abduction of the shoulder
joint may permit the catheter to move past the obstruction.

The cephalic vein does not increase in size as it ascends
the arm, and it frequently divides into small branches as it
lies within the deltopectoral triangle. One or more of these
branches may ascend over the clavicle and join the external
jugular vein. In its usual method of termination, the
cephalic vein joins the axillary vein at a right angle. It may
be difficult to maneuver the catheter around this angle.

Ihrombosis of the Superficial

Veins

Prolonged intravenous infusion and, rarely, bacterial cel-
lulitis of the superficial fascia can produce thrombosis of the
superficial veins. In both cases injury to the tunical intima is
the initiating factor.

Anatomy of Arteriovenous
ohunts and Fistulas in the Upper
[.imh for Hemodialysis

Vascular access for hemodialysis can be provided by the
construction of an external arteriovenous shunt or an inter-
nal arteriovenous fistula. Most methods can be performed
under local anesthesia.

External Arteriovenous Shunt

This is commonly used when a short period of treatment is
required. The shunt is constructed if possible in the non-
dominant limb. The radial artery or the ulnar artery, and the
cephalic vein or the basilic vein may be used. The proce-
dure is as follows:

The branches of the lateral and medial cutaneous nerves
of the forearm are blocked with a local anesthetic.

A midline incision is made on the anterior surface of the
distal part of the forearm.

The cephalic vein or the basilic vein is located in the su-
perficial fascia as it winds around from the dorsum of the
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hand to ascend the front of the forearm (see text Figs. 7-
18 and 7-19).

The deep fascia is incised and the artery is located. The
radial artery can be palpated (see text Fig. 7-13) as it lies
anterior to the distal third of the radius and between the
tendons of flexor carpi radialis (medially) and the bra-
chioradialis (laterally). The ulnar artery can be felt just
lateral to the pisiform bone and can be traced proximally
into the forearm (see text Fig. 7-13).

The appropriate artery and vein are then connected to
the dialyzer.

In those patients in whom the distal vessels have been
previously used, the same vessels can be cannulated at a
more proximal site.

In children, if the distal arteries and veins are too small,
a shunt can be constructed between the brachial artery and
cephalic vein just proximal to the cubital fossa.

Internal Arteriovenous Fistula

This procedure is most often used when it is necessary to
have a prolonged period of hemodialysis. The procedure is
as follows:

The branches of the lateral and medial cutaneous nerves
of the forearm are blocked with a local anesthetic.

A midline incision is made on the anterior surface of the
distal part of the forearm.

The cephalic vein is located in the superficial fascia.
The deep fascia is incised and the radial artery is located
in front of the distal end of the radius, as described in the
previous section.

A side-to-side anastomosis is performed between the
radial artery and the cephalic vein. Alternatively, an end-
to-end or end of vein—to-side of artery anastomosis can
be constructed. The peripheral circulation is maintained
by the extensive anastomoses from the ulnar artery
around the wrist and through the palmar arches.

The vein quickly becomes arterialized and distended and
can be easily punctured with a cannula. The cannula

Llinical Problem 5

Read the following case histories/questions and give
the best answer for each.

A young secretary, running from her office, had a glass
door swing back in her face. To protect herself, she held
out her left hand, which smashed through the glass. On
admission to the hospital, she was bleeding profusely

from the dialyzer is inserted into the distended vein, and
the cannula to the dialyzer is inserted into the fistula to
enter the radial artery.

A similar arrangement can be made using the ulnar
artery and the basilic vein.

UEEP VEING UF
IHE UPPER
EXTREMITY

Axillary-bubclavian Vein
I hrombosis

Spontaneous thrombosis of the axillary and or subclavian
veins occasionally occurs following excessive and
unaccustomed use of the arm at the shoulder joint. The
close relationship of these veins to the first rib and the
clavicle and the possibility of repeated minor trauma
from these structures is probably a factor in its devel-
opment.

Secondary thrombosis of axillary and/or subclavian
veins is a common complication of an indwelling venous
catheter.

N
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Anatomy of Subclavian Vein
Latheterization

Venous Tone and Hypovolemic Shock

In extreme hypovolemic shock, excessive venous tone may
inhibit venous blood flow and thus delay the introduction of
intravenous blood into the vascular system.

from a superficial laceration in front of her left wrist.
She had sensory loss over the palmar aspect of the me-
dial one and a half fingers but normal sensation of the
back of these fingers over the middle and proximal pha-
langes. She had difficulty in grasping a piece of paper
between her left index and middle fingers. All her long
flexor tendons were intact.



1. The following statements concerning this patient are

correct except which?

A. The radial artery was cut in front of the flexor
retinaculum, and this accounted for the profuse
bleeding.

B. The loss of skin sensation on the palmar aspect of
the medial one and a half fingers was caused by the
severance of the ulnar nerve as it crossed in front of
the flexor retinaculum.

C. The normal sensation on the back of the medial one
and a half fingers over the proximal phalanges was
caused by the fact that the posterior cutaneous
branch of the ulnar nerve arises about 2.5 in. (6.25
cm) proximal to the flexor retinaculum and was
spared.

D. The inability to hold the piece of paper was caused
by the paralysis of the second palmar interosseous
muscle, which is supplied by the deep branch of the
ulnar nerve.

E. There was no sensory loss on the palm of the hand
because the palmar cutaneous branch of the ulnar
nerve was not cut.

. A middle-aged man with a history of chronic duodenal
ulcer was seen in the emergency department in a state
of severe shock. He was pale, restless, and sweating,
and his blood pressure was 80/60 mm Hg. The resi-
dent made a diagnosis of internal hemorrhage, proba-
bly due to the erosion of the gastroduodenal artery or
one of its branches, and decided to set up a blood
transfusion immediately. Based on your knowledge of
anatomy, into which superficial vein of the upper limb
would you perform the transfusion: in the elbow
region or in the forearm? If the veins were too
collapsed to be identified, where, in an emergency,
could you cut down on a superficial vein in the upper
limb?

