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INTRODUCTION

This elinical study aid was designed in the tradition of the First Aid series of
baooks. It is formatted in the same way as the other books in the series. You will
fined that rather than simply preparing you for suceess on the clerkship exam,
this resource will alse help guide you in the clinical diagnosis and treatment
of many of the problems seen by radiologists, physicians, and trainees across
several specialties,

The content of the book is based on the objectives for medical students laid
out by the National Medical Student Curriculum in Radiology which may
be viewed at: http:ffwww.aurorgfamser/AMSER _national _curriculuny.himl.
“Must see” images are incorporated into the chapters based on anatemy.
There is also a practical section on “lines and tubes™ that will come in handy
for ward rounds in other clerkships.

The content of the text is organized in the format similar to other texts in the
First Aid series. Topics are listed by bold headings, and the "meat” of the topic
provides essential information. The outside mnrgius contain mnemonics, dia-
grams, summary or warning statements and tips. Tips are denoted by % | .

wii



To continue to produce a high-yield review source for the radiology cleckship,
you are invited to submit any suggestions or correction. Please send us your
suggestions for:

: Mew facts, mnemonics, diagrams, and illustrations
¢ Low-vield facts to remove

For each entry incorporated into the next edition, you will receive personal
acknowledgment. Diagrams, tables, partial entries, updates, corrections, and
study hints are also appreciated, and significant contributions will be com-
pensated ar the discretion of the authors. Also ler us know about matenial in
this edition that you feel is low yield and should be deleted. You are also wel-
come to send general comments and feedback, although due to the volume of
e-mails, we may not be able to respond to each of these.

The preferred way to submit entries, suggestions, or corrections is via elec-
tronic mail. Please include name, address, school afhliation, phone number,
and e-mail address (if different from the address of origin). If there are mult-
ple entries, please consolidate into a single e-mail or file attachment. Please
send submissions to:

firstaidclerkships@gmail.com

Otherwise, please send entries, neatly written or typed or on disk (Microsoft
Word), to:

Latha G. Stead, MD

Cflo Catherine A. Johnson

Senior Editor

McGraw-Hill Medical

Two Penn Plaza, 23rd Floor

MNew York, NY 10121

All entries become property of the authors and are subject to editing and re-
viewing. Please verify all data and spellings carefully. In the event that similar
or duplicare entries are received, only the first entry received will be used. In-
clude a reference to a standard rextbook to facilitate verification of the fact.
Please follow the style, puncruation, and format of this edition if possible.



INTERNSHIP OPPORTUNITIES

The author team is pleased to offer part-time and full-time internships in medical education and publish-
ing to motivated physicians. Intemmships may range from three months (e.g., a summer} up to a full year.
Participants will have an opportunity to author, edit, and earn academic credit on a wide variety of proj-
ects, including the popular First Aid series. Writinglediting experience, familiarity with Microsoft Word,
and Internel access are desired. For more information, e-mail a résumé or a short description of your ex-
perience along with a cover letler to latha stead@gmail.com.

KOTE TO CONTRIBUTORS

All entries become properties of the authors and are subject to review and edits. Please verify all data anl
spelling earefully. In the event that similar or duplicate entries are received, only the first entry received

will be used. Include a reference to a standard textbook to facilitate verification of the fact. Please follow
the stvle, punctuation, and format of this edition if possible.



CONTRIBUTION FORM

Contributor Name:

School/Affiliation:

Address:

Telephone:

E-miail:

Topic:

Location;

Cause:

Image findings:

Motes, Diagrams, Tables, and Mnemonics:

Reference:

You will receive personal acknowledgment and a 510 gift certificate for each entry that is
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Radiology is an exciting and multifacered ficld. Diagnostic and interventional
radiologists utilize the multiple imaging modalities to identify pathology and
rrear disease. Many recent innovations and advancements in technology have
allowed radiologists to obtain increasingly higher resolution images of the hu-
man body. Along with this increase in resolution comes the increasing respon-
sibility to identify and distinguish between details that were once indistin-
guishable. Advancements in computer technology now allow for advanced 3D
reconstruction and 30 modeling, which can also help aid patient care. Radi-
ology truly is ar the forefront of merging patient care with science and rech-
nology. As a medical student doing a radiology clerkship, you will likely get to
see and work with many of the imaging modalities lisved below:

« Radiographs or plain films

n T

« MRI

= PET and other nuclear medicine studies

» Vazeularfinterventional radiology

« Ultrasound

= Many other new and upcoming technologies

Radiology is also unigue in that the most challenging patients in the hospital
often pass through the department. The pace can vary tremendously within
the department. At times, the attendings may be too busy to acknowledge
you, while at others extensive teaching on one case is possible. It is essential
to remain interested and attentive no matter what degree of atention you are
paid.

Residents in radiology tend to be very willing to reach medical studenis. Try
o follow one closely, and offer to look up pertinent patient informarion when-
ever possible; this way, the resident will be keen to teach on interesting cases.

Remain responsible for your safety. Ask the allied staff palively where to source
lead aprons, thyroid collars, etc. and be prepared to wear them in a prompt
fashion. Learn how the different snaps and buckles work beforehand o avoid
delaying the avending during procedures.

11040 |
14 ' i |

There is very little you will need o have on your person while rotating in the
radiology department. A basic list of equipment to carry with you includes:

1. One or two black pens
2. Small notepad 1o track patients and record important reaching poines
3. A basic radiology introductory text such as the one you are holding

> W A ..r_, H D 7O DRESS) 3 "

e . N L )

I}I'“'-I"“l‘-":l-ﬂ-' as a1 field has many subspecialties, and the dress code can vary dras-
tically according to the specific subspecialey. It is in your best interest to find
out pror to your first shift what you are expected to wear, 1f for some reason



this is not possible, men should dress professionally, wearing a suit with any
color shirt and tie. Women should also wear professional attire in the form of
a suit o business skire and blouse. [t is generally better to be overdressed than
underdressed as it is much easier to change into scrubs if they are needed than
vice versa. It is generally a good idea not to wear scrubs unless specifically in-
structed to doso,

There are a few things we can say abour what makes a medical student look
pood and excel during the radiology clerkship. This roration will be unlike
any other you have taken thus far. The atrendings and residents at most insti-
tutions are aware that there is very litcle teaching and exposure to radiology
throughout medical school. Whar they are looking for is a keen, interested,
and intu“igenl‘. student. A gmm:! grasp af anatomy is In:;lpl-ul. as this under-
standing of anatomy is fundamental to identifying the radiologic presentation
of disease.

A few g{:m:r.'ll pointers:

= Puncrualicy is very important! Being early will enable you to know what
studies need to be read on the day, whar the pariene lise looks like, and
also which interventional procedures are going to be carried out.
Work with the technicians to further your knowledge. For example, ul-
trasouncd rechs are specially trained ro perform the US examination, and
an introduction to this invaluable technique may be gained by interace-
ing with them.
: Try to show interest no matter how difficule the information scems o
you or how little attention is paid to you.
Hand in hand with showing interest is the important feature of being
affable. Often you will sit and read with one attending all day. Being
nice and polite goes a long way in making the day shorter,
= Asking questions on unclear topics is often necessary for effective learmn-
ing. However, it is important to realize that interrupring the awending
on every study 15 not acceptable, as they have o balance the need o
teach with the requirement that the day’s workload is completed. Ask
questions when they are not too busy; otherwise, write down your ques-
tions and ask them at a later time.
One way to enhance your experience and help facilitate learning is o
read over some of the basic principles and review the anatomy relevant
to the specific arcas you will working with (e.g., if vou are scheduled to
be working in mammography, review the anatomy of the breast and the
principles behind breast imaging beforehand). This quick review will
serve not only o allow you o converse intelligently with the atrend-
ings, bur will also earn you many bonus “poines™ if you are able o iden-

tify the anatomy.

@ Belate
o Make up an answer to a question you might not know (just say you
don't know)
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RADIOLOGY CLERKSHIP

(17}
= i
=
—
(=]
e
Al
S
f
=3
w
=
=
=
==

= Look sloppy

& Seem uninterested

= E:;‘: -:;m the opportunity o do a procedure {even if you've done it
sefore

= WHAT 7O READ

Mast radiology departments will have a departmental library for the use of the
residents and staff. Oftentimes, you will have time dedicated in the schedule
for reading. Ask the rotation coordinator, secreraries, or librarians if you can
check cut books, or if you have to keep them in the library. Useful rexts be-
sides this book include:

Essentials of Chest Radiology—Felson's
Radiology Secrets
Squire’s Radiology

Orther useful resources include:

Institutionalfdeparemental teaching files
hepffbrighamrad. harvard edufeducarion. heml
herp:ffapdr.orgfdocumentsfonline_resources.cfm

> THE EXAM

The last hoop you will need to jump through before finishing the clerkship
will be the final exam if ane is given. Many departments will nor require an
exam and evaluations are based solely on personal interactions and “at the
lightbox™ questioning. It is in your best interest to find out the policy at the
institution where you will be completing your rotation.

> AWORD ABOUTRESIDENGIES

Radiology attendings, residency directors, and department chairpersons will
be observing you as a potential resident. You are, in a sense, audirioning for a
position in the match, Residents you may work with can be your allies and
help you “look good” to the attendings and ultimately attain a residency posi-
tion {if this is your goal).

You are generally expecred to do a roration in your home hospital’s depart-
ment (the one affiliated with your medical school). Ourside of thar, it is al-
ways a good idea 1o do a rotation in the hospital where you would most like
to do your residency. Fall is the best season for this, as it is the beginning of
interview season. You will most likely ger an interview, barring any medical
disasters you may precipitate or gross personality conflices with the staff. In-
terviewing after your rotation usually is more of a formality since most of the
ul:[un;lings have already worked with you and know you (see the advan-
tagel).



T ek (SR

While on your radiology rotation, it is a good idea o know a thing or twa
abour radiation effects and safery. The biologic effects due roexeiess x-ray irm-
diation are a resulr of the interaction of high energy x-rays with atoms in
DA and other molecules in the body. These high energy x-rays have enough
kinetic energy 1o ionize electrons thar can directly damage the DNA or pro-
duce free radicals that can also be deleterious to genetic material, and may re-
sult in cell death or mutation. Most diagnostic radiologic exams expose pa-
vienits to relatively low levels of ionizing radiation and are relatively safe.
Badiology workers, however, are exposed to the cumularive dose of all exami-
nations they perform and are therefore at a much higher risk.

