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A teacher affects eternity; he com never tell where his
influence stops.

Henry Adams (American Philosopher)

Alnost 25 years ago a jovial roguish man with a dry
wit decided to devote the rest of his professional carecr
to teaching students the art of radiology. Coming from
a practice in the Midwest he decided to join the faculty

at the University of lowa to “have some fun.” His “fun”
resulted in innumerable publications, grants, and
teaching awards both national and university wide. His
recognition of the need to spread his lighthearted and
practical philosophy of learning led to the first three
editions of this book. At the outset, Bill Evlionen was a
practical man and insisted the book be written to let
the reader have fun. The book has always been pub-
lished in soft cover intentionally aiming to keep the
costs low, within the budget of students. Bill is now
Jully retired and age is taking its toll but his spirit lives
on in those he teaches and inspires today. This bool is

dedicated to his ongoing joy in teaching,

—Willsur Smith
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The astute reader will notice thay the following four para-
graphs of this preface are identical 1w those penned by
Dr. Erkoncn in the last edition. The reason is, we could not
think how 1o say it any beter. Bill established a philosophy
andl legacy than we have anempred 1o carry through 1o the
new cddition. There is a truism in Badiology, “Human dis-
cases dont change much, just the way we image them.”

The specialy ol radiology has been around for over
100 years and has played a critical role in patient diagnosis
ang care, During the last 30 years the role of radiclogy in
patient diagnosis and care has soarcd on the wings of
extraordinary technologic advances, As vou read this work,
remember that discases have not changed a lot, but the
way we look at them has due 1o these new and improved
technologies.

All oo olten, educaiors incorrectly assume that the
students know something about the subject that they are
abou 1w swudy. Therelore, the third edition of Redinfogy
101 assumes thai the readers knowledge of radiclogy is a1
the most basic level.

The primary purpose of this baok is to give the reader
a “leel” for radiologic anatomy and the radiologie maniles-
tations ol some common discase processes. Aller reading
this book, you will be beiter prepared for consuliation
with the radiologist, and thiz usually leads w an appropri-
ate diagnostic workup. As one develops an understancding
of what radiclogy has 1o offer, improved patient diagnosis
and care are likely 1o lollow: In adedition, the reader will he
able o approach an image without feeling intimbdated,
You might say, "It will prepare vou for the wards and
hoards.” The book is not intended o transform e reader
imto a radiologist look-alike, Rather, it is designed 1o be a
primer or general ficld guide to the basics of radiology.

Anatomy is the language of radiology. A solid founda-
tion in good old-lashioned normal radiclogic anatomy is

ezsential e understand the various maniflesttions of dis-
eases on radiologic images. Thus, this book places heavy
emphasis on images, stressing normal anatomy and come
monly encountered  rudiologic pathology. We  present
clearly labeled images of normal anatomy feom a varieny of
angles not only on eadiographs buat alss on other come
monly used imaging modalities such as computed wmog-
raphy, magnetic resonance imaging. and wlirsonography.

The lourth edition contains several updates and one
new leature, The text and illusirations are updated 1w
rellect the inereasing applications of molecular imaging,
digital imaging, and magnetic resonance imaging, Mew
chapter authors have been added, each an expent in their
hield yet writing in a sivle that is concise and readahble. In
doing this we have atempied o maintain emphosis on the
core role of basic imaging techniques such as bone radio-
graphs, chest eadiogeaphs and basic wlimsownd which
[orm the basis suggesting advanced diagnostic imaging
may be necded.

A short new chapter has been added on the appropri-
ate use of imaging, Included in tha chapier is a briel sec-
tion on radiation exposure, a [actor of increasing concern
when requesting imaging examinations, ndicaions for
examinations are a dynamic concept therefore the chapler
emphasizes more where W lind opdated information, then
specilic prescriptions for imaging usape.

Aduly learning theory suggesis that testing on material
engages learners bevond the more passive role of o reader.
Wi bave therefore added gquestions anthe end of each chapier
which the reader can use 1o scif-assess their learming.

Alwwve all we hope that this wexi continues 1o serve as
an introduction o the wonderlful hield of fmaging. We
aspired to write a text that is easy w read s comprehend
eather than one that is encyelopedic. Mease reader, have
fue aned enjoy while you learn.
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Radiography, Computed Tomography,
Magnetic Resonance Imaging, and
Ultrasonography: Principles and Indications

Vincent A. Magnotta

W Chapter Qutline

Radiography
Computed Radiography (Digital Radiography)
Contrast Media
Computed Tomagraphy
Muhtislice/Dynamic Compated Tomography
Dwal-Source Computed Tomography
Magnetic Resonance Imaging
Magnetic Resonance Angiography

Few ol us take the time 1o siudy, len alone enjoy, the phys-
ics of the technology that we vse in our everyday lives,
Almost everybody drives an amomabile, lor instance, b
only a lew of us have working knowledge about wha goes
on uncer our car hoods. The medical iechnology than pro-
duces imaging siudics is olten met with a similar recep-
tion: We all wam o drive the car, so 1o speak, b we do
non necessar by want 1o understand the principles underly-
ing the computed lomograms or magnetic resonance (MR)
images than we sy, Yet, a basic undersianding of imaging
muodalities is extremely imporiant, because you will most
likely be reviewing images throughow your professional
career and the resulis of 1these consuliations will alfect vour
making a clinical decision. The imerpretation of imaging
studies is 10 a considerable degree dependent o under-
sianding how the images are produeed. One does not neees-
sarily have 1o be a mechanic 1o be a skilled driver, Bt you
dov need o know when o put fuel in the car. Similarly,
reaching a basie understanding of how imaging suadies are
produced is & necessary [iest step (o eritieally viewing the
images themselves. This chapier is designeed to demonsire
the elementary physics of mdiclogic diagnostic imaging,

Wilbur L. Smith  William E. Erkonen

Funciional Magnetic Resonance Imaging
Functignal Cardiac Magnetic Resonance Imaging
Dilfusion-Weighted Imaging Magnetic Resonance
Suscepibility-Weighted Magnetic Resonance Imaging
Magnelic Respnance Speciroscopy
Ultrasonagraphy
Picture Archiving Systems
Key Points

Radiographs are the most common imaging consultaions
recuested by clinieians, 5o let us set oflon the right oot by
relerring 1o radiologic images as radiographs, images, or
filins, but not g-ravs. Alter all, 2-eays are clecirmagnetic
waves produced inan x-ray tuhe, It is aceeptable for a lay-
person to refer tooa radiograph as an sray, but the knowl-
cadpeable elimician and healitheare worker should avoid the
term, Your usage of appropriate weeminology denwonstrnes
your saveir-faine (Uhe ability 1o say and do the right thing)
1o your colleagues amd paticis.

Whenever possible, rdiographs are accomplished in
ihe racdiology depanment. The number of views obiasined
during a standaed or rowine sty depends on the ana-
e site being imaged, The common ruliographic vicws
are mmed aceording 1w the dircetion of the x=ray beam
ared referred v as posteroamterior (PA), anmteroposterior
(A, wbligue, and lateral views,

The chest will be used w illusire these basic radio-
graphic wrems, b this erminology applies w almost all
amtsmic sites. A indicates that the contral %-may beam

3



4 SECTION I: Basic Principles

A posteroantenos chest radvegraph. The patient's chest
is pressed against the cassette with hands on the hips. The x-ray beam
emanating from the x-ray tube passes through the patient’s chest in
a postenios-lo-antenior or back-to-front direction. The x-rays that pass
completely through the patient eventually sinke the radiographic film
and screens inside the radiographic cassene.

travels from posterior to anterior or back o front as i
traverses the chest or anv other anatomie site (Fig. 1.1}
Lateral indicates that the x-rav beam travels through the
patient from side 1o side (Fig. 1.2}, When the patiemt is
unable 10 cooperate for these routine views, a single AP
upright or supine view is obtained. AP means that the x-ray
beam passes through the chest or other anatomic site lrom
anicrior to posterior or front to back (Fig. 1.3). PA and AP
radiographs have similar appearances but subtle dilference
in magnification of structures, panicularly the heari. When
the patiemt cannot 1olerate a transfer 1o the radiology acil-
ity a portable study is obtained, which means that a por-
1able x-rav machine is brought 1o the patient wherever he
or she is located. AP is the standard ponable 1echnigue
with the patient sitting or supine {Fig, 1.4). Ponable radio-
graphic equipment generates less powerlul x-ray beams
than fixed units and therefore, the prevalence of subopti-
mal images is greater.
Radiographs have traditionally been described in
terms of shades of black, white, and gray. What causes a

A latesal chest radiograph. The x-ray beam passes through
the patient’s chest from side o side. The x-rays that pass complotety
through the patient evenually sirike the radiographic film and screens,
Mote that the patient’s armrs are positioned as not 1o project aver the chest,

Kerany b F
Camode / :'I

i Radiographic
e H-\j}y nan
FAIGURD 7 7 An anferoposterior chest radiograph. The x-ray beam

passes through the patient’s chest in an anterior-to-posterior or
fromt-to-back direction. Mote that the patents hands are on the
hips.

structure to appear black, white, or gray on a radiograph?
Actually, it is the density of the object being imaged tha
determines how much of the x-ray beam will be absorbed
or attenuated (Fig. 1.5). In other words, as the density of
an object increases, fewer x-rays pass through it, v is the
varfable density of structures that resulis in the four basic
radiegraphic classifications: Air (hlack), far (black), water

[k e An anteroposterior portable chest radiograph with the
patient either sitting (A) of supine (B). The x-ray beam passes through
the patient’s chest n an anlenor-to-postenior direction. The x-ray
machine has wheels and this allows it to be wsed wherever needed
throughout the hospital,



CHAPTER 1: Radiography, Computed Tomography, Magnetic Resonance Imaging, and Ultrasonography

—— X-ray bearm

Skin
Muscle
and solt tissue

Radicgraphic
film

Az The level in the distal thigh through which the x-ray
beam is passing in (B). B: Cross-section of the distal thigh at the level
indicated in (A). Notice that when the x-ray beam passes through air,
the result is a black area on the radiograph, When the x-ray beam strikes
bone, the result is a white area on the radiograph. If the x-ray beam
passes through soft tissues, the result is a gray appearance on the film.

(gray), and metal or bone (white; Table 1,1}, For exam-
ple. the lungs primarily consist of low-density air, which
absorhs very little of the x-ray beam. Thus, air allows o
large amount of the x-ray beam 1o sirike or expose the
racliographic ilm. As a result, air in the lungs will appear
black o a mdiograph. Similarly, G has a low densiiy, b

3

Basic Radiograph Film Densities or Appearances

Object Film Density
Air Black

Fai Black

Bone Whine
Metal Whitc
Calcium White

Orpang, muscles, sofl tissues Shades of grav

s density 15 slightly gremer than that of air Far will
appear black on a radiograph bun slighily less black than
aie. High-density objects such as bones, weeth. calcium
deposits in tumors, metallic foreign bodies, right and left
lead film markers, and intravascularly injecied connrmsy
media absorb all or nearly all of the x-ray beam. As a
result, the radiographic film receives little or no x-rav
cxposure, and  these dense stiruciures appear white,
Muscles, organs (heart, liver, spleend, and other soft tis-
st appear as shades of grav, and the shades of geav range
somewhere between white and black depemding on the
struciures density, These shades of gray are referred 1o as
waler density,

In the “old days” when hlms were widely employed
as an image storageddisplay medium, rdiogrphic screens
are positioned on both sides of a sheer of ilm inside the
lighttight cassette or [lm holder (Fig. 1.6A). The chemical
structure of the screens canses them e emit light flashes
or Lo [luoresce when struck by x-rays (Fig. 1L.6B). Actually,
it is the Muoresced light from the screens on both sides of
the film that aceounts for the major exposure of the radio-
graphic lilm. The direct incident x-rays siriking the radio-
graphic ilm account for only a small proportion of the
lilen exposure. The use of sereens decreases the amount of
radiation required w produce a radiograph, and this in
turn decreases the patient’s exposure o rdiation, I s
important do remtember that radiographic ilms, photographic
Jilmes, and the currently nsed phosphor plates fir digital voadi-
agraphy (DR all respond in o similar seanner o lighe and
x-reeys. While filim reconaling is going tlee way of the dode, this
principal remeains velid,

I conventional suliography, the rdiographic image 18
recorced an il thn goes through chemical processing for
development. Computed rdivgraphy (CR) o digital radi-
ograply (DR) is the process of producing a digital eacdice-
araphic image. Instead of Blm, a special phosphor plae is
exposed o the x-ray beam. The image mformation is
vhiained by seamming the phosphor plate with a laser beam
thar canses ligha e e released Trom the phosphor plate.
Thee fntensity of the cmitted light depends on the local rudi-
ation exposure. This emited light s imensified by o
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ImMensitying screen
{phasphor)
“—Lead foil

B J —}{.‘as&aﬂibcl:li

A: An open radipgraphic cassette containing one shest
of radeographic film and two intensifying screens. A radicgraphic screen
is positionad on each side of the film, and the screens emit a light flash
{fluoresce) when struck by an x-ray. Also, some x-rays directly strike the
radiographic film. This combination of light flashes from the screens
and x-rays directly striking the film causes the radiographic film to be
exposed. This is similar 1o photographic film. B: Cross-sectional illustra-
tion of a radiographic cassette. Note the lead foil in the back of the
cassette that is designed to stop any x-rays that have penetrated the

full thickness of the cassene, The curved arrews represent light flashes
that are created when x-rays stnke the screens.

photomultiplier tube and is subsequently converted into an
cleciron siream. The eleciron stream is digitized, and the
digital data are converted into an image by computer. The
resulting image can be viewed on a monitor or translerred
1o a radiographic film. The beamy of this system is that the
digital image can be wransferred via networks 10 muliple
sites in or out of the hospital, and the digital images are cas-
ily stored ina computer or on a server. For example, a digi-
1al chest radiograph obiained in an imensive care unit can
be transmitted 10 the radiology depanment lor consuliation
and interpretation in a maiter of scconds. Then the radiolo-
gist can send 1his image via a network back w the intensive
care unit or o the referring physician's office and this digiral
information would be stored in a computer (server) for
luture recall. This technology is used routinely in the prac-
tice of medicine to share images between the raq:linlugi_r.t
and referring physicians,

Radiographic contrast media usually refer 10 the use of
intravascular pharmacemicals o differentime berween
normal and abnormal tissues, 1o define vascular anatemy,
and to improve visualization of some organs. These high-
density  pharmaceuticals  in convemtional  radiology
depend upon chemically bownd moelecules of iodine that
cause varying degrees of x-ray absorption. Sofl tissues
such as muscles, blood vessels, organs, and some diseased
tissues often appear similar on a radiograph. Usually,
when contrast agents are injected intravascularly 1o tell
the difference between normal and abnormal tissues there
is a difference in the uptake of the contrast media in the
various tssues. Thus, the more the uptake of contrast
media in a tissue, the whiter it appears, and this is called
cnlncemant.

It is this enhancemenm or contrast that enables the
viewer 1o detect subtle dilferences between normal and
abnormal soft tissues and between an organ and the sur-
rounding tissues. Also, it beawifully demonsirates areries
and veins.

The use of iodinated high-osmalar contrast agents for
radiographic swudies through the years has led to compli-
cations due 1o this high-osmolar load especially in infants
and in individuals with compromised renal lunction. With
high-osmoelar contrast agents, approximately 7% of the
peaple developed reactions consisting of vomiting, pain a
the injection site, respiratory symptoms, uriicaria, and
generalized burning sensation. However, a major advance
vecirred in the 1990s with the widespread adoption of
low-osmolar contrast agents (LOCAs) that substantially
reduced the risk of osmolar reactions, LOCAs improved
the comfon of administration and decreased the frequency
of annoying and sometimes life-threatening reaciions.
LOCAs did not complerely eliminate the incidence of seri-
ous contrast reaction and nephropathy. 1T a patient has had
a prior reaction, one should consult with one'’s radiologist
1o weigh the benefit versus the risk and possible alierna-
tive imaging considered especially in patients with diabe-
tes, vascular disease, or renal dysfunction.

There are many wses for iodinated compounds in
radiographic examinations such as in angiography, myelog-
raphy, arthrography, and computed tomography (CT). Angio-
graphy 15 merely the injection of an iodinated contrast
meclia direcily into a vein or artery via a needle and/or
catheter (see Chaprer 11). Arthrography is the injection
of contrast media andfor air into a joint. Air may be used
alone or in combination with these compounds 1o improve
contrast, [t has been used o image muliple joints such as
rodator cull injuries of the shoulder and 1o assess menis-
cus injuries in the knee. Since the advem of CT and
magnelic resenance imaging (MR, the arthrogram has
become less imporant. Myelography is the placement
of comtrast media in the spinal subarachnoid space, usu-
ally via a lumbar puncture. This procedure is uselul lor
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diagnosing discases in and around the spinal canal and
cord, Because of the advem of the less invasive T anel
MRl medalities, the use of myclogram studies bas been
decreasing,

Another type of contrast media is used for the gastro-
intestinal (G1) tract. A heavy metal-based  compound
tusually barium) defines the mucosal pattern very well. To
agcomplish a G contrast cxamination, the barivm sullaie
stapension is introduced into the Gl tract by oral inges-
tiom Cupper GI series) or through an intestinal tuhe (small
howel series) or as an enema (barium enema). When air
along winh the barium is imrodoced inwe the Gl rer, the
result is called a double-conteast study, Barium studies are
safer, bever wlerated by patients, ol relmively inexpen-
sive compared with the more invasive Gl endoscopic stud-
ics. Barinm stucics can be elfective in diagnosing a wide
variery of Gl pahology, as they are quile sensitive and spe-
cibe, With the widespread vse of CT to study Gl pathol-
oy, hoth barivme- and jodine-based coneast agems have
been wtilized. Owing 10 the contrast sensitivity of CT, a
much lower concentrmion (not wolume) of bariom or
iodine 15 employed for bowel visualization,

When the integrity of the GI tract is in question,
there exists a potential for coastraphic exiravasation of
the harium inte the medinstinum and peritoncam. In
these situations, barivm studies are contraindicmed amd
a water-soluble iodinmed compound should be used. Asa
general rule, images produced with water-soluble con-
trast agents are less informative than barium stwdies,
because the waer-soluble agents are less dense than bar-
ium, dio not adhere as well 1o mucosa, and result in pooner
conmlrasl,

In MEL, standard fodinated contrast agents are of no
use, Instead, we vse magnetically active compounds such
as gadolinium or other metals such as iron oxide with
unpaired electrons {paramagnetic effeeis) 1w enhance
imaging cerain disease progesses. Gadolinium does nm
produce an MR signal bt does cause changes in local
magnetic ficlds by inducing T1 shorening in 1issues
where it has localized. It is uselul for imaging tumors,
infections, and acute cerebral vascular accidens, Although
the principles of MR and CT diller, the practical oui-
comes are similar. They both canse lesion enhancing or
in other words a lesion is whiter than the surmunding
tissues {(Fig, 1.7}

Gadolinium generally has a low risk lor reactions
ancfor nephropathy, but it can cause a severe connective
tissue disorder, neplroagenic sclerosing filrosis (NSF). NSF
virtwally only oceurs in patients who are on dialysis or
have a creminine clearance less than 30 mpfdL. This dis-
case is a very serious complication and is similar 1o sclero-
derma, The mkeaway lesson on gadolivium is (o consull
with your radiologist on any patient with known renal Lail-
ure or a history of NSF belore requesting a conirast-
enhanced MR examination,

Axral Of lrarsverse
{eross-sectional plane)

Sagittal, coronal, and axial anatomic planes.

CT mvolves sectional anatomy imaging or anatomy in the
sagitial, coronal, amd axial (crass-sectional, trnsverse)
planes, These wrms, which can be confusing, are clearly
illustrated in Figure 1.7, Sectional anatomy has always
been imporiant 1o physicians and other healtheare work-
crs, but the newer imaging modalitics of CT, MRI, and
ultrasonography (US) demand an in-depth understanding
al anatomy displayved in this manmer.

CT, sometimes referred o as computerized axial wimog-
raphy (CAT) scan technology, was developed inothe 19705,
The rock group, The Beatles gave a big boost 1o CT develop-
mem when it invested 2 signilicant amewm of money in a
husiness called Electric Musical Instouments Limived (EMT).
Tt wans EMI engineers who subsequemly developed CT weche-
nislogy, Initially, EMI scamners were used exclusively for
brain imaging, but this wchnology was rapidly exwended w
the abdomen, thoermx, spine, aud extremitics,

CT imaging is best undersiood il the anatomic site w0
Be examined is thought of as a loal of sliced bread: an
image of cach slice of bread is created withows imaging the
other slices (Fig, 1.8), This is in conradistinetion o a
rdiograph, which captures the whole loal of brewd as ina
photogeaph.

The external appearance of a wpical CT wnit or
muachine is illustraed in Figure 1.9, CT bmages are pro-
dunced by o combintion of x-rave, computers, and detee-
s, A compuier-controlled couch ransfers the patient in
short increments through the opening in the seannee
housing, In the original, now near-extinet stadard CT
unit, the x-raw abe located in the housing (gantry) roiates
arowind the patient, and each amaomic slice o be imaged
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llistranion of how CT technology creates an image of
a single slice of bread from a loaf of sliced bread without imaging the
other shices.

is exposed 10 a pencil-thin x-ray beam (Fig. 1.10). Each
image or slice requires only a lew seconds: therefore,
breath-holding is usually not an issue. The thickness of
these axial images or slices can be varied from 1 10 10 mm
depending on the indications for the study. For example,
in the abdomen and lungs we commonly use a 10-mm
slice thickness because the structures are large. A slice
thickness of only a few millimeters is used (o image small
struciures like those lound in the middle and inner ear. An
average CT siudy 1akes approximately 10 w0 20 minuies
depending on the circumstances.,

X-rary tube
ganiry

Opening in
gantry

Fatlent couch

A standard CT scanner or machine, The patient couch or
cradie is fed through the opening in the x-ray tube gantry or housing,
and the anatomic pant to be imaged is centered in this opening. The
K-y tube is located inside the gantry and moves around the patient
10 Create an image.

Towrso of

patign]
Transverse section
of slice

Unabsorbed

*-riry beam axting
patient
Collimalos X-ray tube
diraction

2

B

FIGUIEE 1100 A lllustration of how the x-ray tube circles the patient’s
abdomen to produce an image (slice) a5 shown in (B), B: Demonstra-
tion of how a CT scan creates a thin-slice asial image of the abdomen
{arrows) without imaging the remaindar of the abdomen.

Asina m:li::gmph, the amount of the x-ray beam that
passes through each slice or section of the patient will be
inversely proportional 1o the density of the traversed tis-
sues, The x-rays that pass completely through the patient
eventually strike detectors (not Bilm), and the detectors
subsequently convert these incident x-rays 1o an clectron
strcam. This electron siream is digitized or converied o
numbers referred 1o as CT units or Hounsheld units; then
computer software converts these numbers 1o correspond-
ing shades of black, white, and gray. A dense siruciure, such
as bone, will absorb most of the x-ray beam and allow only
a small amoun of x-rays 1o sirike the detectors. The resull
is a0 white density on the image. On the other band, air will
absorh linfe of the NeTay beam, allowing a large number of
s-rays Lo strike the detectors. The resull is a black density
on the image. Sofl tissue siruclures appear gray on the
image.

This CT digital information can be displayed on a
video monitor, stored on magnetic wape, transmitted across
computer networks, or printed on radicgraphic film via a
fermal camera.

Because CT technology uses x-rays, the image densi-
ties of the anatomic structures being examined are the
same on both CT images and radiographs. In other words,
air appears black on both a CT image and a radiograph and
bone appears white on both modalities. One major dilfer-
ence berween a radiograph and a CT image is that a radio-
praph displays the entire anatomie structure, whereas a CT
image allows us Lo visualize slices of a sirueiure; using CT
the x-rays are recorded by devices called detectors and
converted 1o digital dma.

CT imaging is accomplished with andfor withow
intravenously injected contrast media. The imravenous
contrast media enhance or inercase the density of blood
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Some Common Indications fer CT Imaging

Troma

Intracranial hemorrhage (suspected or known)

Abdominal injury, especially 1o organs

Fracture detection and evaluation

Spine alignmem

Detection of loreign bodies {especially in joims)

Diagnosis of primary and scecondary neoplasms
(liver, renal, brain, lung, and bone)

Tusmor staging

vessels, vascular solt nissues, organs, and twomors as inoa
radiograpl. This enhancement assisis in distinguishing
herween normal tissue and a pathelogic process. Contrast
mcclia are not needed when searching for intracerchral
hemorrhage or a suspected fracture or for evaluating o
[racture ragmen within a joine, However, contrast is uscdd
when evaluating the liver, kidney, and brain lor primary
and secondary neoplasms, A lew of the common indica-
tions for CT imaging are listed in Table 1.2, Oral GI cone
irast agents may be administered prior w0 an abdominal
CT 1o delineme the comrast-lilled G ract Trom other
abdominal siruciures,

Helical or spiral CT wechnology s similar 1o stangdard
CT bun with a few mew vwists, In helical or spiral CT, the
pastient continuously moves through the gantey while the
x-ray wihe contimously encircles the patient (Fig. .11
This combination of the paticnt and the s-ray tube cominu-
ously moving, resulis in a spiral confliguration. This tech-
nology can produce slices which may vary in thickness from
e 10 mom. The resolution and comrast of these images are

(R

Il

\ WY/

—  — -

.‘-- wan

i 111 A helical or spiral CT scanner. The x-ray tube continu-
ously circles the patient while the patient couch moves continuously
through the opening in the x-ray tube gantry. The combination of
continuous patient and x-ray tube movement results in a spiral con-
figuration, hence the name “helical.” In a standard CT or nonhelical
scanner, the patient couch meves in short increments toward the gan-
try opening and stops intermittently to allow the x-ray tube 1o move
arpund the patient. Thus, the x-ray tube moves around the patient only
when the couch is stationary.

etter than on standard CT images, resulting in improved
images i arcas such as the thorax and 1he abdomen,

The carly conventional CT scanners had only a single row
ol detectors, thus ulﬂ}' o lﬂllllﬁ!.';l'ﬂr!hi'l: slice or image was
generated with cach rotation of the x-ray tube around the
paticnt. The current state of the an is muhislice CT. This
equipment has multiple comiguous rows of detectors that
vield multiple tomographic slices with only one rolation
af the x-ray tube around the patient, Thene can be many
detector rings in one CT unil, thus resulting in multiple
image slices of a 15-cm segment of anamtonw Hence, large
valumes ¢an be scanned in shorr periods of time, and
the slice thickness varies depending onothe struciure being
imaged. For example, one rotation aroumd the cervical
sprine encompassing the base of the skull o T3 would ke
11 seconds, Subsequently, with software this data can
immediately creme a three-dimensional (300 reconstroe-
tio and even a cine, The resulting 30 image can be notned
amnd examined visually in multiple aricmations. The daa
is digial and aflfords 1he opponunity 10 electronically
cdited oun structwres such as the ribs Trom the mmages.
This imereased specd of volume coverage by the mul-
tislice CT is especially benelicial in CT angiography or
dynamic CT. For example, in CT angiography or dynamic
CT ihe mulbtislice scanner can cover the emtire aludominal
aora in 15 seconds. Following a bolus injection of con-
trast media, serial angiographic images of the aoma or any
arca of imterest can be made 1o observe the movement of
conteast media throwgh the area of imerest during the arte-
rial aned venous phases. Some advantages and disadvan-
tages of the muliderecior CT are Bisted in Tahle 1.3,

Drual=source CT scanners milize two differemt x-ray ener-
gics that originate from a single wbe tha s rapidly
swilched between energies oF Trom two separte x-ray
ihes, Dual-energy scanners also utilize multiple dewectors
anel helical scanning. The gray value in CT images is
dependent not only on the density and thickness of the
ohject being measurcd, but also the energy of the x-ravs,

Advantages and Disadvantages of Multislice CT

Advantages

Static amd cine or movie inages

Moninvasive

Rapid Glming resulis in decreased motion artiliac
Gl spatial resolwion

Disadvantages

Expensive
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Dual-energy dynamic contrast-enhanced lung perfusion blood volume study obtained from a normal subject.
A: Cross-sectional CTimage generated with a 140-kV x-ray. B: The resulting blood volume. This demonstrates the ability of dual-
energy imaging to determine tissue composition. (Image courtesy of Drs. Eric A. Hofiman, PhD and John O, Mewell It MO, lewa
Comprehensive Lung Imaging Center, University of lowa Carver College of Medicine,)

That is, an image generated with low- and high-energy
x-ravs will have different gray values for the same object.
The two images resulting from the low- and high-energy
xe-ravs can be combined using a weighted subtraction.
Dual-energy imaging has a number of applications includ-
img direct removal of bone for angiographic imaging,
plague characterization, lung perfusion (Fig, 1.12), iden-
tification of ligaments and tendons, and assessment of tis-
sur composition. Radiation dose is a potential concern
using dual-source scanners, Low tube currents can be used
to acquire images with doses similar to convention CT
images: however, image noise will be higher. The dose can
be further reduced using dual-source imaging by creating
vireal unenhanced images from the dual-energy images,
thus eliminating the need for precontrast scans.

WRI or ME iz another method for displaying anatomy in the
axial, saginal, and coronal planes, and the slice thicknesses
of the images vary between 1 and 10 mm. MRI is especially
goodd for coronal and sagiual imaging, whereas axial imag-
ing is the forte of CT. One of the main sirengths of MRI s
it ability 1o detect small changes (contrast) within soll tis-
sues, and MRI soflt-1issue contrast is considerably beter
than that found on CT images and radiographs.

CT and MR imaging modalities are digital-based 1ech-
nologies thal regquire compulters 1o convert rjjﬂim] inlor-
mation 1o shades of black, white, and gray. The major
dilference in the two technologies is thm in MRI, the
patieni is cxposed o external magnetic fields and radio-
Irequency waves, whereas during a CT study the paticni is
expuwsed 1o N-ravs. The magnetic helds used in MBI are

believed 1o be harmless. While most studies have shown
thar MR is safe for the lewus, several animal studies have
suggested tha there is the potential for ieratogenic ellects
during early fctal development, The salely concerns 1o
the letus are primarily related to weratogenesis and acous-
tic damage. Therefore, MBI should be used cautiously,
especially during the lirst trimester. However, maternal
salety is the same as that for imaging a nonpregnant
patient.

MR scanming can be a problem for people who are
prone w develop elausirophobia, because they are sur-
rounded by a tunnel-like structure for approximately 30 1o
45 minutes. Some of the advaniages and disadvamages of
MRI are summarized in Table 1.4, There are a few contrain-
dications for an MRI study, and these are lisied in Table 1.5.

Advantages and Disadvantages of MRI

Advantages

Static and cine or movie images

Muliiple plane images

Good contrast

Mo known health hazards

Good for sofi-tissuc injurices of the knee, ankle, and
shoulder joims

Disadvantages

Muore expensive than CT

Long scan times may result in claustirophobia and
mastion artifacts
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Contraindications for MRI Studies

Cerchral aneurysms clipped by lerromagnetic clips
Cardiac pacemakers

Inner car implants

Metallic foreign bodies in and around the eyes

The external appearance of an MRl scanner or machine
is similar 1o thar of a CT scanner with the exception that
the opening in the MRI gamry is more tunnel-like
(Fig. 113} Asin CT, the patient is comlorably pasitioned
supine, prone, or decubitus on a couch, The conch moves
enly when examining the extremities or arcas of inerest
lomger than 40 ¢m. The patient hears and feels a jackham-
merlike thumping while the swudy is in progress.

The underlying physics of MRI is complicated and
sirange sounding 1erms proliferate. Let us keep it simple:
Human MR is essentially the imaging of protons. The most
commonly imaged proton is hydrogen, as it is abundant in
the human body and is easily manipulated by a magnene
feld; however, mher nuclei can also be imaged. Because
the hydrogen proton has a positive change and s constamly
spinning a a lixed requeney (spin frequency), a small mag-
netic field with a north pele and a south pole surrownds
the proton, a moving charged particle ereates a surround-
ing magnetic lield. Thus, these hydmogen protons act hike
magnets and align themsclves within an exteenal magnetic
ficld much like nails in a magnetic lield or the needle of a
COMEISs,

While in the MRI scanner, or magnet, short bursts of
radio-lrequency waves are broadeast into the patiemt [rom
adio transmitters. The broadeast radio wave [requency is
the same as the spin frequency of the proton being imaged
Chydrogen in this case). The hydrogen protons absorb the
broadeast radio wave energy and become energized or
wesonale, hence the werm MRE. Once the ru:llu-lrmucncy
wave roadeast is discontinued, the protons revert or decay
back 1o their normal or steady siate that existed prior o the
radiv wave broadeasi, As the hydrogen protons decay back

Radio
wave fransmitter

- Chpaning in
Ganiry

+ Tunnal

Patient couch

Husteation of an ML scanner. Notice that its external
appearance is similar to that of a CT scanner. The main difference, of
course, is that there is a magnetic field rather than an x-ray tube around
the ganiry opening.

ter their normal sie or relax, they continue o resonare and
broadenst radio waves tha can be detected by a radio wave
receiver set 1o the same frequency as the broadeast radio
waves and the hydrogen proton spin requency (Fig, 1.14).
The intensity of the radio wave signal detected by the
receiver ol indicaes the numbers and locations of the
resonating hydrogen protons. These analog, (waved daa
received by the receiver coil are subsequently converted
numbers (digitized), and the numbers are converted e
shades of black, white, and gray by compuiers.

For example, there are many hydrogen atoms anmd
protons present in fat, and the reecived madio wave signal
will be intense or very bright, However. there is much less
Ivwelroven in bone cortex, and the received radio wave sig-
nal is af low imensity or hlack, The overall resuly is a 3D
proton density plot or map of the anatomic slice being
examined. Mow comes the complicated pan. The received
eaclio wave signal imensity from the patient is determineed
not only by the number of hydrogen aoms b also by the
Tl and T2 relaxation tmes, Il the radio reccivers listen
early during the decay lollowing the discontinuance of the
radio wave hroadeast, it is called a T-weighted sequence,
In o T image, the e is white and the gray soli tissue
detail is excellent. 1 the radio receivers listen be during
the decay, it is called a T2aweighted sequence wherein the
waker in soft tissues is now a lighter gray and [al appears

MR The general principles of
MRI physics. The frequencies of the radio
weave transmitter, the radio wave recemver,
and the spin frequency of hydrogen atom

Aadio wave protons are the same.

fECavar
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A Comparison of Structure Appearances on Images®

T and . MRI

Object Radiographs 1

Air Black Dark Dark

Fat Black Very bright  Intermediate
o dark

Muscles Grav Dark Dark

Bone cortex Whate Dark Dark

Bone marrow Gray Bright Intermediate
1o dark

Gadolinium Very bright  Bright

“On MR images, the wonds dark, low-intensity saagnal, and back are
symonymous, bright, high-intensity signal, and white are synomy-
maouis; and intermediate-intensitv-signal and gray are synonymous

gray: The simplest way 1o think of T1 and T2 is as twa dil-
feremt technical ways to look at the same structure. This is
analogous 1o the PA and lmeral radiographs being two dil-
ferent ways to view a bone or the chest, We tend 1o use T1
imaging when secking anatomic information, T2 imaging
is helpful when searching for pmhology, because most
pathology tends to contain considerable amounts of water
or hvdrogen and T2 causes water 1o light up like a ligh
bulb. In general, T1 images have good resolution and T2
images have benter contrast than T1 images.
Although human anatomy is always the same no mat-
ter what the imaging modality, the appearances of ana-
tomic structures are very different on MR and CT images.
Someiimes it is difficult for the beginner to differentiare
between a CT image and an MR image. The secret is 1o
livole o the far. If the subcutaneows fan is black, it s a CT
image as [al appears black on studies that use x-rays. Il the
subcutaneous far is white Chigh-imensity signal}, then it
has 1o be an MRIL. Next, look o the bones. Bones should
have a gray medullary canal and a white cortex on radio-
graphs and CT images. The medullary canal contains bone
marrow:. and the gray is due 1o the large amount of fan in
bone marrow. On a T1 MR image nearly all of the bone
medullary cavities appear homogencously white, as the
hone marrow is [a that emits a high-intensity signal and
appears white, Also. on MRI the cortex of the bone will
appear black (dark or low-intensity signal), whereas on
CT images the conex is white. Salt tissues and orpans
appear as shades of gray on both CT and MR, Air appears
black on CT and has a low-intensity signal (hlack or dark)
on MR, Table 1.6 compares the appearances ol various
structures on MR and CT images.

Magnetic resonance angiography (MRA)Y is a special non-
interveniional siudy tha can image vessels withow using
needles, catheters. or iodinated contrast media. A= a

general rule, flowing blood appears black on most MR
images. bui by using a special imaging rechwique (gradient-
echo pulse sequence) the arerial and venous blood appears
as a high-imensity signal, or brigh (Fig. 1.15). This proce-
dure allows reconstruction of 30 images of the vasculature
that can be reconstructed with the digital information.
MRA has been elfective for imaging arterics and veins in
the head and neck, abdomen, chest, amd extremities,
Gadolinium is the contrast media utilized when imaging
smaller vessels, as in the distal exiremities. However, as a
general rule, contrast media is not needed for imaging
larger blood vessels.

This procedure gives us a good way 1o assess brain and
cardiac [unciion as oxygenated and deoxygenated blood
cause magnelic signal variations that can be detected by
MRI scanning. This makes it possible 1o idemily areas
that are active or inactive such as in the brain as working
arcas of the brain consume more oxygen. Functional mag-
netic resonance imaging (MR is good for cognitive
tests. MR is used in normal controls 1o study how the
bram functions and has been used extensively [or presur-
gical planning,

MRI is a technigque ihar sensitizes the acquired signal
intensity 1o changes in regional bloed Mow thm occur
while performing a cognitive task. The primary method
for collecting MMEI data is the blood oxypenation level
dependence (BOLD) method. A change in the relative
hemoglobin oxygenation generates the underlying signal
that 1s acquired during a rapid dynamic acquisition using
a T2*-weighted echo-planar imaging sequence. The signal
imensity=time series acquired during the dynamic acqui-
sition is correlmed with a deseription of the sk being
perlormed.

With the limited coverage required 1o study the brain
during IMRI studies, the couch remains in a static position
and the patient remains immobile,

Several methods have been emploved 1w assess cardiac
function using MRI. Cine studies acquire the MR signal
and reconsiruct images across several phases of the cardiac
cycle. From these images, it is possible 1o measure left ven-
tricle volume and ejection fraction. Tagging sequences
place a series of lines or grid across the image vsing selec-
tive spatial pressturation pulses (spmial modulation of
magnetization). This is performed prior 1o a cine-imaging
sequence. The change in the grid positions can be used 1o
extract information regarding myocardial contraction and
strain. Other technigques such as delayed contrast enhance-
ment can be used 1w distinguish infarct from viable myo-
cardium, NMormal m}r{::nrdi:tl tissue will appear dark on
this sequence while areas of bright signal within the myo-
cardium are regions of inflarci/scar.
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Az MRA ?ul:l:ﬂlﬂ'lﬂge of the
arcle of Willis arteries (noemal). B: MRA
coronal image of the carotid artesies
{mormal).

Left anterior
cerebral artery

Lefl middle
cargbral artery

Left internal
carotid artery

Basilar artery

— Laft external
carotid artery

- Lefl inlernal

carolich arbary

— Left common
carolid artery

water molecules in the brain is detected from the addiional
loss inthe dephasing signal as the water molecules diffuse

Because lree dillusion of protons is inhibited by ccll mem- through the tissues. As a resull, DWIMR is routinely wsed
branes, dillesion-weighted imaging magnene resonance in the |.|i'.1gt'm.f-i.5 of ischemic stroke and can reliably
(DWIMR) is paricularly sensitive 1o cellular injuries of detect hypoxic ischemin within minuies of symptam
muliple ctiologics. In DWIMR, the abnormal motion of onsel (Fig. 1,16}

IGIRE 1A Theee slices from a diffusion-weighted BRI scan in a patient with an acute stroke, The bright area shows the
reqion of infarct and ischemia.
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Diffusion tensor analysis of diffusion-weaghted im-
ages. Glyphs of the diffusion onientation are displayed over a fractional
anisotropy image. The glyphs are color-coded, based on the primary
direction of water mation: Red (right-left), green (anterior-posterior),
and blue {superige—infenor). The glyphs show uniform and lange water
motxrlity in the ventricles representing by the large sphernical glyphs. The
splenium and the genu of the corpus callosum show the well defined
right=left fiber arientation in this regeon.

The warer diffusion process can be mathematically
modeled as a tensor, which can be used 10 define the orien-
wation of the underlving tissue. Gray matter and CSF do not
have any underlving structure and the diffusion process
can be modeled as a sphere. However, white matter and
muscle fibers have a defined orieniation and the shape of
the diffusion process will be similar 1o a hotdog (Fig. 1.17),
This oriemation information can be combined across voxels
in the image 10 form a represemation of white matter fiber
tracks (Fig. L.1B). The generation of iber tracks from DWIMER
is known as tractography. Analysis of the tensor also pro-
vides scalar measures of the dillusion process that describe
the shape, lractional anisoiropy (FA), amount of dillusion,
and mean dilfusivity (MD),

Suscepnibilinv-weighied imaging (SW1) is a recently devel-
oped MR imaging techmigue that wiilizes suseeplibility
dilferences between tissues w form ils contrast, For

Fiber wacts generated from diffusion-weighted images
between the cerebellum and the thalamus. The fiber tracts are overlaid
on a volumetnc T1-weighted image. The cerebellum and the thalamic
regions used to define the fiber tracts are shown in red.

example, deoxygenated hemoglobin is paramagneiic, High-
resolution 3D imaging is used 1o generate a sunic image ol
the local held variations that result From paramagnetic par-
ticles. Dephasing of the MR signal due 1o local suscepibil-
ity changes are measured and used w weigh the resulting
image. SW1 is very sensitive 1o venous hload, hemorrhage,
and iron storage. This imaging technigque has shown great
potential for assessing traumatic brain injury, stiroke/hem-
orrhage, muliple sclerosis, and wmaors (Fig, 1.19).

Magnetic resonance spectroscopy (MRS) is a method tha
evaluaies the metabolite concentrations in the body In
this technigue, the signal from protons contained within
waler is suppressed, and the protons in various metabo-
lives such as N-acewyl aspanate (MAA), choline, creating,
ane lactate are deteeted. The signal from these metabolites
is approximately 1,000 times smaller as compared with the
signal from water. Therelore, voxels on order of | cc are
used. This wechnigue is often used 10 evaluate lesions 1o
determine whether they are cancerous, since tumors have
been shown 1o have an elevated concentration of choline
with a reduction in NAA (Fig. 1.20). MRS has also been
used 1o diagnose acute stroke by showing an increase in
lactate. MRS is also uselul for looking at disorders of
metabolism and infllammatory diseases,

US is a uselul diagnostic imaging 1ool that is noninvasive
and dues not use x-rays or radiation. US has significantly
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Susceptibility-werghted mmage (SWI) from a subject
wilh traematic brain injury. The venous vasculature appears dark on
the images due 1o deoxygenated hemoglobin., A dark microbleed lesion
appears in the left thalamus resulting from the traumatic brain injury.

Some Commen Imaging Applications for Diagnostic US

Obstetrics

Pedintric brain

Testicle and prosiate

Female pelvis

Chest for plearal (uid drainage

Abdomen (kidney, pancreas, liver, and gallbladder)
Vascuilar disease

Rovtator cull of the shoulder

improved the diagnosis, tremment, and management of a
mumber ol discases, Some commaon arcas where US imag-
ing is uscd are listed in Table 1.7, US has achieved excel-
lem patient aeceprance because it is sale (no ionizing
rachiation), fast, painless, and relatively inexpensive when
urrn|:-:|r:.'¢| with the other irmging maodalities. The advan-
tages aned dismdvamages of US are bisted in Table 1.8,
Ulirasound technology produces sectional anaiomy
images or slices in multiple planes much like CT and MRI.
A US machine consists of an altrasound wave sournce, a
compauter, ancd a transducer (Fig, 1,210, The US machine
emits high-lregquency sowd waves, roanging Trom | ot
10 MHz, whose frequencics are considerably above the
human car’s audible range of 20 w0 200000 Hz. Shor borses
ol these high-freguency sound waves are aliernately broad-
cast into the patiem via the transducer, and some of the

IGURE 1 70, A patient with a tumor. (A) An anatomical T1-weighted image showing the wmor mass. The arrow shows the
region where the MRS data were collected. (B) Graph of metabolite concentrations. The graph shows increased choline (Cha)
and reduced N-acetyl aspartate. These are typical findings for MRS studies in tumors.
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Advantages and Disadvantages of US
Diagnostic Imaging

Advantages

Multiple plane imaging including obligues

Safe=—no known biclogic harm o diagnostic sound
[requency levels

Painless {noninvasive}

Less expensive than CT and MRI

Equipment cost is less than thar of CT and MRI

Real time or cine is possible

Very portable

Disadvantages
Requires technical skill or is operator dependent
ot good for bone and lung imaging

reflected sound waves from the body tissues are intermin-
tently received by the transducer (Fig. 1.22). The acoustic
impedance (Z) of a siructure determings the amount of
sound energy transmitted and reflected m s boundary
(£ = tissue density x sound velocity). When a sound wave
encounters an acoustic interface or the boundary between
two media of dilferemt acoustic impedance, the sound
waves may be absorbed. deflected, or rellecied (Fig. 1.23).

The analog sound waves that are rellecied directly
hack 1o the transducer are subsequently digitized. Next, a
compuier converis this digital information o an image
with shades of black. white, and gray. US, like MRl and CT,
depends on computer technology 1o store digital informa-
tion and subsequently converis it 1o an image.

Normal organs and tissues have their own character
istic ccho pattern, whereas diseased organs and tissucs
have altered echo patierns. Solid organs usually have a
homogeneous echo panern, whereas fluid-filled organs and
masses such as the urinary bladder, cysts, some tumors,

__—— Image n_llsplar
monier

— ——— Ultrasound und

An ultrasound enit, an vlirasonographer, and the pa-
tient. The transducer is centered over the abdomen. The ultrasonagra-
pher moves the transducer with the right hand while making technical
adjustments on the US unit with the left hand,

Skin
Tramgducar

—}I’-—Li'mr
Emitlad sound waves

Refectad sound waves
rslwrning 1o transducer
Stallened sound
WS

N
k\“‘\
/@
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FIGIME 1,27, A transducer placed on the skin overlying the liver.
The rtransducer broadeasts short bursts of hagh-frequency sound
wiaves into the liver and deeper structures. Reflected sound waves are
intermittently recetved by the transducer when it is not broadgasting
sound waves, Note that sorme of the sound waves are deflected away
from the transducer and are of no use for imaging.

Vartbiral Body

gallbladder, pleural efflusions, and ascites have relmively
fewer internal echoes,

The terminology used 1o describe an US image plane
is slightly different from that used 1o deseribe CT and MR
image planes, In US, an axial view may be referred 1o as a
transverse scan, and a saginal view may be called a longi-
wdinal scan or view (Fig. 1.24). As previously noted, a
significant part of medicine is just learning the lingo.

Potential sound
wave path

Transducer

IHystrateon of what can happen 1o sound waves when
they encounter an acoustic intedface. An acoustic interface TEpresents
the intersection of two structures that possess different acoustic imped-
anges or densities. When the sound waves are broadcast from the trans-
ducer (soffd black fine) and strike an acoustic interface (curved amows),
a number of things can happen to them such as the following: They
can be reflected back to the transducer, be deflected away from the
transducer, pass through the interface, or be absorbed at the interface,
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Longitudinal ar
sagittal

Transverse or
axial

Clanfication of some of the terminology used to de-
scribe sectional anatomy planes an LIS images.

While an US stucly is in progress, the images ane viewed
on a monitor, The monitor is analogous 10 8 movie screen
or television, and this viewing mode is called real time. This
allows omlookers 1o observe a beating heart or the anatomy

and movements of an imtramerine les Also, siatic images

miay be reproduced on film by a format camera.
A small portable unit is now available for vse inemer-

peney siiuamtions, The laprop-sized compuier is placed on

a nearhy llat surlace. The irmnsducer is approximaiely the

size of one’s hand and can be easily held over the area of
interest to obiain argently needed information such as
when looking for abdominal luicd in irauma cases. This is

called FAST or Focused Assessment with Senography for
Tranuma,

The picture archive and compuier system (PACS) is a
comprehensive computer-based svsiem designed 1o easily
store and rapidly retrieve medical images. As one mighn
expect, this is a challenging task as the size and number of
images continue Wo grow rapidly In recent years, the devel-
opmem of a standardized image format called Digital
Imaging and Communications in Medicine (DICOM) has
made the handling of medical images lrom a wide variery
of modalities and manulacturers possible,

There are lour basic densitics or appearances w ohe-
serve on radiographs and CT images: Aig which appears
Black: fer, which also appears Black; soft tissoes and or-
gons, which appear gray: ond sretal, caleivm, and bone,
which appear white,

Plain radiography images are produced by s-rave and
radiographic film. CR or digial radiographs are pro-
duced by phosphor ploes, x-rays, laser scanning, and
compiiters. CT images are produced by x-ravs, detee-
wors, and compuiers. MR images are produced by mag-
nevie Diclds, mdio-Trequency waves, od compurers, 1S
images are produced by high-frequency somud waves,
transducers, and compuners,

Sectional anatamy is the imagimg of anatenny in multiple
planes, including the axial plane {(transverse or cross-
sectional), the saginal plane, and the coranal plane,

A key o distinguishing an MR image from a CT image
is that the Tt on an MREappears white, whereas fat ona
CT appears black. Look 1o the far

T1 MR images tend w have exccllent resolution and
are, therelore, vsed o procure anmomic information,
T2 MR images have better contrast than T1 images, T2
images cawse water to light up therelore, T2 imaging is
freguently used when searching for pathology, as most
pathology wends o contain a lon of waier,

The high resolution of CT makes it elfective for imaging
anatomy. MREL has high soli-tissue contrast that makes it
cspecially uselul for soft tissue imaging.

Commonly used contrast agents include barinm sulfate,
high- and low-osmoelar iodinated  componnds, ionic
jodinared and nomionic (low-osmolar) comrast media,
air, and gadolinium. lmages produced  with wanee-
soluble fodinamed agenis are generally less informative
than barium studies, beeanse they are less dense and
result in poorer conrast.

1. Bushberg T, Sciben A, Leikhaolde T8 jr, v al. Essendil phivs-
ics aof scalica! dmaogiong. Philadelphia, PA Lippincon Williams
G Wilkins, 2002,

. Cherry SR, Sorensen JA, Phelps ME. Plysics in oocloar scdi-
cine, 3nd ed. Phibwdelphia, PA: WE Saunders, 1993,

Hashemi RH, Bradley WG, MRE che busics, Balibmwore, M
Williams & Wilkins, 1997,
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i6 SECTION I: Basic Principles

Advantages and Disadvantages of US

Diagnostic Imaging

Advantages

Multiple plane imaging including obliques

Sale—no known hiologic harm @ diagnostic sound
frequency levels

Painless (nominvasive)

Less expensive than CT and MRI

Equipment cost is less than that of CT and MRI

Real time or cine is possible

Very portable

Disadvantages

Requires technical skill or is aperator dependem

Mot good for bone and lung imaging

rellected zound waves from the body tissues are intermit-
tently received by the iransducer (Fig. 1.22). The acoustic
impedance (Z) of a structure determines the amount of
sound energy transmitted and rellecied at its boundary
(£ = tissue density » sound velocity). When a sound wave
encoumiers an acoustic interface or the boundary hetween
two media of dilferem acoustic impedance, the sound
waves may be absorbed, deflected, or reflected (Fig. 1.23).

The analog sound waves that are reflected directly
back to the transducer are subsequently digitized. Mext, a
computer converis this dighal information (o an image
with shades of black. white, and gray. US, like MRl and CT,
depends on computer technology 1o siere digital informa-
tion and subsequently converts it to an image.

Maormal organs and rissues have their own characier-
istic echo pattern, whereas diseased organs and tissues
have alwered eche patterns. Solid organs usually have a
homogencous echo pattern, whereas lluid-hlled organs and
masses such as the urinary bladder, cysis, some lumors,

Irmage display
FROMibor

Litrasound unit

An ultrasound unit, an ultrasonographer, and the pa-
tient. The transducer is centered over the abdomen. The ultrasonogra-
pher maves the wransducer with the right hand while making technical
adpustments on the LS unit with the left hand.

Skin

w————— Transducer

Livar

Emitiad sound waves

Roflacied sound waves
returning to transduger
Scattered sound
waves

Vartebral body

FIGURE 1.22. A transducer placed on the skin overlying the liver.
The rtransducer broadcasts short bursts of high-frequency sound
waves into the lver and desper structures. Reflected sound waves are
intermittently received by the transducer when it is not broadcasting
sound waves. Note that saome of the sound waves are deflected away
from the transducer and are of no use for imaging,

gallbladder, pleural effusions. and ascites have relatively
fewer internal echoes.

The rerminology used 10 describe an US image plane
is slightly different from that used 1o describe CT and MR
image planes. In US, an axial view may be relerred 1w as a
transverse scan, and a sagittal view may be called a longi-
tudinal scan or view (Fig. 1.24). As previously noted, a
significant part of medicine is just learning the lingo.

Potential saund
wave path

Transducer

IBustration of what can happen to sound waves when
they encounter an acoustic interface. An acoustic imerface reprasents
the intersection of two streciures that possess different acoustic imped-
ances o densities. When the sound waves are bigsadcast from the trans-
ducer (solid black fing) and strike an acoustic interface (curved armows),
a number of things can happen 1o them such as the following: They
can be reflected back 1o the transduces, be deflected away from the
tramsdhucer, pass through the interface, or be absorbed at the interface.
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. X-ravs arc

a. images on hilm
b images on a PACS unit
¢, cleciromagnetic waves
. all of the above

The hasic densitics discriminated om a radiograph are
a. bone

b. water

. Air

d. all of the above

CR (compuied radiography) and DR (direct
radicgraphy ) are imaging systems that

a, do away with the need for film

b. lacilitate porable wechniques

¢. use a recording phosphor

d. record analog images

. Regarding radiographic contrasi, which isfare correet?

a. It contains bound fodine molecules

b. Low-osmolar compounds (LOCA) are more 1oxic
than high-osmolar compounds (HOCA)

c. It should not be used intravascularly

d. All of the above

. Gadolinium, used for MRI contrast, acis by

a. inducing local T1 shortening in magnetic fields

. absorbing magnetic energy

¢, balanced outer ring electrons alter precession ina
magnetic held

d. showing lestons distinetly on T2W images

. Computed womography

a. was invenicd by the Beatles

b. measures absorbed energy on Hounshield units
¢. is an x-ray technigue

d. aand ¢ only

e. hand c only

7. Magnetic resonance imaging does not

a. produce images in multiple planes

b. use x-ray energy

¢. produce studies more cheaply than €T

d. produce good spatial contrast but poorer tissue
contrast than CT

8. Special MRI sequences io demonstrate specific

molecules or activities include

a. dillusion-weighted imaging lor cytotoxie
edema

b. [unctional MRI to demonstrate changes in
oxygenation of hemoglobin

€. susceplibility MRl to demonsirate lissue iron

all of the above

i

9. Indications [or ulirasound include all but which of
the following?
a. Testicular orsion
b. Ovarian cysis
c. Pneumonis
d. Abdominal aortic aneurysm

10. A piciure archiving and communications system

[PACS) is

a. a sophisticated analog device 1o show high-
resolution reconstructions

b. a billing sysiem lor radiology

. a device using Digital Imaging and
Communication in Medicine (DICOM) protocols

d. an audio dictation device



Correctly Using Imaging for Your Patients

B Chapler Guitline

Imaging Appropriately
Radiation Protection
Key Points

Modern medicine is conlusing hoth for patiems and physi-
clans, Imaging esis are essential te make or conlinm many
diagnoses but the plethora of possibilities and the heigh-
ened |:uliu:l1 diagnostic cxpr.'i:l.l.linné confound CVETVE.
Just look ar media where you can sce actors posing as
“doctors” performing and reading their own MRI studies
toomake a rare dingnosis and administer the unigue cura-
tive drug that they just happen o have in their desk
drawer, We all know it is either hiction or advertising, b
it is what the public has come 1o expect. The complexity
of imaging examinmions wechnical perlormance, sequenc-
ing, and sclection is the subject of reams of studics and the
whject of vears of training. Have you cver looked at the
conirol panel for a modern CT or MRI scanner? Could you
e it on without fear of blowing the whole place up, le
alone assure the proper examination sequences and time
the contrast adminisiration? Enough said, the message is
gening the right imaging examination for vour patien
performed in a competent and diagnestic manner requires
teamwork and consuliation, so ler us comsider the process,

First, there has to be recognition of your paticnt’s necd
for a study, Sometimes this is easy and straightforward; a
paticnt comes o vou with cough and [ever and voun hear
rales in his chest. A simple chest x-ray is likely the imaging
of eholee as there is o high clinical probability tha the
patient has pncumoenia. Great so far, no need Tor elaborate
comsultation, get the west and when s imerprewed as pos-
iive, treat, But let ws say that alier a couple of days of
improvement on antibiotics the patient comes back a week
larer clinically worse with the returm of the inatial symp-

Wilbur L. Smith

s, What now, should you chonge antibiotics, put on a
T skin test, andfor consider more imaging? Perhaps now
it is vime woconsih bue with whom: Infections discase
expert or the radiologist? Each offers a valuable perspective
and, most imporamly, can help yvou do the “righn thing™
for your patient. The radiologist upon review may see a
hitar mass which hefshe originally thoughn a lvmph node
but now thinks may be an endobronchial lesion consing a
postobstructive pnevmonia. In thin ease, the amibioic
change suggesied by infections disease consultation is
unlikely w be of much value and a definitive CT wonld be
hest. On the other hand, iF the mass was a bemph node the
TG skin test th the infectious disease expen suppested is
a great idea. The poimt is that there is mo shame in secking
help; we are non all the geean TV doctars who are wise aul
omniscient. Our patienis are alse ot TV patienis who have
rare and exotic diseases where the more wsis the bener
regardless of whether they or sogiety can adlond them,

The critical asscssment of using the correct imagiog
moddaliny for the correct patient for the correct reason is
evervancs concern. Imaging is expensive, carrics some risk.
aned il inappropriately applicd may lead 1w either Lalse-
positive or falsely renssuring resulis, An unnecessiry s,
particularly in ihe older population often resalis in fndings
called “Ineidemtalomns,” An = Incidentaloma” is delined asa
finding of questionable significance which is not related 1o
the reason for perdorming the s o the first place. One
retrospective study showed that individuals over the age of
70 vears will almost invariably have an “Incidentalona®
finling om an abdwmen and pelvis €T sean and that the
older the patiem the greater the number ol *Incidenialomas”
per petient will be disvovered. “Incidentalomas™ ofwen resul

19
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in a plethora of further unnecessary tests or Ieaiments.
Fortunately, the harm done is usually economic and perhaps
eocictal owing 1o increased radiation dose bul ocensionally
a [alze-positive hinding results in sunzery or a diagnestic
disaster such as a serious contrast reaction, Al:wn:.'s CjLestion
resulis unrelated o the feason an examimalion Wwas per-
formed in the irst place. Sometimes incidental lindings are
critical or may affeer lmure care but more often they are
“Incidentalomas.”

The next rule of appropriate imaging is using your

radiclogist as a consultant. You would not think of spend-
ing 52,000 withowt knowing what you were gening for o
bt when vou reguest an MREI without carclul consider
ation that is exactlv what you are doing. Radinlogisis spend
a lot of time learning the strengihs and limitations of their
tools: net taking advamage of that experience is unwise,
One of the functions that vou should demand of your radi-
ology service is the ability 1o provide a prospective consul-
tation on the proper sequencing of examinations, utility of
examinations, and risks of examinations. How else can you
provide vour patienis with the highest levels of care?
Radiologisis who spend vears of their lives learning 1o rec-
ommend the appropriate imaging are happy 1o 1alk 1o you
for free. What a bargain in todays healtheare. [t scems an
oxymoron that radiologisis by consulting often serve coun-
ter 1o their direct economic interesis by discouraging per-
formance of unnecessary tests, Consider an example; you
obiain a chest radiograph on a 28-year-old man who was
otherwise healthy but had chest wall trauma. The radio-
graph is negative for fraciures but shows a 3-mm diameter
nodule in the right upper lobe. What does that mean?
Unless you are familiar with the literaure on pulmonary
nodules vour first call should be 10 the radiologist belore
you order a chest CT or other expensive imaging, Hopefully,
the radiologist would ask vou if the patient is high or low
risk for malignancy {read heavy smoker) and il low risk tell
vou pet 1o do any mere imaging. IT high risk, a [ollow-up
chest x-ray in 12 months is a good recommendation and
iy well sullice 10 deal with the issue. In either case your
patient and the healthcare sysiem are better served than
had vou immediately requested a chest CT, | know it seems
an economic paradox but most radiologists would prefer
mot 1o perform a nonindicoted examination,

Mot all questions are as casily dealt with as the simple
chiest nodule and the American College of Radiology (ACR)
has responded 1o the need lor appropriate imaging by
forming multidisciplinary committees 1o assess the value of
imaging Tor multiple clinical scenarios and conditions,
These recommendmions are developed by cxpert pancls
using literature review, clinician experts and subspecialy
expert radiologisis e rate the appropriatencss ol imaging
for many clinical situmions, The recommendations
free. online, and open w all, including your paticnts, on the
ACHR.org website, The recommendations include o numeri-
cal assessment of appropriatencss ol variows types o imag-

v

ing as well as a relative scale of sddition dose from the
study: There is now a movement 1o build these criteria into
the decision-making algorithms of the electronic medical
record, This means thai before ordering an examination
you would automatically be presented with querics as 10
whether or not the examination you requested was appro-
priste [or the clinical situation. Of eourse no appropriate-
ness criteria can be encyclopedic and these may be good
reasons 1o deviate [rom the ACR criteria, but at least know-
ing about them and consulting the radiologist will give you
a solid basis Tor decision making.

One of the other key adverse effects of an unneces-
sary lest is ionizing radiation. The cancer scare has prob-
ably been overdone on an individual basis but there is a
real risk of increased ionizing radiation cxposure 10 the
population gene pool as opposed o the individual. The
next section of this chapler deals with a simple and practi-
cal approach to undersianding the risks of diagnostic test
rachation exposure.

Radiation exposure owing 1o disgnestic imaging is every-
ones concern, the challenge is to keep 1his concern in the
proper perspective; hysieria ofien 1rumps reason. I a
patient has a potentially serious condition thar cannot be
disgnosed withowt radiation-based imaging, then there
should be no hesitation, do the imaging! On the other
hand, il the dl'agnusis is highly unlikely aler reviewing the
whaole clinical piciure, or il an equally ellicacious means of
making the diagnosis exisis withoul using ionizing radia-
tion (MRI, whrasound, or nonimaging test), then avoid
x-ray—based testing. Several faciors must be assessed bug
remember an un-indicated st is likely to lead 10 a false-
positive finding! False-positive findings never do anyone
any good and can cost a lot of money or pain 1o disprove,
Remember the most ellective patient radiation protection is
not to do an unnecessary test!

MNow let us assume that you have analyzed the situa-
tion and the test is really needed; what is next? You need
to know enough of the language of radiation prowection 1o
explain the need for the test and the risks. Remember
your patient has been on the internet and seen all the
storics  abowm  radiation overexposure, Im fact  the
Environmental Protection Agency website has a I':mq.- dao
it yoursell radiation caleulator where you plug in such
[iactors as airplanc rips and geegraphic area of your domi-
cile as well as your medical exposure 10 caleulate your
annual radiation exposure. With all this daa i is almos
certain your patient will have questions regarding the
provcedure aned the level of radiation exposure for a siudy,
Al x-ray studics do not involve equal radiation doses and
dsense of [rroperriian is imjporian. Table 2.2 demonsirmes
the doses from several common imaging examinations,



Average Radiation Exposures

Living in the Midwest for a day 003 mSv
Chest radiograph 3.1 mSy
Demtal radiograph 0.005 mSy
Heod CT 2 mSv
Chest CT (eonventional dose) 7 msw
Abdominal and pelvic CT 10 mSwv

Comparing these doses o the background radimion [rom
just existing on earth is olten helpful in explaining radia-
tion salery for your patients, As you can readily see CT is
the major medical source of radiation exposure lor the
United Sumies’ popualation.

I oreder 1o respond eflfcctively e your patiem’s ques-
tioms, knowing indications for CT imaging as well as the
advantages of CT as compared 1o other imaging modalitics
(Table 2.1} is helpful. Your local radiologist is always a
valuable resource 1o el p answer these questions, Remember,
it is mu your jub o be all knowing, just how e lind the
right information m the right iime for the patien. That said
it always helps to understand the language and 1w answer
guestions as 1o the safery of procedure when vour paticms
ask.

11 the radiation-based 151 is necessary you need 1o
understand the concept of ALARA (as little as reasonahly
accepiablel, This concepn, based on the old axiom of do no
harm, is uscful in other arcas as well as radintion salety,
b is particularly apt in the radiology protection arcna,
For any examination using ionizing radiation the tech-
nigue is adjustable and will alfect the toal radiaion dose,
Here vou meed 1o know twao werms, the milligray (mGy)
amel the millisievert {(mSv). These terms are related b
very different, Milligray is 2 measure of ionization and
stricily speaking is an ion chamber value of how much
iomizing radiotion is applicd while mSv is a measire cor
recied for the biologic effect on tissues in the course of the
beam. Think of it this way, the same amount of ionizing
radliation (mGy) applicd 1o a radiosensitive tissue such as
the lens of the eye will canse more damage than the same
mCy hitting an insensitive tissue such as the hones of the
orbit. The Sievert is the more eritical measure but the Gray
is the most requently reported. The reason Tor that is sime-
ple. most radiation-producing diagnostic machines repon
Gray dircetly m the end of the examination. Tha said
wsing high-dose tcchnigues in the diagnostic radiology
rapges will almost cerainly guarantec prettier pictures,
bui how “preny™ do the images need 1o be in order w
make the diagnosis? The recemt imerest in monitoring CT
doses aned the wmandutory aceredition of CT facilities is a
SLepy in the rigln direction i.1tl|'|1.lll11{|tl il = ol s 5i|'|'|.p]u- as i
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seninals, The radliologist and radiology professionals must
constantly monitor the Tacility and cquipment 10 cnsure
optimal peelormance. This is where ALARA comes in:
using enly the minimum radiation dose technigue needed
v make the diagnosis is optimally the ALARA principle.
Howe o we achieve tha, by adjusting techniques so that
we give lower dose, by scanning only the tissues in gues-
tion, amd by using the best rclimion protection of all |
NOT DOING UNNECESSARY EXAMINATIONS,

After you protect your paticnt, you need 1o protect
yoursell, A single view chest <-ray. even il it is wimed righn
at your, is only slightly more than o days exposare from
matural hackgrownd and abwout eoual 1o the mdiaion nom
acb-hour airplane ride. While the dose Tremm a single radio-
graph is small, the cumulative dose especially Tor someone
working with x-rays on a daily basis can e signilicam,
Fluoroscopy, which continuously pencerates x-rays, can
have substantially more radiation exposure resulting in
skin damaging doses 1w both the patiem amd unshickled
persomnel. Whenever vou work in a radiation arca be sure
you wear your protective garh and sou pur on vour sadia-
tony monnoring badge.

Pediatric paticnts and pregnant patients are a special
concern, Kids have longer anticipated lives, exposing
them w potential cancer induction and germ cell genetic
mtations induced by radintion will lkely corre through-
out their reproductive lives. The Socicty for Pediatric
Racliology recognized this and initimed an “Tmage Genlv”
program which has had measurable success in applyving
the ALARA principles w pediatric imaging. Clearly there
15 a risk benelit analysis which is needed for anv use of
innizing radiation bt in kids, there is extra need for con-
sicleration of alternative 1o imaging with jenizing vadia.
tion, In pregnancy the greatest concern is in the period of
organegenesis douring the lirst and carly second trimesiwers,
Third trimester fetuses are preny sadiaion resistanm, 1 vou
should get imo a gquestion of radiation protection in preg-
nancy be sure to consult your radiologist, preferably belore
exposing the paticnt,

IT the simple Birst wst docs not solve the issue, consuli
someene else,

Radialogists and specialist clinicians cach bring a dil-
ferent and valuable approach oo a diagnostic dilem:
having both benrelits vour patient.

Unngeessary inmaging cxamiminis often resul in false-
positive lindings, These can be dangerous!

ALARA i the key v decisions on using wowizing racia-
tion wisely.

Children and early pregnancy fetuses are an far greater
risk Trom diagnostic rudiations long-teem il eflects than
awdulis.
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1. Patient safers: Radiology Infooaone Web site. hupafaww: radiology
info.onyensaletsindes clm. Accessed March 4, 2013,

2 Radianom:  Nonoemizmg  and  womizing.  United  Siaes
Ernvironmenial Proieciion Agency Web site, hapatfwwowepa.

1. True or false; Consuliation and imerpretation are
expected services of a Radiology depariment.

2. True or false; Federal guidelines requiring certification
of CT lacilitics assure compliance with ALARA
principles.

3. True or false: Radiation exposure from a chest
radiograph is about quadruple the exposure from
living a day on earth.

govimdintionfundersiand, Updated August 7, 2012, Accessed
March 4, 2003,

. Stabin MG, Doses from medical radimion sources, Health

Fhysics Society Web site.  hupdhps.orghpspulilications!
arnclesdosesirommedicalradiation. himl. Updared March 4,
2013 Accessed March 4, 2013,

. True or false: Most humans over the age of 70 years

will have at least one incidental hinding on an
abdomen and pelvis CT.

. True or false: Diagnostic radiation exposure in adubis

over the age of 70 years is likely to cause an excessive
incidence of cancer,

True or false: 1 you only cccasionally perform
flueroscopy in the OR radiation protection equipment
is uncomlortable and unnecessary.



a Chapter Oulline
Radiographic Technigue
How to Review the Chest Radiographs

Fronal

Lateral

Additional Views
Normal Thoracic Cross-Sectional Anatomy
Cangenital Vascular Anomalies
Foreign Bodies, Lines, and Tubes

Aur i the Wiong Places

Too Much Air in the Lungs

Tt Signs and Two Patteins

The chest radiograph is the most commoenly perlormed
racliographic exammination accounting for 45% of all rdio-
graphic examinations in the United Simes. Since all clini-
cians should be adept and comforable reviewing chest
fihws, i iz our goal through this chaprer 1o provide a
primier on how o logically interpret chest radiographs and
discuss those disease processes which are commuonly
encountered.

The chest radiographic examination consists of two pro-
jeetions, namely posteroantevior (PA) and lateral views.
When the patiem'’s condition precludes 1these stndard
views, a single portable anteroposterior (AP view can be
obained with the realization tha portable AP Gilms of the
ehest (which do not inelude a laeral projection) are gen-
crally less sensitive for detecting discase, and are :a'.uh:p:c'|
to technical liminnions such as magnilicativn and subop-
timal patient positioning, Every ellort should be made w
met the patient 1o make a maxinum inspiration Toe the
portable examination as a suboptimal inspiration comrib-
wies 1o nondingnostic examinmion, For these reasons,

Chest

Brad H. Thompson  William E. Erkonen

Atelectasis, Pleural Disease, and Pulmonary Embali
Atelectasis
Plewal Disease
Pulmanary Embolism
Pulmonary Infections
Pulmonary Nodules, Masses, and Carcinoma
Lung Carcingma
Mediastinal Compartments and Pathology
Cardiac Chamber Enlargement
Aneurysms and Vascular Calcifications
Pulmonary Edema
Trauma
Key Paints

obmining PA and laeral rdiographs is preferable. Whu
constitutes a good guality chest image? First, examination
of the image should reveal that the spine is barely visible
behimd the hean. Sceondly, the Tungs should nog be black,
anel thimdly the blood vessels in the lung should be casily
secn and erisp. The diaphragm should be seen at the level
of the cighth w tenth posierior ribs as evidence of a good
inspiratory ellort. A standard PA chest lilm exposes the
patient o (01 milliSievens (mSy) of rudiation. which is
similar o 10 davs” exposure to environmental background
radiation. In comparison, the dose of a standard chest CT
is approximately 3 mSy which is comparable 1w 3 years”
exposure 1o natnral backpronnd radintion. Avconding o
the American College Rudiology Appropriotencss Criteria,
routine adimassion and preoperative chest mdiography is
pol appropriste inoan asymptomatic whose history and
plhwaical are unremarkable (1

The radivgraphic twechniques amnd  positioning are
wptimized For evaluation of the lungs prissarily, aned do ol
penerally provide for asullicient diagnostic evalumion of
extrapulmonary stevctures such as the ribs or spine.
Dedicated rily or spine views provide bener sdivgraphic
aletail of these siructures,
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Correct patiem idemilication may seem clementary, but
errors do occur, especially in a busy work environment
resulting  in  inappropriate management  decisions,
Fortunately, with the advenr of digial imaging and picuare
archive and communication svstems (PACS), these errors
are rare,

The next step is verilving oplimal patiemt positioning
and correct lefli—right annotation. All images must be rou-
tinely annotated with lefi or righ side markers by the 1ech-
nologist. For all [rontal projection chest radiographs (either
AP or PA), the right (R) and lelt (L) markers indicaie the
patients right and leh side. respectively (Fig. 3.1).

One ground rule worth remembering is that “vou
only see what vou know™ and lack of knowledge abow
chest anatomy and normal madiographic Andings will only
limit vour success in flm imerpretation. Also the more
images vou see, the greater vour data bank (and expertise)
becomes. Anatomically there are three lobes (upper, lower,

The coarect pasitoning of a chest radiograph on an im-
age display. The patient’s nght side on the film should always be op-
pasate the viewed's left side

Checklist for Frontal Chest Film Review

Patient 1D, time of examination

Side marker

Teachen central?

Heart size and shape

Aortic arch (side and width)

AT window

Location of hilae

Pulmonary vessel size

Lungs lor symmetry and lucency

Diaphragm location

Ribs, spine, and soft tissues

Do non forget the four corners (shoulders and under
the diaphragm’

and mid} and 1wo fssures (major and minor) on the right
and 1wo lobes separated by one fissure on the lel. Each
lobe i um is divided into segments, each with its own
bronchus and blood supply.

When frst reviewing a chest him, we suggest the
observer render an initial Gestalt impression by examining
the entire image for any obvious ,||1nr||,'|'|'|1|;1||t}' such as an
enlarged hearnt or a lung mass. Then, we suggest reviewing
the film in a logical and methodical approach. Checklisis
reduce human error and they are a leaare of everyday lile.
The use of a memial checklist is essential o avoid over-
looking radiographic abnormalitics. The lollowing check-
list or system is suggested in Table 3.1 We find it uselul 1o
start at the top of the [lm and identify the iracheal air
column. This accomplishes two goals: Firstly, the trachea
on a correctly cemered PA Blm should be midline and
should be superimposed over the spinous processes of the
upper thoracic spine, and the scapulae should be elear of
the lungs. This ensures than the patient is not roated
(Fig. 3.2). Secondly, any deviation of the trachea off mid-
line on a correcily cemered film indicates a potential medi-
astinal or thyroid mass.

Mext, follow the trachea inferiorly 1o arrive at the car-
diac outline, for an evaluation of the heart size. The 1rans-
verse diameter of the heart should not exceed 50% of the
transvierse diameter of the thoracic cage measured m the
same level. This is called the cardicthoracic ratio (Fig. 3.3).
['his measurement, however, is only accurate on PA ilms as
there is considerable magnification of the cardiac silhouene
on Al projections which makes an accurate determination
al heart size on ponable lilms generally unrelioble. To illus-
teate the panere of this magnification, consider the analogy
ol the shadow cast of your hand by a Hashlight; the closer
voiif hand is o the surlacefshadow, the more accuraie the
size of the silhouetie. For this reason, PA films are per-
ferameedd winh the anterior chest wall closest 1o the lilm cas-
seite with the term PA denoting the direction of the x-rays



Normal chest PA radiograph. The wertical trachea
{shraight arrows) should always be midling. The narrow mediastinum is
water density (curved arrows).

(posterior 1o anterior), Poor inapieatory elfor and recum-
bency can lurther exaggerate the cardiac size.

Mext, evaluae the shape of the cardiae silhouene
which has multiple components. The convex right cardiac
border is formed by the right arrial shadow, which resides
just below the venical siraight border rendered by the
superior vena cava (SVC) (Fig, 3.4, The leh vemiricle con-
stituies the lefi heart border and the cardiac apex. The
superior lelt cardiae border should be concave in most
cases (Fig, 3.4). The right vemiricle is direcily superimposed

Aostic arch (knob)

Main and lalt pulmonary
arleries

Left atrial appendage
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el T T L
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% = Cardigthoracic

The camiothoracic ratie. The TR is calculated by meas-
uring the transverse diameter of the heart (4-8) and dneding by the
transverse thoracic measurement (C=0).

on the cardiac silhovene and is not a bonder-forming
structure on frontal radiographs. Similarly, o normal sized
felt atrivm is also not visible on PA or AP radiographs
(Fig. 3.5). In cases of lelt atrial enlargement, the superior
lefi heart border becomes conves, and in severe cases,
the right lateral border of the left atrium may become

MNormal chest posteroante-
rigr (PA) radiograph. The convex right car-
diac border is formed by the right atrium
(stemght thin arrows), and the heavy arrows
indicate the location of the superior vena
cava. The left cardiac and great vessels bor-
der might be considered as four skiing mo-
guls. From cephalad to caudad the moguls
are the aortic arch, the main and left pulmo-
nary arteries, the left atnial appendage, and
the feft ventricle.

Left veniricla
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Lef atrial appendage

Lel atrium

Right ventricie

Cardiac chambers. The approximate location of the lefi
atrium and right ventricle on a normal PA or AP chest radiograph.
These cardiac chambers cannot be defineated on normal studies. How-
ever, the left atral appendage can occasionally be seen in nomal pa-
fients, especially younger females.

Lefr atnal enlargement. PA cadiograph, This film shows the
double density sign (armow) produced by the cwerdapping of the left atrium
with the right heart border (naht atrium]. Also, note the outward comvexity
of the upper left heart border typically seen with left auial eargement

h
i
] 5
Enlarging — %—Enlarging
rigghl alrium ' 1i; Ly vnbnicle
[ i
b !
A LY o

Right atrial and left ventricular enlargement, Cardiac
silhouette changes duning nght atrium and left ventricle enlargement.
A: As the right atrium enlarges, the convex right heart border enlarges
to the patient's right. As the left ventricle enlanges, the cardiac apex
moves to the patient’s left and downward, B: PA chest radiograph
showing right atrial enlargement (arrow).

superimposed over the right airial shadow, producing
what is known as the dowble-density sign (Fig, 3.6). As the
lel ventricle enlarges. the cardiae apex moves down and
out, As the right atrium enlarges, the right heart border
becomes prowberam (Fig. 3.7).

Mext, your review should take you superiorly 1o the
aortic arch, pulmonary aneries, and the main stem broneli.
[he leh and right pulmonary aneries and the main stem
branchi form the primary hilar shadows, On normal chest
raddigraphs, the lef hilum is higher than the right hilum in
approximately 70% of normal chest lilms and is athe same
fevel intbe remaining 30% of cases. A lower lelt than right
hilum should alert one 1w left lower collapse. The pulme-
nary arieries and their lobar branches radiate owward fpom
the hila. Inoan uprght person, the pressure dilferential is
coough that the lower lobe pulmonary vessels should he
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Normal lung lucency. Chest PA radiograph, Divide the PA
or AP chest radisgraph into honzontal thirds and compare the right and
left hung fields moving in a head to foot direction. Note the aoriopul-
monary windew (arrow).

larger than the upper lobe vessels because of greater blood
lloww, The main pulmonary arery can be prominemt in the
voung and athletic, especially in [emales. The aortopelme-
matry windine is the concavity or space immediately below
the anrtic arch and above the lel pulmonary artery { Fig. 3.8).
Convexity of the acropulmoenary window ratscs the suspi-
ciom of cither a mass or adenopathy ccoupying this space, Iy
i5 imparrlant to remember that in the eldecly the thoracic
aoria eomimonly becomes 1orluous or ectatic, and this
should not be inerpreted as abnormal. Mow divide the
lungs inte horizonal thivds and compare the right and lel
lung lickls for symmetry and lucency (Fig. 3.8),

Mext, your attention should be directed 1o the mediasti-
et which is the exirapleural space between the lungs, spe-
cilically iis contour and widih, The vascular pedicle exiends
from the thoracic inlet w the base of the hean caudally. The
right border of the pedicle is the SVC, and the el border is
the aortic arch near the origin of the lelt sulsclavian anery
(Figs. 3.2 and 3.9 Mext, review both diaphragms; the right
hemidiaphrmgm should normally be aboun 1w 2 cm higher
than the lelt due 1o the liver. The lateral recesses of the dia-
|'r|ln14;|1':5 form the lateral ::-::s:trq'lhn.' mie gutters, which should
be sharp and [orm an acute angle where the diaphragms
insert laterally to the chest wall. Finally, determine the loca-
tion of the gastric air bubble (G present), which should be
underncath the lelt hemidiaphragm (Fig. 3100,

The lower cervical spine, thorcic spine, shoulders,
ancl rilss complete a rontine review ol chest lilim (Figs, 3,10
amd 3010, Ona PA radiograph, the horizomal prartivns ol
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""" 1 Mormal vascular pedicle. The vascular pedicle is deter-
mined by drawing a harizontal line (4) from the jenction of the azygos
vein (arrow ) and SWC over to a perpendicular line drawn from the left
subclavian artery inferiorly along the transverse portion of the thoracic
aorta (aortic anch).

cach rib are the posterior arcs and the anterior ribs are usu-
ally angled downward (Fig. 3.1 13 Bib abnormalitics may
be easicr o dereet by rotaning the image 90 degrees (clock-
ar counterclockwise). Although the bony stractures ane noi
very well delinemed on chest mdiographs, signilicam
abnormalities can be seen, emphasizing the nevd lor review
of the four corners of the rachiograph (Fig, 3.12).

Three arcas where lung lesions are commonly missed
are behind the anterior hirst ribs, behind the heart, and
behind the diaphrgm.

For lateral radiographs, i is customary 1w bave the film
oriented such than the paticn is Tacing wward your leli
(Fig. 3.13). Once again, begin by reviewing the entire
image looking lor any obvious abnormalities, Following
this, evaluate the size and shape of the cardiae silhoueue,
which lies aneriorly, On Lueral projections. the right ven-
triele forms the anterior border of the cardiae silhowene,
The lelt ventricle forms the major portion of the inferior-
posterior cardine border, and the lefi mrium forms the
superior—posterior cardiae border, On most lateral chest
racdivgraphs, the posterior wall of the inferior vena cava
can be seen as it enters Trom the abdomen imo the right
atvivme (Fig, 3,03, stroight arenws), The idemilication of




30 SECTIOM I imaging

Right hemidiaphragm

Right costophrens
angle (sulcus)

— Cervical sping

— Dorsal spane

== Lelt hemidiaphragm
— Lelt coslophrenic angle (sulcus)

Normal PA chest radiograph. After comparing the lung fields, you next view the diaphragms, costophrenic an-
gles, and lower dorsal spine. Mote the close proximity of the gasiree fundus air to the left hemidiaphragm {straight arow), Always
remember to identify both breast shadows in female patients (curved arrows),

the inferior vena cava shadow is useful in the determina-
tion of left ventricular size. The left ventricle is considered
enlarged when the posterior border of the left vemiricle
resides 2 cm or more posterior o the inferior vena cava,
Simee the right atrium is a superimposed cardiac chamber,
it is not visualized on the laeral projection

The lateral film is the best view 1o evaluate the hilas
structures. By drawing a vertical line down the iracheal air
column, both hila can be distinguished (Fig. 3.14). The
dominant shadow ventral 1o your line is largely composed
of the right main pulmonary anery, which should be abow

Nomal PA chest radiograph. The
posterior ribs (straight arrows) are horizontal and
anterior ribs (cumved arrows) are angled caudad or
inferiorhy. All of these structures must be included
in your checklist as well as the shoulder girdles and
cervical and dorsal spine areas.

the size of the diswal phalanx of your thumb, The leh
hilum, composed primarily of the lefi pulmonary artery,
resides posterior to this line and should be abow one-third
the size of the right. Next, locate the sternum and search
the retrosternal and pre-cardiac spaces for abnormal or
pathologic sofi tssue or air shadows (Fig. 3.15A). On the
lateral view, the retrosternal lucency is due o 1the superim-
position ol the aeraved upper lobes, whereas the right mid-
dle lobe and the lingular segmemt are projecied over the
cardiac silhouetie. The lower lobes are located in the ret-
rocardiae space overlying the spine exiending inferiorly 1o

=Corvical Sping

- Clavicle

—— Srapula
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Do ot forget the four cormers! Az Anterior dislocation of the right humeral head (arrow). B: Several lytic bony
lesions reflecting metastatic disease including the left scapula, nght clavicle, and several nbs on the right side (arraws).

the diaphragms (Fig. 3.158) [ is imporiam o widersiand
the pulmonary lobar spatial relationships in locating
pathologic pulmonary processes, The apical segmems of
the lower lohes extend as high as the fourth theracie ver-
tebea and the costophrenic recesses of the lower loles may
extend down w the second lumbar verichra.

Finally, olserve the comours of the diaphragms and
ihe posterior costophrenic angles (or gutiers). The right
hemidiaphragm should be slightly lower in location and
more magnilicd than the leflt on the lateral view This is

important in idemilving and derermining the location of
asmall plewral elfusion, which may oot be appare ot on dhe
fromal Bilm, Mote thar the right hemidiaphragm can
be seen in its entirety, becanse air o the right lower lobe
abuts the solt tissue density hemidiaphragm allowing a
sharp interface 1w be formed, On the leh, only the cardiae
apex angl posterior hemidiaphragm are generally denon-
stratedd, g0 Uhe anterior aspect of the lelt dinphragm is usually
ohacured by its continuity with the heart and pericardial
fan (Fig. 3,16,

Mormal lateral chest radiograph. The cardiac silhouette

makes an excellent starting point for your evaluation, The faint vertical
water density line (arrows) represants the inferior vena cava.

Right ventricle
— Left atrium

Left ventricle



Trachea
Agrtic arch

Lefl pulmonary

arlery
=~ Right pulmaonary

artery

Normal [ateral chest radiograph.
The oval-shaped right pulmonary artery lies an-
tenior and inferror relative to the left pulmonary
arery. The left pulmonary arery crosses cepha-
lad ower the left main stem bronchus and it lies
inferigr to the aomic arch,
Ascending aorta g

Az Nomnal lateral
chest radiograph. The antenor and
posterior bony structures should al-
ways be routingly viewed, The spine
appears less dense as you proceed
caudally due to attenuation by the
shoulders. B: Nlustration of the spa-
tial relationships of the pulmonary
lobes on the lateral view: Note that
the reght middle lobe and the lingu-
lar segments of the left upper lobe
(runved arrows) propect over the heart
(strarght arrow]. The lower lobes are
primarily posterior structures. The
major fissures extend obliquely up to
approximately the T4 level.

——— Slernum manubriam

Sternum %J:JI:I','
Retroslarnal space (upper lobes)

Dorsal verlebral body

Retrocardiac space {lower lobes)

Upper
" lobes

Major
Hssures

Minar
lissure

Lot
lobes



' Wormal fateral radiograph. Note that the left hemidia-
phragm (straight arrows) is not visible anteriory where it abuts the heart
{water density). This is an excellent example of the silhouwette sign. On
the gther hand, the entire nght hemidiaphragm (curved arrows) is visible,

The AP lordotic view, which is an AP film 1aken with the
patient leaning hack is uselul for viswalization of upper
lobe or apical pathology (Fig. 3.17) This projectien dis-
places the elavicles above the thoracic inlet and enables
hetter viswalization of the lung apices.

A
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Apicolorderic view. This view is obtained with the pa-
tient leaning backward, Note how the clavicles project above the lung
apaces allowing better wisualization of the upper lobes. This film shows
a cavitary lesion in the right upper lobe (arrow) due to an atypical my-
cobactanial infection.

Placing a patient on their side (decubitus position}
and obtaining a lilm across the chest in the AP divection
is described as a decabitus view. This view is helplal for
detecting small amounis of pleural air or Buid, which
may not be seen on the standard views described above

(Fig. 3.18).

" Right pleural effusion. Az PA chest film shows a moderate night pleural effusion. B: Right lateral decubitus film
confirms that the right pleural effusion {arrows) is free flowing and not loculated.
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Multiderector {or spiral) CT {(MDCT) allows imaging of the
chest within one breah hold (=15 seconds op [|_-:,5_]. |ii_‘-|‘n-|_“¢;
309 e 3,27 demonstrate normal cadaverie cross-sectional
anatomy vorrelated with CT and magnetic resonance (MR).

Rignt lumg

Righi humerus

Right scapula

Pectoralis
ey
muscle

Infarior
vENa cava

Subscularis
muscle

In general. CT is preferred 1o MR [or chest ane pulmonary
imaging ecause of faster cxamination times and less sus-
ceplibility 1o motion and respirato ry artifacts. Some MDCT
scanners are capable of scanning the bear i a heartbeat,
with excellent spatial amed temporal resolution allowing
three-dimensional (3D) visualization of the coronary
arterics (Fig. 3.28).

! Normal axial cross-sectional anatomy. A: Approxi-

mate axial anatomic level through the aoric arch for (B) and {C).
B: Axial cadaver radiograph of the sactioned chest at the aortic arch
leved. Nomal. A frozen cadaver was sectioned and then radicgraghed.
C: Nommal chest CT image at the aortic arch level with mediastinal
windows.

~ Lett brachiocephalic
vein

Superior vana
Cava
Left lung

— Aofbe arch
Trachea
Esophagus

~ Major fissure

Sternum

Pectoralis major
muscle

Thoracle aora
Trachea

Vertebral body
Scapula
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Normal crass-sectional anafomy, Az Approxi-
mate axial anatomic level through the pulmonary aneries for
(B-D). B: Axial cadaver radiograph of the sectioned chest at
the level of the pulmanary arteries, C: Chest axial CT images
at the level of the pulmonary arteries in mediastinal win-
dows, Dz Chest asial MR image at the level of the pulmonary

- Main pulmonary

arlery

ﬂﬁd’:ﬂnljll‘lvﬂ AT
SUDErorn vena Sva
Lel humanes

— Ladt pulmonany

artery
Cresconding aoria

Sternum

Main pulmonary
artery

Esophagus
Descending aorla

Spinal canal

Peclorals mapor muscle
Pectoraks minor musche
Flaan pulmonary arkary

Azcanding aoeia
Lot pulmanany anary
Esophagus

Descendsng aoia
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Right atrium

Serralus

anlanor muscia

Azygous

weEin

Spinous
process

Trcuspd valee rons ——

Rt @triurm ——

Esopbagus

Normal cross-sectiona dmatomy. A: Appronimate axial ana-
tornic level shrough the sight and laft atria for (B-D). B: Axial cadaver radio-
graph of the sectioned chest at the level of the right and left atria. €: Chest
anial CTimages at the level of the atria in mediastinal windows. D: Chist axial
MR image at the level of the atria.