. Palpation of the radial artery at the wrist can provide the
experienced medical professional with considerable in-
sight into the state of the patient’s circulatory system. The
degree of hardness of the arterial wall can be appreciated
by the examining finger; the pulse rate and quality of the
rhythm can be determined; and the amount of pressure
required to occlude the vessel can be used to assess the
blood pressure. What are the relations of the radial artery
at this site where the pulse is taken?

. An S-year-old boy fell off a swing and sustained a
supracondylar fracture of his left humerus. Following
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the reduction of the fracture, a suitable splint was ap-
plied and the child was sent home. A few hours later,
the child complained of pain in the forearm, which
persisted. Four hours later, the parents decided to re-
turn to the hospital, since the child’s left hand looked
dusky white and the pain in the forearm was still pre-
sent. On examination, there was found to be a com-
plete loss of skin sensation of the hand. After removal
of the splint, the pulse of the radial and ulnar arteries
could not be felt. Every possible effort was made to re-
store the circulation of the forearm, without avail.
What has happened to this child’s circulation in the
forearm? What deformity would you expect this child
to have 1 year later?

5. Why is the radial artery chosen in preference to the ul-

nar artery or brachial artery for direct blood pressure
monitoring? Why are the upper limb arteries used in
preference to the dorsalis pedis artery of the foot? What
are the important anatomic relations of the radial artery
at the site of cannulation? Why is it necessary to extend
the wrist joint when the canula is introduced?

. During an emergency procedure it is sometimes neces-

sary to monitor central venous pressure via peripheral
access. Why is the basilic vein more often used to es-
tablish a central venous pressure line than the cephalic
vein?

7. A 29-year-old woman was seen in the emergency de-

partment complaining of severe pain and discoloration
of the fourth and fifth fingers of both hands. She said
that she had had similar symptoms before and that they
always occurred in very cold weather. Initially, her fin-
gers turned white on exposure to cold and then became
deep blue in color. The color change was confined to
the distal half of each finger and was accompanied by
an aching pain. Placing her hands in hot water was the
only treatment that relieved the pain. As the pain disap-
peared, she said, her fingers became red and swollen.
Using your knowledge of anatomy, make the diagnosis.

8. A 23-year-old medical student decided to assist his fa-

ther in building a garden shed. Unfortunately, much of
the wood had to be cut to length by using a hand saw.
He noticed on the third day that his right arm felt heavy
and that his right hand was swollen. At the emergency
department, a diagnosis of right subclavian vein throm-
bosis was made. Can you explain the possible anatomic
reasons why thrombosis occurred in this vein in a

healthy individual?
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Answers and Explanations

. Ais the correct answer. The radial artery does not enter
the palm by passing in front of the flexor retinaculum;
it does so by passing forward between the two heads of
the first dorsal interosseous muscles between the first
and second metacarpal bones (see text Fig. 7-14). It was
the ulnar artery that was cut with the ulnar nerve in
front of the flexor retinaculum.

. The cephalic, basilic, and median cubital veins, and
their tributaries, are located in front of the cubital fossa
and may be used for transfusion (see text Fig. 7-19). In
the forearm, the cephalic and basilic veins can be seen
as they wind around the lateral and medial borders of
the forearm, respectively. The cephalic vein lies in a
constant position behind the styloid process of the ra-
dius (see text Fig. 7-18), and it is here that it may be ex-
posed through a small skin incision.

. The radial artery lies in front of the distal third of the
shaft of the radius; it is directly in contact with the front
of the bone (see text Fig. 7-11. On its lateral side lies the
tendon of the brachioradialis, and on its medial side is
the tendon of the flexor carpi radialis muscle. The
artery is covered anteriorly by skin and fascia.

. At the time of sustaining the supracondylar fracture of
the humerus or the application of the splint, the
brachial artery went into spasm in the distal third of the
upper arm. This effectively shut off the blood flow
through the radial and ulnar arteries, including the col-
lateral circulation around the elbow joint (see text Fig.
7-8). During the following hours, when the child was
complaining of severe pain, avascular necrosis of the tis-
sues of the forearm was taking place. Later this was fol-
lowed by Volkmann’s contracture.

. The radial artery has a lower incidence of arterial
thrombosis than the brachial artery, possibly because
the tunica intima of the brachial artery is more likely
to be damaged by the point of the catheter, since the
brachial artery is more difficult to immobilize because
of the movements at the elbow joint. The dorsalis
pedis artery can be easily cannulated. It has a higher
incidence of thrombosis, however, and sometimes the
circulation of the foot is compromised by the inade-
quate collateral circulation. The radial artery is
usually cannulated 2 to 3 ¢m proximal to the distal

transverse crease of the wrist. Here the artery lies ante-
rior to the distal third of the shaft of the radius, medial
to the tendon of the brachioradialis and lateral to the
tendon of flexor carpi radialis. It is covered anteriorly
by skin and fascia. The forearm is supinated, and the
wrist is extended to an approximately 50° angle (see
CD Fig. 7-1). Extension stretches and stabilizes the
artery during the process of introducing the needle
and the catheter.

. The basilic vein is used more often than the cephalic

vein for the following reasons: (a) The basilic vein in-
creases progressively in diameter from the cubital fossa
to the axillary and subclavian veins, whereas the diame-
ter of the cephalic vein increases only slightly as it as-
cends the upper extremity; (b) the basilic vein is in line
with the axillary vein (see text Figs. 7-19, 7-22, and 7-23),
whereas the cephalic vein opens into the axillary vein at
aright angle; and (c) the basilic vein is directly continu-
ous with the end of the axillary vein, whereas the
cephalic vein may bifurcate into several small veins near
its termination or may join the external jugular vein.

7. 'This patient had Raynaud’s disease. The initial pallor of

the fingers is due to spasm of the digital arterioles. The
cyanosis that follows is due to local capillary dilatation
caused by an accumulation of metabolites. Since there
is no blood flow through the capillaries, blue deoxy-
genated hemoglobin accumulates within them. It is
during this period of prolonged cyanosis that the patient
experiences severe aching pain. On exposing the fin-
gers to warmth, the vasospasm disappears, and oxy-
genated blood flows back into the very dilated capillar-
ies. Reactive hyperemia is responsible for the swelling
of the affected fingers.