In general, when performing radiologic examinations only the minimum
amaonnt l.'ll:- fﬂﬁ!i.:l'i.{“'l |‘¢ﬁ:¢'\‘h‘gﬂr'!|' T l'll‘hl:il'i :lh[L‘{,!lI:'ltL" Tt Tl.'\‘-l.ﬂ s Shl,,'ﬂ,lld ix HEJ.!ILL
and the benefits of doing the examination should cutweigh the risks of per-
forming the exam. Being well informed abour radiation safery precautions is
an essential skill for any good student on a radiology clerkship, for the benefit
of bath Y and yonar |1:!til:]1 b5, Gt:ntrau'f, whcnever i.uL1|:iL'|1.; radiation is |\:i|ng
used, as in the use of x-rays for radiographs, fluoroscopy, and compurted twmog-
raphy, and you are in the immediate vicinity, be aware and use available pro-
rection {e.g., lead vests, thyroid and gonad shields). Also, be aware thar many
interventional procedures are carried out utilizing ionizing raduation (e, CT
puided biopsies, ablations, angiograms, etc). Ultrasound and MRI exams do
not produce ionizing radiation.

Lower-dose examinations include plain hAlms, like a basic chest radiograph
(x-ray). I'l'ighl.:r dose examinations include EUI'I'IFII.IH:L[ I:-:’:nl'n-::nl.grsl|'ﬂ.'1',,r (CT) scans
and scans involving the use of conrrast dyes such as barium or iodine. 1t is im-
portant that as medical providers we do the best we can to keep track of a pa-
tient’s x-ray history and make informed decisions about whether or not w pro-
ceed with a scan, especially in cases where clinical suspicion is extremely low
and a radiologic study may not be warranted.

Pregnancy is also an important consideration in deciding whether ta proceed
with certain madiologic studies. While most modern radiologic sudies do not
pose a serious risk o a developing ferus, there is a very small risk of causing se-
rious illness or other complications. This risk varies widely with the type of
examination being perforimed—for example. ultrazound exams have not been
demonstrated o increase risk in pregnancy. Similarly, plain film radiographs a
sites other than the abdomen (e.g., of the extremities, chest) do not expose
the developing child directly to x-ray irradiation. Delivering greater amounts
of radiation, the risks and benefits of CT during pregrancy must be strongly
weighed and these examinations are done much less commonly in pregnant
women. It is important to be aware of the porential consequences of mdiologic
studlies on pregnant women and that most institutions have specific guidelines
regarding performing such examinations.

The dose of radiation a patient is exposed to varies from patient to patient.
This dose will depend on the size of the body part examined, the type of pro-
cedure, and the type of CT or other equipment and its operation. Generally,
radiation exposure is caleulared as the “effective dose.” The effective dose is
¢"-'I'I|'I.I:,‘||_|_-|,| I unies .'11' llilili&it‘\‘tn:i {;.ﬂﬂ\“_:!;i;“_u,‘\l tl':S\.’: 1 ﬂ'I.S"p' !tISL"l.i fur ‘::T:Sl =
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1 mGy fused for x-rays].) Using the concept of effective dose allows compari-
son of the risk estimates associated with partial or whole-body radiation expo-

e
o
BT = sures. This quantity also incorporates the different radiarion sensitivities of
=z the various organs in the body. Below is a mble excerpred from htep:ffwww.ra-
=5 diologyinfo.org thar gives some comparisons of effecrive radiarion doses be-
s 5 tween various common radiologic procedures.
=
35 = i S -
L s COMPARABLE TO
Eg | EFFECTVE Ramiarion MaTuraL BackcROUND
P e PrOCEDURE Dosg Rapiarion For
Ci—Head 2 mSw & months
CT—Sinuses 0.6 mSv 2 months
CT-Spine 10 msw 3 years
- Cardiac CT for Calcium Scoring 2 msw 8 months
CT—=Chest 8 mSw 3 years
(=121 0.1 msv 10 days
CT—-Abdamen 10 mSv 3 years
Intravenous Pyelogram (IVP) 1.6 mSv & months
Radiography—Lower Gl Tract 4 mSy 16 months
Radiography—LUpper Gl Tract 2 mSw 8 menths
Vigiding Cystourethrogram ‘S5-10yr. ald: 1.6 mSv & months
Infani: 0.8 mSy 3 months
Bone Densitometry (DEXA) 0.01 mSy 1 day
Hysterasalpingography 1 mSv 4 months

Mammography 0.7 mSv

3 manths

OK, zood luck . . . enjoy the book.
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There are four main imaging modalities used ro evaluate the head (Fig. 1-1):

Computed tomography (CT) without contrase

CT with conrrast

Magnetic resonance imaging (MR} of the head with IV contrase®
MR of the head withour 1V contrast®

Increased whirteness on a CT scan is referred to as hyperdense or high attenu-
. ey -t v
ation. Causes of hyperdensities include:

“alcification
Acute hemaorthage
Oissification
Conrrast

Increased darkness on a CT scan is referred to as hypodense or low attenua-
tion. Causes of hypodensities include:

Air
Far

Maote that air appears darker than fat ona CT scan.

When to Order

This is usually the first test performed in an emergency setring, It is excellent
at identifying blood.

Advantages

If patient is stable, there are relatively no contraindications for ordering this
test. It is @ fast exam that can be complered in seconds.

Disadvantages

e tor bony artiface, iv is difficule to visualize abnormalicies in the posterior
fossa and brain stem.

* MRI is beyonad thie se e af this book; this g'l1;1|~||_-; will foscuis |~r|1n.'|r:|'|.' on T

10



s =5

Eroae o owlE e

"> T WITH CONTRAST

e

When to Order

If no abnormality is seen withour a contrast, then a scan with conrrase could
be ardered to see if there is identifiable pathology. Contrast will help idencify
tumor, abscess, arteriovenous (AV) malformarion, and aneurysm.

Advantages

If a lesion enhances with contrast, then the blood-brain barnier is compro-
mised. This can be seen in tumors, abscesses, and arteriovenous malformartion.
Disadvantages

Contrast will obscure an acute bleed. Thus, in an emergency serting, it is im-
portant to obrain a CT withour contrast first.

First, confirm the CT belongs to your patient.

If possible, compare to a prior film.

Then present in a systematic manner:
Technigue: With or withour IV contrast
Acute finding: Check for blood, which will be bright whire ona
NONCONITASE SCAN.
Cisterns: Check the four key cisterns for blood or effacement: mesen-
cephalic, suprasellar (star shaped), quadrigeminal, and sylvian.
Brain: Check for symmetry, low/high attenuation, midline shift, loss
of grayfwhite differenciation.

. Ventricles: Check lareral, third, and fourth ventricles for blood, shift,
or effacement.

Bone: Look for adjacent soft tissue swelling and underlying fracture,
Sample CT Presenration

“This is a noncontrast axial CT of Mr. Smith. There is an acute subdural he-
matoma along the left hemisphere, causing effacement of the cisterns, and

left-to-right midline shift. There is associared soft rissue swelling. Mo evidence
of an underlying fracture.”
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fourth ventricle
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third Ventricle

FIGURE 1-1

. Normal CT anatomy.

temporal lobe

parietal lobe



You may not see a skull
Skull Fracture fracture an oxial images
CAUSE if it s in the same plane;
Direct blunt trauma to the skull (Fig. 1-2). ::'m“::{:‘;ﬂ;m ;:Llh
CT FinDiNGS fracture.

Fracrures can be classified as:

Linear: Sharp lucent line with no depression of the fracture fragment(s).
Dﬂpressﬁ)d: ]:Fﬂ‘l:tilrt: l’f:ll.:ﬂ'l.{_"nls are Ll.‘l_'l.‘lrﬂb'!l\‘.l il'l\"l'ﬂll.:l. {Fl“- |-31.|.

Look for soft tissue swelling on the brain window setting to help identify an
underlying fracrure.

§19v4 Q131A-HOIH

Kfoforpnioinay

FIGURE 1-2. Axial CT bone windows show a nondisplaced communicated linear fracture
of the left occipital bone extending into the lateral aspect of the foramen magnum.




FIGURE 1-3. Aszial CT bone scan demonstrating a depressed shull fracture {arrow).

14



Subdural Hematoma (SDH) (Fig. 1-4)

Locamion

Ninety-five percent occur in frontoparietal regions.

CAusE

Mozt likc]'_.' due ro venous |'~l:.'l.:d|n;.': from tearing of the i*rld:;.:mj_: VEITS.
CT FinminGs

View in blood windows setring (wideh 250, level 40).
Crescentic in shape

Often extends into the interhemispheric suture and along wentorium
Can cross suture lines, not midline

Lok for effacement of sulci.

FIGURE 1-4. Subdural hematoma.

(A) Axial 1 shiows o hyperdense acute S aloug the left bemisphere, (B Asial CT shows an
sadense subacnte S along the left hemisplcre, (C2) Asial CI1 shows 2 I'l‘-'|_|ril|.|1.'||'n.' chionig

SDH along the nght hemisphicre, (13 il O shows an acote on cheonite mised S
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SOH Rule of Threes
Acute hematomas are
crescentic in shape ond
hyperdense up to three
doys
Suboeule hemolomos are
isodense from 3 days to
3 weeks
Chronic subdural
hematomas are
hypodense > 3 weeks

~%
Suspect nanaccidental

trouma in children with
mixed-oge SDHs.

—
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The classic “lucid interval®
is seen in aboul 50% of
potients with acule epidural
hematoma.

Acute Epidural Hematoma (Fig. 1-5)
Locarion

Seventy to seventy-fiive percent oceur in temporoparietal region,

CaAuse

Mast likely caused by laceration of the middle meningeal artery. In children it
could be due to rearing of venous sinuses.