Right veniricular egnity
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— Right al
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Reght wentrcular
t.wil,-
Inerventncular
aoplum

Latt veniricutar
canvily

Inlerior veana cava

Right ventricie Interventricular

saplum
Right atrium Left ventricle

Coronary sinus
Eznphagus
Aygous vein Dascending aorta

Hemiazygous vein
Vertabral body

—Sternum

— Right ventricular cawvity
e Interventricular septum
— Laft ventricular cavity
— Livear

— Esophagus
~—Descending aorta

D
' Mormal cross-sectional anafomy. A: Approwimate axial anatomic level throuah the right and left ventricles for

(B~D). B: Axial cadaver radiograph of the sectioned chest at the level of the ventricles. €: Chest axial CT image through using a
mediastinal window, Normal. D: Chest axial MR image at the level of the ventricles.
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Trachea

Right main

FILLHTE 3,23 Mormal coronal sectional anatomy. Az IHus-
tration of the approximate coronal anatomic level thraugh
the left atrium for (B) and (C). B: Coronal cadaves radie-
graph of the sectioned chest through the Tevel of the left

attium. Normal. €: Chest caronal MR image through the
right and left atria.
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Nommal coronal sectional  anatomy.
A: Approximate coronal anatomic level throwgh the right
atrium and left venteicle for (B) and (C). B: Coronal ca-
daver radicgraph of the sactioned chest through the level
of the right atrium and left ventricle. C: Chest coronal MR
image throwgh the atrda and left ventricle,

Trachea

Len subclavian
artery

Aorlic arch
Main pulmonary
artery

Left veniricular
cavily
Right atriem

L2 MM.%
. ‘:;:,,.,-\ - Aortic arch

" Main pulmonary arlery
—— Right pulmanary artery

7 Lalt alrium
s .
L — Left ventricle posterior wall

1s
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" Normal corgnal sectional anatomy.

of the Appraximate coranal anatomie
bewel through the beft ventricle and the astending acrta
for (B) and (C). g Coronal cadaver radiograph of the
sectioned chest through the fefy ventricle and the as-
cending aonta. Note that the convex right cardiac bor-

Aartic arch
Main pulmonany ar feary

Left atral appendage
Right alrial appendage
Lalt vantricular ooy ity

Reght atrium

Hepatie voin
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Normal coronal sectional anatemy. A: lllustra-

tion of the approximate coronal anatomic level through the
ventricles for (B) and (C). B: Caronal cadaver radiograph of the
sectioned chest through the ventricles, Normal. C: Chest corpnal

MR image through the ventricles.
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Aarbc arch

Main pulmaonary arlery
Reght wente =iz el

e tract Laft mgin S1om Branchus

Lelt atrium
onilleony lract Interventricular sapum
et ventncular caviy Left vemricular cavity

Mescending thorace anra

= —————— Abdomiinal aorla

bl

Normal sagittal anatomy. A: An illusteation of the approximate
cadaver radiograph of the sectioned chest through the

sagintal anatemic level for (B). B: Saginal
right ventricular sutflow tract and the right ventricle,



Right coronary artery

Lt fetbaricsr
desconding coranary artery
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Circumilex coronary artery

Lt santerior descending
EErGnAny Ay

Diggonal artery

CTA surface rendeved volumetnic image of the left coronary circulation provides a 30 perspective and demon-
strate the left coronary arteries relative to underlying cardiac structures. The ledt antenior descending coranary artery supplies
most of the left ventricle while the circumflex artery runs in the left atrio-ventricular groove. A portion of the right coronary artery

1% visilile along the left side of the image.

Embryonic migration of the azygos vein up over the supe-
rior recess of the right upper lobe creates a mock vertical
lissurc-like opacity (Fig. 3.29) which is created by inden-
tation of both visceral and pariewal pleural surfaces along
the arc-like course of the azypos vein as it courses inleri-
orly o insert normally into the 5VC. This azygos Dissure,
which is only visualized on PA radiographs as a thin cur-
vilinear line and outlines an azygos lobe is a common nor-
mal variant and is of no clinical significance.

The moest common thoracie aortic anomaly s a right-
sided gortic anch (Fig, 3.30). On the PA radiograph, the
right-sided arch olien appears more cephalad than a nor
mal lefi=sicded arch, The most common types are right-
sidledd aortic arch with aberramt lefi subelavian artery amd
the mirror-image type. The variant with aberram leli sub-
clavian artery s rarely associated with congenital hean
disease whereas the mirror-image tepe of right aortic arch
is very strongly associated with congenital bean disease,
mnsl conumonly tetralogy of Fallon.

Catretation of te aorta is a focal stenesis a the junction
ol the aortic arch ad the descencding thoracic

aorta. The

-

Azygos lobe. Chest PA radiograph. The azygos lobe is
autlined with a white arrow. Also note the areas of discoid atelectasis
in the lower lobes (black arrows) in the basilar regions of both lungs.
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Traghen
Esophagus

c

Right-sitlied aortic arch and left descending thoraic aorta, Chest PA (A) and lateral (B) radiographs, barium swallow (€), and chest
CT (D). This 42-year-old male smoker was suspected of having cancer of the lung. Az A neoplastic mass was suspected on the PA radiograph,
but this proved to be an ifl-defined aortic knob to the right of the midline (arraws). The right aortic arch is indenting the right side of the trachea.
B: The right-sided aortic arch indents the posterior aspect of the trachea (arrows) on the lateral radiograph. €: Barium swallow confirms a sig-
nificant indentation on the postencr aspect of the barum-filed esophagus (straight arrows) secondary to the crossing aortic arch {curved amow).
D: The diagnosis is confirmed by chest CT that shows the night-sided aona [simgle straight arraw) passing posterior 1o the esophagus and trachea

idouble straight armows) to reach the left side of the therax. Again, note the indentation on the right side of the trachea (curved amow) secondary
1o the nght-sided aonic asch,



degree of coarciation is variable, and the clinical leatires
vary with the location and degree of sienosis. Pavicnis may
hove o systolic murmuar, cardiac enlargement, and pre- and
postsienoiic acric dilmation depending on the location and
severity of the sienosis (Fig. 3.31). Rib notehing can oceur
along 1he inferior aspeat of the ribs reflecting collaieral
Blooel sy through dilated imercosial areries (Fig, 3.31B).

Oecasionally objects on the skin may be misiaken for
chest pathology. Examples included are bair braids amd
skin neddules (Figs, 3.32-3.35), Characieristically 1hese
are very well defined on the chest rdiograph. An innocn-
ous skin fold which appears as o well-delined line traversing
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Coaretation of the aorta. The classical radio-

graphic appearance is an indentation (arrow, A) involving
the lateral aspect of the prosamal descending acrta on PA
radiggraph, and a posterior indentation (arrew, B} involving
the postersar aspect of the proximal descending aorta on the
lateral radiograph, These indentations represent the site of
coarctation in the proximal descending aorta. Rib notching
{small arrows, A) is also evident along the inferior marging
of several ribs. This notching reprasents collateral blood fiow
through dilated intercostal arteries. €@ AQrtic angiogram
shows the classic appearance of coarctation (armow).

the lumg may be mistaben lor the visceral plevral cdge of a
pnewmethorax, Some  foreign bodies such as centeal
vienons lines and endotracheal and nasegastric wibes ane
intentionally placed (Fig. 3.36) and it is imporiam w ree-
vpnize amd document the conrse and location of these
when caring for acutely ill patients. The optimal location
ol cemral venous lines is bevween the mid SVC angd the
i fight atrinm, The optimal location Tor the tip of an
endotracheal tube is 5 cm above the carina.

A i]m-|||m;|rh|_rn|_~: ie an accumulation of air within the |_'l||r.'llT.I|
spuaee. [0S mest olfien SPOTLATICONS O Y b dlue 1as tramms
ar fatregenic causes such as lung biopsy (Table 3,23, The
defimitive radiographic diagnesis of poeumothorax is made
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HMair braid, A soft tissue shadow (arrows) projects aver
the right supraclavicular region.

by identifving the visceral plenra edge of the collapsed lung
(Fig. 3.37). Additional findings include an abnormally
hyperlucent hemithorax and loss of peripheral lung mark-
ings on the aflecied side. Upright or decubius films are
useful wavs 1o document the presence of pleural air
Expirmory films accentuate air trapping in the pleural
space and may make small and sulule pm:umul:huraccs
maore visible. Recumbent poriable films on the other hand
are unreliable for demonsirating even large pnesmothora-
ces. because the air resides immediately ventral to the lung

Causes of Pneumothorax

Traumatic

1. Travuma: Rib leactures or penetrating chest wounds
I latrogenic

a. Thoracoscopy
b. Thoracemesis
. Placement of central line
. Arihicial ventilation (barotrawma)
e. Post-thoracic surgery
[. Transthoracie or bronchoscopic lung biopsy
Spontanecus
I. Rupture of a bleb or bullae
2, Secondary to underlying pulmonary disease
(fibrosis, emphyscina)
3. Secondary 1o pneumomediastinum

and is not visualized on a frontal view. A fension pneumotha-
rax occurs when the air within the plevnral space is sulli-
ciently large 10 preduce mass elfect upon the mediastinal
siructures and ipsilateral diaphragm. Il sufliciemly great
enough, the mass effect on the hean and grem vessels can
produce acuie cardiovascular collapse due 10 diminished
cardiac oupu (Fig. 3.38). A wension pneunmothorax repre-
sents an emergency requiring immediate placement of
chesit wube 1o decompress the pleural space. For most pneu-
mathoraces, the optimal lecation for chest wbe placement

Bilateral breast implants, PA (A) and lateral (B) chest radiographs. The breast implants (arrows) exhibit periph-
eral cabilicanons along the capsules of each prosthesis,



. B
' Neurghibromatosis. Chest PA (A) and Latera! (B) radiagraphs. Multiple well-defined subcutaneous soft tissue
nodules (arrows) project aver the tharax which should not be mistaken for pulmonary nodules

c ]
FIGURE 135 Foreign bodies. A: PA chest radiograph shows a metallic density (straight arrow) identified as an aspirated
straight pin in the right bronchus intermadius, Note the right pleaeal effusion (curved arows). It has bean estimated that there
must be at least 125 cc of plewral fluid before it is recognized on PA and AP views. B: Chest portable AP radiograph reveals a
toath fragment (straight arow] in the right bronchial tree, The patient was involved in a motor vehicle accident, and a portion
of a tooth was missing. The chest radiograph shows the tooth fragment projecting over the right upper bronchial tree. Nate that
the endotracheal tube (single cumnved arrow at top) lies to the patient's right of the nasogastric tube (double cunved arrows). An
azygos lobe is present, and the position of the azygos vein is more lateral and cephalad than nomal {dowble straight armows).
The azygos lobe (single corved armow at left) is visible, €,Dz Chest AP (C) and lateral (D) radiographs reveal a daming needle
lodged in the right veniricle. The child of this young mother accidentally stabbed her with a daring needle. The needle {armows)
projects over the right ventricle region in both views. |t was successfully removed at thoracotomy.
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Endotracheal tube tip

Masogastric lube in esophagus

Granuloma
Jugular central line tip

Gewn snap

Masogasiric ube
In stomach

Normal fube and line positions A: Chest AP radio-
graph. The ET tip is 5 om above the carina, The tip of the central
line via a right jugular vein approach projects over the superior
vena cava. The curved arrow points to a monitoring electrade that
lies an the skin on the patient’s left shoulder. B: Chest AP radio-
araph. Right jugular central line inadvertently passed inta the right
subclavian vein (single straight arrowd. Bilateral breast implants
are present (single curved arrows). A monitoring electrode (double
steaight arrows) and a nasogastric be (double curved arrows) are
also present. € Chest AP radiograph. The Hickman line (arrows)
with a chest port catheter is directed cephalad up into the night
jugular vein rather than caudad toward the superior vena cava,
The tip of the line is beyond the edge of the radiograph, D: Chest
AP radiograph. Endotracheal tube (straight amow) inadvertently
placed in nght intermediate bronchus, External monitoring elec-
trades are preseat (cunved arraws),



Lefr pneumotharax. AP chest radiograph shows a mod-
erate left pneamothorax (arrows). MNote the clear demarcation of the
wisceral pleural surface of the left lung.

PRGN 737, Right tension preumothoras. Portable AP radiograph
shows a large right pneumothorax with near complete collapse of
the right lung (arrows). Note the depression of the right diaphragm
and the deep right lateral costophrenic sulcus er angle (deep sulous
sign). Also, mote the slight deviation of the cardiac silhouette to the
left side,
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Causes of Pneumomediastinum

Traumatic

1. Closed chest triuma

2, Associmed with preumothorax

3. Esophageal or tracheobronchial perforation
4, Asihma

5. Ventilator induced (baroirauma)

Spontaneous
I. Bleh or bullae rupiure
2. diopathic

latrogenic

1. Possurgical (horacotny)

2. Esophageal resection or dilatwion
3, Bronchoscopy

is the second intercosial space in the mid clavicular line,
Mot plevral elfusions are pereutancously drined (thora-
cemesis) posterioely below the seventh imercosial space,

Poemoneediostingm is a collection ol air within the
mediastinum, the causes of which are listed in Table 3.3,
The presence of air within the mediastinmm is usoally an
ominows sign in patients with a history of tramma or vom-
iting suggesiing rupiure of cither the esophagus or trachea
CFig. 3,390 Spomaneous sell-limiting pnewmomediastinum
may veenr in young adulis with asthma.

i1 U Prewmomediastinum dus to esophageal perforation.
PA chest radiograph shows extensive air within the mediastinum, as
well as lucencies around the aortic arch and along the tracheal air col-
umn and associated subtutaneous air
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Hiatal hernia, PA chest radiograph shows a large air
filled bubble overying the cardiac silhouette reflecting a hemiation of
the stomach up into the chest,

Hiatal hermias may be seen as an incidental retrocar-
diac lucency or density depending on the amount of air
within {Fig. 3.40).

Abscess [ormation within the chest wall or back s
seen as an air={luid level is idemified in the subculaneous
tissues (Fig, 3.41). Finally. as linde as a few milliliters of [ree
intraperitoneal air {(preamoperitoncum) may be detected

L

FIGURE T.02. Free imraperitoneal air. PA chest radiograph show-
ing crescentic air undes both diaphragms due 10 a perorated gastric

ulcer.

just under the diaphragm on upright radiographs of ihe
lower chest and upper abdomen (Fig. 3.42). This repre-
sents asignificant finding and is due 1o visceral perforation.

Chronic obstructive pulmenary disease (COPD) iz a cone
ditien most often due 1o cigarctic smoking, in which the

Right axillary abscess. PA (A) and latetal (B) chest radiographs. This patient developed an abscess after a right
auillary node dissection. An air-fluid level (arrows) is seen on both views.



lungs have become permanently damaged and the airways
marrowed, Emphysema is enlargementfdesiruction of the
alvenli distal 1o the werminal bronchioles withowt associ-
ated fibrosis. Radiographically, this is manifesied as an
increase in lung volumes and lucency. Due 1o air trapping
and lung destruction, the lungs typically look hyperin-
Maed and abnormally dark on a chest radiograph.
Pulmonary cysis or bullae may also contribuie w the lind-
ings of hyperinflation and transhocency (Fig. 34034 8).
Chest diegraphy is an insensitive screening method for
eliagnosing mild amd moderate emphysema. High resolu-
tion CT (HRCT) on the other hand offers superior infor-
mation about huing morphology and is the hest modality
for detecting and quantifying emphysema anddor bullons
lung disease (Fig. 3.43C),

In contrast, chronic inerstitial lung discose is o spee-
trum of disorders of varions etiologies (many unkoown)
characterized by the presence ol lung librosis, Radislogically,
pulmonary libresis is characterized Iy the development o
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Chromic obstructive puimonary disease (COPD). PA
{A) and lateral (B) chest radiographs, The lungs are hyperducent and
hypeninilated. The diaphragms are flattened on both projections reflect-
ing the increase in lung velumes. The retrosternal airspace is expanded
and the AP dimension of the chest is greater than normal. C: Bath lungs
are lucid and void of normal lung markings reflecting both emphysema
and bullous changes, which is better demanstrated on the cometpond-
ing chest CT.

lincar or reticular changes in the lungs in associmion
with diminished lung volumes (Fig, 3.44). Usually a pro-
gressive discase, HRCT, and open lung biopsy aid in the
dingnosis,

The reason we see a border of o structore on an image i
because it is contigious with another structure of dilferent
radiographic density. This phenomenon is known as the
silthonette sign which is the blurring or obscuration ol a
normal radiographic border when two contiginoens sirue-
tures are of similar density, Becanse most pathologic pro-
cesses within the chest are Huid or soft tissue in density,
the silbonenie sign facilivaes the desection and localization
ol |h¢_-i.¢ abnormalities, For ;'.'N!:I.il'l|‘1|x'. lelt lovwer |l.1i'll‘ -
monia or atelectasis will obscure the border of the leh
hemidiaphrgm. Similarly, since the right midedle lobe is
adjscent to the right cardiac border, any vight middle lobe
collapse or consolidation obseures the right cardiae border
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FIGUED 00 Pulmonary fibrosis. A PA chest film shows extensive bilateral symmetric interstitial or reticular changes through-
out both lungs reflecting pulmonary fibrosis. B: These interstatial changes are better demonstrated on the comesponding prane
chest CT, which shows the fine interstinal markings of pulmonary fibrosis (rows),

on the romal radiograph (Fig. 3.45). The same observa-
tipn also holds true lor disease processes within the lingu-
lar segment of the leli upper lobe, which will obscure the
lelt hean border.

Bronchi are usually not seen on a chest film hecause
they contain and are surrounded by air. However, when
the alveoli hll with fluid such as occurs in pneumonia,
pulmonary edema, and hemorrhage, the bronchi may

Sithouetre sign. PA chest radiograph showsng absoura-
tion of the left hemidiaphragm due to left lower lobe collapse, because
the density of the collapsed lung and left hemidiaphragm are justa-

posed. The straight armows indicate the left lower lobe and the curved
arrows indicate the hear.

become more conspicucus producing a sign called an air
bronchegram.

Turning our attention to the lung parenchyma, the
pattern of airspace (alveolar) discase is wpically one of
fluffy and conlluent opacification. The appearance and the
finding of an air bronchogram are hallmarks of airspace
disvase. In contrast, an interstitial pattern is due 1o thicken-
ing of the lung interstitium (1the supporting siructures)
anid may be subclassilied as nodular (melasiases, sarcoid-
osis, silicosis) or reticular (lines) (pulmonary interstitial
edema, idiopathic pulmonary fibrosish or a combination ol
both (reticulonodular), The appearance is inhomogeneous
and does not respect lobar boundaries, An advanced inter-
stitial panern is seen in honeycombing due 10 pulmonary
fibrosis. The wo patterns, airspace and inverstitial, may
overlap and coexist and one may transition into the other
but it is woenhwhile irying 10 classily parenchymal lung
into these two main CHMEEOries.

Atelectasis (or collapse) represents the loss of acration of
lung tissue. Atelectasis varies in extent from being subseg-
mental and appearing as linear shadows within the lungs
(discoid areleciasis) (Fig. 3.46) wa complete collapse of an
entire lobe or lung (Fig, 3.47). The appearance of each of
the collapsed individual lobes is shown in Figure 3.48. In
ackdinion 1o the unique appearances of the various lobar
abnormalities, iive types of atelectasis are described: Passive



Bilateral discoid (plate-like) atelectasis. PA chest radio-
graph. The arrows indicate the typical appearance of regions of discoid
atelectasis, which are commonly found in postoperative, post-trauma,
severely ill, or debilitated patients.

melectasis relers w meleciatic lung usually arising from pro-
longed recumbency or shallow tidal volumes, Compressive
meleciasis relers o arcas of atclectasis which s compressed
by o awebjacen abnormality, such as a large pleural effusion,
Adhesive atclectasis oceurs when alveoli collapse due 1o
insullicient surfactamt sonch a8 occurding in hyaline mem-
brrane disease in neomates. Postobstractive ateleciasis ocours
when there is complete airway occlusion {lumaor, foreign
body, or mucous plugging) (Fig. 3.47). Cicatricial or
rounded melectasis occurs when lung tissue curls inle a
spherical opacity residing adjacen 1o a pre-existing plev-
ral abnormality such as pleural thickening or caleification
(Fig. 3.49), It iz imporiant o understand that ateleciasis is
not by itsell a primary disease process but rather an indica-
o of underlying lung disease or airway abnermality, The
causes ol melectasis and radiographic signs of atcleciasis are
listed in Tables 3.4 and 3.5, respectively,

A plewral effusion is an abnermal colleetion of Muid in the
pleural space due cither 1w an increased production or o
reduced absorprion. Less than 5 mb of plevral luid s oo
mally presem o lubricate movement of the plenral surkaces
during respiration, Pleural elfusions are penerally classilied
as transudates or exudates, Based on te wechamizm of Huid
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Complete left lung collapse. AP chost film shows com-
plate collapse of the left lung which is due to mucous plugging in the
left mainstem bronchiss. Mote how there is an abrupt loss of the normal
preumatization of the left mainstem bronchus (arrow) at the site of the
mucowus plug. This is known as the bronchial cut-off sign.

formation and plewral Hoid chemistre Transudites nesult
from an fabalanee in oncetie and hydestinie pressures
amed have a serum albumin and LOH level less than exue-
dates which are vsually vhe resule of inllummamion or
reduced lymphatic drainage. On a PA chest Bl the firs
175 mlb is not seen a8 the loid accumulates in the

Causes of Atelectasis

1. Posiohsirucrive
a. Tumor inoairway
I, Fureign body or mucouns plug in airway
¢ Infeciion
. Mainstem wtubation
. Pustopermive
3. Extrinsic compression
i Pleural disonders: Fluid/bloed/pusfiumors
b Poevmot horax
4. Restiwtive muotion
i Trnm
b, Menremnscnlar discases

[z

¢, Inalections
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Lobar fcoltapse], A,B: PA and lateral views of the chest showing combined mght lower and middle lobe collapse.
The frontal projecton shows obscuration of bath the right diaphragm and right heart border (sithouette sign) and the Lateral
progection shows opacity overlying the lower thoracic spine due to the collapsed lower lobe (spine sign). C,D; Right mididle lobe
collapse. Note the parsal obscuration of the right heart border on the frontal filem due 1o atelectasis (arosy, C) and the band of
atelectasis overlyng the hearl shadow on the lateral ilm (arrow, D).
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{Connnued) E: Right upper lobe collapse. AP
chest radiograph showing the typical wedge shaped appear-
ance of right upper lobe callapse {arow). Note the elevation
of the right diaphragm reflecting the associated valume boss.
F.G: Left upper lobe collapse. PA and lateral chest fms show
weil-like votume loss of the left lung due to complete left up-
per lobe collapse with associated deviation of the trachea and
the heart to the left side. On the lateral film, the collapsed left
upper lobe which resides antertorly produces the generalized
ground-glass changes of the left lung which are apparent on
the frontal projection.
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subpulmonic and costophrenic regions first. With [urther
accumulation, the hemidiaphragm and costophrenic sinus
are obscured leading 1o the characleristic meniscus sign
with the highest point in the midaxillary line. Massive
pleural effusion may he seen as complete apacificaion of

Radiographic Signs of Atelectasis

Primary

1. Loss ol volume of involved segment, lobe, or lung

2, Consolidared lung rissue

3. Air bronchograms (absem in postobstructive
areleciasis)

4. Coapuatien of bronchi and vessels

Secondary

1. Upward elevation of the ipsilaeral hemidiaphragm

2. Mediastimal shift wwand side of collapse

3. Closer spacing of ribs

Roundfed) atelectasis. PA [A) and lateral films (B)

of the chest show a spherical opacity in the left lower lobe postero-
redially (Wack arrows), which, on the comesponding chest CT (C),
reflects an area of round atelectasis. Note the conspicuous volume
loss of the left lower febe, Also, note on the CT the presence of both
air and fluid in the left pleural space (white arrows). This hydropneu-
mothorax occurred after transbronchial bispsies of the left lower lobe,

the hemithorax with displacement of the mediastinum and
hemidiaphragm away [rom the cllusion. A pleural effusion
associated with pneumonia is called parvapneumonic ellu-
sions, which if secondarily infected will result in the accu-
mulation of pus within the pleural space and it is then
termed empyema, Hydropreumothorax occurs when there is
both air and Muid in the pleural space, with loss of the
MENISCUS sign.

Other examples of pleural pathology include masses
and calcilication. Solid pleural masses include lung carci-
noma abutting 1he pleara and malignant mesothelioma,
Peural calcification may be due o healed empyema,
tuberculosis, and ashesios exposure,

Mulmonary embolism (PE} is a commuon cause of cardio-
vascular morbidity and moralig. Typically, a thrombus
originating m lower extremity andfar pelvic veins migrates
ter the pulmonary arterics causing acute chest pain, dys-
poea, and reduced cardiae ougpat,



[

IR 1 Pulmonary embolism. Patient presented wiath acute
shortness of breath and chest pain. The PA film (A) shows a subtle periph-
eral pleural-based opacity in the left lower lobe (arrowy), which on comre-
sponding chest CT (B) relates to a large area of peripheral left kower lobe
consolidationfinfarction (Hampten hump). C: CT angiography revealed a
large occlusive left lower lobe acute pulmonary embolus (amow).

The chesi [ilm hindings in patiens with acaie PE are
variable amd may be normal in up ow 200 ol paticns,
Abnormal lindings include micleciasis, ellusion, and pul-
monary inlarction (Fig, 3.50). A CT Chest is the currem
vold stamcared Tor ll'l:.lking_ the 1.||;||._I||1-|s_r.i._v. (P, 3500 aad
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this test has replaced ventilaionperfusion (VD) scanning
and pulmonary angiography (Fig. 3510, However, ventila-
tion/perfusion seans are s1ill uselul in paiients who canna
receive IV contrast due o impained remal Tunction or those
with a history of prior conurast allergy, See Chapier 10 for
more ot VWO scanning. Rarely, thrombus may originae
from centeal venous lines, which when infected can canse
septic pulmonary emboli which result in cavitary lung
abscesses (Fig. 3.52).

Because of the myvriad of potemiial pathogens, it is dillical
e determine the microhiologic cause of poewmonia based
on the adiographic appearances alone. In general, pocu-
|'|'|u-r'|'i;'|.i. ;_'||'|n|:l|;:'|r s '<'Ilr‘_'1|:lill..,'n;' ||1||.|Iri11|; ur 1;;1|'|Sn|i:|;!'.LI imh '|"|||.'
findings range [rom o segmental mhlirate w complete
opacilication of both lungs (Figs, 3.33-3.57). Lung abscess,
acomplication of poeumonia especially with Steaphylococes
amrens, Streplococcus pyogenes, and gram-negative organ-
SIS, Appears as o cavity associaned wih lung conss sliclation
(Figs. 3.58-3.59),

Anvpical prieumonias are characterized by a lack of
exudate imo alveoli. Instend, the nerstitiom of the g
bevomes inllamed with the result that airspace conselida-
tion is mindmal or lacking and chest Tilm is opacilied dispro-
pornionately 1o the severity of clinical features. Table 3.6
lisis common causes of aypical poeumonia and examples
are shown in Figures 360 and 3600 bnmamosuppecsscd
patients are particularly susceprible w lungal and myeobae-
terial infections. Despite new therapics and improved
|;||_|_|',|1|_|,_' health measures, quluuunrl_'.- telercnlosis cominues
o be a persistent and problematic disease. As much as
vme-third ol the worlds population has been infected with
Mycoebacterium mberculosis which wypically involves the
lungs, but can also alfect other organs, Most wberculous
infections are asympromatic and latent (primary}, but about
one in ten latem infections progresses o active discosye
{post primeary} which, iF vmreared bas a 30% mornality
rate. o active pulmonary T8, infilirates or consolidations
andfor cavities are olten seen in the upper lungs with or
withow mediastinal or hilar lvmphadenopaby As many
as 25% af people with active TB imay be asvmpromaric and
it miay become a chironie illness cansing bronehiectasis aml

Causes of Atypical Pneumonia

Cytomegilovirus
Legionmaires” discase
Mleasles
Miveoplasma
Priewmocyslis
fubercnlosis
waricella
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External mgnitoring electrode

Metalic surgucal chips

Acute pulmpnary embolism: Pulmonary angiogram, This 72-yearold woman had 72-hour status post coranary
artery bypass grafiing and developed acute shonness of breath and hypouia. There are multiple pulmonary embali (straight
arrows) within the left main pulmonary artery and its branches secondary 10 lower extremity deep vein thrombosis. The angi-
ographic catheter (curved arraws) is visible in the left pulmonary artery.

Septic pulmanary emboli. A; PA chest film shows numerous cystic lung lesions (abscesses) on the right side
Hong with a mght pleural effusion, B: Ctllre-spl:lnd.'ng chest CT image shows 1o better advantage these scattered W1”H="3'T
abscesses, which are bilateral and which have the peripheral distribution typical of septic embolic disease.
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A

Right lower lobe pneumonia. PA (A) and lateral [B) views of the chest show airspace disease in the right lower
lobe (amrowe, A). Note on the lateral projection the corresponding “spine sign” produced by the infiltrate which oveddies the lower
thoracic spine. The spine sign refers to additional density owerhying the spine by a superimpased opacity which mn this case was
due ta the aght bower lebe infiltrate.

I Right michdle lobe preumonia. PA (&) and lateral (B) films show a confluent opacity in the right middie lobe

larrows).
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A

Right upper lobe pneumonia. PA (&) and lateral (B} films show pnevmonia in the posterior segment
of the right upper lobe (arrow, B).

A B

Linguiar preurionia. PA (A) and lateral (B) films show an infilleate in the lingula (arows). Note the obscuration
of the left heart border on the PA projection (sithouette sign).
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A
Pulmonary abscess. PA chest radiogragh (A) and chest CT image (B) show a large left upper lobe consolidation
with eavitation {amaw, A) typical of a pulmonary abscess which in this case was due 1o Staphyococcus aureus.

bl o Pulmgnary abecess. A: PA chest radiogroph shows a cavitary right lower lobe abscess (arrgwd. B CT confirms
the cavitation.
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A ﬂ ‘ h.
Acute pulmaonary aspergillosis. PA chest radiograph (A) and chest CT image (B) both show a conspicuous nodule

{arrow, A) in a patient with profound neutropenia after bone marrow transplant for leukemia. The nadules in aspergiliosis have
a solid and slight spiculated morphelogy mimicking a branchogenic carcinoma.

Atypical prevmonia due to vancella (chicken pox). Chest PA (A) and lateral (B) radiographs showing diffuse
reticulonodular infiltrates throughout both lung fields These patients are acutely ill, and the presence of skin lesions are diag-
nostically hefpful



cxtensive lihrosis in the upper lobes, Miliary T is charac-
wenzed by a multisystem dissemination any time afier pri-
mary infection and oecurs in immunosuppressed patiens
The lesions are small (1 w 3 mm) discrete granulomata
detectable on CT belore a chest lilm. 1t is very unlikely tha
acaleilied wibereulous granuloma will progress w active TR,

Preumacystis prenmonia (PCP) or pnenmocystosis is
caused by a yeastlike lungus Pacwmocystis jirovecii,
a pathogen which is specific 1w humans, Pathologically the
alvealar septa become thickened in combination with the
development of an eosinophilic alveslar exudate. Both
the thickened septa and the exudate contribue 10 the
reduced oxygen dilfusion which is characieristic of this
prcumonia. Initdally, chest imaging shows bilaeral, diflluse,
olien perihilar, line, reticular or reticulonodalar interstitial
patern. This imerstitial pattern progresses o airspae (at-
tern disease over several days, which may then be ollowed
Iy coarse reticulation as the infection resolves. Chest hilims
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Mycobactenal infections. A PA chest radograph
shows a large area cavitating acute tuberculosis pnewmania in the
fight upger lobe. While this could represent a bactenal proumania
with abscess, cultures were positive for Mycobacterium tuberculg-
sis. B: Tuberculous preumonia in a different patient which evolved
into irreqular thick-walled cavity. €: Chest CT in a different patient
shows a left upper lobe cavitary preumonia due ta M. tuberculosrs.

are nermal in up w 20% ol PCP patients, with HRCT anel
Gallinm-67 imaging being mone sensitive in making the
diagnosis, On HRCT, PCP is seen as ground-glass aienu-
ation, which refers w parcnchymal opacification which
cives not ehseure the underlying pulmonary archilecture
and represents an exudmive alveolinis. Pnenmothorax is a
well-known complication of PCR

A solitary pulmonary nodule (SPN) is delined as a discrete,
rownnded lung opacity less than or equal o 3 em in dimm-
cter, and s not associated with adenopathy, collapse, or
pleural eflusion. The most common causes are listed in
Tahle 3.7. Lestons larger than 3 om are comsidered masses
aned are tremed as malignancies wmil proven othe rwise,
The workup of an SPMN depends on a variery ol Factors
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A

Sguamous coll fung carcinoma. PA (A) and lateral (B) radiogeaphs show a large mass in the left upper lobe. The

risk of malignancy ncreases with lesion size.

including the pretest probability of malignancy., size, and
morphology of the nodule. and the age of the patient, as it
is known thar 30% of smokers over the age of 50 have lung
nodules on screening CTs.
Clearly. there is conziderable dilference in the likeli-
hood of malignancy when dealing with a smooth 1-cm
nodule in a 30-vear-old nonsmoker compared 10 a 2-em
spiculated nodule in a 60-vear-old lifetime smoker. Firsi,
the larger 1he nodule. the greater the chance thar i1 will be
malignant ( Fig. 3.62). Second, any growth of a pre-existing
rodule suggests a malignancy. so review of previous imaging
is essential. Other femures which increase the likelihood
of malignancy include pleural effusions, hilar or mediasu-
nal adenopathy, or presence of bone, adrenal gland, or
liver lesions indicating potential sites of metastatic discase
(Fig. 3.63). Primary lung carcinomas, especially squamous
cell, may presemt as a cavity which may be mistaken as non-
malignant lung lesions such as a lung abscess (Fig, 3.64).
Imaging has mo proven reliable in distinguishing
benign [rom malignam lesions, While spiculation suggests
malignancy, many malignant lung nodules, particularly
mietastases are smoothly marginated (Fig, 3.65), Dystrophic

Causes of Pulmonary Nodules

Single Multiple
Cranuloma Melasiases
CarcimoTma Histoplasmosis
Hamartoima Sarcoidosis

calcihication of a lung nodule suggesis a benign process,
specifically granulomatousdisease ( Fig. 3.66). Caleilications
within granulomas are variable including selid, centrally
located nidus, or laminar patterns. Il there is doult as w
whether or not a nodule contains calcificmion, CT can be
used 1o measure the density of the nodule. When the CT
density of a pulmenary nodule measures greater than 200

Carcinoma of the lung with rib destruction. AP chest
radiograph shows 3 carcinoma in the ey upper lobe (white arrows)
with destruction of an adjacent rib due to local erosion ack arrpw).

Hote that the lungs are overexpanded, secondary to COPDL A monitar-
ing electiode runs across the thorax from left 1o right.



Carcingma of the lung. There is a small cavitary nght up-
per lobe pulmonary nodule (arrow), While the differential includes other
nonmalignant diseates such a3 nfiection especially TB, or abscess, and sub-
sequent beopsy revealed that this lesion was a squamous cell carcinoma.

Hounslicl! units, and the caleilication composes most of
the nodule, a benign entity is conlirmed and no Turther
evaluation or surveillance is required, A 9-mun 5PN with a
{volume) doubling time of 100 days will measure 11 con
3 months and 1.4 cm a6 months, Therelore, radiographic
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Histoplasmosis. PA chest radicgraph shows numerous
small calcified pulmonary nodules in both lungs due to Misfoplasma
capsulatum, Also note the calafiad bilateral hilar lymph nodes.

surveillance necessitates securte measiecmicnt, 10 has also
been noted that as a nodule grows, i may become less well
delined, and ironically appear smaller on subsegquent chess
lilms. CT which has hener comrmast resolution, prwides
Berer delinetion if the margins of the nodule are unclear

Metastatic disease. Chest PA (A) and lateral (B) radiographs show numerous bilateral soft tssue nodules con-
sistent with metastases in a patient with testicular cances,
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on conventional chest films. A solitary noncaleified nodule
which does not change in size or appearance over a 2-year
period is considered benign. This rule should be applicd
however with cantion. as there are exceptions, especially
when the pretest probability for malignancy is high.
A panel of chest radiology experts (The Fleischner
Socicly) have published guidelines for the management of
SPMs and more recently “semisolid” pulmonary nodules
(2.3 As a general mule, Fiopsy of an SPN is not indicated in
the initial course of management because the resulis will be
either positive (requiring surgical resection), or "nondiag-
nostic,” that is, no evidence of omor cells (which could be
a false negative due 1o sampling error). A nondiagnostic
hiapsy would then leave two aliernatives, namely surgical
resection of the nodule or radiographic surveillance. When
1he pretest probabilities for cancer and the nodule are small,
the best initial course of action should be surveillance with
serial radiographs every 6 months for 2 years. Conversely, il
the level of suspicion or pre-1est probability is so high tha
surgical resection of the nodule would be performed regard-
less of the outcome of the biopsy, then, surgical resection
rather than biopsy is the best course of action. Biopsy of any
solitary nodule in this scenario only adds an intermediate
step that has no real value, There are two exceptions 1o this
rule when biopsy of a solitary nodule can be considered:
{1} Paticmis who are either non-surgical candidaies (due 1o
coexisting morbidities) and a tissue diagnosis is needed
prior o instituting therapy, or (2} a new pulmonary nodule
i discovered in the sening of a known primary cancer. In
the laner case, biopsy determines whether the nodule is a
primary lung carcinoma or a melasiasis,

A solitary lung nodule or mass is the most common radio-
logic presentation of lung carcinoma. Other radiologic
findings at presentation are listed in Table 3.8.

The definitive diagnosis of lung cancer is based on a
tissue diagnosis obtained by biopsy. Histologically lung
carcinoma may be classilied ino small cell and nonsmall
cell which is funther subclassified inte squamous, adeno-
carcinoima, and large cell carcinoma, Small-cell lung cancineoma
(5CLC) should be regarded as a systemic disease and is
rarely operable a1 diagnosis, I is classified as “limited

Radiological Presentation of Lung Carcinoma

Solitary pulmonary nedule
Centralfmediasiinalfhilar mass
Persistent infilirane

Cavily

Atclectasis

Plewral elfusion

Calciheation

Bone erosion (Rilvverichral body)

stage” (conlined 1o one-hall of the chest) or “extensive
stage” (more widespread disease). Nensmall-cell lung can-
cor (NSCLC) is staged based on the size of the Tumor,
Mode involvement, and presence of Mewasiagsiz (THM)
with stages up to 3A being operable. A malignant pleural
effusion indicates a stage T4 lung carcinoma, which pre-
cludes curative surgery. Genetic muiaions (EGFR, KRAS,
and ALK}, which are fownd in up to 50% of adencearcing-
mas of the lung, are predictive of successful ireatment with
newer chemotherapemic agems such as thyrosine kinase
inhibitors, Testing for these mutations requires a large
sample of tissue which can be ohiained with a core biopsy.

One-half of all patienis are asymprommic when diag-
nosed with lung carcinoma, and the aim ol screening
patients for lung carcinoma is 1o diagnose and treat them at
an earlier stage, improving survival, Regular chest radiog-
raphy examination programs have not been effective in
reducing morality frem lung cancer, The lnternational
Early Lung Cancer Action Project (-ELCAP) published the
resulis of CT screening on over 31,000 high-risk paticnts
in late 2006 (4). The vast majoriy of lung carcinomas
detected were stage | and treatable. In 2007, another study
in which 3,200 current or former smokers were screened
for 4 years and offered three or four CT scans, [ound no
maertality benehit from CT-based lung concer screening (3).
Although lung cancer diagnoses were three 1imes as high,
and surgeries were ten times as high, as predicied by a
model, there were no signilicant dilferences between
observed and expecied numbers of advanced cancers or
deaths. A third study which is engoing, the National Cancer
Tnnstituetes Nationel Lung Screening Trial involves over 53,000
heavy smokers who either recetved three CT scans or three
x=rays annually (6). Preliminary findings of the siudy have
found that deaths in the CT scan group of paticnis were
20.3% lower than in the x-ray group. The benefis of
screening still have 1o be balanced against the risks associ-
ated with lalse positives.

The mediastinum is the space in the chest between the
pleural sacs of the lungs that contains all the viscera of the
chest except the lungs and pleurae. On a chest film, medi-
astinal masses characteristically form an obtuse rather than
am acute angle with lung tissuse and they do not show an air
bronchopram. When presented with a mediastinal mass.
knowledge of the borders and contenis of the mediastinal
compartments helps the dilferemtial diagnosis (Table 3.9).
Anatommically, the medinstinum is divided imo our com-
partments which include the superior mediastinem which
bies alweve a line drawn horizentally from the siermal—
manubrial junciion Gangle of Lowis) back w the THTS disc
space. The major structures in ihis compariment include
the thyroid gland, esophagus, irachea, and great vessels of
the head and neck as well as the aonic arch. Radiologically,



Mediastinal Mass by Location

Anterior

I. Thyroid and parathyroid masses

2. Thymic glaned tumors (thymomas, cysts, thymig

carcinomavsarcoma)

Teratomsa

. Lymphadenopathyfdymphoma and leukemia

Ancurysms, especially of ascending thoracic noria

. Chest wall/bone tumor (e, sarcomas, melastatic
discase)

s

W

Middle Mediastinum (90% of masses are malignant)

1. Bronchogenic carcinemas and bronchogenic cysi
2. LymphadenspathyAymphomadenkenma

3. Pericardial fai pad and pericardial cysi

4, Dhaphragm l:Mutgugni:] hernia

3. Ancurysms

. Esophageal neoplasms and masses

Posterior Mediastinum

. Meurogenic tumaors (30% are malignant}
2. Duplicmion ¢ysis

3. Lymph node enlargement

4. Esuphageal lesions

5. Diaphragmatic (Bochdalek) hernias

&, Extramedullary hematopoicsis

the contents of the superior mediastinum are incorporaned
in the respective anterior, middle, and posterior compari-
ments as follows: The anterior mediastimum extends Trom
1he [HISIC PO TR ol the sternam back 1o the anterior
surface of the pericardinm and includes mediastinal [,

A
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Lymphoma. BA chest radeagraph shows bulky adenapa-
thy producing a generalized widening of the mediastinum in a 24-year-
old man with chest discomior.

thymic gland, anterior chest wall muscle and  hone,
Iemphoid  ssue. and  the  ascending  thomeic  aor,
Retrosternal extension of the thyroid gland must also be
vecasionally considered in this companment as well, A
uselul mnemonic for anterior mediastinal masses s the
“terrilyle Ta” which include thymoma, thyeobd wmoers, ter-
rible lvmphoma, and occasionally germ cell tumeors such s
terateinas (Fips. 3.67=3.000,

Anterigr mediastinal mass: Thymoma. PA (A) and lateral (B} chest rachiographs. There is an anterior mediastinal
mags [arrows) in a patient with myasthenia gravis. This mass was surgically removed and revealed a benign thymoma, Malig-
nant thymic lesions and lymphoma however would have a similar radiographic appearance.
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Vascular caleification. PA {A) and lat-
eral [B) chest radiographs show a calcified ascending
thoracic aortic aneurysm (straiolt arrows) which is vis-
ible on both views On the PA radiograph, the hean
appears enlarged bul on the lateral view it is within
norrmal limets. Mote the old healed right rib fracture de-
formaties {cunved arrows). The lungs are hypennflated,
Mote the surgical chips (aowheads) and the artifact
(*) appeanng on the right shoulder

Suwrgical matallic
clips

[=Calcilied descending

thoracic aarla
B
The middle mediostinum extends from the veniral peri- the descending thoracic aona (Fig. 3.71), While CT is useful
cirdial surface posteriorly 1o the ventel surface of 1he thorcic for workup of anterior and midedle medinstinal masses, MR1is
spine and includes the hean pericardivm, aomic arch. hila, maore helplul for posterior masses because the majority of
esophagus, lymph nodes, and nerves (Fig, 3.700. The posterio these turm oul o be neurogenic in nature.,
meediaestinem extends from the veniral border of the thoracic Wihen the hilar vessels are visible through a mediasii-

spine posteriorly o the chiest wall and includes the spine and mal mass, it s unlikely that the moss arises Irom the hilum.
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Pencardhial cyst. PA (A) and lateral (B} chest rad-
ographs show a mediastinal mass {arrows), Chest CT (C) shows
this as sharply marginated and fluid in density adjacent to the
heart. This is a typical appearance for a pericardial cyst,

Posterior mediastingl mass: Neuroblastoma. Az On the PA view, a paraspinal mass can b seen projecting
theough the cardiac shadow (arrows). B: On the lateral film, the mass is postenior in lecation along the spine, producing
a small “spine sign.”
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This is known as the hifum overlay sign, Most of 1hese
masses are in the anerior mediastinum,

The anterior mediastinum ends at the upper margin
of the clavicle. Therefore, when a mass extends above the
clavicle, it is located cither in the neck or in the posterior
mediastinum, When lung tissue is seen between the mass
and the neck, the mass is probably in the posterior medi-
astinum, This is known as the cervicothoracic sign.

While cardiac enlargemen may be global or of a specific
chamber, the radiographic appearance of the hean corre-
lates poorly with cardiac function. More advanced modali-
ties such as echocardiography, MR imaging. nuclear imag-
ing. and CT provide much better anatomical and funciional
information from which accurate quantitative daa relaing
to myocardial perfusion and viability, ¢jection [ractions,
and valvular morphofogy and function can be ohained.
As discussed earlier, identification of the cardiac
chambers on the PA and lmeral projeciions of the chest

filenis is uselul in diagnosing certain cardiopulmonary and/
or valvular heart diseases. The most commonly enlarged
cardiac chamber in routine practice is the left ventricle. On
the frontal (PA) projection, noet only will the heart size
appear enlarged bun the cardiac apex is wypically displaced
down and oul (Fig, 3.724). On the laeral projection,
expeet to see posterior displacement of the lelt vemricular
border woward the spine { Fig. 3.72B). Lelt veniricular dila-
ration can be seen with systemic hypertension, aortic val-
vular discase, and ischemic cardiomyopathics. When the
right ventricle dilaves, the cardiac apex is displaced upward
and the heart appears somewhat boot-like in conliguration
(Fig. 3.734). On the lueral Olm, expect o see some
increased retrosternal opacity reflecting the dilared right
ventricle (Fig. 3.73B6). Right vemricular dilaation in
adulis can be seen in patients with pulmonary valvular
disease or long standing pulmonary hyperiension, Left
atrial dilatation is most commonly seen in paticnts with
mitral valve disease and produces the classic findings on
PA films of bulging of the upper left heant border, the
double density sign (Figs. 3.74 and 3.8}, and occasionally

! Left ventricular dilatation. PA (A) and lateral (B) views of the chest show the characteristic morphelogic changes
in the cardiac silhoueme in a patient with left ventricular dilatation. Az Note on the PA film that the apex of the heart is displaced
down and out. B: On the lateral film, note how the posterior margin of the left ventricle (LV) projects unusually posterior to the
IVC. Normally, the posterior border of the left ventricle should be within 2 cm of the posterior barder of the IVC,
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A

Right verdricwlar enfargernent. Az PA film of the chest shows the charactenstic upward pointing of the cardiac
apex characteristic of right ventricwlar dilatation, B: On the lateral film, note how the retrosternal region is more opacified than
wsual reflecting the corresponding difatation of the nght ventricle,

A

Left atrfal enlargement. Az BA film shows convesity of the lelt heart border due 1o enlargement of the left atrial
appendage. B: The double density sign of left atrial enlargement can be seen, which comesponds 1o the overlap of the right atral
shadow and the right lateral wall of the left atrium {arrow), Also see Figure 3.8,

n
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Muftichamber  enfarge-
ment: Mitral stencsis. PA [A) and lateral
(B) chest films show severe cardiomegaly
and a prosthetic mitral vabve (straight ar-
rows). On the PA wew, the enlarged left
atrium creates the double density indi-
cated by the curved arows, and the left
atrial appendage is prominent along the
lef cardiac boeder. Also, on the PA view,
there 5 right atnal and left ventngular
enlargement. On the lateral wiew, right
ventricular enlargement resulis in fullness
of the retrosternal space. Also, on the lat-
eral view, there is enlargement of the left
atrium and ventricle.

Agartic arch
Sternal wirgs

Pulmonary artery

Left atrial appendag

Right atrium

Lefht veniricle

Sternal sulures

Right ventricie

Leift atrium

Lell ventricle



displacement of the lelt mainstem bronchus, Examples
ol miteal and aortic valvalar disease are illustrated on
Figures 3.75 and 3.76, respectively. Right atrial enlarge-
ment will produce o conspicuous protuberant right hean
shadow (Fig. 3.9} and can be most commonly seen
w patients with tricuspid valve disease or right heart
fnilure.
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P (Continwed) €2 Chest
axial CT image through the atrial lev-
el. Left atrial enlargement (straight
arrows). D; Shows typical changes in
the morphology of the heart of lefi
atrial enlargoment in a patieat with
Ascending aorta  mitral stenosis. Again note the bulg-
ing left heart border and the double
density sign [arrows).

Descanding aoria

Aortic knob

Pulmonary arlery

Altrial appendage

Left ventricle

Pubmsenary arterial aneurysms may present s hilar enlbange-
wient which is a conmmen Tonding in patiems with pulge-
vary hivperiension “H,g 3771 Aherosclerstic calvilicuion
ol thoracic vessels oecars commonly with advaneing ape,
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Apdic stenosis. PA (A) and lateral (B) radiographs show left ventricular enlargement (siraighr arrasws) mani-
fested by rounding of the cardiac apex on the PA view, and on the lateral view the enlarged left veniricle projects more than
2 cm postevior to the inferior vena caval. The ascending aorta is dilated (arrowdieads), and this is often encountered in patients

wath severe aortic stenosis refiecting poststenotsc dilatation.

Pulmanary arterial hypertension. PA chest flm show-
ing enlargement of both pulmonary arteries. Since this finding however
is present in enly approximately 30% of patients with pulmonary hy-
pertension, lack of pulmonary anerial enlargement on chest films does
not exclude a diagnosis of pulmonary hypertension.

usually without asseciated vascular aneurysm. Premature
vascular calcifications, especially when  discove red in
younger patiemts can be indicators of hyperlipidemia or
diaberes melliws.

While there are many causes of pulmonary cdema (Table
3.10), the most common cause, is left ventricular [ailure
(candiogenic pulmonary edema). Mormally on upright films,
maost blood llow is seen in the lower one-third of each lung
while the upper lobe vessels are normally usually collapsed

Causes of Pulmonary Edema

I Cardiogenic (hear Tailure)
L. MNeurogenic (head injury)
3. Moncardiogenic (increased permeability = injury =
edemal
a. Toxic gas or smoke inhalation
Iy, High-altinsde sickness
©. Aspiration
. Contusion
¢. Far embolism
I Sepsis



Right atrium =
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— Right veniricular outfiow
tract

Right coronary artery
— Leh ventricular oulflow

fract

Ascending acria

|~ Circumilex coronary
artery

- Lelt atrium
T Descending aorna

Vascular calcification. Axial CT with contrast image through the level of the left atrum. The mght coronary ar-
tery, the circumfiex coronary artery, and ascending and descending aorta all contain atherosclerotic calcifications (white armow),

Also note the aortic valve calcifications (Back arrow).

and Fairdy inconspicuous. The mdiographic appearances
depend on the hydrosiatic elfects of left veniricular failure
and pulmonary venous hyperension (Table 3,110 The
[irst radiographic sign of congestive heart failure is copha-
[l weadisteilnation ol pulmonary Blood How 1o the upper
lobes which is in response o impaired oxygen diffusion
across the capillary=alveolar interface. In an anemp 1o
improve oxygenation, pulmonary blaod (low is divenied 1o
the upper lobes, The pulmonary vessels a 1his siage
should still remain sharp in omline (Fig. 3.78).

With Turther deterioration in leli vemricular lune-
ton, there is transudmtion of imravascalar Muid ino the
Eltlj'dl.'l."ﬂt |'.n.'rh':1.~=l_'1|!;|r connective lissues (interstitinmi,
This phenomenon produces intersiitiol cdema or Kerley
lines, which are identihed on chest films as small parallel
linear shadows in the periphery of lungs, usually best seen
in lower lohes (Fig. 3.79). In addition, since interstitial
Nuid also surrownds the pulmenary vessels and smaller
bronchi, the borders of these structures appear less sharp

Radiographic Findings in Congestive Heart Failure

. Vascular redisiribuiion {increase size of vessels in
the upper lobes)

. Kerley B lines (imerstitial edema)

Vascular congesiion

. Central peribronehial culling

- Adrspace diseasefedema (harwing or dilluse and
aravitational)

(L S

6. Plenral elfusions (usually bilaeral and symmerrie
in gize)

cansing  vescnlor congestion and  peribionchial - coffing,
respectively (Fig, 3.80), 1n cases of severe lelt vemricular
Failuire, extmvascular Hued eventually llows into the alveoli
Cpulmonary edema) and plenral spaces. Cardiogenic pul-
monary edema 15 represented as biloeral symmetric air-
space pattern discase which may be initially in a perihilar

Pufmonary venous hypertension. Vascular redistribution in
a patient with mild congestive heart failure, Postable chest film showing
generalized dilatation of the pulmonary artenes in both bungs, especially
in the upper lobes. Note that the pulmonary vessels in both lungs remain
sharply defined, so there i3 no associated pulmonary vascular congestion.
There & sarly mtesstitial edema (Kerley lines) bilaterally best appreciated
in the right lung [Fmow). Also, note the automatic defibrllator generator in
the upper bedt chest wall with three leads extending into the heart,
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Intersiitial edema. PA chest film showing diffuse linear
markings throughout both lungs representing fivid in the interstitial
spaces of the lungs. These markings ane known as Kerbey lines.

or batwing distribution, and eventually becoming more
dilfuse in cases of severe heart failure (Fig. 3.81). Pleural
effusions are common in congestive heart failure and are
usually bilaieral and symmetric in size. Additional helpful
radiographic hindings in congestive hear failure (or Muid
overload) include widening of the vascular pedicle, which
anatomically refllecis excessive intravascular volume within
the 5VC and azygos vein. The vascular pedicle width is
measured [rom the lateral aspect of the SVC an the inser
tion af the azygos vein horizontally to a line drawn verti-
cally from the origin of the left subclavian artery (Fig. 3.9).
On upright films, the azygoes vein is usually collapsed mea-
suring no wider than 1 em. Distension or changes of the
azypos vein diameter correlates well with changes in intra-
vascular volume,

In contrast, noncardiogenic pulmonary edema, such as
Adult Respiratory Distress Syndrome (ARDS) lacks most of
the features charactieristic of hydrostatic edema. In ARDS,
pulmonary edema results directly from lung injury where
the gap junciions of capillaries and the tght junctions of
alveolar epithelium become diasutic, allowing vascular
lluid and cellular constituents 1o accumulate within the
alveoli, There is neither vascular redistribution nor intersti-
tial edema. Furthermore, the development of pulmonary
edema with lung injury is often pachy and asymmerric al
onsel, eventually becoming more uniform in disiribution.
This syndrome (ARDS) is also associated with considerable
respiratory dysfunction, siifll lung compliance, and higher
levels of morbiding Because of the highly cellular composi-
tion of alveolar fluid, the overall course of the discase is
protracied taking weeks to months 1o resolve in contrast 1w
cardiogenic pulmonary edema which typically responds
prompily 1o appropriate treatment.

0. Pulmonary vascular congestion, AP chest radiogragh
in a patient in mild to mederate congestive heart failure demonstrates
loss of champness of the borders of the pulmonary vasculature in both
lungs reflecting the accumulation of fluid around these vessals. This is
known as pulmonary vascular congestion.

Chest radiographs allow a rapid evaluation for the pres-
ence of prneumothorax, pleural elfusion, mediastinal
hematoma, and lung contusion (Fig. 3.82). In patients
who sustain significant chest irauma, especially those with
rib [ractures or rapid deceleration injury, lacerations or
tears of lung tissue may oceur. Pulmoncey lacerations may
be dilficult o detect on routine chest radiographs bu are
readily apparent on CT (Fig, 3.83), These patients may

Pulmonary edema. AP chest film on a patient with
severe congestive heart failure following acute myecardial infarction
demanstrates widespread symmetric areas of airgpace disease (edema)
in both lungs.
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Pulmonary comtusion. AP chest film on a patient fol-
lowang blunt trauma shows extensive unilateral airspace disease in the
right lung reflecting pulmonary contusion or hematoma, Also, note the
associated pleural effusion on the aght reflecting a right hemathorax

s hawve  pulmonary  contusions ancl plwlll'r‘ll.'lll'lﬂr.‘ll.'l.‘ﬁ.
Mediastinal widening in a travma patient may be due 1o
hematoma and it suggests an aortic injury such as paten-
tially [atal fransection (irammatic aortic dissection) which
most commonly oscours ﬂdj.ill.‘l.‘lll 1o the origin of the feft
subclavian artery (Fig. 3.84)

Riby lracture is1he most common blunt thoracic injury
andl it is an indicator of trawma severity (Fig. 3.85). Sindics
have correlated the number of ribs frctured with a higher
mothidity and moralioge A first rib fractioe is significant

+ Apriic Iransection ({trawmatic dissection), Fatient in-
virheed in @ motor vehicle collision. Az AP chest radiograph obtained in
the emergency room shows widening of the mediastinum suspicious
for mediastinal hematoma. B: Contrast CT image at the level of the
aortic arch showed a transection of traumatic dissection of the level
of the ligamentum arteriosum with extravasation of contrast {amow]
from the aora

: Pudmonary lacerations. Motor wehicle accident victim, Az AP chest film shows extensive aispace disexselhemonhage
in the right lung consistent with pulmonary contusion, Careful examination of the right lung also shows multiple lecencies. B: CT
shows both the contusion (airspace opacities) with associated lacerations, which appear as lucencies or tears within the lung tissues,
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GHR  Blunt chest trauma. Patient involved in a motorcycle
accident, AP chest film obtained in the emergency room shows a com-
minufed fracture of the nght davicle (black drrow) as well as several
acute right rib fractures (white amows).

because of the force necessary for it 10 occur which may
also have caused thoracic visceral and vascular injury. A
flail chest is described as a free loating segment of ribs
where three or more rib fractures are broken in two places
and resulis in paradoxical chest wall motion.

PA and lateral views are the routine standard chest radi-
ographs and every attempt should be made 1o acquire
these projections in prelerence 10 poriable AP chest
films which are less desirable.

If rib or spine abnormalities are suspected, then dedi-
cated views are necessary.

Develop a simple sysiematic approach lor viewing chest
radiographs 1o avoid errors of omission. Practice and
expericnce are paramount in developing a “good eye.”
Also remember that you only see what you know so
knowledge of normal anatomy is a key to successful lilm
interprelation.

The cardiac ransverse diameter should not exceed 50
of thoracic cage transverse diameter on the PA view
This is called the cardiothoracic ratio.

Cardiac size appears larger on the AP than the PA view
because of magnification,

The right atrium forms the convex right cardiac border
and the left ventricle forms the cardiac apex on AP or PA
radiographs.
Excessive translucency on a chest radiograph generally
indicates voo much air.
Border delinition is lost whenever two similar densities
abut each other. This is known as the silhouette sign and
represents a key observation lor identilying pathologic
processes within the chest.
It is uscful to distinguish airspace from interstitial
lung opacilication.
Collapse/pneumonia of the various lobes has a unigque
appearance,
Atypical pneumonias result in infllammation of the
interstitivm rather than the alveoli,
Twenty percent of lung nodules are malignant,
CT is the best technique for diagnosis of PE in most
patkenis.
The appearances of noncardiogenic edema generally
take longer to resolve than cardiogenic edema.

. Approprmaieness Criteria. The American College of Radiology.
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1. A pulmonary nodule is considered benign il it
remains unchanged in size over a surveillance period
ul how many monihs?

a. 0 months

h. 12 menths
¢. 16 moenihs
d. 24 months

1. The silhowetie sign refers 1o
a the presence of air within the mediasiinum
I lass of normal radiographic borders due o
adiacent areas of abnormal lung or plearal
opaciiy
v enlargement of the cardiae silhouctie
. tension pocomot o

boA AT-year-obid male presemts with a 1.3-cm diamerer
smocthly marginated pulmonary nodule. Which of
the Tollowing would be the best next couwrse of
.ill:'li"l'l?
i Surgical resection
h. Biopsy
. Radiographic surveillance with serial chest lilms
. Comparison with old ilms

4. A 53-year-old male prescms with an anterior
mediastinal mass on chest lilm. Which ol 1he
following would non be included in the differcmial
diagnoses?

. Thymoma

b Lymphoma

€ AN ancurysm
d. Pericardinl cyst

3. A O5-year-old male presems with an acute myocandial
infarction. His first chest radiographs are normal.
As this patient goes into congestive hean Tailure
(CHE), the irst radiographic evidence of CHEF
waonild be
a. Kerley lines
b plewral ellusions
¢, cephalad redistribution of Dlood Row
. vascular congestion
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6. Which of the following radiographic lindings would

not be associated with a tension pnenmethorax?

a. Displacement of the hean and mediastinum
rowward the side of the poewmothorax

by, Depression of the ipsilateral diaphragm

¢. Tracheal deviation away From the side of the
Pt o

d. Pulmemary laceration

o

The doulle density sign indicates which of the
follovwing?

a, Right atrial enlargemem

b, Leli atrial enlargement

¢ Lelt venricular enlargement

oo Pulmonary hyperiension

8. A 35-vearold female presents 1o the emengency room
with acue shoriness of breath. The atending physician
suspects acute pulmonary thromboembolic disease.
Which of the chest films [inding might he expected?
w A normal chest Rlm
h. Plewral eilusion
¢, Hampion hump
d. Pulmonary hemorrhage
e Al of the abwwve

9, Which of the Tollowing would be the best rdiographic
sign ol postobsiructive left lung collapse?
a. Total opacilication of the Teft lung
Ir. Bronchial cut-ofl sign
c. Hyperinflation of the conealateral righn lung
o, Valume loss

10, A 37-year-old female presents with a solitary

pulmoenary nedule on her chest Bl CT conlirms

than the nodule is densely caleilied. Which of the

Tallowing would be the best next step in

management?

o Follow-up chest lilm in 6 months

. PET sean 1o establish the metabolic activity of the
Tung naodule

. Diopsy

o Mooadditional 1esis



Abdomen

David M. Kuehn

& ter Dutline

Viewing Abdominal Radiographs
Evaluating the Intestinal Air or Gas Fattern
Too Much Bowel Gas
Too Little Bowe! Gas
Gas in the Wrong Flaces
Gastrointestinal Contrast Studies
Upper Gasirpintestingl Series
Antegiade Small Bowel Examination
Enteroclysis
Retrggrade Small Bowel Examination
Barym Enema
Study of Gallbladder and Biliary Tract
Urinary Tract Examinations
Exceetory Uragraphy and Computed Tomography
Urography
{(bher Urinary Tract Examinations

Careful history and physical examination allow dingnosis of
most abdominal complaims. When diagnosis remains uncer-
tzin following these procedures, an abdominal radiograph is
olien the first diagnosiic imaging procedure requested,
Recall that in women ol childbearing age, consideration of
possible pregnancy should precede a radiograph,

The anteroposterior (AP) radiograph (often referred
from “KUB.” i.e., kidney, ureter, bladder), the most [re-
quently performed abdominal imaging siudy, is performed
with the patient supine (Fig. 4.1A). An upright radiograph
{Fig. 4.18) is uselul in searching for free intraperitoneal air
andfor intestinal air-luid levels. 1T the patient cannot stand,
a decubius radiograph obiained with the patient lying on
either the right vr, preferably, the Ieh side {Fig. 4.1C) can be
substituted.

Sep | s o !h"ﬁil ion the r‘;ll,lqnj'l.rﬂrrh 'i.'ﬂﬁ'i."l.'ll'!.' on the i
ing reader device, with the film R (right side) marker

80

Abdbminal Ultrasound
Computed Tomography and Magnetic Resonance
Imaging of the Abdomen
How to Read Abdominal Computed Tomography and
Magnetic Respnance Imaging
Angiography
Imaging Features of Gastrointestinal Abnormalities
Using Traditional Contrast Radiographs
Imaging Features of Genitourinary Abnormalities
Obstetric and Gynecologic Imaging
Imaging Accessory Digestive Organs
Special Problems in Abdominal Imaging
Trauma
Gastrointestinal Bleeding
Arute Abdamen
Key Points

apposite the viewer's left side and the patient’s head 1oward
the top of the film. On the AP upright radiograph, there
should be a sign indicating an upright view, osually an
arrow near the R or L marker, pointing toward the patient’s
head. Similarly, decubitus radiographs should be clearly
labeled as such and should note which side is up or down,

Step 2 is 1o glance at the entire radiograph in a relaxed
manner to allow an obvious abnormality w jump our at
you. When you do discover an abnormality, do not termi-
mate vour subsequent search.

Siep 3 is 1o evaluate the radiograph systematically.
Any system or checklist will sulfice. Table 4.1 will work,
il you develop your own. First, locate the waner density
liver and spleen silhoueties. One clue 1o locaiing liver and
splecn edges is the presence of bowel gas in the right and
leli upper abdeminal guadranis. Such bowel gas permiis
an indirect estimate of the location of the hepatic and
splenic borders, because the gas is located m the lower
cdges of the liver and spleen. With a linle experience, you
will recognize a normal-sized liver. When the liver shadow
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A: Patient positionang for an AP supine

X-5ay oo abdormen radisgraph. This examination is performed
with the patient supineg, either on a radiographic table
or in bed {(using a portable x-ray unit). B: Patient po-
sitioning for an AP upright abdomen radiograph. This

ety b examination is usually accomplished in the radsology
department, with the patient standing, C: Patient po-
sitioning for a left lateral decubitus abdomen radio-
graph, The patient's arms are positioned comfortably
ot of the way.

Ponalple x-ray
machirg

Radicgraphic fm

K-ray fubo

Radiegraphic lim

M-ray beam

Fadiographic lbmn

X-ray beam

Keriy e

extends 1o e iline crest, it is usually enlarged. Alse with

i ¢ : mure experience, vou will readily detect an enlarged splecn
Routine for Evaluating Abdom :
outine for E 9 inal Radiographs (aplenomegaly: Fig, +.20,

L. Cice-over glanee o ahe mosmmal radvograph, psoas muscle nargins are
2, Liver and spleen uswally visille, A nonvisible paoas margin should alern vou
. I'sons shidows oy zn possible abnormality: adjacent w that stroctiune, As
4. Renal comouwrs and position vour eves aleift wward the remal shadows, evaluae their
5. Abdemival caleilications size, shape, amd position. The renal silhouettes are visible
6. Intestinal gous pantern becanse they are water density structures (gray) sor-
7. Bones ronnded e variable aimownis of retroperitoneal B (blawk).

Your should atemap 1o lovate the apper and lower renal
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Abdomen AP supine radiograph, Splenomegaly, The water
density spleen i5 enlarged (single siraight amows), and the inferior mar-
gin projects just above the left hip (dowble straight armows). The large
spleen has displaced the intestinal gas into the night abdomen. The lver
size is normal (L, liver). Incidentally noted are phleboliths (cerved
arroves), small intravendus stones secondary to calcified thrombi.

Abdoimen AP supane radiograph.
Classic appearance of tablets or pills (arrows) in
1he Gi trace. All the 1abbets are the same size and Seatsnds)
shape with homogeneous density. (Not all tablets calcilication
o pills can be visualized on a radiograph.}

Livar —

e 1.5 Abdomen AP suping radiograph, Normal. The psoas mus-
cles (straight arrows) and the right kidney (curved arraws) are visible.
The left renal silhouette is obliterated by intestinal gas. It is common
1o have intestingd gas and contents obliterating the renal shadows

- Splean



peles as well as their medial and lateral borders. 1T the
remal lomg axis is not parallel with the pseas muscle mar-
gin, you should consider a mass or other water densiny
abmormality inthe kidney or the retroperitoneum. Always
lowk for caleifications (white) in the abdomen, cspecially
in the region of the kidpeys, ureters, urinary bladder, and
the gallbladder (discussed later).

The term Awnt Minnie, coined by the lae Dr. Ben
Felson, refers 1o the unmistakable and unlorgenahle
appearance of your Aunt Minnie, or Uncle Al, or any other
Family characier. A radiologic Aunmt Minnie describes an
image appearance so classic that, once you sec i, you
never forger it The [ollowing abdominal radiographic
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fanns s Abdomen AP supine radiograph.
Metal coins (white arrows) in the left trouser
pocket. The patient was not completely disrabed
prior 1o oblaining the radiographs. Mote the
degenerative or osteoarthritic changes in the
lower lumbar spine (Black arrows),

Trouser clasp

Belt buckle

Trouser clasp

Zipper pull

Awnt Minmics (Figs. <. 3—4.9) arc |,'n|mm'ml}' cnconiered,
File them away i your visual-cerebral computer, and vour
ability 1o recognize them will make vouw a star in the eves
of your colleagues, weachers, and patiens,

Mo, cvaluate ihe bowel gas patiern (see the nexi see-
tion). Last bur no least, look at the bones systematically,
Beginning with the visible ribs and spine (Fig. 4. 100, Study
the pedicles of the lower dorsal and lumbar spine, pro-
ceeding lrom head w foot. They resemble auomehbile
headlights on an AP raciograph, A missing pedicle indi-
cates o destructive process, such as metastanic disease.
Evaluaic all visible bones, including the pelves, hips, and
femurs, Tor their overall density and any abnermalitics.

Abdomen AP supine
radiograph. An umbrella-shaped in-
festor vena cava filter {amow], placed
in the infenior vena cava by angi-
ographic technique, entraps venous
thromboemboli onginating in the
lewer extramities and pelvis.

Masogasinc tube

— Splenic impression on
descending colon
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Abdomen AP upnight radiograph.
Surgical laparotomy pad in a postoperative abdo-
men, The radiograph was obtained when the pa-
tient expenenced severe postoperative abdominal
pain and distention, The siraight arrow indicates
the opagee strip in the laparotomy pad, and the
curved arrow indicates the metallic ring attached
to the laparotomy pad. Note the mottled Black
appearance of the air trapped in the laparotomy
pad. The air-flusd level in the gastric fundus gives
a clue 1o the upnight position of the patient.

g~ Gasiric alr=lluid level

- Air trapped in
laparotomy pad

- Cpague sulures

Abdomen AP supine radiograph. Cholelithiasis (gall- Abdomen AP supine radiograph. Calcifications {armows)
stones). The calcified calouli (aerows af center) are faceted, Surgical me- in the hady and tail of the pancreas owing to chionic pancreatitis.
tallic clips [arvow at wight) are secondary 1o previous abdominal surgery, 1



Use a similar scarch system Tor the AP upright abdom-
mal racdiograpl while being especially aler for [ree air
hencath the diaphragms. Free intraperitoneal air is usually
visualized only on an upright radiograph, because only
this position allows [ree air 1o rise 1o the subdiaphragmatic
LS LT L

Intestinal gas (hlack) provides a natural contrast medinm
that can be uselul for detecting abdominal discase. When
cvaluaiing ihe intestinal gas pattern, ask yoursell several
important guestions. Is the bowel gas pattern normal?
Remember that there is normally some air or gas in the
stomach, small intesting, colon, and rectum, With experi-
ence, you will begin o recognize abnormal amownts of air
in the gastrointestinal (G1) wract, This is similar 1o recog-
nizing a normal heart on a chest radiograph. 1T the gas
patern is not normal, ask more questions. 1s there oo
nuech or oo lintle air? 1s the air in the wrong place?

Here, where differemial diagnosis includes adynamic ileus
and bowel absiruction, we need a systematic approach o
areive w1 the correct dingnosis. In adynamic ileas (also
referred vo as parvalytic ileus o just ilens), there is tos omch
bowel gas in the entire GIiraet, including the small and
large intestines (Fig. 4. 11 Adynamic ileus may arise rom

- 12th dorsal varlabra

12th rib
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¢ 1 Abdomen AP supine radiograph.
Mormal. Representative vertsbral pedicles are
shown by straight arrows, The water density uri-
nary bladder is shown by cuned arows.

Lumbar verlebra spinous
Process

hum

Sacioihac jomil

Sacrum

Femaral head

Symphysis pubis

intra-abdominal cases or as a rellex phenemenon from dis-
ease elsewhere. The multiple causes are listed in Table 4.2,
M vou idemily comparable amwoums of gas in the small and
large imtestines and in the rectum, this generally indicones
adynamic ilews. Air in the rectum may be a key differemtial
[roint.

In intestinal abstruction, anmber reason lor e moch
bowel gas, there is usually airfilbed, dilaved imestine prox-
imal 1o the pein of ohstruction and lide o no air disial w
the obstruction (Fig. .12} In boih ileus aoud obsiraction,
often the dilated small and large bowels comaiming too
much air will have air-luid levels noted on apright and
decubitus radiographs.

Il a diagnosis of obstruction versus advnamic ileus is
ot readily apparent, it is necessary o obiain additional
studdics 1o arrive ar the correct dingnosis. These include
barivum stodics, computed wmoegraphy (CTY (Fig, 133,
and ultrasound (US), Mote the relative ease of wdemilving
small versus large howel using CT.

I vou diagnose intestinal obstruction, you next need
terdhetermine the locarion ol ithe obstrnction, 1s the ohstroe
tion in the small or barge bowel? In small bowel abstroe-
tion, there are loops of dilated small Bowel proximal o the
oharroction site and linde or ne gas in the colon or the
rectunt, hn large bowel abstruction, there is dilaed colon
prooscinmal o the obarracrion sive b iule or ne air distally
anad mimimal air in the rectum.

Seumetiowes i is diflicul o differemiate dilaed small
Bovweed Tronn lanze howel, Croe way is o idemily ihe valva-
e conmiventes amd colon austen, Vilvalase conniventes are
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A: Abdomen AP
supine radiograph, Postoperative ady-
narnic ilgus, Air i5 present theough-
out the entire Gl tract, includimg the
rectum (not shown). Note the haus-
trations i the iransverse colon.
B: Lower abdomen AP suping radg-
geaph 24 hours later in the same pa-
tient. A considerable amount of intes-
tinal air has moved into 1he recum
and sigmoid colon, confirming the
diagnosas of adynamic ifeus.

Adynamic lleus: Major Causes

Intra-abdominal

» Postoperative or postiranmatic

« Postinflammanory: Pancreatitis, enteritis, colitis
+ Pain-refated: Renal colic, epidural disease
Extra-abdominal

* Seplicemia

* Meabolic disease: Hyperkalemia, uremia

* Medications (especially narcotics)

+ Prolonged bed rest

- Calon splenic flaxure

- Transverse colon

— Small intesting

Ascending colan

Surgical skin clips

Sigmoid ealon air

Recial air

regularly spaced, thin mucesal lolds that extend across the
entire small bowel lumen (see Fig. 4.12). On the other
hand, the colon can usually be identified by the somewhat
irrepularly spaced transverse bands, called colon sepra or
herustral folds, tha do not exwend -;:umplul-::Ly across the
colon lumen (see Fig, 4.11).

Siganoid volvalus is o dramatic clinical event that occurs
predominantly in elderly paienis with a long history of
constipation. The chronic constipation results in a redun-
dant sigmoid mesentery that has the potential 1o twist on
itsell Tike a garden hose. 1N iwisting oceurs, there is compleie
or partial olstruction, and an abdominal radiograph shows
a dramatically dilaved sigmoid colon. Barium cnema is



Abdominal radiegraph. Small bowel abstruction, There
are many dilated loops of small bowel in the midabdomen. They are
identified as small bowel by their position, semihonizontal anentation,
and vahulae conniventes traversing the entire transverse diameter.
There is a small amount of residual barium in a collapsed descending
colon {arrows). Inadentally noted are the nasogasiric and abdominal
drainage twbes. (Courtesy of Bruce Brown, M.D.)

conlirmaory with complete obsiruction 1w the reirogracle
Howe oof bariwm b the site of the twist (Fig. 4.14). The
obsrruction can olten be relieved by gemily passing a sig-
maidoscape past the poing of the obstruction or twist.

When the abdominal mdiographs show a paucity or
absence of howel gas, the differential diagnosis lisicd in
Table 4.3 should be entertained.

There are several sitations in which air is found owside
ol the intestinal lumen (Tahle 4.4). Free air in the perito-

Too Little Bowel Gas

+ Enlarged abdominal organs

o Tutra-alelominal wumor

+ Fluid-filled imestines

= GCasiroenieritis

+ Meurologic delicit (with reduced swallowing)
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1 Abdominal axial CT. Small bowel obstruction. A: Here
are many dilated loops of small bowel, some of which contain banum.
The only colon visualized (straight arrow) in the left lower abdomen is
tiny. (The aostic image (curved arrows) shows a segment of calcified
intima, imdicating previous aortic dissection.) B: CT at the level of the
pelvis confirms the dilated small bowel extending mto the pelvis (the
rectum s surgically absent). (Courtesy of Gerald Decker, MDY

neal cavity results from any process thar perforates the
imtestinal tract, AP supine and upright abslominal mdio-
graphs should be performed il there is clinical suspicion ol
g perloration. The upright position allows leee inteaper-
itoneal air w rise o the subdiaphragmatic regions of the

Abdominal Air or Gas in the Wrong Place

= pewmoperitoneim from rapiored intestines:
Ulleer, trmimi, cangcer, enteritis

o Absgcess

o [Prewmatosis intestinalis
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I, Sigmoid volvules. A: Abdominal radiograph, The
air- ﬁlled, obstructed sigmoid colon (arrows) anses from the pelws.
B: Barium enema. Contrast introduced per rectum shows obstruc-
tion and a twist (arrow) at the sigmoid colon. (Courtesy of Bruge
Brown, M.DJ

Gastric fundus air
Dome of liver

Chest AP upright radiograph, Free intrapeditoneal air The right and left hemidiaphragme (double straight
arrewvs) are elevated owing to bilateral subdiaphragmatic air (single straight arrows). The black zone Between (he right
hemidiaphragm and the dome of the liver represents free intraperitoneal air, On the left, there is air in the gastric fun-
dus as well as free air surounding the gastric fundus, allowing visualization of both sides of the stomach wall (curved
arows). When you see both sides of the gut wall, this represents free intraperivoneal air (Righer's sign).



= Liver

abdomen (Fig. 4.15). I the upright view is not possible
owing 1o the paiemt’s condition, a decubitus radiograph
will suflice. On a decabitus radiograph, the air rises whe
nondependent portion of the peritoneal cavity (Fig. 4. 160
Either technigque has the potential 1o kdemily as linle as
2 ¢ oof free intraperitoneal air, as long as the paticnt is in

Liver
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Abdomen left lateral decubi-
s radiggragh (left side down). Free intia-
pentoneal air in a patent with small bowel
obstruction and perforation, The free intra-
peritoneal air {white arewd 15 between the
right rib cage and the liver. The dilated small
bowel contains multiple aic-fluid levels
{black arrows),

—— Small intestine (valvulae
canniventes)

Masogasiric tube

the upright or decubitas position approximaicly 5 min-
s prier o the radiograph,

Another example of air in the wrong place s poeama-
wsis imestinalis (Fig, 4. 17 Causes of this are listed in
Tahle 4.5. Gas-lilled abscesses can be found in any loca-
tion, including the alslomen (Fig, 4.18),

Abdomen AP supine radiograph. Preu-

MNasogasiie lube  matosis intestinalis (air in the bowel wall). There is
Splean

widespread bubbly air within the small intestine walls
{arrawes).

Femoral line
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Abdomen AP supine radiograph. Right
subdiaphragmatic abscess. The black areas along the
right lateral aspect of the liver represent air in the
absress cavity (steaight arrews). Incidentally noted is
contrast matenial in the common bile duct, gallblad-
der, and small bowel, injected during an endoscopic
retrograde cholangiopancreatography (ERCP). Some
of the contrast spilled into the small intestine. The fill-
ing defect (cumvied arraaw) in the gallbladder is prob-
ably a caltulus.

Gallbladder -

For inspection of the mucosal surface of the esophagus,
stomach, and duodenum. endoscopy is often preferred.
To evaluate the gut lumen and wall, traditional radiologic
Gl contrast studies are accurate, safe, and less expensive
than the endoscopic studies and enjoy excellent patient
accepiance. These siudies consist of fluoroscopy and
radiographs oblained following intreduction of barium
sulfaie {meiallic densiiy or whited and/or air (black) into
the Gl tract.

For an upper Gl series. the patient swallows liguid bar-
ium, often combined with gas-producing crysials, under
uoroscopy 10 visualize 1the esophagus, stomach, and
sl intestine (Fig. 4.19). When both barium and air are
wsed, the process is referred 1o as a double-comrast siudy,
When barium is used alone, it is a single-conrast study,
Preparation for an upper Gl series consists simply of noth-
ing by mouth {(non per os [NPO]) for 8 1o 12 hours prior
o the study, When perloration of the upper Gl tract is
suspected, water-soluble conirast media is used.

Pneumatosis Intestinalis

Bowel ischemin

* Steroid and immunosuppressive therapy
= Proximal 1o intestinal obsiruction

= Collagen discases

* Meonatal necrotizing emerocolitis

* Benign idicpathic pneumatosis

Livar

Common bile ducl

Small intestine

The vsual small bowel examination is performed alter an
upper Gl series by having the patient drink additional
barium, Serial radiographs of the abdomen arc per-
formed at 15- 1o 30-minute intervals therealier 1o evalu-
ate the small bowel as barium passes through (Fig. 4.20).
Fluoroscopy is commonly used as a supplement 1o study

Hormmal upper Gl senies. Banum-filled stomach and
dugdenum, The patient is in the prone position. Gas (horizantal arrow)
is sean in the gastric fundus, a peristaltic wave (vertical drrows) crosses
the gastric antrum, the pylorus {cunved arrows) separates the deodenal
bult and stomach.



Mormal antegrade small bowel examination, Barium
was administered by mouth, and this radicgraph was done about 30
minutes later. Note the basium-filled stomach, duodenal C-loop, feath-
ered jejunum in the upper abdamen, and relatively formbess mucesa of
the Heum in the lower and right abdomen. The terminal Heum {amaws)
entering the cecum can be identified. (Courtesy of Bruce Brown, M.O)

the terminal ileum when barium begins 1o enter the colon
or 1o [urther investigate abnormalities scen on the serial
racliographs.

Emeroclysis is a focused examination of the small intestine,
wherein air and barium sullate are introduced diveetly in
the small intestine via o nasoinestinal wibe, Under fluoros-
copy, the tip of the wbe is placed just beyond the duodenal-
jejunal junction and contrast is injected (Fig, 4,210
Advaniages of this procedure are that the small bowel can be
distended and the stomach and duedenum do non obsirc
vistualization, The main disadvamages are the discomlon
associted with a nasal tube and the radiation exposure,

On oceasion, especially when disease of the terminal ileam
15 suspecied and previous examinations are nondiagnostic,
arivm can e pelluxed from a Alled colon inte the ilewin,
Although the procedure is useflul, there is considerable paticm
discomlon alleviated slightly by antispasmodic agems.

Introduction of barium sulbne andfor air imo the colon via
wrectal talwe is called a lower G serics or barium cnens, For
this sy, it is important 1w have aclean colon; this is best
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Small bowel enteroclysis. Mormal. The nasointestinal
tube has been positioned just beyond the dusdenal-jejunal junciion.
Bariem fills the enire small bowel.

accomplished with laxatives and Targe amounts of orally
ingested Muids. Bariwm and ofien air are administered via a
rectal tibe under Muoroscopic ehservation. When both air
and barivm are used, it is colled o double-comrmst sudy
(Fig. 4.22), whereas barium alone is a single-contrast study.
A properly performed barivm enema has minimal associ-
ated discomblor. The double-commst study is prefermed o
evaluate imraluminal and mucesal diseases, souch as small
uleers and polyps. Again, il colon perforation is suspecied,
A water-zoluble contrast medivm is used.

Colonoscopy, an expensive alternative 1w colon bar
ivm studies, can directly visualize the mncosa, However, it
requires conscions scdution because of patient discombort.
Virtual colomoscopy is an examination of the emtire colon
using multidetector CT and a dedicated sofltware program
sov thar the colon is displaved throughout its lemgth with
stacked images created 1o form a three-dimensional (300
picture of the colon at each level. The examination is nsu-
ally performed alter administeion of an agenr thae wes
feeal manerial, which can then be subircted from the
viewed images, Belore the examination begins, the colon is
imsu llaned with air so tha the images esemble the interior
view of the colon as would be seen by endoscopy, Vinual
colonoscopy has the ability 1o discover almost all colon
cangcers (Fig, 4.23) ag well az larger polvps (Fig. 4.24)
Cwhich are premalignam, The examination takes bt a few
minutes amd doces won regquire the sedation and analgesics
reguired for optical colon endoscopy. As experience with
the techmigque has incresed, i secms more acearate than
Frin enema wehnigues and perhaps as good a5 oprical
colonoscopy, s disadvantages are the use of rdiaion and

W

probably reduced derectability of ar mucosal lesions, I is
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SLATIIONIE,

. Wirual colonoscopy. Colon polyp detected in virtwal
colonoscopy. The stalk {shovt arrgws) and the palyp (curved arows) are
readily apparent. (Courtesy of Wei Chang, M.D.)

E
i :
b
)
L

Barium—air contrast colon examination, The entire colon
i5 filled wath banum and air. Films are made in prone, supine, and both
decubitus pesitions so that different parts of the colon can be visualized
wath the air-contiast techmgues. (Courtesy of Bruce Brown, M0

i “Apple core” invasive cancer discovered on virtual colonoscopy. A: The virtual colenoscopy image shows a large
endoluminal mass (straight armows), associated with narrowing of the colon lumen {curved amows). B2 Coronal CT reconstruction
of the colongscopic image. The tumor (amrow) is noted on both sides of the colon lumen and extrudes into the pericalic space.
{Courtesy of LG. Fletcher, M.0.)



much less cxpensive than optical colonoscopy. A the tlime
of this writing, indication Tor its use as 2 substitmie loe
screening optical colonoscopy is imprecise, but consider-
able improvement of the wechnigue is anticipated,

In years past, the oral cholecysiogram was performed 1o
visualize the gallbladder lollowing the oral ingestion of
special indinaied compounds that are excreted ine the
biliary system and subsequently concentrated in the gall-
bladder. The study is seldom perlormed now because of
the greater accuracy of US, With US, one can examine the
liver and biliary tract as well as the gallbladder. CT and
magnetic resonance imaging (MRI) are needed in cens
sitluations Lo complement LIS,

In endoscopic retrograde cholangiopancremography
CERCI), the endoscopist passes a fiberoptic scope under
Nueroscopic control antegrade through the esophagus,
stomnacy, and duodemum and retrogrades into the commaon
hile duct. The pancreatic ducts can also be cannuolated.
Contrast media can be injected imo any of these structares
andl appropriate radiographs obiained (Fig. 4.25). ERCP
i= usually performed when less-invasive studies (CT, US,
MR, or contrast stucics) are indeterminate or nondiagnos-
tic or as part of a therpeutic endoscopic procedure,

— Right and lafi
hepatic ducts

= Cammon bile duct

— Duodenum

Gallbladder

N s Endoscopic retragrade cholangiopancreatography (ERCP).
Chodelithiasis and choledocholithiasis. The galitladder is filled with calouli
{dfonalsle straight arrows), and there is a large calculus in the distal com-
mon bile duct (singhe curved amow). A nasobiliary drain (single straight
arrows) is in place with the tip {double carved amows) in the gallbladder
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The hirst methedology 10 cxamine the urinary teact direaly
Cabowr 1900 presentd was 1o inject racdiopague material
directly into the bladder or other urinary structures (retro-
prade cystopraphy or pyelography) at the time of cysios.
copy. It owas later discovered thar intravenous conurasy
material that is exereted by the kidoeys could be given with
relative salety: excretory urography (EUT was developed
shortly therealier. Other pames given for EU are intrave-
nous urogram and intravenous pyelogram. Mulbistice CT
Ihas now evolved as the new standard, CT urography
(CTUY A multifaceted radislogic approach 1o genitouri-
nmary (GL) problems is now possible, with supplemental
LIS and MRI examination,

EL with traditional radiegraphs, although sill a use-
lul technique. is performed much less frequenily in the
investigntion of GU disease 1than is CTU, principally
because the renal parenchyma, pelvicalyceal system, ure-
er, and bladder can be more accurately visualized with
multislice technigues. Us remains o valuable technigue w
complement radiographic investigaion,

Bothy EU ol CTU ipvvolve thie administeion of an imea-
venous contrast medium tha is excreted by the kidneys,
In CTU the contrast medinm is delivered in bolus Tshion
o maximize renal parenchymal visualization. In ELF one
recognizes the urinary struciures as seen through owverlying
howel gas, solt tissue, amd so on. In CTU, malidetecior CT
is wiilized, permining visualizamion of urinary sievciures
without overlying struciures. A lurther advantage is the
abiliny 1o reconstruct images in any plme=—axial, coronal,
or sagittal. A linal advamage of CTU 5 a recomstroction
technigque so that the urinary tract is viewed in 30 with
all other structunes subiracied.

Disadvaniages of CTU include a higher patien radia-
o dose (abour double) and additional cost, Three-
dimensional reconstruction reguires image manipulation
by o specially trnined technologist, Thus, EU remains an
accepred technigue Tor mest childeen, for many Tollow-up
siudies, and at sites withoot multidetector CT, Botl tvpes
of examinations are feanared in this chapier,

ELU aned CTU e noevt reqquire special paticnt prepar-
tiom, merely abstaining from food and liguids lor several
howrs before contrast administration.

The timing of EUand CTU mlivgraphs can be variesl,
depending upon the patients clivical problems, Nevertheless,
benly techmigues wsually reguive examination during the
nephrographic phase Cor visualization of the renal conex),
follonwedd Dy fsets) of the pelvicalvesal system amld blal-
dler, which are n]uciﬁcﬂ lawer. Delayved hlms can be obiained

for howrs, oF even davs, in sitnations such as ureteral
elstruetion or renal Tuilure,
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An EU smdy begins with a preliminary or scout radio-
graph that includes the emire abdomen. You can evaluate
this preliminary radiograph using the same sysiem as
described previously, The radiographs obained immedi-
ately following intravenouns contrast media demonstrate
the mephrogram phase wherein the contrast media is
locaned in the remal capillarics, glomeruli, and proximal
convoluted whules (Fig. 4.26A). Compare the nephro-
grams [or symmetny: as size discrepancy is suspicious for
unilateral renal disease.

Abdomen AP EL. Normal. Az There
are symmetric nephrograms 1 minute postinjection
of contrast media. The renal outlines {arrows) ane
clearly defined owing to the presence of the con-
trast media within the kadneys. B: Note that it is
passible to see the calypoes, infundibula, renal pel-
vies, portions of ureters, and uninary bladder on this
1S-menute radiograph.

Mext, evaluate the later postcontrast injection radio-
graphs, at which times the comrmst media is normally
present in the calyces, renal pelves, portions of the ureters,
and urinary bladder {Fig. 4.26B). Mormal calyces are sharp
in outline with various numbers and geomeury. Obligue,
prone, and abdominal compression radiographs are often
obtained 1o better display ponions of the urinary tract.