8. The subclavian vein is closely related to the upper sur-

face of the first rib and to the posterior surface of the
medial third of the clavicle (see text Fig. 7-3). Repeated
minor trauma to the vein wall by these bones during the
movements of the right shoulder while sawing resulted
in damage to the tunica intima, followed by thrombo-
sis. This problem is particularly likely to occur in an in-
dividual who is not used to this type of excessive move-
ment of the shoulder. Usually there is some preexisting
compression.
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THE ABDUMINAL
AURTA

Iraumatic [njury to the Abdominal
Aorta

Because of the deep position of the aorta on the posterior
abdominal wall behind the peritoneum (see text Figs. 8-1
and 8-2), blunt injuries to the aorta are relatively rare.
In children the elasticity of the aortic wall and the usual
absence of atherosclerosis make the condition even
more rare.

In blunt trauma from an automobile accident, the ab-
dominal aorta can be injured by the crossing band of a seat
belt. The tunical intima is commonly damaged just distal to
the origin of the inferior mesenteric artery at the level of the
third lumbar vertebra. The diagnosis is difficult since occlu-
sion due to thrombosis may occur at the time of the trauma
or be delayed for several months. In the presence of com-
plete occlusion, the femoral pulses are absent, and motor
and sensory deficits may be present in the lower limbs due
to ischemia of the peripheral nerves.

Deceleration injuries to the renal vessels may occur as
the body stops its forward motion. The abdominal aorta,
like the descending thoracic aorta, is tightly attached to the
vertebral column by connective tissue. The kidney,

N
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however, is relatively mobile and continues to move for-
ward after body impact, being finally restrained by the at-
tachment of the renal artery to the aorta. Excessive stretch-
ing of the renal artery may cause intimal damage with clot
formation. The renal vessels may be avulsed from the
hilum of the kidney, or the renal artery may be torn free
from the aorta. The hemorrhage may be contained in the
retroperitoneal space, and hypovolemic shock may not im-
mediately occur.

Penetrating injuries to the abdominal aorta are
common and are usually associated with multiple intraab-
dominal injuries. The peritoneum has been violated, and
hemorrhage occurs directly into the peritoneal cavity. The
signs of a distended abdomen associated with those of hypo-
volemic shock make the diagnosis relatively simple. How-
ever, when the arterial leak is small, peritoneal lavage may
be necessary to confirm the diagnosis. Penetrating injuries
through the back or flank (especially when directed from
the left) may cause a retroperitoneal injury to the aorta; the
blood may be contained within the retroperitoneal space
and delay the onset of hypovolemic shock.

Aortic Aneurysms

Localized or diffuse dilatations of the abdominal part of the
aorta (aneurysms) usually occur below the origin of the re-
nal arteries (CD Fig. 8-1). Most result from atherosclerosis,
which causes weakening of the arterial wall, and occur most
commonly in elderly men. Large aneurysms should be sur-
gically excised and replaced with a prosthetic graft.
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Abdominal Aorta

Gradual occlusion of the aorta may occur due to athero-
sclerosis. Intermittent claudication in both legs may be pre-
sent due to insufficient arterial blood reaching the muscles
of the lower limbs. If the progress of the atherosclerosis is
slow, an adequate collateral circulation may become estab-

lished (CD Fig. 8-2).

Embolic Blockage of the Abdominal
Aorta

The bifurcation of the abdominal aorta where the lumen
suddenly narrows may be a lodging site for an embolus dis-
charged from the heart. Severe ischemia of the lower limbs
results.

Mesenteric Artery Ucclusion

Occlusion of the superior or inferior mesenteric arteries
with intestinal ischemia is discussed in CD Chapter 19.
The occlusive process commonly occurs at the origin of
the artery or in the proximal 1 to 2 cm of the artery and
may be caused by an embolus, a thrombus, or trauma. Oc-
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common
iliac
artery
CD Figure 8-1 Aneurysms of the abdominal

aorta. A. Above the origin of the renal arteries.
B. Below the level of the renal arteries. The latter
aneurysms, which are the most common, may
extend inferiorly to involve the common iliac
arteries.

clusive disease of the superior mesenteric artery is much
more common than that of the inferior mesenteric artery,
which may be explained by the angle of takeoff of the su-
perior artery from the aorta. In cases of embolus of the su-
perior mesenteric artery, the embolus usually lodges in the
region of the middle colic artery so that the jejunum may

THE INFERIUR
VENA LAVA

Laval-Caval Anastomosis

A caval-caval shunt is the opening up of an alternative ve-
nous pathway should the superior or inferior vena cava
become blocked by disease. The anastomoses of the
vena cava are as follows (CD Fig. 8-3): The lumbar veins,
which are tributaries of the inferior vena cava, anastomose
behind the diaphragm with the azygos and hemiazygos
veins, which are tributaries of the superior vena cava. The
lumbar veins also anastomose with the superficial veins
of the trunk, which eventually drain into the superior
vena cava via the lateral thoracic veins, tributaries of the
axillary veins.

N
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CD Figure 8-2 The possible collateral circulations of the abdominal aorta. Note the great
dilatation of the mesenteric arteries and their branches, which occurs if the aorta is slowly
blocked just below the level of the renal arteries (white bar).

Lompression of the [nferior
Vena LCava

The inferior vena cava is commonly compressed by the en-
larged uterus during the later stages of pregnancy. This produces
edema of the ankles and feet and temporary varicose veins.
Malignant retroperitoneal tumors can cause severe
compression and eventual blockage of the inferior vena
cava. This results in the dilatation of the extensive anasto-

moses of the tributaries (see CD Fig. 8-3). This alternative
pathway for the blood to return to the right atrium of the
heartis commonly referred to as the caval-caval shunt. The
same pathway comes into effect in patients with a superior
mediastinal tumor compressing the superior vena cava.
Clinically, the enlarged subcutaneous anastomosis between
the lateral thoracic vein, a tributary of the axillary vein, and
the superficial epigastric vein, a tributary of the femoral
vein, may be seen on the thoracoabdominal wall (see CD

Fig. 8-3).
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Irauma to the Inferior Vena Lava

Injuries to the inferior vena cava are commonly lethal, de-
spite the fact that the contained blood is under low pressure.
The anatomic inaccessibility of the vessel behind the liver,
duodenum, and mesentery of the small intestine and the
blocking presence of the right costal margin make a surgical
approach difficult. Moreover, the thin wall of the vena cava
makes it prone to extensive tears.