CT FinpinGs

Usually associated with underlying fraceure (85% to 95%:)

Does nor cross suture lines but can cross the midline

Biconvex shape

“Swirl sign”: Mixed areas of high and low attenuation is indicarive of an
acute bleed.

FIGURE 1-5. Acute epidural hematoma.

Asaal 1 shows a high-density extra-axial biconvex Auid collection along the right temporal pa-
rictal lobe (A); bone windows desmonstrale an associated !cn:||mr.|1 homie fracture (B). Findings
are ull consistent with an acute epadural hematomn

1&
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Carbon Monoxide Poisoning (Fig. 1-6)

Locarnon \-." -III

Globus pallidus, cerebral and cerebellar white marrer, sparing subcortical fi- (:ljl;u:munuﬂdais
i the number one cause of
CT FINDINGS otcidental poisoning deaths

i the United States.

Hallmark is symmetric, low-attenuation changes in the globus pallidus.

May see on CT scan within 24 hours

FIGURE 1.6, Carbon monoxide (CO) poisoning.

Mote symmetric and fow-attemuation changes witln the cavdate (adinhe arrows) and potamen
{black arrows). bilatesally due foomosie cvent from COY poasoring,

1 §
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=
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q¥"_ \ Subarachnoid Hemorrhage (SAH) (Fig. 1-7)

! Locanon
Trouma is the most common i e bt
ﬂf SAH, nal “lFlI.]I'eI] GCLUIS 1 Thes subarac i space
gneurysm. i

. May be secondary to trauma or rupture of an aneurysm
|
- | D

DIiEIuﬁnn of the temporal
horn is @ subtle due for o
SAH.

CT FINDINGS

« Areas of hyperdensity within the cisterns and sulci
Could produce postrraumaric communicating hydrocephalus

-
=
£
o
= |
=
E FIGURE 1-7. subara:hnn.uifd I.umurrh?g! (SAH).
=
o
_

Axial T demonstrates high-densite Anid lavering along the bilateral cortical sulei, sylvan fis-
SUICS, ||||crh|;'||:n|:||1_'r:|l;' fssure, and basilar cisterns, all consistent wilhan SAH

18



Contusions (Fig. 1-8)
Locamion

Most common in the cortex of the frontal, remporal lobe and dorsal laceral
midbrain.

Cause

Dhirect impact of the brain with the overlying skull.

CT FinpinGs

Multiple hyperdense focal rounded lesions surrounded by low artenua-
tion edema in characteristic locations

Intraventricular hemorrhage is seen in 1% to 3% of patients with con-
tusions.

FIGURE 1-8. Contusions,

Focal punctate arcas of high density (white arrows) in the bilateral inferior frontal lobes and left
I:E'II!|H:II..|| lobe watly :\IerrH11ldill.!; low-attenmation ¢l

iges. Fuwdings are consstent with multiple
contusions with surrounding edema

19
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o

DAL is the most common
rouse of postiroumatic
veqelalive stote.

Diffuse Axonal Injury (DAI) (Fig. 1-9)
Locamown
« Ciray/white junctions
Basal ganglia
Corpus callesum
Drorsal brain stem

Cause

Acceleration/decelerarion forces to the underlying brain, which cause injury
to the axon, Typically seen after a high-speed motor vehicle accident.

CT FiNDINGS

Multiple 4-mm 1o 5-mm hyperdense punciate lesions surrounded by edema
{low arcenuation) in the locations noted above. The extent of brain mvolve-
ment iz berrer seen on MR since nonhemorrhagic lesions will also be seen,
which may not be appreciated on CT.

FIGURE 1-3. Diffuse axonal injury (DA1).

High-attemation clumges in the lefl hasal ganglia (white armow), imterl eapsnle (black armow)
LAY, amd gravediite pmctions (B). Findings are all consstent w it DAl



Typés of Herniation

Key is knowing the cisterns.

1. Susralciie Herraanon (Fic. 1-10)

DEFINITION

Cingulare gyrus displaced under the falx cerebri.
Cause

Space-occupying lesion in the frontal or parietal lobe.

CT FINDINGS

Drraw a straight line from the seprtum pellucidum to the falx on an axial
image and check if there s a midline shift.
Shift of the third ventricle

FIGURE 1-10. Subfalcine hernbation.

Ll bsewmisplieric subseloal beemeton {solicd arows) consimg Beft-toeright iidlioe <ol waly
womprression of the keft liensl ventnele {eamved amow b, Fundings are consistent with i sob-

Galcane herniation due b o sabsdural Tiematome

21
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ﬁmis is the most comman
form of brain herniation.

A

Subfalcine herniation ton

be associoted with on
onterior cerebral orfery
{ACA) infarct,
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2. Uncal Herraamon (Fic. 1-11)
DEerniTION

Displacement of the uncus medially

"‘_ Cause

| Initiolly, ipsilaterol cronial Space-occupying mass in the brain results in herniation of the uneus medially.
nerve (M) 11l could be of-
| fected. Loter, wotch for o CT FINDINGS

posterior cerehral arlery
| (PCA) inford.

Early: Effacement of the ipsilateral suprasellar cistern
Late: Complere effacement

FIGURE 1-11. Early uncal herniation on the right with effacement of the ipsilateral
suprasellar cistern (armow).

here 1s aente hemonhoge i the nghi bderal ventnele (marked BV 5 and n;_:ht cerchral sule
kel €25
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3. CerepElLar Tomsiiar Hermanion (Fic. 1-12)
DERNITION

]}L!I'L'I.'IH.'I.'.IF\I |'|1.'F!11i1| {LE] Y \'II. EIHL' LL‘I‘&'I‘['”HF ll.!I['H-iIi.‘-

CAuse

A space-occupying lesion in the posterior fossa, such as a tumaor, or an Amaold-
Chiari malformarion

CT FinpinGs

Effacement of the cisterna magna

NORMAL ABNORMAL

FIGURE 1-12. Cereballar tonsillar horniation.

IA) Mormial Eormrsess gz (armow | o Cotnpariss w it eerchellar hemintion (BY; (G0
momnal comvical ._Imm] canal: () ing reasesd sofl Bssoe around the eliond |"|m,|11|al;. are due bo

cerehellir i oo B e lewel ol €21
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Hydrocephalus
Communicanne Hyorocerraws (Fic, 1-13)
DEFINITION

Wentricles are markedly enlarged relative to the cortical sulci.

CAUSE
Decreased absorprion of CSF

CT FINDINGS

Entire ventricular system is enlarged.

FIGURE 1-13. Communicating hydrocephalus,

Sarked t'lll-llgﬂll“"ﬂ o the Lieral left, third, ane fourth ventricles consistent witly commmumni=
cating hyedrocephalus.

24



NONCOMMUNICATING HYDROCERHALUS (FIG. 1-14) .B
CAUSE !

Blackape of cerebrospinal fuid (CSF) flow. :ﬁlmm":‘nm
CTFi ingitis and subarachneid
e hemarrhage.

B ——
The mest commaon couse

of isaloted hydrocepholus

in children is congenital
oqueducial stenosis,

Only certain parts of the ventricular system are dilared; the rest is normal cali-
ber.

=
=
—
]
_
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FIGURE 1-14, Moncommunicating hydrocephalus.

[

Enlargement of the lateral and third ventriele with effacement of the fouh ventricle consistent
with noncommmnicating lydrocephalus.

25




o Stroke
*

PG = — €T FiNDINGS
Inereasad risk of moss See Figure 1-15 for vaseular supply of brain rerritories.
effect is soen betweoen 3 Early CT findings: A CT can be normal within 24 hours. However,
ond SJDESUHB{ infarction there are three early hindings (< 24 hours) noted in an acute stroke that
(isthemic stroke) vou should look for:

Hyperdense middle cerebral artery (MCA) or ACA sign: Due to a
clor i the MCA or ACA, the MCA or ACA will appear hyper-

l_'-\ R 1 1= denze. This is a rare inding, but when it is present with associated
: symproms, it is highly specific for an MOCA or ACA simoke.
Hemarrhagic transforma- Loss of grayfwhite differentiation. Early on, this is first seen in the
| tion may occur from 4 1o insular cortex. :
10 days after inforetion { Maszs effect: Mild oblireration of sulci, adjacent venrricles, and suba-
| {ischemit siroke). | rachnoid space

Lare CT fAndings (24 hours to 21 days): Hypoattenuations seen in the
MOCA territory

ACA

PG

PCA

Vertichral

PICA

FIGURE 1-15, Circle of Willis showing vascular supply of brain territories.

26



MCA Infarct (Fig. 1-16) e

N

Locanion
- : . Mass effect pr
In the MCA distribunon including most of the basal sanglia, posterior laveral 'i( Fﬂgr,e““ the
parietal, lateral occipital, and temporal lobe most during the frst 3 days
' : after an MCA infarct.
Cause

Most commonly due to emboli secondary to arthrosclerosis in the internal ca-
rotid artery (ICA) and common carorid arrery (CCA),

CT FINDINGS

Early MCA stroke (0-24 hours): Two specilic siens:
Hyperdense MCA sign: Due toa clot in the MOCA, the MOCA will
appear hyperdense.
Loss of insular stripe: Loss of grayfwhite differentiation in the insg-
lar cortex

FIGURE 1-16., MCA infarct.

(A Plvpserdense ACA sign wille ineneasid attention in e left MO distriibution: (81 loss of
W mesualar sl i o Ml left compeed ool on the nght; 100 wedpe sluped, we Thdle fimed,
low=atlenntion eliamges constatent watl dosalbacule mlanct; (50 veny Toww dlemsity onn il beft with
preservalion of Hhe saler and sissocibeld cne rp||.||-|-|.u.L|.|-. i of e adiscent lateal venlricle,

cotsnstent witli o chronie imianc

27




Subacute MCA stroke (2-21 days): Focal wedge-shaped area of low
arrenuation in the MCA distriburion

Chronic MCA stroke (= 21 days): Progressive increase in hypoattenu-
ation associated with ex vacuo dilaation of the adjacent subarachnoid
spaces aicd venrricles called encephalomalacia.