The CTU is evalumed for the same laciors as the
EL. albeit in different fashion. A computed abdominal
radiograph is performed, followed by axial scans of the
abdomen belore, immediately alier, and a0 a later time
fallowing 1the bolus of contrast material (Fig. 4.27). In

= Ureteropelvic junclion
Left ureler

= Urinairy Badder
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iE 427 Nermal CT urggram in a potential renal danor
A Frehmmaw scout image of the abdamen is normal except for
benign small calcifications (arrows) in the pelvis. B: Scout image
with superimposed lines indicating the many axial slices performed
to create the image data. €: One shice of the nonenhanced scan of the
abdomen before administration of contrast. No abnormalities of the
kiclneys or other areas are noted. D: Coronal CT images after contrast
administration shows aorta, single bilateral renal artedes (amows),
and normal size kidneys. Ex fodal scan early after conirast demaon-
strates well demarcation of renal cortex and medulla. (continued)

95
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" {Continued) F: Coronal reconstruction at the same time as (E). G: Later reconstructed coronal image showing
normal kidneys, ureters, and bladder. H: Coronal image of the wrnary tract viewed from posterior showing entry of the ureters
into the bladder (arrows). Iz Later coronal image showing both renal veins (arrows) as well as arterial structures.

special situations (e.g., study of renal donor), immediate
postcontrast scans can be oblained 1o visualize renal
arteries and later the veins. As in EU, pay auention to
size and symmetry of the kidneys, pelvicalyceal sysiems,
and bladder.

Direct injection of contrast material into the bladder or
ureter (retrograde pyelogram) is of value when a dewailed
view ol a portion of the ureter or pelvicalyceal sysiem is
necessary. 1L is often an adjunct 1o endoscopy.
Vesicoureteral reflux, a condition in which bladder
urine relluxes in retrograde lashion into the urelers, is a
common phenomenon in children but infrequent in
adulis. It can be associated with urinary tract infection.
With the voiding cystourethrogram, contrast medium is

introduced via a wrethral catheter into the bladder
Subsequent lluoroscopy and flming allow one 1o idemily
and guantitate vesicourcteral rellux il present (Fig. 4.28).
Al the completion of the study, the patient voids, with the
voiding sequence recorded in some imaging form. This
allows detection of urethral abnormalities, which can pro-
duce bladder obstruction and secondary vesicourereral
reflux. Cystography and retrograde urethrography are
examinations usually performed to detect urinary extrava-
sation in trauma cases,

U, being a dilferent modality from x-rays, shows abdom-

inal organs in a dilferent fashion, There are roughly three
patterns of reflected US,



i Cystowethrogram, Vesicoureteral reflux. Contrast in-
treduced wia wrethral catheter into the bladder fills the bladder and
refluxes into the left ureter.

Lo Mo rellection of the sound wave, Almuoest all of the sound
passes through the area. This is termed sonolucent and
is traditionally viewed as Dlack on images, Fluid, such
as in asciles or abdominal cysis, is sonolucent.
Rellection and transmission of some sound, Solid
organs, such as the kidney or liver, are examples. LS
waves are reflecied, particularly al boundaries of organs
ol dilfering echogenicity, such as the boundary beiween
the liver and the kidney,

3. Rellection of all sound. Bone, other caleifications, and
air im the gut are examples. One can make usc of this
by noting such shadowing anc the absence of echocs
distal 1w a lesion 1o help diagnose gallsiones and like
abnormalities.

g

There are 1wo major problems in learning 1o read US
nnages.

LIt reguires one 1w think differemly, You are looking wm
dilferences in transmission and rellection of US ratler
tham transmitted x-rays.

2. Orientation of 1he image, This is the chiel stumbling
Block. One may consider the US image as representing
a roughly pic-shaped wedpe of tissues, less than | em
thick, Below the US transdacer,
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Even experienced radiologisis and clinicians have
considerable dilficuliy liguring om the nature of the US
itmage if they did net perform the study, Orientation musi
he provided by the person wha performed the scan, In
muost situations, there is a relmively fixed method of per-
[orming abdominal U5, In general, one evaluates each
arca of interest inan least 1wo dimensions, typically axial
(rransverse) and longinedinal (saginal). For technical rea-
sons, the direction of the scan beam shows the anamomy
hest il it is perpendicular 1o 1he organ of inerest. As lew
abdominal argans are 100 orienied anterior—posterior
or medial-lateral, the scanncd images are, 1o virving
degrecs, obligue.

Probably the best method to be introduced o LS is
attend an imaging session with o knowledgeabile mentor
who discusses the amomy as it is being scanned.
Combined with this, learn the usual routines for VS scan-
mimg i voilr instilition amd ire o hgore out how each
image was performed. Conventionally, images are labeled
as 1o the method by which they are done, for example,
kidney—transverse,

There are many alddominal applicsions of US
related 1o its widespread availahility and cost it is alwa
hall the ¢ost of CT and about one-thid tha of MR1)
Ulurasonography is valuable in the workup of diseases
involving the liver, biliary wract, kidneyvs, abdominal
acrta, and abdominal masses. v is particularly uselul in
delining fluid versus solid (e, evst vs. solid mass) as
well as in imaging Muid-hlled sirvctures, such as the
gallbladder, urinary bladder, and renal pelvis. The vari-
ous abdominal organs and pathelogie processes loave
their ovwn characteristic echo panerns, as shown in
Figure 4249,

Obseerric and gynecologic US is panticularly impor-
tant because of the absence of sigmilicam hiologic rsk 1w
the fewus or maternal genital siruciares. In obsierric US,
ithe fetus is surmounded by amniotic luid, making visual-
fzation easier (Fig. 4.300. In addition. one can use real-
time US images to evalunate the beating heart. For gyvneco-
logic examinations, both trnsabdominal (Fig, 6313 and
transvagingl technigues are vsed. Transvaginal bmaging
has the technical advantage of eliminating echoees from the
abdominal wall [rom the area of interest, allowing beuer
delinition of genital ongans (Fig. 4.32).

Diagnostic US of the prostate has been disappoiming,
ag it is relatively insensitive w identifving aboonmalites of
this ergan. In the serotm, US is supeeb. D localizes the
site ol disease (e, testis va. epididvmis) and often allows
specilic dingnosis of the abnormaliny presem (Fig, 4,330,
Correct dingnosis of epididymitis versus testicular torsion
versus orchitis is possible, separting those who need surs
gery Trom those whe require only medical ireatment.
Pivadrocele amd varicovele ane casily idemtiled winh U5,
Telemtification of wsticnlar tumors is good, although iden-
tilving mor tvpe is less relialle,
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A: Longitudinal (sag-
ittal) abdominal sonogram, Nommal
liver and right kidney echo pattems.
The cross marks indicate the longitu-
dinal (sagittal) kwver dimension, The
right kidney borders are demarcated
by the strarght amows and the right
hemidiaphragm by the cuned ar-
rowws, B: Transverse {axial) abdominal
sonagram. Nosmal spleen echo pat-
tern. The side-to-side spleen dimen-
sion lies between the X marks, and
the cephalocaudal dimension les
between the crosees. The left hemids-
apheagm is indicated by the amow
{5,spleen) Notethelabelsontheimages
(&, Rt long; B, Lt trans spll. Such
labels are helpful in onenting the im-
ages for the obsenver,

Both CT and MRI are wselul i the diagnosis and manage-
ment of abdominal discase, CT is usually the favored proce-
dure because of ns wide availability and lower cost. Paient
murtion is seldom a problem in CT b is a frequent ocour-
rence in MRI. Both wechnigques have the ability 1o produce
images inany dimension (axial, sagitial, coronal, or abligue),

Except in emergencics, the patiem for CT has usually
fasted for several howurs, In most cases (suspected renal
disease is the usual exceprion), a dilute contrast material
(such as barium or jodine conaining) is given orally
before the siudy begins o demarcaie the Gl owact. This
allows one 1w identily bowel loops, distinguishing them
l'n1|'|'|. MASEES ill'lil f.ulln:] Organs,

Liwar

Right kidney
cortex

Aight kidney
upper callecting
syslem

Immediately belore (or sometimes during) alrdomi-
nal CT, contrast material is injected intravenously 1o allow
idemification of arteries and veins (the enhanced CT). The
intravenous contrast is excreted by the kidneys so that
the kidneys (and laer the urinary collecting systems and
hladder) will be opacified (see CTU).

A relatively new examination is the positron emission
tomography (PET)-CT (see nuclear medicine), A special
machine combines CT and PET scanning so that the patient
is nol mioved between examinations, Software programs
fuse the CT and PET images imo a single image. The advan-
tage is we combine the PET-increased sensitivity of small
twmors with the improved anatomical localization of CT.

The alwominal MR examination is tailored 1w the
suspected abnormality, the wehnical details being beyornd
the se e ol this discussion. Intravenous contrast apenis,
such as gadolinium, which can change the MR signal in
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FIGURE .30, Obstetric sonograms. A: Study in &
Seweek fetus. The caliper markers inﬁmrrlg;m
to rump distance confirm the S-week gm.aﬂm
B: Skull of a fetus near term. The white datted
lines outline the skull, and the biparietal. di‘arrleter
confirms the fetal age. The cerebral mnﬂuam
vaguely seen within the skull. C: Twin pregnancy.
— Soweek lefus  The uterine wall is marked by the arowdieads. Each
fetus (straight armows) i surrounded by amniotic
Amniotic fulg  uid {curved arrows), There are separate sacs.

Placena

= Lherine wall

Pasterior skull

Ammniotic Ausd
Arterior skull

- Pariglal bone
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11 Az Transabdominal midline longitudingl {sagittal) sonogram. Normal uterus (straight amows). The urine-filled
bladder is essentially echo free and thus serves as an acoustic window to the pelvis. Notice the characteristic homogeneous
echo pattern of the normal uterus. The endometrial stripe (cunved amow) represents the layers that line the endometrial cavity,
The presence of the endometrial stripe indicates the absence of an intrauterine pregnancy or other intrauterine mass (B, urinary
bladder; V. vagina). B: Transabdominal transverse (axial) sonogram. Normal uterus. The uterine fundus is outlined by the straight
arrows; the endometrial stripe (cunved amrow) appears smaller on the transverse image. €: Transabdominal right longitudinal

(sagittal) sonogram. Nermal right ovary (arrows). D: Transabdominal left longitudinal (sagittal) sonogram. Normal left ovary
{arrows).



many organs and discases, are frequently given as part ol
the MR study.

Reading cross-sectional images of the abdomen is o par-
ticularly difficult for the neaphyie radiologist i one's ana-
wrmical knowledge is adeguate. You will find the system for

Transverse scrotal sonogram. The left testis is nod-
mal. The right testis is enlarged, has reduced echogenicity, and shows
streaky, black linear echodensities. These findings indicate orchitis.
(Courtesy of Monzer Abu-Yousef, M.0.)

— Qwarian follicles

-lliac vesseal
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I Transwaginal sonograms of the rght
(A) and left {B) ovaries, The dimensions of the ovaries
ane indicated by the X marks and crosses. Mote the better
definition of the ovaries, so that follicles are visible, when
compared with the transabdominal images in Figure 4,31,

Owearian lollicles

axial mmages described hercin o be tme consuming b
rewardling, First, arrange the images in onder, from top
Craosward the head) o botenm. I many cireamstonees, this is
already done for vou clectronically. Mext, look o all the
images (using the cine mode i1 availabled in gestalt Tashion
1oy dliscover any obwious abnormalitics. Then, look ar cach
organ individually, Trem wp o botem (e, ofl CT slices
comtaining the organ ol inerest), 1o cach ongan, evaluate the
size and shape of cach area of reduced or increased densin
D this Tor visible lung, liver, galllladder, spleen, pancreas,
adrenals, both kidneys and ureters, the bladder, and geni-
tals. Evaluane the stomach, duodenum, somall bowel, colond
appendiz, and mesentery: Study the retroperitoneam from
Lot hottom—aorta, vena cavi, and mesenteric vessels,
also looking for adenopathy or other masses. Check the
peritoneal coavity for flwid or masses. Look o the venebrae
Cand spimal cord withind and bony pelvis, Finally, concen-
et on the abdominal wall, hips, amd adjacent sel issoes,
'r'||1\|'|,1||!_1‘|“11:54 lesuda o suecess in rr,u,lillp_ alwbominal CT
seans, The saooe methodiology applics o evaluation of cono-
ek ad sagineal images,

The same system can alse be applicd 1w abdeminal
wERI I'|||t—l.l|l11ln|’||_||:'l;lnh.'l'!.' lowr il 111.ll'|t‘.l|.|i.L11~'rJ,"_i‘il—1i1L‘n‘ e

visally mamy more images, olten with obligue plares and
several pulse seguences, often lner supplensenied with
intravenos magnete conteast material,. Mormal abdomi-
pwal CT ad MRE amaneany s illusteted in Figures 4,34
Lov 445,
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Contrast media in stomach

=~ Main portal vein
Right portal wein

Inferior vena cava
Acria

Diaphragm ¢rura Spleen

Vertebral body
Ribs

Left breast

_— Left portal vein
~_—Right portal vein
Right hepatic vain
branches
—— Sternach
— Inferior véna cava
- Spleen
& Aorta

Liver

Vertebral body
~ Spinal cord

A Ulustration of the approximate axal anatomic level through

the liver and spleen for (B) and (C). B: Abdamen
axial CT image through the liver and spleen, Normal. C: Abdomen axial MR im

age through the lver and spleen, Normal,
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Aar in stomach

Left hepatic lohe
Right hepalic lobe
Barium in stomach

Celiac artery

Inferior vena cava
Aoarta

Right and lelt adranal
glands

Spleen

Lelt kidnoy
- R kidney

Fat

Ledt lobe of liver - - Portal vein

= Stomach

Inferigr vena cava

Aorla

— Left adrenal
— Lalt kidney
Splean

Right lobe of liver -

. Dlauhrngrn crura
c
Az Hustration of the approximate asial anatomic level through the liver and spleen for (B) and {C). This bevel is

just caudad to the level in Figure 4.34. B: Abdomen aaal CT image through the liver and spleen. Normal, € Abdomen axial MR
image through the Iver and spleen. Mormal.
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Stomach air
— Right hepalic lobe
= Duodenum second
portion
m— Pancreas head and

Superior mesenteric body
vn-partal vamn Supeariar mesanteric
confivence artery

Aorla

= Pancreas lail
- Diaphragm crura
Infarior vena cava

Psoas muscle
&= — Right and lefl kidneys

Fail
- Liver
8- Gagiric body
- Pancreas body
— Splenic vain
y— Celiac artery
4~ Aoria
1~ Splean
~ Left kidneay

A: llystration of the approximate axial anatomic level through the pancreas for (B) and (C). B: Abdomen axial
CT image through the pancreas level. Normal. €: Abdomen axial MR image through the pancreas level, Nomal,
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LM
M

ligpsoas
misscle

Recius atklonunis
Liretar

External iliac arlery
External ilac wommn
Muwm

Unnary bladoder
Round igameant

Left ovary

Utenne fundus

Hecium

Gluteus maximus
musche

Sacrum
A: Hlustration of the approximate axial anatomic level for (B). B: Female pelvis axial CT image through the

uterus after intravenaus contrast media. Mormal. The white metallic density ring (straight arrow) that projects over the utens is
merely a region of interest cursor for measuring tissue density.
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Sartonns muscle

Recius femornis
musche
Tensor fasca lata
muscle

Levator ani
musche

— Pubic symphysis

— Pubiic: bonea

o Peclineus muscle

- Prostatic urethra
Femur
= Reclum

= Ischiorectal fossa
Ischial tuberosily

— Gluteus maximus
muscle

Az llstration of the approximate axial anatomic leved for (B). B: Male pelvis axial T2 MR image at the level of

the pubic symphysis and prostate. Normal.

Aorography (catheter injection into the abdominal aoria)
and selective aneriography of individual vessels in the
abdomen are sometimes performed lor diagnostic reasons,
particularly in trauma or with Gl hemorrhage. With rapid
CT imaging, visualization of the arteries andfor veins can
he abtained using this modality alter intravenous contrast
material, thus avoiding the necessity for placing an imira-
aortic catheter.

Recall that moving tissue, such as int ravascular blood,
has less MR signal than surrounding tissue. Various wech-

nical manipulations are possible using this phenomenon,
with or without the addition of magnetic contrast mate-
rial, tis allow excellent visualization of alimost all of the
major abdominal vessels without direct aoric cathereriza-
tion (Figs. 4.46 and 4.47). The choice of CT angiography
versus MR angiography is largely dependem on the exper-
tise of the radiologist and the type of cquipment available
at individual instinuions,

Conventional angiography was used in the past 10
delineate tumors of the solid organs. CT and MR are now
more cllective and less invasive methods lor characteriz-
i masses,



CHAPTER 4: Abdomen 107

Femur

B

Pamis

Spermalic cond

Ponis corpoa
GV OreIcasLEm

Pams bl

Fschiiam ramis

Anal canal

Ischial ibenosity

' Az llustration of the approximate axial anatomic level for (B). B: Male pelvis axial T2 MR image at the level

of the penile structures. Normal.

The gut, being a hollow organ extending from the mouth o
e anus, bas a lasic structure and mdiographic appearance
throughow, 1T comrast material (bariom) Gills g g, one
obtains information about the lnmenand guewall, Visnalizagion
ol the mucosal surface s improved by double-commst el
migues, as barivm coating the mucosal surfaee comrsis with
the imraluminal ain Thus, there are only a lfew basic patterns
that are much alike within the esophagus, stomach, s small
o B Boweel (Fig. 48). They are the Tollowing,

wll

Tnrealumanal lesion, Examples include a polvp, forcign
bocly, or exophyviic wmoe

Mucosal discascs. Exaples include indlamuetion ol the
ymwcosa e adjacent wusculaore, indicaive of enteritis,
Mural lesion. The abnormality is i the bowel wall
Cwith or withownt concomitiam meosal imvolvement ),
Examples include twmor, transmueosal inllanamation,
ancl edlemin, 10 the abmornmaliny encireles the bowel wall
{as is olien seen i colon cancer), a napkin-ring appaeor-
ance resulis

Extrinsic lesions, Fere, both the Bavwed seall o lamen
are disploced by an extrinsic Torce, Examples include
enlrged mesemteric modes adjacent 1o the gur.
Extraluminal projections bevond the bowel lumen,
Fypival abnarmalities are wleerations and diverticala,



108  SECTION Ii: Imaging

Female pelvis axial T2 MR image, Same
anatomic level as Figure 4,38 (R, rectum; U, utenne wall;
E, endometnal cavity; C, cervix; O, evary). (Courtesy of Alan
Stalpen, M.0.)

Female pelvis axial T2 MR image. Same
anatamic level as Figure 4,39, {Courtesy of Alan Stolpen,
M.D}
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Liver

Diaphragm crur

Splecn
Ledl kitdmey meculla
Lell kidnay cortex

Right kidrey Pannephng lat
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lhium
Sacrolac joant
Sacium

Az lustraton of the approximate coronal anatomic bevel through the kidneys for (B). B: Abdomen coronal MR
image through the kidneys, Normal,

Liver

Abdiormanal aona

Inledior vena cava

Transversus abdominis muscle
External oblique muscle
Internal oblique muscle

Ledi ikac artery

Right iliac anery

Right ilac wein

A

Az Wlustration of the approximate coranal anatormic level through the aorta and infesor vena cava for (B)
B: Abwdomen coranal MR image through the abdoeminal acrta and inferior vena cava, Normal.
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I~ Sacrum

e~ Fecius abdominis
musele

 — Urinary bladder

m— Seminal vesiche
Pamis

mm— Fubic symphysis

r:"’ AOA 4 | - Prostate gland
'\“.I"." { } \\_,..'/ .\».\_,.-’f l:l ! .l.-'-l |I/'I £ Tatti
| i = [esEis
| fiof Anus
A -]

A lustration of the approximate midline sagittal anatomic level for (B). B: Male pelvis midling sagittal T2 MR
image at the level of the urinary badder and pubic symphysis. Narmal,

- Fermaral artery

| p 1\'&. L/ | Femosal vein
!/-‘ ; \( sﬁ‘ - Pubic symphysis
I : f\’@\‘ /| Tensor fascia lata muscla
'I \\] }’}L/j Paniz corpora cavernosum
| ' g~ ‘Greater saphenous vein

g~ Teslis

A lllustration of the approximate caronal anatomic level for (B). B: Male pelvis coronal T1 MR image through
the pubic symphysis, Normal.
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Magnetic resonance angiography of the upper abdo-
men. This MR image clearly defines the celiac istraight arrows) and
superior mesentent (cuvved arrows) arteries and their branches, The
origins of the renal arteries (mpen arows) from the aorta are noted.
(Cowrtesy of Alan Stolpen, M.DV)

Symploms arsing Trovim L'5I5E:I1'|il;_|_'|fil1 disease include
heartburn and dysphagia (dilficulty swallowing). In gasin-
caopliageal rellux disease, common in elderly patiens,
hearthurn and later dysphagia oceur, owing to reflux of gas-
tric comtents into the csophagus, with resuliant esophagitis
anel evenmual siricture. Hiatal hernins often accompany pas-
rroesophageal rellux. The barium esophagram casily dewects
hiatal hernia and stricture (Fig, 4.49). The esophagram is
less sensitive in the diagnosis ol ;'511|‘r|'l:l i when t‘i'l-l:l'l]kll'l:l:l
with endoscopy. Esophageal cancer typically has an imtralu-

minal and an intramural component with abnornmal muocosa
anil narrowing of the csophageal lomen (Fig. 4.500
Esaphagography is uselul in studying matilivy disonders of
llh.' ui.l.:l!'rlliq._"l.v_i.

Mormal Mucosal disease  Intraluminal mass

Mucosal mass

Magnetic resonance angiography of the aorta and
its branches in a patient with aneriosclerosis. The right iliac artery is
accluded at its ongin (straight arrow). Both renal arteries {curved
arrows) are intact. The inferior vena cava (curved arrows at top) can be
seen, (Courtesy of Alan Stolpen, M.IY)

L gl

EXINngs: mass Diverticulumiulcar

1t Types of GI abnormalities (above) and their radiographic appearance (befow).
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Hils

Mormal air-Tilled
proeamal esophagus

Drorsal spine vertebral body

Draphragm

. Double-contrast esophagram. Distal esophageal stc-
ture. The smooth, long, tapered appearance of the narrowed distal
esophagus (amows) is typical of a benign stricture owing to reflux of
gastnc contents into the esophagus.

Dilated proximal
esophagus

-Esophagus carcinoma
Ulcer crater

Gastric fundus

Banum-contrast esophagram. Carcinoma of the esopha-
qus. The cancer produces a narrowed segment with imegular muco-
sa and ulceration, The proximal esophagus is dilated but otherwise
narmal,

Gastree wlcer, upper Gl senes. The Fesser curvatiife ulcer
[arows) protrudes from the stomach lumen.

The majority of upper Gl series are performed 10
detect peptic ulcer disease in either the stomach or duode-
num, Clearly protruding from the lumen, ulcers are most
casily scen on deuble-contrast examinations { Fig, 4.51). 1f
seen en [ace, the uleer crater appears as a glob of increased
density as barium hils the uleer crater and the lumen is
filled with air (Fig. 4.52). Oflten, mucosal folds radiate

F Duodenal b

Pyloni: conml

Double-contrast upper Gl series, Central duodenal bulls
ulcer (straight arrow). The duodenal mucosal folds (cunved arrows)
radiate toward the ulcer orater.



Gt body

Bairum i gijunum

Bemim i
ram s ss enlon

Double-contrast upper Gl senes. Gastric polyp. The stalk
[curved arrow) of the benign polyp (straight arows) is clearly visible,

rowardd the wleer ermer, abding in s detection, With recur-
rent disease, deformity of the adjacemt bowel, particularly
i the dundenum, accompanies the ulcer,

Gastric tumors are uncommon in Morth America.
Palyps (Fig. 4.53) are seen in the elderly. Stmach cancer
usmally appears as an ulcerated, irregular mucosal mass,
often aceompanied by concentric narrowing of 1he adja-
cent stomach,

Localized small bowel disease in Nonh America is
most ofien Crohn disease, which produces inllammation
with mucosal ulcerations and thickening of the bowel wall
(Fig. 4.54), Other localized lesions and primary small
wel tumors are rare.

A wide variety of mewabolic, immune, and other dis-
vriders can involve the entire small bowel. The classic
cxample is sproe (gluten hypersensitivity) with associaied
sall bowel dilatmion, Dilution of barium amd promi-
nenece of the mucosal olds are also noted.

Barium enema siudies are uselul in the workup of
infllammatory colon -discase. Ulcerative colitis hegins in
the rectum and extends a variable distance prosimally
(Fig. 4.55). The mucosal surface shows tiny uleerations in
aumnilorm natere throughout the alfected area, olien aceom-
panied by loss af havstrations (the lead pipe colon). Crobin
disease aflecting the colon (Fig. 4.36) ofien spares the
reeium, skip lesions are common, and deeper ulcerations
BUCILE

The barivm enema, panicularly with double-conrast
iechnigue, s valuable in dewecting colon polyps as well s
colon cancer. Intealumingl palyps (Fig. 4.57) ane mone casily
derected than those thar are sessile Galong the colon wall),
Evolution of polyps imoe colon cancer does ocenr; the
larger the polyp, the gremer the chance the histology will
shivw o malignam change, There are approsimately 150,000
new cases ol carcinoma in the colon and rectium reporied
coch year in the United Siares, Barly deteetion of this
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Crohn disease of the ileum. Antegrade small bowel ex-
amination, The atfected small bowel (arrows) is narrawed; the adjacent
space between small bowel loops indicates bowel wall thickening.

Ulcerative colitis. Banum enema. The entire colon, ex-
cept the cecum, is uniformby narrowed, the mucosal surface 15 iregular,
and the gverall configuration suggests a lead pipe appearance.



114 SECTION I1: Imaging

Crohn disease of the colon. Barum enema. The rectum,
sigmoid, and ascending colon are normal. The descending and trans-
wverse colon are slightly narmowed, and the mucesa is nodular with small
ulgerations (arrews) extending from the colon lumen.

- .

Barium enema showing villous adenoma with focal
carcingma in the polyp mucosa. A large, lobulated mass fills the lumen
of the sigmoid cabon.

disease improves survival dramatically. As colon cancer
progresses in size, it often surrounds the bowel lumen in a
fashion described asan apple core or napkin ring (Fig. 4.58).
Large advanced cancers are evident on abdominal €T
(Fig, 4.549,

There are a number of syndromes characterized by
multiple colonic polyps, sometimes with additional palyps
ol the small bowel or stomach. Prominent among these
is Tamilial polyposis of the colon, which is character-
ized by muliiple adenomas, all with malignant poential
(Fig. 4.60),

As noted earlier, palyps and tumors of the colon may
e wdemtilicd with virual colonoscopy (sec Figs. 4,273 and
4.24).

Acute appendicitis is the mosi common surgical dis-
ease al the abdomen. Il clinical hisiory and physical exam-
ination arg strongly sugeestiive ol ilp;wudicili:-', [urther
imaging examinations are not needed, as the acouracy of
clinical findings approaches 90%. Plain films of the abdo-
men are not particularly helpful in the diagnosis ol appen-
dicitis, unless a caleified appendicolith s noted. Imaging
studies are most valuable in those individuals with low 1o
moderate probabilivy of a positive dingnosis (Fig. 4.6 1).In
children, careful US examination perlormed by a skilled
radiologist is frequently the study of choice; CT is some-
times difficult because of the small amoum of periappen-
diceal Fat in this age group. In adults, multislice CT of the
right lower guadram, with or without the use of contrast
material, is recommended, The abnormal appendix can be
identified in most cases as a small tubular siructure with
distended lumen, thickening of the periappendiceal wall,
and imflammation of adjacent [a1 (Fig. 4.62). One can usu-
ally dhagnose perloration of the appendix by changes adja-
cenl o the organ.

Certain anomalies obstruct the low of urine, producing
proximal obstruction. Congenital ureteropelvic junction
(UP]) obstructions can sometimes be diagnosed in uiero;
less severe cases do not present until later in life, The P
ohstruction can be unilateral or bilateral. US is an excel-
lent technigque for following UM obstruction, showing the
amount of pelvicalyceal dilaation and its effect on the
renal parenchyma (Fig. 4.63). Congenital vesicoureieral
junction ehstruction is less frequent b usually bilmeral
(Fig. 4.64).

Embryologically, the kidneys develop in the pelvis
andd migrate cephalad imto the abdomen, The [.g'“jnc}. that
Fails 1o migrate cephalad inte the abdomen is called a pel-
vie kidney, sacral kidney, or simple cctopia (Fig. 4,65, In
a horseshoe kidney, the lower poles of the right and left

kidneys are connected by a bridge, or isthimus, of renal
tissue (Fig. 4.060),
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e A: Adengcarcinoma of the trans-

verse colon, Double-contrast colon examination.
Mote the classic apple core appearance of the
colon cancer, The core represents the patent par-
tign of the bowel lumen (stranght arrows). Diver-
ticula of the descending colon are seen en face.
B: Close-up view of the tumor mass in (A). Note
the imegular mucosa of the narrowed lumen of
the apple core lesion (white arraws). The mass
creates a showldening iblack arrows) deformity in

the neighboring transverse colon both proximally
and distalky.

Mormal iransverse

MNormal ransverss
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HNemmal appendlx shdominal CT. The appendix is the
Lower abdomen axial €T image. The white amows out- wormlike, Barium-filled density {arrow) in the nght lower quadsant.

ling a large cecal neoplasm. The cunved armow shows an air-fluid level {Courtesy of Bruce Brawn, M.D.)

within the tumor mass secondary 10 neCrosis,

Uretervcele (Fig, 4.67) refers 1o a dilaed intramural
urcteral segment than protrudes inte the bladder, simulat-
ing a cobra's head, Ureteroceles result from either congen-
ital or acquired sienosis at the ureteral orifice and can
cause partial ureteral obsimction,

Bladder diverticula are generally acguired but on
occasion are congenital (Fig, 4.68).

Urolithiasis is one of the most common urologie prob-
lems encoumered in the everyday practice of medicine.
Most urcieral siones are less than 1 cm in diameter, and
approximately ¥5% of acuiely sympiomatic stones are

' Abdomainal CT transverse view of appendin. Appends

citis with perforation. A calcified appendicolith is in the lumen of the

BT L et Familial polyposis of the colon. Double-contrast barium  appendix (arrow). There is gas in the appendiceal wall and periappen-
enema. There are innumerable tiny polyps throughout the colon. diceal flurd, (Courtesy of Bruce Brown, M.0.)
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Unilateral ureteropelvic junction obstrection abdomi-
nial sanogram. The echo-free renal pelvis and associated calyces (amow)
are dilated. Renal-cortical borders are indicated by the cunved arrw.
[Courtesy of Monzer Abu-Yousef, M.D.)

located in the distal third of the ureter. Approximately
Q0% of all GU caleuli are radiopaque on plain film.

Some radiopaque renal caleuli actually Gl all or pan
ol an upper collecting system and are called staghomn cal-
culi {Fig. 4.69), When such caleuli are bilaieral, their
appearance should not be mistaken lor contrast media in the
upper collecting systems. Although EU has been used 1o
dingnose uralithiasis (it is valuable in quamitating the degree
ol ureteral obstruction), it is considerably less sensitive than

A
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PIGURE 465  Abdemen AP EUL Pelvic kidney (simple ectopia). The beft
kidney is situated in the petvis, just cephalad to the urinary bladder. The
upper collecting system of the petvic kidney is indicated by the strafght
arrgw, Note the foreshortened left ureter (single curved arrow) and the
neowmal right ureter (daudile curved amows).

CT. Current pretocel for patients with suspected urneteral
stones calls for mulislice CT through the regions of the kid-
neys and ureters without intrvenous contrast material, wsu-
ally Followed by repeat examination with contrast material
(Fig. 4.70). Obviously, caleuli can eccur at any location in
the wrinary wmet, The differential dingnosis for o renal pelvis
hlling (nonradiopague} defect is listed in Table 4.6,

A1 1 Unilateral vesicoureteral abstruction. A: Cosonal CT. The leit kidey is normal, but a wrine-filled sac surrounded
by renal cortex (arraws) is seen on the left. B: Later coronal €T shows the dilated right renal pelvis leived araws) and ureter
{straight amows) extending to the bladder {arrowhead). (Counesy of Andrew W, M0}
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Horseshoe kidney. Az The excretory uragram shows the A: Pelvis AP EL, Ureterocele. Mote the cobra head ap-
lower pole calyces closer to the midline than those of the upper poles.  pearance (armows) of the ureteracele. The left ureter is moderately di-
B: Three-dimensional reconstruction of (A) shows the fused kidneys  lated. B: Ureterocele, pelvic US. The wall of the ureterocele (siraight

(straight arows), both ureters (curved arrows), and bladder (B), arrows) is visualized by echo-free urine in the bladder and within the
ureterocele. A dilated ureter {covved arows) is noted posterior (o the
bladder.

Cystogram, Bladder
diverticulum (strarght arrows). There
are unilateral pins traversing a left

hip fracture (curved arrow).
-~ Metalic arthopedic

ping

Urinary bladder

— Foley catheater
ballcon




AP supine abdomen. Bilateral renal staghom calouli.
The calculi (straight arrows) closely resemble contrast media in upper
ecallecting systems, demonstrating the importance af the preliminary
radiggraph. Incidentally noted is a left pelvic phlebalith (cunved arow).

Multiple unilateral or bilmeral interstitial renal calei-
heationsare relerred o as nephrocaleinosis. Mephrolithiasis,
or calcilication in the renal wbules, occurs with metabalic
abnormalities (hypercalecemia) or with congenitally dilated
collecting tubules (medullary sponge kidney). The US and
CT appearances {Fig. 4.71) are pathognomonic—another
Aunt Minnie.

Therapewtic US has become a useful wol for break-
ing up calculi. This is called extracorporeal sound wave
lithotripsy (Fig. 4.72). The lragmented caleuli usually pass
spomaneously without surgical intervention.

GU inlections are a common occurrence in medicine
and usually do not require diagnostic imaging procedures.
In children, especially males, with decumented urinary
infection, study for vesicoureteral reflux is recommended
(sce Fig, 4.28) and US study of the kidneys is often of
value. Severity of infection ranges rom mild cysiitis 1o

Masses in the Renal Pelvis

= S1ones

* Tumuor

* Mycetoma (fungus ball)
* Dlowod el

* Mecrotic renal papillae
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c

e 4 i Renal caleulus consnal. Axal (A) and coronal (B) CTs with-

out contrast matenal. The stone {arows) lies in a lower pale calyx of the

right kidney. €2 On reconstructed CT urogram, the stone {arrow) is more
difficult to recognize. (Courtesy of Andrew W, M.DU)
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Taaely Wperd

Nephrolthiasis. A: Longitudinal US. B: Axial CT. These are extensive calcifications in the pyramid (nat the calyces)

of the kidneys. (Courtesy of Simon Kao, M.D.)

perinephric abscess. Acute pyelonephritis usually causes
renal enlargement, which may be focal (Fig. 4.73); with
atrophic pyelonephritis, the kidney may shrink.

Renal cysts may be single, multiple, unilateral, or
bilmeral. These lesions are usually asympromatic and
often are an incidental finding on abdominal imaging
performed [or other reasons. Although cysis are of no
clinical significance, they must be evaluated closely 10

distinguish them from solid tamors, This is casily dene
with US (Fig. 4.74} or CT (Fig. 4.75) as the water density
and sharp borders of cysts are apparent. Other benign
renal lumors are uncommon

Malignamt renal wumorsare solid masses. Approximately
90% are renal cell carcinomas. Patienms with renal cell carci-
noamas may present with gross or microscopic hematuria,
pain, or other symploms, US (Fig. 4.76) determines the

- Dascanding colen

Travngwar s colon

- Frm;monl-.s ol the
ealeubrs in ihe rendal
potvis

- Asconding colan

- Fragrmants of the
enleulug in i wiabar

Paint ol wrel@ral
Obs briec han

A: Abdomen AP radiograph. Solitary radispaque calculus in the right renal pelvis {arrow). B: Abdomen AR ra-
diggraph 24 hours pestextracorporeal sound wave lithotripsy, The obstructed urater is filled with multiple small fragments of
the caleulus, referred to as “steinstrasse” (or “stone street”), The calon is airfilled and dilated (adynarnic ileus) owing to pain

of renal colic.
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TRGHT BT _i_.

Sagattal sonogram of rght kidney. Segmental pyelone-
phitis. Mote the increased echagenicity of the upper pale. The lo of
decreased lucency in both upper and lower poles are the renal pyra-
mids. (Courtesy of Monzer Abu-Yousel, M.Ix)

‘\'Ll]itl Pl i u{ 1l'|1: ITHRSE CT O MR' :is. I!'u.‘ |‘Jt’1 WETL It‘ll."ll!'ll'll!] L'l{
diagnosis, EU is less sensitive and accurate. Some examples
ol renal malignancies are shown in Figures 4, 76 o 4,749,

Malignam 1wumors of the vrotheliom occur in the
renal pelvis, ureter, or bladder. As they olien cause urinary
obstruction, wrcieral opacification displays them  best
(Figs, 4.830-4.82).

Extrinsic

malignancies, such as

timors, can displace or ohstruet the ureter and kidneys

relrope riteneal

Transverse and longitudinal sonograms of the right
kidney. Renal cyst of the upper pole. The cyst is echolucent, has sharp
borders, and shows posterior enhancement. {Courtesy of Monzer Abu-
Yousel, M.D.)

(Fig. 4.83), Primary and secondary neoplasms can also
imvalve the ureter anmd the bladder (Fig, 4.54)

Prostntic cancer is the moest common neoplasm of
clderly males. Meither CT nore MRI is of particular valoe of
screening for this malignancy, but both are benelicial in
staging the discase. Specilically, MR evaluwares the possi-
hility of spread of the twwmor bevond the prostate capsule,
ardd both CT and MR allew demonsisition of pelvie
Ivmph node metasiasis (Fig, 4,83,

Abdomen axial CT
inage thiough the kidneys after in-
Iravenous contrast media. Right re-
nal cyst. The cyst has shamp, smooth
margins (straight arows) and a low
tissue density when compared with
the remainder of the nght kidney
{curved arrow).

- Abdominal aorta
calcification

Mormal left
kidnay
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Liver

- Renal cortax
Renal pyrarmicd
Renal sinus

Pernephric fat

Diaphragm

Renal cell carcinoma. Right renal longitudinal sonogram, The electranic caliper
A marks and crosses delineate an upper pole renal mass. The numerous internal echops (hryper
echoic) within the mass indicate that it is solid.

Marmal right kidney

Mormal portion leil kidney

Abdomen axial CT. Left renal cell carcinema (straight arrows). The mass lesion is solid, and its
border with the normal kidney (cunved arrow) is poorly defined,
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Ervidrios
VU TN

B Aaria

=

PIGUEE 4 7% Abdomen axial T2 MR image. There is a large left renal
cell carcinoma (arrows).

fenal cell carcinoma (amows) left kidney and benign
cyst {arrow) right kidney, CT. Note the smooth borders and spherical
shape of the oyst versus the irregular border of the canger.

I Transitional cell carcinoma of the left renal pelvis. A: Coronal CT without contrast matedal. A soft tissue mass
[meroawvs) fills the central left renal pelvis {compare the right and left renal pelves). B: Axial CTwith contrast. The upper pole tumor
replaces contrast across the posterior kidney,
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Left retrograde pyelogram. A partially obstructing ure-
teral carcinoma (single stearght arrows) has resulted in a dilated proxi-
mal ureter (double strarght arrows), A cystoscope is in the bladder.

There is seldom a necd wday for abdominal plain ilms in
the diagnosis of pregnancy; however, when such a study is
done (for necessity or by accident: Fig. 4.86), the risk of
damage 1o the leius from radiation is extremely low: Here
1= another Aumt Minnie—a radiograph showing an inra-
merine contraceplive device (Fig. 4.87),

Rowine U5 evaluation of the pregnant woman and
her Tetus, a standard practice in the developed world, is
of considerable value in ohstetrics. Fetal maturation,
major anomalics, placental assessment, and many associ-
ated maternal conditions can be evaluated (Figs. 4.88 and
4.891, Ectopic (tubal) pregnancy is readily diagnosed with
US (Fig, 4.90).

Uterine ancmalics and tubal discases afleciing fertil-
ity are often studied with hysierosalpingography. In this
examination, contrast material is injected into the cervix,
wutlining the werine cavity and lallopian wbes {Fig, 4.91),
In o normal woeman, contrast spills e the periioneal
caviiy. Urerine anomalics can be detecied wianh Us, CT,
and MR1 (Fig. 4.92). Infected fallopian wubes typically Gl

Transitional cell bladder cancer, Axial (A) and Coronal
(B) CT. The biadder (arrows) is filled with polypoid masses surrounded
by nonradiopague urine.

with pus (pyosalpinx) and have characierisiie US features
(Fig. 4.93),

Bemgn wierine hbroids (leiomyommosis), the most
common gynecologic tumor, can (il caleilied) be recog-
nized by their classic appearance in the abdominal radio-
graph (Fig. 4.94), They are olien seen on other imaging
|'|'|4!|:|;i|i|!i.|.'-1 {F"!'n!i. 445 '.1.I:‘||| -1-_.'-3“}_
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— Gastric air-luld (contrast
media) level

Inlenor vena cava

Aorla

Retropentanoal lat

Abdomen axial CT image. Lymphoma. The tumor {arews) imvolves lymph nodes in the rélroperitoneum
and surrounds the enhanced aorta and inferior vena cava, The arrow labeled 1 indicates the inferior aspect of the lver,

innnE aad Left retrograde pyelogram. Encasement of the distal
left wreter by cancer of the cervix has resulted in sticture and par-
tial obstruction of the distal left ureter (straight arrow). The lef ureter
proximal to the stricture is dilated (conved arrows), The cystoscope and
retrograde catheter (arrowheads) can be seen.

. Coronal prostate MRI i an eldetly man with prostate
Cancer lmendlng into adjacent tissue. B, Madder, prostatic urethra
(cwrrved amows), prostatic capsule (straight arrows), cancer spread be-
yond capsule {amowheads). The spreading cancer & law signal as com-
pared to the rest of the prostate and the capsule cannot be identified in
the region of the cancer. (Courtesy of Eve Clark, M.D.)
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L — Fetal skull
4 "‘.-.-
- - Fetal face
1
_1; = Fetal spine
-
T _ .F-? Fetal feamur
N 3

Abdomen AP radiegraph. Third-tnmester infrautering pregnancy in a

breech presentation.

Pelvis AP radiograph. Normal position and appearance Transabdominal transverse obstetrical sonogram. Tein
of an intrautering contraceplive device (arrew), pregnancy. The twin fetuses (straight arrows) are lacated in separate
sacs and are surounded by amnaiotic Muid {corved arrows). The uterine

wiall 15 indicated by armpwhreads,
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Lhinaiy
nladdor

Piaconin
[ eth]

Fogeon of

COTVIX
nternal ns

Transabdeminal longitudinal (sagittal) sonogram.
Flacenta previa, The sonogram shows the placenta covering the inter-

Transabdominal oblique sonogram. Ectopic pregnancy.
nal cervical os, thus precluding vaginal delivery.

The large arrow indicates the hyperechaic, blood-filled uterus, The small
arrow indicates. the gestational sac in the right fallopaan tube (B, wn-
nary bladdar).

Isthmus of falloman tube

Ampulia of fallopian lube

Pertoneal contrast media
sl

Fimbnaled portion of the
fallopran wbe

Hysterosalpingogram. Mormal uterus (steaight armow) and fallopian tubes. Contrast media injected intg
the uterus via a cervical cannula (corved arrows) spills into the pentoneal space, indicating fallopian tube patency.
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Coronal [A) and axial {B) pelvic MRL Uterine drdelphys,
demonsirating two separate uteri (straight arrows) with their endome-
ial cavities, two uterine cervices, and two vaginas {curved arrows).
{Courtesy of Alan Stolpen, M.D.)

Imaging has, to dae, plaved a minor role in evalum-
ing carcinoma of the endometrium. MRI may be uselul in
staging cervical cancer (Fig, 4.97),

Detectability ol ovarian tumors is much betier with
imaging studies than with physical examination. Tumors
are seldem diagnosed on plain lilm unless the y are huge or
have typical features (Fig. 4.98). Boh benign and malig-
namt neoplasms have characteristic leatures on USs, CT,
and MRL As in the kidney, US separates solid and cystic
Cusually benign) masses (Fig, 4.99).

TR 3. Coronal transvaginal sonogram. Hydrolpyolsalpi nx. The
fluid collection has some internal echoes: its configuration is aval with
a smaller oval communication (arrow) at the apex; this establishes the
fallopian tube as the locabe of the abnormality. (Courtesy of Monzer
Abu-Yousef, M.0)

Almost all waaging modalities can be used lor the evalua-
tion of hver discase. In general, the plain [llm is relatively
insensitive, although it will show calcifiemions or gas in
the liver. Evaluation [or hepatomegaly is probably best by
CT or nuclear medicine scans, although US examinations
are also uselul. MRI of liver disease is usually reserved for
circomstances in which a delinitive diagnosis is not pos-
sible with another modality,

Cirrhosiz in Morth America is most ofien related 10
chronic aleoholism or a8 a complication of hepatitis, The
severity of cirrhosis is primarily evaluaied by physical
examination and labormery tests, but imaging is often use-
ful. Early changes include hepaiomegaly with Tany infil-
tration of the liver, easily detected on CT (Fig. 4. 100). As

1 Palvic radiograph. The calcified uterine fibroids (amows)
are an Aunt Minnie,



CHAPTER 4: Abdomen 129

LOHG ML

44, 1lmm

Transabdominal longitudinal (sagittal) sonogram, The /"' ' "'/ Sagittal pelvic MR image. Cervical carcinoma. There
uterus is outlined by the arows. The electronic caliper X marks and 13 3DTUPL transition of normal wierine mucasa at the tumor margin
crosses outline two large fibroids. The many internal echoes within the tarrews), Inferiody, the tumes 15 maore infiltrative. [Courtesy of Alan
masses indicate that they are solid, Stolpen, M.D)

Lumbar spine
vertebral body

Lumbar intervertebral
dizc

Sacrum

Urinary bladder

Cocoyx
Recium
Vagina

- Pulnz bong

Anal canal

+ Pelvis midline sagittal T1 M& image. The enlarged uterus is outlined by straight
arrows, Two large fibroids are indicaned by the coenved arrosvs.
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Pelvic radiograph, Bilateral gvanian teratoma. Each tu-
mof contains teeth (straight arrows) and substantial intratumaor fat
{curved arrows) allowing the tumars to be better visualized. (Courtesy
of Alan Stolpen, M.DL)

Transabdominal sagst-
1al sonogram, Mucinows cystadenoma
of the left ovasy (avrows). The ovanan
mass has only a few internal echoes
and demonsirates postesior enhance-
ment typical of a cyst.

Urinany bladder

g~ Postenor
enhancameonl
Axial abdominal CT.
Famty Inver (nol in a circhotic patient).
The large amow indicates the fatt!,r
changes. The small arrow indicates
vessels within the fat. The open arrow
mdicates a narmal enhanced liver.
Stomach

Abdominal acrla
Spleen




Axial abdominal CT. Cindhosis. The liver margins (open
red) are nodulac There are scattered fatty changes (arrowdiead) and
ascites (short ifack arrow). Both lobes (wo-headed arrow] are involved,

virrhosis progresses, there is diminution in the size of the
liver and developmem of heterogencous density of the
liver parenchyma with a knobby surlace relaed w coexisi-
ing scarring and regencration of liver nodules (Fig. 4. 101 ).
Changes of portal hypertension (splenomegaly, ascites,
andd dilated porial veins and tributaries) can be found in
severe disease, Portal venous (low may be reduced or even
reversed in severe cirrhosis, and secondary hepatic venous
veclusion can occur. These can be delineated with Doppler
LIS exsmmminat ion [Fig. 4. 102).

The liver is the most commaon site [or mesiases from
intra-abdominal organs and often from twmors elsewhere in
the hady (lung and breast). Metastatic tumors in the liver
are found 10w 20 1imes more ofien than primary malignant
tumers. Ofien, the hepatic metastatic disease is the [irst

1 Hepatic venous Doppler LIS in a cirrhotic patient. The
study shows patent hepatic veins converging. The wp-and-down Dop-
pler signal indicates normal venous flewe (Courtesy of Monzer Abu-
Yoused, M.D)
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Stomach

Aaria

Sploen

Abdamen axial CT. Right and left hepatic lobe me-
tastases. The metastases {arews) appear hypodense compared with
the enhanced narmal liver, Liver enhancement was accomplishad by
inmtravenous inpection of contrast media.

chimicl indicaion ol wmor Imaging of meastnie liver dis-
case is best done with CT using intravenous comtrast maie-
riail, Mletasianie lesions are most -Llrll;ll. ul redieed -|||.'||\:|I1..'
when compared with the liver parenchyma (Fig, 4103},
Benign primary wwmwrs of the liver include hepaic
evsis and cavernous hemangiomas; both are incidental hind-
ings and of me clinical significance. Langer hemangiomas or
evthers with bizarre [eatures may regquine MR e be sepanned
from malignant lesions (Fig. - 104), Primary hepatoma
ovcurs primarily in patients with pre-existing liver discase,

WA 0L e

Axial MRI. Liver hemangioma. This study performed
after intravenous administration of gadolinium shows a high signal
miass Lamows) with bright walks charactenstic ofa hemangioma. {Cour-
tesy of Alan Stalpen, M.D
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Longitudinal decubitus sonogram.
Chaolelithiasis. Note how the dense gallstones (cal-
cult, conved arrows) cast acoustic shadows (straight
arroves) because the sound waves are unable 1o
penelrate or traverse the dense caleuls. This i simi-
lar 1o a shadow cast by a tree or building,

LONG
DECUB

Hepatoma is less dense than normal liver parenchyma and
has ill-defimed margins. CT and MRI are useful for defining
hepatic anatomy o determing resectability of wmors,

There are many methods 1o image biliary tract abnor-
malities. U5 is the workhorse. Gallstones are the most com-
mion abnormalities of the gallbladder. About 10°9% of stones
are calcified and visible on plain flms (see Fig. 4.8).
Ultrasonography is effective in detecting gallstones, as the
highly echogenic stones are surrounded by echo-free
hile. Failure 10 propagate the scund wave distally causes
shadowing (Fig. 4.105). The common bile duc is also
studied during gallbladder examinations.

Acute cholecystitis can be confirmed, if US shows gall-
stones, with thickening of the gallbladder wall and localized
tenderness. In ambiguous cases, radionuclide cholesciniig-
raphy is performed. In acute cholecyvstitis, there is obstruc-
tion of the cystic duct so that radioactive marerial scereted
[rom the liver hills the hiliary 1ract, including the common
duct b met the gallbladder (see Chaprer 9).

In distal obstruction, such as with common duct
stones or pancreatic wmors, the proximal biliary tract
dilates. Recent technical developments in MR1 allow the
evalumion of the hiliary ract and pancreatic duct
noninvasively. MRI offers spectacular imaging of hiliary
abstruction (Fig. 4. 106).

Splenomegaly is sometimes evident on the abdominal
radingraph (see Fig. 4.3} but is more reliably evaluated by
LS or CT. There are mcasurements available 10 separme
the normal-sized [rom the enlarged spleen, although con-
siderable overlap exisis. Perhaps this is an appropriaie
time o again gquote Ben Felson, “A radiologist with a ruler
in his hamd is a dangerous person,”

Pancreatitis occurs as a complication of aleoholism,
biliary tract disease. and sometimes tranma. Although the
inflamed pancreas sometimes appears normal on US or CT
examinmion (Fig. 41071, more often there is dilfuse or
localized swelling of the gland and inhomogenicity of Us
signal and CT as well as adjacent (luid (Fig. 4.108). An

(Galibkacider wall

Genliblowflo
Tt

Liwr

imporiant complication of acute pancreatinis is pseuadoecyst
formation. The large, lrequently multiloculaed eysis are
visible on either US or CT.

In pancreatic carcinoma, clinical manilesiations are
infrequent before metasiases have oceurred, Both US and
CT are uselul for detecting pancremic neoplasms as well as
lor staging the extent of metasiatic disease. Tumor involve-
menl ﬂ[ the celiac or SUPEFIOT mMesenleric 1.'|.'_--'H:E.-'- makes
reseclion impossible (Fig. 4. 1009).

Abscess can occur anvwhere in the abdomen—in a
solid organ such as the liver or loculated anywhere in the
peritoneal cavity (Fig. 4.110). CT is probably the best

MR cholangiopancreatogram, The comman bile duct
(straight arrow) and its proximal branches are dilated owing to ob-
struction (curved armows) from pancreatic carcinoma, The pancreatic
duct, gallbladder, and duodenal lumen are also visualized. {Courtesy of
E. Scoit Pretorius, M.D)
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RANS PANCREAS -4

A
Abdominal CT. Pancreatic carcinoma. The pancreatic
head and body (straight arrows) are normal. There is a poorly margin-
ated hypodense mass (curved awrows) in the pancreatic tail. Several
hypodense metastases (opon arrows) are noted i the liver.
B

A: Transverse abdominal sonogram, Normal pancreas.
The pancreas (straight arrows) is posterior to the liver (L) and anterior
to the splenic vein {curved amows). Crosses are in place to measure
transverse pancreatic diameter, (Courtesy of Monzer Abu-Yausel, M.D.)
B: Abdominal CT. Traumatic pancreatitis. The pancreatic body and tail
{straight arrow) are enlarged and of uneven densiql.The mass (cunved
Arrows) i the region of the pancreatic head is a hematoma.

165 0wmm -
=25 Omam 1117

b4

Vitread
WL 337
Segmenled

Abdominal aneurysm and renal cell carcinoma. CT an-

Pancreatic pseudocyst. Abdominal CT. The hypodense giogram. The cancer (straight amow) extends from the supenior pole of
psewdocyst (arrows) replaces the body and tail of the pancreas. {Cour- the lelt kidney. The abdominal aneurysm {cunved arrows) is evident by
tesy of Bruce Brown, M.DU the convexity of the aorta distal to the renal artenes.
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-Abdominal wall, three
muscle layers

- Right and left kidneys

—Psoas muscle

— Quadralus lurnborum
muscle

Transverse (A) and longitedinal (B) sonograms. Abdominal aortic aneurysm. Thrombus extends from the aor-
tic wall, restricting blood flow to the midportion (outlined by markers) of the aorta. C: Axial abdominal CT. The single straight
arrow indicates the patent central lumen with thrembus (cunved amrow) peripherally, The aortic wall (doubile straight arrows)

is partially calcified,

medaliny 1o detect and [ocate an intra-abdominal abscess,
Percutaneous drainage with CT guidance is ofien possible.

Abdominal aortic aneuryvsm is a common malady, par-
ticularly of the elderly. Calcilication of the wall of the aneu-
rysm i eccasionally seen on plain ilms or the ancurysm
detected incidentally on CT (Fig, 4.1100. Abdominal US
detects abdominal aneurysms, olien when they are rela-
tively small. In such circumstances, serial US examinations
to evaluate the progression of disease may ulimaiely

determine the need lor repair. In larger ancurysms, exien-
sive Lhrombosis occurs (Fig, 4.1 1 1), Dissection of an aneu-
rvsm occurs as a complication of atherosclerosis or other
disease ol the aortic wall, Here, blood dissecis imo the ves-
sel media, producing a false channel and COmMpPronising the
true lumen. As dissection progresses, there is hemorrhage
into the retroperitoneum with shock and subsiantial mor-
tality. CT (Fig, 4. 11 LC) is a valuable method of diagnosing
aned staging this discase,



In all age groups, trauma is the most common cause of
preveniable discase. Major types of abdominal trmuma
include motor vehicle accidents, falls, and assauli. lmaging
studies are imporiant in the evalustion of ahdominal
traumia as clinical evaluation is unreliable,

The lirst decision in dealing with a travma victim is,

Is there any clinical evidence of abdominal abnormalitgg”
Unless there s o least some clinical suspicion (e.g., abdom-
wal pain, contusion, or guarding), the likelihood of inding
signilicant disease winh special siudlies is very lovwe,

Il there is concern about abdominal injury, minimal
imaging examination includes plain flm with supplemen-
il horizomal beam Gilm (upright, decubitus, laterald,
Althiugh not a particularly sensitive examination, i is
wsclul for orieniation in subsequemt siudies and allows
diagnesis of pneumoperitoneum, massive intraperitoneal
luied, or large soll tissue masses, Contrast studies ol the
put, particularly with barium, are less sensitive than other
imaging modalities, can cause signilicant imaging arti-
facts, and play no major role in acute trauma. US, although
useful in diagnosing large amouns of inraperitoneal
fluid, is less sensitive than CT. Angiography plays a minor
role, unless there is strong suspicion lor vascular injury
(oo, a cold leg alier pelvic traumal; it may have a thera-

prevttic role in trawma patients, such as those with emboli-
zation of a bleeding spleen.

Focused assessment with sonography  [or trauma
[FAST) has been suggesied as a screening ool in abdomi-
nal trawma. The FAST scan is a US examination, usually
prerformed o the traumas suite by an operator with basic LS
tramning. Although bighly toued at the time ol its introdue-
Ly, current reporls of its avcuracy are very varialle,
Although specilicity for diagnosis of hemoperitoneum is
good, lalse-negative events (missing signilicant trouma) are
(IIlI'I.: LRl iaRIp[RI

CT, particularly with mulislice equipment, is the study
ol choice lor evaluating abdominal travma. With currem
eqpuipment, the examination can be completed in less than |
Iminute viowsly, most mdiologists regarded patient hemo-
dynamic stability necessary belore CT could be performed.
With the rapid procedure time available L:1;|;I,_'_r_ SONE COEn-
in the degree of siability is possible. Most examina-
tions are doene with administrtion of inirmvenous material.,
Oral comtrast is customarily oot given, becanse of the time
imvalved for it o pass throogh the gut and s lesser valoe in
clizpnosis, unless bowel or pancremic injury is suspectie.

Hemoperitonewm from any source can be idenificed
an CT, aned the amount of blood can be gquamilicd (Fig,
4012 Muliiple organ injuries are common; the liver,
spleen, and kidney are alfected more than other strogc-
wres, Injuries o liese organs are diagnosed with an aceu
racy ol well over U5%. O

[FrOITR RS

derects |1-||-I:|'| |||u Ly ;lluli the
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Abdaminal CT. Hemoperitoneum, owing 1o lver lac-
eration in a child, Az An irregular laceration (straight arrows) is seen in
the hepatic parenchyma. Blood (curved arrows) sumounds the borders
of the liver and spleen. B: in the pelvis, bleod ls the peritoneal caviry,
autlining the infantile uterus (arrows),

severity of injury, an aid in determining which patients
necel immedinte surgery versugs nonopertive reatment

(Figs, .112=4.114).

In aente Gl bleeding, a major coneern is w decide whether
the source of Blomd loss is from the upper or lower Gl
vract, Statistically, st vwo-thirds of paticnis have upper
Gl hleeding, Some common causes are listed in Table 4.7,
Clinical clues are hemaremesis, seen in blecding from the
wpper G eact, and hemamochezia, from the colon, Melena
can vecur in cither group but is more olten associted with
upper Gl bleed,

Emdoscopy is the provedure of choiee For evaluating

apper Gl bleeding, Tvallows beter localization than imag-
ing examinations, s endoscopie treanment of the bleed-
ing site is olten possible, Tmaging studics are used when
Blecding is so massive that enduscopy s not practical. In
these cironmstances, angiography is olien dingnostic and
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Abdominal CT after intravenous contrast material
Splenic laceration, The anterior portion of the spleen (straight arrows)
has imegular density and does not opacify. Hemaogentoneum 15 evident
by the hypodense fluid at the marging of the ver (curved arrows).

can be used therapewically 1o ocelude sites of bleeding
(Fig. 4.115). Mublislice CT can be valuable for acute bleed-
ing, but barium is seldom indicaied, For acute lower GI
bleeding, procosigmoidescopy is the first procedure, fol-
lowed by angiography, il needed.

In chronic GI bleeding, nuclear medicine sindies are
more sensitive than other smaging swudies. Either techne-
tium-labeled sullur colloid or red cells can be used. These
examinations allow detection of active bleeding as low as
005 10 0.1 cofmin, and the examination can be done in
less than an hour. Technical reasons lavor one over the
other in specific situations.

A rough definition of acute abdomen is a silwation involving a
patient with acute abdominal pain and related signs wherein
emergency surgery is being considered. Some common

Etiology of Gastrointestinal Bleeding

Esophagus, Stomach, Duodenum
* Varices with penal hypertension
» Peptic ulcer

Small Bowel

= Duplication

* Mesemeric vascular disease
#= Meckel diverticulum

Colen

« Angiodysplasia

= Polyp or bumor

= Colitis

Abdominal CT after intravenous contrast material
Left kidney, traumatic laceration. Renal density is irreqular anteriory
[eraws], indicating renal parenchyma admixed with blood

causes are listed in Table 4.5, In vears past, cxploratory sur-
BErY 1 the acute abdomen whis olbem necessary, Cinsing oon-
siderable morkidity and olien unnee Cssry surgery. hmaging
allows discriminaion of nonsurgical discase (g, acule
ffﬂiﬂllill enleriis) versus discases TeCUIring SUrgery Ivis of
considerable value in delineation of the tvpe of surgical dis-
case—[or INstance, .1|!|F|-L;||.|;!1|, 1S versus eclopic pregnancy.
Traditionally, abdominal plain filim and  horizontal
beam film are performed in all but those with the most
urgent abdominal discase. Evalumion of the gas patiern and
detection of PRELMOPCnianeum are 115 sirong |1|_:-'r|'|14. Usis
of value in certain situations, especially lor gynecologic
'Clli*i.‘.l'll‘ﬁ-lﬁf CTis gn:m:r:illy more accurate in other aecas.

Common Causes of Acute Abdomen

Medical

Chest disease—pneumonia, infarct, pleurisy
Cardiae disease—myaocardial infarc, pericarditis
Mesenteric adenitis

leitis, colitis

Renal colic

Drugs

Metabolic discase

Surgical

Appendicitis

Cholecysiitis

Bowel perforation

Inuestinal ehsiruction
Pancreatilis

Mesenieric vascular ischemia
salpingiis

Ectopic pregnancy

Leaking abdominal aneurysm



Multislice CT is performed in most patiems with
wcute abelomen, except those in whom clinical diagnosis is
certain without imaging. These cases are done with the use
of intravenous contrast (exception: Suspecied urolithia-
sis). Oral conrast and rectal contrast use have their pro-
poancis in the patient with acute abdomen, but others
paind oui their disadvantages, particularly the increased
vime involved in the siudy,

The technigue of CT examination is somewhat inod-
iliced by the likely dingnosis suspected. Some common
surgical causes of acue abdomen diagnosable on CT
bowel obstruction, wrolithiasis,
Boweel perforation (most ofien peptic uleer), gynecologic
discase, pancreatitis, and aortic ancurysm. Less freguent
couses inchude small bowel and colon discase, ischemic
put disease, and infections of solid organs.

mclude  appendicitis,

Imaging evaluation of the abdomen usually begins with
an AP supine abdominal radiograph. This is particalarly
helpiul in evaluming the gas pattern.

Small bowel obsiruction is chamowerized b dilared
small bowel proximally with collapsed colon and mini-
mal rectal gas.

T ady namic ileus, there is proportional dilatation of both
simall and farge bowels with gas theonglusut e gut,

I howeel perforation is suspected, i is critical o perform
borizontal beam lilms {apright, decobitng, or cross-
tthle laterald in s much as linde a8 2 cc of [ree inteaperi-
toneal air can be identified,
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A Sefectve angiogram opacities of hepatic (amow-

heau's] and gastroduodenal {curved amows) arteries. Bleeding duo-

denal ulcer. Contrast material {siravghi arows) exiravasates into the
duadenal lumen, indicating an actively bleeding ulcer, B: Coils were
introduced into the gastroduedenal artery, The follow-up angiogram
shows the colls arows) in place with scclusion of the gastreduo-
denal artery. There was immediate ¢essation of the gastrointestinal
bleeding, (Covrtesy of Shiliang Sun, MDY

Conurast sticlies of the g remain a valuable method wo
detect intraluminal amd muoral diseases such as tumors,
micosal discase, and uleermions. They are panicularly
uselul i the small bowel, where enduscopy is wechni-
cally difficul,

US is the primary imaging modality Tfor obstetrics and
uwselul for detearing gallstones, remal amd gyiecologic
disease, and abdominal aortic abmormalitics,
Abdominal CT is the method of choice For detection,
localization, and characterization of wmors.,

CT diagnosis of appendicins is very reliable, with direet
vismalization of the inflamed appendiz in nst coses.
CTU amd US are the methods of choice for most urinary
tract abnormalitics. EL oflfers less informamion.

CT is the siudy of choice i evaluming the tranma
Jraticil.

MRI is useful in 2 varicty of special sinations in the
abdlomien.

Brant WE, Helms CAL The Bras ard Helms Selarvon: Fundasentals
of Divgnestie Ruciology, 3ed el Phikulelphia, PA Lippiocen
Williams & Wilkins, MG,

Dillawean J&, Cawili EM, Coban RH. Multidetecrer CT anographiv:
Acome-step remall and wrinary it imaging nmsdalivy. Abdom
Inpaging. 2007, 32:5019-324

Gome BM, Levine M5 Texthools of Gastromatestinal Bodielegy, 3nd
eol. Philadelphin, PA: WE Sannders, 2008

Floag [R. Lomzicri CV, Gilkeson B, eds. O amd ME Dinaging of
the Whle Boady. Sih e SE Lavtids, ML Mlushy, 200
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l. True or false: Regarding evaluating an abdominal

radiograph

a. The stomach usually does not contain gas

h. The long axis of the kidnevs usually parallels the
lateral margin of 1he psoas muscle

. Patients with advnamic ileus usually have gas in
both the small and large bowel

d. Rectal air is uncommon in normal patients

2. True or false: When using abdominal ulirasound

a. Cveis and aseites are usually sonolueent

b. Ultrasound waves are predominately blocked by
bone

c. Ulrasound is the modality of chotee 1o diagnose
gallsiones

d. Ascites reflects more ulirasound than normal
liver

3. True or false: In patients with acute abdominal pain

a. CT is the best imaging modality 1o diagnoese
ureterolithiasis

b. Ulirasound is the best imaging modality (o confirm
a renal mass is a cvsl

¢. Excretory urograms are more sensitive than CT lor
the diagnosis of solid renal tumors

d. Primary liver tumors are more commaon than
metastasis 1o the liver

4. True or lalse: Regarding imaging of solid abdominal
OTEans

6.

b.

a.

b.

c.

d.

An abdominal CT is a sensitive test in conhrmed
cases of pancreatitis

An MR is the best primary diagnostic imaging test
ler acute cholecysiiiis

. Hepatic cirrhosis is a discase where imaging

diagnosis is specific but not sensitive

. MRI is very specific [or distinguishing hepatic

hemangioma from other hepatic tumors

. True or [alse: In an abdominal trauma patient

A “fast scan” is an operator skill dependent 1est
with variable accuracy

CT sean for blum abdominal trauma should be
perfermed with only oral contrast

Screening angiography plays a major screening role
in blunt abdominal trauma

A positive “fast scan” is highly specific for ascetic
Muid

True or false: In abdominal imaging

i,

b,

The valvulac conniventes are reliable leatures of
colonic bowel

Preumoperitonewm usually means a ruptured
hollow viscous

. Common causes of adynamic ileus are sepsis,

hypercaleemin, and narcotics

. The presence of pnewmoosis intestinalis is a

normal finding in some patients
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Appandicitic

Asl any pediatrician and they will tell you: Children are nou
just linle adulis. Sure, the body pans (heanis, eyes, noses)
are the same, b the fact that children are constantly grow-
ing and changing subjects them to different diseases as well
as differem raciographic appearances, As children evolve
[rom young neonates 1o adult-sized (but not necessarily
adult brained!) adolescems, the changing proportions and
appearances of the various siructures can be conlusing,
The classic illustrative example of this is coneept is
the thymus, that ublgquitous but often misimerpreted ante-
rior mediastinal “mass” seen on chest radiographs in
young children (Fig. 5.1). This organ. imporant in the
immune response, usually becomes inconspicuous by
age 5 or so; however, its appearance and size are boih
extremely variable. It is not uncommon to lnd thymic ris
sue on chest computed tomoegraphy (CT) scans in paticms
up toage 20 years (Fig. 5.2). The thymus is a living picee
al tissue that changes s conliguration in a oumber of
wiys, In response (o stress, i may shriok; alter the stress
bas abaned, it may grow (so-called “thymic rebomml ™),

Pediatric Imaging

Ethan A. Smith ~ Wilbur L. Smith

Oncology
Mediastinum
Neuioblastoma
Wilms Tumor
Hepatoblastoma

Skeleton
Fractues
Child Abuse

Summary

Key Points
Chest
Abdomen
Skeleton

When indemed by the ribs, it may form a wavy border: in
pathologic conditions, such as a preumomediastinum, i
may even be displaced superiorly and laerally over the
lung fields, With this variability in mind, the Giest cule in
lowking at childrens radiographs is 1o expect change ancd
variation and consider those factors belore inventing
pathodogy than is mot real (Fig, 5.3).

In general, congenital abnormalitics are much more
likely w present as elinical problems in neonates and
vounger children than they are in adulis. Basically, il a
patient gets o adulthood without a congenital anomaly
Ithering them, it is unlikely e canse clinical problems
Choea, it may just be o normal variam as opposed w a ioe
disease). When vou deal with an abnormal abdomen in a
meonate, o congeniial anomaly is extremely likely: in a
-vearold it is somewhan likely: and in a 15-year-old i is
less likely 1 vou play the odds, inan 80-vear-old you prob-
ably ghould mot even think of @ comgenital aboormality as
e cause of an acate abdomen. Having said this, 1 koow
that evervone will be able 1o fined the unusual case of a

139
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The triangular opacity {arrow) ansing from the mediasti-
num in this healthy 3-month-old is a typical appearance of the normal
thyrrius. Thee trangular shape ik sometimes refemed to as the “sail sign.”

congenital defect causing griefl 10 an 80-year-old, b
remember that it is the zebra, not the horse!

In this chapter we will discuss some of the common
radiographic diagnoses of children, first neonates and
infams. then the older children. The intent is no 1o be
comprehensive, as there are 1.000-page twomes for that;
rather, thisis intended 1o show practical imaging approaches
1o common diagnoses,

The newborn chest radiograph is a complex study with a
substantial number of dilferences from that of an adult
(Fig. 5.4). Along with our conflusing ftiend the thymus

; This 17-year-old boy had a CT scan of the chest as rou-
tine foklow-up far a prior history of cancer, The trigngular soft tissue mn
the antedior mediastinum (amow) represents normal residual thymus.

The large soft tissue structure (arrows) in the superiof
and antenor mediasiinum of this 1-month-gld is all due to nommal
thymus. If you call anything in the anterior superior mediastinum of
neanate normal thymus, you will be right 99% of the time.

come a '-'i.!r'rl.'l}' ol other [:Il:'l,n:rr-_-, that ean ||:1:_||¢.|.' newhorm
chest radiographs dilficult 1o imerprer. The respiratory
rate of a peanate is guite fast compared o an aduli, and a
neonate cannot be expected 1o suspend respirations while
we gel a nice picture; therclore, radiographs arc ofien
inadvertently obtained in expiration, resulting in lower
lung volumes, crowding of siructures, and even patchy
atelectasis. The small size of the neonatal chest also makes
things more difficult because even normal struciures are
very close together and are ofien dilhcult 1o distinguish
clearly from adjacent structures,

Hormal chest radiograph of a neanate. Matice that due
1o the small size of the chesq, the heart looks relatively prominent.



[ “ In this neonate with a congenital diaphragmatic hernia,
the entire left hemithorax is filled with bowel loops, some of which
contain bowel gas (black arrows). Motice how the mass effect from
the bowel loops pushes the heart (astesk) and mediastinal structures
fwwhite amow) toward the right, away from the side of the hernia,

Meonatal and infant chest diseases can be roughly
slivided inwe two catcgories: Medical and surgical condi-
tions, Mecical conditions are usually dilfuse processes and
reguire medical management. Surgteal diseases can be
roughly defined as anything that needs prompt interven-
tion. By this definition, for example, a ension pneumo-
thorax needing treatment with a chest tube is a surgical
discase, In assessing a newborns chest radiograph when
surgical discase is suspected, you must take two sieps,
First, identify which side is the more abnormal (most sur-
gical conditions are wnilateral). Seeond, deteemine the
direction of shiflt of the mediastinum, This is best done by
looking ar the trachea, but the position of the heart and
thymus can also be secondary clues. As a peneral (94900
pale, surgical conditions will displace the mediastinum
away [rom the abnormal side. For example, in the instance
of a diaphragmatic hernia (a condition owing 1o an in
wiero defect that allows the abdominal conenis 1w pro-
trucle inwo the chestd, the heart and medisstinum are
clearly shilied away [rom the sicde of the hernia by the mass
of the protruding bowel (Fig, 5.5,

All babies have w change [rom an imeterine envinme
mien where their longs are Hoid Glled w one where they
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are breathing air. This translormation, which must oceur
within moments of hinh, involves a complex interaction
ol the pulmenary lymphatics, capillary vessels, and chest
eompression. This normal biologic process is not always
smooth, In fact, many habies, il not all, have some very
short-lived tachypnea in the first mimae or two alier being
hoen, owing 10 the vagaries of clearing their normal in
wiern lung fuid. The physiologic phenomenon is reflected
as the pleural effusions and streaky dengitics seen in the
tungs on rdiographs whken shorly alier birth.

In some otherwise normal infants, the clearance of
fetal Muid causes clinically significamt respicmory disiress
aned even mild Bypoxio, In general, these infants are not
sick enough o require an endotracheal tube, b may
require supplemental oxygen or other suppon. This con-
alivion, called “tmnsient tachy poea ol the newhorn™ (TTH),
improves  rapidly  and  resolves 24 hours afier birth,
Radingraphs abained in oon infane with TTH will show
lincar imerstitial opacitics, streaky perihilar opacities, and
small {usually hilaerald plewral cilfusions, The lung vol-
winies will vsually be normal (Fig. 5.6). One conlounding
prohlem is that neonatal poeumonia, a much more serious
condition, can alse presem with respinatory distress and
similar radiographic hndings w transient tachypnea. In
thig sitwaion, the neonmologisn nay be foreed v trear Lor
pocwmonia even il they suspect they are dealing with
TTH, heeause the potemial consequences of an umircaned
pocamonia can be dire. Other, less common conditions
contled alse presem with o similar radiopraphic piciure,
including congenital lymphatic abnormalities and con-
genital heart disease. One radiographic clue than vou may

Full-term baby bom by cesarean section with respira-
tory distress immediately after birth, The streaky peribilar opacities and
small bilateral pleural effusions (arrows) are typical of transient tach-
ypnea of the newborn. Notice that the patient is not sick enough o
require an endotracheal wbe.
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A very Il newborn with a streaky pattern in both lungs
and a large unilateral right pleural effusion. The unilateral plewral ef-
fusion is suspicious for pneemonia. This pattem is typical of group B
streptococcal infection in a neonate.

be dealing with pneumonia as opposed o TTN would be
the presence of a unilateral pleural eflfusion (Fig, 3.7).

Previously known as “hyaline membrane disease,” this
process is seen almost exclusively in preterm infanis
{except in rare instances of congenital eauses). Respiratory
distress syndrome (RDS) occurs as a result of deficient sur-
factant, the lipid-based molecule than helps 1o keep alveoli
open by lowering the alveolar surlace tension. Surlaciant
is produced by the type 11 alveolar cells and does not begin
1o be made in sufficient quantities until well into the third
trimester. Il there is insulficient surfactam, the resul is
diffuse alveolar collapse leading to poor oxygen exchange
and respiratory compromise. Clinical information is quile
helplul in the diagnosis, as these babies will be preterm
and have significant respiratory distress shortly alter birth,
almost uniformly requiring mechanical ventilation. The
radiographic appearance of RDS is secondary 1o diffuse
microatelectasis and has four key leawures: (1) Low lung
volumes, (2) granular opacities, (3) air bronchograms, and
{4} uniform distribution throughowt both lungs (Fig. 5.8).
You could argue that a fifth sign, although less specific, is
the presence of an endotracheal mibe indicating that the
infant is experiencing severe respiratory distress. With the
introduction of a synthetic surfactant, the prognosis lor
these babies has improved remendously. The drug is
administered as an aerosol through an endoiracheal tube
or at bronchoscopy. The patiem is moved (rolled ) around
in order o distribute the surfaciam throughout the lungs.
Occasionally in recently treated infanis you may see par-
tial clearing with residual opacities and air bronchograms
an the lung bases, representing areas where the drug has
mol yet distributed.

FHOsURE =5 38

Extremely premature infant born at 24 weeks of gesta-
tional age. This appearance is classic for respiratory distress syndrodse
{i.e., RDS, surfactant deficiency, hyaline membrane disease). Note the
low lung volumes, granular opacities, air bronchograms, and uniform
distribution. The presence of the endotracheal whe tells you that this
baby is critically ill.

Meconium aspiration is a disease seen in term or postierm
infams and occurs il the baby passes meconium while still
in the womb, The sticky, tenacious meconium can then be
aspirated and cause plugging and obstruction af the small
airways. Postnatally, this leads to a combination ol air
trapping (arcas of lung where air can get in bur cannot get
oul) and ateleciasis (L‘ullnps:d arcas where no air can gel
in}. These infants often also have significam respiratory
distiress soon alter birth, ofien requiring intubation and
mechanical vemtilation. Chest radiographs will demon-
strate hyperinflation, coarse and paichy bilateral airspace
opacities, and even areas of relative hyperluceney second-
ary e air wrapping (Fig. 5.9). Hyperinllation can lead 1o
alveolar rupture and pneumothorax.

A review of the radiographic leawares of neonatal
miedical lung discases is presented in Table 5.1,

Although pnewmothorax is rare in healthy babies, neo-
mates and infants that require mechanical vemilation (sec-
ondary 1o medical processes such as RDS or meconium
aspiration} are atarelatively high risk (Fig. 5.10). Remember
that most neonatal chest rdiographs are obtained supine,
s the nice, clear apical preumothorax and plearal edge
youn see in an adult may be absen. Signs of a preumothorax



Meonate born at 41 weeks of gestational age with meco-
nium aspiration, This baby is also intubated, indicated severe respara-
tory distress. The lungs are hyperinflated, evidenced by flattening of
the diagphragm (astensks). The patchy airspace opacities (arows) likely
represant areas of atelectasis.

i a supine baby include asymmetric hyperlucency of an
cntire lung, decpening of the costophrenic suleus (he
“deep suleus sign™), and sharply defined eardiac or dia-
phragmatic horders (secondary 1o these structures being
outlined by air). Remember to always look lor signs of ten-
sion—il you see the mediastinal struciures being shilied
away, or il you see an asymmetrically Navened diaphragm,
vour should be concerned for a tension poewmothorax
which needs prompt intervention,

A congenital defeet in the diaphragm is termed a congeni-
ial diaphragmaiic hernia (COHY 1T the diaphragm dioes
not develop properly and a defeer remains, bowel and
abdlominal contems can herniate through the hole and
intes the ehest, The most common location lor the defect is
pasterior and medial (a so-called “Bochdalek™ hernial.
CDH is alse more common on the leli (owing w the liver
beneath the right hemidiaphragm). CDH has varving
deprees of severity, depending on how big the defect in the
dinphragm is and how much abdominal contents herniae

Neonatal Medical Lung Diseases
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This premature neonate was on a veatilater due
10 severs respiratory distress syndrome and developed a huge night
paeumothorax {(arows). The size of the pneumothorax should make
you concemed for a tenston pneumoathorax, and this baby required an
emergent chest tube, Notice that the right lung maintains a relatively
normal shape despite the pneumothoras, This is due to the abnormal
stiffness of the lung tissue because of the underlying lung disease.

through it, because the more abdominal contents there ane
in the chest, the less oom there is for normal lung
develop, Lung hvpoplasia and resultam respiratory and
circulmory problems that come with it are the main canse
al merality in these patiems. The radiographic appear-
anee varics with the patient’s age. In the immediate neona-
tal period. the Bowel loops in the chest will be Gilled with
[luicl, giving the appearance of a mass, Howrs w davs laer,
as huowel gas progresses through the loops, muliiple lueem
pas-filled bowel loops will be present. Due o the mass
effeet Trom the herniated abdominal comems, the medias-
tinal strmctures are often displaced wward the opposite
sile of the chest (see Figs, 5.5 amd 50000,

Transient Respiratory Distress Neonatal

Tachypnea Syndrome Meconium Aspiration  Pneumonia
Gesuional Age  Term Pre-term Term or Post-term Ay
Lung Volumes Muormal Lavwy High Any
Opacities Sireaky Dilluse, Grwlbar— Patchy Any
Plenral Ellustons Yes(hilaerall Mo Moy +i—
Ergbmclwnl Tube  MNo Yes Yes +-
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Another neanate with a large congenital diaphragmatic
hernia. Similar to the patient in Figure 5.5, this child has a large left
COH with bowel loops filling the left hemithorax (astenisk) and shift of
the heart and mediastinal structures to the right (arrow). The left lung
i% severely hypoplastic.

Other congenital lung masses oceur infrequently, but are
worth a briel mention here. The first is congenital lobar
hyperinflation (CLH}. This eminy. formerly known as
“gongenital lobar emphysema,” is caused by an abnormal

airway that causes a onc-way valve. Essentially. air can get
in 1o the affected segment of the lung, but it cannot get
hack oui. This causes progressive hyperinflation of a por-
tieon of the lung, most commonly the lelt upper lobe. On
radiographs, you will see a hyperlucent area with associ-
ated mass elleet. In the immediate neonatal peried, the
alfected lung 1= hilled with Nuid and may be opague, bul as
the Muid absorbs and more air gets trapped. it will soon
hecome hyperlucent (Fig. 5.12),

The second congenital lung mass worth mentioning
is the helerogencous spectrum ol lesions that includes
hoth congenital pulmonary airway mallormation (CPAM;
formerly known as congenital cystic adenomatoid malfor-
mation)} and sequestration. Both of these entities involve
abmormal developmem of a section of lung, which may or
may not connect with the airways and often has abnormal
vascularity, In general these lesions show up as solid
masses on chest mdiographs, although CPAM may occas
sionally be predominanily made up of air-filled cysis.
Many are even idemtificd prenaally on cither ultrasound
or MRI (Fig. 5.13). Buth of these lesions are usually surgi-
cally resecied due 10 a risk of recurrent infections and @
small risk of luture malignancy.

Owr discussion so far has [ocused mosily on lung discase,
bt of course there are onher significant organs in the pedi-
atric chest, including the heart and the esophagus.
Esophageal abnormalities that are of impornance in chil-
dren are wsually related 10 esophageal atresia. The most
common form ol esophageal aresia is a blind-ending
proximal esophagus with a fisiula extending from the tra-
chea or lelt main stem bronchus o the disial esophagus.
Inhaled air travels through the fistula and into the rest of

Az A neanatal chest film shows mediastinal shift from left 1o right and 3 partially opagque fluid density in the left
upper babe This is a patient with congenital lobar hyperinflation and only partial empiying of amniotic fluid from the abnarmal
part of the lung. B: The same patient at the age of 11 months demonstrates findings more typical of lobar hyperinflation with a
markedly hyperinflated left upper lobe hemiating across the midline (arrows).
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A: Fetal MRI obtained before birth, demanstrating an area of abnormal high signal (fight gray) in the lower
aspact of the left chest (arrow). Mote the normal placenta (astensk). B: A CT scan of the same patient obtained after birth
demonstrates a rounded soft tissue mass in the left lower lobe (arrow) which proved o be a congenital pulmonary airway

matformation (CPAM).

the G tract; therefore, the initial Alms can look superf-
cially normal, with a gas-lilled loop of bowel, The clues are
that the G1 iract is more disiended by air than usual and
the prosimal esophageal pouch is dilmed. Clinicians
become alert 10 this condition when the child chokes on
fecdings and the pediatrician cannol pass a nasogasiric
(MG) tube into the stomach. This also provides a clue on
the chest radiographs as the NG tube will be seen within
the pouch (Fig. 5.14).

There ane two less prevalent but siill frequent variams
vl esaphageal abnormalities. The first is esophageal atresin
withowt fistula, in which case the abdomen is gasless
because the infant cannot swallow any air 1o displace the
Nuid thm is in the abdomen in wers (Fig. 5.15). Such
infants are usually quite il and need emergent surgery. The
second varant is tracheoesophageal hiswla without esoph-
ageal atresia, This so-called H-type listula (or sometimes
ermed Netype fistula because ol the diagonal course of the
hstula) can be a difficull dingnosis, Unlike with esophageal
alresia, an NG tube can pass into the stomach, so the diag-
nosis is not readily apparemt w the elinigian, The child may
preseni weeks laer with requent pneumonias hecause
each lime the infant eats, some of the material goes ot e
lung, Whenever you bhave an infam with [reguem and
reeurrent pricumonia, this entity should be considered. Ao
csiphagram with carelul true lateral positioning is ofien
necessary Lo confirm the dingnosis (Fig. 5.16).

Alalominal sadiographs of neonates are very dilferem frony
these of adulis, whereas suliographs of older children sl
wenagers begin 1o have a lo of similarities with adul,

This baby choked on her first feeds, and the pediatr-
ciam was unable to pass a nasogasti tube. Mote the tip of the na-
sogastric e overlying the neck [arrow). The findings are consistent
with asophageal atresia. There is bowel gas present, indicating the
presence of a fistula between the trachea and the distal portion of
the esaphagus.
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A premature neonate that could not tolerate feeds.
The NG tube 15 stuck in the cervical esophagus (arow). There is no
bowel gas, consistent with esophageal atresia without a distal fistula.
Matice that this baby also has uniform, granular opacities through-
out both lungs, typical of respiratory distress syndrome secondary 1o
prematurity.

Abdominal films of neonates are especially discrepant
because of a number of physiologic factors. First and lore-
most, neonates swallow a tremendoeus amount of air during
their refatively ineflicient breathing and eating.  is, there-
fore, not at all unusual 10 find many loops of gas-filled small
bowel on the plain lilm of a normal neonate (Fig, 5.17),
whereas in an adult or older child it is unusual 10 see so
much small bowel gas (Fig. 5.18). In [act, it is wsually
abnormal and ominous 10 see a gasless abdomen in a
neonate (Fig. 5.19)! All of this air in the small bowel
makes the imerpretation of the [lms diflicult as far as
determining bowel distention. The best rule to remember
i= that the bowel loops of a normal neonate are thin
walled and lie in close proximity 1o each vther, The
appearance ol thick-walled bowel or marked separation
of the bowel loops suggests an abnormal intra-abdominal
process (Fig. 5,200 Comparison of Figures 6,17 and 6,20
illustrates this poim

The havstra of the colon are notoriously variable in
their development and do not become prominent uniil
about & months ol HLL For thiﬁ reason, | r}linr_ [T§] {iillll._'l‘i.'llli.'
se large Trom small bowel on ihe plain radiographs of a
neemate’s abdomen is usually unreliable. Oceasionally, you
can gel ““."k}' and be I'L'il‘,ﬂn;]hi}' cerlain in '.IjH':J'L'I“I;l{UI'I:

A barium esophagram on a baby with recurrent pney-
mania shows a connection between the esephagus (E) and the trachea
(T}, a so-called H-type or N-type trachecesophageal fistula (arrow). This
abnormality can sometimes be extremely difficult 1o detect.

MNormal bowel gas paitem in a neonate. While there
are multiple gas-filled loaps of small bowel, notice that all of the bowel
Inops are thin walled and are close together, not separated,



Mormal bowel gas panem in a 14-year-old girl. Com-
pared to the neonate in Figure 4.17, there is much less small bowel gas.
Some gas is present within the normal caliber celon, and the hausiral
pattern of the cobon is clearly wisible,

1. Completely gasless abdomen in a critically ill infant
with necrotizing enteracolitis. Babies typically have at least some bowel
005, 50 seeing a gasless abdomen is almost abways an ominous sign.
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This is a very abnormal bowel gas pattern in another
infant with necrotizing enterocolitis. Motice how the bowel loops look
separated from each other. This appearance is due 10 thickening of the
bowel walls and probably also from some free flusd within the abdo-
men, The linear lucencies in the bowel in the right side of the abdomen
represent gas inside the bowel wall or pneumatasis, another sign that
this bty is critically ifl,

This ma

gas or

horms will have all the way through their GIoiewn
24 hours after birth. 1T there is any doubt as v whether o
child has bowel gas throagh w te rectum, the prome
cross-table lateral film is invaluable in making this distine

twn (Fig. 5,21 Remember that on a supine mmage (w

A prone cross-table lateral view of the abdomen can
aften be helpful in showing whether or not gas is present in the rectum.
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A newborn infant who has just begun to swallow air.
Kote the nasogastric tube in place in the stomach. The oblong structure
1o the left of the spine (amows) almost looks like a bone of some sort;
howewer, it is clearly attached 1o the umbilical stump (arrowhead) and
in fact represents an umbilical cord clamp,

almasn all neonatal abdominal radiographs are), the recium
is posterior {or dependem ). whereas air collects in nonde-
pendem structures. By wurning the patient prone, the rec-
tum now becomes nondependent, so il bowel gas can get
there (i.e., there is no obstruction), it will!

A gquick mention of the belly bunon {umbilicus, 1o
e proper) is in order. This necessary structure and the
accessories altached 1o it make for sometimes conflusing
shadows on abdominal lilms of neonates, Many an unsus-
pecting physician has called an umbilical clamp a bone or
a foreign body (Fig. 5.22). The umbilicus iisell protrudes
much [arther in a neonate than in an adull. Any coin-
shaped solt tissue density lesion in the lower midabdomen
af a neonate should probably be considered the umbilical
remnant until proven otherwise, A good clue is that, owing
1 the air surrounding the protrading umbilical stump, 1he
edges of the umbilicus are very sharply delined. particu-
larly the inferior edpe.

The most common indicstion for abdominal inmaging in
the immediate neonaal period is the concern lor obstrug-
tion. Clinically, the child will present with feeding intoler-
ance. often with progressive abdominal distention and
sometimes with laslure 1o pass meconivm. In this setting,
abdominal radiographs are commonly obtained and

demonstrate variable degrees of gaseous distention of the
bowel. The savvy physician can use the appearance of the
abdominal radiograph 1o oceasionally make a definitive
diagnosis, but more oflten as a guide as far as the next test
is 10 be done. 1M there are only a lew dilated loops of bawel
confined to the upper abdomen, 2 mone proximal obstirue-
tion should be suspeeied and an upper gastroiniesiinal
Nuarascopy {(an upper G} should be performed. However,
il there are multiple loops of dilmed bowel throughout the
abdemen, the higher-yield diagnostic test will be a con-
trast cnema. Occasionally things are not this clear and
Both wesis are done: however, as a general rule any neona-
tal obstruction suspected to be proximal to the ligament of
Treitz should get an upper GI while anything more distal
should start with a contrast enema.

In a neonate, the most common cause ol bowel chsirue-
tion is an atresia, ALReSia oCcurs owing Lo number of
complex intrauvterine processes, usually with the linal
common pathway of compromise of vascular supply 1o the
wall ol the bowel, Olen, the allected segment completely
disappears and all that is left is a wedge-shaped delect in
the mesenery. The exeeplion to this is duodenal atresia,
which is caused by a lailure of recanalization ol the duo-
denal lumen. During normal development, the lumen of
the duodenum is temporarily oblitcrated by an ingrowth
ol cells. If these cells then fail o regress, the lumen remains
closed and the baby is left with an obstruction,

This newborn had marked abdominal distention shortly
after birth. The abdominal radiograph demonstrates a dilated stomach
{5} and dundenal bul (D), but no distal bowel gas. This is the classic
“double bubble sign” and is diagnostic of duodenal atresia,



This negnate also presented with abdominal distention
shorly after binh. Compared to the baby in Figure 4,23, there are more
dilated loops of bowel, suggesting the obstruction s more distal. At
surgery this baby was found to have a jejunal atresia.