Because of the multiple anastomoses of the tributaries
of the inferior vena cava (see CD Fig. 8-3), it is possible in
an emergency to ligate the vessel. Most patients have venous
congestion of the lower limbs.
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CD Figure 8-3 The possible collat-
eral circulations of the superior and
interior venae cavae. Note the alter-
native pathways that exist for blood
to return to the right atrium of the
heart if the superior vena cava be-
comes blocked below the entrance
of the azygos vein (upper black bar).
Similar pathways exist if the inferior
vena cava becomes blocked below
the renal veins (lower black bar).
Note also the connections that exist
between the portal circulation and
the systemic veins in the anal canal.

internal iliac vein

N | THE PORTAL VEIN

Portal-hystemic Anastomoses

Under normal conditions, the portal venous blood traverses
the liver and drains into the inferior vena cava of the sys-
temic venous circulation by way of the hepatic veins. This is
the direct route (see text Fig. 8-19). However, other, smaller
communications exist between the portal and systemic sys-

tems, and they become important when the direct route be-
comes blocked (CD Fig. 8-4).
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CD Figure 8-4 Important portal-systemic anastomoses.

These communications are as follows:

At the lower third of the esophagus, the esophageal
branches of the left gastric vein (portal tributary) anasto-
mose with the esophageal veins draining the middle third
of the esophagus into the azygos veins (systemic tributary).
Halfway down the anal canal, the superior rectal veins
(portal tributary) draining the upper half of the anal canal
anastomose with the middle and inferior rectal veins (sys-
temic tributaries), which are tributaries of the internal il-
iac and internal pudendal veins, respectively.

The paraumbilical veins connect the left branch of the
portal vein with the superficial veins of the anterior
abdominal wall (systemic tributaries). The paraumbilical
veins travel in the falciform ligament and accompany the
ligamentum teres.

The veins of the ascending colon, descending colon,
duodenum, pancreas, and liver (portal tributary) anas-
tomose with the renal, lumbar, and phrenic veins
(systemic tributaries).
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Portal Hypertension

Portal hypertension is a common clinical condition; thus,
the list of portal-systemic anastomoses should be remem-
bered. Enlargement of the portal-systemic connections is
frequently accompanied by congestive enlargement of the
spleen. Portacaval shunts for the treatment of portal
hypertension may involve the anastomosis of the portal vein,
because it lies within the lesser omentum, to the anterior
wall of the inferior vena cava behind the entrance into the
lesser sac. The splenic vein may be anastomosed to the left
renal vein after removing the spleen.

Blood FHlow in the Portal Vein

and Malignant isease

The portal vein conveys about 70% of the blood to the liver.
The remaining 30% is oxygenated blood, which passes to
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the liver via the hepatic artery. The wide angle of union of
the splenic vein with the superior mesenteric vein to form
the portal vein leads to streaming of the blood flow in the
portal vein. The right lobe of the liver receives blood mainly
from the intestine, whereas the left lobe plus the quadrate
and caudate lobes receive blood from the stomach and the
spleen. This distribution of blood may explain the distribu-
tion of secondary malignant deposits in the liver.

Penetrating Injuries to the
Portal Vein

Penetrating injuries to the portal vein are life threatening and
are usually associated with multiple abdominal injuries. A
deep penetrating abdominal wound on the transpyloric
plane, about two fingerbreadths to the right of the midline,
could easily penetrate the liver and perforate the first part
of the duodenum, the portal vein, and the inferior vena cava.

Llinical Problem Solving Juestions

Read the following case histories/questions and give
the best answer for each.

1. A 59-year-old man was involved in a head-on automobile
accident. When seen in the emergency department, he
was in hypovolemic shock and showed signs of extensive
bruising on the lower part of the anterior abdominal wall.
He was wearing a seat belt at the time of the accident. On
examination, his abdomen was distended and tense; he
had hypotension and tachycardia. A diagnosis of ruptured
abdominal aorta was made during an emergency laparo-
tomy. In cases of blunt traumatic injury to the abdominal
aorta, do all patients become hypotensive immediately?
Fxplain the possible role that the kidneys may play in
causing damage to the aorta in deceleration injuries.

2. A 74-year-old man was seen in the emergency depart-
ment complaining of the sudden onset of severe lumbar
back pain. Three years previously he had had a myocar-
dial infarction. On questioning, the patient admitted
that he often experienced mild back and hip pains on
getting up in the morning, but never had he experienced
such a severe back pain. On examination, a somewhat
tender pulsatile swelling could be felt in the abdomen at
the level of the umbilicus. Both femoral pulses were pre-
sent. A diagnosis of abdominal aortic aneurysm was
made. What is the surface marking of the abdominal
aorta? Explain why the back pain had started so suddenly
and its significance. When an abdominal aneurysm rup-
tures, does an immediate fatal outcome always occur?

Into which hollow viscera or blood vessels may an aortic
aneurysm rarely rupture into?

3. Explain in anatomic terms why penetrating injuries to
the inferior vena cava are commonly fatal. Explain how
it is possible to ligate the inferior vena cava below the
level of the renal veins without adverse effects.

A 63-year-old man with a long history of a duodenal ul-
cer was seen in the emergency department after vomit-
ing blood-stained fluid and exhibiting all the signs and
symptoms of severe hypovolemic shock.

4. The following statements concerning duodenal ulcers
could apply to the patient’s condition except which?
A. Hemorrhage from a duodenal ulcer often reveals it-

self by the passage of black stools on defecation.
B. The pyloric sphincter prevents most of the blood from
the duodenal lumen from passing up into the stomach.
C. The gastroduodenal artery lies behind the first part of
the duodenum and was probably eroded by the ulcer.
D. The gastroduodenal artery is a small branch of the
hepatic artery.
E. The duodenal ulcer was most likely to be situated on
the posterior wall of the first part of the duodenum.