PCA Infarct (Fig. 1-17)

% Locarion

F |
PCA infaret is the second | EI:I ll{lt\I:C& distribution ineluding the midbrain, medial temporal, and oceipi-
most comman type of

| infard. CAUSES

Usually from an embolic source
}ulny alsa be seen due to uncal hermation

CT FAvoiNGs

Lowe-artenuation changes in the PCA discriburion

FIGURE 1-17. Low-altenuation changes in the left PCA distribution, consistent with a
PCA infarct {arrow).

8



FIGURE 1-18. Low-attenuation changes in the left ACA distribution consistent with an
ACA infarct (arrow).

ACA Infarct (Fig. 1-18)
Locaron

ACA distribution including the medial aspects of the frontal and parietal
labe, corpus callosum, and rostral portions of the basal ganglia.

CAUSES

Usually 2% to 17 vessel disease and not emboli
May also be due to subfalcine herniation (see Fig: 1-18)

CT FinpiNGs

Hypoattenuation in the ACA distribution

Watershed Infarct
Locanion
Ciccurs berween the ACA and MCA, and MCA and PCA

CAUsES

Decreased perfusion between the major vascular territories, which re-
ceives blood from the distal branches of the two neighboring arteries

If Bilareral: Hypoxia, hyporension, cardiae arrest

If unilareral: Possible ocelusion or stenosis of ipsilateral ICA

CT FinDiNGS

Low-attenuation 4;[111:1!,:;:9 ina 'ﬁ'.'l..‘t!:.'.q.‘—-:illil|3l.:-;| patterm "-‘Nr'-'“d't“ﬂ from the cor-
ners of lareral venrricles

29
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Aminh;m is the least com-
mon fype of inforct,
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ACA infard is ossodiated
with 1CA oecusion.
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- Intracerebral Hemarrhage (ICH) (Fig. 1-19)

- \
| Locarion
Hm'l common couse of [CH

:_-::1|'|'||1||.I[1_I1_',' i[1\'yl|\'uh UL, L‘H.ll..‘l'“:.ll li.':l|1.'il.l.|'i.'. l.l'lil]iﬂ'ill.lﬁ. I"Uﬁs. Ct"’r'.."h"ﬂ'Hu'ln.

is hypertension. | and subcortical whire marter
CAUSES
T ‘ e Acute hyvpertension
Trauma
IE" pﬁrtﬂﬂl of all strokes Ruptured aneurysm

ore due to hypertensive
| hemorrhage.

Vascular malformarions
Amyloid
Anticoagulation
MNeoplasia

Cocaine

CT FINDINGS

Fircal area of high density of the above desenbed characteriatic locations

FIGURE 1-19. Intracerebral hemorrhage.

N0 Asial €21 shiows i acnbe homorrhage mvolang the righit bisal manglii with extension info
e initraventricnbor system (bkick arosy ) and maehl o el mnidline ahuft (white arrowed, (B T-ocm

wptmaprarcieclvia] bemol RiAc el redd witlsin 1he errhil eberitaiiee
I 'L el anclens
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The most important diagnostic measure is to determine if the mass is ‘
extra-axial or intra-axial (Fig. 1-20). |
An extra-axial mass arises from outside the brain. This includes the
arachnoid, meninges, dural sinuses, skull, erc.
An intra-axial mass arises from within the brain.
The key to differentiate between the two is “white matter buckling.”
This is creared by an extra-axial mass ;ulshing the white matrer inward
and the gray/whire interface is still defined. On the other hand, an
intra-axial mass expands the white matter and effaces the grayfwhice in-
terface.

Extra-axial Intra-axial

FIGURE 1-20. Location of intracranial tumaor: intra-axial vs. extra-axial.

3



S

GEM is the mos! common
intro-oxiol tumor ond the
most molignant type of glial
tumor.

-\

GEM is the most common
1* hemorrhagic tumor,;
oligodendroglioma is second
most common,

Intra-axial Tumors
GuosLasToma MutForme (GBM) [Fie. 1-21)
Locamon

Most common location is in the deep white matter of the frontal lobe.

NowconTrasT CT FINDINGS
Heterogenous, lobulated with surrounding edema
Hemorthage and necrosis are also common findings.
ContrasT-EnHAncED CT FinoiNGs

Irregular, nodular, ringlike enhancement

FIGURE 1-21. Helerogenous, low-altenuation lobulated mass (black arrows) in the left

E:::It.- cranial fossa with surrounding edema (white arrow) in a patient with biopsy proven

32



2T
Hemarciosiastoma (Fis. 1-22) —% 1||
Location Hemangioblastama is the
Most commeon in the cerebellar hemispheres :ﬁi’:mﬂ':‘;;“‘
CT FinpinGs pﬂndsfﬁl'lnr fosso in odults

and 4% o 20% occur

Well-defined cystic mass with an enhancing mural nodule i “:Ih en
Hippel-Lindau diseose.

=

s
Toxoplasmasis is the mast
commeon brain tumar in
AIDS patients,

FIGURE 1-22. Left panel depicts MRI of hemangioblastoma in the left posterior fossa (arrow). Right panel depicts an
angiogram of the same hypervascular hemangioblastoma,

e e —

{Reproduced, with permission, from aceesainedicine.com, MeGraw-H1L, 2008
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~%

Ring-enhonting lesion
differential:

Tumaor

Abscess

Resolving hematomo

Whenever you see o lesion
spreading oeross the corpus
tallosums, it is one of four
disenses:

Lymphoma

GEM

Demyelinating disease

Trouma

N\ ==

Privary LympHoms (Fic. 1-23)
Locamon

Deep gray or white matter; can characteristically cross the corpus callosum.

CT FinpinGs

Immunecompetent parients: Slighcly high aceenvation mass wich negli-
wible mass effect. It enhances avidly with IV contrast.
Immunosuppressed patients: Multiple ring-enhaneing lesions: main dif-
ferenrial is toxoplasmosis.

FIGURE 1-23. Slightly high attenuation lobulated mass that crosses both
cerebral hemispheres above the lateral ventricles in a patient with biopsy-proven
lymphoma (amows),

34



METASTASIS (FiG. 1-24)
Locarion

Girayfwhite junctions; majority are supratentorial.

CT FiNDINGS

Isoddense, hypodense, or hyperdense (if hemorrhagic) mass ar gray/whirte

JUNCLIOn
Surrounding low-artenuation edema
Modular, ring, or focal enhancement

FIGURE 1-24. Moncontrast €T demonstrating multiple hemorrhagic intracranial

metastases.

Aletestatie melanami i tie (A) reelit panetal bobie, (8] nght occapatal, (20

lebt temporal lobe,

and (13 Brznin slem I .||:|:|||li:m|. thee Ilaek sirvomy i |I-|.|lr LR sligmas i \t|||-~||||~||||:'. |'l-.'|||||.|u|l|.||

cilema

35

N o

Brain metastases most
commanly come from lung,
brenst, or skin (melonoma).




c{ | Extra-axial Tumors (Fig. 1-25)

MERINGICMA,
Dural 1oil: Adjocent durol
thickening is seen 60% of | LOCATION
the time, bt is not s.pe;ﬁi: In the parasagittal or convexary location 50% of the time
for meningioma. Cither locations: Sphenoid wing (20%), olfactory groove (10%:), para-
sellar (10%), also the spine.
— CT Finpings

Hyperdense masses with extreme homopenous enhancement. Key o diagniosis

Meningioma is the mos! is the broad dural hase.
comman extro-mcial fumor.

FIGURE 1-25. Extra-axial meningioma in the right frental lobe,



Arachnoin Crst (Fic. 1-26) % -

Locaron

Sylvian hssure (50%), suprasellar {10%), quadrigeminal plare cistern (1093, The main differential for

cerchellar pontine angle (3% o 10%) ‘ ﬂﬂ_ﬂl'ﬂd'll'fﬂid sl ison
| epidermoid cyst.
IMAGING FINDINGS An arachnaid cyst on MRI

demanstrates no
restriction {oppearing
dark) an diffusion-
weighted imaging,
whereos an epidermoid
cyst does hove restricled
diffusion (appearing
bright).

Well-defined, low-artenuartion CSF density mass:
Signal parallels CSF on all sequences in MR
May produce scalloping of the adjacent bone.

FIGURE 1-26. Arachnoid cyst (arrow).

37
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\“_. Cottoie Cyst [Fis. 1-27)
e ] Locanion
z{lﬂxﬂzﬁm&ﬁ:ﬁ (h Anrerior third venrricle

tan result in sudden death. €T FINDINGS

Usually high-attenuation spherical mass i the anterior third venericle; may
resulr in ohstructive hydrocephalus

FIGURE 1-27. Colloid cyst (amrow).

38



Cerebral Abseess (Fig. 1-28)

fort 1
Y |
bor s N
Locarion S = |
Most common in the temporal, fronal, parietal lobes Vhen cerebral abscess s
setondory 1o hematogenous
CAUSE spread, the MCA territory is
: , | ; commanly invalved.
May develop after trauma, surgery, sinus or dental infeetion

IMAGING FINDINGS

Variable
CT: Usually, a thin-walled ring enhancing mass surrounding low attenu-
ation cdematous changes

hei39 8 ]hjghr on q.iil'th.-iin|1-1.1.'cight|:.-1.’| invaeing (DWW, and dark on appar-
ent diflusion coefheient (ADC).

=
L1+ ]
=
-
L=]
]
=
el
=,
=]
=
g

FIGURE 1-28. Cerebral abscess (arrow).
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Herpes Encephalitis (Fig. 1-29)
Locanon

h‘iﬂ&t COTMING iI‘I. |5.:I'I.'I[_H]T-II. ].ﬂll.ﬂ.".‘i

=

= CAUSES
HW'E:fIh_E 'Fn“ m'rnnlm « Adulrs: Secondary to reactivation of latent herpes simplex type 1
couse of viral enephoili. = MNeonates: Secondary to herpes simplex type 2. The neonate acquires

this after exposure through the birth canal when the mother has an ac-
tive infection.

CT FINDINGS

¢ CT s usually normal in acute stage.
Usually areas of decreased artenuation in one or both temporal lobes
Hemorrhagie trunsformation can oceur.