A

CHAPTER 5. Pediatric Imaging 149

Racliographs of bowel mresias vary iremendously
according to the level an which the atresia nccurs; however,
they have common features. First, there is usually no pas
cistal wo the level of the mresia, Seeond, the bowel prosi-
mal 1o the atresia is disproportionately dilaed, Beyvond
that, it is just a matier of looking at the radiograph o ey
o guess how far down the howel vou can go belore von
cncounter the atresia, As o general rule to help vou estah-
lish the level, remember that the duadenal bulh is located
in the right upper guadram of the abdoemen; therelore, if
vou have a dilmed stomach and loop only in the right
upper gquadrant, duodenal atresia iz likely (the so-called
“thouble bubble sign™) (Fig. 5.23), The jejunum is pre-
dominantly in the upper abdomen and predominanly on
the lelt side, whereas the ileum is in the righe lower guad-
ranl. I voun see many dilared bowel loops and particolarly
large loops preponderantly o the right of the spine, it is
probably an ileal aveesia, whereas i§ the loops are confined
tev the upper abdomen and predominantly wo the lef, i is
probably jejunal atresia (Fig. 5.24). These are T0:30 rules,
sovglo ot get too preoccupicd with them, Oeeasionally, an
upper Gl or conirast enema coan be helplul o confirm the
dingnosis (Fig. 5.25). Remember, the importam thing is w
recognize the obstruction and w think about the diagnosis
of aresin=—Crom there, it is the surgeons job 1w run the
Iwvwvel and find the exact bocation.

FIGIEE S 'S Ancther negnate with abdominal distention. Az Initial abdominal radiographs demonstrate multiple ditated
loops of bowel, Due to the concern for a distal obstruction, a contrast enema was performed. B: The contrast enema shows a
small caliber colon which abauptly ends (arow), consistent with a colonic atresia.
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A contrast enema demonstrating a very small colon
{microcolen) leading to a very dilated ileun distended with madtiple filling
defects. The fillng defects are impacted mieconmm, which gves meco-
niwm ilews its name, Remember that a microcolon is a sign of a distal
abstruction. The next step is to figure out the cause of the obstruction,

An imporiant concep in the evaluation of a neonate with
a distal bowel obstruction is the idea of a micrecolon. The
diagnosis of microcelon is made by doing a comras
encma. The appearance is jusi what you would expect, a
tiny colon (Fig. 5.26). The tvpical microcolon is dilfusely
small. although there are varianis where only the more
distal portions of the colon are “micro.” A microcolon is
small because it is essentially an unused colon. This ocours
because the normal secretions, mucus and cells that gen
excreted inte the lewal GIoract (the swill that becomes
meconium}, cannot get into the colon because of an
abstruction, commaonly in the distal or terminal ileum,
The colon remains small because it does not need 10 grow
in order 10 accommodate the developing bulk of meco-
nium. This is why microcolon occurs only with a disial
obstruction—ihe more proximal the obstruction, the mone
lemgth of normal G tract between the obstruction and the
colon amd therelore the more mucus and material there is
e et 1o the colon and stimulae s normal development.
The classic cause of a microcolon is meconium ileus. This
condition is seen in patienis with cystic fibrosis, Due 1w
abnormal G iract secretions, these patients have abnormally

thickened meconium which then gets stuck in the termi-
mal ilewm, cavsing an obstruction and resulting in a micro-
colon. leal atresia is another cause of distal cbstruction
that resulis in a microcolon. Finally, other processes such
as Hirschsprung disease (absem colonic ganglion cells)
cam also rarely cause a microcolon, but for slightly difler-
ent reasons. In summary, a microcolon is a radiographic
finding tha indicates an unused or diffusely abnormal
colon. Further investigmion is required w reveal the true
diagnuosis.

There arc a lew very imporiant diagnoses that ocour early
on in life, bt not necessarily in the immedine newhbomn
period. Two examples of this type of process are malro-
tion with midgut volvulus and pyloric sienosis. While
both occur as a result of a congenital abnormaliny, the pre-
sentation may (in the case of midgu volvalus) or does (in
the case of pyloric stenosis) occur owside of the immedi-
ate neonatal period.

Malrotation is a congeniial abnormality of ixation of the
howel and mesentery. In and of isell, having an abnor-
mally rotated bowel is not a direct threar to the patient,
However, the anatomic consequence of malrotmion puts
the patient at risk for midgut volvulus, a caiasirophic and
potentially lethal event. Remember that the feal bowel
lorms abowm the axis of the superior mesenteric anery
{1 bet you never thought you would ever need thar bin al
embryology} and tha during the first irimesier the bowel
herniates om of the body for a short period of 1ime and
then returns 1o the abdominal cavity I, on return, the
bowel does nol rolate appropriately, it hxes in abnormal
positions. This error in iixation of the bowel sets the scene
lor the howel 1o twist and obstruct, causing midgu volvu-
lus. This is iruly a surgical emergency and should be con-
sidered whenever you have an abnormal hilm suggesting
obstruction as well as the presence of bilious vomiting in
a young child, Mot only does this 1wisting cause an
abstruction, but because the bowel 1wists about the supe-
ror mesenteric anery and vein, vascular compromise
accurs. I the bowel is nol untwisted, the gut will die, leay-
ing the child a nutritional cripple. Although malrotation is
discussed with the neonatal and infant abdominal dis-
eases, be aware that it can present at any time in life, The
majority of malrotation patients who develop midgu vol-
vulus do so within the first year of lile; however, older chil-
dren and adulis can oceasionally have malrotation-relaed
problems, The diagnostic st of choice in suspecied
malrotation is an emergem upper Gl study (Fig, 5.27). In
malrotation with midgu volvulus, this will demonsiraie a
dundlenal obstruction, usually imvolving the second o third
pontion of the ducdenum (Fig. 5.28). Il there is an incom-
plete obstruction, the upper GI will shew an abnormal




. Contrast upper Gl demonstrating the normal appear-
ance of the dugdenum, with a normal position of the ligament of
Treitz, On the frontal view, the C-laop of the duodenum should
descend, cross the midline, and then ascend back up to the same level
of the duodenal bulb, In the setting of malrotation, the gourse of the
duodenum will be abnormal.

A
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CHAPTER 5: Pediatric Imaging 15

course of the dundenum, eceasionally with a “corkscrew™-
Iype Appearange,

Pyloric stenosis is o relaively common intr-albdominal
condition in babics {not bhrand newborns, but 4 10 6 weeks
old). Pyloric stienosis is mot a true congenital anomaly;
instead, it is duc w hypenirophy of the pyloric muscle
induced by o heritable error in metabolism. Pyloric steno-
sis does not present right alter birth becaunse it 1akes some
time for the abnormal chemistry 1o canse the pyloric mus-
ele o hypertrophy woa sullicient degree to obstruct gastric
outllow. The discase is male preponderant and classically
presents with nonbilious vomiting and weight loss in a
Geweek-old infant. The plain abdominal radiograph
suggesis a partial obstruction with a dilated stomach
(Fig. 5.29). Upper GI will show elongation of the pyloric
channel and the narrowing of that channel. Ultrasound
has replaced upper GIin the diagnosis of pyloric stenosis
lor several reasons, including the lack ol ionizing radiation
and the anatomic detail provided that assisis in surgical
planning, With ulirasound, the pyloric channel appears
clongated {over 14 mm) and the wall will be circumferen-
tially thickened Cover 3 mm) {Fig. 5,300, Often, the stom-
ach will be RAlled with debris. Real-time imaging may
demonsirme an obstruction of low through the pylorus;
however, even il some material gets through the pylorus,

Two patients with malrotation and midgut voleulus. Az A 10-day-old male presented with vomiting. An upper GI
was performed, demonstrating obstruction of the duodenum (arrow). The duodenum also appears to have a somewhat spiral
or twisted appearance. B: This 9-day-old baby presented with bilious emesis. The upper Gl demonstrates spiraling of duodenum
consistent with volvulus (arrow). Note that some contrast does get Uhrough the twist and the bowel is not comgletely obstructed.
Regardless, this still represents a surgical emergency due to the associated twisting of the mesenteric vasculature and risk of
bowel ischemia.
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This 2-month-cld boy presented with nonbilious eme-
sic. The abdominal radiograph demaonstrates a dilated stomach {avrow.
The remainder of the bowel gas pattern is narmal.

An ulirasgund performed on the same patient as in
Figure 4.29. This longitudinal image of the pylorus shows a thickened,
elongated pylorus conssstent with pyloric stenosis (arow). The left lobe
of the liver is seen in the upper left corner of the image (). The gastric
antoem i lacated immediately io the right of the abnormal pylores (4),

that does not exclude pyloric stenosis. Remember, pyloric
stenosis is a hypertrophy of the muscle that develops over
time, so there does not have 1o be a complete obstruction
1o make the dingnosis

As children ger older, their chest radiographs gradually
become more and more like adulis. Older children are
more able 1o cooperate with breath-holding instructions,
so you are more likely 1o see a nice, inspirmory image.
They are also ofien able 1o stand or sit up, so standard
upright PA and lateral chest radiographs are more fre-
quently obtained. However, there are still several impor-
tant difllerences between children and adulis, both in terms
of anmomy of the chest and pathologic processes that
cccur. In the following section, we will look at some com-
mon conditions thi occur in older children {remember:
For a pediatric radiologist, older means over about 6 months
of age!), focusing on processes that are more specilic o
children as opposed o adulis.

Serious congenital heart discase has o prevalence ol
approximately 1 per 1,000 live-born inlams and, there-
[ore, is a disease that you will likely encounter il you care
for children.

Although plain film is valuable for screening lor con-
genital heart disease, it takes a tremendovs amount of
experience (and luck) belore you can be specific as 1o the
type of congenital heant disease. Several principles are very
important, The first is that heart size in infans and children
iz more dilficult o estimate than that in adulis. The rule of
thumb of 30% cardiothoracic rtie is now valid in children,
When you are looking lor cardiomegaly in a child, you need
1o be sure that you are nod looking at thysus, tat the film has
Feert teken om a good breath, and that laicral views are used
extensively 11 the heart protrudes significandly beyond the
visible airway on lateral view, the heart is usually enlarged.
Ilon ananteroposterior view the heart appears large whereas
on the lateral view it is normal, then you are usually dealing
with a deceiving thymus (Fig. 5.311.

The second rule is that children can have very serious
hean discase and a normal-sized hean. This is particularly
true in conditions in which blood [low 1o the lungs is
insullicient because of right-to-lefi shunting. As a good
general rule, childrens heans, being resilient, tend w
dilate owing 1o a volume rather than a pressure overload,
Conditions than canse right-1o-lelt shunting, like tetralogy
of Fallon, do not give you an enlarged hean beeawse the
voldume ol Bloogd traversing the hearnt is aciually dimin-
ished, A truly cyanotic neonate with a normal chest lilm
Cincluding heart size) usually has some variam of weiralogy
ol Fallin (Figs. 5.32 amnd 5.33),

Raile number three is thay if you think that the pul-
monary vascularity is increased in a patiem suspeet for
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A This child's heart measures over B0% of the transverse diameter of the chest on the radiograph. In an adult,
this would be a large heart; however, this is a normal child with a large thymus simulating cardiomegaly, B: Mote that an the

lateral view;, the hean does not protrude posterios 1o the airvay (armows),

congenital hean discase, you are probably right; however, il
inis decreased, you are probably wrong, For some
reson, it is much easier for humans to perceive an increasse
in vasecularity than a decrease in vascularity in a chest film,
probably becanse of the way our brains are wircd. An
enlarged heart and increased vasenlarity in an older clyild
who s not eyanotic usually mean some form of lefi-to-right
shumt such as a ventricular sepal defect (Fig, 5.34).

Fule number four is applicable o neonates. We have
alreacly alked abow the fact that being born is the ultimae
tlime of transition, When vou are in weea, very liotle blood
goes through the pulmonary anery circuit. Te understnd
this, think abouw physiology. In ulern, the baby iz o

This cyanatic infant has tetralogy of Fallot (TOF). The car
diat size is normal, but the heart has an uptemed apex, a finding that
can be seen wath TOF. The pulmonary vascularity is nommal 10 decreased,

hreathing air; therefore, there is no need Tor blood 1o bring
eevgen o e Babwe Tronn the lungs, Tnnmediaely Tollowing
hirth, the baby breathes air and the sineion choanges dea-
matieally, 11 akes some time foe the pulownary arterial
o 1o reach adule levels of blood ow through the lungs,
All neonates, therelore, have a relative state of paalnronary
hypertension. Early on, lesions thin should have increased

A different baby with tetralogy of Fallot. This is an axial
image from a cardiac MR, obtained with a technique called “black blood
imaging ™ in which the blood looks black and the soft tissues are gray.
Inv this imagee, you can see the majority of the findings of TOF, including
a ventricular septal defect (astémsk), hypertrophy of the muscle of the
right wentricle (arrowhisads), and overlap of the left ventricular cutflow
wract and the right ventricle. There was also stenosis of the pulmenary
outflow tract and the pulmonary arteries were diminutive (not shown),
LA, Ieft atrium; LV, left ventnicle; RA, right atrium; RV, right ventncle.
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The anteroposterior (A) and lateral (B) radicgraphs of a 2-maonth-old infant with respiratory distress when feed-
ing, but no evidence of cyanosis, show markedly increased pulmonary vascularity and a lange heart, This combination in a child
is characieristic of a congenital left-to-right shunt. The most comman left-to-right shuat is a ventricular septal defect.

vascularity, such as wransposition of the great vessels, are
not revealed by radiograph (Fig. 5.35). The same logic
explains why most leli-to-right shunt lesions are not mani-
fest until abour 6 weeks of age (see rule three) when the
pulmonary artery pressure has fallen significantly.

i This very cyanotic patient has a chest radiograph show:
ing a mildly enlarged heart, narow superior mediastinum, and pul-
monary vasoularity that is shightly, but not dramatically, increased. The
patent 15 a 3-day-old infant with transposition of the great aneries; the
vascularity is going thrawgh the wansition between very high vascular
FESISIANCE in utero to the lower vascular resistance of an air-breathing
baby. Over the course of subsequent days, the vascular resistance wil
drop further and the lungs will become flooded,

With these rules 1o consider, it is possible wset outa
systematic approach to looking ai the chest lilm of a new-
born with congenital heart disease. First, see whether the
heart is enlarged and whether you can determine which
chamber is enlarged, Next, determine whether the vascu-
larity is normal or increased, keeping in mind that the
yvounger the baby, the less conlident you can be 1o find
increased vascularity, Fimally, you need 1o walk w your
clinical colleagues and find owr whether the baby is truly
cyanolic, as delined by arterial oxygen saturation of less
than 80% with a normal arerial COy saturation, With
those picees of information you can use Figures 6.36 and
6.37 and make a rough estimate as 1o what type of con-
genital heart disease the baby may have,

The moest common indication for chest imaging in older
childeen is 10 investigate for possible infection. Children
get pneumonias just like adulis and the manilestations on
chest radiographs are similar in some cases. However, due
1o the less developed architecture of the pediatric lung,
children also occasionally develop what is called a “round
pneumonia,” which is a bacterial pneumonia than appears
rouhd and can look like 2 mass on a chest radiograph
(Fig. 3.38), Awareness of round pneumonia is important,
hecause the child may only need antibiotics and possibly a
Follow-up chest mdiograph alter treaiment, as opposed 1o
amuch more extensive (and invasive) worleup o evaluate
a suspected mass, The small size of the pediatric airways
also makes children more susceptible to viral processes
such as respiratory syneytial virus {RSV), Typically, RSV
and other viruses canse airway inflammation which then
shows up clinically with wheezing, along with infectious
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2. Persistent pulmonary edemi
pulmonary 3. Lymphangieciasia
hypértansion
ol neonate

Flow diagram for neonates with suspected heart disease.

symptoms such as fever. Radicgraphs will demaonsirae
peribranchial thickening, sireaky opacities (from subseg-
mental aieleciasis) and hyperinflation due 1o mild air trap-
ping (Fig. 5.39). Oceasionally the racdiographs will be nor-
mal, which is line, The whole poim of gening a chest
radliograph of these children is 10 exelude a bacterial prev-
maomia thar may require antibiotics lor treatment. Supportive
trcatment is generally adequate, alihough rarely causes ol
RSV can cause eritical illness.

| Child older than 2 munlhs—l

| Normal heart size |

Cyatic librosis, the most prevalent lethal genetic discase
among the Coucasian population, begins with recureein
povenmoning bt also has a number of features dhat allow o
specific diagnosis from chest radiographs, The lungs are
usually hyperexpanded because of the blockage of many of
the smaller airways by mucous plugs. The mucus-filled
bronchi manifest on mdiogeaphs as branching opacities,
olien in the periphery of the lungs. The hilar struciures

Cardiomegaly

E

k4
Marmal vasculanty | | increased vascutarity | Normal vascularity | [ mereased vascutarity |
r 5 k h R L T
Acyanolic Cyanotic | | Acyanotic Cyanolic Acyanotic Cyanotic | | Acyanotic
1. Agric slanosis Tatralogy Moncardiae Medhéng 1. Paricardial Tatralogy 1. L_ali-hu— 1. Thuneiss _
2, Pulmonic stencsis| | of faliot faflure comaman, altusion of taliot right shunt | | 2, Transgosition
Ik il Tl 2. Cardismyopathy
filmn again

peadtits e 00 Flow diagram for older children with suspected heant disease.
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s This 20-month-old presented to the emergency depart-
ment with cough and fever. The chest radiograph shows a focal opacity
in the right upper lobe with a somewhat well-defined and rounded
margin (arow). The radiographs and the clinical picture were consist-
ent with a round pneymonia and the patient was treated with antibiot-
ics. On follow-up imaging. the opacity completely resolved.

may be prominent, due 10 the combination of the inflamed
lymph nodes and pulmonary artery enlargement resuliing
from pulmenary hypeniension (due 1o lung damage and
chronic hypoxia). The last commoen finding of cystic fibro-
sis is that of peribronchial culfing, or thickening of the
walls of the bronchus. due 10 the intense inllammatory
change induced by the disease (Fig. 5.40). None of these

e Goae. A T-month-obd boy who presented to the emergency
room with fever and cough. This patient has typical findings of a viral
process, including perihilar opacities and peribranchial thickening or
cuffing (amow).

5-igl15 are pal]ll.‘.lgnl.!ll'l'u.!l'ﬂy forr cvstic hbrosis; however, all of
these signs taken in combination make the likelihood of
this disease very high,

Young children explore iheir environment with their
mouths. As a child crawls around a room, they are con-
siantly putting things in their mouth, testing which ihings
are edible, how things fecl, and how they tasie, Even older
children tend 1o still manifest this behavior, often putting

' This. 1 7-year-old girl has cystic fibwosis. A: Frontal chest radeograph demonstrates bilateral perihilar opacities. The
bronchi appeas mildly dilated (arrow). The hila are also prominent {arrowdiead ), either due to enlarged lymph nodes or to big pulma-
nary aneries related 10 pulmonary fypertension. B: CT image in the same patient demonstrating thickened, dilated bronchi (arraws).
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This 12-year-old boy had a nervous habat of putting
things in has mouth. He accidentally aspirated a nut {as in “nuts and
biodts”) and it became lodged in his right main bronchus {arow). Bron-
choscopy was required o remove the foreign body.

things in their mowhs as part of a nervous habit or for no
reasan it all, Older children with autism spectrum disor-
dlers and some developmem problems are particularly
suscepiible 1o this behavior. Foreign bodies can be either
swatllowed or aspirmed, and can cause a varicty of clinical
manifestations and radiographic appearances (Figs. 5.41
and 3423, Some loreign bodies (such as coins) are radio-
opague and thus the diagnosis is relatively easy. Other
forcigm bodies, such as organic materials and plastic, do
not show up on radiographs, which makes the diagnosis
moere challenging. In these cases, one has o look for see-
onddary signs ol & foreign body such as air trapping (for an
airway foreign body) or soft tissue swelling (for an esoph-
ageal lorcign body) (Fig. 5.43). There are some tricks you
can do 1w investigate a suspected loreign body: Tor cxam-
ple. obaining inspiratory—expiratory views or decubitns
views in order o accentuate air trapping. The key 1o the
dingnosis is 1o remember foreign hody in vour dilferential
diapgnosis and 1o always ask yoursell: “could this be a lor-
cign body?”

Abdominal diseases in older children are less likely w e
cliee 1o congenital abnormalities and more likely to be an
acguircd process, One of the most common canses ol
ahdominal pain in children is viral gasirocmerinis, which
docs ot usually require imaging lor diagnoesis. Another
pelmtively common canse of abdominal pain in childeen iz
constipation, whicl alse does not usmally regquine imaging,

An abdominal radiograpgh from a I-year-old girl who
swallowed a small Kght bulb from the family Christmas tree (arrow),

£t This 11-month-old boy presented with stridor A lateral
radiograph of the neck demaonstrates soft tissue swelling and soft tis-
sue gas (arrow). Motice the focal narrewing of the trachea at the same
level (arrowhead). After further investigation, it was discovered that
the patient’s 4-year-old brother had been feeding the patient pistachio
nuts, and one had become ledged in his esophagus, causing an inflam-
matory reaction. Remember to always consider a foreign body in your
differential diagnosis in children.
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for management. However, children do frequenmily have
more sericus causes of abdominal pain and imaging can
plav a critical role in the diagnosis and management of
these patients, For example, there is an increasing prevas
lence of inflammatory bowel disease in pediatric patients,
[or which imaging is an important companent of the diag-
nosis. For this scetion. we will focus on a lew common
conditions in which imaging plays a key role in the diagnosis
and that may require relatively prompi intervention,

Bowel obstruction in children is relatively uncommon,
Depending on the level of the obstruction, abdominal
radiographs will generally show muliple dilated loops of
bowel with air-fluid levels on upright or decubitus views
(Fig. 5.44). Diagnosing an obsiruction is great, but the real
key is figuring out the underlying cause of the obstructian,
Common causes of pediarric bowel obstruction are rela-
tively few and can be remembered with the pneumonic
"AIMT (really AANMM): A, adhesions, appendicitis; |,
intussusception. inguinal hernia; M, malrotation, Meckel
diverticulum. The differential diagnosis can be further
refined based on the patient’s age and clinical history. For

A T-year-old girl with abdominal pain. The upright
abdomenal radiograph shows multiple dilated loops of small bowel
with air-fluid levels, consistent with an abstruction. In this case, the

patient tumned out 1o have a congenital internal hemia that caused the
obstruction.

example, appendicitis is relatively rare in children under
age 2, so il vou have a woddler with an obstruction that *A®
is less likely Inussusception would be unlikely in a
| T=year-old, 50 you can throw out that “1.° 17 there is no
history of prior surgery, adhesions are unlikely, so there
gocs another “A.” Using this wechnique, you can usually
get the dillerential diagnosis down 1o a reasonable list of
two or three entitics.

Intussuscepiion, a disease in which one segment of bowel
telescopes inmo a more distal segment has s maximum
prevalence between the ages of 6 months and 2 years. The
bowel is constantly in motion because of normal peristaliic
activity Il an inllamed imramural lymph node or some
other structure alters this peristaltic activity, such that one
segment of bowel beging 1o be propelled at a dilferential
rate, this can lead 1o prolapse of one segment (intussuscep-
turn} into the next contiguous portion of bowel (intussus-
cipiens). The prolapsed segment (intussusceptum) becomes
edematous and swells because the blood supply is compro-
mised. This compounds the problem and leads 1o Turiher
extension of the intussusception, The ullimaie extension is
protrusion of the intussusceptum from the rectum! In facy,
in nincteenth century textbooks, the differential diagnosis
L‘.l[ iI1I!LH-Rl|51’;1:p'Ii:|.:I|'| Wiks Tl_'i_'[il[ pn1]:||;|5.1:_ Th:_' sl COTTIMmdan
anatomic arca mvolved in inussuscepion is the terminal
ileum and most intussusceptions are ileoceeal,

Radiology plays a key role in the diagnosis as the clin-
ical presentation can vary from classic lindings (abdominal
pain, bloody stools) 1w nonspecific (somnolence, lethargy,
poor feeding). Plain radiographs ofien show evidence of
partial bowel obstruction, and the inussusceptum may be
visible as a rounded soflt tissue density near the point of
abstruction (Fig. 5.45), The diagnosis is usually confirmed
by ulrasound (Fig. 5.46). Increasingly, ulirasound is being
used as the first line test in suspectied intussusception.
Rarely a diagnostic enema is performed. Radiology olien
plays both a diagnostic and a therapeutic role in inlussus-
ception. Up 1o B0% of inlussuscepiions can be nonopera-
tively reduced using either an air enema or a contrast
enema. With an air enema, the radiclogist fills the colon
with air and wses the resultant pressure 1o “push® the
intussusceptum back 10 s normal location, all the while
closely moniloring the pressure in the colon o prevent a
perforation. These 1echnigques are very specialized and
should be performed only by trained personnel. They are,
however, part of the sandard armamentarium of any
hoard -centified radiologist,

Appendicitis is the most common surgical condition in
children. Imaging of appendicitis in children is some-
what dillerent than in adulis, as there is a greater locus
placed on ultrasound. Although CT has excellem sensi-
tivity and specilicity in the diagnosis of appendicitis, the




This 2-year-old presented to his pediatrician with inter-
mittent abdominal pain and one episede of bloody stools. The abdomi-
nal radiograph shows a soft tissue mass in the right upper quadrant
{arrows), suspected 10 represent an intussusception.

relatively high amouwmt of ionizing radiation used, and
the relatively common (bhul nonspecific) chiel complaim
of right lower quadrant pain in children, makes CT sub-
optimal as a first line 1est. Therelore, grean elfon has been
made to optimize focused right lower quadeant ulira-
sound to evaluate the appendix in children. Inthe setting
al acute appendicitis, ulirasound may show a dilaed
appendix (greater than & mm}, a thickened appendiceal
wall, an appendicolith, periappendiceal fuid, and. in
cases of perforation, abscesses, Ulirasound is a grean 1est
il the appendix can be found, whether normal or abwor-
mal (Fig. 5.47). However, the location of appendix is
somewhar variable and sometimes you just cane il
it, while other times the appendix is obscured by bowel
pas (which the ultrasound waves cannot penctrate). In
these cases, vou have 1o tnm the ease back over o the ED
physician or surgeon—il they are concerned enough
based an clinical Tndings, they may 1ake the paticnt 1o
the OR anyway. 17 there is still confusion, an additional
test, wsually o CT, may be needed Calthongh MR is some-
rimes being used) (Fig. 548,
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Abdominal ultrasound i the same patient as in
Figure 4,45, There is a roend structure in the nght upper quadrant with
concentne layers, consistent with an intussusception {arrows), Motice
the oval-shaped gray structures (astensk). These are mesentenc lymph
nodes that have been pulled o wath the intussusceptum, The miore
light gray {"hyperechaic™) material centrally represents mesentenc fat
which has also been pulled into the intussusception.

1"1il1l.ll'|'.llt.‘|'!.'. CANCCr is I'cl:'ll n'\'l'_l.' FAlfe 1tk L‘Il'lll.ll'\l,'l'l_ Thie st
comimon childhood mahenancy is leukemia which is nat
usually dingnosed by imaging @hthough rrely the radiol-
opist may make the dugnesis based on changes in the
hones or kidnevs), Solid womors in children are also rare,

Focused right lower quadrant ultrasound in a &-year-old
who presented to the emergency department with fever and abdominal
pain. The wbular structuse in the midde of the image represents the
dilated appendix, consistent with acute appendicitis.
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A different 6-year-old who also presented with abdomi-
nal pain and fever. This axial CT image demonsirates a dilated appendix
i the right lower quadrant {arrew). The higher atfenuation structure
within the appendix represents an appendicalith, The findings are
consistent with acute appendicitis.

although il vour practice includes children vou may come
across one or two over the course of your career. Localizing
the site of origin of the wmor is critical. Combining the
lecation of the tumor with a few of the imaging characier-
istics. occasionally a relaively definitive diagnosis can be
made based on the imaging alone.

The differemial diagnosis of mediastinal masses is kind of
like real estaie—ihe most imponant thing is lecation,
location, location. The mediasiinum is divided into four
sections: Anterior, middle, posterior, and superior. The
location of a mediastinal mass can usually be determined
by what it is doing 1o its neighboers. The anterior medias-
tinum is defined as part of the mediastinum visible in from
of the airway and heart on the lateral view, and the poste-
rior mediastinum is defined as tha portion of the medias-
tinum just posterior to the anterior edge of the verichral
bodics on the lateral view. Everything else is the middle
mediastinal comparnnment (Fig. 5.49), The whole wrick is
telling these compariments apari and there are a few clues.

Claviele cutoff sign: The anerior chest is anatomically
lovweer than the posterior chest, so if a mass stops at the in-
ferior margin of the clavicle on the PA chest radiograph. it
has 1o be in the anterior mediastinum (Fig. 5.50).

Hileem overlay sign: Structures in the far amerior medi-
astinum overlie the vessels an the lung hilum: therelore,
the vessels are wsually seen through these siructures
(Fig. 3.51).

Pesterior rib effacement: Posterior mediastinal masses
Irequently spread the posterior ribs: therelore, distor-
ton or asymmetry ol the posterior ribs is a good sign
that the mass is posterior (Fig, 5.52).
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17 A normal lateral view of the chest wath barium in the
esophagus delineates the boundaries of the anterior (4), middie (M),
and postenior {F) mediastinum. When you consider mediastinal masses,
it is impartant 1o divide the mediastinum into these companents as it
will help you refine your differential disgnosis for the mass.

Avrway distortion sign; Masses that disiort the esophagus
or compress the airways are almost surely middle medi-
astinum (Fig. 5.53).

Onee vou have applicd these rules and decided in
which compartment 1o look, the pathologic processes
tendd 1o categorize themselves fairly easily. Anterior medi-
astinal masses are almost always lymphoma or thymus
related with the secasional thyroid mass or teratoma. An
Aunt Minnie applies here: I the anterior mediastinal mass
comtains calcium or fay, always go lor termoma, Middle
mediastinal masses are generally cither lymph nodes or
anomalous vessels related 1o the asric arch. Esophageal
and bronchial duplications are less [requent bu also
occur in the middle mediastinum. Posterior mediastinum
masses are newrogenic in origin (including neurablasiomal.
When conlronted with a suspected pediairic mediastinal
miass, the first rule is 1o place itin the proper compartment;
therealier, it is a mauer of pursuing the dilferential
diagnosis,

Meurablastoma is one of the most common solid malig-
nancies in young children. The wmor arises [rom imma-
ture neural crest cells along the path of the sympahetic
nervous system, The wypical location lor newroblasioma is
the adrenal glands, b the tumor can arise anywhere
alomg the sympathetic chain. On imaging, the tumor pres-
ents as a solid mass with calcificaions in up o 50% of
cases. Another characteristic feature is that neuroblastoma
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This teenager has an anterior mediastinal mass. A: The frontal radiograph demonstrates 3 mediastinal opacity
that stops at the level of the left clavicle (the ~clavicle cut-off slgn™). Notice that the left lung apex can still be seen above the
mass. B: A sagittal CT image in the same patient showing the anterior location of the mass {asterisk).

J0ET 5 %1 Another child with an anterior mediastinal mass. Moke
that the descending branch of the right pulmenary artery (arrows) is
clearly visible through the mass, documenting that the wmar is not
in the same plane as the vessel; otherwise, the silhouette sign would
prevent the vessel from being visible. This is called the ~hilum overlay
sign” where masses out of the plane of the hilum allow the hilar strec-
tures 1o be visualized.

i
This 2-year-old boy presented with Homer syndrome.
The chest radiograph shows a mass at the nght apex. Notice how the
right posterier ribs are being spread apart (white arrew]). This tells you
that the mass is located in the postenor mediastinum, in this case a
posterior mediastinal neurablastoma. The mass is so large that it also
extends 1o the middle mediastinum and causes some displacement of
the trachea (black armow).
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A 14-year-old boy with newly diagnosed lymphoma,
Motice how the trachea s displaced 1o the left, indicating that the
mass is located within the middle mediastinum. The differential diag-
nosis for @ middle mediastinal mass includes enlarged lymph nodes,
abnormal vasculature, or a congenital lesion like an esophageal
duplication cyst.

tends 1o surround vascular structures withowt occluding
them, whereas most other masses just push the vessels out
of the way and compress them (Fig. 5.54). Lymphoma can
also surround vessels, though, so this Ainding is not 1009
specific,. Neuroblastoma commonly metasiasizes 1o the
bones and to the liver, bui only rarely goes 1o the lungs
(which can help differentiane neuroblastoma from Wilms
LWIMIOT i SOme cases).

The most commaon renal mass in a young child is a Wilms
mimor. Due e their retroperitoneal location, these masses
can ofien grow quite large before they are found. The typi-
cal story will be a caregiver finding an abdominal mass ina
wildler while changing the childs diaper. Imaging will
show a large, heterogeneous mass arising [rom the kidney
One clue to the renal origin of the mass is “claw sign,” a
claw=shaped rim of renal tissue surrounding a portion of
the mass, almost like it was holding the mass in a lobster
claw (Fig. 5.55). Wilms tumors commonly metastasize 1o
the lungs and liver. and have also been known to invade the
renal vein, sometimes poing all the way up into the inferior
vena cava and right atrium. Metastasis 1o the bone is a rela-
tively uncommon finding in Wilms wmor, which may be
an impaortam clue o dilferentiate it from neurablasioma
and other much more rare renal wimors, There is a diller-
ential diagnosis, but in a young child the other renal masses
arc so much less cammon, it is probably lair 1o say a solid
renal mass is a Wilms tumor until proven otherwise,

Although much less common than neuroblastoma or
Wilms tumor, a briel mention of hepatoblastoma is worth-
while. Hepavoblastoma is a rare tumaor that arises [rom the
liver in younger children. There is an increased incidence
of this wmor in formerly premature infanis, Clinically,
hepatoblastoma presenis as a palpable right upper quad-
rant mass in a young child. On imaging. the tumor will be
helerogeneous in appearance and can invade the ponal
vein and other vascular siruciures (Fig, 5.56). Metastases

An 18-month-old girl who presented with abdominal pain. An ultrasound (no1 shown) was suspicious for a mass
above the left kidney. 50 a (T was performed. A: Coronal €T image demonstrating a left suprarenal mass with multiple calcifica-
tions (arrow), consistent with neuroblastoma. B: Notice how the abnommal <oft tissue surrounds the orta (arrow) but does not
namow or occhude it. This is typical of either newroblastoma (which this child had) or lymphoma.
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Wilms tumor in a 2-year-old boy. Az All of the bowel gas is displaced superiordy and to the right on this abdominal
radivgraph, indicating there is a large mass in the left side of the abdomen. If you book closely, you will see there are lung nodules
at the left lung base consistent with metastasis. B: An axial CT image in the same patient demanstrating a lange mass (astensk)
in the left side of the abdamen surrounded by a “claw” of residual, normally enhancing left kidney (arrow).

are relatively uncommon at presemation, but when they
are presemt they are usually 1o the lung, One clue 1o the
disgnosis is that the serum alpha-fetoprotein (AFPY will be
clevated, The differential diagnosis includes hepmocelln-
lar carcimoma, alihough this is usually seen in much older
children with underlying liver disease.

Like the rest of a childs hody, the pedimric skelewon is o
growing and changing ety The child’s skeletn has 1o be
rigid enough to support ihe body and facilitae movemem,
while at the same tme being Hexible enough w allow for

This is 4 former premature baby who presented wath an abdominal mass at 18 manths of age. A: On this radiograph,

tive bowed gas is pushed inferiorly and to the left, indicating a mass in the right upper quadrant. B: An axial contrast-enhanced
MR image of the same patient showing a large, heterogeneous mass ansing from the liver, cansistent with hepatoblastoma,
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A normal knee radiograph in a 4-year-old girl. The lu-
cent areas [arows) represent the nonossified cartilage of the physis (or
growth plate).

growth, Long bones (hones of the extremities) Erow primar-
ilv through a process called “enchondral ossification,”
through which longitudinal growth occurs at 1he physis (or
grovwih |1|.1rr:' [{Fig. 5.37). Mosi Inng__ bones have two growth
plates, one proximal and one distal. Some bones, such as
the metacarpals, only have one growth plae. During
enchondral ossification, cartilage cells within the growth
plate undergn a programmed sequence of proliferation,
hypertrophy, apoptosis (cell death). and mineralization, the
cnd result of which is [ormation of new bone and increased
bone lemgth. A dilferent process, call “membranous ossifica-
ton,” contribules 1o bone L'1|.1_'|.||'l||-1."l'l:r‘|".'l." as well as 1o the
growih of some of the 1l bones, such as those in the skull.
Bone growth can be abnormal because of congenital prokb-
lems (such as achondroplasial, trauma (1 the growth plaie
is injured ), or metabolic abnormalities preveming the nor-
mal mineralization of new bone (such as rickeis),

Children's bones are more pliable than these of an aduli,

As such, a childs bones can bend slightly belone they

{
i
-l

This chitd fell on an outstretched hand while play-
ing. Motice how the cortex of the distal radius appears 10 be buckled
{arrow). This is a typical buckle fracture, an injury that eccurs in children
due to the relative plasticity of growing bones compared 1o the more
stiff bones of adults

break, or they can break only partially. It is analogous to
the difference between breaking a piece of chalk and
breaking a picce of celery. Il you try 1o bend a piece ol
chalk (adult bone), it will not bend, but rather it will break
across its whole width; however, if you try 1o break a piece
of celery (pediatric bone), it will bend slightly, then break
partially, and only with continued force will it break all the
way across. Fractures in pediatric bones are a spectrum,
ranging from bending deformitics (where no aciual [rae-
re is apparent) o compleie [ractures. In between arc
buckle lractures {aka torus fractures) and greenstick frac-
tures (aka incomplete fractures) (Fig, 5.58).

Another unique consideration in pediatric fraciures is
the potential for involvemem of the growth plate or phy-
sis. Fractures al the ends of the bones have the potential 1o
extend into the growth plates and can have consequences
on [urther growth (Fig, 5.59). The Salter—Harris classifiea-
tion is used 1o describe the location of the fracture in rela-
1o 1o thie growih |1'|;“4_-_

Ul;llt_l abuse, or nonaccidental trauma {MATY, is a serious
]Iru lic health problem. Mosi abused children are under
vy age g . : |
vear of age w0 the 1ime ol presentation, with the peak

incicddence being around 4 muonths, Certain skeleml injurics



Another child who presented to the emergency de-
panment after a fall. There is a lingar lucency that extends from the
metaphysis into the growth plate, consistent with a Salter—Harris type 2
feactwre (arrow). Note that there is also a buckle fracture of the distal
ulna {arrowhead).

lutve a high specilicity for abuse, including postenor rily
[raciures and metphyseal corner fraciures (Figs, 5.60 and
6.00). Other ragiures are less specilic but also ocour,
including long bone lractures and skull fraciures. In real-
iy, any fractuee in a young child, and especially in a mon-
ambulatory child, without an adequate explanation shouled

| 4

i This 3-month-old boy was brought into the emergency
department with lethargy and respiratony distress, A chest radiograph
was obtained, demonstrating multiple healing posterior rib fractures
{arrowd), On further investigation, the child was found 10 have been
abwsed by his mother's boylriend.
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Metaphyseal comer fracture {or “bucket-handle frac-
ture”} {arow). This type of fracture has high specificity for nonacc-
dental trauma (child abase). Remember that any fracture or injury in
a child without a sufficient explanation should be further imvestigated
for possible abuse.

raise the concern for abuse and should be investpganed, 17
dbuse is suspected, a standard skelewal survey shoulld be
performed amd the proper amhorities (such as the local
child protective services ageney) should be notibed. A
wise podionric rudiologst once wld me tho every chest
s-rav el plain radiogreaple om o child shoald gen a second
ook 1o sereen for child abuse belore being put Back inthe
(il jocket Cor, nowsudavs, beloee Dinting the “close”™ buton
on the viewing muonitor),

[ this chapier, we bavee discussed the ruliographs of chil-
eren with pamicular emplhasis on these conaditions thn are
comnnun and voigue e pediatiics. As inoany aimaging,
there will alwavs be excepiions, but a lew rales are key
Always remember the thymus as a deceiver in evaluating
chest ilms in children, particularly vouoger children, Any
anterior mediastinal mass is thvmuos, thymus, and thymus!
Meonatal medical amd surgical chest disease can be casily
differentioned by remembering the rules of medinstinl
shiilt sl vnilareral abwmormalioe 1 vou apply carclully the
rules of looking a congenital heart discase amd mediastinal
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masses, you should be able o get inte the ballpark abow
80% of the time for making an accurae diagnosis of 1the
correet lesion,

In the abdomen, remember that it is normal for neo-
nates 10 have considerable gas in their small bowel, As
long as the walls are thin and the bowel loops are approx-
imating cach other, do not worry. Also remember that up
wr & months of age it is exremely difficalt o 1ell large
bowel from small bowel. and guesses as 1o whether a loop
represents large or small bowel on plain film are exactly
that—educated estimates,

The pediairic skeleton is growing and changing, an
as such may respond differently 1o trauma, including
buckle and incomplete fractures. Trauma through the
growth plate can, but does not always, aflect futare growih.
Finally, remember that child abuse does occur and 1rear
every pedialric imaging lest as a screening for abuse!

In some babies, in utero lung fluid takes more than a
few minutes to clear, resulting in TTM, This appears on
radiographs as pleural effusions and streaky densities.
TTN should resolve within the first 24 howrs alier birth.
TTN is indistinguishable on radiographs from early
neonatal pneumonia,

The best clue 1o diagnosing congestive heart [ailure
in babies is a radiograph displaying a sireaky density
pattern in the lungs and cardiomegaly. If the hean pro-
irudes significanily bevond the visible airway on a lm-
eral radiograph, the heart is generally enlarged.

HMD displays four characteristic radiographic lealures:
Dilfuse granularity, unifoerm disease, air bro nchograms,
and a relatively small lung volume.

Generally, surgical conditions are unilateral and will dis-
place the mediastinum avway lrom the more abnormal side.

I An infant is horn a 26 weeks of gestational age and
rapidly develops significant respiratory disiress
requiring intubation. A chesi radiograph is ohiained,
demonstrating uniform granular opacities
throughout both lengs and low lung valumes, Whn
is the most likely diagnosis?

a. Transient tachyvpnea of the newhorn

b, Meconum aspiration

o Congenital heart disease with pulmonary cdema
d. Respirmory disiress syndrome

Radiographic leatures of cystic brosis include hyperex-
panded lungs, mucoid impactions, very prominent hili,
and peribronchial cuffing.

In summary, the rules for evaluating an infant’s ahdo-
men are dilferent from those used for adults.

The younger the child, the more discrepant the rules.
Babies have a lot of air, and it is difficult 1o differentiate
large from small bowel by plain film.

Young children usually have congenital anomalies or
atresias; slightly older children have manilestations of
either congenital anomalies or heritable anomalies such
as pyloric stenosis and malrotation.

in children beyvond 6 momhs, inmussusception and
appendicitis are the major clinical entitics.

In looking at abdominal fBlms of children, remember
that your odds are much beuwer in diagnosing an unu-
sual manifestation of a common disease (such as appen-
dicitis) than in disgnosing a common manilestation ol a
rare disease.

[T you stick with the diagnosis and rules from this
chapier, you will be right more oficn than you will be
WrOTE-

Pediatric bones are growing and changing, so normal
varianis are very common.

Younger children have relatively pliable bones, so bend-
ing lractures, including buckle lractures and incomplete
(greenstick) fractures happen [requently,

Use the Salier=Harris classification when describing
(ractures that invelve the growih plate.

Some fractures have a high specificity for child abuse
(posterior rib [raciures, meiaphyseal corner fractures),
but all [ractures without a satislactory explanation
should raise your suspicion.

2. True or False: The presence of small bowel gas on
il ominal radiographs in a 3-day old is abnormal
and indicaes a bowel obsiruction,

3 A Tomonth-old child presents with respiratory
distress aned feeding dilficuliies. A chest radiograph
demonstrates dillusely increased pulmonary
viscularity and a mildly enfarged heart, Which of
the following is the most likely diagnosis?

u. Ventricular sepial defect
b, Adrial sepral delect

e. Cystic (ibrosis

dd. Wiral pneumonia



4. An infant prescnes Lo the cmergency dcpartmrnt with

=

i 2-hour history of bilious emesis. What is the most

appropriate radiologic test?

w. Chest radiograph

la. Abdominal ulirasound 1o evaluae for pyloric
Slenosis

¢. Upper gastrointestinal serics

. Abdominal CT

True or False: An ulirasound is ordered on a
2-month-old male patient with projectile vomiting.
During the ulirasound, the pyloric channel appears
thickened (4 mm} and clongated (20 mm). These
fiedings are consistem with pyloric stenosis.

- A T-month-old presenis o the emergency

department with wheezing, lever, and cough, A viral

process is suspected clinically, What lindings would

vorr expect 1o see on chest radiographs?

a Low lung volumes, dilated bronchi, focal airspace
opacilics

. A rounded opacity with well-delined borders

. Hyperinflated lungs, peribronchial thickening,
andl streaky opacitics

i, Enlarged heart and increased pulmonary
vascularity

A 10-month-old child presents with siridor and
reapiratory distress, and the parenis suspect the child
may have aspirated one of their sibling’s small plastic
s, Unforiunately, the suspected wy is plastic, so it
will not be expecied 1o be radiopague. What
diagnostic imaging test could you perform?

n, Airway ulimsound

h. Decubitus chest radiographs 1o look for air irapping
d. MRI

H.

CHAPTER 5: Pediatric Imaging 167

You see a focal opacity on a frontal chest radiograph
ol 2 Z-year-old. The opacity cavses spreading of the
adjacent ribs, Whan is the most likely location of the
mass?

a. Within the lung parcnchyma

b, Amerior medinstinum

e, Middle mediastinum

. Posterior mediastinum

True or False: Calcification within a mass excludes a
diagnosis of neureblasioma,

A Z-month-old boy is brought in w the pedimricians
wllice because of leg swellimg, A radivgraph is alaained
which demonsirates a displaced femur leacture, The
patient’s mother states tha she does not reeall any
specilic injury, Whan is the approprioe next siep?

a. Obain a complete skeletal sarvey and contact the
child protective ageney o investigate for possible
athuse

b Obtain a follovw-up radiograph in 2 weeks o
confirm the lraciure

€. Check the patient’s vitumin D levels

o, Couneil the paticet’s mother on accidenn prevention
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Carol A. Boles

L] iapter Outline

Normal Development

Lipper Extramity

Lower Extremity
Variations of Mormal
Congenital and Developmental Anomalies
Trauma

Fragiures and Diskocations

Fraciure Healing

Upper Extremity

Lower Extreminy

Sokt Tissue Injury
Arthritides

Osieoarthais

Rheumatoid Arthritis

Bones are visible on nearly all radiographs: therelore, radio-
logic anatomy of the musculoskeletal system is extremely
important, bur it can be time consuming o learn. Entire
texthooks arne dedicated 10 specific joints, but a solid
knowledge of normal anatomy is a prerequisite lor intelli-
gent image evaluation. Despite many advances in imaging
using other modalities such as computed 1omography
(CT). magnetic resonance (MR) imaging. and ulirasound,
radivgraphs remain the mainstay of musculoskeleial imag-
ing. Anatemy s anatemy no maiier how you leok at it and
imaging is less confusing when thought of in this way. Ler
us begin with a general overview and then normal image
anatomy of the hand and move systematically cephalad 1o
the shoulder girdle, This will be followed by normal inage
anatormy of the lower extremity [rom the oo wo e hip.
The bones :Jd:\-'i:Fup in a rather svstematic fshion, Bone
termation is by cither intramembranous (ransformation of
mesenchymal tissue) or endochondral (conversion of an
intermediate eanilage form) formation, or Iy bonh methods,
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Peonatic Arthiitis
Gout, Pseudogout, and Hemaophilic Arthritis
MNeuropather Joints
Oaher
Tumors
Benign
Malignant
Metabolic Diseases
Faget Disease
Osteoporesis and Osteomalacia
Rickets
Infection
Approach to Common Clinical Problems
Key Points

Many [la bones, such as the skall and mandible, form
by intramembranous bone lormation. Both methods are
found in the extremities, spine, and pelvis. With endo-
chondral ossification, cartilage is replaced by bone initiated
at specilic sites called centers of ossification. These centers
of ossification appear in such a predictable order that they
may be used forestimation ol age (Table 6.1). Understanding
this aids in evaluation of leaciures in the pediatric popula-
tion as a small hone adjacent 1o a joint poientially may be
assumed to be an ossification center when i is, in fac, a
fracture, The area of cartilage between the centers of ossili-
cation is called the growth plate or physis. Evemually, the
centers of oasification fuse across the physes

Joints develop between the ends of bones. There are
three types of joints: Synchondrosis, sy mphysis, and syno-
vial joims. A synchondrosis has hyaline canilage between
the ends of bone and not movable while symphysis joins
awe fibrocartilage and a small amount of motion. Synovial
joims, typically thought of as a “joint,” have a hyaline car-
tilige covering amd synoviam, which produces luid w
lubricate these movahle joins,



Average Age of Appearance of 5ome Major
Ossification Centers

Average Age (Girls Usually

Ossification Center Earlier than Boys)
Head of humeros 2wk
Hengl of femur 4 o
Distal radius Iy
Patella 4y
Elbuw
Capitellum Iy
Radial head Sy
Medial epicondyle oy
Trochlea By
Lateral epicondyle 10y
CHegranon Iy
Acromion 13y
Coracoid process of XY
seapiila
Ischial wherosity 15y
Inner margin claviele 19y

As a briel reminder of radiographic lerminology,
amteroposterior (AP) mdiographs are named by the diree-
tren the x-ray heam travels through the body part, assum-
ing the person is in anatomie position. For example, ana-
tsmic position has the arms at the sides with palms [acing
lorward, The typical hand radiograph places a hand, palim
down om the radiographic plme and the x-ray beam enters
through the posterior (dorsal) side of the hand o reach the
plate; this is o postervanterior (PA) radiograph. The foot,
hwvwever, when radiographed with the planiar surface (sole
ol the foot) on the radiographic plate is an AP radiograph,
This is semewhat of a miznomer since the dorsal surface of
the foon is really the cephalic surface of the oot in anatomic
prosition,

Feople commonly injure their extremities hecanse they
actively encounter the environment with their arms and
legs. Comsequently, you will probably order many roclio-
graphs of the extremities in your elinical practice. Thus, we
need @ system o evaluate upper and lower extremity images
(Table 6,23, Each bone inan image must be carclully evalu-
atedd for density, variations of normal, and [racture, Alse,
cach joing must be evaluated for widih, smombiness of the
articular surfaces, dislocation, anhritis, fracioee, amd Treign
by, The sl tissues should be cvaluated Tor edemi, hem-
vrrhage, masses, ealcilications, and ﬁit‘l:ign basclies,
The hand is so eomplex that it is o subspeci
buoth orthopedies and plastic surgery When youn reques
nltli:1|.!,n.|ph5 ol the hand, the standard sty uswally consisis
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Observation Checklist for Bone Radiographs

Each Bone Should Be Evaluated for
Densiny

Anomaly

Fractune

Destruction

Mew bone formation

Foreign body

Each Joint Should Be Evaluated for
Articular surface smoothness
Symmeiry

Fracuure

Dislocation

Arthritis

Caleification

Soft Tissues Should Be Evaluated for
Swelling

Ulcers

Caleilicmions

Munsses

Foreign bodics

aof PAL abligue, amd lateral views (Fig, 610, Remember that
ame of the most difficult aspects of mod is tor

n e

Juergen anad routines, seowe neved tooger the hamd terminology

correet frome the beginning, Each digiv of the hand must be
properly named o communicate and document infomma-
thom acenrely, The proper teeminology For each digin and
the numbering svstem for the metacarpals are displaved in
Figure 6. 1A, Stimply numbering the digits does not sullice,
especially in siiwations in which digis are missing, Would
vour refer o the index linger as the lirst or second linger
when the thwomls is missing? 5o, beginning on the radial stde
ol the hand, the thumb is always the thomb aned not the firse
linger. Next bs the index linger (not the second Bnger and
et the first linger as some say there are four lingers and a
b}, Following are the bong hnger (oot the third), the
ring linger (oot the fowrth), aod the small or litde linger
(e the Gilth),

Metacarpals (Fig. 6.1A) are numbered logically with
the thumb ariculating with the hrst metacarpal, the index
finger with the sceond netacarpal, amd 20 0on, As a genersl
rule, ol Band digin bas three phalanges except the thumb,
which Bas only twoe. The phalanges are mamed proximal,
mrieladle, el digial. The jein berween the proximal phalans
anel the mewcapal is called the metcaepophalangenl
(MO joim (Fig. 60AY The juim between the proximal
amed middle phalanges is the proximal interphalangeal
(PP i, The jeint bevween the distal and middle pha-
Lnges is called the distal interphalangeal (DIPY joim, The
thumb, with only twe phalanges, has an imerphalangeal
joint. The distal-most aspect of the metacarpals and the
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Disial |.l1:|"I[:|!.:1i.:|I'.{jc'il|
Jemnid {DIF

Frocomal mterphalangeal
et {1

Thurmaby, inclex, kg,
nneg, and shorl ‘-m_an*.:

Sesamaoid bone
= 151, @ngl, Jeck, A, Sth
mealacarals

™
{5 s r
&1 P kacArg
Cinpials
Likna shyloard
Rtlsrs sy I
A

Ol Py

Phalanges

2nd, 3rd, 4th metacarpals

Sth metacarpal

15t metacarpal

Radial siyloid

Ulnar styloid Epiphysis
Pronator fat stripe Physis
Ulna shafi
R Melaphysis
Radius shafl
Diaphysis
[

A: Right-hand oblique and postercanterior (PA) radiographs. Normal. B: Right-hand lateral radiegraph. Normal,
C;dl_eh-harbd PA radiograph. Normal physis, epiphysis, metaphysis, and diaphysis. The cartilaginous physis is a lucent area an a
radiograph.
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15t 2nd. 3rd. Aih. Sth melacarpals

Traperium
m - Trapezoid
Hamulus of hamate

- Capilate
Scaphaoid

- Triquatrum
B Pisilorm

- Lunate

“ Ulna siyloid
- Raduws styloid
B Ulnar noteh

Radius

™ Una

Right wrist PA [A],
oblique {B), and lateral [C) radip-
graphs. Mormal. Notice that the tip
of the radial stylod is distal to the
tip &f the ubnar stylowd and the radius
articulates distally with the scaphoid
and lunate carpals and laterally with
the ulna [ulnar or sigmoid motch)
The distal rachal articular surface
slopes toward the ulna and anteri-
oty {palmar). The distal ulna articu-
lates with the eadhus laterally and
wrist fibrocartilage distally. The uina
does not articulate direclly wath a
carpal. {conifmued)

phalaoges is the head, whereas the proximal portions are
the hascs, The centeal aspecis of these bones are the shafis.
Comunonly uscd hone 1erms such as physis, epiphysis,
meiaphysis, and dinphysis con be confusing 1o the novice,
but actually they are very simple. The locations of these
entities are demonstrated in Figure 6.1C). The physis (phy-
scal or cpiphyseal plae) is the growth plate as bone forma-
ton oceurs here. The epiphysis i the end of a long bone
andl contains @ secondary ossification center. The physis,
being mostly carnilage is the lucent part of a childs bone on
a raciograph and is the weakes: par of a growing bone, The
diaphysis (hone shali, primary ossification cenier) is the
long, thin center of a long bone and the metaphysis is
[ogateed berween the diaphysis and the physis. The term
apophysis is conlusing and merely refers 1o a secomdary
osilication center that dees not articulate with anather
heme anel does not contribute 1o bone length growth Gas an
epiphysis does), but, rather, 10 bone contour, A typical
example is the greater trochanter 0s seen in Figure 6,23
The wrist and forearm are common [racture sites,
especially in children. IF we are 10 understand amd rem
(ractures in these areas, o therough knowledge of wrist and
[orcarm anatomy is very imporgant, The appearance, loa-
tion, and vames of each carpal bone must be learmed as
well ag their relationship w the distal mdins and ol
These relaionships ane well visualized on sunadand PAL -
eral, anel abligue radiographic views of the weise (Fig, 6.2,

We generally obiain AP and leral views of the Trearm
in children and adulis (Fig. 6.3). Routine clbow radiographs
consist of AP and bneral views (Fig, 643, ba exieroal -
tion ohligue views of the elbosw may be reguesicd on occasion
(similar to the appearance in Figure 6.5A0 Radiographs of
the hmerus usually consist of A (Fig, 6,520 and Tueral
views, Generally, an AP radiograph is obined woevaluane the
shoulder (Fig. 6.58) and this iz supplememed by cither an
axillary or laveral view of the shoulder depending on local
praciice, Musenloskeletal anatonmy and disease can be nively
demonsizied by CT ancd MRI (Table 6.3, CT imaging is

Musculoskeletal CT and MRI indications

Computed Tomography

Boe detaal

Fracture fragmen evaluation
Bovine tuimar wnrkup

Magnetic Resonance Imaging

B mmarnoww 1|'|'|;l.gi1'l.g for oveult Trcture or
MeLIsEIsis

Soll tissue evaluation: Ligmnenis, tendons,
cartilages, anil vessels

(b unmar workup
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Rk Shylow)
Fuarin=

LR ]

Seaphod
Radal styloid
Lunate

Ui stybowd

Rachus shaly

Ll shalt

Radial ibicops)
luberosly
Rchial mock

Hadal hoad

LHna clece ancn

Digiboern —|

L atearial oyl

Mol opucondyle

= Sesamoid
bone

st
matacarnpal

= Tragazivm

Capitate
Seaphod

Trigualruim
Lunale

~ Anberior
tat pad

131 melacarnpal

= Scaphoid
- Lunate

Ulnar stylawd

— UUhna shall

Radius shaty

- Radial (biceps)
lubérosgily

~ Radial neck

~ Radial head

- Humarus trochlea
Uina clecranan

Humerus shalt
B

Right forearm AP (A) and lateral (B) radicgraphs. Normal, Note that in the corect lateral of the
farearm, both the elbow and the wrist are in the lateral position, The distal radius is large and the proximal radiys
5 small, whereas the distal ulna is small and the proximal ulna is large. The radius is far more important than the
ulna in the wrist joint, whereas the ulna is more impadtant i the elbow joint than the radius.
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Humerus

Olecranon fossa

Medial epicondyle

= Lateral epicondyle

- Ulna olecranon

- Lateral condyle (capitulum)
- Medial condyle (trochlea)

- Radial head
= Radial nack

= Llna

= Radial (biceps)
luberosity

Humerus

Anterior fal pad
Radius shaft
{coriex)
Radius head
Radius neck

Nna coronoic
Humerus iochlen

Joml space
(trochlea—oleceanai)

Ulna olecranon

B

IGURE 6.4, Left elbow AP (A) and lateral (B) radiographs. Mormal. The elbow is usually flexed 90 de-
grees to minimize the appearance of the anterior and pasterior fat pads. The dotted lire on B indicates the
ulna coronoid process.
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Clavicle

Coracoid process

Scapula body

Glenoid process

Humerus greater tuberasity
Humerus lesser uberogity

Acromion

Humeral head —
Bicipital
groove

Axilla

Humerus shafl

Olecranon lossa
Ulna clecranon

Radial head

Acromiclavicular joint
= Clavicle
Coracoclavicular joint
Acromion

Coracoid process

—Humeral head
— Graater ubarosity
= Scapula glenoid

Humearus surgical neck

Medial scapula border
-Riby
Seapula axillary border

Axilla

A: Right humerus AP radiograph with external rotation of the humerus. Mormal,
Thee right elbow is in an eblique position. B: Right shoulder AP radiegraph with external rotation
of the humerus. Normal. Note the prominence of the greater tuberosity,



capecially good [or bone detall, whereas MRI is ﬂnn:l [ sali
tisgue and bone marrow imaging, revealing edema caused by
e comtusions or subile [mcieres not seen on the radio-
graphs. MRI is especially helpful in displaying the soli tissue
strctures around joims such as shoulder rovaor cull anat-
oy (Fig. fub).

Distal phalanx

Haint {DIP)

joint (FIR)

metlatarsals

MNawicular

= Distal interphalangeal

Wedddle phatanx
~ Proximal interphalangeal

i~ Proximal phalanx
Sesamoid bones
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Right shoulder coronal T1 MR image, Marmal
except for mild esteoarthntis.

- Fat

Trapezius
Acromion

- Supraspinalus m

g~ Dalioid m

- Humeral head
Scapula glencid

Shoulder jgint

Mow we approach lower extremity radiologic inaging by
heginning with the Toot and moving ward the hip, The
standard views of the oot are AR lateral, amd obligue
(Fig. 6.7). Maming of the wes is far casier than that of the

Right Teot AP (A), ablique [B), and latecal {C)
radiographs. Normal. (continved)

1=t 2nd, 3rgl, dth, 5th

15t (medial) cuncilorm
2nd {imtermediate) cunedorm

- 3rd {laterall cuneiform
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[Continued)

Imgers. The hig we or grean 1oe may be reflerred 10 as the
hirest toe and the remaining wes are numbered sequen-
tially ending with the linde or the hilth we. Similarly, 1he
metatarsals are numbered sequentially with the great toc
articulaning with the lvrst metmarsal, the second e artic-
ulatimg, with the second metmarsal, and so forth, The
ankle s uswally imaged by Al lateral-, and, cither,
""i"ll'-ﬂ”-" or morise-view (a0 [O0-degree '|||||,'r|t:,||.|_'_.' rovlatedd
view ) radivgraphs (Fig, 6.3). MR] may be used Lo nmage
the ankle 10 detect soll rissue injury (Fig. 6.4

Distal and proximal phalanx
greal loe

Seszamoid bones

Base 5ih melatarsal

15t (medial), 2nd (intermediate ).
Ard (lateral) cuneiform bones

- Cuboid bone

Mawicular bone

Talus

Calcaneus

Tibia
Fibiila

- &l malalarsal

- Calcanaus

= Sesamoid

Radiographs of the tibia and Obula vsually consist of AP
and lateral views (Fig. 6.10).

Rowtine knee radiographs consist of AP and lateral
views and they may be supplemented by AP stnding radio-
graphs (Fig. 6,01} andfor oblique views. Axial, coronal,
and sagital magnetic resenance (MR) images of the knee
(Fig. .1 2) are commanly requested 1o evaluate injuries of
the knee, particularly, the nonosseous struciures, includ-
ing the medial and laterml menisci, anicular cartilage, liga-
ments, tendons, and muscles. Remember that ligaments,
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Fibula cortex

Tibia corlex
Tibia

Fibula

Ankle jaint - Tibiohibular articulalion

Tibiotalar joint
Medial malleaclus

- Lateral malleolus
Talus

- Medial malleclus (tibia)
Lateral malleolus (fibula)

™ Talus

Calcansus

Mavicular
B

Fibula

Tibia

g Lateral malleclus (fibula)
Medial malieolus (tibia)
Talus

Calcaneus

Mavicular

151 [madial) cunaform

Cuboid

5ih meiatarsal ! Left ankle AP (A), oblique/mortise
(B), and lateral {C) radisgraphs. Mormal. Mote how

Heel sofl tissues  the mortise view (B) allows improved visualization
of the distal tibiofibular articulation,
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Right ankle sagittal T1 MR
image. Mormal, Note that the calcaneal
{Achilles) tendon has a homogeneous low-
imensity (Back) signal.

Flexor halluos longus
musele

Tiia
~ Talolibial point

~ Talus

Calcangal (Achilles) lendon

-Calcaneus
Tibiahs antenor lendon

Mavicular

e Plantar lascia
- feticcd e cuncilorm

— 2ndl metalarsal

Femur

Intercondylar lossa k]

Tiia plaleau — Tihia plateau

Fibula head

Fibula neck Tibia tuberosity

- Call muscles
Fibula shall

Tibea shaft
Fibula shalt

Tibia shall

Medial malleolus (tilka)
Talus
— Lataral malleclus (hbula)

Fight tibiofibular AP (A) and latesal (B) radiographs. Normal,
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JIRE ST Right knee AP (A), AP stand-
ing {Ij. and lateral {C) radiographs. Normal.
{comninued)

Patelia

Mckiiuctor luboncle
Miedinl fomur cpicondyle
Lateral fermuor epiconidybo
Lateral femoral conddyle
Meediaal Tezemsoral corcbyle

Lateeal and medhal intercondylo
FIINENCRS (SPINes)

Lateral Wimal plateau
— Fibyla

Femur
Patella

Maedaal lemur epeondyie

Lateral lemur apucondyle
Lateral femur condyle

Intercondyloid lossa
Medial lemmer eondyle

= Latesal and medial hbaal
intercondylar eminences

Joint space (lateral)
Titna

Fibula heead

Fibula neck
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{ Conninued)

tendons, and vessels have a low-intcnsity signal or appear
black on MR images.

The femur and the hip joint are radiographed in the
AP and lateral views (Fig. 613} A cross-table lmeral view
ol the hip is irequently obtained in a trauma seiting as scen
in Figure 6.686.

A: Right knee proton-
dense sagitmal MR image. Nosmal an-
terior cruciate ligament in a 36-year-
otd man.

- Patella
Medial lemur condyie

Lateral fermur candyle
Lateral intercondylar eminence
Medial intercondylar eminence

Titna plateay

Fibula head

Fibaula neck

Tena tuberosily

Filrula shafl

There are several osseous variations of normal that can
cause conflusion lor the novice (Table 6.4), One such varia-
tion of normal is the sesamoid bone, which is merely a nor-
mal extra bone, usually within a tendon. Sesamoids occur at

Famur carlex

Anterior cruciate ligament

= Tibia cortex
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A - c
(Continued) B: Right knee proton-dense sagittal MR image in the same patient. Mermal posterior cruciate liga-

ment. The pastenor cruciate ligament (arrow) is more homogeneous and has a lower-intensity signal (blacker) than the anterior

cruciate ligament. C: Right knee proton-dense medial-sagittal MR image in a 32-year-old man. Bormal posterior hom (straight

arrow] and anterior horn (cunved arow) of the medial meniscus,

]

nunmerons sites and are commonly found in the plamar
aspeet of the foot near the head of the fiest metatarsal (see
Fig. 0.71 and in the palmar aspect of the hand near the head
ol the lirst and sometimes other metacarpals (Fig. 6. 14A-C:
Fig 6. 1A), where they are aciually located in the volar plate
rather than in a tendon, When you think abou i, the parella
is actually a sesamoid bone or a bone within a tendon,
Sesamwids function 1o decrease the moment arm and thus,
the work of a muscle. Thus, the guadriceps group of muos-
cles bevomes hyvperirophied 1o compensate for increased
work lollowing the removal of the patella.

Ossicles are another variant of normal, They are small,
supernumerary or exira bones lound in a varicty of places
i justaposition 1o the skeletal system and usvally named
alter the neighboring bone (Fig, 6.140), The hipanite or
multipartite patella (Fig, 6, 14E-G} is another cxample ol an
acceszory bone thal should not be mistaken for a lraciore.

Acelabulum

- Hip joint

Femoral head
Greater trachanier

— Intertrochanternc crast
B Obturatar foramen
— Lesser trochanter

Ischual luberosity

Gluteal falds

Fomur shalt corex

Normal Osseous Variations

Sesmmoid bones (locmed within o wendon, voe., the
patellnd

Ossicles (exira small ones)

Supernumerary cpiphyses

Conlitiona/fusions

Bone isluls

A
! A: Right hip and proximal femur AP radiograph,
Hormal, {contimsed)
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{Continued) Left hip AP (B) and
frog-leq lateral (C) radiographs. Mormal, See
Figure 6.68B for a tree lateral of the hip,

The condition results when vne or more of the paiellar ossi-
ficavion centers fail 1w fuse with the main patellar body. The
result is that the patella has two or more sections and this
male predominam variam occurs superolaterally approxi-
mately 75% of the time. Epiphyses can vary in appearance
and in their number of vssification centers and still be nor-
mal (Fig. 6, 141.1), A sometimes confusing variant is a
prominent scaphoid wubercle. This prominence can be mis-
taken for a fracture by even experienced clinicians,

Sacroiliae joint

liopectineal line
liipischial line

Acaetabular im
Femur head
Femur head fovea

Greater trochanier
Intertirochanteric crast
Femur neck

Obturator foramen
Lesser iroechanter

Famur shaili

— Acelabular rim
Hip joint space
Anterior acetabular fim

Greater trochanter

Posterior acetabular rim

Interrochanteric crest

Lesser rochanter

Ischial tuberosity

Osseons congenital anomalies are not upcommon and a
few of the many variations are listed in Table 6.5 and
shown in Figures 6.15 10 6,20,

Coalition refers io the ailure of segmenmation of bones
during development, resulting in a congenital lusion. This
fusion may be bony or fibrous, Commen locations invelve
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c

FIGURE 6.4, Left wrist PA (A), lefi-hand oblique (B), and lateral {C) radiographs. Multiple sesamaicls
[straight arrows). Bone islands (curved amews) are present in the head of the fifth metacarpal and the capi-
tate, and they have no clinical significance. D: Left foot AP radiograph. Os thiale externum (black amow) and
os peroneum (white amow). (continted)

182
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(Continued) Right knee anteror radiograph (E), tangential radiograph of right
patella (F), and axeal fat-suppressed MR image (G). Bipartite patella. Mote that the patella has bwo
sections, and the accessory bone (arrows) usually lies superior and lateral to the main body of the
patella.
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H c
1. {Continped) G: The axial image shows the continuous cartilage over the assification center

(arrows) differentiating it from a fracture, which s rare in this superolateral position. H: Right wrist PA ra-

diograph. Normal distal right radial epiphysis spur, This 21-year-old woman fell and had a painful wrist, This
spur (amow] is a variant of normal and must not be confused with a fracture. 12 Right ankle AP radvograph.

Accessory epiphysis near the tip of the distal tibia epiphysis in the region of the medial malleglus {arow),
This is a variant of normal,
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Left wrist PA and oblique radiographs. Congenital fusion, There is coalition of the lunate and triguedosm

(sraighr arrow) and a prominent scaphoid tubercle (cunved arrow). This tubercle should not be confused with a fracture

Cempare with the normal carpals in Figure 6.2,

the lunate and riquerrum in the wrist (see Fig. 6.15) and
the caleaneus and navicular or the calcaneus and alus in
the oot (see Fig. &, 16).

Osteogenesis imperfecta is a congenital, nonsex-
linked. hereditary abnormality with several varians of pri-
mary delecis in collagen synihesis causing deficient bone
matrix. These patients have bones (Fig, 6,200 that are I'rag-
ile, fraciure easily, and are often deformed. Achondroplasia

is @ hereditary, ofien caused by spontancous mutmion,
autosomal-dominant anomaly manifesicd by shortened
long bones which resulis in this quite common Torm of
dwarfism (Fig. 6.21)

The hip joint is the most common site of congenital
dislocation and there is a strong lemale predominance.
Developmental dysplasia of the hip (DDH), formerly
known as congenital dislocation of the hip or congenital

&

e o

Lateral radiograph of the left ankle (A) and coronal CT image (8). There is a prominent C on the radiograph
tarraws). Compare with the nommal lateral in Figure &.8. The coronal CT clearly shows continugus bone bridging {armow) between

the talus (T) and calcaneus ().
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' Lett-hand PA radiograph (child). Polydacnism, There are
two thumbs and one first metacarpal. One thumb has three phalanges
(strafght arrows) and the other thumb has two phalanges (cuvved amows),

- Two thumbs

18l matacarpal

Capatale
Hamate

Triqquelrum
Distal radius epiphysis

Distal radius physis

Humeris

L Gbeciarnon

111 Left forearm pronated, oblique radiograph. Absence of Fight humerus lateral radiograph. Supracendylar proc-
the radius, first metacarpal, and thumb. This G-year-old had left hand o55 or spur {arowd. It is usually located in the anteromedial aspect of
and arm deformity at barth, thie distal humenss.
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Patalla

Tibia

Fibula

-

Left tibia and fibula lateral radiograph. Osteogenesis
imperfecta, There is a healing, apex posterior, left tibia fracture (arrow).
Hote the thin serpentme appearance of the fibula and generalized
OS1BOPOIOSIS.

hip dysplasia (Fig. 6.22) is usually diagnosed in infancy.
DDH is an aequired abnormal development of the hip joim
resuliing in an abnormal acetabulum and femoral head
owing o displacement of the femoral head deforming the
acetabular cartilage, The lemoral head usually displaces
superiorly but can displace posieriorly, The acetabulum
becomes shallow and the angle of the femoral neck
berween the femoral head and shal is widened.

Twes hip problems that can cause conlusion are
-.'1i|2l|}|.‘d !’.‘.‘ti)i[.LI leemoral ur:i|}]1}'ﬁi5 {(SCFE) and Lepp—
Calvé=Perthes disease (Table 6.6). SCFE (Fig. 6.23) is a
hip problem that occurs during adolescence and s olicn
associated with hip pain, The ctiology is not understood,
b 1here miay be a history of trawma. 1L is more comimsan
m bovs than girls and those who are overweighe,
Apparently. the physis becomes weakened during 1he

Some Congenital and Acquired Bone Anomalies

Upper Extremity

Supernumerary digits or polydaciylism
Missing bones (fingers, radius)

Coalition (carpals)

Large digits or macrodactyly

Supracondylar process (humerus)

Lower Extremity

Polydactylism

Caoalition (calcaneus with 1alus or navicular)
Developmental dysplasia hip
Legp—Calve—Perthes discase (avascular necrosis)
']':ll'i|'.u:5 equinovarus (club foot)

Pes planus ([lat foon)

Generalized
Osteogenesis imperfecta
Achondroplasia

Pelvis and lower extremities AP radiograph, Achondro-
plasia. The prosimal long benes are shorter and wider than nommal,
especially the proximal tibias (straight arrows), The iliac bones ame
rounded and the acetabula are flat {curved arrowd.
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Spina bilida occulta (sacrum)

Gonadal shield

Pelvis AP radiograph, Developmental dysplasia of the right hip in a 14-year-¢ld. The right hip is
abnormal with a flattened femoral head (siraight arrow) and a poorly formed acetabulum {curved arrow). Compare
the right hip to the normal left hip and note how the femaoral heads remodel to conform to the shape of their cor-

responding acetabulum,

rapid growth around puberty. The radiographic lndings
show the Temoral head slipping or displacing posicriorly,
mecially, and inferiorly relative 1o the lemoral neck. The
proximal epiphysis becomes widened. Mild cases may go
tcletected and present with an car]irr—llmn-l:xpl:'clﬂl
onset ol steoarthritis.

Lege-Calvé-Perthes discase (Fig. 6.24A) is a form of
avasculor necrosis (AVND, and the etiology is unknown, I
may be relerred 1o a8 osteochondrosis or coxa plana. It
typically ocours in a boy hetween 3 and 10 yvears of age
whas complains of hip pain and walks with a limp. The hip
pain may be relerred 10 the ipsilateral knee. Radiographic
Indings vary but may include increased density of the

femoral capital cpiphysis, femoral head Manening, rrefac-
tivn (bone  demineralizavion) of the memphysis, ol
medial joi space narrowing, o general, AVN, osteone-
CIOSis, OF aseplic necrosis can ocour in any joing (Fig.
(.240,C) and can result from multiple other etiologies.
Some ol the other cavses of AVN are listed in Table 6.7.
The typical hndings are sclerotic bone changes on one side
ol a joine that may go on w frcwere, fragmentation, and
eventually 1o collapse. MR {Fig. 6. 24C) has proved par-
ticularly uselul for the dingnosis of AVM assisting in deci-
sions for initiation of renment prior 1w swliogragphic
changes and predicting subsequent long-term complica-
tivms such as early onser of arthrits,

Pelvis AP radiograph. Bilateral shpped
cagital femoral epiphyses (SCFE) in a 15-year-old with
chranic renal failure and on diakysis. The capatal {proxi-
mal} femaral epiphyses (steaight avrows) are displaced
from their normal anatomic position. Usually, they
are displaced inferiotly and posteromedially. Thene
are monitoring electrodes prajecting aver the pelvis
{curved amows).
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Hip jrant

Fermoral hvad

Greater frochantor

- Lesser trachanior

Femur shall

c
RS Az Pelvis AP radiograph. Legn-Calvi-Penhes. disease. The rght femoral head is normal. Note the imeqular con-
tour, flattened articular surface, and increased density of the left femaral head {single straight armav). The left hip joint space is
widened {rurved arrow). The left proximal femoral epiphysis is widened (double straight arrows), and the metaphysis is irregular.
Note that the acetabulum is normal, B: Pelvis AP radiograph. Bilateral femoral head avascular necrosis of unknown eticlogy in
2 42-year-old man. Both femoral heads (stralght arrows) are sclerotic in appearance, and the right femeral head s deformed
because of mild collapse or fracture. The right hip joint is narrowed laterally (curved arrow). €= Coronal T1-weighted MRI, Femaral
head osteanecrosis in a patient on chronic steroids. The crescentic area formed by low-signal lines {straight arrows) represents
the infarcted regions. The left hip has a large amount of low-signal edema (curved arrow), suggesting a more acute infarction.
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Comparison of Slipped Capital Femoral Epiphysis (SCFE) and Legg-Calvé—Perthes

Disease (LCP)
Feature SCFE LCP
Age Adolescence 4=10y
Gender Boys more than girls (uswally Boys more than girls
overweight)
Etiology Unknown (usually diring Unknown
growth spurt)
Symploms Hip andfor knee pain Hip or knee pain and limping
Radiogeaphic Epiphysis slips posierior, Flat and selerntic epiphysis. Wide,

meclial, and inferior 1 the
[emoral neck. Early onset
arthritis in adulibood

Extremity fraciures are very common, so now is the time
ton dliscuss fractures in general. The initial imaging modal-
ity o evaluate for fracture should be a radiograph, Beeoause
a fracture or other osseons abnermality may be visible on
enly eme of the radiegraphs, we olwein at least two views of a
bwone o joine which are 90 degrees opposed to each ether. Give
yoursell every opportunity 1o detect a fractare or other
abnormality by abtaining as many views of an arca as is
praciical. Never accept just one radiographic view of a loae
or foint, When there is persistemt concern for a fraciure
and the radiographs are normal, a clinical assessment is
then needed. In many circumsiances, the area of concern
vin be immaohilized for a week and repeat radiographs
vhiained 1o see whether an oceult feacture has now become
visible. Cher Iraciures are of such clinical importance that
it is important o find o right away. The classic example

A Partial List of Avascular Necrosis Etiologies

Steroids (endogenous or exogenous) and anti-
u'l!l:lll'lrlmlur}' dru,g,:i

Trawma including lraciures and dislocamions

Sickle-cell anemia

Hemophilia (sy novitis and elevaned inrea-anicalar
[pressure)

Alealol

Systemic lupus erythematosus

Renal transplant

Infecting

Pancreaitis

slightly Mattencd Femral head
with similarly shoped
acctabulum in adulihood

is & hip lrcture in an elderly patiem Tor which an MRI
should be obiained il the inivial radivgraphs de non dem-
onsteate a fractare. Some clinicians may get a CT scan of
the hip because i is more readily available, b be wary of
a negative scan in an clderly patient as these, o, may be
falsely negative with a nondisplaced [rciore, CT scans
are, however, the screening method of choice for cervical
spine [ractures and are often used o beter define fraciures
in many lecations prior o irealment.

There are other rules of thumb w keep in mind,
Paired Bones such as the rading and wlia rarely have an
isnlated fracture; look closely for an associated Teacture or
a dislocation of the ether bone at its proximal or distal
joint, Structures that lunction as a ring, such as the pelvis,
the mandible (with the facial bones), or the bones sur-
rounding the ankle joing, also usually Tracture in more
than one spot, There are several fracture patterns than are
vepical and common, learn o look closely ar the commuon
lecatioms for [raciures.

In general, Iractures can be conveniently divided inwe
twor major clinieal categorics,

L. Closed fracture means that there are bome Tragmems
amed the skin is inac.

2, Open fracture means the skin is nor imact near the
fracture. An open [rctere oecurs when the skin has
been penetsied by one or more of the bone Tragments
or by a penetrating loreign body.

Many terims applicd to factures are very deseriptive
aiel guite specilic (Fig, 6.23A,B). Examples of straighilor
weard commum terms for describing fraciures include the
[l lovwinng

simple. Two significant Irciure Iragmems with a single
frature pline.

Complex or commminuteal, meaning the fractore ends are
somshed inte muliiple large picees, Ting bone fragmenis
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5 A1 ﬁ;i =
Xg N ‘\&

A Transverse Spiral

Obligue

B Distracled

Owarriding

|

‘ I

| |
|

||/u

Greenstick Comminuted

[+ Torus

A,B: Some common fractueres and the terms used to describe them and their alignment. € Common
descriplive terms for fractures which are not simple. lllustration by CBoles Ar.
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(=] Fracture lhruugh physis Fracture through Frachune throwugh
physks and melaphysis physis and apiphysis
LY v
Eraciure lhaugh Fraciung wilh
physis, mataphysis comprassions and cnishing
and malaphysis al phiysis

::;5?‘.

Hf ’ .

s
\

E Medial disptacament Lateral displacemant Valgus or apex medial Vs of apex laleral
anguiaton angulation

[Continued) D: The Salter-Harris classification of physis Fractures. E: Hlustrations. of the nomendlature
used to describe fracture displacement and angulation, lustration by CBoles Art.
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are not considered Iraciure fragments because they are
clinically irrelevam, A good way 1o think abowut this is 1o
determine il a major tendon or ligament is auached or
il the hone piece is large enough 1o secure with a screw,
then they are comminuied fractures.

Spiral, transverse, ohligue.

Nondisplaced.

Owverniding.

Distracied.

Angulated,

Offset, or displacement. usually deseribed by the per-
cemtage of the fraciure fragments abutting or wuching
cach other.

Some deseriplive fraciure terms (Fig. 6.25C) that are
not quite so obvious include the following.

Torus fracture {ofien involving the distal radius) looks
like the bump a the base of a Greek column and has
nothing to do with a bull. This is an incomplete Trac-
ture that occurs i children. The bump is created by a
buckling of the lexible bone corex without an obvious
fracture line,
Greenstick fraciure describes a bone that fractures by
hending like a green iwig and is also incomplete.
Pathologic raciure is one that passes through abnormal
hone such as a metasiasis, a primary bone tumor, or a
bone cysi.
Stress, o [atigue, fractures are secondary 1o unusual or
excess stress, for example, tibial fraciures in runners
who overdo it.
Insufficiency fraciures describe fraciures in bone with
decreased sirengih. for example, caused by osteoporo-
sis. Such a fracture may resull from a normal siress such
as merely walking across a room.
An avalsion fraciure is usually a fraciure thay ocours at
the site of a tendon anachmenmt. This [racture resulis
when the tendon and muscle remain intact while the
hone gives way (avulses) at the site of the tendon attach-
ment 1o the bone.

The salier—Harris classification of fractures {Fig. 6.25D)
is helpful in describing and understanding lraciures around
a physis. The classification of basic five types has been
cxpanded in recent years, buil remains the standard. The
higher 1he grade of Salier=Harris fracture, the more likely
there is to be premature [usion of the growth plate. Remember
thae the physis represents the weekest point i a bove,

Type 1: The lracture involves only the physis,

Tepe 1 The lraciune involves the physis and metaphysis
and is the most common.

Type 1 The fracture involves the physis and epiphysis.

Type IV: The fraciure involves the physis, metaphysis, and
epiphysis,

Type V2 The lraciure invalves only the physis, b there is
compression of the physis. This vpe is less common, ban
mere serious than type | becanse there is a high risk ol

the physis fusing as the [racture heals. As a resull, the
bone stops growing and the limb is shorer than the
opposite side.

When describing the position ol displaced [raciure
fragmenis, we use another ser of 1erms. Traditionally, the
distal fragment is described relative 1o the proximal frag-
ment. This means that il the distal part of the lraciure is
displaced oward ithe midline of the body, it is displaced
medially. One may substitue medial with volar, dorsal,
radial, ulnar, or any other appropriate direction of dis-
placement. The same concepr may be used o describe
angulation, Unfortunately, much confusion can be created
by the nomenclatures for lracture angulation. A (raciure
described as medially angulaied by one nomenclature
{using the position of the distal fragment} may be described
as laterally angulated by ancther nomenclature (using the
[racture apex), You can sce where conlusion may arise! An
alicrnative uses the word “apex™ of ihe angle created by
the fraciure fragments as the key. I the apex of the [aciure
fragments poimts laterally, the [racture is described as
“apex lateral.” | prefer using the word apex in the descrip-
tien so that everyone undersiands which system is used
{Fig. 6.25E). Varus and valgus anguluion are other com-
mon erms o describe angulation (Tavored by many o
avoid unnecessary confusion) and are also illustrated.

The rate a1 which a [racture heals depends on the fracture
site, 1ype af [mere, displacement, patient age, adequacy
of immobilization, nutrition, and presence or absence of
infection. When a fracture securs, there usually is an asso-
ciated hemorrhage into the fraciure site with subsequent
hematoma formation around and between the fracture
fragments. The fibrin in a hermatoma seeves as 2 frame-
work [or libroblasts, osteoblasis, and a general infllamma-
1oy reaction. Bone manrix or esieoid appears in the repair
process after a few days, and this is called soft callus or
provisional callus. The solt callus is not visible on a radio-
graph. As calcium salis precipitate in the soli callus and
new hone grows, this is called callus. As the callus gradu-
ally becomes denser, it becomes visible on a radiograph.
Evemually, the callus becomes solid and bone union is
established between the fraciure lragmenis.

In a few days lollowing a fracture, some absarption or
removal of bone occurs as a pan ol the repair process near
the ends of the lraciare [ragmenis. Because of this bone
resorption, the fracture line becomes more visible on
subsequent radiographs. This explains why some subile
fractures may not be visible on radiographs obiained
immediately following injury but hecome visible approx-
imaely 7 10 10 days lollowing injury.

Sell-explanatory terms wsed 1o deseribe problems in
the fracture healing provess include the following.

Monunion—although this term can be somewhat con-
[using since nonunion implies that there is continued



metien beiween [raciure [agmenis. A bone may not
have well-lormed hone across the fracture, but the non-
Buome or hbrous union may prevent motion, You may
see the phrase “no radiographic union” as a lracture
may he clinically healed (no pain, no motion across the
fracture).

Delaved union.

Malurnion.

Fractures of the hands result Trom a wide variety of activ-
nies. Some fraciures and injuries are so obvious that the
average person could readily spot them on a radiograph
(Fig. 6,26}, Sulule leactures can involve any bone and are
commoen in the phalanges of the hand (Figs. 6.27 and
6.28), Joimt dislocations may oceur in almost all joins,
and the band phalangeal joims are commaon dislocation
sites, often related o sports (Fig. 6.29), Mewcarpal frae-
tures arc also common, and fraciures of the lifih mescar-
pal often result from punching a solid object (Fig. 6,300,
These Tractures are appropriately called boxer Traciures
although they clearly demonsirate an amaleur siins
because professionals would strike wsing the second andd
third meracarpals. We will review some other Tregquemly
encoumered lmctares of the upper extreminy.

The muest commuoenly lmetured carpal is the seaphoicd
(Fig, 6.31) The carpal scaphoid is occasionally relerred 1w
as the movicudar G arclanie erm) by elinicians, bat it is cor-
rectly termed the scaphoid. “Seaphoid™ avobds conlision

= Drassing

Ulna
Radius
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FIGHRE 6076, Left-hand AP radiograph. Obvious severs hand
injuries secondary to a corn-picking accident. The phalanges
are essentially missing and there are fraciures of the metacar-
pals and carpals.

Metacarpals

- Capilate
Scaphoid
Lunate

Dressing

Left thumb PA (A) and lateral (B) radiographs, Com-
11'u|‘|||:te~d fracture (straight arrows) that extends to the articular surface
of the interphalangeal joint (curved arrow). There is mild apex palmar
angulation at the fracture site (double arrows),

A
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Right index finger lateral radiograph. Mallet finger. The
distal phalanx demonstrates a slightly flexed attitude due to fracture
(o) at site of the insertion of the extensor digitorum mechanism,
The foss of the extensor mechanism continuity with the distal phalanx
allowrs the distal phalanx to assume a flexed position or a mallet finger.

with the rarsal navicular in the foor. Scaphoid fraciures
result from the injury lines of [orce being transmitted along
the long axis of the thumb, and the majority of these frac-
tures are located in the scaphoid waist. Because of the loca-
tien of its blood supply and variable arterial branches,

Lefi-hand PA radiograph. Dis-
lpcation at the proximal interphalangeal (PIF)
jomt of the left long finger. The middle and
distal phalanges are completely dislocated
relatve to the proamal phalane There are no
fraciunes,

¢ Right-hand PA oblique radiograph. Boxer or Saturday
night fracture, The apex dorsal angulated fracture (arrow) is through
the neck of the right fifth metacarpal.

scaphoid [raciures may develop complications such as
nonunion and AVM, which may result in secondary devel-
opment of arthritis. These complications are more apt 10
occur when there is delayed diagnosis and delayed or inad-
equate treatment. Ifa scaphoid fraciure is suspected but the

Index finger

- Middle phalanx

Proximal phalanx

Distal phalanx

Thumb

drd melacarpal

Sesamoid 151 melacarpal
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Right wrist PA radisgraph. Essentially nondisplaced
fracture (arrows) of the scaphoid waist.

B
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initial rdiographs are negative, additional radiography, CT,
or MR is indicaed if casting and repeat radiograph in |
week is not practical (Fig. 6.32),

Using arms and omstreiched hands w cushion falls
oflten results in fractures abaownt the wrist, Whereas voung
adulis typically fraciure the scaphoid, children and older
adulis are more likely w Trncture the distal radios and
ulna. One such commaon fracture is called the Colles frac-
tre (Fig. 6,330 I is imperative o reduce these fraciured
baones as close w their normal amatomic alignment as pos-
sible. Anything less than anatomic realignment may resub
in a painful andfor poorly Tunciioning wrist, Therelore,
it is important W know thn the radial stvlodd tip is ©w
1.3 em distal 1o the ulnar stvloid tip and the disial mdial
articular surlface slopes 15 100 35 degrees woward the ulina
and 10 w0 25 degrees volar or anteriorly,. Anatomic redue-
tion may not be necessary in the nendominant hand of a
person, where “less than anaomic™ mav sl lead 1w oa func-
tiomal owtcome. Children, of course, have a remarkable
ability w remodel and anaomic realignment is nen usually
needed, depending on the age of the child. Tn e, woavoid
furure limb length discrepancy, anatomic realigniment may
be puarposcly avonded,

IURE 27 As PA cblique radiegraph of the scaphoid. A prominent scaphoid tubercle is seen (arow) and obliteration of
normal fat next to the bone, but no definite fracture is seen. B: Fat-suppressed T2-weighted ME image f'_f the scaphoid reveals
edema and a fracture line (arrow), which does not extend through the medial margin consistent with an incomplete fracture.
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A

Right wrist PA [A) and lateral (B) radiographs. Colles fracture. There are fractures of the distal radius (armows)
and the ulna styloid (armowhead) with dorsal tilting of the distal radius fraciure fragment. The pronator fat swripe is obliterated
when compared with Figure 6.18. The ulna styloid is not displaced. Mote that the radivs is slightly impacted with its articular
surface proximal to the ulnar head. Reduction will try to bring to neutral or restore the volar (anterior) 1k,

A subtle fracture in the disial forearm of children is the force may creme an incomplete or greenstick fraciure
the worus fraciure (Fig. 6.34). As mentioned previously, (Fig. 6.35A B}, so named because a “wreen” or [reshly cut
torus does not refer 1o a bull but rather the convex maold- stick will not break through and through when bent as a

ing/projection (lorus) located a1 the base of a classical col-  dried ane will. However, most Tractures of the radius and
umn. The torus fracture on a radiograph usually appears as ulna that are encountered in practice are much more obvi-
aminimal bump on the bone withow a visible lracture line.  ous (Fig, 6.35C<E).