A 58-year-old man was in a restaurant when he suddenly
started to vomit blood. He was taken unconscious to the
emergency department of a local hospital. On examina-
tion, he had all the signs of severe hypovolemic shock.
On palpation of the anterior abdominal wall, the right
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lobe of the liver was felt three fingerbreadths below the
costal margin. Several enlarged superficial veins could
be seen around the umbilicus. His wife said that he had
vomited blood 3 months previously and had nearly died.
She admitted that he was a chronic alcoholic. The
diagnosis was cirrhosis of the liver secondary to chronic
alcoholism.

. The symptoms and signs displayed by this patient can

be explained by the following statements except which?

A. The normal flow of portal blood through the liver is
impaired by cirrhosis of the liver.

B. The portal-systemic anastomoses become enlarged
in this condition.

C. Atthe lower end of the esophagus, a branch from the
right gastric vein anastomoses with an esophageal
tributary of the azygos vein.

D. Rupture of a varicosed esophageal vein could pro-
duce a severe hemorrhage so that the patient would
vomit up blood.

E. With portal hypertension the paraumbilical veins
linking the superficial veins of the skin (systemic
veins) to the portal vein become congested and
visible.

A 56-year-old man visited his physician complaining
that he experiences severe pain in both legs when taking
long walks. He noticed recently that the cramp-like pain
occurs after walking only a hundred yards. On ques-
tioning, he said that the pain quickly disappears on rest
only to return after he walks the same distance. When
the physician asked about his sex life the patient admit-
ted that he was experiencing difficulty with erection.

. The symptoms and signs displayed by this patient can

be explained by the following statements except which?

A. Arteriography of the abdominal aorta revealed

blockage in the region of the bifurcation.

B. Only the right common iliac artery was involved by
disease.

. The gradual blockage of the aorta was caused by
advanced arteriosclerosis.

. An insufficient amount of blood was reaching both
legs, causing pain (claudication) on walking.

. The lack of blood entering both internal iliac
arteries was responsible for the difficulty with
erection.

o O
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A 23-year-old woman, who was 8 months pregnant, told
her obstetrician that she had recently noticed that her
feet and ankles were swollen at the end of the day. She
said that the swelling was worse if she had been stand-
ing for long periods. She also noticed that the veins
around her ankles were becoming prominent.

7.

10.

The symptoms and signs displayed by this patient
can be explained by the following statements except
which?

A. The enlarged uterus is an abdominal organ and
often compresses the inferior vena cava.

B. Venous back pressure causes the tissue fluid to ac-
cumulate in the subcutaneous tissues of the feet and
ankles.

C. Venous back pressure impairs the venous return in
the superficial veins in both the legs, leading to vari-
cose veins.

D. High levels of progesterone in the blood during preg-
nancy cause the smooth muscle in the wall of the
veins to relax, thus permitting the veins to dilate.

E. The pregnant uterus presses on the sympathetic
trunks, causing vasodilatation of the blood vessels of
the legs.

. After complete occlusion of the origin of the inferior

mesenteric artery with a blood clot, the blood supply of

the left portion of the colon is maintained by the

following arteries except which?

A. The marginal artery

B. The middle colic artery

C. The left lumbar arteries

D. Anastomoses between the superior, middle, and
inferior hemorrhoidal arteries

E. Sigmoid arteries

. In patients with an obstruction of the superior vena cava,

blood may return to the right atrium through the

following anastomotic channels except which?

A. The lateral thoracic, lumbar, and superficial epigas-
tric veins

B. The superior and inferior epigastric veins

C. The lateral thoracic, paraumbilical, and portal veins

D. The posterior intercostal and lumbar veins

E. The lateral thoracic veins alone

If the common hepatic artery is unavoidably ligated
during surgery, the arterial supply to the liver is main-
tained by the following anastomotic connections except
which?
A. The superior pancreaticoduodenal artery anasto-
mosing with the inferior pancreaticoduodenal artery
B. The right gastric artery anastomosing with the left
gastric artery
C. The gastroduodenal artery anastomosing with the
splenic artery
D. The esophageal arteries anastomosing with the infe-
rior phrenic arteries
. The right gastroepiploic artery anastomosing with
the left gastroepiploic artery

3]



The Blood Vessels of the Abdomen, Pelvis, and Perineum

Answers and Explanations

1. Frequently, patients with blunt rupture to the abdomi-

nal aorta may not immediately show signs of hypov-
olemic shock because the aorta is situated behind the
peritoneum in the retroperitoneal space and the blood
may not escape immediately into the peritoneal cavity
(see text Fig. 5-62).

On impact, the patient may be held stationary by the
seat belt, but the kidneys may continue forward until re-
strained by the vascular pedicles. Avulsion of the renal
artery from the side of the aorta may take place under
these circumstances.

. The abdominal aorta is a midline structure that enters
the abdomen at the level of the twelfth thoracic verte-
bra, and its entrance may be projected onto the anterior
abdominal wall just above the transpyloric plane (see
text Fig. 8-3). The vessel extends downward to its bifur-
cation into the common iliac arteries at the level of the
summit of the iliac crests.

The sudden onset of severe back pain can be explained
by the aneurysm suddenly expanding or rupturing and
pressing on the vertebral column, which lies immedi-
ately posterior to the aorta.

Death does not always immediately follow an abdomi-
nal aneurysm rupture. This can be explained by the fact
that the hemorrhage may be initially confined to the
retroperitoneal space, and a tamponade effect may tem-
porarily prevent further bleeding.

The abdominal aorta is crossed by the third part of the
duodenum, and cases have been reported of an
aneurysm rupturing into the duodenal lumen. The in-
ferior vena cava lies along the right side of the aorta, and
an aneurysm has been known to rupture into it, pro-
ducing a massive arteriovenous fistula.

. Penetrating injuries of the upper part of the
inferior vena cava are commonly fatal because (a) the
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site of the injury is inaccessible behind the liver, duo-
denum, and the mesentery of the small intestine; (b)
the presence of the right costal margin makes surgical
access difficult; (c) the thin walls of the vena cava are
likely to tear extensively and make repair difficult; and
(d) the almost certain possibility that the liver is also
damaged.