FIGURE 1-29. Noncontrast CT demonstrates low attenuation in the right middle cranial
fossa. MRI of the same patients demonstrates increased T2 signal in bath temporal lobes
consistent with Herpes Encephalitis.

Neuroras

40



Meningitis “_\.
LocarioN
Meningitis is o

Monspecific P
combination of dinical

CAUsES u[ld lobarotory
diagnoses.

:I~ 1I I COMmMmMmon .l"'u ictern i’ll CAlsEs: E[“I? {umphmrmn |5
hydrocephalus.

Adulrs: Streprococcus pnewmonice

| (T ond MRI are usually |
ordered when

| complications are

IMAGING FINDINGS suspected such os

hydrocephalus, abscess,

or venous or arlerial

Children: Haemophilies influenzae
Young adults: MNeisseria meningitidis

Monspecific
Driffuse cerebral edema

Fi infardions. |
MRI has a greater sensitivity than CT and may show dural, lepromenin- Rl
geal, or ependymal enhancement
Sinusitis (Fig. 1-30) ey ——C .

Locanon S . '
Most specific sign for infec- |

Frontal, maxillary, sphencid, and ethmoid sinus tious sinusitis is a fluid level

| in the frantel sinus.
Cause L

Maost commeonly due to viral upper respiratory tract infecrions

CT FiNDINGS

Opacihcation of the sinus(es)
Adr-fluid levels

Mucosal thickening

FICURE 1-30. CT of the paranasal sinues shows left maxillary sinusitis with calcified
material (arrow) within suggestive of chronicall inspissated mucus.

4]
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radiology

0

T
neos

Yo —

A coleified choroid plexus
or coliified pineal glond is
a normal finding— do not
mistake for blood! Could
check on bone window fo

| mike sure it iz caldfication.

Calcified Choroid Plexus (Fig. 1-31)
Locanon

Within the choroid plexus

CT FiNDiNGS

High-density ecaleification within the choroid plexus

FIGURE 1-31. Calcified choroid plexus.

ksl
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Calcified Pineal Gland (Fig. 1-32)
LocarioN

Fineal gland

CT FINDINGS

FI. b |

!!igh -..III.‘I'I‘rH‘r' \.'.'i[]‘.] in II'II; ]"I.I:'I.l..‘i!L u].".'l.d

=
o
=
b=
L=
—
o
="
i—
=
=]
=
-

FIGURE 1-32, Calcified pineal gland.
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v“_'- Small Vessel Ischemic Change (Fig. 1-33)

Locanon

Smoll vessel schemic Periventricular.
chonge is o normal age- i
reloted finding. CF Enoines

Il T,
TEUrD

o Low-artenuation perventricular changes.
Look also for prominent lateral venrricles, cortical sulei.

FIGURE 1-33, Age-related periventricular ischemic changes. with age-related cerebral
atrophy.
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Multiple Sclerosis (Fig. 1-34)
Locarion
wiost common in periventricular whice mateer, corpus callosum.
Inacing FINDINGS
T2WIMuid arcenuation inversion recovery (FLAIR) MRI: Bilareral

ovoid hyperintense lesions; incomplete peripheral enhancement
T: May see parchy periventricular areas of low attenuation

FIGURE 1-34. MRIin a patient with multiple sclerosis,

Mote: Highesignal intensaty in FLATR images in-penventricular whibe matter, this represents
“Diwson’s Finger.”

45

Multiple selerasis:

= Most common
demyelinating disorder

« More commen in women

~ MRIis the most sensifive
test, particularly the
FLAIR sequence.
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+ Advantages: Quick test that can usually identify pathological processes
such as pneumonia, congestive heare failure, ere.
Disadvantages: Mot as comprehensive as a chest CT. For example, it
cannot mile out processes such as a pulmonary embolus.

When to order: Common indications include shortness of breath, chest
pain.

How to Read a Chest X-ray

You must first check for four things:

Penetration: Good penetration is when the intervertebral disk spaces
and the vasculature can be visualized.

Rotation: Draw a vertical line through the spinous processes of the tho-
racic vertebrae and a horizontal line through the medial margins of the
clavicular heads to assess rotation. Where these lines interseer, equal
distance should be noted on each side between the spinous process and
the medial clavicular head on each side of the spinous processes.
Inspiration: Good inspiration is counting 10-11 posterior ribs.

Motion: Outline of the chest seructures should be sharp. This is assessed
by noting well-defined borders of the chest structures such as the heart
and diaphragm.

Systematic approach to chest x-ray interpretation® (Fig. 2-1):

Airway: Check to see if the trachea is midline.
Bone: Look for fractures.

Cardine: Look ro see if the hearr is enlarged.

Diaphragm: Check for free air under the diaphragm and pleural effu-
slons.

Extras: Identify all nubes and lines.

Fields of the lung: Check the lung parenchyma for an atelecrasis or con-
solidarion.
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CHEST X-RAY

« The first thing you should
theck on o chest x-ray is
the patient’s name.

« (non AP view you cannal

diognose cardiomegaly

since anterior struclures
ore mognified. There is on
apparent intrease in
vascularity ond heort size
in @ supine anteroposterior
chest rodiograph. See

Figure 2-2.

Qverexposure causes o

film 10 be block.

The four basic radiagraphic

densifies: bone, water, faf,

ond air. The denser the
body port, the whiter it will
appear on film. For

exomple, sinte bone i

must dense, it will oppear

the whitest on an x-ray. Air
is the least dense, and thus
will appeor black on on

KTy,

* Adapred from ,,-\nl-;flu C, Spellberg B: Bowarels sond Wasds, Philadelphin: Lippincort Williams & Wilkins, 2006,
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FIGURE 2-1. Anormal PA and lateral chest X-ray.

I: trachea: A: sorlic knols RPA; llghl |:-|.|h.|.|.||:|1:||.1. arterv: LPA left |mi|||.|||1.|.r:|. artery: R.omibe LA, Teft atriog 1A, |i::;I|t alrmang: LY,
left ventricle; LHD, beft hemidmpliagm: REIEY, Ii"T'JIl hemidizplieagm: 5. :ﬂ:':||!||||.|. Oy PA view, nede superior vena e { Bliek

HTTOA .IHI.I !'(.‘\:Ir]:lll.rl.'llli.' .-||g|4."| W™ III1':' AITEFY S |

-

FIGURE 2-2. AP and supine chest radiograph depicting apparent increase in vascularity
and heart size.
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CT density is expressed in Hounsfield Unics (FHUSs), The scanner is calibraced
so that water is zero HUL Typical values are: bone = 350, muscle = 40, water =
@, far = =120, lung = —800 (Fig. 2-3).

Advantages: The main advantage over plain x-rays iz its ability o pro-
duce cross-sectional images without the limitations of overlapping of
structures thar occurs on the chest x-ray, and the greater contrast sensi-
tiviey of CT images that can show the normal and abnormal pathologic
processes within the chesr,

Disadvantages: Increased radiation dose, and if contrast is given, there
is a risk of renal problems and anaphylactic reaction in some patients.

LUMG WINDOWS SOFT TISSUE WINDOWS

i ~=m

B

FIGURE 2-3. Mormal CT of chest labeled.

AN ascending aoria; 1A, descending aorta; PA, pulimonane arterv: DEC, Felt commen carotid;

= SULPET BT VE TR L
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f‘”_' 2| When to order: Mumerous indications, whicl include wo further evalu-

ate a pulmonary nodule seen on a chest x-ray or to rule out a pulmonary
Silhouette sign: An emballe:
interfoce is not visible
when fwo areos of
similar density overlop
(see Figure 2-8).
Complete Atelectasis (Collapse)
'_r“ CAusEs
| — Volume loss within the lung due 1o numerons causes such as o mucous plug,
| - Golden 5 sign: When aspirated foreign body, carcmoma, pneumothorax, radiation, benign tumor,
| the horizontal fissure in | ectc.
the right upper lobe
| tokes on on “S" shoped |  CHEST X-Rar FiNDINGS
| oppeoronce, this is Upper lobes collapse in an upward, medial, and antenor direcrion.
| indicative that an Indirect signs of collapse include a displaced fissure, shift of structures to
| underlying mass is * ipsilareral side, and loss of definition of adjacent soft tissues of similar
| present {see Figure 2-4). density (ilhouette sign) (Fig. 2-8).
—1 When the J'il.:lﬂ' miﬂ.ik"l; |l.=|'!-|.: {RML} EEJ!IEI'MH It -.1|‘<|.'urq_-ﬁ 1|1u ri.,=_1|u 1‘|4;.-|rr

I'.N"'T'.Il.‘r on a PA ar AP view. }'ﬁ'ill..]\“ﬂ llﬂi\c; I;'_'L'I"ﬂl"l'\_-.{_' is best ;|i1'|'|n_-n;_:'i:1t|_-|_:| on
the lareral view.

-

TR ==

Luftsichel sign: The
lucency you see oround

the gortic arch due to ==

LLL hyperinflation. This m_

represents significont
[ volume boss in the left
| upper lobe (LUL).

FIGURE 2-4. Complete RUL ateleclasis "Golden S sign” on PA CXR.
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FIGURE 2-5. LLL collapse on PA and lateral CXR and CT.

(Reproduced, with penmission frome: Chien 8Y, Pope TL, O D Beasic Radiofoge, New York: Mo Graw-Hill, 2005; 50

When the lingula collapses it obscares the left heare border onoa PA or

AP view. Onoa lateral view there will be a focal white triangle formed
Iy the minor and major fissure.

Botlh righir lower lobe (RLL) and left lower lobe (LLL) collapse posteri-

orly, medially, and downward. The diaphragm border will be obliterated
vn the frontal view (Fig. 2-5).

Linear Atelectasis (Fig. 2-6)

Causes

Typically seen after recent surgery
Rib fractures in a patient who has difficulty breathing

CHEST X-ray FINDINGS

Haorizontal focal area of increased density usually in the middle or lower lungs

FIGURE 2-6. CXR demonstrating linear atelectasis (arrows) in right middle zone and left
lower zone.