It represents a buckling of the bone cortex since a childs Elbow [ractures (Figs. 6.36-6.38) and dislocations

bones are more elastic and able 10 bend. On occasion,  (Fig. 6.39A=D) can occur when children and adulis fall

A: Left wrist PA, oblique,
and lateral radiographs. Torus fraciure
{ammowes) or a nondisplaced fracture of the
distal left radius. Left wrist PA (B) and lat-
eral (C) radiographs. Healing left radius
torus fracture & weeks following the radi-
ograph shown in A, The dense white 2one
{arrows) is the typical appearance of a
healing fracture, D Right wrist lateral ra-
diograph in a younger child demonstrates
a more obwious tones fracture (armow).




(Continued)

- Radius physis
— Ulna apiphysis
Uina physis
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o

A AP view of the night clavidle shows a greenstick
fracture of the supenor cortex of the davicle (avoswv). Note the
open physis of the humerus indéicating the young age of the pa-
tient, Right forearm AP (B) and lateral {C) radvographs. Complete
transverse fractures [amows) of the distal shafts of the radius and
ulna in 3 15-year-obd. There is mild apex volar, or apex antenmor,
angulation at the radies fractwre site, The fracture iragments in the
ulna are mildly offset. D: Right forearm AP radiograph. Healing
fractures (strarphr arrows) of the radius and ulna in a young child,
The fractuges are remodeting to near-anatomic alignment and the
curved arrgwvs indicate penostead reaction and new bone forma-
tion. The fracture lines ane not wisible, suggesting early bone wnion,
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- Trochlea and capitulum
epiphyses

- Radius epiphysis and
physis

Left elbow AP (A) and ateral (B) radiographs. Radial neck fracture. The straight arows indicate the site of the
fracture and the radial head is tilted laterally on the AP view. The fracture is very difficult to see on the lateral view (straight ar-
rows). A positive fa1 pad sign is faintly visible posterior 1o the distal humerus (conved arrow) on the lateral view and this ahways
means that cne should carefully evaluate for a fracture. A visible fat pad anterior 1o the distal humerus is normal so long as it is
not overly prominent (see Fig. 6.4),

A B ] "

S B
Left elbow AP (&), lateral (B), and oblique {C) radiographs. Fracture of the radius neck. The patient
fell from a bicycle and complained of a painful elbow: A fracture is not definitely visible on the AP and latera| radio-
graphs; however, it should be strongly suspected because the anterior fat pad (straight arows in B) is more prominent
than normal and a posterior fat pad (curved arrows) is present, The fracture {arow in €} can be clearly visualized on
the oblique radiograph. This demanstrates the imponance of obtaining multiple views of a suspected fracture site and
reiterates the significance of a positive posterior fat pad sign and a prominent anterior fat pad,



[Conrinued)

dircetly om their elbow or on an extended arm or hane. In
gencral, children are more likely 1o have a supracondylar
fracture of the distal humerus and adulis a radinl head
Iraviure. Dislocations of the elbow are named lor the diree-
v the radius and wlna dislocate relative 1w the humerus,
When the radins and wlna dislocate posterior o the
Iumerus, i is a posierior dislocation.
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The radiographic anmomy of the elbow 2 compli-
catedd. This is cspecially true in children hecoanse of the
presence or absence of multiple ossilication centers. When
in doubt aboul an elbow fractine or dislocation, the monin-
volved elbow ey occasiomelly be useful for comparative prr
poscs (see Fig, 6.38). This principle of comparative views
applics to all arcas of difficali anatomy,. However, kniowl-
edpe of the anaomy and ordered development of the ossi-
fication and subscguent fusion of the physes are Tnocda-
memially  more  imporan,

Mote tho fractures and
dislocations of the elbow can be o threm o the brachial
artery because of its proximity o the disal lnmenis (see
Fig. 6.39E),

Soll tissue injuries 1o the elbow may be more dillicnln
1o assess on radiographs. Although a biceps wendon war
may be obvious climically due o the bulge of a retracted
mnscle (Fig. 640A), an MR stody can demonsirate how
far the wendon is reracted and some degree of the srrw-
tural imegrity of the wren endon (Fig, 640061 MEE is also
[reguently used 1w assess wendons and the wlnar collaeral
ligament of the elbow, particalarly in throwing athletes,
such as baschall pitchers (Fig. 6041).

A very common injury o the shoulder oceurs whena
semior trips on the rug or stairs, 11 they land on their
cxtended hand amd do not fracture their wrist, they may
sustain a lractiure of the surgical neck of the homeros (Fig,
.42}, Generally, this is very casily ircated with a sling or
a light, hanging cast bt muay reguire an extended time for
healing due wonhe patient’s age and the lewer stresses com-
parcd e a weight-bearing bone. A similar fracture can
aiccur through the physis of the proximal humeros in chil-
dren (Fig. 6.43).

A Left elbow AP radi-
agraph. Avulsion fracture of the medial
epicondyle epiphysis (straight amow)
in a 13year-old There is consider-
able soft tissue prominence (curved
arrows), probably due to edema and
hemorrhage secondary to the avulsion
fracture. Remember that the pronators
and flexors of the forearm attach to
thie medial epicondyle and the exten-
sors and supinators to the lateral epi-
condyle. B: Right elbow AP radiagraph
for comparison, Mesmal. The medial
epicondyle epiphysis (straight arrows)
is mormal, {confinueed)
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(Continued) C: Right elbow ob-
lique radiograph. Bucket-handle fracture of the
distal humerus {curved amow) in a 14-month-
old child, Bucket-handle=type fractures can be
found in child abuse situations. The siraight
arraws indicate penosteal reaclion that aecurs
as a part of the healing process.

Humarus

- Capilulum epiphysis

Ulna

Radus

Left elbow (A) and right elbow (B) lateral radiographs. Anterior dislocation af the left {arrows), The right elbow
lateral radiograph is normal and was obtained for comparative purposes as elbow anatomy may be especially difficult in chil-
dren. Note the significant difference in position of the proximal left radius relative to the left humerus compared 1o the normal
nght proximal radius relative to the right humerus.
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' {Contirued) Right elbow AP {C) and lateral
(D) radiographs. Posterior dislocation of the elbow in a 23-
year-old. The prosamal ulna and the radial head are poste-
rior o their normal articulations with the distal humens
and this is best appreciated on the lateral view, There are
no fractures. E: Left elbow lateral angsogram. Fracture-an-
terior dislocation of the left elbow in a different patient.
The radius and ulna are dislocated anteriorly relative to the
humerus and there is a comminuted fracture of the ulna
olecranon (arows). The brachial anery is displaced anteri-
orly by the dislocation and the associated soft tissue edema
and hemarrhage.

203
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Biceps tendon tear, A:
Lateral radiograph of the right distal
humerus reveals a prominent soft tissue
bump (amowd). B: Sagitial T2-weighted
MR image demonstrates the retracted,
torn biceps tendon (armow). The level of
its normal attachment on the radéal w-
berosity 5 marked by an astensk and the
amgunt of retraction can be measured.

lta

A: Right elbow shom tau inversion recovery (STIR} MR coronal image. Tendinopathy and partial tear of the com-
man extensor tendan (armaw ). This is sometimes mistakenly called lateral epicondylitis. B: Right elbow coronal far-suppressed
T2-weighted MR image of a tear of the humeral avachment of the ulnar collateral ligament {arraws).
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Acromion (scapula)

Coracoid procass (scapula)

Gilenoid cavity

Humearal head

Scapula coracoid
Process

Humeral head

Glenoid cavity

Acromion

A: Left shoulder AP radiograph. Fracture {arrow) of the humerus surgical neck with offset of the fracture
fragments in a 19-year-old patient, The humeral head is rotated and subluxated medially on the AP view resulting in an
abnormal relationship between the humerus head and the scapula glenoid cavity. B: Left shoulder axillary radiograph of
the same patient as in A. The central x-ray beam travels through the axilla to demonsirate nicely the offset fracture frag-
ments [arrows). Mote that the humeral head now is in a normal relationship with the scapula. The scapula coracoid process
projects anteriorly and the base of the scapula acromion projects posterior 1o the glenoid cavaity on this view. Surgical

internal fucation was required.

Dislocation of the shoulder is another common
imjury that can oceur inall age groups. o the much more
commaon anterior diglocation of the shoulder, dhe homeral
head displaces medial and inferior o the gleneid caviey
on an AP radiograph and an i paction fracture of the
preater tuberosity, a Hill=Sach deformity, may result (Fig.
0,44 A=C), or the greater berosity may rwiure come
pletely (Fig. 64400 A dislocation is ofien very difficah

o dingnose on g single anterior view and an axillary or
seapular ¥ view should be obtained (Fig, GoAEED Tna pos-
terior dislovation, the J_'l‘|_|:|||.1'|m|.|l1.'r'.'l|. jorimt wlien appears
slightly widened on an AP view (Fig. 6.45A) while over-
Laps wof the humerus and gleneid is seen on the oblique, or
Cieashey, view (Fig, 0458) CT can assess lor Traciures
ol occasionally discover an unamtivipaned dislocation
(Fig. 6.A43C). Amerior distocation of the shoulder is muoch
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Left shoulder AP radiograph. Salter |
fracture {arrews) through the proximal physis of the
left humerus in 3 15-year-old patent. The patisnt fell
an an outstretched arm. The major clue 10 the presence
of a fracture is that the physis width is greater than
narmal. Be careful not to overcall the normal physis a
fracture (see Figs. 6.44E and 6.49),

Ar Left shoulder AP radigraph. Anterior
dislacation of the shoulder withaut fracture. The humersal
head s inferior to the glenoid cavity and not rotated; this
15 the classic positson of the humeral head in an anterior
dislocation. The intertubercular (bicipital) groowve is well
visualized and within it rests the tendon of the long head of
the biceps brachii. B: Left shoulder axial CT of an antenor
dislecation. Mote how the humeral head (H) may impact
the glenodd {G).
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more commen than a posterior dislocation. Associmted
fractures of the humerns or scapula snd motator coll wars
may occur, however, neural and vascular injurics are
initich less frequent.

Oeeasionally, a gsevere humeral head feacture or other
discase process of the proximal humerms necessinaes
shoulder prosthesis (Fig. f.46), Fraciures ol the seapiba
are not common amd vsually result o o high-forcee
injury as in motor vehicle accidens. These are lreguently
evaluated by CT w determine whether the Iracinre involves
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IGURE 1. (Contimwed) C: Right
shovdder AP radiograph. Postreduction
study demonstrates a Hill-Sach deform-
ity {avrow) from impaction fracture, D: AP
radiograph of left shoulder. Antenior dis-
lecation wath fracture of the greater -
berasity (strarpht arrow). Note o fat-Tluid
bevel (cunved amow) on this upnght study.
Far from the marrow floats in blood
E: Scapular Yoview, Anteriod dislocation.
The coracond, acromion, and scapular
body form the imbs of the Y. The glenoid
(dashod circle) 5 located ot the imtersed
tign. The humeral head should contact
this intersection. Note the open physis in
this 17-year-old, not 1o be mistaken for
3 lracture.

the glenvid or the suprascapular noteh where the nerve
e the supraspinatus sl infespinaius muscle travels
(Fig, 6,47 Fraciares of the clavicle are very commuon, espe-
cially in ehildren who fall (Fig, 648). [hie most cormon
site for clavicle frwctarees is ot the junction of the middle
ael distal thirds.

MR is a poweriul gl lor evaluating shoulder rotanor
cull and the glenoid labrom (Figs, 649 amd 6.50). An
arthrogram is perfonmed by distending a join, wsually
with fuied that will provide comrast w the strnciares of
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A: Right shoulder AP radiograph. Posterior
drslocation may be overdooked as the shoulder joint may
appear normal or slightly widened. B: Oblique, or Grashey,
view of the right shoulder views the glenpid cavity in tan-
gent. There is clear overdap of the humeral head and glenaid.
Narmally, there should be a distinct joint space on this view.
C: Axial CT image of a left shoulder in a patient with a poste-
nior disbocation wath impaction. Note that, unlike an anterior
drslocation, it is rare for the entire humeral head to be poste-
rior ta the glenoéd.

interesi. MR arthrograms are especially helpful for evaluat-
ing tears of the glenoid labrum (Fig, 6.51). Ultrasound can
alse be used o assess the rotator cull, b reguires an
experienced sonographer and interpreter (Fig. 6.52).
Remember that MRI is also useful for bone marrosw and
can identify occult Iractures (Fig. 6.53),

Injuries e the feet are very common, as this is where our
bady meets the pround, See Figures 6,54 10 6.58 lor a

gallery of common oot injuries. When evaluating the
foon in young paticnts, remember that there is an apoph-
ysis al the base (proximal end} of the ifth metaarsal. An
apophysis is a growth center (like the epiphysis) tha
does not contribute o bone length, I aliers bone contour
and usually is not located in a joing but typieally has en-
dons avached 1w i, A laeral radiolucent line near the
luaase of the Blth metacarsal tn runs parallel 10 the long
axis of the mettarsal represents a normal apophysis (see
Fig. 6.54C), whereas a transverse lecent line at the bose of
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16 Right shoulder AP radiograph. Right shoulder prosthesis.
The prosthesis was necessitated by a severe old fracture deformity of the
proximal humerus.

Clpvwicie

Fight shoadkdar
prosihasis

Seapuly

i s

-‘:& Paotbasig shiny

Left shoulder AP radiograph (A) and aaal CT (B). Scapu-
lar fracture. The most important finding is involvement of the glenoid
{arrows), which can lead to arthritis.
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— Clavicle
— Scapula acromion
Seapula coracold

Scapula body

B

A: Right and left clawvicles AP radiograph, Sulbtle greenstck fracture of the middle-third of the right clavicle
{arrowd in a 3-year-old child. There is minimal apex cephalad angulation at the fracture site. The fracture is more apparent when
compared 1o the normal beft clavicle, B: Right clavicle AP radiograph in the same patient 4 weeks later. Healing fracture. The
white material surrounding the fracture site in the middle-third of the nght clavicle (arrows) is callus. The bone has remodeled
the angulation and the clavide alignment is ngrmal,

Trapezius
Supraspinatus
Deftosd milScla
Humeral = Glenold
head

Right shoulder fat-suppressed T2 coronal MR image. Rotater culf complete tear in a 55-year
odd man. The area of high-intensity or white signal (straight arrow) represents blood, edema, and joint fluid
in the laceration of the supraspinatus tendon, The free margin of the tom supraspinatus tendan is indicated
by the curved arrow. Note that the bone cortex is black on the MR image. Note the edema (brighter signaf)
in the supraspinatus muscle,
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\ ;’ ' Ultrasound of the supraspinatus tendon inseren in b
= 5 'v lique coronal plane, Partial tear. The curved white line with dark adja-
4] * cent ko it is the cortex of the humerus. Focal area of lower echogenicity
‘ Ly 4 at the tendan attachment (arrow) is partial tear. This is similar to the

. tear in Figure 6.50. Humerus (H), supraspinatus tendon (T),

Oblique coronal, fat-suppressed, T1-weighted MR left
shoulder arthrogram. Partial tear of the articular surface of the suprasp-
inatus tendon (arow] at its insertion on the greater tuberosity.

T N

i Right shoulder, oblique-coronal T1-wieghted MR ob-
Praime oot Aial fat-suppressed T1-weighted MR right shoulder tained for persistent pain fallowing a fall onto the shoulder and nermal
arthrogram. Posterior labral tear. Contrast is seen bewween the labrem  radiographs. A non-displaced fracture of the greater tubesosity (armow)
and its posterior glencid attachment {armow), is demonstrated as a low signal line through the brighter marrow far,
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Medial and lateral
SESAMDHIS

Left foor eblique (A) and lateral (B) radiographs. Nondisplaced transverse fracture of the proximal left fifth
metatarsal shaft {arrows). €: Right fool AP radiograph. Normal in a 14-year-old:boy. The normal apophysis {arow) at the base
of the fifth metatarsal appears as a lengitudinal radiolucent or black line and should not be confused with a fracture, Dz Right
loo1 eblique radiograph. Transverse nondisplaced Tracture (siraight arrow) invalving the fifth matatarsal base. This injury usually
fesults from an inversion stress on the peroneus brevis that attaches 1o the base of the fifth metatarsal.



the fifth metatarsal always represents a fracture (sec
Fig. 654D},

The ankle injurics vary [rom minor sprains w severe
irimallealar fraciure dislocations (Figs. 6.59-6.61). CT s
olten wsed 1o evaluate ankle fracwures (Figs. 6,62 and
0030 ulirasound and MRI may be used 1o evaluate soli
nssue injuries (Fig. 6.64). Fraciures of the shahs of 1he
iihia and hbula are common in sporis, especially coniact
sports and skiing. A fracture that fails 10 heal over
4 manths and has persistem motion about i, ofien with
pavin, is called a nonunion lraciure. Nonunion fraciures
have a variety of causes, some ol which are listed in
lable 6.8. NMonunions and delayed unions are frequently
fund in the mid- and distal tibia where adequate blood
supply can be a problem (Fig, 6.65). Severe [raciures of the
tibia may require internal Gxation to lacilitate immobiliza-

Talis

Cuboic

Mansicubar

Calcaneus
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] Right ankle lateral
radiograph. Midialus distracted frac-
twre {corved amrow). The fracire
{fragments (single sheaight arows) are
markedly distracted and the soft tis-
sue edema andior blood is indicated
by the double straight arrows. The

Tibia

- Lateral mallecius

{libula) fracture resulted from a dorsiflexion
injury,

Cuboid

Sth metatarsal

base

Calcanaus

thon and healing (Fig. 6.66). The tibia is also the site of
stress fractures in oll age groups, especially in runners
{Fig, 6.6T})

A wide variety of fractares ocour in and aroumd the
ke, and examples are demonstrated in Figures 6,68 1w
.71, These ligures demonsirate that not all fraciures ane
visible on the initial radiographs around the tme of injury,
Whenever symploms peesist following an injury and the
original radiographs were negamive, vou must consider fiol-
lowe-up imaging thar might include radiographs, MR CT
or radionuclide scans, CT scans are often used Tor obyious
tihial plaveau fractures (see Fig. 6,697 o better demwonstrane
the number snd position of Tragments and depih ol depres-
sion of anicular surfwe, For aibial placan fraciures, this
mmaging data is importamt o determine whether open
reduetion is needed or costing will be adeguane.

Right calcaneus lareral radiograph. Calcaneus in-
sufficiency fracture in a 53-year-old woman, The white line (arrow)
indicates a healing mildly impacted fracture that was not visible on
radiographs 2 months priog 1o this study. The shape and height of the
calcaneus are faitly wedl maintained. She had been on steroids for
inflammatory bowel disease and the stergids caused osteaporodis, As
a consequence of the osteoporesis, the bone was not strong encugh
to prevent acture,

5th metataranl base
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First martakarsal

Medial cuneilomm

MNancular

I'’e

c

Metatarsal stress fracture. Az Long-auis fat-suppressed T2-weighted MR of the right foot in a runner, Sec-
ond metatarsal stress fracture has some calius, which is black (straight arrowd), and a large amount of edema in the bone
and soft tissues, which is white (curved arrows). Bone scan (B) and AP left foot radingraph (€} in a similar patient. Callus
{arrows) is white on the radiograph. Note the bone scan image is obtained as if looking at the bottom of the patient’s feet
s0 the left fool appears opposite 1o that of the radiograph.
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Medial maleolus
o lilwia

Talus

Sustentaculum lalus
of calcanaus

'+

1. A: Right calcaneus lateral radiograph. Calcaneus fracture [aronw) with impaction and collapse of the vertical
height of the calcaneus. Compare the shage of the calcanews in this patient to the calcanews in Figure 6.55. Axial (B) and coranal
reformatted {C) CT images better demonstrate the extent and comminution of the fracture,
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Right ankle ablique radiograph. Mildly distracted frac-
ture (straight amow) through the base of the medial malleglus in an
adult. The fracture extends onto the articular surface of the distal tibia.
The white lines (curved arows) represent provious physis location and
arrested growth lings.

- Talus

- Medial malleclus

Lateral malleclus
fraciure fragment

fraciure lragment

Causes of Fracture Nonunion

Infection and vstcomyelitis

Inadequate immaobilization

Poor blood supply

Interposition of muscle or other struciure belween
the fracture lragments

Combinations of the above

The patella is a large, superficial sesamoid bone. [t
may [racture due 1o falls and blunt trauma (see Fig, 6.71).
Osieachondritis dissceans (Fig. 6.72A.B) is a lairly com-
maon abnormality involving the knee in adolescenis and
young adulis. It oceurs most frequently along the laeral
aspeet of the medial femoral condyle, but it can be found
clsewhere in the knee and in other joints including the
hip, shoulder, ankle, and elbow, 1t is thought 1o be a local-
ized ischemic or AVMN that ofien occurs alier injury, per-
haps related 1o a subchondral steess (racture, which resuhis
in a picce of necrotic bone that may or may not detach
from the donor site. Il this necrotic lFagment becomes

Fitula shalt

Tibia shatt

Lateral malleclus

Pasterior tibia
mallecius
Talus

Medial malleclus

Calcaneus

Mavicular

Cuboid

Right ankle AP (A) and lateral (B) radicgraphs. Displaced tnmalleolar fractures and talotibial dislocation. The
medial and postenor itwal mallesli fracture fragments and the fibula lateral malleolus fracture fragments are all displaced. The
talus is severely displaced laterally and posterioely relative to the tibia. This is an eversion injury.



= Tibia physis
Fibula physis

Tibia physis

Right ankle AP radiograph. Salter IV fracture of the
distal tibia. The fracture line (single straight arrow) extends from the
distal tibial physis through the epiphysis 1o the tibial articular surface,
The feacture also involves the medial tibia metaphysis {curved armow),
There is an associated fracture of the distal fibula (double straight
ArTOWS),
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Left ankle AP radiograph, Salter 11l fractune of the left distal tibaa in a
12-year-old. The fracture line (arrow) extends from the physis thraugh the distal tibial
epiphysis to the articular surface.

— Distal tibia epiphysis
- Distal libula epiphysis

¢ Lateral view from a three-dimensional CT reconstruction.
Fractures with dislocated peroneal tendons, Fractures of the anterior proc-
ess. of the calcaneus (arowd and distal fibula (arrewhead) are seen on this
view. The peroneal tendons (F) should be postenor to the Tibula, but are
tisploced anteriarly and are Wkely trapped by the fibular Fracture fragment,
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Knea joint space

Tibia osteachondroma

Intramedultary rod

= Metallic scrow

Ankle joint space

Sagittal T1-weighted MR of the ankle. Achilles tendan
tear, There is thickening disruption (arrow) of the normally uniformly

black Achilles tendon. B, Lekt tibia and fibula AP radiograph. Intramedullary rod

miema'lh.- fixating a transverse fracture in the distal one- -third of the
left tibia (straight arrow). There is an offset averriding transverse frat-
ture in the distal one-third of the fibula fownved arrowes). The fibula i
non-weight-bearing, so the displacement is not important to a good
functional outcome.

i

Left tibia and fibula AP
(A) and lateral (B) radiographs. Osteo-
myelitis and nonunion of a tibia fracture.
The fracture line (arrows) is clearly vis-
ible 3 months following the injury and
this indicates a delayed union or non-
healing fracture. Infection at the fracture
site caused the delayed wnion,

]
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Disial femur
epiphysis

Prosemal bibia
epiphysis

Prosimal fibula
epiphysis

PIGHRE A7, Left knee AP (A) and |ateral (B) radiographs. A healing stress racture in this S-year-old is indicated by the
zone of increased density in the posteromedial proximal tibia (arows). The fracture resulted from exgessive usage or stress.

A '
Fretine h.G6. Ac Right knee AP radiograph. This AP radiograph and a lateral (nof shown) radiograph were interpreted
as normal, The radiographs were obtained because of right knee pain immediately following knee trauma in a 31-year-old man,
B: Right knee coronal T1 MR image. Lateral tibial plateau fracture. This study was obtained 2 weeks following the imitial radio-
graph in A because of persistent knee pain and a clinical suspicion of an anterior cruciate ligament injury. The arrows indicate
an area of low-intensity signal (diark) caused by blood and edema replacing the bone marrow fat (white) in the titdal plateau
fracture site, The anterior cnuciate ligament was intact, The fracture eventually became apparent on subsequent radiographs.
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Coronal CT of the knee reformatted from axial images.
Lateral tibial plateaw fracture. CT is often used to better evaluate the
amount of depression of the articular surface (steaight arow) and
number and location of fragments. The iregular bone formation along
the medial femur (curved armow] is the result of a prior medial collateral
Iigamant injury.

: Corgnal inversion recovery MRI of the rght knee. Insul-
ficiency fracture of the medial tibia in an elderly patient with pain. The

incomplete fracture line (arrow) is white on this sequence from blogd
and edema.

Right knee lateral radiograph, Midpatella fracture sec-
ondary to a motor vehicle accident. There are two distracted fracture
fragments (straight amows) secondary to the fracture through the mid-
patella. The curved arrows indicate bloed and increased synovial fluid
in the supra-, pre-, and retropatellar spaces of the knee.

detached, it becomes a joint loose body. In middle-aged
o older adulis, the abnormality is typically 1the weight-
I'.ll:i!r'“'lg aspect of the medial lemoral cond }'i{‘ and the term
sponianecus osleonecrosis is ofien used (Fig. 6.72C,0). In
the older age group, in particular, these lesions are (el o
be due 1o subchondral insulficiency lracturcs, AV (osteo-
tik‘.t‘rﬂ.‘iiﬁ:l may occur mn any H_'F.il.;l" {:[ the bone and is lhl:
resull of bone ischemia and localized bone death. The clin-
ical presemations of bone ischemia vary with the bone site
and size as well as bone age (sce Fig, 6.24). Osleonecrosis
has a varielty of causes. The erm infanct is used when the
dead hone is notl near a joint,

As a general rule, femoral shafl [ractures are easy o
detect both clinically and radiographically, as the patient
cxpericnces severe pain at the [racture site and is usually
unithile 1o bear weight (Fig. 6.73). This is an uncommon
arca for siress [ractures, bt they may occur here in young
athleies.

The hip is another area commonly injured in motor
vehicle accidenis (MVAs) and [alls, especially in the elderly
(Fig. 6.74). MRI has become the standard in evaluating for
hip racture with seemingly normal radiographs (Fig, 6.75).
Stress [ractures may develop i the hip as well, most yypi-
cally in runners (Fig. 6.76). Dislocations of the hip are not
common and require violent tawma as in MVAs (Fig, 6.77).
Huwever, paticnis with a hip prosthesis may on occasion
dislocate the prosthetic head with a minimal amount of
stress (Fig, 6.78), As opposcd to the shoulder, posterior
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Patelia

tdecdial and lateeal fermoral
condhylas

Medial and lateral tibial
imercondylar eminences
Tibial plateau

- Fibula head

c

LTRE 72, A: Right knee AP radiograph. Osteachondritis dissecans. The bone fragment (straight arrow] is not displaced
from the donar site (curved arrow) on the lateral aspect of the medial femoral condyle. B: Coronal T1-weighted MR right knee
in a different patient. The fragment (straight amow) is clearly seen and cartilage covers it (curved arrow). C: Left knee AP radio-
graph in a different patient. Spontaneous osteonecrasis, There is a displaced bone fragment or loose body (straight arrow) in the
jaint space. The radiofucent defect susrounded by the scleratic zone (curved arows) in the weight-bearing partion of the medial
femaral condyle is the donor site of the loose body. (contimsed)
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o

{Continued) D: Sagittal fat-suppressed T2-weighted
MRI. Note the defect in the trochlea {arrow). The loose body is in the

suprapatellar bursa and not included on this image.

Left femur frog-leg (A) and true (B)
fateral radiographs. Transverse fracture of the fe-
mur in 3 26-year-old automobile accident wictim.
There is apex antenor angulation. Note how the
fracture fragments can change when the patent
is moved. Displacement is pasterior in the frog-leg |
lateral but was anterior on the true lateral. The pa- |
tient is supine and the x-ray beam horizontal on
the true lateral,

dislocations of the hip are much more lrequent than ante-
rior. Occasionally, dislocations are not visible on a single
amerior radiographs and CT becomes rather imporiam
since prompt reduction of hip dislocation is imperative 10
minimize the likelihood of AV of the lemoral head, CT is
also quite uselul in the assessment of comples pelvic and
acetabular lkaciures

In the United States, 3.3 million reporis of abuse
involving & million children are made each vear and 5 chil-
dren die per day as a result of abuse. Boys and girls are
affecred equally, Injury o the bones is the most commaon
form of injury with physical abuse with fractures docu-
mented in 11% 10 55% of cases, Although 80% of child
abuse deaths are secondary 10 head injuries, nonaccidental
trawma can involve all paris of the skeletal system. An
appropriate workup lor suspected abwuse includes a radio-
graphic survey of the long bones, pelvis, spine, ribs, and
skull. Bone scanning may also be uscful il clinical suspi-
cion remains high with normal radiographs.

The metaphyseal fractures (classical moelaphyseal
lesion [CMLI) demoensirated in Figure 6. 79A are typical of




nack fracture on the left (arow) more readily apparent.

the hndings in some child abuse cases and these metaphy-
seal [ractures are probably due o a twisting mechanisim.
Sibperiosieal hemorrhage on a racdiograph is aneher
iwisting 1vpe of injury thar should make you highly suspi-
cions ol nonaccidental trauma (Fig. 6.798). Bucker-handle
[raciures (sce Fig, 6.38C) are also associated with abuse.
Skeletal injuries and fractures thar should make the
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AP radiegraph of the right (A) and of the left hip (B). The right hip is normal and makes the impacted femaral

ohserver highly suspicious for nonaccidenial irama are
summarized in Table 6.9, amd the common child abuse
fracture sites owiside the skull are shown e Talle 6010,
Suspicions hndings must be dilferentiared from normal
periostitis found in infancy, osteogenesis imperfecu,
congenital insensitivity o pain, and metabolic and via-
min deficiency disorders.

A Right hip radicgraph was interpreted as normal. With
persistent clinical suspicion for fracture MR was obtained. B: Coronal
Ti-weighted MR of the pelvis reveals the nondisplaced right intertro-
chanteric fracture, The entire pelvis is imaged because the hip pain may
be due to occult hip fracture, saceal or pubic rami fraciures, or a soft
tissue injury.
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AP radiograph (A) of the left hip was
interpreted as normal, Thes avid runner complained
of persistent pain and an MR was obtained. Cosonal
fat-suppressed T2-weighted image (B) demonstrates
edema (white) arcund the developing stress fracture
{arrowd, Left untreated, this might well progress to a
complete fracture,

Pelvis AP radingraph. Posterior dislocation of the left hip
without fracture secondary 1o @ motor vehicle accident. The left femo-
ral head is desplaced cephalad and lateral relative 1o the acetabulum
{arrowes). The right hip is normal and makes an excellent companisan,
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Metallic screw

- Wire fraciura

Wire fragmeant

- Famur shall
Prosthesis stem

B
FIGURE 675 Az AP radiographs of the right hip. There is posterior dislocation of the right
hip prosthesis head (straight Black arrow) in relation to the acetabular component (cuwved amow),
The dislocation eccurred while bending over to pick up a grandchild. Wires (white arrows) anchor
the greater trochanter to the femur and at least one of the wires is fractured. A fragment of
loose wire lies inferior 1o the prosthesis acetabular component, B: Following closed reduction (na
surgery) under general anesthesia, the prosthetic head has been retumed to its proper position
relative to the acetabular prosthetic component.

225
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A: Left knee AP radiograph. Metaphyseal corner fractures (arrows). This battered child complained of knee pain
and had an obvious limp. B: Right and left lower extremities radiograph. Subperiosteal hemorrhage. The arrows indicate the
appearance of blood baneath the periosteum secondary to severe squeszing and twisting of the extremities, This appearance is
highly suspicious for child abuse and should be investigated further,

One of the mest common injuries of the lower extremity is
the sprained ankle. A sprain is simply an injury to a ligament
around the ankle (or any other joint) and it varies in severity
from a streiching of the ligamem to a partal tear 1o a com-
plete disruption. Ankle sprains usually result [rom a turning
or wwisting of the ankle joim while walking or running,
When the [oot turns suiward, there is an eversion or abdue-
tion injury. When the ool turns inward, there is an inversion
or adduction injury, Sprains occur with and withow associ-
ated Tractueres. Note the tiny chip-like [racture a1 the liga-
mentous anachment is considered a “sprain equivalem ™ ancd
treated mere like a sprain than a fracture, A dramatic exam-
ple ol a severe sprain is demonsirated in Figure 6.80.
Because ankle sprains are usually ireated by casting in
the United States, MRI is not commonly used 10 image
ankle sprains, and the imaging usually is limited 1o radio-
graphs: an exceplion is high-performance athletes as the
time off [rom his or her sport may be determined by the

Osseous Injuries Suspicious for Child Abuse

Corner lractores

Periosteal hemorrhagpe
Bucket-handle lractures

Multiple Traciures of varying ages

0 Left ankle inversion stress AP radiegraph. Severe ankle
sprain. The talus dome is tilted Laterally (arrow) secondary to disruption
of the lateral collateral ligament in an inversion ar adduction injury.
There are no fractures.



Comman Fracture Sites in Abused Children

Lower extremity: Femur (most comman), tibia
Elbans

Shoulder

Rils

severity of injury. However, in the general population, MEI
of the ankle is used lor specilic problems such as Achilics
tendaon tears and confusing clinical presentations of ankle
pain. The Achilles tendon or calcaneal tendon is 2 coms
mion injury site (Fig. 6.81). This injury can resull from
viclent sport activities or simply stepping in a hole, and
the dingnosis usoally is made by the history of acuie, sharp
pain in the Achilles iendon. When there is a complewe wear
ar disruption of the Achilles tendon, physical examination
elien shows pinpoint tenderness at the site of injury and
inability 1o planarilex the foo. An MRIis ofien reguesied
1 confirm a clinical diagnosis or suspicion and cvaluue
ithe degree of separation or gap in the tendon. This will aid
in the decision lor casting versus surgical imcrvention,
Alternatively, ulirasoumd has also been used 1w evalume
the Achilles tendon (Fig. 5.82).

Injuries 10 muscles are ofien diagnosed clinically,
Somie muscular injurics may require further evaluation—
frequently using MRI, 1ypical of these are musele avul-
sions or tears of the hamstring (Fig. 6.83) or pectoralis
muscles. A muscle may also wear in its body. The extem of
this imramuscular tear and hematoma is paniculacly
important 1o the elite athlewe since length of rehabilitnion
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Right ankla sagittal T1 MR image. Calcaneal [Achilles)
tepdon 1ear (aaeow ). Mote the disruption and balling up of the destal
portion of the tendon. The tear 15 about 2 om proximal 1o the catcaneal
attachment—a typical logation. C, calcaneus; F, flexor hallugis langus.

Transverse ultrasound image of an
Achilles tendan. Partial tear. Posteriar is at the top of
the image. The normal portion of the tendon is echo-
gemic {cunved aerow). The anterior portion, which 15 nor-
mally flat or concave, is rounded {straight black arrows)
and has low echogenicity (white armows) due 1o edema
and blood.
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A AP radiograph of the pelvis shows a partial
avulsion a1 the hamstring enigin on the right ischium (arrow),
Hote the asymmetry from the other side. B: Coronal plane fat-
suppressed T2-weighted M& image at the plane of the ischial
tuberosities in a different patient. The bright signal in the left
posterior thigh ks edema and blood surrounding the tear of
the biceps femons muscle of the hamstrngs {arrow),

AF radiggraph of the left hip. Following placement of an
intramedullary nail for the developing fracture in the lateral shaft of the
proximal femur, bone has developed in the soft tissues in the surgical bed
termed heterotopic ossilication (arrows),

v (S




anil long=term propgnosis are allecied by the severity of the
muscular injury, Following injury to muscles there may be
subsequent calcilicaion andfor ossilication a the injury
site called myaositis ossificans, now more commaonly termed
r'I-:'trr:lrur:lr: pssificotion.  Common loeations include the

Sagittal fat-suppressed, proton-density MR image
through medial meniscus. Tear of the posterior hom in a 45-year-old
woman, The high-intensity signal (straight amow) hkely represents edema
and synovial Muid within the teac The anterior homn of the meniscus
{ewrved arrow) is normal.

Fermur
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Right knee sagittal proton-density MR image. An-
terior cruciate ligament tear in a 41-year-old man. The arrow indi-
cates the site of the anterior cruciate ligament tear manifested by
4 wavy high-intensity (white) signal,

Patelia

Inleapaiellar {ak

Patellar lendon

Tibia

|.|t1'.|1.Eli1.'|.‘|'|=. amel Bewchialis musceles and near the bips fnl-
lowing hap surgery (Fig, 00840,

MED is a wonderlul imaging wol Tor cvalwming cari-
lage, memsci, tendons, and ligaments inoamd arowund the
knee and other joints. Usually the radiographs are nega-
tive i such injuries, bun based on the physical Todings
andd the paticni’s sympioms, an ME image is n.'n|m.'-.=1x.'nl lisr
o more deliniive cvaluation of these soft tissoe siroucinres
{Figs. 6.85-0.490),

Auial fat-suppressed T2 MR right knee following patellar
dilacation. The patella (F) is laterally subluxated: it should closely artic-
ulate with the trechlea of the femur. There is edema of the lateral femur
{straight arrow) where the patella impacted. A camtilage defect {curved
amaw) was created in the patella during the dislocation of relocation,
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Sagittal proton-density MR right knee, Patellar tendan
tear. There is disruption of the pateflar tendan (ligament) at its patellar
attachment (armow).

Many loreign bodies in soft tissue and bone are radi-
opaque and readily idemihed on radiographs (Fig.
6.91A.8). Occasionally. a nonopague foreign body in an
extremity is suspecied. Il a foreign body is not visible on a
radiograph, an ulirasound, CT, or MR study can be
requested 1o assist in the detection and locaton of the for-
eign body (Fig. 6.91C).

Osteoarthritis (degenerative anhritis) is the most common
form of arthritis. You can categorize ostecart hritis into two

Sagittal inversion recovery MRI of left fool Plantar
fasciitis. The plantar fascia is thickened (arrow) and has surgunding
edema (white). Mild edema is also seen in the adjacent calcaneus (C)-

types. Secondary ostecanhritis, or degenerative joim dis-
case, can oceur al all ages but tends e appear with increas-
ing age as a result of wearing-out processes. 1t may
invelve almost all of the joinis of the exiremiiies and
spine (Figs. 6.92-6.94) b favors the DIP joimis and
thumb—carpometacarpal joim in the hands, hips, and
knees. In younger individuals, secondary arthritis may
result from trauma, infection, or any other process that
mav dis‘-rup-l the normal joint, Primary cstcoarnthritis is
probably familial and involves the DIP joints of the hands,
the first metacarpal-carpal joint, and the hips. Another
frequent location of anhritis is the great e (metatarso-
phalangeal [MTP]) joint. A bunion may develop from a
familial predisposition or related wo shoe wear, particularly
high heels. The apex at the MTP joint is displaced medial
and becomes a prominent bulge along the medial side of
the foot. Overlying soft tissue irritation may develop or

: MR arthrogram_Axial (A) and coronal (B) Tat-suppressed T1-wesghted MRIof the nght wist after the injection of
MR contrast into the radiocarpal joint. There is a partial tear of the dorsal (pesterior) aspect of the scapholunate ligament {aeow)
allowing contrast (whife) to enter the midcarpal joint. 5, scaphoid: £, lunate: *, median nerve.
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Left foor AP (A} and lateral {B) radicgraphs taken through the
Boot. Metallic nail (arrows) piercing the boot and lodged in the calcaneus. The
neail was diven into its present location by a power tool, € Left fool axial T2
MR image. Foreign bady (straight arrow) in a dilferent patient. The site of the
foreign bedy antry wound (cunved arrow) is marked by the white pall contain-
ing oil, The foreign body tract (double argws) is white, probably becawse it is
filled with edema, blood, gramdation tissue, or inflammatorny cells.

= Eyelots lor
bl Bincas

Caleansus

Bont sole

1=t mmatarsal

Swcl, Fed. Ath el saks
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B

Az Right- and lefi-hand PA radicgraph. Osteoarthritis or erosive osteoanthritis.
Thig 63-year-old woman worked as 2 typist for 20 years. Note the advanced osteoarthritic changes
{single straight arrows) involving the distal interphalangeal (DIF) joints of both hands. The DIF
joints are markedly narrowed and osteophytes (cunved arows) are present. Erosions are also
present (double straight arows), B: Left index and long finger lateral radiograph. Ostecarthritis
DIF joints. For many years this 60-year-old woman operated an adding machine with her left
hand. There is narrowing of the DIF joint spaces due to articular cartilage destruction, There are
soft tissue preminences (wiite ammows) overlying bone excrescences near the DIP joints. These
bone excrescences or profuberances are called Heberden nodes (black arrows),



Right knee AP radiograph. Ostesarthritis. The medial jeint
space or medial knee compartment is markedly narrowed, the articular
surfaces are ireqular (strafght amow), osteophyte formation (curved
arrow) is present, and there is varus deformity. Note that the medial joint
space has all but disappeared compared to the lateral joint space.

A
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osteoarthritis may resull
(Fig. 6.95),

The radiograph is the primary 1wl for evaluating
osteoarthritis as well as all other arthritides. Some impr-
tam facis anel radiographic findings of osteoarthritis are
listed in Table &. 11 and include asymmetric, irregular jian
narrowing hecanse of articular cartilage destruction, oste.
sclerosis, and osteophyie Tormation, When advanced cstea-
arthiritis involves the medial knee companment. a genn
varus deformity or bowed leg nsually resulis, Advanced
ostevarthritis in the laeral knee comparniment ofien
resulis inoa genu valgus delormity or knock-knee appear-
ance. When advanced ostevarthritis involves the hip, the
femoral head migrates cephalad because of asymmenric
cartilage destruction, whereas in rheummoid anthritis the
leworal head wends 1o deift centeally from vniform cani-
lapge loss. Acetabular protrosion may result from softening
af the hones due 1o esteoporosis.

from the now 'ink'\“'lﬂl"l.ltnl i“il'tl:

Rhewmaroid is another type of arthnis tha is Tregquently
envowntered in the evervday practice of medicine, 1 is on
inflammatory arthritis of unkiown eticlogy that invelves
sviwial joims and is characterized by symmerric joint mar-
rovwing secondary 1o anicular cartilage destevnction by pan-
nus, which is o grasubwion dissue derived Tom the

Canapns

L st |

A: Pelvis AP radiograph. Bilateral hip ostecarthritis in a 61 -year-old. The lip joint spaces are irreguladly narrowed
and the femaral heads are typically migrating in a cephalad dwection (straight arows), The femoral heads are cystic and sclerotic
in appearance. Osteophyte formation is present along the periphery of the joints (single curved arows). Osteaphyte formation
is aleo present in the lower lumbar spine (double curved arrows). Bz Pelas AP radiograph. Ostecarthritis of the right hip, left
hip prosthesis, and bilateral inguinal hemias. There is iregular nanowing of the right hip jeint and cephalad migration of the
femoral head (single straight amow). A left hip prosthesis is in place. The curved amovs indicate the prosthetic lemoral head and
acetabular components. Large bilatersl inguinal hernias contain air-filled loops of bowel (double straight arraws).
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FIGURE 6 Anterigr {A) and lateral (B) radiographs of the right foot in a 64-year-cld
woman. Hallux valgus. The head of the first metatarsal is uncovered as the great toe is directed
!ate.'aﬂljr (wiite arrow). The great toe is also pronated and the sesamaoids of the first metatarsal
are subluxated laterally, This person also has a flat oot deformaty (pes planus). The head of the
talus is directed medially and plantar (Black arrows).

Typical Symptoms and Radiographic Findings in Osteoarthritis and Rheumatoid Arthritis

Ostecarthritis

Pain, deformity, and limitation of joint motion

Pain improves with rest

Invalves virtually all joints of the extremities and spine

Typically involves the hand disial imerphalangeal (DIP) joints and the first
carpometacarpal (CMC) joint

Asymmelric jeint narrowing

Scleroiic bone changes

Cysis or pseudocysts

Osteophyte formation

Usually absence of osteoporosis

Gienu valgus and varus deformities (knees)

Cephalad and sometimes lateral migration of the femoral head

Rheumatoid Arthritis

Pain, stilfness, and limitation of motion, especially in the hands and feet, worse in the
MOrTing

Pain improves with activiry

Invalves all synovial joints of the exiremities and spine

Typically involves the hand MCP and wrist joimts

Symmetric joint narrowing (hoth within a joint and side=to-side)

Periarticular osteoporasis (prominent leatare)

Periarticular solt tissue thickening and swelling

Marginal osseous erosions

MCP joint subluxation and ulnar deviation

Medial migration of the femoral head andd acetabular [FOIrusio

Pencil tip appearance of the disial clavicle
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Narrowed PIP junis

Fusiform sofl issue
changes

Marrowed car pal jonig

- Unar solt issus
PROMINeACE

Right- and left-hand PA radiograph. Rheumatold arthritis. The radiographic findings include peri-
articular osteaporosis (curved arows), swan neck deformities of the little fingers, narrowing of the peoximal
interphalangeal (PIF) joints with assaciated fusiform soft tissue swelling, narmowing of the carpal and PIP joints,
and soft tissue thickening or prominence arpund the distal ulna. Also, there are erosions imvolving the carpals,
ulnar styloids, and metacarpal heads (straight amows), The fusilarm soft tissue swelling surrounding the joints
represents edema and effusion. The soft tissue prominence around the distal ulna is secondary to edema and

thickening around the external carpi ulmaris,

sviwinm, Some imporiant facis and radiographic lindings
sssociated with rheumatoid arthritis are listed in Table 6.11.
As inosteoarthritis, any or all ol the joinis in the extreminics
andd spine can be invalved, The most commaonly alfecred
joims, in decreasing lrequency, are the MCPR wrisi, PID
knee, MTE shoulder, ankle, cervical spine, hip, elbow, and
wemporomandibular joints. Often the inital symploms of
rheumatoid arthritis are stiffness, pain, limiation of move-
ment, and swelling in the hands andfor leet. Usually, the
first juinis involved are the metacarpal and meaiarsal phin-
langeal joinis and this tends o be symmetric right 1 lefi.
Radiographs are the standard moadality in its evaluation and
monitoring of progression, however, MRI can assess sofi tis-
sue changes before any radiographic abnormality (Figs,
6.906~6.100). Porentially, the carlicst abnormality detectable
on a radiogeaph is periarticular soft tisswe thickening,
Adelitional radiographic findings  include  perianicular
ostenporosis due o hyperemin, symmetric joint narrowing,
anil miargingl erosions. As the disease progresses, joint
deformity may develop due w subluxation and ulnar devia-
tion of the fingees at the MCP joims. This kuer Gnding is
quite characteristic of theamaoid anhritis. Despine far
advinced  eartilage desiruction, wrue bone  ankyvlosis s
TLRCOTTNIT.

Right shoulder AP radiograph, Rheumatoid arthritis,
There is characteristic osteoparosis, a pointed distal clavicle, and mild
cephalad diift of the humeral head. The cephalad drift of the humeral
head suggests rotater cuff damage that is common in this disease,
There are articulag bone erosions (straight arrows) and scleresis [curnved
arrows). The sclerosis may be from some secondary osteoarthritis that
may develop after canilage loss when the inflammation from theumatoid
arthatis is quissoent.
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Right and left knee
AP radipgraph. Rheumatoid arthritis
in a 2 7-year-old. These ate symmelric
namowing of the knee joints {straigh!
arrows), penarticular gysts (qunved
arrows), enosions (double arons), and
OAIEOPONDSIS.

The differential diagnosis of rheumatoid arthritis as
shown in Table 6.12 includes gout and infection. In gow,
osteoporosis is usually absemi, and articular and juxia-
anicular erosions are more sharply defined. In osteomyeli-
tis and inflectious anhritis, the esteoporosis is greatest near
the infection site. In osteoarthritis, osieoporosis is usually
absent and osteophytes are often present.

Coronal fat-suppressed T2-weighted MR of the wrist

i a patient with rheumatoid arthritis, The wrist joints are distended,

but the higher signal is not the bright white of fluid {see Figs. 6.86 and

Pelvis AP radiograph. Rheumatoid arthritis in a 27-year- 6.87). This is synovial thickening/pannus fosmation {arrows) and may

old. There is generalized osteoporosic. The entire left hip joint space is lead to erossons farrowhead). Also compare the cartilage loss in this

symmetrically narrowed (steaight amow). There is characteristic medial patient with the normal cartitage in the wrist in Figure 6.90. The bones,

deift of the vight femoral head and acetabular protrusio feurved amow).  particularly the hamate and the lunate have higher signal, likely due
Note that the sacroiliac joints are not involved in this patient. to edema.




The Differential Diagnosis of Rheumatoid Arthritis

Gty arthrinis

Infectious arthritis

Sudeck atrophy

Psariatic arthritis
Osteoarthritis

Ankylosing spondylitis
Scleroderma

Syatemie lupus eryvthematosus

Psoriatic arthritis is found in 2% w0 6% of paienis with
skin manifestations of psoriasis although the vast majoriny
ol those with psoriatic arthritis have had a long history of
[mariatic skin disease and particularly associated witl pso-
riatic mail changes, There are five clinical specira of the
arthritis: (1) Polyarthritis with DIP joint invelvemeom:
{20 a markedly deforming condition {anhritis mutilans)
with widespread joint destruction and ankylosis {[usion
across joines); (31 symmerric anhritis resembling rhemma-
1okl arthritis; (4) single or asymmetric, few joint involve-
ment (pauciarticular); and {5) sacroiliitis and spondylins,
which may resemble ankylosing spondylitis. The anbritis
is characierized by involvemem of smatl joints with asym-
metric distribution, There are bone erosions, but, unlike

Amerior radiograph of the left hand second metacarpal-
phnlanqml joint. There are joint space narrowing and small erosions
with a Muffy proliferation of new bone at the joint margins typical of
p;.mia'ljc arthitis.
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o 1t Right-hand PA radiegraph. Gout arthntis, The praxa-
mal interphalangeal (PIF} joink spaces are at least partially preserved
and the lucent areas (double arrows) are typical of the shanply margin:
ated peniarticular erosions. Erosions that extend intg the joint often
have an overhanging edge (single siraight arrew). Mote the dassic
appearance of a tophus (curved arow). A tophus is an asymmelric
swelling about the point that may or may not be calcifred.

rhevmatoid arhrits, there is more Tregquent ankylosis,
Bony prolifcration adjacemt 1w joines and at muscle and
tenclon anachment sites is chamclenstic (Fig, 6010100,

Some arthritides thin are associmed with metabolic dis-
cases mud blood dvserasins are listed in Table 6013, Gout
arthritis (Fig. 6,102} is secondary w hyperuricemia or
clevated serum uric acid levels. The patients classically
present with podagra or pain amd inllammaenys changes
near the medial aspect of the Best MTE joine,. While the

Arthritides Associated with Metabolic Diseases
and Blood Dyscrasias

Camiil
Caleim pyropliosphiane depesition CCPPD) discase
Heerephilia
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Radiographic Features of Gout

Sharply marginated and sometimes sclerotic-bordered
crosions with overhanging edges near a joim

Tophus formation (paste-like calcium urate within
the soli tissues) or soli tissue nodules

mormal bone mineralization

Occasionally joint deformity

disease is characterized by numerous exacerbations and
remissions, the disease usually is present for a number of
vears before it is detectable on a radiograph; the radio-
graphic indings of gowt are listed in Table 6.14.

Chondrocalcinosis means calcification of cartilage
and it is most ofien noted in the knee. It can alfect both
fibra- and hyaline canilage, with ealeification in fibrocar-
tilage more frequently related 1o aging and degenermion.
Chondrocalcinosis can be associated with a number of
conditions that are listed in Table 6.15. The arthritis of
calcium pyrophosphate deposition (CPPD). or the clinical
cxacerbation termed pseudogout, is found in middle-aged
or older people and is caused by the depositien of calcium
pyrophoesphate dihvdrate crystals in the soft tissues of a
joint, including menisci, ligaments, articular canilage, and
the joint capsule (Fig. 6.103).

Left knee AP radiograph. Calcium pyrophosphate
deposition (CPPD) disease or pseudogout. There are calcifications in
the lateral meniscus (single steaight amow) and the medial meniscus
idouble straight arrows). There is also caleification of the aricular
carilage {curved arow),

Causes of Chondrocalcinosis

Calcium pyrophosphate deposition (CPPD)
Hemachromatoesis

Aging

Hyperparathyroidism and hypercalcemia

The joims in patients with hemophilia are gradually
injured by repeated bleeding into the joints. Cystic changes
di:vrlnp in the bones neighboring the injured joints and
osteaporosis is a common [eature (Fig. 6.104). During
childhood and adolescence, there may be overgrowth of
bones near joims relaied w hyperemia. In general, osteo-
porosis is a common [eature in rheumanoid arthritis, Blood
dyserasias, and osteomyelitis but not in ostecarthritis and
gour, Bur remember that esteoporosis is common by iscll
and may be presemt in addition 1w, though not related o
osteoarthritis and gout.

Chronie irauma 1o a joeint that has lost prain sensation can
result in a neuropathic or Charcot joim (Fig. 6.103). Some
common causes are shown in Table 6,16, Diabetic newro-
pathic joinis are most commen in the lower extremity,
whereas syringomyelia-related neuropathic joints are usu-
ally found in the shoulders and upper extremities. The
racliographic indings include joint space narrowing, lrag-
memation ol sclerotic subchondral bone, articular bone
cortex destruction, joim loose bodies, and bone mass for-
mation at the aricular margins. Some of the neuropathic
joint findings are similar to these found in osteoarthritis,
It is penerally not true that patienis do not feel pain in
their neuropathic joins; rather, the degree of pain is dis-
proportionate 1o the amount of damage, In other words,
just because a patient complains of joint pain, the underly-
ing problem may be a neuropathic joint.

Perianticular calcifications can result from acute and
chronic trauma (Fig, 6.106). Although they do not involve
joints, bone spurs are sometimes considered a form of

Causes of Neuropathic or Charcot Joints

Diaberes mellitus
Syringomyelin
Meningomyelocele

Peripheral nerve injury
Congenital indilference 1o pain
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A

A Right shoulder AP radiograph. Hemophilia in a 15-year-old boy, There are cystic changes (straighr arroes) in
the humeral head secondary 10 repeated bleeds and there is widening of the shaulder joint (curved arrow) due to hemarthrosis,
B: Knee AP radiograph, Hemophilia in the same patient as in A. He has a widened intercondylar notch (arrows) secondary to
repeated episodes of hemarthrosis, There is osteoponosis.

- A: Right shoulder AP radingraph. Meuropathic joint
o Charcm joant in a patient with synngomyelia, There ks character
istic imegularity of the articular surfaces secondary to destruction
of the bone and joint carilage (single arows). There are sclerotic
changes or increased density (double arrows) of the bone surraund-
ing the jsint and an osteophyte (curved arrow), (cantinued)

Bone islamnd

Clothing ariilacts
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(Continwed) B: Oblique
radiograph of the left foot in 2 diabetic
person,  Neurapathic joints. There are
healed fracture deformities of the meta-
tarsal heads (amows), The great toe has
been amputated because of infection.
Mote the destruction of the fifth mata-
tarsal head (curved arrow) and adjacent
ulcer (dowdle arrowd from current osteo-
myelitis. C: Anterior views of the knees in
a patent without speafic trauma, There is
a depressed fracture of the right tibial pla-
1ean (arrow). The left proximal tilkal has a
mietaphyseal fracture with some sclenosis,
which indicates there has been some heal-
ing and likely some persistent motion. The
patient’s mild pain was disproportionate
1o the appearance of the fractures.

Left shoulder AP radiograph with the humerus in extemal
rotation. Calcific tendinitis. There is dystrophic calcification (arrowd in the
region of the supraspinatus tendon.
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Left- and right-hand PA radiograph. Scleroderma. Scleradierma is a connective tissue dis-

ease that may involve the musculoskeletal system. There are soft tissue calcifications (straight arrows) and
the soft tissues at the tip of the fingers are atrophic (cunved arrgwvs), The foims are normeal,

arthritis. Bone spurs, which typically oceur at tendon or
lignmen attachments, may cause pain and be clinically
difhculy o differemiate lrom arthritis. Also, bursitis may
cause periarticular pain and can sometimes be demon-
strated radiogeaphically il the bursal distension can be
ilentified, such as the eolecranon bursa at the elbow
Scleroderma is 2 connective lissue disorder that poten-
tally involves the musculoskeletal system. Multiple soli
tissue calcifications are commonly seen in these paticnis
(Fig. 6.107). Other radiographic changes in scleroderma
include araphy of the fingenips and loss of bone ar the
tips of the disial phalanges. Il joint changes are present,
they may simulate rheumatoid arthritis,

There are a number of benign bone lesions and it is impoer
tant 1o recognize them as such (Table 6,17} A bone island,
or enostosis, is the most common bone lesion. 1t is essen-
tially corical bone that is found in the medullary cavite
and appears as a small sclerotic focus. It blends with the
surronnding trabeculae and has no aggressive leatunes (see
Figs. 614 and 6. 107D), Fibrous corical defects or nonos-
silying libroma may appear similar 10 an enosiosis in
adulis but are closely related 1o the comex. These are ibno-
osseous lesions that are lueent and may expamd the cor-
tex i children and adolescents. They are vepically small and
lnened incicdentally bun are occasionally lange and may focally
weaken the conex where Imctures may ocear. They heal or
mvoluie as the child matores with o resulbzen sclerotic aren

thmt may appear as an area of cortical thickening (Fig,
6, 108), An vsteochondmma or esteocartilaginoes ¢ xostosis
is a commen benign bone lesion, which can oceur in nearly
all Bones. They are bony projections of the cortical surlace
sl 2 b with o cartilage cap and are most commanly found
i the metaphysis of bong bones, especially around the knee
and shoulder. These lesions can result in bone deforminies
andlfor cause pressure on surrounding sirouctures, The car-
tilaginous cap of osteochondromas undergoes malignan
rransiormation w chondrosamcoma in less than 1% of the
cascs, Multiple osteochondromas are seen in familial mul-
tiple cxvstoses a hereditary: autosomal-dominant disorder
(Fig. 6, 1089), Growth aboormalities and malignam transfor
mation (3% w 15%) are more common in muliiple osico-
chondromas than m a single esteochondroma, Growith ol an
esteovhomdroma in a skeleally maure individual and pain
are factors that may make one sespicious of malignant
ramshormtion.

A simple benign bone cvst (Fig, 001100 s commonly
Fonsed in the metaphysis or metadiaphysis of the proximal
humers and Terr, o i con ocenr in almest any hone.
Ulspally this lesion occurs in paticnts belore the age of
25 vears ol o commoen complication is @ pathologic fre-
ture. A lucent lesion in an older adul should pot be congid-
ered a simple bone evsr, However, lucem lesions adjacent w
jotos with arthritis are likely degenerative cysts or, il large,
tered peodes, Another benign bone lesion is the enchon-
droma (Fig. 611 TABY, 1 is o slow-growing cartilaginous
mmoer usually found in the hand phalinges and in the
distal mescarpals. Small cilcilicaions may be present within
they nuy be diflicult 1o

the lesions, and, oceasionally,
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Anterior (A) and lateral (B) left ankle radiographs in a 1 2-year-old girl. Monossifying fibroma.
The bony lesion has a sclerotic margin (arrews), is shghtly lobulated, and arises from the cortex. This benign

fibro-osseous lesion will eventually become sclerotic and appear as a focal area of cortical thickening when
she is an adult.

differentiate from bone infarcts. Bone infarcts (Fig. 6.111C)
are most [requent in long bones and they may or may nol
be symplomatic. Bone infareis (osteonecrosis, AVN) usu-
ally have a well-defined and sclerotic border, whercas
enchondromas are more likely 1o have central calcifica-
tion. Some etiologies of bone infarcis include trauma, ste-
roid use, sickle-cell ancmia, renal transplant, therapeutic
radiation, and pancreatitis.

Some Benign Bone Lesions

Bone islanc

Monossilying ibromafibrous cortical defect

Osteochondroma

Osleoma

Osteoid osteoma

Enchondroma

Bone cysi

Fihrous dysplasia

Chondroblastioma
Left femur AP radiograph. Multiple osteochondromas Osteahlasioma

oe familial multiple exostoses. The osteochondromas (arows) point Hemangioma

away Irom the knee joint, simulating a coat hook.




Left shoulder AP radeagraph. Benign cyst [arrow]) with
pathologic fracture in a 10-year-old child. There is mild lateral offset
of the distal fracture fragment. Mote the thinning of the bone cortex
(arrawhead]) caused by the expanding, benign cyst.

Fibrous dysplasia is a benign fibrous-osseous lesion
that arises centrally in the bone, and it can alfect one bone
Cmonestetic) or multiple bones (polyostotic), The exact
ctiology is unknown and these lesions may or may mut be
symptomatic. The radiographic features include expansive
bome lesions, bone cortex thinning, radiolucent lesions of
variable density, and pathologic lraciures. The dilferential
dhagnosis includes Pager disease, hyperpasmhyroidism,
and simple bone cyst,

Osicoid osieoma (Fig. 6.112) is a benign bone lesion
of unknown etiology and the typical symprom is oigh
pain relieved by aspirin. It con occur in almost any bone
bt is most often found in the femoral neck and the nilia
Approximately 75% 1o 80% of these lesions are intracon i
vl amed have multiple radiographic appearances, o e
classic appesrance is sclerosis surrounding o small radio-
lucent eenter oF nidus. In some instances, there may be
caleilicmions within this lucem zone mimicking a seques-
trum of osicomyelitis,. The dilleremial diagnosis would
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Radionuclide Bone Scan to Differentiate Bone Lesions

Positive Bone Scans
Oszteoid osteovma
Primary bone tumors
Merasiases

Pager disense

Negative (or Nearly Negative) Bone Scans
mMultiple myeloma

Bone island

Enchondroma

also include stress Tracture, bone island, infection, and
metastatic discise,

Osteoid vsteoma has imtense activity on a radionu-
clide bone scan (Fig, 6.1128), whereas bone islonds have
none or very litthe activiny (Table 6,181 CT is usually diag-
nostic, demonstrating the classic nidus (Fig. 6.1 1200, MRI
may also show the nidus bot moy be confusing becase of
the large amount of bone edema surrounding it (Fig,
6ol 1200,

A chondroblastoma (Fig. 6,013} is an uncommon
benign bone lesion found in vhe epiphysis, nsually before
skeletal maturity. These radivlucent lesions generally have
selepstie borders and sometimes contain seattered caleifi-
catioms. The dilferential diagnosis should include infec-
tieen, ostenied osteoman, cosinophilic granulema, ol meta-
stmtic discasc.

Giant cell wmors ocenr in voung adubis Tollowing
sheletal maturity (Fig. 6.0 14}, These lesions are ecoentri-
cally locaed in the end of long bones such as the tibia,
femur, radius, and homeris, They wsually have sharp

nonsclerotic berders withowt periosteal reaction and vsu-
ally abun the articular surface, Approximately 15% will
recur following simple curcttage and packing of the
efect. Based on their radiographic appearance. i is dil-
fienlt 1o determine whether they are benign or malignant.
However, they are rarely malignant and only docwmeima-
tion ol digtam metasiases are considered a reliable radio-
graphic documentation e dillerentiane malignaney,

stastativ lesions (Fig, 0.1 153A=C) are the most commuon

antt lrome twmors and represent spread Trom o wide
wariety of primary neoplasms, Bone metastases may be sin-
le, multiple, estealyric Cradwducent or black), osteablastie
Cwhite, or mixed, The majority of metasiases are osteolynic
radiolacent, but osteoblastic metastases freguenily resuli
feom eaneers of the proste and breast (Table 6.19), A
bovmve islamed (Fig, 011500 should vt be confused with an
esteohlastic memsiaic lesion,. Bone islands are benign,

HITT
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A: Right-hand PA radiograph. Enchondroma of the distal fourth metacarpal (straight ammow). This siowegrawing
tumeor typically causes thinning and scalloping (curved arvaws) of the inner bone cartex, B: Right knee radiograph, Enchondroma,
In a large bone. scalloping of the cortex is less comman. The calcification of cartilage eften appears as small balls [straight arrows)
or a3 arcs (cwnved arrows) and rings and occurs in the central part of the lesion. Mote osteoarthritis predominantly in the medial
compariment of the knee. C: Right and left knees AP radiogeraph. MuRtiple Bone infarcts. The multiple infarcts are manifested by
thin 2ones of sclerosis surounding lucencies (straight arrows) and marrow calcifications lcurved arrows). The mare peripheral
caleification patem helps distinguish infarcts from enchondromas. The etislogy in this patient is unkngwn,
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c
PRGINEE oS Ar Left hip AP radigraph. Ostesid osteoma in a 20-year-old patient. The patient experienced left hip night
pain that was typéically relieved by aspirin, The lugent zone (amow]) in the inferior aspect of the left femur subcapital region is
the ostecid osteoma. B: Anterior pefvis radionuclide scan on the same patient. The single area of increased radionuchide uptake
(arrow) in the left femaral neck coresponds to the radiolucent abnormality visualized in A. The bone scan is otherwise normal.
Typically, the activity would be much greater, but is less in this patient since the lesian is within the joint. €: Axial CT distal tibia.
Dsteaid osteoma. The cortical lucent nidus (arrew) is nicely demonstrated by CT. Rarely, there is a central dot of calcilication in
the lucency. D: Coronal T1 MR in the same patient does not show the nidus as well as CT {curved arrow), but the large amount
of edema [ gray) is easy o see [sfraight arrows).

Lumbar
SQINe

liac cresl

Uninary
bBladder

Obturator
foramen
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Right shoulder AF radiograph. Benign
chondroblastoma (sraight arew) of the proximal humenss
epiphysis in a 14-year-old patien. The typical scleratic border
is present (curved arrows),

asympiomaiic, and distribued widely and usually spar-
ingly in the skeletal sysiem. Bone islands are essentially
cortical bone located in the medullary space.

Multiple myeloma originates in the bone marrow
and is the most common pr:trnar}r malignant bone tumor
(Table 6.20). The patiemt usually eomplaing of pain in

Left wrist PA radiograph. Giant cell umar (arrow) of

the distal radius. This is the classic appearance and comman lacation
of this tumor,

-~ Epiphysis
Physis
-Metaphysis

Daaphysis

the involved arca, Alihough any bone can be involved, the
most commonly alfected sites include the skull, spine,
rihs. and pt]\'is. L.r:l'||||-c4: Ewin;.; SAPCOIT, l;hii 1|i5tﬂ£l." GeCurs
in the age group over 40 years. The iypical radiographic
appearance (Fig. 6.116) consisis of muliple osteolytic
areas with a "punched-out” appearance. At times it is dif-
ficult io differentizie muhiple myeloma from osteolytic
metastatic disease. Urine and serum protein electrophoresis
15 importand in ghe diagnosis r-f multiple myelmmna,
Osteosarcoma is a primary malignant bone wumor
that commonly occurs during the second deeade of life but
has a sccond peak in later age. I can occur in many loca-
tions but is wsually found in the mewaphysis of a long
bone. It has a wide variely of radiographic appearances bul
classically produces an abundance of new, irregular bone

Radiographic Appearance of Bone Metastases

Osteoablastic or Sclerotic
Prostaie

Breas:

Carcinoid
Neurablastoma

Mined (Lytic and Blastic)
Breasi

Coervix

Bladder

Ostealytic

Mearly all neoplasms
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- Minem {fliac bone)

Sacroiliac joint

Sacrum

caImE oo A Left hip AP radiograph. Metastatic carcinoma of the fung. The radiolucent area in the left iliac bone (amow)
represents a suspected osteolytic metastasis. B: Pelvis axial CT image in the same patient. Two osteolytic metastases (arrows)
in the left iliac bone. The €T image confirmed the presence and extent of two bone lesions, C: Pelvis AP radiograph. Osteo-
blastic metastases from carcinoma of the prostate. The amows indicate multiple bilateral osteoblastic (white) metastatic lesions
{arrows). D: Pelvis AP radiegraph. Bone island (straight arrow). Bone islands are usually ovoid or oblong with a spiculated
contour that hlends into the bone trabecula, They are benign and generally asymptomatic.

(Fig. 6. L17). In some primary bone tamors, a Codman iri-
Some Malignant Bone Lesions angle may be identified and the triangle represents perios-
teal new bone formation reacting (o the growing tumor,

Prim ;
oy Osteosarcomas may have a Codman triangle as well as a
Multiple myeloma i d Boiii b
sunburst or ray appearance that is secondary to bone tor
Osieosarcoma

mation in the tumor. On oceasion, it can be dilficult 1o
dillferentiane osteosarcomas from metastatic disease and
ather primary bone wimors, especially Ewing sarcoma,

Secondary Ewing sarcoma usually oceurs in children and young
Melasiases adulis (Fig, 6.118). The classic appearance is a permeative
or moth-eaten pattern, but it may have a variety of other

Ewing surcoma
Chondrosarcoma
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Left humerus AP radiograph {A) and lateral skull radio-
graph (B). Multiple myeloma. The lucent or Black areas indicated by the
arrews represent the classic appearance of multiple myeloma in bone.

associated bone changes such as sclerosis. Oocasionally,
Ewing sarcoma has a layered periosteal reaction secondary
to the tumors presence that looks like onionskin. Othee
lesions in children with periosieal reaction include osteo-
myelitis, fraciure, cosinophilic granuloma, neuroblastoma,
and osteosarcoma. The sofi tissue extension of Ewings sar-
coma usually will not contain bone or cantilage calcifica-
tion, whereas the solt tissue extensions of ostcosarcomas
tend to i!rrﬂl.hll;u hone.

Some metabolic diseases have the potential to allect bones.
A few examples are listed in Table 6.21.

Some Metabolic Diseases That May Affect Bones

. Pager disease
Ledft humerus AP radiograph in a G-yearold. Large Hypot hyroidism

osteosarcoma of the humenss metaphysis and diaphysis. The tumoar Hyperparathy roidism
{single straght arrows) has not crossed the physis (arrowhead ). Cod- Rickers

man tnangle (double straight arrows) represents periosteal new bone Diabetes mellins
formation reacting to the lumor growth, and the sunburst or ray Seurvy

appearance (curved arrow) represents tumar bone.
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{1 G118 Ewing sarcoma. A AP view of the right tibia demonstrates a lucent lesion in the metadiaphysis {arrow).
There is subtie periosteal reaction laterally (arrowhead'). Mote the open physes. B: Anterior images from a radionuclide
bone scan show normal increased activity of the growing phiyses and bladder (black), but abnormal ingreased activity in
the right proximal fibia. €: Axial CT image through the lesion reveals that the normal marrow fat has been replaced by
oft tissue density and some cortical thinning and destruction. There is periosteal reaction [arrowhead) and a large soft
tissue mass (arrow), D: Sagittal fat-suppressed T1-weighted MR image was obtained after the injection of MR contrast.
The tumer enhances both in the bone and soft tissue components (arrow).
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Fitmila

Tima

A

~— Praminent
trobecular pattern
{tityia)

Fibula

Right tibia and fibula AP (A) and lateral (B) radiographs. Paget diseasa. The tibia corticas are scleratic in ap-
pearance (straight arrows) because of widening and thickening of the cortices and a prominent trabecular pattern, The fibia is
bowed anterolaterally, The fibula is spared. The typical transverse pathologic fractures are best visualizad on the lateral radio-
graph {cunved arrows) and they are the most comman complication of this disease, There is osteaporosis.

Paget disease is a fairly common, chronic, and progressive
bone disease of unknown etiology that oecurs in adulis
usually over the age of 40 years. This disease can involve
any bone (Fig. 6.119). The radiographic features of Pagen
disease are listed in Table 6.22, On radiographs, the bone
corntices are thick and sclerotic in appearance and the tra-
becular pattern is thickened and prominent. Early in the
disease, rareflaction, bone expansion, and bone desiruc-
tion may occur, Bone deformities such as bowing of long
bones and protrusio acetabuli may be the result of soltening

Radiographic Features of Paget Disease

Thick and sclerotic bone corices with enlarged bone

Thick and prominent trabecular pattern

Long bone bowing

Acewabular protrusio

Pathologic lraciures

Focal lucent area in the skull {osi COHITOSIS
circumseripial

of the involved bones. The two most signilicant com-
plications are pathologic [ractures and sarcomatous
degeneration. The differential diagnosis should include
ostenblasiic melastatic disease, fibrous dysplasia, lymphoma,
and osteosclerosis.

Osteoporosis (e.g., Figs. 6.20, 6.94-6.99) is sccondary Lo
a reduced amount of bone matrix (ostenid) with normal
mineralization, whereas osteomalacia is a normal bone
matrix (osteoid) with a reduced amoum of mineralization.
Osteoporosis has become a major public health problem.
Osteoporosis is estimated 1w allfect 10 million Americans,
TG 1w B0% of these women, and 2 million related [re-
lures per year costing an estimated $19 billion per year in
2005, O those [raciures, nearly 300,000 are hip [ractures
andd roughly 550,000 are veriebral fraciures. Osteoporosis
affects all races and ethnicities, bun i is thought 1w aflect
20% of non-Hispanic Cancasions and Asian women over
the age of 50 years. There is a long list of OSleOparesis
ctiologies and a panial list of etiologics is shown in Table
6.23, Radiographs are insensitive for evaluation of osteapo-
rosis. Dual x-ray absorptiometry is currently the standard
screening method (Fig, 61200 and is used 10 determine
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A: Dual x-ray ab-
sorptiometry evaluation of bone min-
eral density in the hips in an 83-year-
old man. A I-score value of -1.5 or
less indicates asteaporosis. This gen-
tleman’s is —3.0 on the left and -3.1
on the nght. B: Coranal T1-weighted
MR image of the hips obtained after
a minor fall on the same genatleman
demanstrates an incomplete intenss:
chanteric hip fracture {arrowd. €: Dual
x-ray absorptiometny evaluation of the
left hip in an BB-year-old woman. A
T-score value between 1.5 and -2.5
{this woman's is ~2.1 far the femoral
neck) indicates asteapenia.
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Some Causes of Osteaporosis

Ageerelated (senile)

Estrogen dehcicncy or posimenopausal
S1eroid or heparin therapy

Cushing disease

Hyperparathyroidism

Diabetes mellitus

Ancmia

Malnutrition

Osteogencsis imperfecia

normal versus osteopenia versus osteoporosis using the
T-score, which compared the patients values 1o a normal
voung adult.

Rickeis is a pood example of osteomalacia and ostcopenia
in children. It is found in the growing portions of infam
hones and is caused by poor calcification of the osieoid
matrix that may result from vitamin D deficiency, renal
dizease, or intestinal malabsorption diseases. The radio-
graphic findings include widened and irregular physes,
cupping of the metaphyses, bowing of the legs, and osteo-
penia (Fig. 6.121). Rickets only ocours in growing bone
and when this disease occurs in adults, it does not allect
the growth plates and is termed osteomalacia.

Crsteomyelitis (Fig. 6.122) can occur in all age groups and
the classie clinieal presentaion is bone or joint pain and
fever. There are muliiple etiologies including trauwma and
hematogenous spread of infection {(see Fig. 6.113). In

adulis, particularly diabetics, the bone destruction is usu-
ally adjacent 1o a saft tissue uleer and known infection
(see Fig, 6.97B), However, barring an adjacent ulcer, ihe
radiographic appearance of osteomyelitis can be similar o
a bone tumor with bone and joint destruction, periesteal
reaction, and a soll tissue component. Unlike tumers,
infections may occasionally have gas in the solt tissues
secondary 1o gas-lorming organisms. Osteomyelitis can
also be conlusing when found in the center of bone, such
as i a site of prier fraciure when ane is tempied 1o think
changes are related 1o the prior [racture [ragments. [ is
imporant 1o remember thar when a lraciure heals, the
bone :lcnsil}' should return 1o normal: persisient sclerosls
is suggestive of chronic ostcomyelitis. MR is a very useful
1onl for the demonsteation of bone and sl tissue involve-
ment by infection. However, it can be a conlusing picture
in a diabetic [oo1, which may also have abnormalities such
as fractures and neuropathic changes (Fig 6,123 and
Fig. 6.97B). MRI may be uselul 1o determine a site of ampu-
tation, but when amibiotic treatmenn is 1w be given for the
soft tissue component, serial radiographs are usually sul-
ficient for the diagnosis of osteomyelitis, Ostcomyelitis in
children is more likely from hematologic seeding and is
most often found in the metaphyseal regions of bones
where it is thought that the normal loop in the bones feed-
ing blood vessels creates a slow Mow of blood and increased
chance lor bacteria 1o deposit.

When evaluating the musculoskeleral sysiem, a thorough
physical examination should diciate 1he next appropriae
steps in imaging. Radiographs are wypically the initial
screening ool but should be wsed appropriately For
example, if a patient presents with pain after falling on an
owstreiched arm, one would not order radiographs of the

Right and left knees AP radiographs. Ricke1s. The physes are widened (straight arrows) and

the metaphases are cupped (curved armows).



CHAPTER & Musculoskeletal System 53

A: Left foot AP radiograph. Osteomyelitis
in a patient with diabetes mellitus. There are destructive
changes (stralght arrows) involving the base of the pros-
mal phalanx of the fourth toe as well as the fourth metatar-
sal head, Also, there are destructive changes in the fourth
metatarsophalangeal joint manifested by namewing of the
joint space. The infection has characterstically caused de-
structive joint changes as well as bone destrsction on both
sides of the joint. Loose bone fragments hawve resulted from
the asteomyelitis {cunved arrow). B: Left foot axial T1 MR
image in the same patient. When compared to the other
metatarsal heads, the founth metatarsal head is not visible
because the infection (arrow) has destroyed and replaced
the bone marrow,

- Skin marker

131, 2nd, 3rd
metalarsal heads

Sth metatarsal
head

A

A: AP radiograph of the left kneein a child. Osteomyelitis. Focal lecency is noted in the epiphysis (arrews). B: Coranal
fat-suppressed T2 MR in the same patient shows the abscess crosses the physis and involves the metaphysis a5 well [amosws),
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humerus and forearm in an altempl 1o screen for injuries
to the shoulder, humerus, clbow, forearm, and wrist. A
bone is best imaged when the x-ray beam is centered at
that bone or joint. Elbow joim ellusions are typically not
seen on films of the humeros and forearm. Similarly, radial
head feaciures or seaphoid fractures may be seen only on
specialized dedicated views, Il our hypothetical patient
has focal tenderness over the radial head or has pain with
pronation and supinmion. a dedicated elbow radiographic
series is the appropriate choice. Ila shoulder dislocation is
suspected, a shoulder series to include an axillary or rrans-
capular Yoview is the appropriate study of choice.

When the radiographs are normal, the clinical setting
and degree of suspicion of injury will dictate how 10 pro-
ceed. Ofien, immobilization with repeat radiographs in
1 week is sufficient 10 cvaluate for an occult fraciure. This
is nol appropriate, however, for a potential hip racture in
an elderly person as immobilization could have devasiai-
ing effects as would weight bearing as this could turn a
nondisplaced into a displaced (racture. An emergent MR
has been shown 1o be the imaging procedure ol choice in
this circumstance.

It is imporiant e recognize sesamoid bones and ossicles
as normal variams, Sesamoids are bones within a 1en-
don or volar plate. Ossicles are extra or supernumerary
bones next to the skeleton and vsually named alier the
neighboring bone,

MEI is uselul for injuries to the shoulder rotator cull,
knee ligaments and menisci, ankle ligaments, and Achil-
les tendon. CT imaging is good for bone detail, fraciure
diagnosis, locating lracture fragments, and evaluating
mairix formation in bone lumors,

The Salter=Harris classification describes [mctures around
the physis, which is considered the weakest point in a
growing bone,

I. The second digit of the hand, when starting on the
radial side is properly called
a. ring linger
b. index finger
c. long finger
d. second finger

Because [ractures and other abnormalities may not be
visualized on all radiographic views, always insist on ay
least twe views of an injured or diseasec area that are
90 degrees 1o each other,

Fraciures may not be visible on the first radiographs but
may become visible alter time (7 days) because of bone
resorplion at the ends of the lracture fragments.
Ostecarthritis is the most eommeon form of arthritis and
olien resulis from asymmetrie carlilage wear.

The racliographic [catures of ostecarthritis include irreg-
ular joimt narrowing, sclerosis, absence of osteoporosis,
and osteaphyte lormation.

The radiographic features of rheumatoid arthritis include
periarticular soft tissue thickening, symmetric joint nar-
rowing, marginal erosions, periarticular osieoporodis,
and joint deformine

Metasiatic cancer is the most common malignant bone
wimor. The majority of metastatic lesions are osieolytic
or radiolucent. Osteablastic metasiatic lesions most com-
monly are secendary 1o prostaie and breast neoplasms.
Multiple myeloma is the mos1 common primary malig-
nant bone tumor, and it originates in the bone marrow,
Ewing sarcoma usually occurs in children and young
adulis. They may have a permeative type of lesion and an
onionskin-like periosical reaction.

Osteomyelitis and sepric joints typically presen with
Iscalized pain and fever, The radiographic features include
bone and joint desiruction, periosteal reaction, and
occasionally, a sofl 1issue component.

Chew F5, Kline M), Bui-Mansfield LT, Core Corriculum:
Musculoshcletal Imaging, Philadelphia, PA: Lippincon Williams
& Wilkins, 2003,

El-Khoury GY. Essentials of Musculosheletal Imaging. Mew York,
MNY: Churchill Livingstone, 2003,

Pope T, Bloem HL, Beliram ], cual. Imaging of the Miesculoskeletal
System, Philadelphia, PA: Saunders, 20086,

2. Bones lorm by
a. endochondral bone formation
b, intramembrancus bone formation
¢. periossification bone formation
d. aand b
e aandc



3, A small bane just lateral to the lateral epicondyle of
the humerus in an B-year-ald is likely
i an apophysis
h, an epiphysis
c. a [mecrare
d. a normal variamt

4. a2 ehild, a fracture line extending through the
physis ine the epiphysis is a Salier=Harris
a, |
h. 11
. 1l
d, v
£ W

5. Which hinding is most commeon with a shoulder
dislocation?
A, Anterior location
. Gireater tuberosity [raciure
¢. Posterior locaion
d. Glenoid lracture

6. The most appropriate imaging modality w beter
evaluate a caleaneal fracture is
. ulerasound
h. CT
. MR !
. hone scan

7.

%=

10,
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An elderly particrn with a fall and hip pain has a
Iracture on radiograph. The next course of action
is o

A, get an MR imaging study

b, oluain & CT scan to evaluate the fraciure

¢, call an orthopedic surgeon

d. order a bone scan

. The best study o look atall the nteenal strectares ol

the knee would he

a. Fadiogeaph

b wlirasound

. r,'nmpuu;(! mlnngr:{ph}"

d. mmagnetic esonanee imaging

Perianicular osicoporosis, marginal erosions and
morning s1illness best deseribes

1. vsteoart hritis

h. g

c. rhenmatoid arthritis

d. septic anhritis

Which of the following is a malignant bone fumer?
A, Osteoid osteomn

Ir, Multiple myeloma

c. Enostosis

d. Osieochondroma
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Brain Imaging
Trauma
Vascular Disease

Meuroradiology was a relatively unsophisticated branch
af imaging prior 1o 1970, Plain radiographs of the skull
were insensitive for predicting neurologic disorders, and
obiaining more usclul diagnostic imaging information
about the brain and spinal cord was cambersome, painful,
and vielded images that were difficult to interpret without
advanced knowledge of neurcanatomy. The early hrain
imaging techniques were al best minimally invasive and
many invalved such gruesome activities as injecting air
imto the spinal canal {pneumoencephalography) and roll-
ing the patient about in a specially devised 1orture chair,
Few patierns willingly rewurned lor another one of those
examinations! The highest level of comfor that the poor
patient who needed brain imaging could anticipate was a
direct punciure carotid arteriogram or a spinal wap.

The invention and widespread use of the echnique of
compuierized axial omography (CAT), or compuied
wmography (CT), allowed relatively painless access 1o the
processes inside the skull and allowed the field of neuro-
radiology o become a premicr subspecialty within radial-
opy. The early CT scanners were slow, lacking in deail,
and hard 10 manage (Fig. 7.1), but they were such a mar-
velous advance tha they were embraced as a revolution in
medical imaging, Indeed. Sir Godirey Hounslield, the pio-
neer of CT imaging, won many international awards and
was knighted for his work, While magnetic resonanee
imaging (MRI) advances have supplanted CT in many
“lTPIif-illi-ﬂHSq CT sull is lhl.' ll."L'l'lIl'il.lLH: al f‘llililﬁ.“ fnr the
many of the diagnostic studies of the brain and spine and
is still the most common neursimaging study perlormed
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Tumor
Congenital Anomalies
Key Points

in the United States. The CT scanners of today are capable
of obtaining nearly simulancous multiple slices docu-
menting cercbral perfusion and with new image process-
ing techniques can produce reconstrucied anatomical
images in any plane desired. CT scans are routinely per-
formed either with or without intravenous contrast
enhancement, and the enhancemem pruduc:.'d coupled
with the speed of the new scanners makes real-time vascu-
lar mapping of the brain a practical clinical tool (Fig. 7.2}
Certain clinical indications are generally predictive of the
necd lor iodinated CT conirast, although there are many
variations. Table 7.1 gives the usual indicaions for con-
trast use; however, il in doubt, radiologists are always
available for consultation on individual cases.

In CT scanning, images of the brain are usually
acquired in axial (horizontal} planes and then viewed at
different digital levels so that one can see the bones of the
lace and skull as well as the tissues of the brain itsell. Two
image acquisitions are mol required to get these daa, but
rather, two dilferem methods of viewing the same digital
data. The sections that result from the CT scans depict the
anatomy an predetermined intervals depending on the
parameters of reconstruction of the slices (thickness),
speeed of table movement (pitch), and 1iming of acquisi-
tion of the daa. Generally, the thicker the slices andfor the
faster the table speed the fewer the sections needed 1o get
through the brain, but ag the slices are thickened, anatomy
is depicted in less dewail. In the stndard brain CT scan,
there are several key landmarks w abserve for proper ori-
entation. Figure 7.3 illustrates some of the highlighis for
which you should look in orieniing yoursell w the anai-
wmy depicied by the slices.



Lateral
ventriche

A scan of the brain performed in 1976 on an EMI device.
This single section ook about 1 minute to acquire. The coarse pixels
make anything but the larger brain structures such as the ventricles
difficult to appreciate. This was, however, a huge improvement over the
presmoencephalogram.

Let us begin with the cawdal sections and work ceph-
aladl, The lourth vemricle, a cerebrospinal Nuid (CSF)
sparce located dorsal 1o the brain stem and in the midline
ol the posterior [ossa, is a good marker for idemilying the level
ol the pons, cercbellar vermis, and the base of the anterior
cranial Tossa (Fig. 7.3A), On the same section lyving vemral
iov the brain stem are the suprasellar cistern and the dor-
sum sellae. Note that the figures depict the anatomy of
the posterior fossa less sharply than some of the more

CT arteriogram of the brain obtained after intravenous
cantrast shows detail of the intracerebral vessels of the circle of Willis.

CHAPTER 7: Brain 257

Some Common Indications for CAT Scanning and
Use of Intravenous Contrast Enhancement

Indications far CAT Scan Intravenous Contrast
Travamay [T
Inlection Yes
Congenital anomalies [t
Tunivsr Yes
Metalwilic disorder Mo
Multiple sclerosis Yes
k |}'1.|.|'|.1|.;\;||-hg'|||,|.> M

cephalivd sections of brain, CT scans in the posterior lossa
are olien degraded owing o the absorption of x-ravs w
the large amount of dense surmounding bone: therelore,
detail of the cerchellar hemisphernes may be obscured. This
technigue limition is mitigated 1o some degree by Taster
and hetter scanners, bue bone artifact is a limiation of CT
SUANNIngG

Mroceeding w sections cephalad Trom the fowrth ven-
tricle, one encouners the amblent cistern and woeplulad
prartieny o the suprascellar cistern (Fig, 7.308Y. The [ormer
is an important badmark Tor the poinm where the cerebral
peduncles (an extension of the brain stem) pass through
the tentorinm cerehri. Veneal to this lamcdmack and slightly
cephalad are locared the third vemricle and the anterior
horns ol the ateral venuricles, A the bueral margins of the
anterior horns of the vemricles are the basal panglia, iden-
tifiable as masses of gray matter bordering the Taeral and
third ventricles (Fig. 7.3C), The caudate sucler protrade
into the anterior horms of the bueral venricles.

Further cephalad the scans depict the brain coriex
andd the orderly interfaces berween the grav and white mat-
ter (Fig. 7.300, Mote tha each section of grav matier has
an accompanying area of white matter arranged inoa pre-
diciable pantern, Symmerey s everything in looking ar CT
seans of the brain, Provided that the patiem is properly
positiened, stractures should nuch up from side v side

Despite s immense suceess, CT has limiations tha
inhihit its value, For example, CT s berently limied in
its abviliey wo display gl degrees of tissoe contease. I two
tissues absorh moughly the same number of photons, even
though the tissues may be chemically very dilferem, CT
camivol diseriminate between them, Bone or other high-
density iems such as ancurvsin clips degrade the CT
e, Although the ime needed o obiain asection by CT
has declined substmtiolly in recent vears, there are aill

phesical limitations 10 CT scanning, and motion artificts
abonmd in uncooperative of combamive paticms,

The wewer major wchoigue in the imaging of the
beain sl spinab cord is MRL This echiigue also had huain-
ble heginmings: the lisst scanners were wsed o quantify fa

in livestowk \-"n-tﬂil_l:._" [ TRy ker. MR il'l1:lh_'||;_‘; e W :|11_h'r1'|.-|'||1'-
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A: CT scan of a normal adult at the level of the
fourth ventricle. The brain stem strecture ventral 1o the fourth
ventricle is the pons. Further anterior lies the five-pointed star
representing the supraseliar cistern. Lying within the suprasel-
lar cistern are the vessels of the circle of Willis and the dorsum
sellae or back of the sella turcica. B: & cut cephalad to (A) dem-
onstrates the ambient cisterns as curved black cerebrospinal
fluid densities just postenor 1o the cerebral pedundes. If you use
your imagination, the cistemn is the mouth, the anterior harns of
the lateral ventricles the eyes, and the third ventricle the nose
of a smiling man! This i5 an imponant landmark as it 5 the
point where the cersbral peduncles pass through the tentorium.
C: Procesding cephalad we leave the posterior fossa and image
the lateral ventricles, third ventricles, aqueduct of Sylvius, and
the cerebral hemispheres.

-- Suprasellar cistam
Dorsum sellas

- P

- Fourlh veniricle

Lateral veniricle

Basal ganglia
Third ventricle

Cerebral peduncles

Ambient cistern

- Lateral veniricle

— Third veniricle
Agqueduct of Syivius
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dletailed and yield unigue anatomical and functional daa,
Generally, the MR] siudies require morne time and are more
expensive o carry out than CT scans. MRI bas mich bener
tissue contrast than CT, although special resoluion is less.
Mew imaging sequences, improved imaging speed, and
enhanced capabilitics of MR 1o show metaholic, vascular,
and functional changes in tissucs make it likely that MRI
will ultimanely be the imaging modality of choice for many
neurologic conditions.