The extensive anastomosis of the lumbar veins with
other retroperitoneal veins ensures that the blood is
able to bypass the obstruction should the inferior vena
cava be ligated below the level of the renal veins (see

CD Fig. 8-3).

. D is the correct answer. The gastroduodenal artery is a

large branch of the hepatic artery.

. C is the correct answer. At the lower end of the

esophagus, a branch from the left gastric vein
anastomoses with an esophageal tributary of the azygos
vein.

B is the correct answer. The blockage of the aorta in the
region of the bifurcation had effectively blocked the en-
trances into both common iliac arteries.

. E is the correct answer. The sympathetic trunks are not

pressed on by the pregnant uterus.

. C isthe correct answer. The left lumbar arteries do not

significantly contribute to the left portion of the colon.
The middle colic artery from the superior mesenteric
artery, the sigmoid arteries, and the marginal artery, as
well as the hemorrhoidal arteries, will maintain the
blood supply to the left portion of the colon.

. E is the correct answer. The lateral thoracic and the su-

perior epigastric veins are directly or indirectly con-
nected with the superior vena cava only.

. Cisthe correct answer. The gastroduodenal artery does

not directly anastomose with the splenic artery.
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N | THE AHTERIES

Lollateral Circulation

If the arterial supply to the leg is occluded, necrosis or gan-
grene will follow unless an adequate bypass to the obstruc-
tion is present—that is, a collateral circulation. Sudden
occlusion of the femoral artery by ligature or embolism, for
example, is usually followed by gangrene. However, grad-
ual occlusion such as occurs in atherosclerosis is less likely
to be followed by necrosis because the collateral blood ves-
sels have time to dilate fully. The collateral circulation for
the proximal part of the femoral artery is through the cru-
ciate and trochanteric anastomoses; for the femoral artery
in the adductor canal, it is through the perforating

branches of the profunda femoris artery and the articular
and muscular branches of the femoral and popliteal
arteries.

Femoral Artery Catheterization

A long, fine catheter can be inserted into the femoral
artery as it descends through the femoral triangle. The
catheter is guided under fluoroscopic view along the ex-
ternal and common iliac arteries into the aorta. The
catheter can then be passed into the inferior mesenteric,
superior mesenteric, celiac, or renal arteries. Contrast
medium can then be injected into the artery under exam-
ination and a permanent record obtained by taking a
radiograph. Pressure records can also be obtained by guid-
ing the catheter through the aortic valve into the left
ventricle.



Anatomy of Technique

The femoral artery is first located just below the inguinal lig-
ament midway between the symphysis pubis and the ante-
rior superior iliac spine (CD Fig. 9-1). The needle or
catheter is then inserted into the artery. The following struc-
tures are pierced:

Skin

Superficial fascia

Deep fascia

Anterior layer of the femoral sheath
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Anatomy of Complications

The femoral vein lies immediately medial to the artery and
may be entered in error. The nonpulsatile nature of the vein
on palpation should exclude this possibility. Since the hip
joint lies posterior to the femoral artery, the erroneous pas-
sage of the needle through the posterior arterial wall may
cause it to pierce the psoas muscle and enter the joint cav-
ity. Some difficulty may be experienced in passing the
catheter up the femoral artery if the artery is tortuous or if
there is extensive atherosclerosis of the arterial wall.

external iliac vessels

inguinal
ligament

pubic tubercle

anterior superior
iliac spine

femoral vessels

symphysis pubis

long saphenous
vein

e

CD Figure 9-1 Surface markings of the major blood vessels on the anterior surface of

the left thigh.



124 Chapter 9

Iraumatic Injury to Arteries of the
[.ower Limb

Injury to the large femoral artery can cause rapid exsan-
guination of the patient. Unlike in the upper extremity,
arterial injuries of the lower limb do not have a good prog-
nosis. The collateral circulations around the hip and knee
joints, although present, are not as adequate as that around
the shoulder and elbow. Damage to a neighboring large
vein can further complicate the situation and causes further
impairment of the circulation to the distal part of the limb.

Anatomy of Complications of
Arterial Injury

Assingle perforating injury to an artery in the lower limb may
also perforate an accompanying vein and establish an acute
arteriovenous fistula. This complication is common in re-
gions where large vessels run close together, such as the
femoral artery and vein in the femoral triangle and the sub-
sartorial canal, and the popliteal artery and vein behind the
knee. Such a shunt produces a continuous machinery-like
murmur over the fistula with the later development of vari-
cosities and edema of the distal part of the limb.

Anatomically, a true aneurysm is one whose wall con-
tains all three layers of the arterial wall, namely, the intima,
media, and adventitia. A false aneurysm, sometimes called
a pulsating hematoma, is one whose wall contains only the
tunica adventitia. An arterial perforation may lead to a false
aneurysm that becomes walled off by the adventitia and sur-
rounding tissues. Pressure on neighboring nerves may give
rise to neurologic symptoms.

Lompartmental Syndromes

Delay in the diagnosis and repair of injured arteries, espe-
cially when accompanied by vein damage, may lead to
muscle necrosis and compartmental edema. The compart-
ment syndromes are discussed on CD Chapter 13.

Ucclusions of the Popliteal, Anter-
ior, and Posterior Tibial Arteries

Popliteal artery occlusion occurs just below the beginning
of the artery (just below the opening in the adductor mag-
nus muscle). In some cases the occlusion extends distally to
involve the origins of the anterior and posterior tibial arter-
ies and even the peroneal artery. Symptoms include inter-
mittent claudication, night cramps, and rest pain caused by
ischemic neuritis. Signs include impaired or absent arterial
pulses, lowered skin temperature, color changes, muscle
weakness, and trophic changes.

Intermittent Claudication and
Arterial Ucclusive isease of the
[.ower Extremity

Atherosclerosis of the lower limb arteries is common in
men. Ischemia of the muscles produces a cramp-like pain
with exercise. Intermittent claudication is a condition
characterized by calf muscle cramping pain on exertion that
is relieved by rest. Thrombosis in a diseased segment of the
artery may lead to a sudden worsening of the symptoms and
even cause nocturnal ischemic pain. The common sites for
occlusion are the femoral, popliteal, and tibioperoneal ar-
teries. If the obstruction occurs more proximally in the aorta
or iliac arteries, impotence is common.