53

Centrol obstruction in
thildren s usually due to
o mucous plug or
aspirated foreign body.
Centrol obstruction in an
odult over the age of 40
is most [ikely due 1o
bronchogenic cardnoma.

g

Linear otelectosis is alsa
known os platelike or
discoid olelectosis.

NE| e
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CAUSES
« Bacteria
o Vinses
f{'_hl = Fungi
= B —
|
e CHEST X-ray FINDINGS
v
E:{i;:;;urﬁ?x p::: » Figure 2-7 depicts a right upper lobe (RLUL} pneumonia
i - * Area of increased opacity, sometimes described as “fluffy” (Fig. 2-11)
- Blood (hemorrhoge) = Fissures do not move
i Fﬁ.ﬁd{ﬂuiﬂ] » Mo shift in mediastinal structures
+ Gelk (tumor) ¢ May see air bronchogram sign (Fig. 2-8)

CT FINDINGS
« Figure 2-10 depicts a LLL pneumonia

——
j =2
o
o
-
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=
s
=h
-
L
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Air bronchogram sign:
When air is seen in the
intropulmonary bronchi due
to surrounding consolidation
by o pathological process
oullying the bronchus. This
may be seen in preumonia,
pulmonary edema, pulmo-
nory infarcts, and certain
FIGURE 2-7. CXR demonstrating RUL pneumonia. lung disenses (Fig. 2-8)

"
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=
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e
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FIGURE 2-8. CXR demonstrating RML pneumonia.

Mote tncreased opacity m RALL bt e ragdat Dot onder o CXR (Gsilhonetie sizn . Sote air bronehogmm on G Garmow),
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Spine sign: On loteral
view, thoracic vertebral
bodies should ge! dorker
o5 you move dovm foward
the obdomen. If they get
whiter, be suspicious of o
lower lobe infillrate

| 1'

FIGURE 2-%. CXR demonsirating RLL pneumenia,

L - |

|

Mote spinee sienon ihe Biteral view,

FIGURE 2-10. CT of the chest showing consolidation with atelectasis in left lower lobe.
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FIGURE 2-11. Bilateral nodular interstitial infiltrates.

Findings likely due to atypical mveobacterial imfection.
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N > PULMONARY NODULES AND CAVITIES SN
I.f.rw e e Benign Pulmonary Nodules
nodule is benign, the first CAUSES
ﬂ::;g T;h:ﬁh;hd:g}i[? i Most likely due to a granuloma (Fig. 2-12).
b p:d L hich i Other cawses include hamarcoma (Fig. 2-13), AV malformation, and
the n I|1u 2'“ m}:f“"' sepric embolus.
more inon £ yeors with no
:“193 Ti;r it is likely CHEST X-ray FINDINGS
i S : .
nm:u fnlﬂ:'n ?::?lﬂm?l ; Round, well-defined with smooth borders, and central calcificarion.
evaluation.

FIGURE 2-12. CXRs demonstrating calcified granulomas.
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FIGURE Z-13.

benign lesion,

Malignant Pulmonary Module

Cause

Merastatic lesions or a primary neoplasm (Fig. 2-14).

CHEST X-pay FINDINGS

l;

U}ll;l-lh.' :.’.n.'-;'”.t"f Lil"l!! } LI ||'| kI'i:'ll“L"“'_'f

Irregular shape and borders

If spieulared, there is a 20% chance of malignancy
Mo central calcification

CT depicting popeorn caleification in the RLL typical of hamartama or

_‘i

A (T scon should be
suggested for further
evoluation if o suspidous
nodule s seen on x-ray.
Most common places to
miss tumors ore the
apices of the lung ond

behind the heart.

I-hl
o

0y 159y

Till+]

w

il

«

'y

FIGURE %-14. Left panel is a CXR depicting an indeterminate nodule in the RUL. Right
panel is a CT demonstrating a spiculated nodule in the right mid lung consistent with biopsy
Proven carcinoma.
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Malignant Cavity (Fig. 2-15)
Cause

._’\ Squamous cell tumors thar tend to cavitate

Use the contour of the inner | CHEST X-Ray FINDINGS

woll to help differentiote on Thick walled, erearer than 4 mun
| abscess from o Fﬂﬂ|l'ﬂﬂﬂ"rﬁ'- Irregular, thick inner wall
| Woll is usually smoath in May have an air-fluid level

on abscess, ond irregular in

molignoncy. Abscess Cavity (Fig. 2-18)
e ———— Cause

Toxins or necrotic preumaonias

CHEST X-rAY FINDINGS

Thick walled, grearer than 4 mm
Smooth inner wall
May have an air-tluid level

¥ ~— | Granuloma Cavity (Fig. 2-17)

Gronuloma covity: Most | Cause
commenly o thin-wolled |
covity less thon 4 mm with |
nio gir-fluid level. '

Likely due ro fungal infecrion, such as histoplasmosis, aspergillosis (Fig. 2-18)
or lung hvdatid disease (Fig. 2-19).

CHEST X-rAY FINDINGS

Thick or thin walled (less than 4 mm), bat lack an air-fluid level.

oular wall opder wall
-

nnar wal .I . ATty el

4 s i Mkl
e bivaal bl
FIGURE 2-15. Malignant cavity. FIGURE 2-16. Abscess cavily. FIGURE 2-17. Granuloma cavity.
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FIGURE 2-18. CXRina posttransplant leukemic patient with aspergillosis showing patchy infiltrates in the right base
with cavitary lesion in the left midzone {arrow). Central line is noted in the SUC.
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FIGURE 2-19. CXR showing classical water lily sign in lung hydatid disease.
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ology

i
i
ai

ad

Chest R

chonges were present on
previous x-Toy. Since il is

o chronie process, it would
likely be seen on on old
A-ray o5 opposed to o
preumothorox, which is on
I orute finding.

.,‘\ i
Check to see if the bullous

Pulmonary Bullae

Cause

Usually seen in emphysematous lungs (Fig. 2-20). They are thin-walled cystic
spaces larger than | em in diamerer and found within the lung parenchyma.
CHEST X-pay FINDINGS

A lucent, well-defined lesion within the lung
Look forvessels thar can sometimes be seen within the billze,

FICURE 2-20. CXR depicting emphysematous changes in both lungs with bullous

changes in the apices.
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There are a large number of diseases located in the mediastinum.

They are classified based on their location in the anterior, middle, or
posterior mediastinun,

[t is important 1o use the silhouette sign (when an air—soflt tisue ineer-
face is lost due to a secondary process) o help detenmine ics location,

Anterior Mediastinal Mass (Fig. 2-21)
CausES
4-T:
TI'I.YI'II.L'I.I'I il
Teraroma {zerm cell tumors)
Terrible lymphoma
Thyroid lesions
CHEST X-RAY FINDINGS

O an lareral view thiere will be increased opacicy in the retrostemnal space.
O PA or AP view there will be inereased opacity silhouetting the
lweart.

3

The maost comman onterior
mediastingl mass is
thymaoma,

FIGURE 2-21. Chest CT showing anterior mediastinal mass due to lymphoma (L, left panel), and Teratoma (T, right
panel).
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FIGURE 2-22. Chest CT shows a low-density, nonenhancing middle mediastinal mass
(outline) posterior to great vessels and anterior to trachea.,

-;“' Middle Mediastinal Mass (Fig. 2-22)
[ = | Cause

| :
Most commen couse of o AT o b | s
- a = -~ o A e i (& o 1 2 el F . ' i cal BF i, a Fi L3 i)
: I'ﬁld-dh m Fi "ﬂﬂ[mﬁ COO ALy UPICAtion L'!| L, SBOrEC aneu V&I CIMALCITD I'“.l.'l]"' HEShi 11

csophageal lesions.
adenapathy. SEARITEED e
: CHEST X-Ray FINDINGS
Increased opaciry silhowerting structures such as the aorta and pulmonary ar-
teries in the middle mediastinum.
Posterior Mediastinal Mass (Fig. 2-23)
Causes
(‘-- Usually secondary to neurogenic causes
Nl.'llrl.rhj.'l.\[urllil
Posterior mediostinal mass: Neurofibroma
| If the patient is less than Schwannomas
| 2yeors old, most likely Ganglioneuromas
malignant '
neuroblastoma. ‘ IMAGING Finpincs
If between 18 and 70 Increased opacity in the posterior medinstinum
| years 'Dl[i, mnﬂy | :'-l;ll_: sillse an mercase i size of the nearal foramina (in case of neuro-
| benign, | genic tumeors)
s — May see widened intercostal space posteriorly

&4



FIGURE 2-23. ChestCT showing posterior mediastinal mass due to paraganglioma,

Cardiomegaly
CAUSES

Mumerous causes such as hypertension, renal Bailure, valvular lesions, candiomy-
opathy, severe anemia, thymid disorders, hemochromatosis, and amyloidosis,

CHEST X-rAY FINDINGS

Measure from the most lareral borders of the heart and compare this widdh
the inner barder of the widest part of the inner rily; if chis ratio exceeds 50%,
the Lh;'lj._'nu.q':'- can be made.

Congestive Heart Failure (CHF)

Stace | CHF (Procressive CepHalZanon) (Fig. 2-24)
CAUSE

Increased mean capillary wedge pressure 10-20 mm Hg

CHEST X-gay FINDINGS

Fn'-p:n.‘:'di'.'u -.:uph:'lli:ul ion, which means inereased blood flow toward the top af
the lung

&5

-y

Make sure that you are
laoking ot o PA chest X-roy
when diagnasing,
cordiomegaly since the
heart is mognified on an
AP view,

NS

Cephalization: Can only use
this sign on an upright chest
-1y, nol supine, since
blood flow will redistribute.