MR imaging depends on alterations in the physical
behavier of protons (hydrogen is the most abundant nateral
proton in our waler=lilled tissues) when first magnetized,
then exposed to a pulse of radio frequency energy. The
miajor variables are, therelore, the strength of the magnetic
fieled, the ability 1o apply encrgy to disrupt magnetic equilib-
rivm (graclient coils) the way the radio lrequency waves are
applied (pulse sequences), Table 7.2 is a very simplified
wwerview of the current major pulse sequences and the color
of lesions and the CSF on the currently used lwman ML
scans. There are many exceptions 1o the data in Table 7.2
anel new sequences are rapidly being developed: therefore,
this table shouwld be used only as a rongh (90% aceurael

MRI Pulse Sequences

Cerehraspinal
Sequence Fluid Color Lesion Color
TI -l.'.':'ighuld Black Warialble
T2-weiphiel White Whine
lnversion recovery Black Whie
Dillusion Black Wi
Coranclicm Black Black

Csmsceptibility)
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{Continued) Dz A scan near the vertex of the head depicts the

white matter (black on CT) and its relationship 1o the gray matter. Note that each
area of gray maner has an associated column of white matter

— Gray malter

Wihube mathar

gutdeline w get vou in the ballpark when looking ar MRI
images. Despite the grean potential of MR and i progres.
sion from o research device inthe early 19805 10 a siaple of
most imaging departments in the United Sanes, at presem
CT scans still provide the bulk of diagoostie broin images,
Fable 7.3 compares the strengths and limitnions of CT amd
MRL A series of images showing both seqguences and epacal
anatomie structures are demonst rated LB 74D

Perhaps the most commuon indication Tor brain imaging is
vranema, Human beads are extremely valnerable w injury:
conscguently, the trouma CT sconner rarely facks sufli-
cient business, In asscssing a0 CT perlormed for tranma,
one has a inite number of search parameters for major
[imclings that represent conmditions likely w demoand nmme-
diate imervention, MR s exeellenm for subacute trnma
detection, bt the speed and availability of CT muakes i the
nsual primary imaging device for temma potie s,

The presenee of Dleod in the head but owside the
vascular system is olten a kev w the correct dingnosis

A Comparison of Indications and Factors Affecting
the Choice of CT or MRI

Factor cT MERI
Lost =+ s
[ Ny
Tigsue differemiarion * g
Muhiplanar sequences Atk P
specd of examination Y ks
Bone reconsiractivom e +
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Formunately, when blood is loose in the head, it usually
appears as a conspicuous white blob on the CT scan.
Therefiore, the first rule of looking a0 trauma CT scans is
1o lowskk for the white collections inside the skull (Fig. 7.3).
Your diagnosis often can be even more specilic because the
white {or hlood) had an absorption number greater than
50 HU {(Hownsheld units) and tends 1o align in certain
prediciable ways according 1o its anatomic location, As an
owerview, the locations of imracranial bleeding whether by
CT or MRI are lirst separaied into inira-axial, meaning
within the brain tissues themselves, or exira=axial, The
extra=axinl hemorrhages occur in spaces with cluracteris-
tic shapes that can assist in localizing the hemorrhage,
]:hlltl in the lL'p'i{htI':il Space, |u~|'wt;-|.-|| shull and dura,
usually presents as a crescentic mass, convex 1o the brain
(Fig, 7.6). The subdural space berween dura and arach-
noid membranes, however, is usually concave 1o the brain
surlace, paralleling the surface of the skull; therelore,

CURE 74 Az Axial T1-weighted (left) and
T2-weighted MRI images at the level of the fo-
ramen of Monra, On Ti-weighted images, the
cerebrospinal fluid in the ventricles is black and
on T2-weighted images it is white. Notice the
superb anatomical detail, much better than CT,
B: Coronal T2-weighted image at the level of the
foramen of Monro in the same patients, The ana-
tomical definition rivals that of a brain section
in the neuroanatamy laboratory. € Sagittal mid-
line T1-weighted image of the same patient, The
midline structures, face and foramen magnum,
are seen in fine detail. Mote how well you see
the cerebelium and brain stem without the beam

B hardening artifacts of CT.

A child injured in a severe auto accident shows multiple
white areas in the brain as well as disruption of the skull, The white
areas are intraparenchymal hemoerhage, Also note the disruption of the
nosmal brain architecture {compare to Fig. 7.30, which shows a section
at roughly the same level), reflecting the severe cerebral edema.



& large mass of white (blood) density convex towand
the brain is charactenistic of an epidural hemosrhage. Most of these
occur because of traumatic tear of an artery and are surgical emergen-
cies, The brain is shifted by the hematoma s evidenced by the shift of
medline.

subddural hematomas are  diflferemtiated  from epidural
Bleeding by their shape (Fig. 7.7). Subarachnoid blowd dif-
uses over the surface of the gyri and hils the CSF cisterns
around the brain (Fig. 7.8). Intra-axial bleeding is olien
confined 1o the area of the ruptured vessel and is entirely
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Pl

5 A CT scan b the level of the ambient cistern showang
the cistern as white {blood) instead of black (cerebrospinal fluid; com-
pare to Fig, 7.38). Note that the white density also surrounds the brain
sterm. When blood mimics cerebraspanal fluid distribution, it is wsualky
extra-axial and in the subarachnoid space flowing around and over the
berain tissues.

enclosed within the substance of the brain. Imraventricular
hemarehage lies within the ventricles, olten pooling in the
dependent portion of the ventricle o form a hlood-CSF
level. By first Bincding the “white™ Blood, then booking at its

A1 1 MR of the brain, shown to illustrate that BRI is also effective in showing trauma. This is an abused child who
hars a sulstlural space hematoma {arrows). Mote that the surface is concave, reflecting the contour of the cerebral cortex, but not
extending among the gyri. This configuration is typical for a subdural hematoma, Also note that the signal densities are different
on MRL Imaging of bleeding is more complex on MR than by CAT
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Characteristics of Intracranial Blood by Imaging

MEI
Time of Bleed CT Ti-weighted T2-weighted
Immediate White Black Black
Acuie White Whine Black
Subacune Grav— White White
while

shape and anatomic location, one can be preny precise
aboun the diagnosis and the location of the blood. As the
hematoma ages, the hlood assumes different image charac-
teristics. Table 7.4 provides a deseription of the dilfering
appearances of blood in the head with age of the bleed.
Alier looking [or bleeding in trauma patients, the
next step is (o look for mass eflect, a clue that there is pres-
sure impinging on an area of the brain. For most injuries,
the best way to find significant mass effects is w look for
asymmetry with displacement of the midline or parame-
dian structures, the most prominent of which are the [alx
cerehri, laeral ventricles, and imerhemispheric fssure
(Figs. 7.6 and 7.9). A midline shilt away from a lesion, for

I Intra-axial or intraparenchymal hemorrhage of the brain
in a trauma patient, The white densities (blood) do not conform 1o any
definable space and are actually within and between the tissues of the
brain. A subdural hematoma (arroms) is also present in this patient.

Mote that the lateral ventricle and its temporal hom {arrowheads) are
desplaced by the mass effect.

example, an epidural blood collection, is usually an emer-
gent siuation, particularly in the context of trauma,
However, a word of caution is advisable: Midline shill does
not always signal a need 1o 1ake out your pocketknile o
perform emergent, kitchen able-type neurosurgery. Difluse
cdema of one hemisphere of the brain (Fig. 7.9) ar even
atrophy of the contralaleral hemisphere can cause appar-
ent {or real) ghift, The impoertant concept is midline shif.
When the brain structures are shilted away [rom the side
of the evident abnormality, such as a hematoma, increase
your level of suspicion and urgency in evaluating your
patient.

Afier searching for blood and mass effecis on the
brain CT scan or MRI, the next important step is 1o assess
the densities of the brain tissues themsclves. Earlier we
described how the gray and white matier componems of
the brain should be visible an the CT scan {Fig. 7.30)
The laieral veniricles and CSF spaces are hlack and should
be easily distinguished as separate [rom the tissues of the
brain. Variations on this theme are pencrally bad news.
The most prominent and dangerous sign is the oblitera-
tion ol the distinction between the gray and white matter,
which indicates profound edema in the arca, I this is a
universal pattern, there is a special name for the profound
edema that oecurs, obliterating all brain landmarks—the
“bad black brain™ (Fig. 7.10), This finding vsually por-

tends a poor outcome, representing dilfuse breakdown of

fotin i This severely brain-injured child has neither recogniz-
able ventricles nor grayiwhite matter differentiation (compare with
Fig. 7.30). In fact, the whole nescores, except for the areas of hemar-
rhage, is a uniform shade of Back, This severe brain edema portends a
POGE prOgROSES.



Basal
gangha

A child with diffuse hypooic injury of the brain deman-
strates the reversal sign. Note that the basal ganghia are gray and the
neocortex black, particularly in the frontal and parietal regions.

tissue integrity with ensuing cerebreal edema. The cause of
this catastrophie chain of events is almost always a limita-
tion of the oxygen supply 1o the beain tissues, owing 1o
cither a compromise of the blood supply or a loss of oxy-
gein 1o the brain cells. In the later instance, as the brain
swells, cercbral blood supply is compromised by loss of
the arterial perfusion gradient, and uwhimaely there is no
cireulation 10 1he brain, Owing 1o different tissue densities
anel less vulnerable perfusion, the basal ganglin and brain
stem are olien parlicul,urty CORSPICUENLS against the uni-
lirm density of the bad black brain, and their conspicuity
resulis in the so-called reversal sign (Fig, 7.1 1)

Please note the imentional lack of a detailed discus-
sion of skull [ractures in this section on truma,. That is
because, in general, skull fraciures are not very imponant
in the immediate outcome of a patient. It is the effect ol
the tranma on the brain that dees your patient harm, no
the erack in the bone (Fig, 7.12). A signilicont imprortan
exceplion is the depressed shull Traciure, a sinsation in
which the bone is driven directly back into the meningeal
coverings and the brain itsell. CT imaging and hooe win-
dows are of great importance in documenting the depih
amndd exremt of this wype of injury as well as documenting
any intracranial air leaks owing e tears of the dura or
meninges (Fig. 7030 1o this type of tmumn, surgery is
vsually necded and the identibcation of the Teacture, deprh
ol the fragmeni{s), surface brain injury, and pocumoceph-
alus Cair insicde the skall) are the key observations.

MR is mon o be omitted i any discossion of vouoma,
bt w5 role, although dramatically incrensiong, is ofien
secondary, Beeanse of the limitions of paticnt aceess
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This child with a lingar skull fractwre (arrows) was com-
pletely asymptomatic (except for a palpable bump on his skull) because
the brain underying the skull was not affected. The presence of the
skull fracture documents trauma but is of little importance in patient
management.

(ventilator lmitaions, difficuby in poienn observation,
cre.) amdl the longer examinmion times, MR is olien nom
ihe first imaging modality vsed for acwe taoma, Afier the
acute, lile-threatemng, emergencies hove Deen bamdled,
MRI is extremely sensitive lor assessing the extent of
parenchyvmal injury 1o the brain (particalarly cviotoxic

Bone windows of a CT scan demonstrate the depth
of injury in a depressed skull fracture (ammow) after this teenager was
struck with a hammer,
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MRI shows a diffusely increased signal (white inafcated
by arrow} in the posterior parietal lobes of a blunt head trauma victim,
This is owing to a cortical contusion that was subtle on the CT scan. Al-
though the finding explained the patient’s sympioms and documented
the severity of injury, the lesion did not reguire urgent intervention.

cdema on diffusion-weighted imaging) and for defining
more precisely the compariment of localized exira-axial
[luid. In each of these instances, the prognosis and etiol-
ogyv of the injury is beuer defined after MREL MRI speciros-
copy, a study of brain metabolism, holds grear promise for
predicting the outcome of some injuries. The wility of
MRI for inding subarachnoid blood is excellent using sus-
ceptibility sequences and MRI is unparalleled in defning
precisely which gyrus was smashed in a previous awo
acciden (Fig, 7.14), The instances in which MRI is crivical
in deciding the urgent management of a trauma patient are
atill few, bur it is an invaluable secondary 1ool in selecled
patients.

In summary,.a CT scan of an acute trauma patient
should be evaluated lor the following findings: (a) White
densities defining bleeding, including the shape and distri-
bution of the blood collection(s); (b) mass elfect, particu-
larly with shift of the midline structures; and (¢} loss of
normal comrast characteristics (or asymmetry) of the nor-
mal tissue and CSF interfaces, These rules will not get you
EVErY answer on every trauma patient, b they will help
vou in almost 95% ol the cases you see. For the other 5%,
vou may have 1o do a radiology or neurosurgery residency!

Just alter trauma as an indication lor brain imaging is vas-
cular disease, and the mos prevalent Torm is stroke. A
stroke results from ocelusion of the vascular supply {usu-
ally arterial but occasionally venous as well) 1o a Tocal arca

Widely scattered unidentified bright objects (UB(s) an
MR in the basal ganglia of this octogenarian are not of significance,
These UBOs are common near the basal ganglia but can be seen any-
where and are assumed 1o represent small artery disease with lacunar
infarctions.

of the brain causing tissue ischemia, Many “strokes”™ are
small and not even detecied clinically. Most people in their
hith or sixth decade have small areas of abnormal signal
called unidentified bright objecis (UBOs) on MRI of the
brain (Fig. 7.15), and there are some who ascribe the ori-
gin of UBOs 1o silemt strokes. We have a lot of brain tissue
that we do not lully use; the loss of these small areas is not
necessarily perceived as a clinical problem.

Only when either a large or a particularly critical area
of brain becomes ischemic do emergent sympioms appear
and neuroimaging comes inte play. CT scans are often the
first cxamination; however, their vse is problemmic as
there is a definite incidence of [alse-negative CT scans in
the first 24 hours alter a stroke. The size, severity, and
presence of hemorrhage clearly aflect the CT picture of
stroke and so some strokes appear almost immediately;
however, the sensitivity of CT scan for the diagnosis is
considerably higher alier the first 24 hours, unforiunately
ouside the window [or “clot buster” or other stroke pre-
vention treamments (Fig. 7.16). That said since hemor-
rhage in a stroke is a contraindication for “clot busters”
and CT is sensitive [or hemorrhage, a CT without contrast
is usually the first study for a suspecied siroke patient.

The most reliable linding in stroke on CT scan is the
loss of the normal architeelure of brain subsiance. The
arca of the siroke is depicied as a dark (edematous) bloteh
obliterating the normal tissue density, Oceasional sirokes
wilk have associmed bleeding, particularly in patients with
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The love-density lesion (arrows) in the right cerebellar
hemisphere represents an acute stroke awing to anerial occlusion. Note
that there is swelling of tissues involved in the stroke as evidenced by
effacement of the ambient cistern an the right (arrowdieads), The lesion
does not contain blood because there is no white signal en CT.

hypertension, and the blood will show up on CT as a
white density within the darker area of infarc (Fig, 7.17)
A siroke may also change in nmure as the tissuc is
tlestroyed and revascularization takes place. Bleeding may
ensue such that initially nonhemorrhagic sirokes can
develop high signal characteristic of internal blecding.
This change olien portends a poor prognoesis. Newer CT
perfusion echnigues enabled by fasier scanners and beter
computers may well supersede the current CT [or siroke
proocols,

There is a developing bady of knowledge suggesting
that early treatment of stroke may restore circalanion aned
limit brain tissue damage. This has led w0 a change in
imaging w0 emphasize carly diagnosis. MRL, particularly
with dilfusion imaging sequences and dillusion mapping,
is more sensitive o the early changes and has assaumed o
Lirger role in the imaging of acue siroke. Dillusion jmag-
ing is u series of specific inversion recovery sequences that
show Brownian motion of the water molecules (eyviotoxic
cdema) released Trom the damaged brain tissue, which
ronighly coreclates with areas of cell death. This lnwling is
very sensitive and appears within minues of tissue injury
i experimental studies, making it the most uselul ool for
dingnosing aeute stroke (Fig. 7180 Advances in MR

This huge hematoma in the lef side of the bran has
an irregular margin and edema surrounding the white area of fresh
hemarhage. This is a 53-year-old hypertensive executive who suffered
o fatal acute hemorrhagic stroke.

sequencing are mapid, so i is likely tha these sequenges
will be Turther relined possibly even w amicipate cell
dheath, bui for now diffusion is the mos accurane and early
seqguence for siroke. Eight hours or more alter a stroke, the
MERL of the damaged 1issoes reliably shows white on stan-
dard ME1 sequences (T 2W and FLATRY owing 1o the large
anotrinl of Tree waer leaked by the ischemie cells (Fig
719 Unfortumately, by this time it is woo Late w wse many
ol the thrombaolviie technigues w lini stroke: therelore,
dilfusion is critical carly in stroke. The wse of MR con-
trast {gadolinium? has improved detection even Turther,
angl MR may gsoon be the stadand for siroke imaging
(Fig. 7.20)

S Tar we have discussed acue strokes, Chronic
stirokes result in arophy of the brain tissue (Fig. 7.200
munnifested by cither focal or dilluse shrinkage of the brain
vwing 1o cell demb, O special note is diffuse multi-inbare
dementia, a condition that is difficalt w dilferentiae
Tron Alzheimer discase, Here the strokes are small amned
conlined 1o the arcas near the ventricles and so the ven-
iricles enlarge at the expense of the demd tissne (Fig.
7.2 The paticnrs CT scan ks like the vemtricles are
dilared, with the gyri and sulci appearing unusually prom-
inent, a condition sometimes referred 1o as hvdocephalus
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1
A: An acute stroke in the anterior portion of the nght thalamus in this S0-yearold hypertensive executive was
detected promptly by diffusion-weighted MRL. The acute diffusion coefficient image shows a low-density (black) lesion in the
thalamus an the T2 sequence. B2 The same lesion is white on the conventional inversion recovery sequence,

ex vacun. These cases are truly a conundrum because
Alzheimer disease, normal pressure hydrocephalus of the
clderly, and diffuse brain atrophy [rom any cause all look
the same. Functional brain MRI imaging with spectros-
copy. blood perfusion analysis, andfor melaholic mea-
surement is of luare consideration lor this dingnosis.
There is no easy imaging answer, and a1 present there is
no specific treatment with good elficaey lor any of these
conditions. However, this is a rapidly developing area of
medicine and exciting imaging developments are 10 be
anticipated.

The third common application of brain imaging is lumor
evaluation. In adulis, metastases (Fig, 7.23) constitute the
most common tumors, with primary benign or malignam
mimors being somewhat less common. The converse is

A diffusion-weighted image of a
Thourold left panetal stroke. Note that the acute
stroke 5 Black on the diffusion image (B) and white
on the composite ADC “map”™ (A). The patient did
ot have “clot busters” for other dlinical reasons, so
a conventional T2-weighted (C) image at 12 hours
shaws the left panetal stroke as a bright signal.

AB

true in children owing 1o the lower frequency of primary
malignancies that melasiasize 1o brain. The location of the
tumaors also dilfers with age. A greater propoertion of adul
tumars are in the cerebral cortex, whereas in children the
proponion of lumoers originating below the tentorium is
much greater (Fig. 7.24).

CT seanning for tumor lollows the same general prin-
ciples as for trauma, with the major exception that most
tumor scans are performed after the administration of
intravenous contrast, The theory, which works most of the
time, 15 that the abnormal tumor circulation allows con-
trast to penetrale the blood-brain barrier and enhance the
tumor. Because contrast enhancement is white on a CT

can, the wumor becomes conspicuous. However, tumors
can bleed, and the white of the contrast may obscure the
white of the bleeding, Because the appearance of blood isan
important issue in wmer patients, we often have o study
them hoth with and without intravenous enhancement.
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The white area in the right temporal lobe on this T2-weighted scan at the level of the lateral ventricles
patient is @ newly symplomatic stroke as depicted by gadaolinium- demaonstrates multiple high-signal perventricular infarcts cwing to
enhanced MRL lack of perfusion of the deep layers of the brain, These patients present

with dementia and movement disorders that may mimic a number of
degenerative neurclogic conditzons.

AR 20 This elderly man has diffusely dilated ventricles as well A contrast-enhanced CT scan of a 59-year-old woman
as deep sulci over the brain surface because of awophy presumably  with known lung cancer shows multiple high- and mixed-density
associated with multiple prior infarcts, lesigns, Thess were metastases from the lundg tumor
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Ti-weighted MRl documents a huge tumor that anises
from the cerebellar vermis and pushes the brain stem forward. This is
typical behavior of a medulloblastoma,

In defining tumor and normal anatomy, MRI equals or sur-
passes CT in efficacy and lew neurosurgeons would ackle
a brain tumor withow the aid of a with and withow con-
trast (gadolinium) MRI (Fig. 7.25).

Just as with wrauma, it is imporant 1o dillerentiate
imra=axial masses (within the brain tissues) from exira-
axial masses, as the differential diagnosis and approach arc
different. Determining tumor tissue site of origin is critical
but one of the most difficull diagnostic 1asks. In general, an
extra-axial tumor will display its widest base ar the brain
surface and will smowthly indent the brain from withowt {Fig,
7.26), Extra-axial tumors tend 1o be related 1o the meninges

A: A& T2-weighted image of a brain
umaor, a ghioma in the right occipital lobe. The cen-
tral tumor {white) is surrounded by a rim of edema
infiltrating the white matter B: After intravenous
contrast {gadolinium) a collar of enhancement better
defines the boundaries of the tumor for the surgeon.

This large tumod (3rrow) has a broad base along the
roof of the orbit and displaces the frontal lobe of the bran superiody.
This grewth is typical of an extra-axial wimer, in this case, a meningioma,

or the bones of the skull. Occasionally, a parcnchymal brain
wmor originates at the brain surface and dillerentiation is
impossible. Converscly, exira-axial umors sometimes
grow [rom slips of tissues insinuated into the brain, giving
the appearance of parenchymal masses,

Tumaors that are entirely enveloped within the brain
tissues are usually of glial cell origin, with astrocytoma
being the most common primary tumor (Fig. 7.27) and
metasiasis being the moest common overall, When the dis-
tinction of intra-axial from extra-axial is difficul and eritical,
using another modality with multiplanar imaging capability,




On gadolimium-enhanced MRI, this cerebellar tumor
contains a very bright nidus of tissue within a cystic mass. This is char-
acteristic of a pilocytic astracytoma,

such as MRIL, is invaluable. MEI also offers diflferent tissue
contrast paramelers, and contrast-enhanced MRD adds yer
another dimension.

Cnce the wmor is diagnosed and localized 1o 1he
proper anmtomic location, the next job is o look ar the
mass ellect caused by the wumor and 1o assess the likeli-
havsed of elamage 1o critical centers ol the brain requiring
emergent action. Here, the principles applied in trmuma
are useful, Does the wumor cause displacement of the nor-
mal structures, such that they are sulliciently eompressed
e cause compromise of the blood supply or direet pres-
sure damage Lo the cells of the normal brain tissue? 1 so,
vou have 1o move guickly. Onee again, shilt away from the
twmor and alieration of the normal dilferentintion of the
brain tissues are key to the proper determination.

Although CT is olten used for the diagnosis of congenital
angunalics of the brain, MEL with its superior tissue con-
trast, is invaluable in this area, Congenital anomalivs usn-
ally presemt im childhood, either with abnermal phvsical
ndings or with seizures. Physical abnormalitics musi
often associated with congenital brain  abnormalities
imelude macrocephaly (hig head), abnormal appearanee ol
the face (particularly with midline abnormalitics such as
cleft palated, and meningocele, Each of these lindings
shonled nipy you allw pursue a specilic tepe ol abnormalin
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This ¢hild presented with a large head. Family history
documented macracranium in several other famity members including
the father. The head CT scan shows the ventricles to be shightly en-
larged and the subarachnoid spaces to be prominent, This constellation
of findings is diagnostic for benign familial macrocranium,

Im the case of macrocraniem (a big head), the likely
i,li.[rl.; ﬁ.‘t'l'l!".ll. I:Iii.::l'l‘lllﬁ-iﬁ- is |:'|:r|;|l‘..1q'-:h'||'|.;|'||.|5. i 1,|.|]:|.l;|| 1y ul l]u:
ventricles becovse of abnormal CSF circulation. Remember,
however, that iF we use e 95" percentile w defime abnor-
mal, 5% of normal kids will have a head that large, s voun
meed to suspeet bt correlate with other signs belore jump-
img 1o imaging. 10 the infan is small enough so the suires
are open ultrasound is a good sereening est; however nsu-
ally o CT will be peeded. The Loneral ventricles stumd o
soowell owing o their CSF comtent that CT is well adapted
e the matial dingnosis and momiterimg of treatment lor
hydrocephalus (Fig, 7.28). The mwost critical Tactor is
determining the cause of the hyvdrocephalus so that vou
Cin |\-|L'1.I|4;| whether or mo surgical ‘-.|l1,ll'|l.||'|1_‘; will he of
value for the paticnt. in most instances the method s
straightforwand: One looks Tor the mest candal difaed
ventricle and assumes that the obsiruction s between
that site amd the most cephabul normal vemricle, For
example, il the Faeral s third vemrieles are dilated bon
the Foeth vemricle is normal, the obstruction is likelv m
the ot o area of the thied vemricle or the u:llll:ﬂllt'l al
Sylvius (Fig. 7.29).

Olen obstructive hvdrocephalus can become sunic
Wi Lo |_'-|;||_|.1'|||1r.11|:|-|.I ol the CSF L!}'ﬂ.lll‘li:‘ﬁ. ol Pl'l.'ltl.lllﬂﬁl-l'l.
arnd absorption. T this case, it may et be necessary 1o
plice ashoem 1w dlrain the CSE Onee the dilaved vemiricles
are detectedd, the pead 1o shumt can be determined by
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A

1 Sagirtal (A} and coronal (B} MRIs of an infant with a huge head at birth. The child has severe hydrocephalus
involving the [ateral and third ventricles but a normal fourth ventricle. This is suggestive of an aqueductal obstruction.

following the ventricular size over time. This should, of
course, be coupled with close observatton of the patient’s
clinical status. Do not ever let the imaging hold you back
il vour patient is deteriorating. CT scans provide suflicient
detail for menitering progression of hydrocephalus.
MRI is often of value in the iniial evaluation of hydro-
cephalus, but follow-up monitoring is the domain of CT.
Hydrocephalus can occur on other than a congenital basis,
but the rules outlined here Tor evaluation hold for most
instances,

MRI is the best meihod for initial evaluaion of
most babics with complex delects of the face and brain
because the clinical piciure is swable and MRI vields ber-
ter tissue dilferentiation and multiplanar imaging capahil-
itv. Holoprosencephaly, or lailure of division of the embry-
onic forebrain, is always associated with facial anomalies
and is a good protype lor illusirating the value of MRIL
This complex series of anomalies ranges all the way [rom
a totally mallormed brain, a condition not compatible with
life, 10 agenesis of the sepium pellucidum and opuc abnor-
malities (septo-oplic dysplasia), conditions compatible
with long life (Fig. 7.30). Whereas CT scans are sufficicnt
for the gross defects of holoprosencephaly, MRI can show
sulficient detail 10 deline the absence of the sepium pel-
lucidum as well as showing the midline delecis of the
optic tracts, |1 vou have one test 1o do in these children,
MRI is the best,

Meningocele is a common condition caused by failure
of clasure of the embryonic neural tube. This condition is
almosy :il:l\’ar.i;lhl}' associaied with a L‘Ul‘l‘lpl!?"- series of

abnormalities called the Arnold—Chiari 11 malformation.
The reasen all of these brain anomalics are associated with
what commonly is a spinal abnormality is m:lrnplf:n:. bt
the findings are reproducible and best demonsirated by

IGim 70, MR of an infant with septo-optical dysplasia docu-
ments the minimal abnormality of incomplete septation of the lateral
ventricles by showing a deficiency of the septum pellucidum,



MRI {Fig. 7.31). The 1ethering of the spinal cord that
aceurs with meningocele is associated with protrusion of
the cerebellar wonsils below the foramen magnum. As with
ourr other examples, the complex anatomy in developmen-
tal brain anomalics is best shown by MEL

The hinding of seizures in a child suggesis a congeni-
tal defect, either stmciureal or owing o a metabolic prob-
lem. In cither case, MRI is more likely 1o vield the correct
answers. Structural abnormalities include errors of newro-
nal migration in which the brain tissues are arresied in
their normal growth, leaving focal islands of tissue in
abnarmal locations throughowm the brain (Fig, 7.32).

Spinal cord
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MRl from a baby with lumbar myelomeningocele. The postenor

fossa is small and the cerebellar tonsil pratrudes far belee the foramen magnum.
This is @ constant cemponent of the Arnold-Chiari malfarmation,

=~ Foraman magnum

Cerebellar tonsils

MMher srrmctural  abnormalities result rom abnormal
arrests of newronal tissucs during the proliferating phase
ol brain development thereby disrupting the normal brain
tissue. A good prototype condition here is inherous scleros-
sis (Fig. 7.33)% although any other phakematosis can give
similar problems. Metabolic abnormalities caunsing sei-
zures waually couse demvelination, thereby affecting the
white matter cither dilfusely or as focal lesions (Fig. 7.34).
MRI is clearly superior o CT here. althowgh the findings
are nol specilic for one disease process: local imfection or
demyvelinming disorders such a5 muhiple sclerosis can
leok the same as metabolic delects.

Schizencephalic cloit

HH A il with seizures. MRI shows a cleft from the posterior portion of the left lateral ventricle all the way 1o the
brain surface. This condition, caused by a failure of proper migration of neurons as the brain is formed, is called sehizencephaly,
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CT scan of the brain demonstrates calcification in the
rood of each lateral ventricle. These calcifications are within the hamar-
tomas or tubers. MR would also demonstrate the hamartomas as wall
as showing the lesions that are not calcified.

There are many other potential uses for imaging in
neurologic disease. However, il you retain the general
prineiples elucidated here, vou can make most of the diag-
noses needed [or patient care, whether or not you com-
pletely master all of the nuances of the dillerential
diagnosis.

CAT. or €T, is the most commonly performed nearoim-
aging study in the United States. CT scans can depict
the brain in horizontal planes that can be viewed an dif-
ferent levels.

When assessing a CT scan for potential irauma, begin
ky looking for blood in the head owside the vascular
systern. Blood appears on CT initially as a white bloh.
Mass effect is a clue that pressure is impinging on an
area of the brain. The best way 1o find significant mass
elfect is 10 look lor asymmerry with displacement of the
midline structures.

Oblieration of the distinetion between gray and white
matter in the brain represents profound edema. IF the
edema is universal, vou arc witnessing a “bad black

Multiple high-density white matter lesions are consist-

ent with a myelodegenerative phenomenon, in this case, multiple sde-
rosis, These findings are not specific and must be combined with the
clinical and laboratory results to be diagmostic,

brain,” which poriends a poor oucome and is almost
always caused by a limitation of oxygen in 1the brain.
On CT, acute strokes often initially appear as a dark
edematous blowch obliterating the normal tissue den-
sity. On many MRI sequences with inversion recovery
or T2 weighting, the damaged tissues are white because
of water leaked by the ischemic cells, Diflusion MR is
the most sensitive imaging test for acute siroke.
Tumors that are entirely enveloped in the brain tissues
are usually of ghial cell origin, with astrocytoma being
the most common primary LMo

Complex anatomy in developmenial brain anomalies is
best shown with MRLL

Physical abnormalities most ofien associated with con-
genital brain abnormalities include macrocephaly (hig
head), abnormal appearance of the face (particularly
with midline abnormalities such as clelt palae), and
meningocele.

(rsbarn A Diagrostic Mewroradiology. 51, Louis, MO: Mosby

1994,
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L. True or lalse: Considering brain CT 3. True or false: Regarding appropeiate brain imaging

a. Brain CT uses ionizing radintion echnigues a. Hydrocephalus monitoring, congenital anemaly

b, Separate exposures are needed for with amd evaluation, and trawma brain CT usually dees no
withowt CT of the brain regjuire contrast sadminisiration

¢. Current CT echnigues only allow horizontal h. Most babies with maceo-craniim (head
sectioning of the brain unless the head is circumierence above 95" percemile) need
repositioned evaluation for hydrocephalus

d. CT of the brain for trauma is usually perdormed o The principal role of MR in bvdrocephalus is
without intravenous contrast usually in specific initial dingnosis amd subseguent

momitoring is vsually done by MRI
2, True or false: Regarding brain twmors d. MRI s highly uselul for demonsirating bone

a. The most common malignant brain tumor in adubl defectz and lractures of the calvarium
alients is a melasiasis

I The theory lor contrast enhancement of brain 4. Treue or [alse; In suspeeted vascular discase
tumors is caused by hypervascularity a. MR is more sensitive than CT For detection of siroke

«. Brain tumors in children are usually primary and in within the first 24 hours alier the onset of sempoms
the cortex of the brain b, The principal reason for inmediae CT alier stroke

d. MRI has superior lissue contrast 1o CT and symploms is 1o exchule brain hemordhage
therelore usually gives a more precise location of a e, Flaie (luid srvemmared inversion recovery) inuges
TG T are the most sensitive dingnostic imaging ool lor

acuie stroke
q . CT perfusion can only be accurately done on

multislice CT devices



Head and Neck

Yutaka Sato

] hapler Outline
Sinusitis
Trauma
Congenital Anomalies

In this chapter, a shon overview of head and neck imag-
ing is presented. With the recent advancement and wid-
ening availability of sectional imagings, such as CT and
MRI, the part plaved by the plain radiographs has decreased
significantly.

Az an initial screening of sinusiis or lacial rauma,
radiographs may be used when more sophisticated sec-
tional imagings are not readily available. For facial bone
and paranasal sinus evaluation, routine radiographic
views include Waters (Fig. 8.1), Caldwell (Fig. 8.2), and
lateral (Fig. 8.3) views, Lack of aeration in the sinus anira
is suggestive of sinusitis, and a definitive diagnosis can be
made when an air-lluid level is present. CT is the primary
madality for the evaluation of sinus infection and lacial
trauma (Fig. 8.4) becauge bone detail is best evaluated by
CT. Because of multiple horizonally placed butiresses of
the lacial skeleton, multiplanar reconstructed images in
coronal and saginal planes generated lrom axial daa are
essential for the dewailed evalumion of facial fraciures
(Fig. B.5}.

Ultrasound (US), which does not use radiation, is
olien sufficient 10 make diagnosis of nonsurgical mass
lesions.

When surgery is contemplated, MRI or CT becomes
necessary. MR imaging is the modality of choice for the
evaluation of meoplastic lesions of the head and neck,
because of its superior soli-tissue characierization aned
mullip]nnar L':ﬁ]'l:ll'ri“l‘,.‘. MR im;minﬂ is essemtial te evaluate
skull-base involvement by head and neck mors.
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Tumars
Key Paints

Clinical preseniation of pain, swelling over the paranasal
sinuses, and leukocytosis are sufficient for the diagnosis of
sinusitis and, in the majority of cases, imaging is nol nec-
essary. When intraorhital or intracranial extension of the
inllammatory process is suspected and surgical interven-
tion is contemplated, imaging becomes necessary, CT is
the modality of choice. Acute Nuid collection in the sinus
cavity is diagnoestic, and associated findings include muco-
sal thickening (Fig. 8.6) and erosive or destructive changes
of the sinus wall. Extension of the inflammatory process
into the orbits (Fig. 8.7) or cranial cavity may be seen and
helps 1o determine the therapeutic approach,

For evaluation of children, the developmental sequence
of the paranasal sinus should be taken into consideration.
Generally, the ethmoid and maxillary sinuses are present
at birth, but may not be acrated. The sphenoid and frontal
sinuses starl to be seen at about 3 and 6 years of age,
respectively

For the evaluation of facial fractures, CT is also the modal-
ity of choice. Masal fraciures are the most common,
[ollowed by zypomatic [ractures, Zygomatic fraciures
commenly invelve: The lateral orbital wall ar the fronto-
zygomatic suture, maxillozygomatic suture, and the zygo-
matic arch, and is named a “trimalar” or "iripod” lacture
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Finime Hormal Waters wview of the face, shaw-
ing the good delineation of the maxilla. The manil-
lary sinuses are optimally displayed, and the antenor
portions of the orbit and the nasal cavity are clearly
Frontal zygomalic process  dutlined.
Masal cavily

Masal lurbanale

Maxillary sinus
Zygomatic arch

A Caldwell, or posteroanterion, view of the face.
Mate how well the orbits and frontal bone are seen. The maxilla s
supenimposed on the skull base to some degree, The structures of
the internal auditory canals ane visible through the orbits.

Faondnl sanws
Cubil Eltumsnid girneos

Masal lusnales

Az of mpndhiblo

Laterad wiew of the skull shows the pos-
teriorly located sphenoid sinus and the nasapharygeal
airway. This view complements the others, adding the
third dimension to the structures of the head and the
neck

Fronial
sSamus

Sphenod
Sines

Anledcm vl

mimadary Sinus Mgl Ny

Havrd pawlinbe
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IEa kiR Hormal axial CTimages: Inferior plane

(A}, middle plane (B), and superior plane {C). Maillary sinus
willary

Zygomalic arch
Frerygoid plate

Prerygopalating fossa
Mandibular condyle

— Ethmaoid sames

Inferior arbital fissuwne

Sphenoid sinus

Temporomandibular
joint

— Frontal sinus

Crelit

Optic loramen

— Antanior clnoid
process
Dorsum sefla
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Reconstructed coronal CT images:
Anterigs plane (A), middle plane (B), and poste-
rior plane (C).

it
Ethmoid sinus

— Mazillary sinus

— Sphanokd sinus

Infarior orbital
fissura

-— Masal septum
Turbinate

Hard palata

Dargum Sofla
Sphenokd sinus

— Foramen ovala
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Chronic maxillary sinusitis. The right
maxillary sinus is opacified by thickened mucosa, and
mucosal thickening extends into the right nasal cavity,
Also, notice sclerotic thickening of the sinus wall, sug-
gestove of the chronic nature of the sinusitis.

Orbital cellulins, {A/B) axialicoronal CT.
Inflammation of the ethmoid sinus extends into the
orbat through the thin wall, laména papyracea, form-
ing a subperiasteal abscess.

Subperiosieal
abscass

Lamina
Papyraces

Medial recius
mugcle

Lamina
papyracaa

Medial recius
musch

Maxillary sinus
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Fioieee 5 5 Tripod fracture, Three-dimensional refor-
matted CT, Mote the fractures involved: (a) The lateral
arbatal wall, (b) the maxillozygomatic suture. and (¢) the
rygomatic arch.

(Fig. B.8) I the facial lraciure extends posteriotly and CT is essentinl w evaluae the emnpped soft tissue
violaies the prerygoid plate, ihe Tractured lacial bones are and nerves by the Ircture Trngments, which may reguine
detached from the cranium, Depending upon the level wrgent decompression,

al the Traciure line wraversing the central midlace, these Orhital blosweout fracture ocewrs when an abject langer
[ractures are classilicd as Le Foret 1, I, or 111 [mciures than the orbin, such as a list or o Baschall, hits the eve, The
(Figs, 8.9 and 8,100, ; impract is transmitted o the orbital comntents and raises the

phdat A Le Fort | fracture, B: Le Fost 1 fracture, C: Le Fort 10 frac-
yure. (Fram Langland QF, Langlais RP, McDavid WO, et al. eds, Panoramic
Radiolegy. 2nd ed, Philadelphia, PA: Lea & Febige, 1989, with permission.) [
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Prerygoid fraciure

Maxillary fraclures

CT scan of an auto accident victim who struck the windshield. There are multiple fractures including disruption
of the deeper structures of the face (plerygoid plates illustrated). This is a complex fracture pattern of the Le Fort type and can

be dafined well anly with CT.

intraorbital pressure enough 1o shatter the weakest wall of
the orbit. cither the inferior wall into the maxillary sinus
{Fig. 8.11} or the medial wall (lamina papyracea) into the
cthmoid sinus, without [raciuring the orbital rim. The
inferior rectus musele may be trapped and cause paralysis
of the inferior gaze of the affecied eye,

— Blowout
fracture

A blowout fracture of the orbit caused by a fist to the
eye. Mote the soft tissue mass protruding inta the maxillary sinus. This
waman had no gaze abnormality on presentation for care but devel-
oped ane shorily thereatter. The fracture required surgical reconstiee
tion, but the patient now has a normally functining eye.

Premature fusion of a cranial sulure (craniosynostosis) pre-
venis the growth of cranium in the direction perpendicular
1o the involved suare. Saginal synostosis resulis in a nar-
row long head (dolichocephaly, scaphocephaly). Bilaeral
coronal or lambdoid synostosis resulis in a broad short
head (brachycephaly). Unilateral coronal or lambdoid syn-
ostosis resulls in an asymmetric head (plagiocephaly). CT
witlh three-dimensional reconstruction is usclul for evalu-
ation of coexisting intracranial abnormalities and surgical
planning (Fig. 8.12).

Thyroglossal cysts occur along the course of embryo-
logic dissenis of the primordial thyroid rom the foramen
cecum of the tongue base to the normal cervical paratracheal
location and is most commonly seen as an amerior parame-
dian cystic mass closely related 1o the strap muscle (Fig. 8.13),

Branchial elelt eysis are protetypical congenital laeral
neck masses seen at the bifurcation of the carotid anery ante-
rior e the siemocleidomasioid (SCM )y muscle (Fig, 8.14).

Venolymphatic mallormaions (aka cysiic hygroma)
are developmental vascular malformations most com-
monly seen as a multilocular cystic mass often associated
with hemorchagic fuid=Tuid levels in the posterolateral
neck centered around the posterior triangle (Fig. 8.15).

Filbromatosis colli is a benign Abrous prolileraion of
the SCM muscle and the most common cause of neonatal
torticollis. U5 is diagnostic, demonsirating spindle-shaped
enlargement ol the lower one-third of the SCM muscle
(Fig. 8.16). It is treated conservatively with physiotherapy.
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sagittal synostosis, (A.B) laterall
anterior view of the three-dimensional recon-
structed CTimages. The sagittal sutire is fused and
the head is dolichocephalic.

OO
sulure

Lambdoid
subure

Sopuamosxl
subure

— Absent
sagiltal sulura

— Caranal sulunge

Thyreglassal cyst. €T of the in-
— Thyreglossal frahyoid neck shows a paramedian cystic mass
e o anterigr to the strap muscle.

— Strap muschs
— Thyroid ca:rllaga

— Stermocieldomastoid
musche
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Branchial cleft cyst. CT at the hyoid level
shows a lateral neck cystic mass anteromedial to the
sternocleidomastoid muscle, lateral to the carotid artery
and internal jugular vain

Submandsbular

- gland

_Branchial cleft

~ cysl

__ Sternocleidormastold
muscle

—__ Common carotid
artery

. Internal jugular
VN

Venolymphatic malformation, MR im-
ages (ASB, coronaliaxial T2-weighted images) show
multicystic mass lesion i the base of the neck pos-
teromedial to the sternocleidomastoid muscle extend-
ing inte the axilla. Mate alse multiple fuid=fluid lovels

tarrews) caused by intracystic hemomrhage. Lymyphangionda

Starnoclsdomastoid
musche




MRI is the modality of choice to evaluate the neoplastic
besions of the head and neck, The histologic diagnosis ol
head and neck neoplasms are usually made by line-needle
bicpsy and imagings are primarily used 1o evaluate the extent
ol the discase, 10 delineate the relationship al the wmor o
the adjacent anmomic structures, and 1o evaluale metasta-
sis 1o Lhe regional lymph nodes, All ol this information is
cesential o determine the optimal mode of therapy. MR

Orbital
eulEnsion

Tsrnaor

Intracranial
exbension
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HEE Fibromatosis colli of the right SCM muscle. Az US
lengitudinal along the rormal left stemodeidomastoid muscle, B:
Along the right SCM muscle. € Transverse. U5 images along the
steenacleidomastoid muscle show a spindle-shaped enlargement
of the lower one-third of the right ST muscle.

is essential, paricularly for the evaluation of shall-base
mverlvement by head amd neck tenwes (Fig, 8,120

I adulis, sguanwens cell carcinema is the most com-
meon walignant head and neck mass. Among the pediatric
age group, benign messes are more common than malig-
nant ones, Benign nusses include congenital ovstic lesions
such as thvroglossal evars and branchial clel cvsis, Benign
neoplasms seen in this age group include eratoma and
juvenile angiolibroma. Rhabdomvosarcoma i the most
comnuwn pediatric head and neck malignaney (Fig. 817

Rhabdamyosarcoma of the nasal cavity. Gadelinium-enhanced T1 weighted images in axial (A) and coronal
plane (B) show avidly enhancing nasal cavity mass extending into the right orbit and inte the cavernous sinus,
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CT is the imaging modality of choice in the evaluation
of sinusitiz and facial bone fraciures,

Imaging features of sinusitis include acute Muid collee-
tion of the sinus cavity, mucosal thickening, and erosion
of the bony wall of the sinus.

“Tripod” lraciures invalve the lateral orbital wall, maxil-
lozvgomatic suare, and zygomatic arch,

In Le Fort fractures, the facial bones are detached from
the cranium by the [raciure of the pierygoid plates.

In orbital blowouw fractures, the inferior recius muscle
may be trapped by the fraciure fragments of the orbial
floor, requiring surgical release.

. What is the most appropriate imaging modality 1o

examine facial fraciures?
a. Radiographs

h. Uhrasound

¢. CT

d. MRI

. What is the correct sequence of sinus development?

a. Maxillarv/ethmoid-lronial-sphenaid
h. Maxillarw/ethmoid—sphenoid—{rontal
¢. Fromal=sphenoid=maxillaryfethmoid
d. sphenoid-maxillarv/ethmoid—fromal

. Which is the component not affecied by tripod

fracture of the facial bone?
a. Zvpomatic arch

h. Fronlozyvgomatic suture
¢. Lamina papyracea

d. Maxillozygemaic suiure

MR is the imaging modality of choice in evaluating head
and neck wmors. A skull-base exiension of the wumor
regjivires MR imaging.

In adulis, malignant mass lesions are common. 1n chil-
dren, benign masses are more common,

Harnzberger HR, Glastonbury CM, Michel MA, 1 al, Diagrostic

tmaging: Head amd Neck. 2nd ed. Sah Lake City: Amirsys,
e T

Som PM, Curtin HD, eds. Hemd and Neek Imaging, 5th ed. 51 Louis,

MOk Moshy, 2001,

. Which cranial suture synosiosis is responsible for

dolichocephaly?

. Bilateral coronal sutures
b. Bilateral lambdoid sutures
<. Sagiual suture

d. Metopic suiure

=

. Diflerenial diagnosis of a cysiic neck mass in the neck

on US examination include ollowing entitics except
a. venolymphatic mallormation

b branchial cleflt anomalies

c. thyroglossal duct anomalies

d. hbromatosis colli

. Choose all the correct statements from below.

a. Majority of pediatric neck masses are benign

b. Thyroglossal cyst is paramedian in lacation

c. Branchial clefi cyst is lateral neck in location

. Rhabdomyosarcoma is the most common pediatric
neck neoplasm
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Normal Images
Ceracal Spine
Thoracic Spine
Lumbar Spine
Phis
Anomalies
Trauma
Fractures
Ceavical Sping Injuries
Thoacic Spane Fractures.
Lumbar Spine Fractures
Spondylolysis and Spondylohsthesis
Pebec, Acetabular, and Sacral Fractures
Herniated Intervertebal Disc Disease

The axial skeleton consists of the skull (which is covercd
separately), the spine, and the pelvis, I is the main stroe-
tral support for the body and, as a resuli, is subjecied o
many stresses, The spine consists of cervical, thoracie,
lumibar, and sacral divisions composed of bones, joims,
ligamems, muscular attachments, and nerves. The pelvis
articulates with the sacrum on each side, suppors many
sl tissue structures, articulates with the femurs, and is
the proximal anachmen fisr ATy muscles involved in
locemmadionmn,

Back pain is a problem for the majority of patienis
some time in their lives, Most people recover from their
hack pain with litile or no medical care. Oecupational-
relatedd back injuries are not vneommoen and other com-
mon elinkogics of back pain are listed in Table 9.1, When
Im1q'¢|1t£ do seck medical care Tor back pain, rdiologic
pmaging is Trequently overutilized. Following a thorough
pistory aned physical exmmination, aneroposterior (A
anel fateral r'.ulingrnphi often are the lirst radivlogic cone
spluntion 1w be requesied 1o evalvate the svmptommic
'“.Hinn al the spine. These images may be supplenented

Spine and Pelvis

Carol A. Boles

Arthritides
Osiecarihaiis
Ankylosing Spondylitis, Psariasis, and Reiter Syndeome
{Reactive Anihaitis)
Rheumatoid Arthitis
Meuropalhic losnts
Infection
Miscellaneous Diseases
Diffsse Idiopathic Skeletal Hypeicitans
Paget Disease
Tumars
Oithers
Approach to Clinical Problems
Key Paints

with obligue and coned-down views 1o beiter visualize an
arca, and cecasionally baeral llexion
I'L"‘.I_lH."S-'l'L'll o locume .‘-'ul!llll'l'q,' Mo

il extension views ane
el stabiling Yeuacconl-
i ks the American College of Radiology Approprisaeness
Criteria, imaging is usually not appropriate for uncome-
plivated acwte low back pain andfor rdicudopathy with o
movivsurgical preseniation,

Mlagnetic resomanee imaging (MED com be a uselul,
moninvasive dingnostic teol in visualizing the spine, discs,
anel perves, and g use b= increasing while vilizaion of the
invasive mivelogram with C1 s decreasing. C1 delineates
ammtbenny ancl pathology, particalarly baeral dise berkaions,
wierre eleaely than does mvelography with only rdiographsy:
LT can demwmnsinue dise discase sl degenerative Lwet dis-
ease, hut has langely been replaced by MRL Lor this parpose.,
BRL % very poasd Tor imaging solt tissues amd the bone mar-
o, spimal cond, o the imerveriebeal dises,

CT is, however, gquite helplul Foer localizing the exaet
position of vertebral Traciure Tagmenis ollowing acute
v, particularly imporam swhen the Taciure frag-
ments e displaced ine the spinal canal, MRL is also used

285
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Back Pain Etiology
Congenital/Developmental

Meningocele and myelomenngocele
Svringomyelia

Transitional venebra with pseudarthrosis
Sickle cell anemia

Schevermann disease

Acquired

Discs Herniation, Annular Tear

Arthritis—degenerative. rhewmatold, ankylosing
spondylitis

Infection=staphylococcus, wherculosis

Metabolic—osicoporosis, osteomalacia, Paget disease

Meoplasm-benign and malignant primary bone
mors, metasianic

Travma-lracture. muscle and ligament injury,
spondvlelysis, and spondylelisthesis

Extraspinal

Cardiovascular svstem-relerred myocardial pain,
aortic l!'l'll:'l.tr_!.'E-I'l'l

Gastroimestinal disease

Genitourinary system—renal and urcteral pain

Muscle strain

Psychosomatic or lunciional

when a spine fraciure is present and an associated cord
imury is suspected (Table 9.2), However, MRI cosis a
least twice as much as CT imaging. In addition, some
patients may not be able 1o have an MRI because the strong
magnetic field may disrupt a pacemaker, displace an ancu-
rvam clip, or the patient may not tolerate the m|:llivr.|}"
conhned space.

Despite a decreasing need for radiography of the spine, a
thorough understanding is necessary, particularly since post
injury follow-up examinations are 1ypically radiographs.
Mormal versus abnormal as well as detection of suble
changes may have profound effects on patient outeame,

As previously emphasized in other anatomic regions, a
systematic approach for evaluating the spine is needed.
You will eventually develop your own system, but the fol-
lowing one will work until you do (Table 9.3), Start with
the lateral radiograph (Fig, ©.14) as it is the most impor-
tant cervical spine rdiograph. Glance at the entire image
to see il something obvious jumps out at you, If it does,
Pt that aside and force yoursell 1o look at the entire study.

Indications for the Use of Imaging Modalities
in the Spine and Pelvis

Radiographs (in the sciting of trauma)
Cervical spine—Ilateral
Pelvis=AP

cT
Fractures

MR

Soft 1issues and bone marrow (lumor, infection)
Spinal cord and disc disease

Fractures with suspected cord injury

Myelogram

Disc disease, spinal sienosis

It is nen uncommen io stop looking once one abnormality
is found. This can lead 16 serious consequences! On the
lateral radiograph the normal cervical curve should be
mildly convex anteriorly (lordotic). When the patiem has
pain, straightening of the spine may occur secondary
muscle spasm. A patient in a hard cervical collar also has
a straightened curvature. Make note of the normal lines
that should be intact on this view (Fig, 9. 1B). Now simply
count the cervical vertebrae. Things you must sec in the
setting of trauma include: All seven cervical vertebrae, the
entire C7 and T1 intervertebral disc space, and, ideally,
the T1 vertebral body. This is especially imporiant as a
fracture could be lurking in nonvisualized areas of the
spine, and the resuli could be caasirophic, For example,

Checklist for Spinal Radiograph Observations

Lateral Radiograph

Alignment (three lines in cervical spine)
tMust visualize seven cervical vertebrae
Vertebral body heighis

Disc space heights

Osseous density

Facer joims/pars interarticularis

AP Radiograph

Alignment

Veriehral body heighis

s space heighis

Bone density

Pedicles (lower cervieal, T- and L-spine)
Facel joints



Ear

Salia wwrcica
Sphenaid sinus
Masopharynx

C1 anterior arch (luberche)
C2 dens {odontod process)

A Tmlr:hl:.l.'!

C& lamina

Mamllile ramus

Transumise (enoess
G vertebral borhy
Hyoid bonne

C5 spinous process
6 podicle

CE.7 apophyseal joint
CE.7 intorvertobral disc space
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A: Cervical spine lateral radiograph, Normal, B: Cervical sping lateral llustration, Normal lines found on the

natrial lateral radiograph,

il the C7 vertebra is not included on the lateral cervical
spine racdiograph, a fraciure of C7 might go unrecognized.
An unrecopnized and displaced lraciure has the potemial
1o cause a serious cord injury (sec Fig. 9.28). Always gauge
the vertical heighis of the verebral bodies and 1he imer-
veriehral dise spaces, The vertical heights of cach veriehml
body and intervertebral dise space should be approxi-
mately equal 1w those immediately above and below, Moie
the esseous densities in general. Some commeon caunses for
decreased (osteopenia) and inereased bone densiy are
shown in Table 9.4, Metastatic bone discase [rom prosiate,
breast, and other malignancies can result in an increased
hone density or osteoscleratic appearance, The transversy
foramina may appear as focal, round lucencics projected
ewver Lhe vertebral body: this is most common a C2.
Mext, look at the AP radiograph (Fig. 9240 and again
check the alignment of the cervieal spine. The spine
should be straight on this view:. Again noie the heighis of
ihe veriebral bodies and imerveriebral dise spaces. When
Jdisease or injury is suspected at the C1 and C2 levels, an
AP radiograph of the upper cervical spine is olaained Ty
Jdirecting the centeal x-ray beam through the paticnts apen
pouitly, This is called the open mouth view (Fig, 9200, aoul
it allows visualization ol the dens, or edomioid Process, ol

Some Common Causes for Increased and
Decreased Bone Density

Decreased

Ostealytic mewstases

Osteomalacia
Crateomvelitis
Ulsleopornosis

Primary bone tmoer, especially muhiple myeloma

Ehewmatoid arthritis, ankvlosing spondvlicis

Increased
Bonme inlames
Bome island

Callus formation=lrcinees
Endplate selersis—lise degeneration

Fibrous dvsplasia
Lyl

Osteoblastic metastases {prostne sl breast)

Osteapelrosis
Mager discase

Primary hone wmors (5% of muliple myveloma)

287
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A Cervical spine AP radio-
graph. Mommal. B: Cervical spine AF open

mouth radiograph of the upper cervical spine.
Normal.

the C2 veriebra and the €1 and €2 alignments and joinis.
An extremely imporian observation to make is the pres-
ence or absence ol the veriebral pedicles, Pedicles lovarke
like the headlighis of the veriebrae in the low ceevical,
thoracie. and lumbar regions, but are obliguely oriented in
the upper and mid cervical spines and best seen on cervi-
cal obligue views, They are ofien involved by metasiatic
Jiﬁ.:i!..ﬁl.'i- I'H.'ﬁlll‘.ﬂ." ol their .;jl'r|.||'|r_l;j|:||_ hju;“j 5|_||1|].E:.'_ ” POFTE A RF
more pedicles are absent, metastatic involvement or some
other destructive process muse be strongly suspec ted. There

- Mandible angle

- Transverse process

- Intervertebral disc
space
- 5 vertabral body

Spinous process

C7 pedicles

Trachea
T1 transwvarse process

5l riby

= Tooth
— Chfonioid

1 inferior articular facet
- 2 superior articular facel

= G2 vertebral body

Bitid spingus procass

Mandible teeth

- Mandible body

are henign canses such as a meningocele or congenital
absence of the pedicle, but these need 1o be proven rather
than assumed,

Oceasionally, oblique views (Fig, 9.3} arc obiained
and the same observations are made as on the other views,
Fhe imerverichral foraming, through which the spinal
nerves pass, are well seen on these views, Any discase pro-
cess that narrows the foramina could potentially cause
[IrESSUTe on the nerve exiting through that newral foramen,
resulting in radiculopathy, or pain along the distribution



Oeeipul

C1 laminne

C2 spinous process

_ Lely G- Simerve: ielual
foramen

5 el pedicie

Co nght padicle

C6 lell pedhcle

C6 vartehaal Dody

- Left GF=T1 intervertebal
learzarman

Trachea

- Right first riby

Oecaput

— Bbarchlle ramins

C3 vartebral body

Right wilerver tebal loranna

— Fight C5-8 apoghyseal joanl

C ¥ nght pedacic

S el podiche

~Right CB=7 inbreyes tabal loramsen
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Cenvical spine nght (A) and left (B)
oblique radiographs. Normal.
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- B

C1 amerior arch

C2 Spinous process

Apoptyseal jsin)

C4 vertebral body

C7 vertobral body

T1 verlabral body

Cervical spine |ateral swimmer's view. Normal. The pa-
tient is almost always radiographed supine with one arm, uswally the
feft. abducied upward alongside the head whereas the ather anm is
lowered. This position makes patents appear as if they are swimming
the Backstroke. The central x-ray beam is directed to the C7-T1 level
from the patient's side on which the arm is lowered, usually the rght.
The straight arrows indicate the raised arm humerus projecting over the
spine. The curved arrows outline the humeral head. Note how well the
C7 vertebra is visualized as well as a portion of the T1 vertebra and
the apophyseal joints. In this view, it is considered a good technigue
when you can see the enfire CF vertebra and at least the upper one-
third of the T1 vertebral body.

of the involved nerve. Some processes thal can impinge on
the interveriebral foramina include intervertebral dise dis-
ease, arthritis, and primary and secondary neoplasms. In
the trauma seiling. these obligue views allow l[or evalua-
tion of the facet joints 1o look for fraciures or dislocations.

Lateral llexion and extension views may be necessary
tr evaluare stability of the spine and assess for ligamenous
injury. They should not routinely be obtained when a frac-
ture is present. The majority of motion occurs in the upper
cervical spine. When the lower cervical vertebrac cannit
b visualized on the lateral view, a swimmer's view is indi-
caned [Flj.",. Q4. CTis :}'Piﬂﬂ”}' used 10 di“p‘uusc cervical
spine [ractures, determine the extem of fractures, and
localize Iraciure Irilﬂllu'nl..ﬂ.. High-level trawma EJ;LI'I[‘I!II:S are
moutinely screened with a CT of the entire cervical spine,
The CT data can then be refsrmatied into coronal and sag-

intal plane images. As already mentioned, MRI is especially
useful 1o evaluate the spinal cord, the interveriebral discs,
and assess ligamentous injury (Fig. 9.5).

Radiographic swudy of the thoracic spine consists of AP
anc lateral radiographs (Fig. 9.6). When viewing the tho-
racic spine, il is easiest 1o begin with the lateral view and
follow the same method of evaluation as used for the lat-
eral cervical spine radiograph. The normal dorsal curve
should be mildly convex posierior (k}']}hulic}. Again,
assess the vertical heights of the dorsal vertebral bodies
and imerverichral disc spaces. As always, ¢ heck the overall
densities of the bones, The lamina and spinous processes
are not well seen because the ribs project over them (see
Fig. 9.68). It is dilficuli 1o number the veriebral bodies
witheut using the anterior view o determine the size of
the 1wellth rib.

Mext, evaluate the AP thoracic spine radiograph; the
spinal alignment should be straight. Assess the vertical
height of cach dorsal vericbral body and each dorsal
interveriebral dise space. The paraspinal line along the
left side of the veriebra should be narrow and straight. A
focal bulge may be your first indication of a [racture. The
pedicles look like headlights on the veriebral boedies, and
every attempl should be made to viswalize all of them. On
AP radiographs, the spinous processes project over the
mid vertehral bodies at all levels in the spine, Assess the
number of rib-bearing vertebra. T12 typically has two
short ribs, bul transverse processes may instead be pres-
ent. Similarly, L1 may have rudimentary ribs so it is
important o count from the wop down. Oceasionally, C7
will have short ribs, but these do noi have the 1.}"[‘!if.‘=!]
curved appearance of the true first rib and is usually not
a cause of mislabeling,

MRl and CT (Fig. 9.7) imaging are uselul in the thoracic
spine [or the same indicalions as in the cervical spine.

Pain in the lumbar spine region is a major cause of dis-
ability, lost work time, and health—dollar expenditure. The
ctiology of back pain is complicated, varied, and poorly
undersioad. When obiained, lumbar radicgraphs gener-
ally consist of AP and lateral views (Fig. 9.8), As previ-
ausly noted, look first st the lateral view using the same
system as described for the lateral cervical and dorsal
spine radiographs. In general, note the lumbar spine align-
meni, which is normally convex anterior (lordotic). When
muscle spasm or disease processes are present, this normal
curvature may be lost and the spine appears straight. In
addition, observe the overall osseous densities, Mex, care-
lully evaluaie the vertical heights of the lumbar veriehral
bodies and the interveriebral dise spaces; they should be
approximately equal 10 those immedinely above and
below, but gradually become waller as you progress distally.
As a general rule, the L4-L5 imervenichral disc space
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+ A: Cervical spine madline
sagittal T1 MR image. Normal. The cerelwal
spanal fluid is nearly black ona T1-weighted
image and white on a T2-weighted image.
The bone mannow fat appears whiter (high-
intensity signaly on a T1 image tham on the
12 image. B: Cervical spane midline sagittal
T2 MR image. Mormal,
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lrachea

Spinous procoss

T Btemum

Vearlebral body
T Paraspinal kne
"

lieiverabial dise space
Aoria

Rib

Pedicles

Yertebral body

imtervertebral disc
space

- Ribs

B

A: Thoracic spine AP radiegraph. Normal, The pedicles on each vertebra have an appearance similar to avtomobile

headlights. B: Thoracic spine lateral radiograph, Normal.

height is greater than the other lumbar dise spaces, This
alse means that the L3-51 disc level is wypically narrower
than that at L4=L5 and should not be considered abnormal
because of decreased height alone, It should be nowed that
an isolated decreased dise space has no association with
clinical sympoms as decreased dise space height is so
prevalent. Approximately 15% of the population will have
variahil'lt}' i the appearance al 1_|1g ||,u'n|y'1-5;]rrs|! |'|_||'|.|;_'I,i1.::l't.
There may be partial or complete lumbarization of S1 or
sacralization of L3, Numbering of the lumbar spine can be
very dilficul and every attempl should be made 10 number

correetly using chest radiographs il needed 10 coum the
number of ribs, 11 is incorrect 1o assume that the first non-
rib-bearing vertebra on the anterior view is L1 and the
vertehra above the sacrum on laeral view is LS. 1 have seen
the same vertehral body numbered dilferently on the AP
and lateral views! Finally, observe the lacet joinis since [acet
joint arthritis ean be a cause of back pain,

Similar observations are made on the AP radiograph
regarding alignment, density, vertical heights of the lumbar
vertebral bodics, and the lumbar intervenebral dise spaces.
Again, be certain thae all of the pedicles are present.
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| As Tharacic spine axial CT image at
the T12 level. Normal, B: Thoracic spine axial CT
image at the T12 level Nommal. The spinal cosd

Padicle

Lamina

Ay la (simgle stexight avrow), nerve roots {curved armws),
and the contrast-fillad subarachnoid space dowbile
steaight amows) are will visudlized, The cantrast
media was introduced into the subarachnoid space

Dorsal as part of a myelogram while the CT imaging fol-

vertebral body lowed the myelogram, Mate how well the ssseaus

Diaphragm crus structures of the spine are demanstrated.

Spanal canal

" Costoverloheal
arliculation
1210 wily

Transverse process

Spinous process

Aorta

Lelt kichoy

Diaphragm erura

Vaerletiral body

Bazwertebral vain b
Costovertebral joint

Pedicle
121 rib

Lamina

Mamillary process

Depending on the angulation at L3-51, it may be dilficul
i see the LS pedicles. Oceasionally, an angled anterior
view is obtained w better evaluate L5 (Fig, 993, This view
also micely displays the sacroiline (513 joims. Alwavs
observe the pars interarticularis region of each verebr for
a pu.-'.r.ihlq: defect, as an interruption of bone continuity in
the pars interarticularis is abnormal aned called spendyloly-
qix. The pars can be seen on lateral view, hot is guise difli-
cult on the amerior projection. [ is easicst 1o see on the
ahligue view also tha, obligue radiographs (Fig, 9,100 are
-;mm:limu.'ﬁ necessary tir better assess the |mars ersEE -
laris when spondylolysis is suspected. Onee again, the
ahservation checklist for spine raciographs is omlined in
Table 9.3

Spinous process

MEE of the lumbar spine is olien requested o evalbo-
ate the vertebrae, intervertebral dise spoces, ancd the spinal
cord (Fig, 911, which wsually ends ar the level of L1, As
elsewhere in the spine, CT imaging may be regueested we
determine the presence and extem of [mctures and the
presence ol interverteheal dise disease (Fig. 9,12,

o the past, the mvelogram was the gold sundand Tor
the dingnesis of disease o ad arowd the nearal canal.
The myelogram is an invagive proceduore that is accom-
pamvied by discombor. It is accomplished by injecting
contrast material ino the inratheeal space via o lumlbar
oF cervical puncture s l_v|:'14.'u|. PIEes are shown in
Figure 9,13, Forunauely, winter-soluble mvelographic cons
rrast agents do ot reguire phyvsical removal as oil-based
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121h ledt b

Transvarse procoss 11
L1 spanoais procese

L2 pedicies

L3 vertebiral body

L 3= itadwikibabnal ol space

A

12th ribs
L1=-L2 intarveriebral disc space

L2 wirr b el Dagwchy

Triansverss MOCRES

Pars imlerarlicularis

L4 pedicio

LS spinous process

Sacrum first scgment
B

Lumbar spine AP (A) and lateral (B} radiographs. Normal. The arrews an the AP radiograph indicate the pars

interarticulans region.

Lumbar spine angled view of lum-
bosacral junction. Note how the L5-51 disc is
now easily seen when compared to Figure 9.8.
The facets are prominent due 1o arthrins, The small
siraight arrows show the arcuate line of the right
51 amterior sacral foramen.

Lelt pedicle LS

— L5-51 disc space

51 jaint
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Right superior
articular process

Pedicle

process

___— Spinous process

Lamina

Right inferior

d T Lelt inferi
articular process Wi

articular proceass

L1 vertabral body
L2 pedicla

Transverse process
=t i Process

- Pedicle

- Trangwerse process

= Sacroiliac joint

Sacroiliac joan

Pl 910, A Visible "Scotty dog” and the anatomy that it represents on oblique lumbar spine radiographs. The neck of
the Scotty dog represents the pars interarticularis. When the Scotty deg neck is disrupted, the condition is called spondylolysis.
B.C: Lumbar spine right (B) and left (€) oblique radiographs. Mormal. Note on these oblique views how well you visualize the
normal pars interarticulacis or the neck of the Scotty dog (straight arrows) and the normal apephyseal (facet) joints between the
superior and inferior articular processes (cumved armows).

. Left superior articular

L2 mfanior articular

295

L2 supenar arbcular process
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= TEANSVErsE process
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Az Lumbar spine lateral illustration. Normal. B,C: Lumbar spine T1 (B} and T2 {C) sagittal MR images. Narmal.
Hotice again that the cerebral spinal fluid is Black on a T1 image and white an a T2 image. Also, the bone marre fat is whiter
(high-intensity signall on the T1 image. The intervertebral disc is whiter an the T2 image. D: Lumbar spine T1 axial image. Marmal,
Mot that the nerve roots (curved arrows) are well visualized. E: Lumbar spine T1 coronal MR image. Nermal. The coranal plane
passes through the upper lumbar vertebral bodies and the lower lumbar neural sac. lllustration by CBoles Art,
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intervertebral
dise
- Right kicney

[ Lumbar

Psoas muscle

Apophyseal
foint

= Ligamenium
flansum

Aorta

- Inferior vena cava

- Lumbar
vertebral body

- Pedicle
- Lamina

Transverse process
- |nferior articular
PrOcess

- Splnous process

inferves el chis

Pzoas musche

Ligpumsntum nom

Apopiwseal joir

* A Lumbar spine axial CT image through the L1-L2 intereertebral cist level. Mormal. The strafght arrows indscate
the cauda equina surrounded by contrast media in the subarachnoid space cerebral spinal fluid {cerved armow]. B: Lumbar spine
awial €T image through a lumbar vertebea. Normal. The single straighe arrows indicate multiple nerve roots. Motice how the inferior
articular processes of the vertebra articulate with the superior aricular processes (cunved arrans) from the vertebra below to form
the apophyseal joints {double straight arrows). € Lumbar spine axial CT image throwgh a lumbar intervertebral disc. Normal, The
stratght armow indicates nerve roots in the posterior aspect of the subarachnoid space whereas the cenved arrows indicate nerve
raats about to exit through the neural foramina. D: Lumbar spine coronal reformaned CT. The image was obtained follawang a
myelogram and reformatted through the thecal space from a series of axial images. This has a similar appearance to the conven-
gional myelogram radiographs and shows the conws quite well.

Spinal cord
L1 pedicle

Nerves
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12th nibs

E oy v

T12 pedicios

- L4-5 disc space

- L5 vertebral body

-
) N
=

B Oblique Qblique P

Az Thoracic spine PA (posteroanterior) myelogram radiograph. Normal. The spinal cord (behween the straight
arraws) is outlingd by the injected subarachnoid contrast media (cunved arrows). B: Lumbar spine oblique and PA myelogram
radiographs. Normal. The single straight arrows indicate the nerve roots surrounded by contrast media exiting the spinal canal.
The curved arrows indicate nerve roots within the thecal sac. The double strsight arrows indicate the LS lumbar vertebra.

C: Lumbar spine lateral myelogram radiograph. Mormal, The thecal sac contains contrast media (arow),

comtrast once did. CT rowinely follows the injection 1o
beter define the disc and nerve pathology. Understandably,
CT and MR examinations are generally more acceprable 1o
the patient than the invasive spinal punciure associated
with myelography. However, some surgeons still lind a
myelogram of benelit in cenain circumstances, so they are
still occasionally performed.

The sacrum should be evaluated with both the spine
and 111}' pelvis, playing a role in both, Unfortunately, it may
ke diflicult to evaluute, cipccia"y inan older patient with

osteoporosis or constipation. The normal sacrum has an
anterior concavity and is tiled posteriorly an the L3-51
junction. The arcuate lines of the neural foraming should
he evalumed closely on the AP view They should be
smcothly curved and symmetric (Fig. 9.14), Asymmelry
miay he the result of fracture or tumoer invelvement. The 51
joints ahould be evaluated as ll'u:}' are imporant in the
cvaluation of several arthritides and may be widened as o
result of truma. Both CT and MR can be uselul in the
evaluation of the sacrwm and 51 joims,



- L5-51

Coceyx

An AP pelvis radiograph is the siandard view (Fig, 9150 A
lateral view is not obtained but on occasion wp- and dowtil
AP (owder and inler) views are indicated w assess Iraciune
displacemen, Obligue {Judet) views are nselul in the cvalo-
ation of acetabular feactures, A modilicd outlen view is also
pselul 1o assess (the S joints, As elsewherne, vou must Kiow
the anaomy and bave a system for looking at the pelvis
pacliogzraiph. First look an the sacenm and cocevs Tollowed T
the iliae bones hiluerally, Compare the 51 joins as they may
e varrewed or even absent in discases like ankylosing spon-
dylitis (see Fig. 9.500C) Then cheek out the ischial bones
pilaterally s well as the pubic mmi and the symphivsis pubis.

diso space
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Sacrum AP with ce-
phatad angulation (A) and lateral
{B) radiographs. Mormal, The arows
demonstrate the normal  arcwate
lings of the anteriar openings of the
sacral newral Foramena, The o
heads demarcate the posterior mar-
gin of the left 51 foramen, These is a
spina bifida occulta, The sacral hia-
s represants the termination of the
pasterior elements at the madline.

Spina bifida ooculia

Sl Joint

Sacral hiatus

Sacral hiatus

Remember that the hamstring muscles arise from the Bkl
tbvrosity: this explains why someone with a hamsiring
imjury mvms off e ahletic eld cluching his oe ber buaoek,
As vou koo all of the pelvic bones must be evaluated Tor
res, density, anomalies, aud metastatic lesions.

Arwnmailics of the spine amd pelvis (Table 9,50 vary i sever-
ity Tromn mikel 1o severe, As a general rode, most mild spinal
amementlies dre csyvampronatic, sl exira bones or supernue-
merary bones called aecessory ossicles are asually asvmp.
ontie, ol they may be located near many dilferen bones
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Pelvis AP radiggraph, Normal,

including the spine. Examples of accessory ossicles are
shown in Figure 9.16A.B. Accessory ossicles are simply
normal variants and should not be confused with a frac-
tre. The smoothly conicated, usually rounded margins
help differentiate them from [ractures.

Cecasionally, extra ribs arise [rom the cervical spine,
and they are called cervieal ribs (Fig. 9.16C). Cervical ribs
are penerally asympiomatic, but have the potential 1o
cause symploms secondary 1o extrinsic pressure on the
brachial plexus and the vessels of the upper extremities. A
commoen anomaly al the lumbosacral junction is a transi-
tional vertebra in which the L5 veriebra begins 1o have
the appearance of the sacrum or the sacrum begins 1o look
like a lumbar veriebra. Parval sacralization of L5 is the
term used when fusion exisis between a portion of the L3

A Partial List of Spine and Pelvis Anomalies

Mild

Accessory ossicles
Cervical ribs
Hemivertebra

Osteitis condensans ilii
Scoliosis

Spina hiflida
Transutional vertehrae
Severe

Absence of the sacrum
Memingocele and myelomeningoeele
Scoliosis

Symphysis diasiasis

ium

Sacroiliac joints
Sacrum loramina

Acetabulum

Femaoral head

Femur greater trochanter

Cblucator loramen
Ischium luberosily
Superior and inferior
pubis rami
Symphysis pubis

vertebra and the sacrum, Usually one of the L3 transverse
processes is enlarged and lused with the sacrum, but there
are many variations. Occasionally, the anatomic LS is com-
pletely sacralized, having the appearance of the first por-
tion of the sacrum, Transitional veriebra may become
symplomatic especially after excessive back sirain or when
there is a psendarthrosis (iwo bones articulating without a
joint between them) as seen in Figure 9.1TA. A less com-
mon anomaly is an abnormal articulation between the C1
spinous process and the occiput (Fig. 9.17B). A more
severe anomaly of the spine is wial absence of the poste-
rior veriebral arch as in a meningomyelocele.

An imporant anomaly is spina bifida (Fig. 9.18),
Whlll;:h occurs in approximately 3% ol the p-::lpuh]liﬂl!.
Spina hilida occulta is a midline defect of the vertebral
arch (usually posterior), and it is generally asympromatic.
When apina bifida has an associated soll tissue mass asso-
ciated, it is called a meningocele. Meningoceles contain
cerebral spinal fuid and the sac envelope consisis of the
meninges. When the sac comains spinal cord andfor
nerve roots, it is called a myelomeningocele (“myele-"
relers 1o the cord). A meningocele (Fig. 9.19) is a hernia-
tion of newral tissue through a bone delect. The size of
these herniations is variable, and the hernimion direction
most commonly is posterior, but con be anterior or lat-
eral. The symproms vary [rom nonexistent o exiensive
and disabling. Visceral innervation of the bladder andfor
recium may be allected, as well as sensory and motor
nerves. Another unforiunate anemaly in this category is
complete absence of the sacrum (sacral agenesis), and it
is. often associated with a variety of other anomalies.
Another severe anomaly is exstrophy of the urinary blad-
der, which is associated with abnormal wide“i“g af the
symphysis pubis. This widening of the symphysis pubis,
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L2 1R Trnis g fae
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L3 fugrbras e hculan
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L2 ilginr sl ae
PrOCoss

Lok Fagng peamsinras
Process

« Ar Cenacol spine lateral radeograph. Thas
accessory ossiche is located inferior to the anterior arch of
the atlas oF C1, This supemuemerasy bone of o5 (ameud i a
normal variant. B: Lumbar spine right oblique radiograph.
Lumbar spine accessory ossicles (argws), This 22-year-oid
gymnast experenced a sudden onset of back pan, The ac-
cessory ossiches are variants of normal and had nothing to do
with the patient's back pain. They are usuaily Tound anound
the L2 and L3 levels. C: Lower cervical and upper thoracic
spine AP radiograph. Bilateral cenvical ribs. The small bilat-
eral rils. (arrows) anse from the C7 vertebwa; hence the name
cenvical ribs.

Laslt 1210 niby

1«1 werriplen

LR TR TRILIN [ jond
A
PR 010 A Lumbar spine AP radiograph. Partial sacralization of LS. LS articulates with the left sacrum in an anomalous
fashmn r,s:r-w_r;n‘ir arrows). There is a pseudarthrosis (white amow). Transitional vertebrae describe a situation in which LS beging
1o look like 2 part of the sacrum or the sacrum begins o look like a part of the lumbar spine. The cunved arrows indicate calglica:

tions within the cartilaginous portion of the ribs. B: Cervical spine lateral radiegraph. Partial occipitalization of C1. The spingus
process of C1 articulates with the occiput farrow). Normally the spinous process of C1 does not articulate with the occput.




302 SECTION I1: Imaging

Pelvis AP radiograph. Spina bifida occulta and devel-
opmental dysplasia of the hip. Spina bifida acculta is indicated by the
straight arrow and represents incomplete fusson of the posterior sacral
segments. Right hip developmental dysplasia (arrows) is characterized
by the stesp slant of the acetabulum compared to the left. The femoral
head remodels as it grows in the shallow socket, Note the presence of
a gonadal shield.

or diastasis, is most ofien the result of trauma (Fig. 9.20),
but can occasionally be associated with a difficult or large
baby birth, some bone dysplasias, epispadias, hypospa-
dias. and the prune belly syndrome (loss or absence of
abdominal wall muscles).

One of the most clinically imponant anemalies of the
spine is scoliosis. Some of the many etiologies of scoliosis

include idiopmibie, disc degeneration and ostecarthritis,
newromuseular diseases, tauma, infections, tumors, radia-
tion therapy, and underlying congenital problems such as
hemivertehrae (Fig. 9,21 and pedicle bars. A hemivertebra
is a vertebrn with Tormation of only one side secondary to
absence of a lateral ossiication center. Typically, there is a
body, pedicle, lamina, and corresponding rib on only one
sicle (Fig, 9.22). Pedicle bars oceur when two or morne pedi-
cles on the same side are joined by a bony bridge. While the
nermal side grows, the absem side of a hemivenebra or side
with a pedicle bar cannol grow as much and a curvalure
develops. Approximately 10% of scolicsis cases are congeni-
tal with asseciated vertebral and rib abnormalities as shown
im Figure 9.22, but, by far, most cases are idiopathic (Fig.
9.23). Scoliosis may be associated with abnormalities of
the spinal cord, such as a syrinx. When scoliosis is severe or
rapicly progressive, it may be treated by fusion ol a long seg-
ment of the spine (Fig. 9.24). Degenerative lumbar seoliosis
(Fig. 9.25) is an increasing problem in the older population.
It is likely multifaciorial and may be relaed w alicred load
due 1o compression deformities, degenerative dise changes,
leg length discrepancies, and lumbosacral anomalies. This
deformity may be slow or rapidly progressive and can lead to
back pain, radiculopathy, and spinal sienoesis. It is occasion-
ally treated by decompression of the stenosis and fusion,
Osteitis comdensans ilii (Fig. 9.26) is a well-margin-
aed, triangular-shaped area of increascd bone density
found predominately in women of childbearing years. It is
located in the iliac bone just lateral 1o the 31 joint, but the
sacrum and 51 joinis are not invelved. This abnormality
may or may not be symptomatic. The differential diagnn-
sis, when not perfectly symmetric, might include osteoblas-
tie metasiatic disease, ankylosing spondylitis, and other
inflammatory arthritides such as rtheumatoid arthritis,
ustially can be dillerentiated [rom metastatic disease that

. A: Pelvis AP radiograph. Sacral meningocele. This 5d-year-old patient consulted a physician because of urinary
retention. The lucent areas in the sacrum [arrows) indicate the bane defect secondary 1o the meningocele mass. B: Pelvis axial
LT image. The full extent of the meningocele mass within the sacrum is indicated by the arrows.
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FIGURE 9 20, AP pelvis. Symphysis pubis diasta-
sis. Widening of the normal close relationship of the
left and right pubac bones (white arrow) is due 1o
trauma in this patient. Mote the irregular margin
from fracture of the right side of the symphysis. The
disrupted arcuate ling of the left sacral foramen
(Black arrow) should be searched far since the pel-
wic "ring” typécally breaks in at least two places.

Pl 2t Lumbar spine 30 reconstruction frem axial T dataset. Midlumbar hemivertebra and fusion anomaly with scolie-
sit. These images were taken fram a video of a rotating spine to best demonstrate the abnormality. Mote that the wertebral body
is shorter on the left side (patient’s right) and has only one pedicle (asterisk) while the right side (patient’s left) is taller due to
fusion of a hemivertebra with the adjacent nommal (arrew) and has two pedicles (astensk). The cause for the spine curvature 15
obvious. The line going through LS and the iliac bones is an artifact due 1o a small movement of the patient during the CT scan,
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Thoradic spine AP radiograph. Congenital scoliosis. The
thoracic spine is convex to the right, and the thorax is markedly asym-
metric. Underlying the scoliosis are multiple hemivertebsae or incom-
pletely formed thoracic vertebrae (single straight arrows). There are
multiple absent left ribs {cwnved amrows) and several left upper ribs are
fused (doubile curved arows). The left scapula s abnormally elevated
(dowble straight arrows),

AP (A) and latesal
(B) thoracolumbar radiographs.
Posternor spenal fusion for idiopath-
ic scoliosis. Fusion rods, screws, and
hooks are wsed 1o decrease the cur
vature. Bone graft is usually placed
as well to prevent progression of
thie Cumves.

Wi 2s. Thoracolumbar spime AP radeograph. Ideopathic scolic-
sis of the thoracic and lumbar spine, The lumbar spine is convex o the
left {corved arrow), and the lumbar vertebrae are markedly rotated. This
rotation component causes the lumbar vertebra 1o appear obligue on
the radiograph, The lower thoracic spine is convex 1o the right (straight
arrow]) resulting in asymmetry of the ribs and thaorax, Interestingly, the
fioramen magnum and sacrum usually farm a vertical line when a line
connects the two.
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Lumbar Spine AP radiograph. Senile scoliosis. The lum-
bar spine is conves to the left. The discs are asymmetrically narrowd
and there is prominent osteoarthritis of facets (arrows), which is worse
on the concave sides.

G 1 G Pelvis AP radiegraph. Osteitis condensans ili. The
gharply marginated, bilateral, increased densities (sclerosis) inwolve
the iliac sides of the 51 jeints and spare the sacrum. This is a benign
condition that is usually found in women in their chiltbearing years
and seldom found in older women. This can be an incidental finding
gn a radiograph or the patient may present with acute or chronic back

p;hll'l-

I 9 20 Hip AP radvograph. Os acetabula. The smoothly mar-
ginated, oval density near the superolateral margin of the acetabulum
tarrow) is @ narmal vanant and should nat be confused with a fracturs,

commonly involves multiple widespread sites. The 51
joints are nsually narrowed or abzent in ankylosing spon-
dylinis and olten appear irregular in the other inflamm-
tory anhritides such as chewmmoid arthritis.

A sometimes-confusing variang in the pelvis is os aee-
taabule, This is an accessore center of ossification m the
superolateral mangin of the acembulum (Fig, 9,270, I is
tvpically triangular in shape. The margins are smaooih and
corticated. which should allow dilferentintion feom a Trae-
ture. There has been some association with Femvroacetab-
ular impingement, which has been associoed with carly
development of osteoarthrins.

Fracires of the spine and pelvis are commmon and result
rom o wide variety of iranmas incluwding motor vehicle
aveidents, spoenis, falls, and nonal activiey in these wihae
have vsteoporosis or bone loss due e tumor, Fractuees of
the spine are ohviously important as the spinal cord and
nerves are villnerable e injury because of their close prox-
ity 1o the vertebrae. Roughly 40% of cervical spine Trac-
neres Tave newrelogic complications, W% in the therwic
spine and % at the thorcolwmbar junction.
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Cervical Spine Injuries

Flexion

Anterior wedpe fracture
Facet Ioncking

Ligamem disruption
Odontoid process Irciure
Teardrop fracture (C3)

Extension

Hangman lraciure (C2)
Ligament disruption
Odontoid process fracture
Spinous process [raciure
Teardrop fraciure (C2)

Most cervical spine fraciures occur between €5 and C7,
with another peak at C1 and C2. A varicty of injuries accur
when the cervical spine undergoes acute hyperflexion and
hyperextension (Table 9.6). CT is now the preferred
method for initial evaluation, fis only limitation is tha
some ligamentous injuries without [racture can be missed
due 10 the supine positioning of the patiemt during the
scan. Findings are the same [or radiographs, which will be
used for follow-up, and CT and are discussed as one wopic.
As noted previously, it is imporiant 1o visualize all the cer-
vical vertebra compleely. The junction of C7 and T1 can

A Lateral cervical
spanie radiogiaph 15 nofmal, but
note that the infeior margin of
C7 15 not visualized. B: Swimmer's
view in the same patient reveals bi-
lateral jumped facets at the C7-T1
junction (arrow).

be an important source of injury between the mobile cervi-
cal veriehra and the lixed thoracie vertebral column (Fig.
9,28}, Swimmer’s views may be obiained on radiographic
evaluation while CT of the cervical spine typieally includes
several upper thoracic vertebrae. The Nexion teardrop (rac-
ture (Fig. 9.249) is one type of injury that results from acute
cervical spine hyperflexion, The weardrop-shaped [racture
fragment is the result of compression at the anterior infe-
rior aspect of the veriebral body. This fraciure is usually
accompanied by distuption of the imerspinal ligamenis
between the spinous processes, thus making the spine very
unstable. Other ligamenis that may be involved are the
supraspinous ligament and the ligamemum (lavum, The
involved vertebral body may be displaced posteriorly, and
this situation is a good indication [or CT imaging 1o deter-
mine the extent of the lracture lines and 1o determine the
precise location of the fracture fragmenis, especially their
relationship to the cervical spinal cord. Particularly with
neurologic deficit, MRI may be used 1o evaluate the spinal
cord [or injury and the soft tissue structures such as the
ligamentum flavum and interspinous ligamenis.

Facet locking is another hyperllexion injury, Locking
will eecur when the inferior articular process of the upper
vertebra IMES |-|:'rru."=|r4;| 0or unlcriur]}' OVER lhl: 5Llp|:TiﬂF
articular process of the lower veriebra, which resuls in
an anterior dislocation of the upper vertebra. Onee again,
the spine is unstable as there usually is posterior and
somelimes anterior ligamentous disruption, and cervical
spinal cord injury is common. The lateral radiograph s usu-
ally sulficiem 10 make the diagnosis (Figs. 9.28 and 9.30A),
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- Trachen
- Thyroid carilage
Arytenoid cartilage

Vertebrnl body

Apopinyseal oints
{Iacet)

B
plefies 0o A Lateral cervical spine radiograph. C5 flexbon teardrop fracture. This 21-year-old man was involved in & motor

vehicle accident. There is mild compression anteriody of the C5 vertebral body secondary to the comminuted fracture {single

straight arrawes), and there is mild separation of the fracture fragments. The major fracture fragment has a teardrop shape

{single curved arrow) due to vulsion at the site of the anterior longitudinal ligament, The hypesflexion injury has resulted in a

mild separation or fanning of the space between the €5 and C6 spinous processes secondary to ligamentous disruption (double

euvved arrows), The disrupted ligaments are the interspinal and supraspinal bgaments and possibly the ligamentum flavem,

Also, the hyperflexion injury created minimal widening of the C5-C6 disc space (double strafght arrowsh and mild angulation

of the spine at this level with minimal retralisthesis of €5 on O, This type of cenvical fracture usually is associated with severe
cond injury as the vertebral bady is often displaced posterierly into the spinal canal. B Cervical spine axial CT image of the €5

vertebra, The comminuted fracture lines in the wertebral body are separated or distracted (strafght arrows), and the anterior
fracture fragments are displaced anteriorly approximately 3 mm {curved arrow). C: Lateral cervical spine radiograph, Posterior
wire stabilization of the cenvical spine between the spinous processes of €5 and C6 vertebrae (curved arrow). The major fracture
fragrent (single straight arrow] is in fairy good alignment with mild offset of the fragments (double straight arrows), but na
attempt is magke to reduce this fragment,
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SECTION 11: Imaging

' A: Cervical spine lateral radiograph. Bilat-
eral facet locking at the C5-C6 level. The inferior articular
process of C5 (straight arrow) is anterior to the superior
articular process of C6 (curved arrow). The double straight
amrows indicate the expected normal position for the su-
perior articular process of the C6 vertebra, There is ob-
vious antenor dislocation of the C5 vertebral bady refer-
able to the C6 vertebral body. Mo fractures ane apparent.
B: Cervical spine sagittal reconstructed CT image on a
different patient, Bilateral facet lock, The fnferior articular
processes of the upper vertebra (straight arrow) is in an
abnormal relationship with the superior articular process
of the lower vertebra (single curved arow), The double
straight arrows indicate the expected normal location of
the displaced supetior articular process, A normal apo-
physeal articulation is visible at the level below (double
curvied arrows). C: Reformatted CT image in another pa-
tient with unilateral locked facets at C4-C5 on the right.
HNote how the upper cervical spine appears rotated while
the lower cervical spine is straight. The left facets are not
shown on this 30 reformat, but had a normal relationship.
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IGURT 9,31, Az Axial CT image through C6. The left inferior articular process of C5 is broken, but not displaced
(arrow). B: Sagittal reformatted image uses the axial dataset from the CT scan to project a sagittal stice through
the facet joints, There is a normal relationship between the fractured C5 infenor articular process and the superior
artieular process of C6 (arrow). C: Lateral radiograph of the cervical spine obtained 1 month later demonstrated
mild anterolisthesis of C5 on C6 (single straight amew) and rotation of the articular pillar above this leved. Note the
overlap of bilateral facets below (cumved amow) compared 1o the “bowtie” appearance above with this unilateral

facet fracture-dislocation (double strarght arraws).