Femoropapliteal and temoratibial
Hypass for Lower Extremity
Vascular [nsufficiency

Bypasses have been used with success in patients with severe
distal extremity ischemia. In the presence of gangrene or se-
vere rest pain, the distal limb has been successfully salvaged.
A reversed ipsilateral autogenous saphenous vein, a con-
tralateral saphenous vein, or a cephalic vein graft has been
used to connect the proximal femoral artery or popliteal
artery to the distal popliteal or tibial or peroneal arteries.

[Lumbar Sympathectomy and
Ucclusive Arterial Disease

Lumbar sympathectomy may be advocated as a form of
treatment in occlusive arterial disease of the lower extremity
to increase the blood flow through the collateral circulation.
Preganglionic sympathectomy is performed by removing
the upper three lumbar ganglia and the intervening parts of
the sympathetic trunk.

Aneurysms of the Lower Extremity

These occur much less frequently than abdominal aortic
aneurysms and are usually caused by atherosclerosis. Most
patients are over 50 years of age, and the common sites are
the femoral and popliteal arteries. The diagnosis is usually
made by finding an expansile swelling along the course of
the artery. Patients may present in the emergency depart-
ment with complications, which include sudden embolic
obstruction to arteries distal to the aneurysm or sudden
thrombotic occlusion of the aneurysm. Pressure on neigh-
boring nerves may give rise to symptorms; for example, an en-
larging popliteal aneurysm may press on the tibial nerve,



causing pain in the foot. Rupture of femoral or popliteal
aneurysms is rare.

N | THE VEINS

Lreat Saphenous Vein Variation
and Venous Vein Cutdown

Occasionally the great saphenous vein at the medial malle-
olus is replaced by several small veins instead of a single

saphenous nerve .

|
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large one. This possibility is of great clinical importance
when performing a venous cutdown

Lreat oaphenous Vein Cutdown

Exposure of the great saphenous vein through a skin inci-
sion (a “cutdown”) is usually performed at the ankle (CD
Fig. 9-2). This site has the disadvantage that phlebitis (in-
flammation of the vein wall) is a potential complication.
The great saphenous vein also can be entered at the groin
in the femoral triangle, where phlebitis is relatively rare;
the larger diameter of the vein at this site permits the use
of large-diameter catheters and the rapid infusion of large
volumes of fluids.

/ great saphenous vein
} ’

anterior superior
iliac spine

femoral artery
femoral vein

great saphenous

d o \Gr o
A R T W
We ’""—’3) vein

CD Figure 9-2 Great saphenous vein cutdown. A and B. At the ankle. The great saphe-
nous vein is constantly found in front of the medial malleolus of the tibia. C and D. At the
groin. The great saphenous vein drains into the femoral vein two fingerbreadths below

and lateral to the pubic tubercle.
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Anatomy of Ankle Vein Cutdown
The procedure is as follows:

1. The sensory nerve supply to the skin immediately in
front of the medial malleolus of the tibia is from
branches of the saphenous nerve, a branch of the
femoral nerve. The saphenous nerve branches are
blocked with local anesthetic.

2. A transverse incision is made through the skin and sub-
cutaneous tissue across the long axis of the vein just an-
terior and superior to the medial malleolus (see CD
Fig. 9-2). Although the vein may not be visible through
the skin, it is constantly found at this site.

3. The vein is easily identified, and the saphenous nerve
should be recognized; the nerve usually lies just ante-
rior to the vein (see CD Fig. 9-2).

Anatomy of Groin Vein Cutdown

1. The area of thigh skin below and lateral to the scrotum
or labium majus is supplied by branches of the ilioin-
guinal nerve and the intermediate cutaneous nerve of
the thigh. The branches of these nerves are blocked
with local anesthetic.

2. A transverse incision is made through the skin and sub-
cutaneous tissue centered on a point about 1.5 in. (4
cm) below and lateral to the pubic tubercle (see CD
Fig. 9-2). If the femoral pulse can be felt (may be absent
in patients with severe shock), the incision is carried
medially just medial to the pulse.

3. The great saphenous vein lies in the subcutaneous fat
and passes posteriorly through the saphenous opening in
the deep fascia to join the femoral vein about 1.5 in. (4
cm), or two fingerbreadths, below and lateral to the pu-
bic tubercle. It is important to understand that the great
saphenous vein passes through the saphenous opening
to gain entrance to the femoral vein. However, the size
and shape of the opening are subject to variation.

The Great Saphenous Vein in
Loronary Hypass ourgery

In patients with occlusive coronary disease caused by ather-
osclerosis, the diseased arterial segment can be bypassed by
inserting a graft consisting of a portion of the great saphe-
nous vein. The venous segment is reversed so that its valves
do not obstruct the arterial flow. Following removal of the
great saphenous vein at the donor site, the superficial
venous blood ascends the lower limb by passing through
perforating veins and entering the deep veins.

The great saphenous vein can also be used to bypass
obstructions of the brachial or femoral arteries.

Intraosseous Infusion in the Infant

This technique may be used for the infusion of fluids and
blood when it has been found impossible to obtain an intra-
venous line. The procedure is easy and rapid to perform as
follows:

With the distal leg adequately supported, the anterior
subcutaneous surface of the tibia is palpated.

The skin is anesthetized about 1 in. (2.5 cm) distal to the
tibial tuberosity, thus blocking the infrapatellar branch of
the saphenous nerve.

The bone marrow needle is directed at right angles
through the skin, superficial fascia, deep fascia, and tib-
ial periosteum and the cortex of the tibia. Once the
needle tip reaches the medulla and bone marrow, the
operator senses a feeling of “give.” The position of the
needle in the marrow can be confirmed by aspiration.
The needle should be directed slightly caudad to avoid
injury to the epiphyseal plate of the proximal end of the
tibia. The transfusion may then commence.