ABojoipny §sey)



FIGURE 2-24. CXR showing cardiomegaly with cephalization in a patient with
pulmonary venous hypertension,

ama— - ——————————y

S1aGE 2 CHF (InTerstmal Epema)
CAUSE

Increased mean capillary wedpe pressure 20-25 mm FHa

CHEsT X-Ray FiNDiNGS
= "\' | Thin whire lines due to interstivial edema, known as Kerley B lines
S : [ StacE 3 CHF (Awveotar Epema)
= Kerley B lines: Horizondal -
= whife lines of the lung i
- boses extending from the Wedge pressure greater than 25 mm Hg
- periphery of the lung.
= CHEST X-Rar FINDINGS
=
L=

Increased opacity around the hila in a burterlly patrem referred 1o as “bat
wings appearance



S1acE 4 CHF (CHroMIC PULMONARY VENOUS H\'FEHEM&!GN} (Fiz. 2-25)

Cause ¥ | —

=
AR |

Increased wedge pressure preater than 30 mm Hg 1f the patient doesn't have
cardiomegaly, consider
CHEST X-Ray FINDINGS noncardiogenic tauses of
Bilateral interstitial infiltrates and bilateral pleural effusions, g‘:ﬂi‘:i;;:sh:ﬂﬂ injury or i

FIGURE 2-25, CXR depicting cardiomegaly with bilateral interstitial infiltrates and
bilateral pleural effusions, consistent with advanced CHF.

Note also grossly scoliedic spine,

™
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Pleural Effusion (Fig. 2-26)

Cause
At least 100 cc of pleural Pleural effusion can be caused by CHE cirrhasis, nephrotic syndrome, trauma,
fluid should be present to cancer, preumonia, tuberculosis, pulmonary embolism, wmor, trauma, colla-
be seen on on upright gen vascular disease, or arelecrasis.
chest x-ay.
Aslittle os S ccof fluidean  CHEST X-RAY FINDINGS
bz detected on o decubitus PA chest s-ray: The lateral costophrenic angle will be blunted.
yiew, Lareral view x-ray: The posterior costophrenic angle will be hlunted.

Lateral decubitus view: With parient on hisfher side, a layer of fluid will
be visible.

E

FIGURE 2-36. CER depicting a loculated pleural effusion that is located within a fissure
that is sometimes mistaken for a tumor and thus is called a pseudotumaor or phantom
tumaor.
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Empyema (Fig. 2-27)
Cause

Inflammatory fluid within the pleural space most commonly due w infections
causes (60%), The remaining causes include trauma and postsurgical.

CHEST X-gay FINDINGS

Often elliprical in shape and loculared.

A chest CT i the best way
10 further choracterize ond
locole on empyema for
possible drainage.

Meay contain air, which 15 most often due to a bronchopleura “bron-

chopleural™ hstula.
It does not move freely or lyver on a decubitus x-ray.

FIGURE 2-27. CXRin a patient with empyema showing markedly thickened pleura
bilaterally with calcified pleural plaques and resultant volume loss.

&9
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Pneumothorax (PTX) (Fig. 2-28)
Cause

-

Dezp sulcws sign: A dezp e 1o air entering the “pleural” space, mest commonly due to trauma.
Interol costophrenic s Ny FinoiiGs
angle seen on the supine
vigw, Simple PTX: Very thin white line (viseeral pleura), with no lung mark-
r ing bevond thar line.
Tension PTX: The above findings with a conrralateral mediastinal shift.
= The involved hemithorax is dark and expanded.
= | O a'supine view the only sign of a PTX maybe the deep sulens sion.
BT : Expiration view: Patient exhales as x-ray is taken. The lung will rerracr,
Tension PTX is on and the viseeral line will be accentuated ar the apex of the lung: This
emergency! ! will confirm a pneumaothoras,
Lateral decubitus view: An x-ray is taken while the patient is lying lat-
erally on the opposite side of the suspecred prneumothorax, For example,
_."'(F if a right prieumothorax is suspected, the patient will lie on his lef side.
[ Air will rise ro the top and accentuate the visceral pleural line,
Expiratory ond/or |

decubitus views are other
| wiews o verify if o FTX is
present.

FIGURE 2-28. CXR demonstrates left-sided pneumothoras. Note the complete lack of
lung markings.
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FIGURE 2-29. CXR depicting skin fold (arrows) which can mimic a pneumothorax,

Nodiee acknes of e lve and |||||g |||.1:|L|I||';\ bevond the line. |I":£|:II1'II.I.||.1.1.'II., willi |M.'I|11is\i|||'|.
Bopseroiee 18 ELT= 120, 60 20006, Tl British Institate of Radiologe)

Skin Fold (Fig. 2-29)
Cause

.-‘"l. LR L} 'l]'ll'lill ‘ikll] I,_‘i,.lgi,', 'l.".'l! i'il.'II'i YO Y 500 000 3 L‘I'N::w[ .‘".-"I_.'I‘r".

CHEST X-RrAY FINDINGS

Look for a chick line (as ::p]'luS::-J to a thin line with a PTX).
Lok for lung markings: beyond the thick line (a PTX would have no
lung markings beyond the visceral pleura line).

Pneumomediastinum (Fig. 2-30)
Causes

Esophageal mjury, tracheobronelial tear, respirarory illness such as obstructive
lung disease, or clevared alveolar pressures, which can be due to forcetul
coughing, Valsalva maneuver, cic.

CHEsT X-ray FINDINGS

Usually linear collections of air in the upper mediastinuin
O the lateral view there may be air ourlying the trachea.

il

I you are uncertain if it is o
PTX or skin fold, an expire-
fion or decubitus view con
be ordered to differentiote
between the twa.

-

T

Pr;emnumudinsrium:
Moy be associated with o
PIX.

Suspett in troumn
patient who hos o
persistent collection of
uir despite o chest tube.

-

s Bt



FIGURE 2-30. Scout view on the left depicting lucency along left mediastinal border (arrow) indicating
preumamediastinuwm,

‘s iode the subcutancons « “'i"l"' sema on the nght side (amowhead ). CT on the right confrms subculaneons r."|1|1:||u.\l.'u:|.|. 1

l'.'l.l..:l\.:- HTIEH R Tl (LS L FRICRAENE 1|!.I'\-=TIIII]=I MEPCHAA F

: Pleural Calcification (Fig. 2 -31)
-% =——— A ENEE

Seventy percent of [ Most likely due to an old calcified empyema or asbestosis.
mesotheliomes are
mssocioted with osbestos
EXpOsUre, Old empyema: Usually unilateral caleifications along the pleura
ST ; Asbestosis: Usually bilareral pleural calcification

CHEsT X-ray FINDINGS

g

FIGURE 2-31. CXR depicting multiple calcified

exposure. pleural plaques consistent with asbestosis
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Aortic Dissection (Fig. 2-32)
CAUSES

Due tooan intimal rear. Hypertension is the most common cause. Increased in-

-_'il.]‘.'l'lli.l‘.' 151 }‘«.'Il ICIES Wit |'I h‘jill'fi'l II'I."."-. coarciation I.!F rhl'.‘ O, ."II'|-.LI 1'\Il._'l,|\r|i|.:| Aortic
';'.'LI';'I.'.

IMAGING FINDINGS

Chest x-ray: Be suspicious if there is a dilated aorea, widened mediasti-
num, and cardiomegaly.

CT: The key finding is identification of a double lumen, representing
the rrue and false lumina.

FIGURE 2-32. Chest CT demonstrating type A Stanford aortic dissection.

Note presence of the flap (arrow) in the mseending aorta (A) as well as the descending

aoria (D)
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re
Stonford type A dissection
invalves the ascending “ond
+/~ destending oortos.”
Stonford B dissection
involves only the destend-
ing oorta. Type A raquires
surgery for treafment. Type
B is treated medically.




-\
Aortic Transection:
A dissection and a
iransection ore nof the
same thing!
On chest x-roy,
mediostinal widening is
the mos! sensitive
dingnostic sign, but if it
is the only sign, the

specificity is only 10%.
If there is an uncertointy |
of on obnormality on the
(T scon, ironscotheter
oortography should be
performed.

Aortic Transection (Fig. 2-33)
CAUSES

Dlue to rapid deceleration injuries. Usually, the tear is locared juse distal to the
origin of the left subclavian arcery at the aorric isthmus.

IMAGING FINDINGS

Chest X-ray:

Mediastinal widening grearer than 8 ¢m

Ohscured aortic knob

Abnormal PAraspINGIS SLripes

Blood in the apex of the lung, known as the apical cap sign

NG tibe, trachea, or endotracheal tube deviared to the right
CT:

Aortie psendoaneurysm

Aortic intraluminal filling defect

Abnermal acrtic contour

Mediastinal hematoma

0

FIGURE 2-33. CXRdemonsirates indeterminate aortic knob and widened mediastinum
{arrow). €T on right from the same patient shows acute aortic transeéction with a
pseudoaneurysm formation (arrow) and surrounding mediastinal hematoma (arrow).
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Thoracic Aortic Aneurysms (Fig. 2-34)
CaAuses

Atheroscleroric
Traumaric

Congenital

Cysric medial necrosis
[nflammmatory

IMAGING FINDINGS

Chest x-ray: Widening of the ascending avrta or acortic arch

CT: A CT with IV contrase is wsually ordered for further evaluation o
see the lumen as well as the amount of clot :||-.1n;-_: the mner wall. En-
largement of the aora greater than 3 cm 15 considered an aneurysm.

FIGURE 2-3a. Chest CT demonstrating gross aneurysmal dilatation of the aorta.
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q“" Pulmonary Embolus (Fig. 2-35)
| — | Causes
| When ordering o chest (T | Hypercoagulable states, recent surgery or pregnancy, prolonged immobiliza-
fa rule out o pulmonary tion, or underlying malignancy.
embalus you must give ;
| with contrast tosee afilling | twscive Fivoves
| defect, dingnostic of o clal.
If o patient hos on
| elevoted creatining,
IV confrost should in

Chest x-ray:
Iminally usually normal.
May Progress to show arelecrasis, small |'s|:curi1l effusion, and an cle-
vared hemidiaphragm.
most coses be Later, if the embolism resales in infarcrion, a wedge-shaped opacity in
ﬂl‘ﬂidEﬂ, sinte the pg-r':plwrg.' of the lung knownoas a HJ::ran!un i'u:u:np may be seen.
controst is excreted [ ZT: Central filling defecti(s) within the main, segmental, or subsepmen-

h]' the Riﬂmvs. | tal pulmonary arteries.