It eceasionally o reconsiructed saginal CT image (Fig,
3, 30B,C) is necessary o conflirm the diagnosis. Unilaeral
locked facet (Fig. 9.30C) has a rotmional component and
Jdoes not lave the extensive ligamentous dismption as the
pilateral form does. Unilateral facer fraciume=dislocmion
may be a difficult diagnosis sinee there is less displace-
ent as a result of the fracture of the superior articular

process, The reational component may not be manilesied
until Later and shouled be looked Tor on subsequent radio-
praphs (Fig. 9310

Oecasionally heperllexion injury resulis in lignnen-
s injury withow fracture (Fig, 9320 As with other
lvperlexion injuries, this has the potential foe spinal
instabilivy aned cord injur
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Dens or odontoid process fraciunes are relaively
common in the older population and they may resule [rom
hyperflexion or hyperextension injuries. The [ractures are
eften not displaced initially and may be difficuls 1o dereer,
The best methods for the diagnosis of adomoid process
fraciure are AP open mouth and laeral cervical radio-
graphs, and, of course, CT imaging, The odomoid fractare

A: Cenical spine cross-table lateral
radiograph with the patient supine. Pastenor ligament
disruption at C4-C5, There is an increase in the height
of the interspinous space batwesn the C4-C5 spinous
processes (strarght amow) secondary to disnuplion
of the C4-C5 interspinal ligament, supraspinal Fga-
ment, and possibly the ligamenium flavum. Compare
the height of the C4-C5 interspinous space to those
above and below. The mild anterior spondylolisthesis
of C4 referable to C5 (curved arrow) has resulted in
mild kyphotic angulation and reverse of the normal
cervical curvature at the C4 level, B: Cenvical spine
extension lateral radiograph in the same patient
When the cervical spine is in full extension, the C4-C5
interspinous space (straight arow) is now normal in
height and the anterolisthesis of C4 on €5 has been
reduced, C: Sagittal T2-weighted MRI cenvical spina in
a different patient. Ligament disruption without frac-

G4 Spnous process e, There is widening between the spinous processes

at £5-C6 and increased signal (white) (amowdeads).
Disruption of the ligamentum flavum (siraight amrow}

C5 spinous process s also seen. A hematoma (curved afrow) can be seen,

which would explain persistent widening of spinous
processes on radiographs, There is a small amount of
high signal within the posterior aspect of the C5-C6
disc which may suggest a disc injury as well.

in Figure 9.33 is probably a hyperexiension injury as the
odomoid is displaced posteriorly.

Musst Traciures of the thoracie spine occur in the lower tho-
racie region. Fractures of the thoracie spine may result from
signilicam travma; however, underlying bone diseases cn



weaken the verichrae and pathologic lractures may oceur
with little or no rauma, These lrctures are usually wedge-
shaped compression [ractures, often with o canal com-
promise and are, by far, the most common thoracic spine
fraciure, A few of the underlying diseases thar may canse
patholopic Tractires are osteoporosis, primary and sechid-
ary hone iumors, Paget disease, osteopetrosis, and osteoma-
lincdan (Fig. 9.34). 11 there are newralogic symploms, imaging
with MR is usually warramed.

Fractures commaonly oceur in the lumbar spine and are
wsually dingnosed by radiography (Fig. 9.35A.8). MRI
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; Cervical spane Lat-
eral radipgraph. Displaced frac-
ture through the caudad or infen-
of aspect of the dens or adantoid
process of C2. The actual fracture

Ak s edges are indicated by the doned

Oecipu limes and the dens (arrowd is dis-

placed posterioty approximately

3 mm, The curved arrows indicate

G st the amount of displacement of
PINOUS Process  y. oo

C2 vertebral body

may be helpful in assessing the effect of the Traciuree
fragmems on the theeal sac (Fig. Y3500, As inother arcas
of the apine, CT imaging is helpful e evaluate the extent
ol the fractares and e precisely locate the fraciure frag-
menis within the neural canal and their relationship rela-
tive 1o the theeal sae (Fig, 9.35D.E).

Spondylolysis and spondvlolisthesis are dillicalt and con-
fusing terms for the beginner. To add 1w the confusion,
many will use the term “spondylosis” (o describe degenera-
tive changes in the spine. However, an undersumding of
these conditions and their clinical significance is necessary

Thoracic spine AF (&) and lateral (B)
radipgraphs. Ostecpenia due to senile osteoporosis
with secondary pathologic compression fraciures
of the T7 and T8 vertebral bodies, The compression
fractures {arrows) are manifest by a decrease in the
vertical height of the T7 and T8 ventebral bodies when
compared to the other dorsal vertebral bodies. Notice
the overall decreased density (osteopenia) of all the
o55e0us structures due 1o osteopoross.
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Intprvartebral
dige

L3 weripbral
bagy

Lt vernsiical
Body

LS vartebenl
body

c D

IG1RE @ 1% Lumbar spine AP (A) and lateral (B) radisgraphs. Seat belt fracture of the L3 vertebrae, This 30-year-old was
wearing 3 lap seat belt when involved in a motor vehicle accident, and this is a Nlexion injury caused by the mobile upper body
flexing on the lower body that is fixed by the lap seat belt. There is a transverse fracture through the L3 vertebra involving the
vertebral body and the transverse processes (strafght arrows (A) and (B)). A large fracture fragment arising posteriorly from the
vertebral body is displaced into the neural canal (curved amow (B)). The L3 ventebral body height is less than normal secondary
to compression of collapse caused by the fracture, There is mild dorsal angulation of the spine at the levsl of the L3 fracture.
These fractures may be either stable or unstable, The remainder of the lumbar spine is normal. Mote the clothing snaps. €: Lum-
bar spine sagittal proton-density MR image. A lap seat belt L3 displaced fracture in another 30-year-old patient. The L3 vertebral
body is mildly compressed secondary to a fracture (straight arrows), and a posterior fracture fragment resides in the neural canal
compressing the neural canal (curved armow). D: Lumbar spine axial CT image. L5 vertebra displaced burst-type fracture in a
28-year-old involved in a motor vehicle accident, The mechanism of injury is axial compression with or without flexion andfor
rotation. There is severe compramise of the neural canal (astersk) with resultant neuralogic injury. The straight arrow demon-
strates a fracture of the right lamina in this unstable fracture. E: Sagittal reformatted CT image on the same patient shows the
severity of the canal compromise compared to the other levels.



L3 vertebral body
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L3 wimrtabirs) By

5 AB: Lumbar spine right {A) and left oblique (B) radiographs. Bilateral spondylolysis of L3 {(straight amows), The
pars interarticulans of the Scatty dog neck i disrupted bilaterally in the L3 vertebra. Normal Scotty deg necks or pars interarticu-
lares are present in the L2 and L4 vertebrae bilaterally (curved arrows). (continued)

as they will commaonly be encountered in elinical practice.
Spevlylolysis refers 1o a defect in the pars interarticularis tha
lics between the superior and inferior articular processes ol a
vertebra: In other words, the neck of the Scouy dog is
missing or some say that a collar has been placed (sec
Fig. 9.10A). The delect occurs in abow 5% of the populy-
piom andl, in most cases, is thought 1o be a stress fraciuee, b
is scen on laweral radiographs, but seen particularly well on
oblique views (Fig. 9.36). It is seen more often in athleres
whose activities require profonged or forced extension of
the lower back, Spendylolisthesis is the forward movement
il a vertebra relative 1o the more stable vertele below. The
forward movement may be made possible by a hilaeral
gj,nmi]rhrly:;is defect in the vernebra (Figs. 930 and 2,371
Aciually witha pars defeet, itis the vertebral body pedicles,
and superior articular processes that move forward or ven-
pally, whereas the laminac. inferior anticular processes,
spinens process remain in their porimal positions {sce
Fig: 0. 370 This actmally inerenses the size of the conal w this
evel The majority of the spondylalysis with spondylolis-
gig cases oceur in the lombar spine, especially e 1.5-51

(e ke . : g
jevels: ancl i is wncommon in the thorcie aml cervieal
evels

|
the

spine. Spondyvlolisthesis may be asvmplomatic, and e
most requent spmprom is low back pain probably due
muscle spasm and instabilive. Svmproms, when they ocour,
are e necessarily related 1o the severity of the disease,
Spondvlolisthesis secondary w spondylolyvsis must be
clilferemiared from the spondvlalisibesis secondary 1o dise
and freet degenermtion withot spondylolysis, Degenerative
speidylolisthesis is best imageed onoa kneral raslivgraph vl
the lumbar gpine (Fig, 938 anad it most conumenly occurs
at the L4=L5 level, There are degenerative changes in the
dise space and the apophyseal (facet) joims withowr a
aefece i the pos dntervarticnlaris. Becanse there s no defect
in the region of the pars ineracicalaris, however, there iz
e likely to be encmoachment of hony structunes intoe the
neural fomming, which iy leaed 1o nerve compression.

Fractares of the pelvis are common and result Trvin avari-
erv ol injurtes (Fig. @300 Sable pelvic Irwmres only
break the “ring” of the pelvis in one place. These include
frawiwres of unilateral pubic rami. acetabalum, or sacrum.
Fepically Bt superior and dnlerior pubic rami are broken
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LA wartebral body

L4, LB imorvenoiral space

L% vertehral Body
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151 SACrAl sooqment

Spandylobsthes:s L4 on LS
L4, LS mterveriatral space

LA vertebral bady

151 sacral segrmen

FIGURE  9.36. (Continued) € Lumbar
spine AP radiograph. The classical appear-
ance of the Mapoleon hat sign (straight
arrows) on an AP radiograph is secondary
to severs (grade 4) spondylolisthesis of LS
referable to 51. The Napoleon hat is inverted
or upside down, D,E: Lumbar spine lateral
flexion (D) and extension (E) radiographs.
This s a different patient with L4 spondy-
Inlysis and grade 2 anterior spondylolisthe-
sis of the L4 vertebral body referable to the
LS vertebral body. The spondylolysis defect
in the pars interarticularis (straight amows)
can be visualized on both views but the flex-
ion radiograph opens the defect for easier
visibility. The degree of spondylolisthesis is
slightly fess on the lateral extension radio-
graph as extension would counteract the
forward slip. Motice the marked narowing
of the L4-L5 intervertebral disc space.
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e Lumbar spine lateral radiograph. Degenerative grade
1 spondylolisthesis of L4 on LS {straight arrows). This is a common
complication of degenerative spine changes, The pars interarticularis is
intact {cunved armow). The spondylolisthesis is secondary to the degen-
erative changes in the intervertebral space and the apophyseal joints
that allow L4 to move Torward relative 1o L5,
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Pars intgrartculans
dalect
-

LR A llwstration of
spondylalysis and sponcylalisthesis an
a lateral radiograph. The LS vertebral
body, pedicles, and superior articular
processes have moved forward ar
ventral relative to the sacrum. How-
ever the LS inferior anicular process-
&5, laminag, and the spingus process
remain in their normal position. B:
IMustration of spondylalisthesis das-
sification or grading system, The sac.
rum is divided into fourths and the
forward movement of LS is simply
given a grade of 1 to 4, Mustration
by CBoles Art,

Pahvs AP radiograph. Fractures of the left superior and

inferisr pubis rami (arrows). Sacral fractures are present but are parthy
obscured by the overlying intestingl gas. Mote how the sacral arcuate
lines are poorly seen on the left comparad with those on the right,
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L + Acetabular fractures in three differ-
ent patients. Az Pelvis AF radiograph. Left acetabu-
far fracture (arrows). The fracture that invalves
the iliac wing is considered part of the acetabular
fracture, B: Axial CT at level of the acetabulum.
This 23-year-old was involved in a motar vehicle
accident. The right femoral head is dislocated pos-
teriarly, nicely demonstrating the mechanism for a
fracture of the postersar wall of the acetabulum. The
arrow shows the fracture site from which the pos-
terior wall fragment came. C: Posterior view of a
30 CT reformatted image in a different patient with
a right posterior wall acetabular fracture (arow),
These images can sometimes allow better demon-
stration of the location of fracture fragments.

on one side since the rami form a ring. 1t is vinually impos-
sible 10 break a ring in only one place and maost |!|."|'-'il.'
fraciures are unstable, disrupting the pelvic bones, sym-
physis andfor 81 joints. These fractures are better evalu-
ated by CT, which also allows evaluation of man y ul the
solt tissue struciures such as 1he bladder, urethra, and
other pelvis solt tissues tha may he damaged by fracture

fragments. CT relormatted images are olien vselul o bet-
ter evaluate the pelvie lractures,

Acciabular fractures resuli most commonly from
meter vehicle accidents as the femaoral head is driven imao
the acetabulum. Depending on the direction of force, the
femoral head may dislocae, typically posieriorly, with or
without an acetabular [racture. Avascular necrosis (AVN)



js a complication of hip dislocation as the vascular supply
oo the Femoral head is siretched or disrupred duning the
dislocation. Prompt reduction of the dislocation is impera-
give Lo minimize the risk of AVN. Sciatic nerve injury also
pecurs inup to 200 of cases; the risk grearer il there is an
qesowiated posterior acembular wall Iracture, Pelviv obligue,
ar Judet, views and CT, olien with two-dimensional {200
andl three-dimensional (3D) reconstructions, are usclul in
(e evaluation of acctabular Iraciores (Fig, 940,

Sacral Iractures may vcour with miatjor pelvic trwma,
it Ay be an isolated insullicieney-type fractuee in the
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LU 1 ArSacnum AP radiograph.
Insufficiency fractures of the sacrum.
There is subtle sclerosis in a vertical orien-
tation iwalving each sacral ala (arrews).
Compare this to the normal sacrym in
Figure 9.14A. B: Radionuclide bone scan
posterior view of the pelvis in this same
patient reveals increased actwity (black)
due to the healing fractures. The vertical
orientation of each side with a horizontal
connecting fracture line has been termed
the “Honda sign.” C: Coronal T1-weight-
ed MR pelvis in a different patient, The
characteristic sacral insufficiency fracture
lines are easily seen [straight arrows), but
should not be confused with the normal
51 joints (curved arrows). D: Coronal T2-
weighted MR image in another patient,
Increased signal (white) due to edema
and blogd i present throughout both
sacral ala. A discrete fracture line is not
always seen depending on the acuteness
of fracture or degree of healing.

clderly amd osweoponaic populations, When the frctare

enters the sacral Toramima, the arcuate lines are disrupred

(see Fig, 9200 Sacral insulliciency [rctures, which oceur

i wewkened, usnally vsteoponsic boane may occar with

livtle or o tranma. An obder paticnt may present with
lewer Back, buneck, or hip pain. Radiographs frequently
will mot demonstrute the ractare, Bone scan or MEL may
I the mexn sty o evalwe for an occult or developing
hips fracture and the sacral Tracture discovered (Fig, 9410,
Crecasionally, these stiucies have an dl.['.'|'ri.l.'aﬂ ApFpCATANCE,
b CT will demonstrane the healing racture,
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Anterior radiograph of the pelvis. Note
the increased space benween the apophysis and the
remainder af the iliac bone on the right (single arrow)
compared with that of the left (double amow). There
has been an avulsion of the attachment of the abdomi-
nal musculature in this young runner fallowing a guick
change in direction,

Apophyseal avulsion [raciures in the adolescent arc
due 1o muscle iraction in athletes, Several sporis are more
closely related 1o these inpurics found in sprinters, long
jumpers, cheerleaders. hurdlers, and gymmnasis, These are
the typical locations and the involved muscles: Anterior
inferior iliac spine (recius femoris attachment), ischial
tuberosity (hamsiring atachment), and iliac crest (abdom-
inal muscle attachment} {Fig. 9.42). In the more mature
athlere, a muscle sirain or tear would result from the same
type of injury MRl may be uselul 1o evaluate extent of
muscle invoelvement and degree of retraction, il any.

Intervertebral disc herniations may ocour at any level in the
spine. Although imervertebral discs cannot be visualized

Discograms. A: Later-
al view obtained during a discogram.
Needles have been placed into the
nucleus of each of three discs. Levels
L3-14 and L4-L5 are normal, L5=51
disc shows degeneration with mulii-
ple annular tears or fissures (amow).
B: Lateral radiograph following a
drscogram. Focal posterior hernia-
tigns are seen at all three levels (ar-
rowheads) and diffuse degeneration
at L4-L5 with numergus annular
tears {arrow). The patient's pain was .
concordant during the injection a1 ,F
L2-L3. The hemiation at L3-14 is -
likely a protrusion and the ather two
are extrusions.

on radiographs, dise disease should be suspecied when-
ever there is intervertebral disc space narrowing on radio-
graphs. However, a narrowed disc level idemtified on
racdiographs cannot predict whether or not that level is
symptomatic. Often the disc spaces are narrowed due to
chronic dise degeneration and not an acute herniation.
MRI has really become the main imaging 1ool for diagnosis
of disc herniation. CT alone may give some information
abowt morphology of the discs and [requently follows
myelography when that is necded. On occasion, a disca-
gram is uiilized 10 try 1o determine which disc or discs are
symplomatic, This is a more invasive 1est as contrast is
placed at multiple levels into the nucleus of the disc.
Injection of contrast into an abnormal disc is used 10
derermine if that reproduces the patient’s pain (Fig. 9.43).




It is non a pleasant study and should he used sparingly in
complex, dillicull cases,

The normal dise striuctures are shown in Figare 9,11,
Some confusing terms have developed in the classilica-
ton of herniated intervenehral dises, bt the lollowing is
the currem most accepred approach o this werminology
prolilem. There is some “normal” drying out of discs with
aging, which may lead 10 decreased disc space height,
Disc degencration usually relers o this “deying oul,” nar-
rowing, and/or numerous small tears of the annulas [bro-
sis in all directions, which allows the nucleus of the disc
o sprea] oun. Annular fissure (tear) usoally relers 1o a
focal tear in the annulus allowing nuclear material Lo
extend toward the ouer margin of the disc withew
extending beyond the margin (Fig. 9.44A). A bulging dise
means that 50% or more of the circumlerence of the disc
is mildly displaced outward relative 1o the margin of the
verlchral body, Seoliosis often leads o muliiple asymme-
ric bulging discs due 1o the change in bony alignment. In
this instance the appearance is not due to structural proh-
lems within the discs. Herniation is a general, umbrella
ternt, and it can be divided imo three main categories, that
is, prrotruded, extruded, and sequestered discs (Table 9.7,
Fig. 94480, A protrasion implies the depth of disc exien-
sion is less than the width of its base at the disc margin,
A b -based prot rusion invelves over 25% of the circum-
ference of 1the disc whiit,:_,fncni prrotrusion invaolves less than
25% ol the disc margin. I the extension of disc material
is greser than the width of its base or extends superior or
inferior o the endplae, it is termed extrasion. I the frag-
ment becomes detached, it is termed a sequeestercd [rag-
ment. Hernimed lumbar intervertebral dise disease is com-
mon especially an the L4—-L3 and L3-51 levels (Fig. 9.44).
Therapeutic injections are often performed. These are
usually nerve blocks or epidural injections of a steroid
and aften an anesthetic agent. They have been shown 1o
be uselul 1o allow a patiem o woleraie the acute disc pain

Intervertebral Disc Herniation Nomenclature

Annular fissure (tear)—/local disruption in the outer
librous layers of dise
Bulge— = or = 50% width of disc displaced beyond
veriehral body margin
Herniation:
Protrusion—depth of extent of dise < width ol
base m disc margin
Extrusion—depth of extemt of dise = widih of base
wi clise margin
Sequest ration=—detached dise fragmwent
Limbwis verichrma
Sehimorl noede
Seheuermann discase
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long encugh for some healing to take place and avoid or
delay surgery (Fig, 9.45). MR with the use of intravenous
contrast has proved uselul in determining whether or nog
there has been a recurremt dise hermiation (Fig, 9460,
MRI on patienis with priee back surgeey is most ofien
performed with aned withow conteast 1o assist discrimi-
mating between dise and scar tissuc.

Usually, disc herniations are lateral andifor posterior,
However, when the dise hernimes anteriorly and into the
vertebral body, this resulis in a vertebral defect with 2
classical appearance called a limbus veriebra (Fig. 947,
When the disc hesniaes into the vertehral endplate, the
resulting defect 15 called a Schmorl node, There are some
preople wha feel that these are congenital or developmenial
varianls, Schewermonn digease 13 osteochondrosis of ihe
epiphyscal plates in teenagers, whoe often complain of hack
pain. The diagnoesis of Scheaermann disease vsually can
he made on lateral spine mdivgraphs. The radiographic
Teanwres include feagmented and seleronic epipliyseal ples
of the vertebroe, wedge-shaped verichral bodics with
increased AP dinmeter, and narrowed dise spaces. Limbuas
vertehrae and Schmorl nodes may both be presen,

Becawse the spine has multiple jomis, o is ol surprising
that most of the arthritides involve the spine in some Tash-

ion { Table 9.8),

Osteoanbritis or degencrative arthiridis (Fig, Q480 is the most
common artheitis, and the Fcet joims of the spane aee [ne-
gquently involved, Paticms with esteoan hritis will usually
complain of pain andfor lmited motion in the involved spine.
Asg in the extreminies. the tvpical sadiologic Temures include
irrcgnlar joint narrowing, sclerosis, amd osteophyte formn-
tiom, The differential dingnosis of degenerative or ozieoarthri-
tis teprically includes nevropanhic jeims and diffuse idiopahic
skeletal hyperplasio, Common complications of ostecantbiris
1is ane spimal stenosis (Fig, 9493 aeul spondylolisthesis.
Spimal stenosis deseribes o vertebral or peural canal
that is too narrow, and the multiple ctiologics con be classi-
Fiedd as congenital, developmenal, s idiopahic, Although
mvelography drmmatically demenstrares this aboormaling
MR enjovs excellemt patient secepanee, amd determines
the canses s previse location Cloraminal, lateral recess, or

Arthritides

Ohstevarthritis

Inflonmaory anhritis (rhemmaeid arthritis and
ankyvlosing spondylitis, pseriasis, Reiter Syidnane)

Mewropathic joint (Charcat join )

Infections anhritis
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. Annulus of dise

of disc:
Annuldar fissure (lear) = Ld vartebral

By

LS vertebral
body

Broad-based

protrusiosn Psoas muscha
Bulging disc
F LA, LS dee
- Foeal protrusion Padicie
Exirusion Mewal sa6

Smnous (HoCess

Ptk A Lumbar intervertebral disc illustration. A disc herniation is a tear extending from the nucleus pulposis through
all the layers of the annulus fibrosis. There may be compression of the thecal sac and possibly nerve roots. Smaller annular fissures
may of may not cause pain. B: Lumbar intenvertebral disc dlustration. The disc has been divided into quadrants (blie fines) to visu-
ally aid the terminology of disc herniation based on percentage of disc involved. C; Lumbar spine lateral radiographs. Hemiated
La-15 intervertebral disc. The patient is a 30-year-old woman with bilateral leg weakness greater on the right than the left. There
is significant namowing of the Ld-15 intervertebral disc space (amows) suggesting disc disease at this level, Again, the disc is not
visible on the radeograph. The disc space narrowing is mare apparent when you compare the La=L5 disc space to the other lumbar disc
spaces. Nommally the La-15 disc space height is greater than the other lumbar spine disc spaces. D; Lumbar spine axial T MR image
in the same patient. Lasge extruded La-15 intervertebral disc. The dise is extruded posterolaterally to the right (strxight arrows), and
it is creating extrinsic pressure on the neural sac and obliterating the epadural fa1 on the right side. Mormal epidural fat is present
on the left {curved amrow). illustration by CBoles An.
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G - H

(URE 944, (Continued) E: Lumbar spine sagittal T2-weighted MR image in a different patient. Caudally extruded L4-L5 in-
tervertebral disc and a protruding L5-51 intervertebral disc. Notice that the extreded L4-15 disc (armow) has migrated inferiody to
the level of the L5-51 disc space posteriorly and is causing spinal stenosis and displacing nerve roots (arowhead]). A bulging disc at
L5-51 does not touch the thecal sac at this level. Note a small vertebral hemangioma in L3 (rownded bright signaf). F: Asxial T2 MR
image at L3-14 in a 43-year-old man, Foraminal disc protrusion. The disc protrusion (straight arrow) narrows the left foramen and
displaces the L3 nerve {curnved arrow). G: Sagittal PO (proton density) MB on the same patient. This view shows the disc extension
into the neural foramen (straight ampw) and relaticnship to the nerve {curved amow), There are degenerative disc changes at L2-L3
a5 well with some foraminal narowing seen at that level. H: Lumbar spine axial CT image. Protruded L4-L5 intervertebral disc. The
arows mark the protruded disc with namewing of the right foramen by the dise and facet arthritis.
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£ -

Lumbar spine lateral radiograph. Scheuermann disease.

The involvement of three or more vertebrae by Schmor nodes (sin-

gle straight arrows) is called Scheuermann disease. Antesior wedging

and increased AP diameter of the vertebral bodies (curved arrow) may

result from this process. There is a limbus vertebra (double straght
arrows). Note the wavy appearance of the endplates.

Nerve block or fecal epidural injectian. Oblegque radio-
graph during a left L4 temporary nerve block. A needle is placed adja-
cent 1o the nerve in the foramen. Radiographic contrast is then injected
which flows along the perineural sheath adjacent to the nerve [armow).
Some flow will aleo track proximally into the epidural space. After place-
ment is confirmed, the steroid and possibly anesthetic are injected.

Axial T1-weighted MR im-
age a1 L5=51 without (A} and with (B) in-
travenous Contrast. Scar tissue in a person
with recurrent back pain, The curnved arrow
demonstrates an absent podtion of lamina
from this patient's prioe surgery. The armow
i (A) shows abnormal sigmal which could
be a new disc herniation or scar tissue,
(B} demonstrates that this area (arrow)
enhances completely. Disc matesial does
not enhance. The left $1 nerve root (dou-
ble arrow) 15 displaced and enhances

suggesting that it is affected by the scar
lrssue.
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LU S Thorackc spine AP (A) and lateral (B)
raciographs. Ostecanhsitss or degeneratove arthntis.
Multiple osteophytes [curved armows) are present
and multiple disc spaces are nanrowed (straghr ar-
rows) secondany to degenerative disg disease.

L3 vertabral body

L4 verebral body

i A: Lumbar myelogram lateral radiographs. Spinal stenosis. The straight
arraavs indicate multiple levels of newral sac compression secondary to spinal canal narmow-
ing that is in tum secondary to degenerative changes in ard around the neural canal. The
L3=L4 and L4-15 intervertebral disc spaces are also markedly namowed (curved amows),
B: Lumbar spine axial CT image with conteast. Spanal stenosis at the L3-L4 level secondary to
- SACIUM  hyperrophic facet changes in this 71-year-old man. The straight arrows outling the marked
narowing of the spinal canal, and the curved arrovws indicate the deformity of the thecal sac
secondary 1o the spinal stenosis.
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Lateral cervical (A), (B), and AP lumbar (C) radiographs. Ankylosing spondylitis. Straight amows demon-
strate the syndesmaphytes which briidge across disc levels forming a solid “bamboe” spine. The curved arrows in (B) mark
the fused apophyseal joints, while the curved amow in (€) is in the expected location of the 51 joint, which has fused.

D: Lateral radiograph in a man with ankylosis spondylitis following a relatively minar fall. There is anteralisthesis of L1 on
L2 and a wadened L1-L2 disc {arrow) due 1o a fraciure through this dise level.



“eniral) of the sienosis. Ofien, the sienosis is due 10 8 com-

antion of bulging dise, facer arthritis with osieaphyies,

.1ml thickened ligamentum Mavem (sce Figs. 9.44C.G and
Y.dam,

A froup of arthritides which have prominent axial skeleton
nvolvement are collectively known as spondyloarthropa-
thics. The three most frequently discussed are ankylosing
Spondylitis, psoriasis, and Reiter disease or syndrome,
which is now also known as “reactive arthritis.”
Anbeylesing spondylitis, or Marie=Strumpell disease, isa
chromic inflammatory arthritis. 1t is associated with the HLA-
B2F pene and oceurs in 1% 10 2% of all people positive for
il gene, I is most commen in young men and mast lre-
quently involves the spine and SI joims (Fig. 9.50). Women
are affecied about one-third as often as men, but they end w
have a milder or even subclinical course of the discase. The
S jedms become symmetrically narrowed or eompleiely
obliterated. Ankylosing spondylitls in the spine ofien resulis
in sguaring of the veriehml bodies and syndesmophyies,
ussification between the outer margin of the verntebral bodies
and the dise annulus. These changes radiogeaphically sinu-
lane a picce of hamboo and have been termed the “bamboo
spine” (Fig. .508,C)r Because of the rigidity of the spineand
relatively weak usion across discs, even mild trawma may
lead 1o Fractures at the disc levels (Fig. 9.500). Ankylosing
spondylitis may involve other joims, and these joins will
have an appearance similar to theumatoid arthrits.
Psoriasis is probably most known for its chameteristic
dermatologic manilesiations, but its arthritis may colneide
or even predate the skin changes. Psoriatic arthritis leatures
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bonh erosions and hony proliferation. When the 51 joints ane
imvalved, they are asymmetrically involved (Fig. 9510
Sporadic paravertebral ossification will conneet adjacent
vertehral hodies.

Reiter syndrome or reactive arthritis consists of a con-
stellation of conjunctivitis, urcthritis, and arthritis, The
rcliographic features are quite similar w psoriosis, b
more likely o involve the lower extremity rather than
upper extremity joims. The spine and 51 joint changes are
indistinguishable from paoriasis mdiographically,

There are many sviovial joims in e spine, thus rheuna-
wid arthritis ofien involves the spine. The severity of rheu-
miatoid arthritis of the spine ranges rom mild 1w severe,
There may only be miled nareowing of cervical disc spaces.
Hovweewer, when rhewmatoid arthritis involves the odomneid
and the mlamtoaxial joing, the result can be weakening of
the transverse atlantal ligament than holds the odonteid
close to the amerior arch of €1, When this ligamen
hecomes involved, sublusation or even dislocation ol the
atlantoaxial joing may occur (Fig. 9520 These patients can
experience cervical pain cither ar rest or with head move-
ment. On o lateral radiograph, the normal distance between
the anterior border of the odontid and posterior aspect of
the C1 amterior arch is vsually less tham 2.5 mm o adulis,
When there i subluxation or dislocation of this joim, the
distance hecomes greater than 2.3 mm, especially when the
cervical spine is lexed.

Flexion and extension lateral cervical spine radiographs
muay be indicared in heumatvid anhritis patienis when they
expericnce pain with head movement, and belore undergo-
ing general anesthesia or any other procedure in which their

L1331 ! Pelvis AP radiograph. Psoriagis. There is
sr.lefms and irrequianity of the nght 5| joint (straight
arrgw) due to sacegilitis assocated with psoriatc ar-
thritis. Compare the appearance 1o the shamply defined
margins of the left 51 joint [cumed armows),
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— C1 anlerior
arch (mass)

- G2 verlebral
body

47 Az Cervical spine AP open mouth radiograph. Rheumatoid arthiitis. The odontoid process (strafght arrows) is
narrawed, ostespenic, and poordy marginated, Note the increased distances between the odontoid process of C2 and the inferior
articular processes of C1 {cunved arrows) due to partial loss of odontoid bone. B: Cervical spine lateral tamegraph in the same
patent. Rheumatoid arthritis. The odontoid {straight arrows) is markedly narrowed. The space between the anterior odontoid
and the anterior arch of €1 (curved arow] is greater than the normal 2.5 mm of less. This can also e<cur in ankylosing spondylitis.
€: Cervical spine lateral flexion radiograph in a different patient than shown in B. Rheumatoid arthritis. When the cervical spine
is flexed, the space (steaight arrows) between the anterior surface of the odontoid and the posterior aspect of the anterior arch of
C1 idotted lines) is dramatically widened, This widening represents an unstable dislocation of C1 relative to C2. There is grade 1
anterior spondylolisthesis of C2 relative to C3. Note the narrowing of all the cervical disc spaces and the generalized osteopenia,
D: Cervical spine axial CT image. Rheumatoid arthritis with spinal stenosis in a 55-year-old man. The C1-C2 joint is abnormal
with §-mm distance between the anterior arch of C1 and the cdontoid (betwesn the straight arows). There are advanced erosive
changes in the sdontoid {cunved amow).



G

head might be hyperflexed or hyperextended. These pre-
cautions help w prevent spinal cord injury. As clsewhere,
rheumatoicd arthritis often is associated with osteopenin
and secondary pathologic [mactures. The differential diag-
posis for osteopenia and vertebeal lraciure includes osieo-
porosis, metastatic disease, multiple mycloma, inlection,
amel frawma.

Charcot joints or nearopathic or nearotrophic joims can
gcctr in the spine as well as the extremitics. The joim
changes are sq_u,'nn:i.m_r 1oy luvst MR Se TSk e andlfor nnsta-
Bl joinis found 00 o variely ol nearlogic comditions
imclucling diabetes mellitus, syringomyelia, and spina bilida
with meningecele, The radiographic lndings are dise space
parrowing, bone destruction mud Tragmemamion, sclerotic
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' (Contimsed) Cervical spine CT sagittal recon-
struction (E) and sagattal CT 3D reconstruction {F) in the same
patsent a5 shown in D, The dontoid is invalved with erosive
changes and has a distal penciled appeatance (cunved arows),
These is redemonstration of the abnommal C1-C2 joint (bahween
the straight arows). G: Cervical spine sagittal T2 MR image i
the same patient as shown in (D) and {F). The odontoid {double
arrows) is displaced posterior resulting in spinal stenosis and
cervical cord compression {curved arrgw), The increased signal
in the compressed cord (armowdiead) probably represents edema
andior chranic reaction o the compression. The single straight
arrows indicate multiple levels of mild spinal stenosis.

subelmdeal bone, sublusation and distocation, and mar-
ginal bone mass formaion. Many of these Tindigs cai e
Fownned inestecartlritis o the appearance is that of severe
ostevarthritis of the spine

(,‘I}I_q_'q'lhl:l.'q,'lili.r'- or bone infection is common and has been
disenssed in Chapter 6. Spine inlections are consed by a
wide range of organisms, bu staphvlococal infections are
the mwst eommon, As with osteomyelinis elsewhere,
patients with spinal esteomyelitis nsually have lever and
howalized prain The hambar spine is the s II'L‘IZLLIL"I'HI‘IN
irvvolved, Tollovwed by il cervical and then the thoraic
spine. The radiographic lndings are subtle, and ofien poor
delinition of a vertebral endplate is the only hnding
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Lower thoracic and
upper lumbar spine AP (A) and lat-
eral (B) radiographs. Osteamyelitis
of T11 vertebral body, This 41 -year-
old patient had back pan and a
low-grade fever. There is destruction
of the posterior poetion of the T11
infenior endplate (straight arrows).
and the marked narrowing of the
TH1=Ti2 imtervertebral disc space
icerved arrows) suggests disc and
joint destruction,

(Fig. 9.53) since the infection usually begins as discitis,
With progression, frank bony destruction may be found.
Osreamyelitis is in the differential diagnosis of lytic bone
lesions. MRI is sensitive 1o detect osteomyelitis (Fig. 9.54).
On T1 MR images, the infections have a decreased signal
intensity (they appear dark gray), whereas on T2 images
the infections have an increased signal imensity (they
appear whitc). Contrast enhancement is fairly intense and
associated abscess may be found, occasionally extending
into the epidural space (Fig. 9.54C). The disc is invariably
imvalved, which ofien helps 1o dilferentiate infection lrom
[ractures and metastases. CT scans may detect bone and
joint destruction that is not visible on radiographs (Fig.
9.54B). CT-puided biopsy (Fig. 9.54B) iz a lrequent proce-
dure 1o iry 1o determine the causative organism although
an organism will only be identified in approximately 30%
of discitis biopsics.

Dilfuse idiopathic skeletal hyperostosis {DISH) or Forestier
disease is best demonsirated on a lareral spine radiograph
(Fig. ©.55) and is characierized by flowing ossilication
involving the amerior longinadinal ligamen. I is charac-
ternstically accompanied by exuberant osieophyies, The
averall appearance is similar 1o the bamboo spine ul anky-
losing spondylitis; however, ankylosing spondyliis is usu-
ally accompanied by obliteration of the S juims. Spinal
sleiosis 15 a signilicam complication of DISH (Fig, 9.56),

As in ankylosing spondylitis, lracures may occur from a

relatively minor trauma. Elsewhere in the body, DISH is
manilested by prominemt bony projections at ligament
attachment sites,

Paget disease is due 1o an imbalance of osteoclastic and
astechlastic activity that may be metabolic or viral in origin
and this has been discussed in Chapier 6. It oflten invalves
the spine and, more frequently, the pelvis (Fig. 9.57). The
classic spine appearance is the piciure lrame vertebra caused
by increased peripheral venicbra density and cemral lucency.

Benign tumors may involve the spine {Table 9.9). One such
wmor is the hemangioma, These are usually asymplomatic

Some Primary Spine Bone Tumors

Benign

Hemangioma

Ostenid osteoma
Osteablasioma
Ancurysmal bone cyst
Osteochondroma

Malignant

Multiple myeloma (most commaon}
Chordoma

Chondrosarcoma

Osleosarcomsa

Ewing sarcoma
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FlstEE 9T Az Sagittal T1 MR with intravenaus
conirast. Discitis. The L2-013 disc appears enlarged be-
cause the adjacent endplates have been destroyed by
the infection. There is contrast enhancement (white)
surrgunding the infected disc and of the involved ver-
tebral bodies. B: Axial CT during biopsy in the same
patient. The tip of the biopsy needle {armow) is in the
infected disc. In only about half of Biopsies performed
for discitis will an organism be identified. C: Sagittal
fat-suppressed MR images of the lumbar spine after
MR contrast was administered. Discitis is present at
L5-51 with extension of infection to an epbdural ab-
scess (armow).
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Lumbar spine lateral radiograph. Diffuse idiopathic
skeletal hyperostosis, or DISH. Mote the large osteophytes (arrows)
along the anterior venebial bodies that extend antermorly across the
ditr spaces and ossification of the anterior longitudinal ligament, The
intervertebral disc spaces are normal in height.

. Lumbar myelogram PA radiograph in a different pa-
tient, Spinal stenosis secondary to diffuse idiopathic skeletal hyperos-
tosis (DISH). The arrows indicate multipbe levels of spinal stenosis and
neyral sac compression due to D5H changes in the spinal canal. The
overall appearance of the spine is somewhat similar 1o the bamboo
spine of ankylosing spondylitis.

A: Lumbar spine lateral radiograph. Paget disease L2 vertebra (arrow). The L2 vertebra has the classic picture
feame appearance secondary to the increased trabecular density in the periphery of the vertebral bady. There is mild loss of
the L2 verebral body height compared to the vartical heights of L1 and L3, and this is compatible with a mild compression
fracture. The remainder of the lumbar spine is not involved by the Pagel disease. B: Pelvis AP radiograph, Paget disease. The
bane trabeculae are coarse (arrows) with an overall increased density and widening or expansion of the bones,



andd an incidenial hnding in the spine. Hemangiomas in the
gpine reguire o therapy unless they beeome symplomatic.
gymproms may develop when the wimor conses a pat -
jogie Tracture or the lesion extends ouside the vertebrae
andd compresses the spinal cord. Hemangionus (Fig. 958
cec Fig. BAAEY can develop in other bones, ba i the spine
ghey Bawve a classic appearnee with prominem or thickened
vertical trabeculae that stnwlate jail bars or condury Tabric

The MEL and CT appearsnces are als uite charwne
qudd ustially o ot paise a dimgnostic dilenmma.
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Hemangemas in three different pateents. A Thora-
columbar spine AP radiograph. T12 vertebral body hemangioma, The
promanent vertical trabecular pattern is characteastic of bone heman-
gioma [arrow), Compare the appearange of the T12 vertebral body ta
those above and below that level. B: Sagittal T1 MR of the lumbar
spine. The round, focal area of higher signal {arrow) s quite char-
acteristic of hemangioma in the spine since it contains a moderate
amount of fat. € Aal CT of a thorac venelwal body demonstrates
the punciate appearance of the cross section of cearse trabeculae
{arrowws}), similar to that seen in A, Mote the very low density of the
Fat wathin the hemangioma (black).

Az previously discussed in Chaprer 6, mctoastali iz~
cose 15 e mrost conmnten neoplasm in bore il this fclides
the spine. As in other hones, metastnie discase involving
the spine can be osteolvtic (Fig, 9391 with and withow
destruction mulfor vsteoblastic activite (Fig, 9.60%, The
primary. neoplsms causing estecdvie amd osteoblastic
T lesions are listed in Talsle 9,10

The imprerinee of visualizing the veriehial pedicles is
emplasized in Fignre 961 When one or both pedicles are
missing o paticons with known or suspected cancer, the
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A: Cervical spine lateral radiograph. Osteclytic metastatic disease of multiple cervical vertebrae. The €2, €3, and
C4 vertebral bodies are invodved by destructive (lytic) metastatic disease from the lung tarrows). B: Pelvis AP radiograph. Osteo-
Iytic metastatic carcinoma of the cenvix invelving the left ilium and ischium (straight arrows). The extensive involvement of the
left ischium has resulted in left acetabular protrusio. There is a large soft tissue metastatic mass in the left pelvis (curved arrons).

Abdomen AP radiograph, Osteoblastic metastatic carc-
noma of the prestate, The multiple areas of increased density (amows)

rn-y.ure-senl he metastases that involve the petvis, lumbar spine, dorsal
spine, and ribs.

firs1 diagnosis that must come o mind is metastatic dis-
case. MRI is very useful 1o confirm the presence of met-
astatic disease in a vertebra with a missing pedicle (sce
Fig. 9.61C) and 1o assess the extent and location of the
metastases (Fig. 9.62).

Primary tumors of the thecal sac and the spinal cord
can mimic bone tumors of the sping. Thus tumors arising
[rom these siruciures should be considered in the dilleren-
tial dliagnosis when dealing with back pain and abnormal
radiegraphs and myelograms,

Osteoporosis and osteomalacia have been discussed in the
metabolic disease section of Chapter 6. The typical patient
with osteoporosis (Fig. 9.63) is elderly and complains of

Characteristics of Metastases

Osteoblastic

Prostae

Breast

Lymphoma

Carcinoid

Meuroblasioma (occasional)

Ostealytic

Breast

Lung

Almost all other metasiatic tumors
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gk ik Absent pedicle sign. Az Thoracolumbar spine AP radio-
caph. The left T12 pedicle is not visualized (armand. Note the nomial
rance of the pedicles at adjacent levels (amowfieaas). B: fal CT
age thraugh this level reveals the large amount of bone desteuction
ctending into the region of the pedicle on the left {armom). € Axial T1-
E Eigluted MR image also demonstrates the mass and bone destruction.
w e etastasis was secondary to melanoma. The lesion is not as dark on
1135 some olher umaor types.
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Lumbosacral spine sagittal T1 MR image. Metastatic
carcingma of the breast. The patient camplainad of severe back pain,
but the radiographs were negative, The straight arows indicate some
of the many metastatic lesions present in the lumbar and sacral spine.
The metastatic lesions appear black en the T1 MR image but white or
gray on T2 images.

bawck pain, especially 7 secondary compression [rctiares
are preseot. Vertebral fraciures not only canse hack pain,
T will also olten resul in loss of heightn and kvphosis. A
severe kyphosis mav decrease thoraeic cage amd, thus, g
volume. The wypical radiographic appearanee of osicopon-
sis in the spine is decreased overall densite of the venehbral
harlics, sl s aresult the venebral endplaies appear prom-
inent. A= the vertebea become solter than the dise, the end-
plates can sag, resulting in babenwath delormities of the
vertehrae, By the time deminerdization is seen on nulio-
praphs, the vsteoporosis is iy advinced,

Sickle cell anemin is o Mendelion dominant heeedi-
tary it The disease is variable in severity and chanwer
ized b crises thar include anemia, Tever, severe abdominal

and Bone pain, and bone inlarction. Radiographs may
?'-|-Il.'l-"-1' VRLCO I TOSTS, ]'Il.!lu' s, '.l_-i.l.‘!'lnli.L' (ATR N R anl
fish-month venehrae (Fig, 9,040,

Drwarlism andd several vaongenital anonsalics have clas-
sie or wepleal appearimees of the spine and pelvis, but o
disenssion is beviond the seope of this imroducioey wext,
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Lumbar spine lateral radiograph. Senile oste-
oporosis. Mote the overall decreased density or osteopenta of
the spang. There are multiple compression pathologic fractures
secandary to osteoporosis (straighr amews), The fractures of L1,
L3, L4, and LS are manifest by a loss of the verical heights of
the invehved veriebral bodées. Compare the fractured vertebrae
to the nermal vertical heights of the T12 and L2 vertebral bod-
ies. Note the multiple fish-mouth deformities (curved amrows).

Thoracic spine (A) and
fumbar (B) spine lateral radiographs.
Sickle cell anemia. There is overall osteo-
penia and the fish-mouth deformities of
the vertebral bodies (arrows) are simi-
lar 1o those in senile osteoperosis (see
Fig. 9.63). Note the ribs in A (arrow-
heads).




Initial evaluation of a paient with back pain requires a
thorouph history and physical examination. 17 the patient
cxpericnced pain 2 or 3 days aler playing in the father—
son [oetball game, he is more likely 10 bhave a musele
strain or delayed onset muscle soreness. Acute pain alter
liliing a heavy object is more likely a herninted nucleus
pulposis, Insidious onset of pain may be relaved w arthri-
lis, cdeveloping osteaporotic compressions, or melastatic
disease, The level of clinical suspicion will determine
whai steps o take next. Most patients will undergo a trial
ol conservative treatment ol rest, physical therapy, and
fain medications. [T there is no improvement, imaging
studies may then be considered, However, il the paticmt
has a known primary neoplasm, MRI or radionuelide
hone scan may be the initial study beeause of a higher
clinical suspicion of metastases and the importanee of the
dingnosis,

Basic obscrvations on spine radiographs should indlude
spinal alignmeni, the heighis of the vertebral bodies
and the imerveriebral disc spaces, osseous density, pres-
ence of the pars interarticularis in the lumbar spine,
andl presence ol the pedicles of each verichra. An absem
peddicle is abnormal and should make you suspicious
of @ destruetive process such as primary and secondary
bone neoplasms,

Spine CT is good for bene dewail, localization of frac-
ure ragments and their relationship 1o the spinal canal

1. A patient presems o the emergency depariment with
suspected neck tranma, the appropriate imaging
sty is
a. Bateral radiograph of the corvical spine

v four-view series of the cervical spine

e. CT ol the cervical spine

. ME of the cervical spine

3. A fracture of the pars interarticularis is called
a. spondylolysis
I spondylolisthesis
e, limbus veriehm
o, Schevermann disease
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and cord, amd diagnosis of hernined imervertehral disc
discase,

Cervical spine CT is the appropriate stdy (insteid of
racliographs) in the rrauma patient.

Mol congenital anomalies of the spine are asvmplomatic,
Spine MR is geod for imaging disease processes that
irvalve the bone marrow T 2och as tumor and infection.
MR is alse valuable for diagnosis amd staging of hermianed
interverichral disc disease and evaluating the spinal cord.
Hyperllexion injuries include eardrop fractures, pos-
terior ligament injury, and facer locking. Locked laces
commonly lave associated spinal cord injurs.

Odonteid process fractures are frequent in the elderly
and result from both hyperllexion and hyperextension
Hjurics,

A ring is rarcly broken in only one location. At least twa
fraciures are usually presem in the pelvis.

Acetabular fractures are evalwmed by AP amd obligue
(Juclen) views of the pelvis amd CT

Following an acctabular Tracture, subsequent studies
should closely evalume for the presence of AVN i the
femural head.

El-Khoury GY. Esseatbals of Muscaleshelotal lnaging. Mew York,
MY Clinechall Liviigstong, N0,

Mabdich TR Castillo M. Cha 5 et ol Dawgging of the Sping,
Philadelphia. PA: Sawmders, 2001

Renfrew DL, Atlas of Spine Inuging, Philadelphia, PA Sanmlers,
ElULER

30 Which rerm best Dns adise abmormaling in which a
dise extemlds bevond expected margin of the annulus
T lese than 25% circumberence and the depth ol
extension is less than e base of the sbnormaline?
i Sequestration

b Extriesiod
<o Protrsion
sl Bulge

-

Fhe st comimon canse of scaliosis is
i hemiverichra

b pedicle bars

. raclionnion in childhood

o, idiopathic
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3. The most common organism causing discitis is 8. The pain from a disc herniation may be treated by
4. Sreplococcus a. discogram injection
b. Staphylococens b. myelogram injection
c. Mycobacterium c. epidural injection
d. Emerococcus d. comirasi injection

6. In a patient with a cervical spine injury and 9. The lollowing cervical spine [raciure is due to a

neurologic symploms, the primary reason an MRI hyperexiension injury

may he obtained is o a. [acer locking

a, determine the exient of fraciure b. C5 teardrop [racture

b. evaluate the cord for edema or blood c. burst fraciure

¢, search [or additional [raciures d. hangman [raciure

d. assess [or ligamemous injury

10. An osteablastic tumor in the spine is most likely due

7. Hip dislocations carry a risk of e which of the following?

a4 psleonecrosis a. Multiple myeloma

b. femoral nerve injury 'b. Prostale cancer

c. vascular injury ¢. Hemangioma

d. infection d. Lung cancer
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Radiopharmaceuticals
Skeletal Imaging
Hepatobiliary Imaging
Thyroid and Parathyroid Imaging
Graves Disease
Thyroid Nodubes
Farathyroid Imaging
Renal Imaging
Angiatensin-Converting Enzyme Inhibitor Renal
Scintigraphic Imaging for Renal Artery Stenoss

Muclear medicine uses small amoums of radioactive materi-
als (rcliopharmaceuticals) o diagnose and treal disease.
The subspecialty is unigque, because it provides information
absvy bah organ struciure and funciion in patients and the
technigues used ofien identily abnormalities very early in
the progress of a disease—olien before other diagnostic
1ests, Because the images generated by nuclear medicine
represent a physiologiec map revealing less anatomie deail
than radiclogic studies such as CT or MR, it is necessary 1o
correlate the nuclear medicine images with the corresponds
ing radiologic images.

When molecules with radionuclide COMpPONEnis are -
pared for adminisieation to human beings, they are ealled
rediopharmacenticals and they participate in, but do wo
alier, various physiologic processes. Specific rdiopharma-
ceuticals with panicular physiochemical properties are
ustdl 1o sty an organ or organ systen. The mdionuelide
prortion of the radiopharmacentical tepically emits ganuma
rays ancdfor x-rays that ean be detected and create a scinti-
graphic image (ofien relerred 1o as scan). There are sevenal
possible poutes of patient adminisiration of sadieplurma-
ceuticals including inravenans, oal, and inhaled.

Nuclear Imaging

Thomas A, Farrell

Ventilation and Perfusion Lung Imaging for the
Diagnosis of Pulmonary Embolism
Positron Emission Tomography and PETICT
Oncologic Imaging
Limitations of PET
Cardiac Imaging
Ventrigular Fynction Imaging
Myacardial Perfusion Imaging
Radionuclide Therapy
Key Points

Over 30 radiopharmacewicals use wchnetinm-m
(Te-99m) which has many wselul properties as a4 gamo-
cmitting tracer muclide, T s elued from a Te-99%m generaor
a5 the soluble perechnetate and then cither wsed directly as
asaluble salt, or combined with a mimber of Te-Shm-hased
radiopharmacenticals which determinge its uptake by vari-
ons ongans. Other  radiopharmoaceaicals  incorporate o
raclicactive tracer atom ine a laeger pharmacewtically active
molecule, which is localized in the bodv, alter which the
raclionuclicle trwer amom allows i be detected with o
g comera, An example s loorodeesovglneose (FDG)
in which Huorine-18 is incorporated e deoxvpglicese w
pive 18-FDG which is commonly used in positren emission
wnmography (PETY scanning. Some radivisotopes such as
gallinm-67 and rdiciodine are wsed directly as soluble
ionic salts, withowt funher moditication,

The most commonly used nuclear medicine iaging
system is a gamma camera which is composed of anarray
of photomuhiplier wbes. Each photomuliplier b
containg @ sodinm iodide ervstal which produces light
when siruck by gamma or xerays, The lighe scimillations
are digitized and then provessed into an image Tor physi-
cian interpretation, The image is essentianlly a 11|1}'5inlngi.5:
(AT ol the radiopharmacewtical distribwion within the
body, Table 1001 lists the radiopharmacewicals and ihe

337
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corresponding imaging procedures that are discussed in

i ; 5 TP this chapuer, i
AN R pErecmlin e Syt Tomography is a basic radiographic Lechnigue which
Radiopharmaceutical Application improves the visualization of the organ being imaged by
Te-99m macroaggregnted Lung perlusion blurring or eliminating the adjacent issue. This technique
albumin (MAA) is widely used in nuclear medicine 1o improve image qllal
Xenon=133, Te-99m Lung vemilation ity, for example, single photon emission computed (omog-
diethylenetriamine pentaacetic raphy (SPECT) which is an array of gamma camens
acid (DTPA) aerosol mounted on a gantry which rotates around the patient.
Te-99m iminodiacetic acid Hepawbiliary Resolution of the organ of interest is improved by obiain-
(HIDA) dynamics ing images in muliple prajections which allows reduction
Te-99m diphosphonate Bone of scatter gamma and x-rays.
Te-99m DTPA Renal glomerular
filtration rate
Te=-99m DMSA Renal masses
Thallium-201, Tc-99m Myocardial Skeleral scintigraphy, more commonly referred to as a
sesiamibi, Rb-82 perfusion bone scan, s a valuable tool [or the investigation of 4 num-
F-18 lluoradeoxyglucose PET wmor ber of disorders of the skelewal sysiem. A Te-89m-labeled
{FDG) imaging diphosphonate derivative is used in skeletal scintigraphy

because this radiolabeled agent is adsorbed onto the

i s Ly

w
-

B

1 Normal bone scans. Whaole-body images of a normal bone scan in an adult (8) and child (B).
Mote the increased epiphyseal activity on the child's scan.



surface of newly forming hydroxyapatite crystal in the
bone. Mew bone formation oceurs in response to almost all
skeletal pathology such as fracware, infection, or tumor
amel thereflore scintigraphic images will demonstrae
inereased gamma-ray activity ai the site of increased hone
turnover. The normal bone scan appearance in an adub
amed child are shown in Figure 10.1. Mote the muliple
areas of increased activity in the childs epiphyses.

A bone scan g very sensitive lor detecting metasiases
amel in general will identify a lesion before it is scen in a
conventional radiograph. However, it is ofien noi possible
o determine whether lesions seen on a bone scn are
malignant or henign, and this is particularly true for a
single lesion, which ofien is caused by a benign process
such as a [racture or infection. The skeletal sysiem is a
cammon site for metastaic spread of many malignancics
such as breasi, lung, prostate, and renal carcinoemas.,
Becanse skeletal metasiases usually arise as a result of
hematogenous secding of tumor cells in the bone marrow,
most bony metastases are detected in the axial skelewon

= 4 O ;
T
i v 5

N

Ant Post

Bony metastases. Whole-body bone scan in anterior
and posterior projections of a 65-year-old man with diffuse skeletal
metastases fram prosiate carcinoma. Images réveal numendus meta-
static lesions (Black foci), primarily in the axial skeleton and also in the
proximal femurs and humeri (arrgws),
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Causes of Nonosseous Uptake on a Bone Scan
(False-Positive)

Location Cause
Heaed Siroke
Chest Myaocardial infarct
Hyperparathy roidism
Lumng metasiases (.., sarcomal
Abalomen Gasteie (o.g., hvperparathyroidism)

Spleen {e.g.. sickle cell discasc)
Trawmm fe.p, IM injeciion)
Myositis

Sarlt tissue

and are seen as numerous foci of increased radionuclide
uptake (Fig. 10.2). Well-dilferemtiated thyvroid cancer is
alse prone o disseminate 1o sites in bone, hut these lesions
are probably betier detected with wdine-131 imaging.

Onher skeleal abnarmalities are also readily detected
with & bone scan. Like metastases, osteomvelitis can be
detected carlier with o bone scan than with a plain hlm
(Fig. 10.3). The bone scan may also be uselul to detect a
[raciure which may not he gasily seen on plain ilms, For
example, stress [ractures (Fig, 10.4) and shin splims
(Fig. 10.5) are readily detected on a bone scan but may
net be scen on a radiograph. In mest coses, o fraciare
through the Tull thickness of the hone cortex is readily
detected by a plain radiograph. Some lullabickoess Teaw-
nures, such as those in the sawernm, scapula, femoral neck,
ared small bones of the wrist and ankle, are cceagionally
elillicult v vizmalize o a radiogeaph but are detectable by
a bone scan (Fig, 1006} Although regarded as a sensitive
test, bone scintigraphy may have false-positive and false-
negative resulis (Tables 10,2 and 103,

Panienmis with acieee choelegvstitis classically presem with
right wpper quaedrant painfienderness, fever, and lenkoey-
tosis. Plowever, the signs and svmpuoms of acute cholecvs-
vitis olten vary amd there are o mumber of comditions tha

Causes of Photopenic Bone Lesions
(False-Megative Bone Scan)

Muliple mveloma

Avaseular necrosis

Prost e intion thergw

Rarely metastanic bone discise (e, anaplastic, renal
eelld

Paravertehral soll tissue lesion invading bonge
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Acute osteomyelitis, Skeletal scintigraphic images (whole body, A; regional view, B) from an 18-year-old
girl with disbetes who presented with 3 to 4 weeks of low back pain. Radiegraphs of the vertebra were unremarkable.
The images show abnosmally increased Te-99m methylene diphosphonate (MDP) activity in the L3 vertebral body (arrow).
Biopsy of the site confirmed osteomyeditis. Notice the normal intense uptake of Te-9%m MOF at the growth plates in the
lower extremities (armowhead) on the whole-body images.

A L
Stress fracture. A 20-year-old runner with pain in the
night call Radiographs were normal, Scintigraphic images of the distal
lower extremities show focal lesion in the posterior medial aspect of
the right distal tibia consistent with a stress fracture (amrow 5 Fx). No- it 197 Shin splint, Bone scan of a patient with calf pain, show-
tice that the lesion does not invelve the full thickness of the tibia. Fibula  ing linear pattem of increased uptake {amows) along the posterior as-
indicated by arrow Fily, pect of the tibia (enthesopathy).




Bone scans, Az Sacral insufficiency fracture. B: Multiple rib fractures,

may present in g similar fashion, Consequently, the provi-
sivnal diagnosis of acue cholecystitis 1_'_;'|'r'r|;:'|||_'_r FECUires
conlirmaiory testing with ulirasound andfor hepataliliary
scintigraphy.

Hepaebiliary  scintigraphic  imaging is  perlorme:d
using a Te-fim=labeled iminodiacetic acid (HIDAY deriva-

CHAPTER 10: Nuclear Imaging 3

vive than is o s log ol biliruhin, This rsbiopharmaceutical

is actively transported inte hepatecvies similar 1o hilirubin

anel s I|'|1:|:1 exereled l.1|||.'!'|:'|||1_';c|.| ity e |11'||,|r:1 Il
Mormally HIDA accumulates within the gallbladder within

I heowr o intrvenous injection (Fig, 10.7)

Howewyer, in

acute cholecysiitis, the gallbladder [ails o B with (e

-~

"

Normal hepatobliary (HIDA} Study.
Images obtained in the anterior view every 2 minubes
(mowing fram left ta right and 1o 1o bottom) following
injection of the hepatobiliary radiotracer show good
extraction of the agent by the lwer {L). The common
il dwet (aerow CO) is seen along with the duodenum
[arow [ and gallbladder {armow GB).
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radiotracer because of cvstic duct obstruction. This test is
extremely sensitive, and a normal result (e, visualization
of the gallbladder) virnually excludes acuie cholecystitis,
False-positive scans are canscd by prolonged fasting
of pecenl ingestion of loeod (Table 10.4). The use of IV
morphine has been found helplul in reducing the number
of false-positive HIDA scans, thereby improving the speci-

ﬂ. o GB’;.J' A
e J . s ’
.. '.‘ én ‘

ficity of the test, Morphine causes constriction of the
sphincter of Oddi, which augmenis bile flow through the
cystic duct, improving gallbladder visualization (Figs.
108 and 10.9). HIDA scanning is alsa useful in the diag-
nosis of postopermive bile leaks where accumulation of
the radionuclide corresponds 1o that of extrahepaiic bile
(Fig. 10.10).

Maorphing
L
L ] 9 i L) J
N

Normal HIDA study with IV morphine in a patient with right upper quadeant pain, A: Initial
sel of images show normal uptake and excretion by the liver, but over time the gallbladder is nat visual-
ized and consequently morphine is given at approximately 40 minutes into the study, B: Images obtained
immediately following administration of morphine show the gallbladder visualization (armow GB), which
ebectively rules out acute cholecystitis. Note activity in the small bowel (arrow S8).
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e 1 Acute chollegystitis, Hepatobiliary study in a patient with fever and right upper quadran
pain. A: Initial set of images show noimal uptake and excredion by the e, but the gallladder is not
visualized and conseguently mosphing is given at approximately the time of the image at bottom right.
B: Images obtained immediately following injection of mosphine continue 1o show absence of galibladder
activity, indicating cystic duct obstruction and acute cholecystitis. Mote the reflux of radioactive bile into
the stomach (armow 5.
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Causes of False-Positive Results with Hepatobiliary
Imaging in the Evaluation of Acute Cholecystitis

Prodmped fasting (3 davs)

Ingestion of food within 2 howrs of the siudy
4 i1|-.u||-\ L'!u-h.';_'-.'-.llrl-.

Chronic aleohol abuse

3 .
Panwreatitis

Coraves discase is characierized by the association of thyro-
toicosis, diffuse goner, inhhirative ophthalmopathy, and
occasionally infiltraive dermopathy. The thyroid scinti-
pram ‘:\.‘JHL‘i!”F showws ‘_-}'I:'I'IIHL_'ITiI._'iI“}' 1,'r!||.:ll'§1;4.f :.j‘l:'lrlﬂ with Graves disease, Te-90m pl‘:.‘il]d'uﬁl?[.![? scan shows
homogencous tracer distribution and a prominent pyrami- a diffusely mereased uptake with visualization of a pyramidal lobe
dal lobe (Fig, 100110 and the patients radioaciive iodine (supediorly from the midiine). The diagnosis must be confirmed by an
uptake (RAIU} is increased. While there is no cure [or  elevated radicactive iodine uptake.

Graves disease. the goal of ireaiment is 1o reduce the thy-
roids ability 1w produce hormones. Three treatment
options are available: Medical therapy, radioactive iodine
(1-131} therapy, and surgery. 1131 therapy partially
desirovs the thyroid parenchyma resulting in fibrosis,
Studies cvaluating the salely of radivactive jodine therapy
have failed 10 show any significant carcinogenic effect in

Muclear imaging can be used 1o deseribe a thyroid nodule
as hot or cold on the basis of its relative uptake of radioac-
tive isotope such as Te-99m or lodine-123. Hot nodules
Il'tdit Alg ﬂ.l.]":lr]l:'llr](ll,l}ul'\ r'|_|['|(_|_|l_'l'|'||'|'|E |'|I:'II:||,]|L'S ‘Irtl.i L.I.:l!':i ::I'::":I'
ules indicate hypofunctional or nonfunctional thyroid
tissue (Fig. 10.12). Radionuclide imaging is unreliable in

doses used 1o treal hvperthyvroidism.

Pasicholecystectomy bile leak. HIDA scan shows ex-
Travasateon and accumulation of radiopharmaceutical in the gallblad- Thyroid cold nodule. There is a focus of reduced up-
des bed. take in the mid right thyroid bobe (arrow)



Parathyroad adenoma in a patient with hypercalcema,
Delayed imaging after Te-99m sestamilil injection shows increased up-
take in the right neck consistent with a parathyroid adenoma,

roid cancer as 4% of hot nodules are shown
e contain tumer, compared with 16% of cold nodules.
Fhis wechnigue has largely been replaced by alirasound
wnil ulirasound-guided biopsy in the diagnostic workup of
||I‘_t rosied noclules, See Thynrigl Biopsy in {:11.1|_Bll1.‘l 12,

diagnosing th

lu-%hm sestamibi is absorbed more guickly by a hyper
[unciioning parathyroid gland than by a normal ghnd.
Owver 608 of parathyroid adenomas may be successiully
imaged using this weehnigue. Chiel cell parathy rodd adee-
mas in particular have a very high avidity for sestamibi, in
contrast e oxyphilfclear cell parathyroid adenomas which
have almost no avidity Images of the neck and chest are
vhnained immediately and 2 hours postinjection of Te-4%m
sestamibi (Fig. 10.13). Smaller-volume parmtlyroid ade-
nomas, those glands in the upper position, and paticnts
with muliglandular disease are all less likely 1o be reliably
imaged with sestamibl scans

Te-99m dimercaprosuccinic acid (DMSA) localizes in the
im-xinmi and distal convoluted renal wbules amd is the
pracer of choice for renal parenchymal and anatomical eval-
wations {Fig. 100140, I is o suiable Tor dynamic perlusion
giudlies. On the other hand, Te-99me dicthylenctriamine
penticelic acied (DTPAY i the trwer of choice for denamic
pemal perfusion amed the detection of venal and wrerenal
chstructions, About 95% of the dose is Tlered through the
j'1‘In||1|rr|.:|l with a normal mean renal insit time ol
3 mimes. A 2 hours there is less i

an 1O renal retenni
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Renal DMSA scan shows upper pole cortical loss in
the right kidney {arrowdead).

Seintigraphic imagimg of glvmerular hlrenon combined
with adminisiration of an angivtensin-converting cnzyvine
(ACE) inhibiror, such as capropril, is wsed 1w wleneify
patients with hypertension cansed by remal areey stenasis.

In patients with rermal viscolar hypenension, remin
secrction is increascd scoondary 1w the hemodynamig
cllecis of a Tunctionally significam stenesis i the renal
artery. Decreased perfusion pressure s a result of the sie-
nosis causes the juxtaglomerular colls by inerease secne-
tion of renin, Renin acts on angiotensinegen o lorm
angictensin I Angiotensin | ig converted o angiotensin 1L
b ACE. Angiotensin 11 stimulates release of aldosterone
and alse acts as a polent vasoconstricter of the peripheral
vascillalre, i|:1-c|.'|_|l.!i!'l-‘|_': vasocoistriciion ol the eflerem
renal arterioles distal o the glomeralos in the anderper-
Tused kishoey with the stenosiz, The elforemt vasoconstric-
tion acts o preserve the iransglomeralar pressure gradi-
ent and therefore, helps preserve the glomeralar filtrgion
e (GFRY in the alfecied kidney. I an ACE inhibiter
such as captopril is adminisiered w a patiem with renal
artery stenosis, angiotensin 1 levels will drop amd vhe
clferent arcrivles will dilme, leading woa Rl in GFR
(Fig, LY Do contrast, patients with essemtial hyperten-
st will

wve i ellect fromm captopril on the repnal svinti-
praphic images

Falmonary embaolism (PEY is the thind most common
canse of cardiovascular moralioy in the US. The clinical
diagnesis of PE is olicn dillicult as svmptoms and signs
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tallR) Captogrnl re-
nogram positive for renal artery
stenosis. A Scintigraphic imag-
5 of the kidneys in the posterior
projection, 1 to 3 minutes and 3
to 5 minutes followsng intea- L
venous injection of a Te-99m-—
labeled agent that is fillered by
the glomerulus. B: Repeat im-
ages following administration
of captopril show a significant
decrease in the congentration
of this agent (and, therefore, de-
crease in GFR) in the left kidney
compared to the precaptopril
study. This finding indicates re-
nal artery stenosis causing renal
vascular hypertension,

Pra-captopsil
R ‘
]
3-5
Post-caplopril
#._:-.’
A

such as dvspnea, chest pain, tachypnea, and tachycardia
are nonspecific. A chest radiograph should be obwained in
all patienis suspecied of having PE 10 exclude other causes
of the patient’s symploms such as pneumonia, preumo-
therax, and heart failure. However, a normal chest radio-
graph does not exclude PE and even il the chest radiograph
is abnormal and consistent with PE, this alone is rarely
sufficient 1o make an accurate diagnosis necessitming fur-
ther esting,

Ventilation-perfusion (V/Q, Q is the physiologic
symbol for flow rate) lung imaging is highly sensitive lor
diagnosing PE. Images of regional pulmonary perfusion
arc obiained by imravenously injecting several hundred
thousand tiny particles of macroaggregated human albu-
min that are radiolabeled with Te-99m, These albumin
particles measure between 10 and 40 pm and because the
diameter of pulmonary capillaries and precapillary arteri-
vles s less than 10 pm, the mdioactive particles lodge in
these vessels throughout the lung fields in concentrations
that are direcily proportional w0 the regional pulmonary
blood Mow. Because less than 0.1% of the ol cross

L5/

section of the pulmonary vasculaure is occluded by the
injecied radiolabeled particles, complications are extremely
rare. Figure 10.16 shows a normal lung perfusion scan.

Pulmonary emboli are ofien large enough 10 occlude
the segmenial pulmonary aneries, and hence the low defects
on the images will often appear segmental in configuraion
(Fig. 10.17A). However, occlusion of smaller arteries may
occur, and the perfusion pattern may, therclore, reveal
defects that are somewhat smaller (subsegmental),

Lung |'n:rfu5iun delects are also seen in prReumonia,
chronic obsiructive pulmonary disease (COPD), and atel-
ectasis due 1o localized rellex vasoconstriction. So a perlu-
sion deleet alone is not diagnostic of PE and for this reason
scintigraphic ventilation imaging ol the lungs is combined
with the perfusion siudy, Images of regional pulmenary
ventilmion are obtained by having the patient inhale eithber
radivactive xenon gas or an acrosolized form of Te-99m
DT PA. The combination of ventilation and perlusion scans
improves the specificity of the west [or the diagnosis of PE.
Vemilation is uswally normal in regions of the lung that
show perlusion deleats cawsed by PE giving a mismatched
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Causzes of Matched Ventilation/Perfusion Defects
‘ with an Abnormal Chest Film
RARPD HL

Prcumonia

Chironic obatructive lang discase
Arelectasis

Asthma

‘ ‘ defect (Figs, 117 and 100 18Y. bn conmteast, marehed defects
H characierized by abnormal regional perlusion and corre-

spovncding abnormal regional ventilation are Townd in oibee

Ant | LPO l L E:lutj.: tILs:ﬂs:':i (Fig. 1019 and Table 1005),

Nermal lung perfusion images in six projections. Anl, Typically, resulis Trom the vemilaniondperfusion sean
anterior; Post, posterior; LA, left posterior ablique: APQ, right poste- are used 1o estimate the probabilite that acote PE has
nior ablique; LL, Teft lateral: BL, right lateral. # designates area of absent eccurred, A normal perlusion scan imdicates victoally ne
activity due to the heart, chance that the patiemt has a ME while multiple perfusion

Post

A b .

Ant RO AL

A Post LPO LL

Postgnor

1SIRE I Pulmonary embolism, Az Six-view perfusion scan showing numerous bilateral segmental
defects. B: Single-breath ventilation images showing normal ventilation, This mismatch pattemn is essen-
tially diagasstic for PE.
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Ventilation

A #0

L el

s I»

Post

el

Pulmanary embolism. Top two images are posterior
ventilation images with xenon-133 showing uniform ventilation to
both lungs. Bottom four images are from the perfusion study showing
multiple segmental defects. Arow points to pedfusion defects in the
right uppers lobe. This mismatch pattern indicates a high probability for
PE.

LFO

defecis with a normal ventilation scan indicate a high
probahility that the patient has PE (Tahle 10.6).

CT is now considered the examination of choice in
patients with suspected PE, The standard chest CT proto-
col 1s modified so the patient is scanned when the contrast

a = “ ! ‘ | "
A
' COPD. Patient with chronic obstructive pulmunaw
disease showing matching ventilation and perfusion defects in upper
lobes lamows). A: Pastesior perfusion image. B: Posterior initial breath-

hold ventilation image. €: Later equilibsium ventilation i image showing
eventual filling of defects seen on the initial ventilation i image.

Interpretation of Ventilation/Perfusion Scans

Probability of
Result Pulmonary Embolism
Mormal 0%
Low probability <20%
Intermediate probability 20-80%
High probability =H0%

bolus maximally opacifies the pulmonary arieries (PE pro-
tocel) and this test has a sensitivity of 95% for the diagno-
sis of PE. V/AQ scans are suill performed in patients who are
allergic w0 intravenous contrast, in the presence of renal
failure and in women of childbearing age. The last of these
indications is important becavse the absorbed radiation
dose 1o the breast is 100 times greater in women undergo-
ing chest CT for PE than those having a VAQ scan.

PET dillers [rom the more conventional nuclear medicine
procedures described so far because the radicisotopes that
are used emit positrons rather than gamma or x-rays.
Positrons have a higher encrgy (0.5 MeV vs. 140 keV for
Te-99m) and the PET scanner is consequently designed
dilferently. Alier a positron is emited, it ravels a very
short distance {a few millimeters) in body tissue, com-
hines with an eleciron, and the mass of the positron and
electron are converied inio energy in the form ol twe
gamma rays that travel in opposite directions, These
“simultanecus” gamma rays are detected by the PET sean-
ner, which then creates a three-dimensional image of the
distribution of the radivisolope in the body.

Positron-emilting radisisotopes include C-11, N-13,
0-15, and F-18. They have a short hall-life and can in
theary be labeled 10 vinually any organic molecule nor-
mally used by the body such as glucose (or glucose ana-
lopues), water, or ammonia, or into molecules that bind (o
receplors, Currently, the main PET radiopharmacewtical
used clinically is F-18-labeled FDG which is a glucose
analogue, imaging of which depicts the distribution of glu-
cosc metabolism in the hody,

Becanse many malignant umers demonstrae enhanced
metalrelism of glucose relative 1o normal argans, whole-
body PET imaging with FDG can be used 1w deteet and
stage malignancy. PET images of a pattert with meta-
static nonsmall cell lung cancer (NSCLC) are shown in
Figure 10020, Although the absolute level of umor ;.r,lu-
cose metabolism can be quantified on PET, in practice this
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FIGURE 10,20. Lung carcinoma with widespread metastases. Frontal and lateral projections of a whole-body FDG-PET
scan showing numerous fod of increased uptake (including the spine) consistent with metastatic disease.

is time-consuming and requires arterial blood sampling of
FDG levels, An alternative semigquantitative measurement
is used and referred to as the Standardized Uptake Value
(SUVY, which is directly related 1o glucose metabolism and
much simpler 1o determine from PET images. The SUV
serves as a normalized anget-to-background measure and
in general, lesions with an SUV ol 2.5 or grealer are likely
tor be malignant, whereas values below 2.5 are more likely
1o be physiolegic in origin or caused by benign lesions.
One hour after intravenous administration, high FDG
activity is normally present in the brain, heart, and urinary
tract {exeretory route). Sites of variable physiologic tracer
uptake include the digestive tract; thyroid, and skeleal
muscle. Elsewherein the body, tracer activity is typically
Jownt

To Turther improve localization of lesions detected
on PET, patients are commonly seanned on combined
PET/CT scanners. These scansimprove both the sensitiv-
ity and the specificity for malignant twmor detection.
Tumor types commonty referred lor PET/CT evaluation
in clinieal practice include NSCLE, head and neck
cancers, lymphomas, colon cancer, breast eancer, and
miclanomas There are many  clinical applications
including initial'staging, deteetion of recurrent wmor,

and evaluation of response to chemotherapy (Figs. 10021

aned 10,22},

Some malignancices are known to be “not PET avid.” These
include prostate carcinoma, neuroendocrine umors, and
sarcoma metasiases. The reasons lor the lack of upiake
include low glucose metabolism, such as seen in well-
differentiated mmors, low prolifermion mes, high mucin
content, and necrosis. PET is not wsebul within 2 momths
of surgical resection due w a high lalse-positive rate,
which may be the result of inllammation or granulmion
tissue. Furthermore when perlormed within 4 weeks of
chemotherapy, PET has a false-negmive vate of over 809
and surgical decisions shonld not be based on the resulis
of PET withow further investigation. Other limitations 1o
the widespread vse of PET arise from the high eosts of
cvclotrons needed 1o produce the shor-lived  radionu-
clides and the need lor on-site equipment o produce the
racliopharmacenticals alter radicisoope prepartion. In
addition, the mdiation dose from the PET radionuclide is
usually around 5 1w 7 mSv and when combined witha CT
sean (the current standard of practice), the radiation expo-
sure may be substantial—up 10 25 mSv for an adult. Futare
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Lung carcinoma with hilar metastasis. PETICT images clockwise from top lefi. A Axsal CT shows a right hilar
mass. B: Axial PET showing increased uptake in the mass. C: Coronal PET showing increased uptake in a smaller peripheral right
lower Inbe mass. Dz Fusion of PETICT images A and B.

developments may include the use of a PET/MR combina-
tion which may produce as good anatomic images with
less radiation exposure.

Cardiac imaging accounts for nearly 50% of all nuclear
medicine tests. The two main areas of interest are cardiac
function, specifically lelt ventricular funciion, and myo-
cardial p;‘rl"l.l.ﬁil.'lll imaging (MPL) in patients wit b ko o
suspecied coronary artery disease (CAID).

Radwonuclide vemiriculogram (or multigated  scan—
MUGAY may be used 10 assess veniricular function and
can be performed in 1two wiys. A first pass technigue
involves scanming a rapid bolus of g Te-99m radiotracer

as il passes through the heart chambers—this is more
accurate for right veniricular evaluation as there is no
chamber overlap. The second and more commaonly used
technique is called equilibrium scanning as it requires
Te-99m RBC imaging, gated 1o the ECG over several car-
diae cyeles. Ventricular lunction is evaluated by calculm-
ing the gjection fraction {EF), which is the volumetric
[raction of bBlood pumped out of the ventricle during
the cardiac cycle. The normal EF range is 55% to 70%.
Common causes of poor ventricular lunction are isch-
emia, aortic and mitral valve diseases, and 1oxins such
as chemotherapy (doxorubicind, viral inlections, and
aleohol. In patients receiving doxorubicing, a decline of
107 or moere in absolute lelt ventricular EF 1o 2 value of
500 or less is a recommendation 1o discomtinae the
drug. Ventricular lunetion may also be measured using
echocardiography and MRL Cardiac archythmios during
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127 Postoperative carcinoma recurrence. PETICT shows a focus of increased uptake in a soft tissue nodule in the
anterior abdominal wall of a patient who had a hemicolectomy for colenic carcinoma. Biopsy confirmed recunrence.

pmage acguisition can limit reproducible assessment of
ventricular [unction,

sl s usually done using inmravenously injected thal-
Jinm=-201 chlaride (™' T1) or Te-99m=labeled agents such as
sestamili or tetrofosmin, Thallivm is a potassiom analegue
gindlicator of cell membrane integrity) and is the only
pECT radiomuclide that assesses myocardial redisirilwiion
anl viability. SPECT imaging is used 1w oluain perfusion
jages ol the hean using one of these agems. The beart is
yagedd 0 a 180-degree arc and daa scquired which ae
|n;rl|11q“|-‘-“'-l e give a three-dimensional image, Shor-asis
Fige- 123 anad Tong-axis views are used for interprettion,
J ='|.|.1|‘|'I1:l.|. C;1I'1_ti1‘|l;‘ SPECT |E1'.1||i.lil'|1-2|.'||_ s.luugl}' shivwws mmn-
"nl'm I\L‘I'rh:-imu throughowt the myocandinm,

Stress westing improves the seasitivity of MPL Tor the
|1|t-;-lit1ll- ol CAD and can be perlormed during cither
(e

exercise or IV injection of adenesinge o dipvridamale.
Arterioles distal w a noomal commary anery will dilae
aubztantially in regponse 1o cither exercise or plarmaeo-
logie stimulation. As a result, perlusion Camd, thereforne,
rcliotrwer conventation) will increase considerably in
I|||.' ||I'\_|.'|.1|.';Ir|.11'l.llll -:lll'ii'rl.ll{'i,l 1:-:1' o meorimal ariery wlierens
myvocardial perfusion will change ibe 0 o all Jdistal oo
significant anerial stenosis. Therelone, signilicam CAD
will couse a i'l\‘rfl.l.-i.i-. s e feer on the candiow T ETU R TITT TR
diately ollowing siress. Perfusion defevis seen on the
slress  imiges that become less severe or normalize on
delaved images are referred o as reversible and alimost
alwavs contin viable mvoeardinm (Fig, 10,24, Reversilile
dhefeers typically also luvee wall nwsion w rest, Deleets thin
alov ot Clwigde Tronm stress o the delaved images ane called
fixeed el lle'-llﬂ.“:p' CORLALN SUSE Lissiee g, 10,251, Flowever,
i sone nstanees hxed defecs may sill contain viable

LI E e
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Morrmal myacardial single photon emission com-
puted tomography (SPECT) views. SPECT short-axis cross section af
the left ventricle. The shor-axis cross-sectional view is obtained by
slicing the three-dimensional image of the heart muscle in planes
perpendicular 1o the long dimension of the heart.

Antarior
el

Abnormal thallium scan. Thallium SPECT images from a patient with a stenosis of the left
anterior descending coronary antery; short-axis stress images column (A) showing a severe perfusion defect
in the septum, which is reversible on restiredistribution images column (B).
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Rest/ Redist.

Short Axis

10 25 Abnormal thallivm scan, Thallium SPECT images from a patient with previous anterior
myocardial infarction. Short-axls images show severe defects in the anterior larrows) and latesal walls,
bath of which are fixed (unchanged from stress to restiredistnbution images). These findings are consistent

with scarring,

The major limitation of using T1-200 scintigraphy
aline is the high false-positive rate which is anributed pre-
dominantly 1w image attenuation artifacis that are iner-
preted as perfusion deflecis. Although guamilication of
T images improves specilicity, the false-positive rne
remains problematic, particularly in women where hreast
attenuation may be mistaken for perfusion abnormalities
LT nmhn'}' 1o anterolaveral ischemia or in situations invole-
g ohesity where inferior perlusion defects may be seen
[ presence of a lelt bundle branch block can also lead w
o lalse-positive stress test anteriorly during exercise, in
which case pharmacologic agenis such as adenosine or
repade noson should be used,

The Te99m=labeled perfusion agens enhance the
specilicity of SPECT and provide information regarding
regional and global lelt ventricular systolic Tunction via
ECG gating of images, Because of the more fvorahle phivs-
ical characteristics of Te-99m imaging with a ganma cam-
erat, there is less gamma-ray scatter and anenuation than
with *"T1, which results in fewer lalse-positive antifaces
and a lower radiation dose. These agents also allow beter-
gated acquisition, permitiing the simultaneous evaliation
ol regional systolic thickening, global lelt ventricular lune-
piowy, andd myvocardial perlasion,

Performing the stress phase of the examination first
followed by a resting phase allows identihcation and char
acterization of myocardial perfusion deflects due w isch.
emiit. Tepically a combination of T1-201 and Te-99m per-
fusion agents are used o rest and stress, for example, same
iy T1200 an rest aned Te-99m agenn an steess (Fig, 100,260,
alrernatively low and high doses of o Te-%Whan agent can he
.ﬂi-.-cn al rest and during stress respectively (Fig, 10,275,

Historically, it was belicved thar ischemic LV dyalone-
i WS due 1o a combinaton of repetitive ischemin,

|:|11_\.'|.1|._'.||:1,||:|| sturiing ared hibernanon amd was therelore
potentially reversible in patients andergoing revasculbiar-
ization. This J,';q‘rﬁl._'l.'i[ﬂ.l thie ¢on M al viahle mvescardinm:
than is, the distinction between reversible dyvslwnction and
irreversible d}'ﬁrul'l.l.'li.ull due 10 |||.}'-|l._;|n!|,|.|. (1T AL
Several imaging technigues evaluwating myvocardial viakbil-
iy i|tc'|l,|:|;|it'|:|: those '.I|t‘|.':'|i|:|.' deseribed were dey |.'|n||u;a,|. with

the aim of selecting patienis in whom recovery of LV Tung-
I'iur: 4|.|'|-;| :il1||'|r'4\1.'1.'|'|'|1.':!|1 ur |sr'r-|._'|ln'-."‘i.¢ '.\'-.ll,l.hl IRTTHRAE l.'l-!_-jl HI.L'
risk of surgical revascularization. The STICH Trial did mot
conlinm an impact ol \'li_lhllil':.' om the outeeme ol patients
undergning revascularization or medical therapy, and
cantivned against relving om the concept of viabaline alone
in the management of paticnts with LV dvslunction, The
stuely conmcluded than we should mor vse viability soudies
such as SPECT ihallivm or dobuwiamine echo 1o exclude
patients Trom surgical revascularization

As PETACT scanners hecome more prevalent, nwve-
cardial PET perfusion imaging is being used in paticms
in place of SPECT
(Thallivm, Te sestamibid, Cermain parkem gronps tha are
difficule to imagze with conventional SPECT imuaging are
particulardy likely w beneli from PET tmaging, such as
ohese patients, women, paticis with previous nondiag-
mostic tests, and patients with poor left venricalar fune-
tion anrributable w CAD considered for revaseulariza-
(RIRT] Il |.H|.'I-H-l'| s
physiologically just like thallivm i the heart ver nnlike
thallivny or techoetiom it cmits o positron giving superior
image resolution compared 1o SPECT (Fig, 10,281, The

with known or saspected CAD

r.uimi-aumm- riehicdinum-52

vse of BRh-B2 may reduce the radiotion dose w the patiem
b Bwetere o DO commpriredd v Te-Og, Dy aldition e vialil-
ity Brwging. cardiae PET bmaging allows gquantibeation ol
resting ated  stress bloogd  flow, « oronary llow  reserve,
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LI L 0 Normal stress rest thallium-To scan, Rest myocardial perfusion images were obtained after thallium was given
IV (second, fourth, and sixth rows). Stress images were obtained after Tc-29m tetrofosmin was given IV (first, third, and fifih

rows),

and subclinical microvascular abnormalities in response
to pharmacologic siress. Integrated CT angiography and
Rb-82 PET perlusion imaging on hybrid PET/CT systems
is an exciting new prospect in the study of the siructure
and function of the hear.

There is consensus across national and international
guidelines in favor of MPLas 2 noninvasive diagnostic tol
for the detection of abstructive CAD in patients with {nter-
mediate pretest probability of disease. The American
College of Cardiolopy (ACC) and the American Heart
Association (AHA) support the exercise ECG as the initial
test butrecommend stress imaging in subgroups including
waomen with diabetes and those in whom a poor ExErcise
performance is anticipated. ACC/AHA guidelines rely on
the size and magnituade of stress induced nuclear perfusion
delects in order 1o determine “Appropriateness” of revas-

cularization therapy. As a secondary test, MP1 is indicated
in patients with nondiagnostic or unexpected exercise
ECG results; that is, patients with a low or high pretest
likelihood of CAD and an abnormal or normal exercise
ECG, respectively:

Although a detailed discussion of the therapeutic applica-
tions of administered radionuclides is beyond the scope ol
this chapter, it is important (o recognize this aspect af
nuglear medicine (Table 10.7). Generally, the radicactive
isotopes being used for therapy emit beta particles, and
in the fuiure alpha particle emitters may also be used.
Currently, the most common radisisotope used in therapy
is [-131 wo treat thyroid disorders such as Graves
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Apical Shor Axia Bamal

Sheort axis views of abnormal stress nuclear imaging (Tc-99m Tetrafasmin). The first and third rows are
of stress images demonstrating an inferolateral defect {white arrows). The second and fourth rows are of rest images demaon-
strating nosmal inferolateral perfusion at rest. The “reversible™ stress induced defect is consistent with viable mygcardium in
the inferalateral wall,

e lRe 1 2a. Myscardial rubidium imaging A, B: Rb-B2 cardiac PET images from a patient with chest pain ultimately found
to have a high-grade stenosis of the circumflex artery which supplies the lateral wall of the ket ventricle. Az The short-axis stress
jmages reveal decreased perfusion (white ammows on one of the slices) 1o the lateral wall of the left ventricle (LV) in the top row,
which then appears “reversible® (the signal improves) on rest images in the bottom row (fight gray arrows). B: The horizontal
jong-axis images from same patient demonstrate the same defect in perfusion by revealing much diminished rubidium signal
caming from the lateral wall (white arrows on one of the images) in the stress images wiich again shows significant improve-
ment en the rest images (reversibility) as depicted by Bght gray arrgws. 5, septum; SIpAL, stress attenuation corrected; RSAC,
rest attenuation corrected.
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Therapeutic Radiopharmaceuticals

Radicisotope Disease
Yirriam=90 Liver mumors
Phosphorus-32 Polveythemia vera

lodine-131 Thyroid cancer, Graves discase

disease and thyroid cancer, Beeanse the fodine is trapped
by the abnormal thyroid cells, the radimion effect is lim-
ited 1o the thyroid gland. Intra-arterial radicembolization
with microspheres conaining yiirium-90, a beta emilter,
has become a widely accepted tremment for primary and
some secondary hepatic wwmors.

Muclear imaging is p:rfurn'tﬂ] using radiclabeled mol-
ecules which are injecied or inhaled creating a physi-
ologic or lunctional image.

Abnormalities arc usually described as increased or
reduced uptake.

CT iz the current siandard technigue for diagnosing PE.
Ventilation-perfusion lung imaging may play a role in
the workup of certain patients with suspecied PE; Tor
example, women under 50 years,

Visualization of the gallbladder with hepatobiliary scin-
tigraphy almost always rules out the diagnesis of acuie
cholecystitis.

Bone scintigraphy is a sensitive 1est for detecting skel-
etal metasiases, osteomyelitis, and [raciures.

Patients with muliiple myeloma may have a negative
bone scan,
Captopril remal imaging accurately detects hemody-
namically significanmt renal artery stenosis in patiems
with renovascular hvperiension,

1. Which of the following is lalse regarding a “superscan”?
a. May show increased uprake in bones and sofl 1issue
b May be caused by metastane disease
v. May be caused by metabolic disease

d. May show reduced or absent uptake in the distal
appendicular skelewon

2. Which of 1he following is true regarding the imaging
ol shin splims?
a, They are tvpically hot on the blood low phase
b. Increased upiake is seen st the cortical level

Fusion PET/CT imaging can detect and stage many
malignant tumors,

Myaocardial siress perfusion imaging is an accurate tech-
nique for detecting CAD and can be perlormed with
cither SPECT or PET.