Varicose Veins

A varicosed vein is one that has a larger diameter than nor-
mal and is elongated and tortuous. Varicosity of the
esophageal and rectal veins is described elsewhere. This
condition commonly occurs in the superficial veins of the
lower limb and, although not life threatening, is responsible
for considerable discomfort and pain.

Varicose veins have many causes, including hereditary
weakness of the vein walls and incompetent valves; elevated
intraabdominal pressure as a result of multiple pregnancies
or abdominal tumors; and thrombophlebitis of the deep
veins, which results in the superficial veins becoming the
main venous pathway for the lower limb. It is easy to under-
stand how this condition can be produced by incompetence
of a valve in a perforating vein. Every time the patient exer-
cises, high-pressure venous blood escapes from the deep
veins into the superficial veins and produces a varicosity,
which might be localized to begin with but becomes more
extensive later.

The successful operative treatment of varicose veins de-
pends on the ligation and division of all the main tributaries
of the great or small saphenous veins, to prevent a collateral
venous circulation from developing, and the ligation and di-
vision of all the perforating veins responsible for the leakage
of high-pressure blood from the deep to the superficial
veins. It is now common practice to also remove or strip the
superficial veins. Needless to say, it is imperative to ascertain
that the deep veins are patent before operative measures are
taken.

Varicose Leg Ulcers

These occur in the region of the medial malleolus, are
caused by venous skin stasis, and may be a complication of



varicose veins; many are caused by postthrombotic incom-
petent perforating veins in the region.

A venous ulcer must be distinguished from an arterial
ulcer caused by atherosclerosis of the skin arteries. An arterial
ulcer tends to occur on the lateral side of the distal leg, and
the leg is often pulseless and cool. A venous ulcer occurs on
the medial side of the distal leg because skin venous stasis
tends to be more severe on the medial side in the presence of
varicose veins. The explanation for the laterally placed arter-
ial ulcer is that the skin over the lateral malleolus receives a
poorer arterial supply than that over the medial malleolus.

Traumatic Bleeding from a
Varicosed Vein

Profuse bleeding from a pierced varicosed vein may cause a
patient to seek medical treatment. Pressure over the vein,
proximal to the injury, should stop the blood escaping. The
varicosed veins have incompetent valves and venous blood
is merely draining downward by gravity from the abdominal
veins. Raising the leg to a level above the heart should also
stop the bleeding.

ouperficial [hrombophlebitis

Thrombosis of the superficial veins of the lower limb is often
associated with varicose veins. The condition is painful, and
the thrombosed vein is tender to touch; the overlying skin is
reddened and edematous. The thrombus is usually strongly
adherent to the wall of the vein so that emboli are rarely
formed. However, should the thrombosis extend to the deep
veins through a perforating vein, embolic formation in the
deep vein can be a serious, although rare, complication.

[eep Thrombophlebitis

Thrombosis of the deep veins can occur at any time, but sig-
nificant predisposition is immobility of the lower limbs in
bed or in a splint. The common site where the process starts
is the veins draining the soleus muscle in the calf. It must be
assumed that the pressure of the bed on the calf veins dam-
ages the tunica intima, and this together with certain predis-
posing factors, such as surgical trauma, malignant disease,
pregnancy, or estrogen therapy, initiates thrombus forma-
tion. Once formed, the thrombus may extend proximally
into the popliteal and femoral veins and even higher into the
iliac veins. The symptoms include discomfort and tightness
in the calf, especially when the patient is using the calf mus-
cles, as in standing and walking. Tenderness of the calf mus-
cles may be apparent, and edema of the ankles, pretibial area,
or thigh may be present. The superficial veins may be dilated
and more obvious than normal. The great danger of deep
vein thrombosis is the high incidence of pulmonary em-
bolism. A secondary problem is residual chronic venous in-
sufficiency of the lower extremities.
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[eep Vein Thrombosis and
[ .ong-listance Air Iravel

Passengers who sit immobile for hours on long-distance
flights are very prone to deep vein thrombosis in the legs.
Preventative measures include stretching of the legs every
hour to improve the venous circulation.

temoral Vein Catheterization

Femoral vein catheterization is used when rapid access to a
large vein is needed. The femoral vein has a constant rela-
tionship to the medial side of the femoral artery just below
the inguinal ligament and is easily cannulated. However,
because of the high incidence of thrombosis with the possi-
bility of fatal pulmonary embolism, the catheter should be
removed once the patient is stabilized.

Anatomy of the Procedure

1. The skin of the thigh below the inguinal ligament is
supplied by the genitofemoral nerve; this nerve is
blocked with a local anesthetic.

2. The femoral pulse is palpated midway between the an-
terior superior iliac spine and the symphysis pubis, and
the femoral vein lies immediately medial to it.

3. At a site about two fingerbreadths below the inguinal
ligament, the needle is inserted into the femoral vein.

[oppler Ultrasound Examination
of Venous tHow in the Lower
Extremity

Posterior tibial veins: The probe is applied to the skin
just posterior to the medial malleolus of the tibia. Here
the posterior tibial veins accompany the posterior tibial
artery between the tendon of the flexor digitorum longus
and the posterior tibial nerve (CD Fig. 9-3).

Popliteal vein: The probe is applied to the skin over the
popliteal space with the knee partly flexed to relax the
deep fascia. The flow signal is best heard over the vein
just lateral to the popliteal artery (see CD Fig. 9-3).
Femoral vein: The probe is placed over the vein at
midthigh as it lies in the subsartorial canal with the
femoral artery (see CD Fig. 9-3). The probe can also be
applied higher up on the skin covering the femoral trian-
gle just below the inguinal ligament. Here the femoral
vein lies medial to the femoral artery (see CD Fig. 9-3).
The pulse of the femoral artery can easily be felt at the
midpoint between the anterior superior iliac spine and
the symphysis pubis.
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CD Figure 9-3 Doppler ultrasound of venous blood flow in the lower limb. A. Posterior
tibial veins at the ankle. B. Popliteal vein behind the knee. C. Femoral vein and the subsar-
torial (adductor) canal in the midthigh. D. Femoral vein just below the inguinal ligament.

Venous lone in Hypovolemic

Shock

In extreme hypovolemic shock, exc