Rubidium-82 is a promising myocardial PET perfusion
agent,

The author thanks Brian Clarke, CNMT, for his criginal
deawings of Figure 10.23 (shon axis), and Dr Parvez
Shirazi for supplying the images [or Figure 10,15 (capto-
pril scan). Drs Michael Salinger and David Najman
reviewed the cardiology section.
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¢. They occur on the posterolateral surface of the
midl tibia
d. They have characterisiie plain film lindings

3 A patient has thyrotoxicosis and a low radicactive
indine uptake at 24 hours. The dilferential diagnosis
includes all the following except:

a. Graves discase

. Subacute thyroiditis
¢, Amiodarone intake

o, Thyrooxicosis factitia



4. A diabetic has a nonhealing foot uleer. The [ollowing

i

L} ]

are true of a three-phase bone scan in this pmieni

CRCCM

. Osteomyelitis may be indistinguishable from a
neuropathic join

b, Osteomyelitis may be distinguished from cellulits

€. A fourth phase image may be helpiul in paticns
with peripheral vascular discase

d. A negative bone scan excludes the dingnosis of
osteomyelitis

. Regarding ventilation perfusion scanning for

pudmonary embolism, the lollowing are 1rue excepl:

. Maost PEs do not cause pulmonary infarcis

Ir The perflusion abnormality should be smaller than
the corresponding chest lilm abrormality

e, Most matched perfusion defects are due to
vasoconsiriction associoted with an airway
abnormaliny

e, Up 1o 80% of patieris with an intermedine
probahility WO scan have pulmonary embalisin

A bone scan on an 8=month-old baby shows muliiple
luci of increascd uptake. The differcmial disgnosis
ineludes:

I. Monaccidemal injury

2, Mubifocal vsieomyelitis

b Osteopenesis imperfecta

4, Metastanic neurohlastoma

a. A

boa b, e

I I

deoa, boed

The Tollowing umors are usually not FOG avid on
PET scan excepi:

a, Mucinous colon carcinoma

h. Bronchoalveolar carcinoma

¢. Newrsendocrine

d. Small cell lung carcinema

H

Q.
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When performing a VAQ scan Tor suspected
pulmonary embolism, radionuclide dose
modilication ks recommended Tor patients who
havvefane:

a. Contrast allenzy

Iv. Azotemia

. Pulmonary AV shum

d. Women of childbearing age

Regarding thyroid scimigraphy, which is true?

a. Most cold spaots are malignam

B, 1t is a good sereening test for thyroid discase

c. Uptake in the peramidal lohe is seen in thyroidinis

. 1-123 is the preferred agen for suspecred
retrostermal goiter

Paticont instructions prier 1o a PET/CT for
malignancy include all excep:

a. Mothing by mouth within 6 luears

b, High carhobydrare diet within 24 Tuurs
e May take anificial sweeleners

¢l Mo exercise within 24 hours

The following leatures are regarded as advantages of

T sestomibi over thallivm for condiae imaging

exoCpl:

a. Shorter hall-lile means a higher dose can be given

h. Higher myocardial exiraction Teaction

¢, Higher count rate

. Optimal energy for use with standard pamma
CAMmera




Breast Imaging

Laurie L. Fajardo  Limin Yang
[ ] hapter Outline
Screening Mammography

Technigue for Sceening and Diagnostic Mammography
What We Should 5ee an a Mammogram
Masses
Microcakoifications
Limitations of Mammography
Indications for Breast Ultrasound and
Magnetic Resonance

Approximately one in eight women in the United States
will develop cancer of the breast during her lifetime, and
this incidence appears to be increasing. Unforiunately,
there is no known cause of most breast cancers, and there-
fore the best way o prevent mortality is early detection of
the nonpalpable and potentally curable discase using
mammography. It is generally believed 1hat the earlier
hreast cancer is diagnosed, the smaller the chance of metas-
tases and the beter the long-term prognosis. Consequently,
mammography is widely used for the screening of breast
cancer in the general asympiomatic female population.
Serecning mammeography should be used fn conjunction
with regular breast self-examination and an annupel clinical
breast examination performed by a physician (Table 11.1).
Diagnostic mammaoegraphy is also a key wol in the evalua-
tion of patients with known or suspected breast discase.
There is little douln that mammograms are best interpreted
by gualilicd radiologisis, In addition, a radiologist may
perlorm image-guided breast biopsy allowing an accurate
and cost-ellective diagnosis of nonpalpable breast lesions,
Given the prevalence of breast disease, all physicians should
be aware of the clinical applications and limitations of breast
imaging. The purpose of this chapier is w review the impor-
tance of screening mammaography for carly cancer detection
amel the wse of diagnustivc mammagraphy, altrasound (US),
and magnetic resonance imaging (MRI1) in the manoage-
ment of breasty disease.

Breast Biopsy
Excisional Breast Biopsy
Sentinel Mode Biopsy
Diseases of the Male Breast
Other Imaging Technologies
Suggested Workup of Commaon Chinical
Froblems
Key Paints

The moriality rme lor breast carcinoma has fallen by
almaost 30% over the past 20 years. Several large reputable
studies have linked this reduction in monality with earlier
detection of breast carcinoma due 1o screening mammog-
raphy. Crities of routine sereening argue that women may
go through unnecessary ireatment such as surgery, radio-
therapy, and chemotherapy for cancers that would not
have posed a risk as some cancers will be diagnosed and
treated that would never have caused any harm. In the
United Kingdom, it is estimated that screening prevents
about | 300 deaths per year, bui it also may result in about
4000 women receiving treatment for a condition that
waould net have been threatening,

In 2009 the US. Preventive Services Task Force
(USPSTFE) revised their recommendations [or screening
mammography for women aped 40 1o 49 years, because
there was only moderate cenaimy that the net benefins for
this age group were small. Previously routine screening
mammography was recommended every | 1o 2 years start-
iy al agee 40, Thetr current recommendations are for bien-
nial rather than annual sereening in women aged 50 1o 74
years. Mo recommendation was made for women aver age
74, viting insufficicnt evidence, The Saciety of Breast
lmaging (SBU and The American College of Radialogy
(ACR) sirongly criticized the USPSTF recommendations,



General Screening Mammagraphy Guidelines

L. Yearly mammaograms are recommended starting m
age 40 high risk, begin by age 30, but not before
25, or 10 years earlier than the age of diagnosis of
the youngest aflective relative, whichever is later;
andd 8 years alier chest radiaion therapy. The age
at which screening should cease depends on the
potential risks and benefits of screening in the
context of overall health staus and longeviny

2. Clinteal breast examination should be part of a
pericdic health examination abowu every 3 years
for women in their 205 and 30s and every year for
women aged 40 and older.

3. Women should know how their breasis normally
leel and repeort any breast change prompily o
their healihcare providers, Breast sell-cxaminmion
is suggesicd for women starting in their 20s.

and they have joinly published their ewn recommen-
dations [or screening mammography (Table 11.2). These
recommendations are on the basis of evidence-based
medicine where available, Where evidence is lacking, the
recommendations are based on consensus opinions. The
ACR and 5B1 firmly stand behind their recommendation
that sereening mammography should be performed anmu-
ally beginning ar age 40 lor women at average risk for
hreast cancer.

As can be seen from these recommendations, several
risk factors influence the onset and type of screening. One
of these risk factors is a BRCA gene mutation which is
associated with a rare hereditary breasi—ovarian carcinema
syndrome. As many as two-thirds of women born with a
cdeleterious mutation in BRCAT will develop breast cancer
by age 70, and one-third will develop ovarian cancer by
age TO. Approximately one-hall of women with a deleteri-
ous mutation in BRCAZ will develop breast cancer by age
70, and up o one-quarter will develop ovarian cancer by
ape 70, The ACR/SBI recommendations include annual
screening mammograms and also cover the role of MR of
women with BRCA mutations.,

Tlu: mprlance of a WJ."“-I!I« tlormed IR TR el
e overemphasized. A standard screening manmmogrom
consists ol two views: A mediolateral obigoe (MLOD view
w.[h the central x-ry beam traversing the breast nhliqw:l'_.'
i v meelial o averal direetion (Figo 111AY and o cranio-
ponedatl (CC) wiew (Fig. FLIB) with the central x-ray beam
praversing the breast ina head v foant direction, It is neces-
ety v comnpress the breasi 1|Iiri|1g the examimatiomn o
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ACRISB| Recommendations for Age at Which Annual
Screening Mammaography Should Start

Age 40
* Women al averge risk

Younger than Age 40
+ BRCAI or BRCAZ mutation carricrs: By e 30, b
not belore age 25
= Women with mother or sister with premenoprasal
Irreast cancer: By age 30 but not belore age 25, or
10 years earlier than the age of diagnosis of
relative, whichever is Laer
Women withe 2006 hiletime risk [or breast cancer on
the basis of Tamily history (hoth maternal and
paernal): Yearly starting by age 30 b mon belore
age 2%, or 10 vears carlier than the age of diagnosis
ol the youngest allected relavive, whichever is later
Women with Bistories of mamle rodiation received
between the ages of 10 and 30: Beginning 8 vears
afrer the radintion therpy bun ot belore age 25
Women with hiopsy-proven lobular neoplasia,
ADH, DCIS, invasive breast cancer. or osvarian
cuncer regardless of age

Fraome: Lee CH, Dershaw DD Kopans D, etal. Breast cancer sercening
with imaging: Recommendatbons from the Sociery of Breast lnaging
anel the ACR on the e of mammography breast MR breasa ulira-
jq.ll,ll'ld., :llu,l nlhrr h.-rhn;ﬂu-;‘lr\-a e the deteciion of c|i||||c.|]|:.' weeuli
breast cancer, | Am Coll Radiel, 20007001 18-27; copyright £ 20140
Elievier.

visualize all the breast vissue amd o minimize mdiation
dose, and patients should be warned than compression may
be uneomloriable, As with other forms of imagzing, man-
megraphy has lmiions and adjunct sereening using U'S
and MR1 is becoming more widely accepted. A dingnostic
wasrkup may reguine specilic mammographie views inelod-
ing micrelscus magnilication compeession views lor micro-
calcilications amd focal (spot) compression views for mass
or focal asvimetey and possibly the need foe US andior
MRI For women under 30 vears who present with a breast
iass, U5 is the best initial exomination v perlormn,
Driagnostic mammography is |1-|:r1ur||h'i.t WSl -
monly when o breasy mass s palpaned, or o radiologist
linds o abnormality on a screening manumogran, The
vast miajority of sercening and disgnostic manunogrms
performed o the United Staies use diginal wehnology
which has replaced lilm-sereen mammoegraphy, The advan-
tages of digital mammography include the ability w wse
image-processing webinigues w o enhance the images, the
use of computer-assisted dingnostic wechoiques (CAD)
i lesion detection wud charcterization, and the clec-
tromic transmission and storge of images, Compared



360 SECTION I Imaging

YRE 1 Mammographic technigue. A: lifustration of patient positioning for a mediolateral ebligue (MLO) mammogram.
The x-ray beam passes obliquely through the breast in a medial to lateral direction, The breast is routinely compressed between
the compression device (straight armows) and the radiographic cassette (curved arrgw), The cassette contains a radiographic
film on which the image will be recorded. Compression improves the diagnestic quality of the images by reducing the breast
1o @ more uniform thickness. B: Hiustration of patient positioning for a craniocaudal (CC) mammaogram, The x-ray beam passes
through the breast in @ head to foot or cephalad to caudad direction. The compression device (straight arrow) 15 more easily
visualized in this illustration. Again, the image will be recorded on the film in the radiographic cassette (curved amow).

with film-screen mammography, digital mammography
has been shown to be superior in detecting breast cancer
in women vounger than 50 years, pre- or perimenopausal
women, and those with dense breasts.

It is important that the mammographer (echnologist)
be properly trained and qualihed and that the Fl:dumll:.r
mandated mammography quality comrals are mer,

In general, breast tissue is composed predominately of fbro-
glandular tissue in vounger women and gradually replaced
with adipose tissue in older women. Correspondingly, nor-
mal mammograms show a mixwure of fa and fibroglandular
tissue. Normal MLO and CC views of the breast are shown
i Figure 11,2, Notice that breast images are a combination
ol fat (black} and solt tissues (gray 1o white). This back-
ground of black and gray. especially the black, enhances
visualization of masses and calcilications.

Approximately 85% of breasi carcinomas are of ductal
origin and are discrete by imaging modalities.

The two most imporant mammographic lindings
suspicious lor malignancy are masses and microcaleifi-
cations, Other suspicious abnormalities include focal
asymmetry, architeciural distonion, and skin or nipple
deformity. Any siructural changes over time require atlen-
tion and further workup, unless otherwise explained such
as surgical scar.

The Brepst Imaging Reporting and Data Sysiem
[BI'RADS] l1'|.llli3|i.'|.'|'." WS i-“S"IUlEIJ. I]}r ||'I.vl..' AER in lht" ];"_g_t

1980s 10 address a lack of standardization and unilormity

in mammography practice reponing. An important compao-
nent of this system is the lexicon, a dictionary of descriptors
al specific imaging leatures which historically have been
shown 1o be predictive of benign and malignant disease.
Use of the BI-RADS lexicon promotes communication,
quality assurance, research, and improved patient care.
Initially, BI-RADS was developed [or mammographic find-
ings, but it now includes US and MRI findings (Table 11.3).
This system is continuously revised on the basis of expers’
apinions and evidence-based hndings.

Using BI-RADS terminology, a mass is a space-ocoupying
lesion seen on two different mammographic projections.
Masses are described in terms of their shape, border (mar-
gin), density, location, size, and associated findings such
as microcaleifications and architeeural distortion,

BI-RADS Classification

BI-RADS Category

A Incomplete

I MNegative

2 Benign linding(s)

3 Probably benign

4 Suspicious abnormaliny

5 Highly suggesiive of malignancy

O Known biopsy-proven malignaney

BI-RADS Category 4 or 3 warrants biopsy,
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FIGURE 117 Normal mammogram.

A: Left breast mediolatesal obligue (MLO)
Pectoralis musele  digital mammogram, Noemal. B: Left breast

cramiocaudal {CC) digital mammagram.
Lymph nede Marmal,

Vessel

Skin
Subcutancous [t

Fibroglandular tissue

Duets

Fibroglandular tissue
Subcutaneous fat

Skin

MNipple
[Jucts
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Fibroadenoma.
Right breast MLO {A) and CC
(B} mammograms. Calcified be-
nign fibroadenoma. The fibroad-
enoma is oval and Kodense with
circumscribed borders (straighr
arrows). The bemign calcifica-
tions within the fibroadenoma
are typically globular, coarse, and
varizble in size (curved amows).
C: Ultrasound of the right breast
shows a well-circumsoribed ho-
mogeneous soechoic solid mass
which is comesponding to a pal-
pable mass (arrows).

Benipn breast disease (Table 11.4) may or may not be

; : ; Common Causes of Benign Breast Disease
symplomatic or have associated masses, A ibroadenoma

(Fig. 11.3) is a commen benign mass that generally ocours « Cystic discase

in young women and may be single or muliiple. On physi- = Mastitis, abscess

cal examination, lbroadenomas are often movable. The + Fibroadenoma, benign phyllodes tumor
mammagraphic appearance is an oval circumscribed mass + Lipoma, hamartoma

sometimes associated with coarse “popoorn” calcilica- + Sclerosing adenosis, librocystic changes
tions, On sonography, hbroadenomas will usually appear = Fan necrosis

isoechoic,
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Simiple cyst. Az Right breast MLO digital mammogram. A simphe cyst. The isodense eyst (armows) has sharp borders
and no calcfications. Note the difference between the smooth sharp borders of this benign cyst compared 1o the iregular and
poorly defined borders of the carcinoma in Figure 11.7. B: Right breast ultrasound of the lesion (A). This is the classic appearance
of a benign simple cyst. The cyst is a round well-cincumscribed anechoic mass with very thin cyst-parenchymal transition. Posterior
acoustic enhancement (arrows) is commonky found immediately posterior to a cysL

Benign cystic disease is another commaon clinical entity
which may present as a tender or nontender palpable mass
or as an incidental nonpalpable mammaographic finding. The
mammagraphic appearance of a cyst is usually an isodense
mass with well-defined borders (Fig. 11.4A). Although a
eyst is usually rounder and more circumscribed than a solid
mass on a mammegram, mammegraphy cannet dilferentiate
a solid mass [rom a cyst and US is needed 1o make this dis-
ginction. US of a breast cyst (Fig. 11.4B) usually shows a
well-defined anechoic mass with: characterisiic posterior
acoustic enhancement. Cysts may be reated with US-guided
needle aspiration. Some benign lesions, such as breast ham-
arpoma, are casily diagnosed on mammography withowt any
mlclili‘”“' imaging or intervention needed (Fig. 11.5).

When breast implants are placed for augmentaion
iplant displaced views are required 1o visualize the breasi
rissue surrounding the implant. When implanis are placed
i-n”pwl.nﬁ masteciomy, routine screening mammaography is
requiree for the postmastectomy breast. lmplanis may
vary in appearance from less dense (saline) 1o dense (sili-
) and in their location—either posterior (rettopec-
e | or subpectoral) (Fig. 11.6) or anterior {prepectoral)
|l|'i¢ pectoralis muscle. MR is uselul in evaluating implant
rity

L

1

Common mammogreaphic and ulirsonographic findings
of malignaney are listed in Table 11.5. Malignant masses
are usunlly irregularly shaped and of high densivy with ill-
definedorspiculated borders(Fig. 1 1,7), Microcalcificmions
are [requently assoctated within andfor owside of the
mass, When suspictous lindings are present, it is impor-
tant o evaluate the extent of the disease such as multifo-
calivgfmulticentricity on the imaging studies. Multifocaliny
means that there are other disease foci in the sume breast
quadrant. Multicentricity means thai there are other dis-
ease foci ina dillerent breast quadrant. Asyvmmetric densi-
ties and architectural diswortions are also suspicious for
malignancy, especially il they are new,

Microcalcifications may be the first indicator of malig-

nancy, especially il they are new, pleomorphic, or branch-

img (Fig. 1 L8A). However, it should be emphasized tha
must breast caleificanions are benign. Benign microcalcifica-
tioms are homogeneous in size and shape (usually punciate,
round, or coarse) and more dilfusely scatered (Fig. |1.88).
Malignam microcalcifications are moee heterogeneous in
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A

Hamartama (broadenclipomal. The CC (A) and MLO (B) views of thie laft breast show a well-defined mass with
heterogeneous internal density which is not different from the surrounding normal breast tissue except it is confined within a
thin wall in the upper inner left breast (arrews), This benign mass is usually impalpable due to its soft nature. This mammographic
appearance is diagnostic.

Mammeographic/Ultrasonographic Findings
Suspicious for Malignancy

1. A mass on a mammogram with
a. ill-defined or spiculated borders
. malignam calcifications
¢. high radiopague density
d. skin retraction or thickening
2. Microcaleifications that are (with or without a mass)
a. pleomorphic
b. fine lincar branching or segmental
¢. clusiers
3. Architectural distortion or focal asymmetry
4. Irregular hypoechoic solid mass on ultrasound
with ill-definedispiculated border, thick boundary

echogenicity, andfor surrounding architectural
distortion

shape and size (pleomorphic), more clustered in a small
area, and linearly or segmentally distiributed (see Fig.
11.8A), Some calcifications are so small (100 w 200
microns) that magnification is needed when viewing
mammograms. The description of microcalcifications
using Bl-RADS terminology includes the shape, distribu-
tion, location, and associated findings such as a mass,

Overall, about 40% of women who have mammograms
have dense breast tissue which may mask small breast car-
cinomas. US and MRI can also ind wumors that mammao-
grams miss, but they produce even more [alse-positive
examinations, Il all women with dense breasis had US,
more early cancers would be lound, but thousands of
unnecessary biopsies would also be performed. A concern
is that while the signilicance of breast tissue density is
uncertain, repoerting it may alarm women and lead 1o an
avalanche of needless sereening tests and biopsies.
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Breast avgmentations, Left
breast MLO (A) and CC (B) digital mammo-
grams. The well-defined radiopagque areas
represant the silicone sugmentation implants
{arrows). Implant displaced MLO {IC) and CC
(D) views show breast parenchyma beiier
than routine views,
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‘RECCL

o

'HE 17 Cardinoma, Az Right breast CC diginal mammaogram shows an infiltrating ductal
carginoma in an B4-year-old woman. The high-density malignant mass lesion (arrows) has spicu-
lated and poary defined borders which are in contrast to the sharp and well-defined border of
the benign cyst in Figure 11.4A B: Ultrasound image of the same patient shows an ill-defined
hypoechoic mass which is taller than wide. Note that there is posterior acoustic shadowing
{arows). The Xs and crosses are electronic caliper marks that measure the dimensions of the mase.
C.0: Inflammatory carcinoma. MLO {C) and XCCL (D) views of the left breast show a large ill-
defined high-density mass (straight arrows) with surrounding thickened trabeculation. Note the
markedly thickened skin (cunved amows),



Carcinoma. A: A 38-year-old warnan with an infiltrating
ductal carcinama, Left breast digital MLO magnification compression
yiew temonsirates the classical appearance of malignant calcifications
{short arrows) in the mass (long amows). Note the difference between
the toarse benign calcifications in Figure 11.3 and these pleomomhic
malignant calcifications. Also, the high-density and poody defined bor-
ders of the associated mass are more obvious in this magnification

ompression view, A skin marker {iwhite dor) indicates that this mass
alpable. B: CC digital mammaogram of the right breast shows scat-
eﬂd- diffuse calcifications that are round in shape. These calcification
e benkgn and do not requine biopsy.
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L5 is an essential imaging modality for breasi discases as i
allowws distinction hetween cysite and solid breast masses

Advances in technology now allow tissue characieri
using harmonic imaging, compound imaging, elastography,
andl three-dimensional (300 image acguisition. US is also
used for percutaneous core biopsy, preoperative wine lesion
localization and cysifabscess drainage and has the adw
tage of real-time visualization of the procedure. The ulirse-
nographic description of a mass using BI-RADS terminel-
oy includes its shape, orientation, mangin, boundary with
acljacent tissue, internal coho pattern, and posterior aoous-
tic features. Characteristics supgesting henigniny include
circumseribed roundfwal shape, parallel erienimion with
the disctal strnctures (Cheing wider than all™), thin capsule,
and gentle lobulation. Characieristics suggesting malig
mangy include an irregudar  shape,

spiculatedfangular!
microlobulated border, antiparallel orientation to the docial
SIFACTIATES E"hl._'il'ip, taller than wide™), and suprronemeding
architectural distortion (Fig. 11.78).

MR is alzo increasingly vsed 1w evaluae the extemt ol
disease in women dingnoscd with breast cancer, especially
those with dense breast tissue which is not well imaged by
mammography (Table 116} For women a high risk [or
bireast cancer, MR is used in addition 1o (not as o replacement
for) screening mammography. Breast US has alse been used
as o supplemental screening test, but has not been shown o
be better than ME. Althowgh US i less costly than MR, it has
a higher false-positive rate, Advantages of ME include betier
evaluation of the 30 extent of the discuse, using intnvenons
contrast (Fig. | 1.9A), cli.l.gums'v; ol vilerwise occult malig-
nancics in the same or opposite breast (Fig. 11L.98), differen-
tiation between scar and recurremt cancer, and  presurgical
planning in a known cancer patient (Fig, 119 and evalua-
tiom of responge o chemotherapy (Fig 1L IO

Indications for Breast MR

1. Higherigk screening: Recommended Tor women with
A il!1|'rr1l?\.i11lilit'!‘|' 20-25% or greaer lifetine sk of
hreast cancer, including women with o strong family
history of Breast or garian concer and women whao
are 8 vears post chest rdiion thempy, BRCA muta-
tions, or 8 years alter chest rdiarion ||g.;-|-,||u_u

2 Positive axillary lviph nodes with negative mame-

IRTC AT

Presurgical planning, exient of the disease

Monitor ellect ol chenwthe rapy

Wl £

Evaluation of residual discase
. Silicone implant mpaee
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c

MR of breast carcinoma. Postcontrast sublraction MRI
demonsirate an imegular enhancing mass (straight amow (A)} near
12 o'chock position of the right breast, which was a newly diagnosed
irvasive ductal carcingma with interal nonenhancing component rep-
resenting postbiopsy changes. B,C: A clumped linear nonmass-like en-
hancement in the upper outer right breast {curved arrows) was bicpsied
under MA1 guidance which confirmed ductal carcinoma in sits,

MR post-treatment. Contrast-enhanced subtraction
breast MR images before (A) and after (B) 3 months of necadjuvant
chemotherapy show a marked decrease in contrast uptake, indicating
that the tumar {arrows) is responding 1o treatment,

Biopsy of a breast lesion is essential for diagnoesis and
trearment planning. Several options are available for image
puidance (US and siereotactic) and types of hiopsy needle
thne and core). The choice of a biopsy technique should
depend on the elinieal and radiographic features of the
lesion and the expericnce of the physician. In general,
maore biopsy tissue is prelerred because of the additional
testing required Lo determine hormone sensitivily ele.



A hine-needle aspirate (FMA) biopsy is used 1o evalu-
axillary lymph nodes when core biopsy of a suspicious
breast lesion is performed and it can also be used lor aspi-
ration of sympromatic (painful) or indelerminate cystic
hreast lesions. Analysis by an experienced cytologis is
critical [or accurate interpretation of FNA biopsy resulis,
However, FNA biopay does not distinguish between inva-
sive and in sita breast cancer and the false-negative rate fuor
iclentifying breast malignancy is as high as 404%. This 1ech-
nigue is particularly wseflul in the evalumion of cystic
lesions detected by ulirasonography.

Core-needle biopsy uses a bigger needle (9G o
LG 10 remove a narrow cylinder of tissue in contrast
to o collection ol cells oliained with FHNA. The larger sam-
e permits more devnled pathologie :!Il:ﬂ:.'s.is. andd determi-
natien of hormone reeepior levels. A type of core needle

commonly used is o vacunm-assisied biopsy needle, char-
acterized by a single core needle insertion, with acgui-
sition of comtiguous and larger tissue samples. Beoause
most ol the lesions detected during screening are impal-
paible, subseguent needle biopsy must be image guided.
Lirasonography-guided  biopsy s usually the  muosi
straightforward approach, but some lesions particularly
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microcaleilications, are beter seen on mammography amd
require stereotactic needle Diopsy:

As well as sampling nonpalpable breast lesions, spe-
rectactic biopsy is wsed primarily for calcihoations amd
other lesions non visible on US. The siereotactic technigue
uses ruhiographic imaging performed inm least two planes
1 lecalize and guide the core biopsy needle o target a
lesion in 3D space. A minimum ol hve o six passes 15
recpuired when sampliog microcalcilications we minimize
sampling error. Specimen radiography is also reguired 1o
ensure that representative calvilications are obiained
Once the biopsy is complele, an inert mellic chp s
deployed imo the hiopsy site through the trocar as a
marker for fuuare relerence in case it can no longer he

visualized alier biopsy,

This biopsy is usually done surgically A linding of sypical
duetal hyperplasia on core-needle biopsy is an imdication for
cpen biopsy which may reveal ducal corcimoma i sim
(DCISY in as many as 300 of paticms. Radial scors diagnosed
by core hiopsy should alse be regarded as high-risk lesions
requiring excision biopsy,

Male breast carcinoma. Left male
breast CC (A} and MLO (B) digital mammograms. The
straight amrows indicate the large round high density
mass with ill-defined margins and associated pleomaor-
phic microcalcifications (curved arrows) in the subare-
olar left breast.
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One of the most important prognestic factors in women
with early stage breast cancer is the status of the axillary
lvmph nodes. Axillary lvimph node dissection (ALMD)
which has been considered a routine staging surgical pro-
vedure, may resubt in lvmphedema and nerve injury. For
those patients with clinically negmive axillary nodes, sen-
tinel lvmph node hiopsy (SLNB) is the preferred method
of staging disease in the axilla because of less morbidiny
than ALND. Injection of a Technetium-98m=labeled col-
loid andfor blue dve around the tumor or subarealar skin
permits idemification of an SLN which is then biopsied.
Approximately 40% of paticnis with a positive sentinel
Ivmph node will have residual disease in the axilla. The
false-positive rate for SLNB is less than 5%.

All of 1the diseases thm occur in the [emale breast can
potentially occur in the male breast. The incidence of
male breasi carcinoma was approximately 2,190 cases in
20012 in the United States accounting for 1% al all breast
cancers. Men iend 1o be diagnosed at an advanced siage
and thus have poorer survival. Mammography and clim-
cal breast examination have no role for screening of hreast
cancer in males, The indications for male diagnostic mam-
mography and the images obained are similar 1o those for
females. Male breast carcinomas are similar in appearance
oy female breast carcinomas. They most commonly pres-
ent as irregular or il-defined solid masses (Fig. 11.11).
Pathologically, invasive lobular carcinomas are less com-
mon in men than in women due o less developed labular
SIFUCILRES in memn.

Gynecomastia is @ benign enlargement of the male
hreast tissue due 1o proliferation of the glandular compo-
nenl, and may be confused with breast cancer. The causes
for gynecomastia are listed in Table 11.7. Usually, men
present with a tender subarcolar breast mass, which may
be unilateral or bilateral. On mammography, there is breasy
tissue in the subarenlar zone that may contain calcilication
{Fig. 11.12). The need for biopsy will be determined by a
combination of symploms, physical and mammographic
or ulirasonographic hindings. There is no association

Causes of Gynecomastia

Physiologie (neonatal, pubertal, elderly)

Adult men

« An inerease in the matio ol eslrogen Lo .'mdmg':u
{e.g.. liver cirehosis, testicular tumer, chronic renal
discase)

+ Drugs (spironolactone, digialis, steroids)

Gynecomastia, Left male breast CC digital mammo-
gram, The arrows indicate the typically increased but normal appear-
ing subarealar fibroglandular tissue without calcification. Normal male
marmmograms should not show any fibroglandular tissue,

between gynecomastia and the subsequent developmem
of breast carcinoma,

Digital breast wmosynthesis (DBT) (3D mammography)
is a modilication of the standard two-dimensional (2D)
dighal mammography 1o yield a 30 image by using iomog-
raphy which allows beter visualizationfeharacterization



Galactography. A 4B-vear-obd waman with inttaductal

ifloma in the left breast. Left CC view shows a small rounded filling

pap
defect!

arrows) in the contrast-filled duct in left subareolar area,
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Digital breast tomosynihesis. Comven-
tional 20 MLO digital mammagram (A) and single im-
age from a 30 digital breast tomosynthesis (DBET) scan
(B} depicting a small iregularfspiculated mass [rrow)
just above the nipple in the middle one-third of the
breast. Note that the conspicuity of the mass is signifi-
cantly better on the DAT image.

ol lesions by removing overlapping stroctures present
the planes other than the plane in which the lesion is
leecaieel (Fig, 11.13).

PET scannming with Elu-.l-nuh‘-.r'ﬂ_j.',;luqﬂm; (FDGY is
complememary 1o conventional staging procedures and
should not be a replacement for cither bone scintigraphy
or diagnostic CT, PET amd PETACT have been shown o
be particularly vseful in the restaging of breast cancer, in
evalwition of response o theripy

Galactography is o technigue which opacifies the
intrnlucial svstem and rebted abnormalities by inject-
ing contrast material, Acvive nipple discharge is neces-
sary 1o perform this examination becanse the discased
duet mst be identilied privr o canmulation amd cone
trast injection. An intraductal abonormaliny is seen as a
“Billingg cleleer™ in o contrast-hilled duet or as abrupt cui-
ofl ol the visualized  due (Fig. 1L 14), Exveaducial
abmermality may be seen causing external compression,
Galaciography has been birgely replaced by improved US
inuging wechnigues,
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Suggestcd algorithms for the workup of two common clin-
ical scenarios are shown in Figure 11,15,

] Clinical  algorithms.
A: Screening for breast carcinoma. B:
Workup of a palpable breast mass.

Asymptomatic female 40+ years

v

Bliateral screening Megative -
MAMMGETATS F
Suspicious e
{may be mass Suspicious
ki o (spleulated mass or
v microcalcifieation)

Mass

Retarn for annual sereening
MEMmMOgrams

4

Simple evst

h 4

Return for annual screening
MAMmOgram

Symptomatic female 404+ years

{mod classic Tor
fikroadenoma)

Clnssic appearance
of fibroadenoma

Blopsy (may be stercotactic,
ulirasound, or needle blapsy)

Fallow=up in & months
(e ensure stability)

4
. Suspicioos Biopsy (may be stereatactic,
grostic EFamS {spiculated mass or ultrasound, or needie localized
microcaleilfication) surgical biopsy)
Suspicious R
(may be mass MNegative Mass
or cyst) (nol classic Tor
fibroadenoma)
"
Breast ultrasound | Fo!luw-lp in & months
Clasiic appearance (to ensure stability)
of Mibroadenoma
Simple eyt
MNegutive : i
Mo imaging Andings
refurn (o clinician for further
rki
{afien thl:::n I:qpl'lmmedlt Return for anausl screening
asplration of w palpable nodule WEOR S L
or apen surgleal biopsy)




Approximately one in eight females in the United Stnes

will develop carcinoma of the breast,

Mammuegrams should be interpreted by gualified radi-

alingisis aned high-quality mammaography is imperative

im the carly detection of breast cancer.

A screening mammogram consists of MLO and CC vicws,

Screening mammaography must be combined with regu-

lar breast examinmions,

Mammaographic lindings suspicious [or malignancy

include an irregularly shaped mass, pleomorphic micro-

calcilications, skin retraction or thickening, architeciural

distortion, or [ocal asymmetry (asymmetric comparcd 1o

appusite breast).

Calcihications that are suspicious lor malignancy include

new calcilications, pleomorphic caleilications, and line

lincar branching/segmenal calcilications.

Ulirasonography is wselul in dilferentiating solid from

wystic breast masses.

MRIis uselul in evaluating the extent of known breast
canver, dillerenmtiating between scar and recurrent cancer,
implam ruprure, and sereening high-risk patiems as a
supplemental test 1o sereeming mammaography

Berg WA, Bindwell RL, Gombaos E, e al. Dlagiestic limeging:
Baverst, Alwong: AMIRSYS, 2006,

|, Which is the best choiee for the indications of

sereening mammogram?

a. Asympromatic women withow high-risk factors
starting at age 30 annually

I Asymptomatic women wilhoul high-risk faetors
starting at age 40 annually

c. Asympromatic women withowt high-risk factors
starting at age 50 bianoually

. Women with T-week hreast pain

3, The advantage of digial mammogram versus ilm-
gereen mammageam ineludes the followings exeem
a. use computer-assisted diagnostic weehnigues
CCADY 1o aid in dereeting abmormalities
jn Better deteeting breast caneer in pre- or
perimenopansal women
. rapid transmission of the inaging w anather
lercaiion sl storage of the images clectronically
. bBetter dereetiog breast cancer in women with ey
Ireasg
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Berg WA, Zhang 2. Lehrer [0, et al. Detection of breast cancer
with wddition of annual screening ultrsound or a single
screening MRI w mammegraphy in women with clevaned
hreast cancer risk. JAMA, 200230701 311 390 1404,

Canlenosa G, Breast Daging  Cosmpuinion. Philiwlelphia, P
Lippincot Williums and Wilkins, 2007,

Lee CHL Dershaw DD, Kopans 13, ¢t al. Breast cancer sereening
with imaging: Recommendations from the Socicry of Breast
Imaging and the ACR on the wse of mammography, brease MRI,
hreast ulirsound, and other technologies Tor the detection
of ehinicatly occult breast cancer, [ Am Coll Radiol, 2000:7(1 )%
1827,

Conan E, Brennecke C. Browst Dewging: Cose Review Series (Case
Rewieaw). Philadelphia, PA: Mosby, 2006,

D°Ckrsi . Bassenn LW, Berg WAL o1 al, Mammaography, I DO
Cl. Mendelson BB, Tkeda DM, eds. Broasd Imaging Reporiing
and Dara Systeen (BI-RADSY. 4th o, Restom, VA American
(:uﬂl:'g.t: ol Rm.l'mlug':'. 003

Independent UK Fanel on Breast Cancer Scecening, The benelies
andd harms of breast cancer sereening: An independent review:
Lamect. 380(9855): | TTH-1 THG.

Mo ED, Gatsonis ©, Hendrick E, et al. Dugnostic perfor
msnee of digital versus lw mammogeaphy for breast-cancer
sergening. N Engl | Mo, 20053330170 1773-1785

Saslow D, Boweies O, Berke W el al, Amwercan cancer nu;iﬂ}'
guictelines for breast screening with MBI as an adjumct
mammography. CA Cancer | Clin, 2007 37(2):75-50.

U5, Preventive Services Task Force, Sereening Tor breast conger:
LS Preventive services task foree recommendation siae-
ment, e erera Aed, 20000510 000:7 =T 2,

3. Inddications for dingnostic mammogeam include the

frllowing cxvept

i recent lumpectomy new baseline

b A0vear-old women with bloody nipple discharge

¢ 30-vear-old women with history of henign breast
hicpsy

o Sevear-obld womenr with recent unilimeral skin
indentation

4. Which one of the Tollowing calcifications is most
suspicious for dnetal carcinonu in sitn?
i Rownd and punciate microcaleifications
b, Dwstrophic calcilicuions
¢, Amwrphous microcalcilications
. Clustered plesmorphic microcaleilications
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5. The differential disgnosis of the circumscribed solid
mass on ultrasound are the following except
a. fibroadenoma
h. phyllodes tumor
¢, simple cvst
d. medullary carcinoma

6. Which one of the lollowing statement abowm male
gynecomastia is true?
a. I carries increased risk for malignaney
h. It has 1 be bilaeral
c. It cam be due 1o certain medications, liver disease,
Qar lt‘&[!‘fulﬂ.f TLaTrR T

d. Only in clderly

e |

. Indications for breast MRI are the [ollowing except
a, women with dense breast issue
b. evaluation of extent of the discase with recemly
diagnosed breast cancer
¢. silicone implant rupture
d. BRCA mutations

8.

Which one of the following is more suggestive

malignancy?

a. Circumseribed low-density oval mass on
IMAM o eram

I, Circumscribed isoechoic oval mass on ulirasound

c. lrregular high density mass with spiculated
borders on mammaogram

d. Lobulated anechoic mass with seplations and
posterior enhancement on ulirasound

. The indications [or high-risk screening mammogram

prior to age 40 are the following except

a. mother diagnosed with postmenopausal breast
Cancer

b, BRCA mutations

¢. mother diagnosed with premenopausal breast
cancer

d. history of lymphoma at young age 8 years post
chest radiation therapy

. What is the best initial imaging modality for 29-year-

ald women with breast lwmp?
a. Diagnostic mammogranm
b Breast MRI

c. Tomosynthesis

d. Breast ultrasound



Interventional Radiology

=) T tes Ontlive
Instruments and Tools of the Trade
Angiography
Catheter Arteiography
Peripheral Artesial Disease
Vascular Interventions
Thrambeolysis
Balbaon Angioplasty
Endovascular Stemts
Complications of Angiography
Therapeutic Embalzation

terventional radiology (1R) is a diverse practice of patiem
care using minimally invasive image-guided procedures 1o
diagnose and treat discase nonoperatively. Percutaneous
diagnostic and therapeutic procedures are performed using
Nuorsseapy, ulirasound, compuied tomography (CT), or
magnetic resonance (MR) imaging lor guidance, These
procedures, which may be categorized as vascular (ie.,
arteringraphy, venography) and nonvaseular (eg. . deninage
al abscesses, obsiructed kidneys and bile ducis), are per-
formed in an IR suite and are ofien done on an oupatient
basis, Many procedures that were previously performed
swrgically are now accomplished by an imerventionsl ruli-
ologist with less morbidity and a shorer hospital sty

Since 1953, when Dr. Sven-lvar Seldinger described a
methodd of perettanesus arterial aceess using a hollow-
core necdle, guidewire, and catheter, 1R has continued 1o
evolve, as new technigques and devices are developed o
enhance paticnt care. Technieal advances have led 1 sig-
nilicant improvements in patiem salety aned procecdural
diversityg As these rapid changes in endovascular techinel-
ogics continue 1o expand, so will the possibilities of inage-
guided, minimally invasive procedures.

Thomas A. Farrell

Tiauma
Venous maging and Interventions
Hemadialysis Access Interventions
Nonvascular Intervention
Image-Guidad Biopsy
Liologec Ierventians
Pevcutanegus Biliary Drainage and Stenting
Percutansous Feeding Tubes
Regional Oncology Theragy
Key Points

Because IR is procedural, imerventional radiologisis
hecome more involved in patient care. Many 1R practices
oflfer am active inpatient ancd owpaient consul service and
also employ specially trained nurse practitioners and phy-
sicians assistants as physician exenders. Patiens are rou-
tincly worked up by the 1R service amd are subsequently
followed up postprocedure. The preprocedure workop
consists of patient assessiwent as well a8 evaluation of pee-
vions imaging sinelics (Table 12,1, Posiprocedure Tollow-
wp is essential w determine whether the procedure has
been successlnl sl lree ol complications, This all-inclusive
climieal service nmderlines that there is more 1w IR than
simply doing procedures, Because precedures performoed
by imterventional radiologisis are ivasive, the risk of com-
plications is ever present, 1is iupomant that the patient be
aware ol these risks so that an informed consent can be
e by weighing 1the prssible risks of o procedure against
s |k1lL'LI|ii]1 benelits, A ]ll'l}"‘."i'il."l'dt! showuld never pl;we a
patient in o position of risk unless the risks, benelins, and
alternatives of the planned procedure bave been discussed,
unclerstood, e consented w belove the procedure, B isin
the physicians best interest 1w be honest and forthrigh

3715
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Iinterventional Radiology Preprocedure Checklist

Indication for procedurefguestion(s) io be answered
from procedure

Contraindications for procedure

Review prior imaging and noninvasive studies

Check For comrast allerpy

Written informed consent

Check coagulation parameters and serum ereatinine

Meed lor prophylactic antibiotics

Pansert should be fasting and well hydrated

Discontinue heparin infision

when dealing with patiems and their expectations about
the outcomes of a procedure.

The aim al this chapler is 1w explain the background,
indications, and basic technigues of the procedures com-
monly performed in IR so that the reader will gain an under-
standing of how this subspecialty contribuies o patient care.

IR procedures are performed in imaging suites with luo-
roscopy and digital subtraction angiography (DSA)
Ultrasound, CT. and MR imaging are also uiilized by the
imerventional radiologist.

Endoluminal and endovascular procedures require
administration of a contrast agent for improved visvaliza-
tion. Monionic iodinated contrast is most frequently used
1o delineate, radiographically, the lumen of an anery, vein,
and hiliary duct, gastirointestinal (GI1) or urinary 1ract,
Ahernatively carbon dioxide gas or gadolinium can be
used in patients with renal insufficiency or allergy 1o
radiographic coniras) agenis,

There is a variety of commercially available catheters,
sheaths, puidewires, angioplasty eatheters, vascular stenis,
and caval flers and familiarity with these and their vse
requires training and experience. There are numerous pre-
lformed shapes and 1ypes of angiographic catheiers, most of
which are made from [lexible plastic material such as paly-
cthyvlene or polvurethane. Wire braiding may be incorpo-
rated imo the catheter shalt to increase stiffness and improve
its worgue. Catheter diameters are measured in French (F)
size, where 3F = | mm (owside diameter), Most angio-
graphic catheters are in the 4F 1o 7F range. Aonlic angiogra-
phy is performed with pigiail catheters thar have several
side holes proximal 1o the tip allowing rapid llow of a con-
trast bolus while the pigrail loop stabilizes the catheter pre-
venting recoil (Fig. 12.1A.B). Selective angiography (renal,
celiac, and superior mesenteric aneries) is performed with
acurved end-hole catheter such as a Cobra C2 {Fig. 12.1C).
A variety of catheters and puidewires may he necessary dur-
g @ procedure, and placement of a vascular sheath with a

Tools of the trade. A: Pigtail catheter. B: Angled pigtail
cathater. € Cobra catheter, D J-tipped guidewire, E: Straight (Bentson)
quidewire. F: An 18G needle for vessel puncture,

hemustatic valve an the site of access reduces vessel trauma
and facihiates rapid cathetler and guidewire exchange.
Catheters used in the drainage ol abscesses, obsirucied
kidneys (pereutancous nephrostomy), and bile ducts are
I'I"lﬂdd.' ol |‘.||r|}'|;1r4;l:|:'|:_|r1c .'|.|11|. Are |:-{ frealer |.|i'.1l‘|1l.'ll.‘r (H-F [ L¢]
22F) than angiographic catheters, These drainage eathe-
ters are usually placed using the Seldinger 1echnique afler
which they are secured in position by deploying a locking
pigtail mechanism formed by pulling on a suture that runs
in the catheter shalt and is attached 1o its tip. The pigtail
loop itsell contains large side holes for drainage purposes.
The smaller diameter catheters occlude more easily with
debris and should be routinely changed over a guidewire
cvery 6 10 8 weeks when cominued drainage is required.
Guidewires increase the case and salewy of catheter
placement. The outer shell of a guidewire consists of a
very lightly wound but llexible metal spring eoil. A stiff
ceniral core provides rigidity over a variable length of the
guidewire. The balance between these two components
dictates the handling characieristics of the guidewire, For
example, the distal 15 cm of a Bentson guidewire is lloppy,
allowing easy coiling (Fig. 12.1E), whereas a J-1ipped
guidewire reduces the risk of damaging the vessel wall
because of its blumt tip (Fig. 12.1D). Guidewires usually
range in diameier [rom 18 thousandths of an inch (0.018%)
e+ 38 thousandths of an inch (0.0387). The standard
lengih for most wires is 145 em, while longer guidewires
(260 cm) are available 1o lacilitate canherer exchange.
Needles used in arteriography vary in size [rom a 21G
necdle through which a 0.018-inch euidewire will pass Lo an
180 needle tha accepis a 0.035-inch guidewire (Fig, 12.1F).

Angiography is a technique ol imaging blood vessels, usually
by imjecting contrast material via an intraluminally placed
catheter. Blood vessels may also be visualized noninvasively



using computed tomography angiography (CTAY or mag-
nelie resonance angiogeaphy (MRA), which takes advan-
age of the inherem contrast between lowing bloeod and
simtionary lissue.

Diagnostic arterivgraphy begins by catheterizing an arery
{usually commaon lemoral or brachial) using the Seldinger
techmigue (Fig, 12.2). Aler placing a hollow-core necdle
it the artery, a guidewine is inserted through the needle
anel aclvanced into the artery. The needle is exchanged for
a vascular catheter or shemh, Subsequent catheter move-
ment and exchange is performed over a guidewire.
Sonographic and luoroscople guidance is ofien necessary
using this wechnigue. Large vessel arteriography is per-
losrmicd using [ush catherers (pigiail). Smaller arterics arc
selectively cannulated using catheters of various shapes
andd sizes. Microcatheters are used [or sub- or superselee-
tivie arteriography.

Wire in

Meedla out

Calthater in

Seldinger technique. A: The vessel is punctured with

pedle. B A guidewire is advanced through the needle into the ves-
the 1 . he needle is removed leaving the guidewire in place. D: A cath-
sel. nced over the guidewire into the vessel. Ex The guidewire is

“Md andl the cathater Aushed.

CHAPTER 12: Interventional Radiology EV )

Alter the catheter is safely positioned in the artery of
choice, the guidewire is removed and conteast injected
through the catherer during image acgoisition usually
with DSA which invelves the acquisition of several mask
images before injection of contrast, allowing for subse-
quent subtraction of nonvascular struciures lrom the next
set of images which are acquired as the contrast agemt
flows through the lumen of the vessel producing the ane-
riogram, The catheter can be exchanged o repositioned
for additional imaging. Alter completion of the procedure,
the catheter is removed from the anery and hemostasis
obtained @ the aneriotomy site using manual compres-
sion or a pereutancous closure device such as a nitined clip
which grasps the arnerial wall externally in a purse-siring
fashion and closes the aneriotomy with minimal impact
on the vessel dinmeter. Post procedure recovery time for
the patient is 2 1o & hours,

Meninvasive angiography (MRBAJCTA) is gradually
replacing diagnostic catheter aneriography, except where
intervention is expected or aiher examinations are incon-
clusive. Pulmonary aneriography, lormerly considered the
gold sundard in the dingnosis of pulmonary embaolism
{PE) has largely been replaced by CT, which has a high
sprecificiny and sensitivity (see Figure 3,50C), Both CTA sl
MRA are widely used in the cvaluation of aortie, visceral,
remal, and peripheral arerial discase (PAD) (Fig. 1230
However, the administration of gadolinium commonly
used in MRA, is associated with a higher incidence of
nephrogenic systemic sclerosis in paticnts with renal
impairment,

Generally, the diagnosis of peripheral anerial - discase
(PADY has already Deen made by the e an anerogrnm is
requested, The indtial evaluaion includes an assessmem of
the patients symptoms (ntermittent elandication, rest pain,
nenhealing ulcer), physical examination, and a review of
the neninvasive imaging tests, such as CT, ME, duplex
ultrasonagraphy. and scgmenal limb pressures belore pro-
ceeding e angiography, Rather than being o end point, the
angiogram helps formulae o comprehensive plan in the
pastients subscgquent managemen as it evalunes the exient
amd severity of discase and provides a mood map Tor inter-
vention  (halloon  angioplasiy,  stenting.  sungery. ).
Paricens with diaberes may present with a more avaneed
stage of ischemia as they are prone o developing peripheral
petropathy i may mask the above symptoms. Diabetices
s tend o have a greater prevalence of small vessel (infr-
peniculote) disease, which s moere dillicult w rreat surgi-
cally and contribures 1o less Fvorable long-term prognosis
eonmpared 1o other causes of PAD,
Arteriographic examination of paticms with PAD may
b livided into three anatemie regions: Aorwiliae, infrain-
goinal, and inlrmgeniculate. Abdominal avnic ancurvsms
LAAAD pecur most commonly below the level of the renal
arterics. The mumber of renal arteries should alse be noted,



378 SECTION II: Imaging

A

IGURE 171 A:CTAof Abdomen, Volume rendered images of the abdomen show the abdominal aorta and its branches. Thede

are multiple stenoses in the mid right renal artery consistent with fibromuscular dysplasia (arrowhead). There is also a calcified
splenic artery aneurysm (arrow). B: MR angregraphy of the abdomen and pelvis shows multiple stenoses of both renal (arrow)
and external iliac arteries (amowhead) consistent with fibromuscular dysplasia.

as should the presence of stenoses in these vessels, Bilateral
oblique views of the pelvis should be obtained during the
aneriogram, as hemodynamically significant stenoses can
be missed ifunly a frontal view is performed.

In general. arterial stenoses are not regarded as sig-
nificant unless they reduce the lumen diameter by 50%
angiographically. Measurement of a pressure gradient
across it can more accurately assess the significance of a
arterial stenosis, with a 10-mm Hg gradient or greater
being regarded as significant and worthy of [urther treat-
ment such as angioplasty orstenting. If the gradient is less
than 10 mm Hg, a vasodilator such as nitroglycerin may be
given intra-anterially 1o simulate exercise and possibly
unmask a significant stenosis. Common sites lor endovas-
cular intervention include the carotid, renal, aorioiliae,
and femoropopliteal arteries.

In the absence of satisfactory femoral pulses bilater-

ally, either the brachial or radial arteries can be used for
perculaneus access.

Thrombelysis is the process ol dissolving bloed clou in
order to re-establish patency of an occluded (thrombosed)
vessel, using drugs such as urokinase and tissue plasmino-
gen activator (1-PA). These drugs are infused directly into
the thrombosed grafis and vessels via catheters 1o ensure a
very highlocal concentration of the drug, Contraindications
for thrombolysis include internal bleeding, recent intra-
cranial hemorrhage, or surgery (Table 12.2).
Complications of thrombelysis include bleeding and
distal embolization of thrombus. The cumuluive proba-
bility of major complications increases with duration of
inlusion, rising [rom less than 10% alier 16 hours 1o more
than 30% at 40 hours. Once thrombolysis is complete,
angioplasty, stenting, or surgery can be used to treat any
underlying vessel stenoses that contributed 1o the oeclu-
sion. Treatment of an acute native arterial ocelusion is



Contraindications for Arterial Thrombolysis

Absolute

Active gastroimestinal (G1) or genitourinary (GL)
|:||:|;|;Jir1g

Recent (<12 mo) cerchral hemorrhagefinfarcifsurgery

Irreversible limb ischemin

Relative

History of Gi or GU bleeding

Recent thoracicfabdominal surgery

Recem trawma

Severe uncontrolled hvpertension

bener done mechanically, cither surgical embolectomy or
catheler-direcied aspiration,

Percutaneous transluminal balloon angioplasty (PTAY has
become an csiablished techmigue in the treatment of vas-
cular sienoses due 1o atherosclermic plague and fibro-
muscular dysplasin. The precise pathophysiologic mecha-
nism of PTA in atherosclerotic plague is controversial,
However, most agree 1han PTA resulis in a controlled plague
ang intimal Tracture with localized dissection inw’ the
unilerlving  media therehy  increasing the intraluminal
dizmeter. The plaque, intima, and media are subsequemly
remodleled w give a smoother endoluminal surface. The
apprapriate angioplasty balloon catheter should be clhosen
s 1t its inllated diameter is the same size or slightly
larger than the adjacem nondiseased vessel. Initially, the

A
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slenosis i crodsed with a guidewire that is lefl across the
lesion until the procedure is fimished. Heparin and nitro-
glycerin may be given intra-arteriolly to prevent thrombao-
sis and vessel spasm, respectively. The angioplasiv balloon
is advanced across the stenosis, inflated, and dellaed
slwly under Nuoroscopic gundance. Repeat angiography
andl pressure measuremenis should be obiained w evalue
the resulis of angioplasiy, Subopimal angioplasty resulis
may require placement of an endovascular stent.

lliag artery angioplasty improves inflow w the lower
limby anel requires halloons that are 7 wo 10 mm in diame-
ter Again, a guidewire is lelt across the stenosis during the
procedure, the success of which is judged on angiographic
and hemodynamic criteria. Stent placement should be
considered il the postangioplasiy pressure gradicent is
greater than 10 mm Hg, there is residual stenosis of
preater than 30%, o i a low-limiting dissection is present
(Fig. 12.4). Simultancous PTA of both common iliac arer-
ies, known as the kissing balloon wechnigue, is effective in
ireating hilateral proximal comman iliae artery stendes.

Infeaingninal angioplasty  (superficial femoral and
popliteal arteries) is gaining clinkeal acceprance as patency
ontcomes for PTA and stenting rivals outcomes of surgical
bypass procedures. Infrgeniculme angioplasty (amertor/
posterior tibial and peroncal anerics) is usoally performed
foor liml salvage or wo reduce the extemt of an impending
below-the-knee or forefoot ampuiation [or ischemia. This
technigque reguires a line dinmeter guidewire (00107 1o
018" amd angioplasty balloon (2 1w 3 mm in diuneter)
hecause of the smaller vessel size (Fig, 12.5).

Renal arery angioplasty is usually performed with a
F- 1o T-mm diameter balloon. Atheromatons discase usu-
ally involves the proximal or osiial portion of the vessel in

+ 100 Arterial thrombolysis, balleon angioplasty, and steating of a common fiac artery occlusion, A: Aortogramipelvic
ﬂﬁgiﬂgmm shows ooclusion of the right common iligc antery [arrow), B: Partial rEf-a.M1i2-ﬂ-1.'im of the nght commaon iliac arteny
following thrombalysis performed via an infusion catheter (amow). (contimued)
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{Contimed) C: Balloon angroplasty was performed
showing residual narrowing of the balloon (arow). D: The camman
iliac stenosis persisted postangioplasty (amow), E.F: A balloon-
expandable stent was deployed across the stenasis. The undeployed
stent {arrow) can be seen on the dwtal portion of the angioplasty
ballson. G: Poststenting, no residual stenosis i present,



AR

CHAPTER 12: Interventional Radiolegy 381

small vessel angioplasty. A: Right lower extremity angiogram, in a patient with a non healing foot ulcer post
intemnal fixation of an ankle fracture, which shows a focal stenosis in the distal postesior tibial artery. B: The stenosis was tra-
wversed and balloon dilated with a 2-mm diameter angioplasty balloen. C: Follow up angiography showed improved flow which

resulted in prompt healing of the ulcer.

contrast 1o fibromuscular dysplasia that usually alfeets the
midportion of the vessel, The improvement in renal lane-
tion and hyperiension following renal artery angioplasiy is
couivalent (o that oliained afier surgical revascularization
(Fig. 12.6). Renal artery stenting is performed if there is a
resicdual stenosis or significant dissection postangioplasty

A

(Fig. 12.7). Ostial renal arnery sienoses are olten stented
primarily. withouwt balloon predilation. It has been noted
that improvement in hyperension and remal lunction
i= not universal postangioplastyfstent. Cardiovascular
Ourcomes in Benal Atherosclerotic Lestons (CORAL) is an
onpeing multicenter stmdy  funded by the National

Foatis 100 Renal artery angioplasty. Az Flush aortogram showing right renal artery stenosis {cunved amow). B: Residual
stenosis persists postballoon angioplasty. Hote that the guidewire (arow) is left across the stenosis.
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(A and B) Renal artery stenting. Palmaz stent {arrow) has been placed across a left renal anary stenosis.

Institues of Health, which has randomized more than @00
patients with greater than 605 stenosis to optimal medical
therapy alone or optimal medical therapy plus renal artery
sienting.,

There are 1two main indications for endovascular siemt
placement: (a) A residual pressure gradient of more than 10
mm Hg postangioplasty, which is regarded as an indication
for either repeat angioplasty or stent placement and (b)
postangioplasty low-limiting dissection, in which the goal
of stemt placemem is 1o appose the dissected llap against
the wall and improve llow. The balloon-stent combination
i= placed across the stenosis and the balloon is inflated,
thus opening and deploying the stent. The balloon is then
dellated and removed (Fig, 12.8), There are two general

types of metallic endovascular stents, balloon-expandable
and sell-expanding, Deployment of the ballosn-expandable
stent is described above. Deployment of the sell-expanding
stent, which does not require delivery on an angloplasty
balloan, involves withdrawal of a covering sheath, afier
which the sienl expands. Posidilatation with an angio-
plasty balloon may be necessary. Self-expanding stents
are wsually more [lexible than balloon-mounted siems,
which is an advantage when sienting toriuous vessels (Fig.
12.9). Covered (polytetralluoroethylene [PTFE], Dacron)
stents are available for treatment of vascular injury result-
ing in pseudoaneurysm, hemorrhage, or aneriovenous
LAVY Distula. Drug-eluting stents are increasingly being
wsed in the treatment of superficial femoral artery
stenoses. These stemts are coated with drugs which

# balloon-expandable stent mounted on an angioplasty
balleen and in its expanded form. (Courtesy of Cordis Corparation,)

The wallstent is self-expanding and flexible. (Photo-
graph courtesy of Boston Scientific,)



prevent cellular |:l|'n|i[-,'F:l|i|.1|l and are designed 1o reduee
restenesis which develops inside the stent.

Stent gralts have revolutionized the treatment of AAA,
recducing the severity and duration of the procedure and
postprocedure morbidity and hospital siay. The majority
of patienis are discharged within 48 hours of the proce-
ture, which is usually done in the operating room or com-
Bl operativeMluoroscopy subte, under general or epidu-
ral anesthesia, Preprocedural imaging such as a CT scan of
the abddominal amd pelvis is essential for precise vessel
muensurement and localization of arerial branches Through
hilateral common femoral artery surgical cutdowns, the
varions components of the portic stemt gralt are imroduced

and deployed in the abdominal aora and iliae areries,
wineler fluoroscopic guidance, The device, which is com-
posed of woven polyester on a wire exoskeleton frame,
15 cleployed in the infrarenal aona and extends down 10
the common or external iliac areries (Fig. 12.10),
Postprocedure follow-up with CT scans initially cvery 6
months is important for the detection of an endoleak,
which i a leak into the ancurysm sac which may cause the
sac o enlarge. In the absence ol such endoleak, the ancu-
rvam sac should reduce in size (Fig, 1201}

Aortic stent graft dewice is composed of three
ﬂf_.nE'l'lls—a main body and two iliac extensions—which can be
g made to suit each patient. The companents are placed through
::“muﬂl artery cutdowns. (Courtesy of Cook Medical, Inc.)

e

o
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rare ancd the main ones
are listed in Tahle 12.3. Risk factors for these complications
inchule hypertiension and obesity and their prevention
includes meticulous iechniques including comman femao-
ral arery punciure over the femoral head and constim
manual pressure directly over the punciure sie alier
The
post angiogram hematoma may extend into the retroperi-
woncwm when the puncture site is above the inguinal liga-

Complications of angiography

remmoval of the catherer unmiil hemosiasis is achicve

ment (Fig, 12.12A), Incomplete or intermittent compres-
sieen over the puncture site may also result in the Tormation
ol a |‘a5¢||L!u:llll.‘Llr:.':'.ll'l (Fig. 12. 1 2B), Dissection of vessel
wall may occur il the needlefwire or catheter is intro-
duced subinitmally (Fig. 12.12C), and disial emlwliza-
tion of mural plague or thrombus is a ask ollowing any
endovascular manipulation (Fig. 12.120), Complicmions

|.|'-!||:1“'i:1g |‘:lr:'|-;'|i:i:'|| O :!xill:'ll'}' :1rn.-r1';.|| [RnCIare are more
comman than with femoral artery puncture because of the
sumller vessel size and the close proximity of the vessels o
nerves within a common sheath in the arm. Dissection or
thrombasis, of the access artery may require endovasealar
intervention or surgical repair. Pseudoancurvsms may be
rested with dircet injection of thrombin under US guid-

ance. :

Contrast-induced nephropathy usually resuhs inoron-
sicnt renal insufliciency, and oceasionally, permuanent renal
failure. In moest patients this complicaion is uzually mild
and self-limiting. with serum creatinine levels peaking by
310 5 days and returning w normal within 2 weeks, The
pathophysiolegy of this complication is thowght e be doe 1o
a combination of vassconsieiction and direct toxicity of con-
trast on the renal tubules. Patients with diabetes and paticms
with preexisting resal impairment (Seoum creatinine greater
than 1.6 mg%) are w0 increased risk for developing contrasi-
induced renal failure. Clinical judgment, adeguate hvdrion,
iseeosmulor or low-osmolar odinated conmumst, or aliermmive
comirast agents (OO0, gadelinium) showld be vsed in high-
risk patients (elderly. cremtinine (Crd =16, DM

Svatemic allergic or anaphylacioid reactions w racdio-

graphic contrast media are rare, with their severity depend-
ing on the tvpe, dose, route, and sate of conteast delivery,
Allergic reactions may be categorized as mild, moderare,
or severe (Table 12.4). The prevalence of most allergic
reactions o odimaed commst s greaer with the intrave-
e roate, Mooy sinclies SUERCSE Sb loweer incidence ol
severe reactions when nenionic iodinated contrast is used.
e maortality rate, which is cquivalent for high and lower
vsmolar conteast agents, BB approsinately | per 45,000
examimions. Maoderate contrast reactions chamclerized
I hyperension, hypotension, wheezing, and larvngo-
spasm ocenr i P e 2% ol contrast adminisirtions,
Alergie reactions are usually mild (navsea, cough, hives,
andd Hlushing), are even more common, and can be treated
}.1.'||1|'!I:-.rl:l'|.l.lil.'.1”‘_|'. .'1”1.'“."}' Iy :‘-it'dln"n-l,] 15 Nt A [1r1_1|_5|._.;|1|_1_q_i||'“'.“
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FIGURE 1209 Aortic endograft follow-up. Serial CT studies show an infrarenal abdominal aortic aneurysm [AAA)
measuring 4.5 cm in diameter (A). Six months post-AAA endograft placement, the excluded aneurysm sac now meas-
ures 4 cm (B) and at 18 months postendograft, it has further reduced to a diameter of 3.7 cm (C). CT abdomen in a
patient post-AAA endograft shows contrast within the aneurysm sac but outside the endograft {amow) (D), This is an
endoleak which occurs because of persistent blood flow inta the aneurysm which in this patient is due to retrograde

flow from a lumbar artery.

Complications of Angiography

Systemic
Allergic contrast reaction
Renal failure
Local
Puncture site
Hematoma
Pseudoaneurysm
Arteriovenous fistila
Intraluminal
Subintimal dissection
Thromhbaosis
Distal embolization

to developing an allergic reaction to iodinated contrast.
The standard of care is premedication with steroids prior
to contrast administration.

Selective angiography and therapeutic embolization have
become important techniques in the management of
patients with acute upper and lower Gl bleeding, Initially,
a nuclear medicine study using radiolabeled red cells is
helplul to confirm the presence and anatomic location of
the bleeding vessel. Selective anglography of the celine,
superior mesenteric, or inferior mesenieric arteries is then
perlormed. Once a bleeding site has been demonstrated,
the catheter can be used to control bleeding by embaolization
such as gelatin sponge pledgeis or coils 10 mechanically
ﬂcclud{" Hﬂ'ﬂ" {Fig. !2. IJ}.
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Complications of arterial interventions. Az This CT scan shows a hematoma occupying most of the right
hemipelvis. The retroperitaneal hematoma oould be traced down to the right external iliac artery where the physician
perfarming an angiegram had made the initial arterial puncture. B: The well-defined focal bulge (arow) is a pseudoan-
eurysm which has formed at the site of a previous common femoral arterial puncture. C: The vertically orientad well-
defined curvilinear filling defect (amow) in the right external iliac is a dissection flap. D: The well-defined intraluminal
filling defect in the distal popliteal arery (arrow) is an embolus which migrated there after balloon angicplasty of a
stenosis containing atherosclerotic plaque upstream in the superficial femoral artary.

allergic Contrast Reactions

Type Mild

ineidence (3) 5-15

;_'_[ir:it“.ﬂ [eatres Mausen
Vomiting

Lirticaria

_I-“.ﬂum:m Monitor vital sigins

Ohgerve Tor clinical deteriontion

Moderate

1-2
Bromuehospasm
Dwvsprwa
Wasowagal reaction
Hypertension
Oxvgen

B agenist

Severe

ol
Laryngospasm
Facial edemn

Cardivrespiraory arrest

Seizurnes
Oxyvgend1V Huids

Epinephrine SC or 1V

B agonist
Diszepam

385
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Patients with massive hemoptysis may be successfully
treated by embolizing the appropriate bronehial aneries,
which arise directly from the thoracic aorta or from inter-
costal branches, with particles measuring 300 10 500 pm
in diameter. Great care should be 1aken 1o avoid emboliza-
tion of the arterial supply 1o the spinal cord which may
resull in paralysis,

Fibroids are the most common benign tumors in females
and may present as pain, menorrhagia, anemia or pressure
sympioms related 10 mass ellect. Tradiionally, patients
were treated with hysierectomy or myomectomy. Uterine
fibroid embolization ollers an effective and less invasive
treatment option. After bilmeral selective catheterization
af the wmerine arteries, inert particles up 10 900 microns
(0.9 mm) in size are injecred, inf.nn:ling the libroids, even-
tally reducing their size and improving symploms, The
fibroid size reduces by 60% at 6 momhs afier treatment
and up 1w 90% of paients notice an improvement in their
pain, menorrhagia, or pressure symploms.

Arterial embolization is also wilized for n:gh:rl;-lt cuncer
therapy. Bland embolization of primary or metasiatic
tumors is perlormed 0 decrease blood flow o @ tumor,
depriving it of nuiriemis, Bland embolization is usually

PraUR G0 17 Embaelization of a Gl bleed. A: This su-
perhor mesenteric angiogram (arrow) shows extravasa-
tion of contrast, which represents hemorrhage into the
colon at the hepatic flexure (X). B: This extravasation
(whire arrew) is confirmed on selective angiography of
the right colic artery performed with a microcatheter
(Black arrow). C: Several stainless steel coils 2 10 3 mm
in diameter were deployed through the microcatheter
accluding the night colic branch at the bleeding site.

performed lor vascular tumors, bleeding from tumeor or
adjacem invaded organs, und for pallision. In the case of
renal cell carcinoma, the kidney or metastatic lesion is
ofien embaolized prior to surgery 1o decrease bleeding dur-
ing nephrectomy or resection (Fig, 12,140,

The liver has a dual blood supply Chepatic arterial and
portal venous) and liver inmors depend largely on the arnte-
rial supply for growth. Chemoembolization is performed in
patients with primary or metastanic liver cancer, subselec-
tively embolizing the arterial supply of the tumor with che-
motherapewticdrugsand inertparticles. Chemoembolization
has the advantage of prolonging the wmor exposure o a
high concemtration of drugls) while also infarcting the
wmor (Fig. 12.15). Radicembolization is another form of
liver embolization in which numerous 10 to 50 micron
glass or resin beads, containing Yurium-90 are injected
intra-arterially permitting a highly concentrated dose of
radinion which is conlined 1o the liver. The maximum
range of emission is |1 mm and 94% of the radiation dose
is delivered in 1 days,

The invervemional radiologist has an imporiant role in the
management of trauma patients. Most emergent trauma
procedures relerred 1o IR involve bleeding or injury to the
vascular system. Vessel injury with bleeding, intimal
injury, pscudoancurysm, or fistula can be diagnosed and
immedianely treated in the ::nginﬂmphy suile, often using



covercd stents or embolization techniques (Figs, 12,16
and 12.17).

Prior o the imrodoction of external fixation devices, much
of the carly moriality associated with pelvic fraciures was
due 1o internal hemorrhage, Al present, up 1w 0% of
patienis with pelvic lractures require the services of 1R [or
he dingnosis and treatment of hemorrhage. In general, sur-
Ty is ot a satisfactory treatment option for this problem
as exploration will decompress the pelvic hematoma, reduee
(he amponade ellect, and lead to further blood loss, A diag-
pusLic pelvie angiogram is performed with a pigail carherer
Iﬁlil'-"-":l above the aortic bilurcation. Active hemaorrhoge is
;li-.u‘-"'*’ﬁ'“l by extravasation of comrst, The bleeding vessel
iy then be embalized with cither a metal coil or pelfoam,
foth of which can be placed through a selective 5F angio-
1r.ll‘hi"' catheter. Gellvam r.1:51|!t5 in temporary vascular
-4.'1'-"'"“1'“ that recanalizes within 2 w3 weeks, whiereas a
qal coil usually resulls in & permanent ocelusion. Pelvie
1I1I:]wt|1i=l [ollowwing selective arterial eimbolization is unnsual
'FLIL. o 1he exiensive collaeral Blood supply.

o
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Preaperative ertbolization of a renal carci-

noma, A; The CT scan shows a large hypervascular right renal
carcingma. B: Abdominal aormoegraphy confirms it hypervascular
nature (arrows). C: Postembolization of the renal artery branches
and nonrenal branches (lumbar and inferior phrenic arteries)
with stainless steel coils. The prophylactic embolization reduced
the operative morbidity and blood loss as the surgeon was oper-
ating in a “bloadless” field. (Courtesy of Dv. D Wamer)

Eighty peroent of those who sustain a lceration w the
thoracic aora following blun rauma die e the scene of
the accident, en ronie to the hespital, or shordy alier
arriving in hospital. The cavse of death in most cases is
cxsangoination from aenic wansection. The
mechanism of aortic transection is wncerain, L may I

precise

duie 1o sudden decelermion where the mohile deseending
aoria shears from the relatively lixed aortic arch, as the
mwst common site for aortic transection is just distal 1w
the origin of the left subclavian arterse As in all trawima
patients, rapid clindeal evaluation is imponant, bt up w
% of patients sarviving accidents with blunt aonic
injurics  have ne external physical signs ol injury.
Multiclereeror CT ol the chest has replaced cnheter aor-
[:m_r:lphy as the gﬂm standard [l.'l:' tli;lgnn:‘.ing AT T -lqn;h
injury (see Figure 3.85) One should be aware of 2 normal
amatomic varkent in the aorie arch thin may be misdiag-
nosed as tranmaiic aortic njurv—the so-called ducius
b, which lies proxinmlly on the inlerior surloce of the
avrtic arch and represents the site of anachmen of 1he
ductus arterivsus (Fig, 12,08} Emergent deployment of a
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D

Chemoembolization of a hepatoma. A: CT shows a hypervascular hepatoma (arrow), B,C: Salective

hepatic angiography confirms the tumor's hypervascularity (arrow) and more clearly defines its arterial supply. D: Angi-
ography postchemoembolization of the hepatoma confirms occlusion (amow) of its main hepatic arterial branch.

: = Vot B
Embolization of a leaking pseudoaneurysm. This patient presented with a rapidly expanding thigh
hematorma after hip replacement surgery. A: A thigh angiogram shows a pseudoaneurysm (arrowl in the distal profunda

femasis artery. B: Several stainless steel coils were deployed through the angiographic catheter occluding the arterial
branch proximal to the pseudoaneunysm.
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thoracie stent gralt is being increasingly used with sue-
cese in the treatment of acute aortic transection,

Diagnostic venography is performed in all extremities, as
well as centrally, lor surgical planning or evaluation of deep
venous thrombosis (DVT) when vascular ulirasound is
indererminate. Most venography is performed in conjunc-
rign with interventional procedures (placement of central
venous catheters, caval fllers, and adrenal vein sampling).

Cent ¢l venous catheters are placed for a variety of indica-

C o including administration of amtibiotics, chemother-
M and hemaodialysis (HD). There are essentially two
apy of catheters: Tunneled and nontunneled. Tanneling
Lype* por the creation of a subcutanecus tmct in which the
rele jer lies belore it enters the vein. The tnnel acis as a
cath® -al barrier reducing the incidence of catheter-reluted
ph}""l.‘m anel also enhancing catheter security,. A fibrous
':11['5'-'; present on tunneled catheters causing a localized
cu

Balloon tamponade above artenal tear. A: Pelvic angiogram showing extravasation from the comman femoral
artery following inadvertent puncture during hip replacement. B: Balloon occlusion of external iliac artery proximal to comman
femoral laceration shows no extravasation. This allowed patient transfer to the OR for surgical repair of the laceration.

hibrotic reaction, stabilizing it within the subcutaneous tis-
sies. The optimal position for placement of the catheter
tip is between the mid superior vena cava (3VC) and the
right atrium. The right internal jugular vein is the pre-
ferred site lor these cotheters. Use of cither subelavian vein
as venous access site is not considered appropriate becanse
of the risk of long-ierm venous stenosis and ocelusion,
Another type of wnneled venous access is a port device
consisting of a subcutaneously implanted reservoir in the
chest wall or upper arm o which the catheter is con-
nected. Ports should only be accessed percnianeously with
a moncoring needle (Fig, 12.19),

For short-term venous aceess (less than 90 days) a
nontunneled catheter. such as a peripherally inserted cen-
tral catheter (PICC) is approprine. A FICC is inserted by
direer percuianesus punciure of either arm or forearm
veins and advanced wnder Nuoroscopic guidance until the
tip lies in the SVC.

The purpose of an inferior vena cava (IVC) filier is 1o
prevent PE by trapping clot, Filter placement is indicated
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Traumatic aortic injury. Thoracic aortograms are performed in the left anterior oblique (LAO) view Tor optimal
visualization of the aoric arch. A: Normal aortic arch. B: Ductus bump, normal varant {arrew], € Aortic transection distal to
the arigin of the left subclavian artery. D: This €T scan of the chest shows an intramural hematoma (arraw) of the aortic arch
consistent with aortic transection,



Chest port placement for chemotherapy. The port res-
envoir is in the infraclavicular subcutaneous tissue. The catheter passes
subcutanesusly 10 the right internal jugular vein on its way 1o the right
Atrium
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in patients in whom anticoagulation for DVT/PE is con-
trnindicated or inellective, Currently, there are several
types of permanent lilters available (Fig. 12200, all of
which arc made from cither stainless steel or nitinel, an
alloy of nickel amd titanium, and which are introduced
percutaneously through the commeon femoral or internal
jugular vein. The filter depends primarily on s legps o
trap clot in the infrarenal IVC reducing the risk of renal
vein thrombosis, Retrievable IVC filters may he placed in
trouma paticnts or others at shori-term risk of PE. The
design of reirievable lers differs from permanent hers
in than their legs or sirns are more likely o peeforme the
IVC wall. They alse have a hook a1 the wp w faciline
retricval with a loop snare (Fig. 122010, These fihers
should be retrieved as soon as possible alter placemem in
the 1VC hecause of an increased risk of coval perloration
andd subsequent inability 1w retrieve them safely (Fig,
12.22). M the indication for ilier placemem remains at the
end of this time then the lileer may either be exchanged or
replaced with a permoanent hlier.

Decp venous thrombosis can be treated using catheter-
directed thrombalysis i a manner similar 1w arterial
thrombolysis, Complew: ihrombolysis may ke several
days of continuous thrombolytic infusion. An underlving
venous stenosis can be subscquently weated with balloon
angioplasty and stent placement (Fig. 12.23),

At the end of 2000, almost 400,000 End Siage Renal Disease
(ESRDY patiemis were being rreated with some form

Permanent inferor
vena cava filters, A Greenfield filter
B: Braun Venatech filter (which has
side struts to prevent Glt).
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of dialvsis in the United States, the vast majority of
whom were getting HD. Vascular access is a generic
description where blood is removed from and returned
1o the body during HD. A vascular access may be an AY
fistula (56% of patients on HD), an AV grall (36%), ora
catheter (18%). An AV fisiula is the preferred 1ype of
vascular access because it is associated with fewer com-
plications such as infection and clotting. Catheters have
the highest rate of infection compared with other access
tvpes. The Fistula First Breakihrough Initiative is dedi-
cated 1o improving care for people with chronic kidney
discase by increasing AV listula placement and use in
suitable HD patienis, Surgically created AV hisinlae
should be 6 mm in diameter, less than G-mm deep, have
flow rates of 600 mlfmin at 6 weeks (rule of 6%).
However, 25% of all AV liswulae fail w matre. mosly
hecavse of stenosis and compeling accessory veins
which may successully be treated with balloon angio-
plasty and coil embolization respectively.

Using  ihe [HErCUnCous skills described
including thrombaolysis, angioplasty, and stent placement,
HD aceess (AV) hstulae and grafs are decloued and main-
tined, preserving grall lunction and longevity, Proper

above,

VT fifter retrieval, A: Under fluoros-
copy a retrieval snare has been advanced from the right
intemnal jugular vein to the retrievable IVC filter. B: The
snare 15 then used 16 retaeve the filter by its hook and
the filter is collapsed by advancing a sheath (arrow at tip
of sheath) down over it. € The snared filter and sheath
are then removed from the internal jugular vein access
site.

graft or fistula maintenance can add many years 1o the lile
of an HD-dependent patient.

Biopay allows the retrieval of cells or tissue for a pathelogic
diagnosis and usually involves the percuaneous introdue-
tion of a needle under image guidance (usually ultrasound
ar CT). Image puidance ensures a sale needle rajectory and
sulficient material for analysis. As with all percutaneous
interventions, bleeding is a risk, so the patient should discon-
timue their anticoagulants and have a plaeler coum above
S0.000. There are two types of biopsy needles, Fine and Core.
As s name suggests a fine needle has a narrow diameter
{230 or 25G) and most often yiclds an aspirate, suilable for
eytology (Fig. 12.24A). Core needles are bigger and acquire
their sample using a spring-loaded cuning mechanism yield-
ing a core ol wssue, lor example, liver (Fig, 12.24B).

[']1_'!.:nr||:i nodules accur in almost 50% of adulis and the
majority of these are benign bu this determination can
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Complication of temporary IVC filter. A: Inferior vena
cavography shows perforation of the IVC wall by legs of a temporary
IVC filter. B: CT abdomen confirms perforation of the IVC

Venous thrombo-
Iysis in a patent May-Thurner syn-
drome. Az Pelvic venogram with the
patient in the prone position shows
extensive thrombosts of the beft ili-
ofemoral wvenous system across
which an infution catheter has
been placed for  thrombolysis.
B: Follow-up venography after 24
hours shows partial resolution of
the clot. (cantimued)
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(Comtinued) C,D: At 48 hours there is complate resolution of the iliofemoral clot and a self-expanding
stent has been placed to wreat the enderlying venous stengsis which was due 1o extemnal compression of the left common
iliac wain by the common iliac artery.

Biopsy specimens. A: Cytology specimen obtained
using a fine needle. Note details of the individual cells are visible.
B: Core liver biopsy specimen shows tissue rather than mdividual cefls. B



Patients with a High Risk of Thyroid Carcinoma®

History of thyroid cancer in one or more first-degree
relatives

History of external beam radiation as a child

Exposure to ionizing radimion in childhood or
aduelescence

Price hemithyraidectomy with discovery of thyroil
wancer

PFRG avidity on PET scanning

Tiorpey 1= inddicated in any panent with a S-mm or greater thyrobd
nivdule mned a higherisk history {American Thyroid Association).

only be made paithologically by reviewing cells aspiraied
using a fine needle (236G or 25G) inseried imo the nodule
utider US guidance. Generally US-guided biopsy s nm
indicateel in nodules less than 10 mm unless there is a
history ol high risk of thyroid carcinoma (Table 12.5),

Rropsy may be done under CT or less commonly LS guided
il adjpcent 1w the pleura. There is a 10% 1w 15% risk of
prcumothorax, A fine needle aspirie (FNA) is usually sul-
heien 1o distinguish small cell from nonsmall cell carci-
nevma (NSLC) However, with the advent of biologic che-
molherapeutic agenis such as iyrosine-kinase inhibitors,
measurement of biomarkers requires more tissue and this
1= hest achieved with a core hiopsy. Transbronchial biopsy
is used 1 oltain random parenchymal tissue samples and
i= helplul in conlirming the diagnosis of sarcoid.

The two main reasons for liver biopsy are diffuse parenchy-
mitl diseases such as Hepatitis and Cirrhosis amd foeal
abnormalities such as malignancy which may be primary
{hepatoma) or sccondary {metastases). A core biopsy is
necessary for evaluation ol the parenchyma and this is usu-
ally done perevianeously. The presence of ascites, low plate-
ler count, or prolonged Prothrambin Time (which are all
features of chranic liver disease) increases the risk of hleed-
ing with pereutaneous liver biopsy. An alwermative biopsy
wechnigue involves advancing a long-core biopsy needle w
the right hepatic vein from the right internal jugular vein
aned via the right atrium. Alter the liver tissue adjacent ot
right hepatic vein is biopsied using this transjugular tech-
migque, any bleeding that occurs will be intrvascular
(hepatic vein) reducing the risk of signilicam complication,

Stmilar go liver biopsies, core biopsies are used i the diog-
nesis of parenchymal renal diseases such as glomeraloe-
phritis, FNA may be sullicient for lesions such as carcs
moma o metastases. The nwmin risk associated with core
hivpsy is bleeding (Fig, 12.23),
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- Post renal biogsy. CT scan shows a large left penrenal
hematoma follqwing core needle renal biopsy.

Lymphoma or melasinic carcinema may present as
retroperitoneal adenopathy. CTaguided biopsy of these
nodes may be done with the patient in the prone position
{Fig. 12.26). The rechnigue is well wlermed and risk ol
Blecding is low

Percuwianeous nephrosiomy is a valuable wal in the trea-
ment of urinary obstruction, which iz mos commonly
cansed by caleuli, neoplasms, or benign strictures. With
the patient in the prone position, the obstrucied renal pel-
vis is accessed using the Seldinger technigue during which
an 8F or 10OF pigail droinage catheter s passed over o
puidewire and the loop ormed and secured in the renal
pelvis. Further intervention such as ureteral stenting or
stone  removal  (nepheolithowomy)  may be  performed
through this percutancous renal access. Mild hematuria is
mol uncommeon after percuaneons nephrosiomy and uso-
ally resolves within 72 hours,

e CT-guided biopsy of a retroperitoneal node. With the
patient in the prone position, a right paraspinal approach is used to
advance a core biopsy needle in to a right para-acrtic lymph node. The
diagnasis was lymphoma.
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Obstructive jaundice may be lurther evaluated by a percuia-
neous transhepatic cholangiogram (PTC) whereby a long
212G needle is advaneed through the liver parenchyma from
a site in the eleventh intercostal space in the right midaxil-
lary line or through the lefi lobe, using a subxiphoid approach
and uhrasound guidance. The needle is then slowly with-
drawn while injecting contrast to opacily any bile ducts thar
may have been traversed. Successful PTC is more likely il the
ductal system is dilated. Once a bile duct is opacified, a larger
(21G or 18G) necdle is then used 1o percumancously access
one of the opacified ducis peripherally. The wact is dilaed
over a guidewire and an attempt to traverse the biliane
ohatruction is made. lollowed by placement of an imernal=
external hiliary drainage catheter to decompress the ductal
system, Permanent sell-expanding metallic siems may be
placed percutancously or endoscopically when internalized
biliary drainage is desired, as in the case of a malignam
obstruction, Alernatively, temporary short plastic stents
may be placed in the common duct when surgery is planned
or in patients with benign striciures,

Percutaneous cholecvsiostomy (external gallbladder
drainage) has become an accepred interim treatment for
paticnts with acute choelecystitis. The gallbladder is accessed
percutancously and the tract dilmed over a guidewire, over
which a pigtail drainage wube is advanced into the gallblad-
der and connecied 10 gravity drainage. A wibe check alter
510 7 days may reveal a patent cystic and common duct,

at which time the wbe is capped pending cholecysteciomy
alier a further 5 16 7 weeks,

Radiclogically putded placement of percutancous gastros-
tomy and gastrojejunosiomy 1ubes for enteral nutrition has
gained widespread acceplance in the management of patienis
who cannot emt or swallow because of stroke, head injury,
and head and neck wumors, The stomach is accessed percu-
tameously under (lworoscopic guidance using the Seldinger
wechnique and the tract dilated over a guidewire. A 12F or
14F sell-retaining pigiail feeding wibe is placed over a guide-
wire andl secured within the stomach (Fig. 12.27). 1l delivery
af liquid feeds directly ino the small bowel rather than the
stomach is preferred, then a gastrojejunostomy tube ean be
placed in a transgasiric fashion as described above and the
tip directed through the pylorus 1o the proximal jejunum,

This minimally invasive technique is ofien used in the
wreavment of liver, lung, and bone wimors and results ina
reduced hospiial stay and complication rate. Under CT or
ultrasound guidance, a radiofrequency ablmion (RFA)
needle is percutanceously inserted into the tumor. RFA
involves the deposition of energy a1 480 kHz causing coag-
ulation necrosis by heating the tissue 1o 60°C at which
temperature cell death occurs (Fig. 12.28). Percutaneous

Flugroscopic gastrostomy tube placement. Az The stomach is inflated and accessed percutaneously using a
5‘“‘""9“ technique. B: The tract is dilated over a guidewire and a 16F feeding tube placed.



Radiafrequency ablation. CT pelvis shows a REA nee-
e in a bony metastasis in the right iliac bone, with the patient in
the prome position. The heat generated bocally will kill the pain fibers
Iimproving the patient's symptoms.
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cryoahlation  which  involves [Treczing, thawing, aml
relreezing a lesion is preferrcd for renal masses os there is
less risk of urine leak.

In the United Stares, there are more tham 1.5 ovilliom osien-
porresiserelated lractures a0 vear of which TOOMN are
veriehral compression [ractures. Vertehroplasty is the per-
CLEANEOES [ojection ol bone cement imo a vertehral hawlw
[racture thereby stabilizing it and rendering it less paindul
With the patient in the prone position and under luoro.
scopie puidance an 11G or 136G needle is advaneed peron-
tneously through cach pedicle inte the verichral by,
where 310 5 co of liquid hone cement is then injected. The
cement hardens amd stabilizes the fracture, rendering it
less painful (Fig. 12,290, A variant of this procedure is
kyphoplasty where an attempe 1o augment the veriebral
body height is made by temporacile inllating Dalloons.
F"|!||1|'\.'.'|1'|J.‘_', deflation and removal ol the balloons, bone

cement is then injected inmto the recently created caviry

Vertebroplasty. Az MR of lumbar spine shows a compression fracture of L1, B: Bilateral wranspedicular needle
‘]mﬁE“"E'“ and injection of bone cement into the vertebral body, C: Postprocedure CT shaws cement within the vertebral bady,
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IR is a specialiyy of medicine than provides paniems diag-
nostic and therapeutic minimally invasive procedures
using imaging guidance.

Written informed consent is necessary for mosi angi-
opraphic and imerventional procedures. The benefits,
risks. and possible complications must be discussed
with the patient.

The Seldinger vechnique describes a method for gaining
vascular or visceral access using a needle, a guidewire,
and a catheter,

Most arteriograms are performed wvia the common
femoral artery, which should be punciured over the
lemoral head.

lodinated contrast is nephrotoxic, particularly  in
patients with diabetes and patients with preexisting
renal impairment.

. Which of the following types of endoleak is the
most common post endovascular repair (EVAR) of
abdominal aoriic aneurysms (AAA)?

a. Type 1
b. Type 2
c. Type 3
d. Tepe 4

Bl

The most common endoleak post AAA EVAR arises
muost commonly from which pair of arteries?

a. Lumbar and inferior mesenteric

b. Lumbar and superior mesenteric

¢. Inferior mesenteric and median sacral

d. Inferior mesemeric and internal iliac

Questions 3w 5 A patient is admitted with acute onset
right upper extremity pain and swelling. Venography
demonstrates axillosubelavian thrombaosis with extensive
collateral formation,

3. The most likely underlving cause for this is
&, Pamcoast amer
h. trauma
¢, extermal venous compression due 1o a rib or
muscle a1 the level of the first rib
d. extermal compression due to lymph nodes

CT has superseded pulmonary angicgraphy and ventila-
tisn—-perfusion scintigraphy in the diagnosis of PE. CT
is also essential in the dingnostic workup of AAA and
their follow-up postendogralt placement,

Some IVC hlters are retrievable within 90 days of
placement.

A positive nuelear medicine scan is helplul in patiens with
Gl bleeding because il not only confirms the diagnosis
but also directs the angiographer to the site of bleeding.

Anerial embalization is an impartany therapy for trau-
matic vascular injury, Gl bleeding, uterine fibroids, and
ceTiain lumaors,

Kandarpa K, Machan L. Mandbook of Imterventional Radislogic

Procecheres. 4th ed. Philadelphia, PA: Lippincou, 2000,

Kaufman J, Lee M. Voseular and fngervestional Rediology: The

Requisites, 151 ed. 56 Louis, MO: Maosby, 2003,

4. The initial treatment should include
a. anticoagulation alone
b. catherer-directed thrombaolysis
c. surgical resection
d. thrombectomy
e, SVC hlter placemem

3. The preferred definitive treatment is
a. surgical resection of the first rib
b. balloan angioplasty of the RT subclavian vein
¢. stent placement in the RT subclavian vein
d. creation of an aneriovenous fistula

Questions & 1o 9 A patient’s chest iilm shows a
peripheral 2-cm solitary lung nodule.

6. Initial workup includes
a. review of previous imaging
b. PET scan
¢ wedge resection
d, tramshronchial biopsy

7. Biapsy of this lesion is best aceomplished using
a. PET
th. CT
. MR
d. hronchoscopy
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One hour afier lung biopsy the patien complains of
chest pain and dysprea. A chest film is obtained and
ihe most likely diagnosis is

i, Nail ches

b poewmot horax

€. hydropneumothorax

. preumopericardium

The patients symptoms worsen and requires oxygen

and 1V analgesia. The next most appropriaie

Ireatment is

a. more oxyvgen and analgesia

h. a chest wibe in the second intercosial space,
mibdelavicular line

c. a chest tuhe in the fifth intercostal space,
midaxillary line

i bronchoscopy

A patient presents with back pain and weight loss,
CT abdomen shows extensive retroperitoneal
acdenopathy. A biopsy is requested. This is best
aehieved

n by CT guided using a posterior approach

b by transjugular route

¢ by CT guided using an anteralateral approach
. endoscopically

A patient has end-stage renal disease and requires
hemadialysis through a tunneled caheter which has
recently started o mallunction. The lollowing arc
likely causes lor catheter mallunclion except

a. pericmheter hibrin sheah

h. catheter thromhosis

¢, catheter malposition

. improving renal function

CHAPTER 12: Interventional Radiglogy 399

12. A patient is admitted with an upper G bleed and

abedominal distension. Endescopy reveals esophageal
varices which were sclerosed. A CT abdomen shows
evidence of portal hyperiension, The interventional
raciologist refused 1o do a peroutancous liver hiopsy
because the patient had

. a prolonged prothrombin time

b. a platclet count of less than 20,000

¢. Ascilcs

. all of the ahove

A 35-year-old pmient presems hypertension amnd
hypokalemin, Serum aldosicrone was elevaned and
serum renin was low, giving an elevated aldostenone
1o renin ratio, CT abdomen showed normal adrenal
glands. The next appropriate mdiology examination
wonild be

a. renal vein renin sampling

. adrenal vein sampling

. MR alxlomen with conirast

il iodine-131 MIBG scan

. The following stenwems regarding the toxicine of

Liclocaine are true except the following,
a. It may present as hyperrellexia

Iy, It may present as hyporellexia

e May be tremed with 1V lipid emulsion
el It is mot affected by hepatic function

Regarding ivdinated contrast media, the following

AFe LALe exoepil

a, Monionic contrast media have Lower osmolaling

andd tend w have fewer side elfects

Allergic or anaphylactoid reactions W contrast are

IzE mediaed

Pretrenument with steroids reduces the incidence

of allergic reactions

. Ceszation of metformin alier comrast
administeation reduces the incidence of lactic
acidosis

I

m~
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