- \_
IV confrest & needed to rule
out o PE on o chest T,

FIGURE 3-35. Chest CT demonstrating pulmonary embalism,

Filling chefect (amomn

i)



Pulmonary Hypertension

Causes g ==

ASD, V51, PDA, pulmonary emboli, COPD, mital valve disease, left ven- The treotment of P“]m“'!'

rricular failure, lung disease hypertension is primarily
directed of treatment of the
IsaciNG FINDINGS underlying disease.

Enlargement of both the left and right pulmonary arreries with atrenuation of
the peripheral vessels (Fig, 2-36).
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FIGURE %-36. CXR depicting enlargement of the central pulmonary arteries (arrows)
suggestive of pulmonary artery hypertension,
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Chest Rodiology

vty e
prevalanl in itan-
Americon femole
population.

LT

Sarcoid hos biloteral LN
enlorgemen, ond non-
rosenfing ranulomas.
T8 hos uniloteral LN
enlorgement and
tasenting granulomas.

+ [ovitotion is the
halimark of post—
primary infection, ond
indicales fransmissible
disease.

_f_____
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» LYMPHADENOPATHY I ' s,

sarcoidosis (Fig. 2-37)
Cause
Unknown etiology. Characrerized by noncaseating epithelioid granulomas
thar may affecr any organ system.
Imaging FinDinGs
Chest x-ray and chest CT:
« Srage 0: Normal chest radiograph
« Srage 1: Bilateral hilar enlargement
© Srage 2: Bilateral hilar enlargement and lung infiltraces

« Srage 3: Pulmonary infiltrares
+ Srage 4: Pulmonary fibrosis

FIGURE 2-37. CXR demonstrates bilateral massive hilar {arrows) and mediastinal
adenopathy with infiltrates in both midiung fields, consistent with sarcoidosis.



Cause

Caused by Mycobacrerinom mberculosis

Imacivg Finpivcs

Primary TB: Focal middle or lower lobe infilirare with hilar lymph
node (LMY enlargement

Reactivation TB: Occurs in the upper lobes and SUPLTIOr sepment of
the lower lobe. Modular opacities are usually seen. This can Progress th
cavirarions, empyema, and miliary TB (Fig. 2-38).

Miliary TB: Multiple tiny nodules are diffusely spread throughout the
lung. This can occur during or after the primary or reactivation stage,

FIGURE 2-38. Cavitary mass in the LUL with volume losss. Active TB cannot be excluded.
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Endotracheal Tube (Fig. 2-39)

Ideal lecarion: Tip should be 2-6 cm above the carina.
Misplaced tube: Can be placed too high, too low within the esophagus,
or mainstem bronchus

ENDOTRACHEAL TUBE (ETT) IN RIGHT
INSTEM BRONCHUS, INCORRECT POSITI

ETT IN CORRECT POSITION, 4 CM ABOVE TH
CARINA

CHEAL TUBE (ETT) IN RIGHT
BRONCHUS, INCORRECT POSITH

FIGURE 2-39. Imcorrect (2 left panels) and correct (right panel) psitions of endotrachael tube (ETT).



Chest Tube (Fig. 2-40)

Ideal location: Tip and side ports are inside the chese eaviny.
Misplaced line: Tube can be kinked or not within the chest caviry.

FIGURE 2-40. Chesttube placement.

Pl A dbemonstrates mild tension Llllulllll:rllu_ni“ wille tedinstinl bt s 1_u_|l!;||r:.r,*{| h“"ﬂ. o1 thie :-igl:l {white arrow). Pawel B

5 Hhe XK the samne patient desonstnting rosolution of the prreumollomx afler placement of simgle chest lube mecorect
positions (Wlack arrowd. Panel C, from o different patient, is a chest G depieting grossly incomect plicemcnt of chest tube into
ledh b parenchwma (black amow), Panel I desonstrates kinked right sided ehest ube (armwl.

81
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Nasogastric Tube (Fig. 2-41)

ldeal locarion: Tip within the stomach
Misplaced mibe: Most commonly in the disial esophagus, coiled in the
upper esophagus, or within the bronchus

HGT M RIGHT MAINSTEM BRONCHUS NPT RRRne TSI e

FIGURE 2-41. Correct (top left and right) and incorrect (others) positions of nasegastric
tubes.

B2



FIGURE 2-42. Jugular vein catheter placement.

Fanel A shaows o CXR degricting eormeet position of mteral jugular vean catlegter b the poctionof the SYC and e nght atnnn. Pascl 1

dhemohiuteates incorrect positioning with citheler cofed i tle SVE SV, wperion veina cava

Jugular or Subelavian Central Venous Line (Fig. 2-42)

ldeal location is the cava-atrial juncrion.
Misplaced line can tum up the intemal jugular vein, nghe atrium, or
coiled in the superior vena cava (SVC).

Pulmonary Artery Catheter (Swan-Ganz Catheter) (Fig. 2-43)

Ideal location: Proximal pulmonary artery
Misplaced line: If inserted too far ingo the pulmonary arcery, an infaret
AN QCCur

=
=
=
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=
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=
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CORRECT ' INCORRECT

FIGURE 2-43. CXR demonsirating correct (left panel) and incorrect (right panel) positioning of pulmonary artery catheter.

Umbilical Vein Catheter (Fig. 2-44)

Ideal locarion: Level of T9 vertebra, at the junction of inferior vena
cavi and right arcium
Misplaced line can tum up in the righe poreal vein

FIGURE 1-a4. Umbilical vein in correct (A) and incorrect (B} positions.

B4



Cardiac Pacemalier (Fig. 2-45)

Ideal location: Tips within the right atrium and right veneriele i

FIGURE 2-45. Cardiac pacemaker,

P
_...I

Tension pneumothorax (see Fig. 2-46)
Supine pneumothorax (see Fig. 2-47)

Free air under the diaphragm (see Fig. 2-48)
Preumomediastinum (see Fig. 2-30)

Aortic dissection (see Fig. 2-32)

Aorrtic injury {see Fig. 2-33)

Feeding tube in bronchus {(see Fig. 2-41)

ABojoipny jsay)

85




{

liology

Chest? Rac

FIGURE 2-46. Tension pneumothorax.

(%) CXR demonstrating lension pnenmothoro. Note right collapsed lung (amow). Thig is a life threatening diagniosic
thiat should be made elinically, rather than delsying to oblain a radiograph. {Reproduced, with permission, from
MeRoberts B, etal: Emeng Med | 2005:22:597-508 ) BM] Publishing Group Lid.) (B} Schematic of tension pren-
motihoras

FIGURE 1-47. Chest x-ray demonstrates a large right pneumothorax with widening and
deepening of the right costophrenic angle, also known as the deep sulcus sign (arrow).

ﬂ't(.]-uil.:ll.l”:l.. thiis MEN IS thie anly r.ulim_:r;||:||||1_' annchicalio if o |L11¢'1III|I|Z|I!|!E|'.|I.'I\ (1] \.11|:|'|:pr: |Ei
fienk. { Reproduced, with permision, from Stone CR, Homplinies BE: Current Emergescy D
agross and Treatment, Oth ed., MoCmaw: FIIL 2006; 345, )



FIGURE 2-a8. CXR depicting lucency under the right hemidiaphragm consistent with free
intraperitoneal air.

KGojoipoy ysai)
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Gastrointestinal
Radiology

Madalties for Gl Tract Imaging
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MRI
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> MODALITIES FOR 6} TRACT IMAGING

» Plain abdominal hlm

= Ulerasound

Intraluminal contrast studies
CT zcan

MRI

CT angiogram

CT enterography

MR angiogram
Conventional angiogram
Endoscopic studies

Nuclear imaging

+ Percutaneous imaging procedures

H B B B W B B N

Plain Abdominal Film
Often the first preliminary test

Inprcamions

» Bowel obstrucrion
¢ Wiscus perforation
« Foreign body ingestion

ADVANTAGES

= Easy availabilicy
# Low cost

LirtITATIONS
« Sgreening modality; vsually need anorher imaging test to confirm diag-
nosis
« Lack of anatomic derail

How ro Reap av ABDoMINAL FiLm
See Fipure 3-1.

« Make sure the film belongs o che right patient.

« ldentify the sides correctly and inspect the liver and spleen shadows.

= Bilateral renal outlines should be present and symmerric and smooth.
Right kidney is lower than left,

= Bilareral psoas shadows should be symmerric.

« Urinary bladder may or may not be outlined depending on the degree of
distention,

« Visualized bony structures should be inspected for abnormality.

« Identify normal bowel gas pattern.



FIGURE 3-1. MWormal kidney, ureter, and bladder (KUB).

[A) T Ll F st edennes-of the dimpheagm. (B Lower half of the abdomen. NMote RS shadows {white armows); arinany bladder
{broken arrow ), wnd bowel g (hlack armon),

Abdominal Ultrasound (Fig. 3-2)

]
&=

APPROACHES W
: : e
Superficial a
Endoscopic: Assisting probes are used in upper Gl, pancreaticobiliary, =

e ; _ : —

and colorectal pathologies for seaging malignancies [

=

Inorcarions =
—

Gallbladder and heparic pathology iy
Delineation and differentiation of intra-abdominal cystic structures 2
Trauma; FAST (focused abdominal sonography in trauma) is a very use- S

ful tool in assessment of rrauma patients -
Emerging role of endoscopic ultrazsound in biliary and pancreatic pa- =

thologies

Ciuicling procedures
Doppler studies for evaluation of vascular structures

ADVANTAGES
[nexpensive, noniNVasive, no contrast

Lisairamions

Operator depencdent
Inferior for assessment of bowel pathology due to artifact from air
Lack of mucosal derail

?1




PANCHREAS

TiRARS |
SN

FIGURE 3-2. HWormal abdominal ultrasound.

Abdominal CT (Fig. 3-3)
InpreaTions

Assessment of scute abdomen and o rule our eonditions such as acure
appendicitis, acure pancrearitis, small bowel obstrucrion, colitis.
Trauma
;-r angiograms for suspected voscolar leiks, | meurysim, bowel infarcrions
2L CheToRrapy hy i b wing wed for infl mmatory owel Jiseases { rohn's

[N. i)
Virtual CT eolonose iy Not vet o very widely used rool
ADVANTAGES

Excellent cross-sectional imiein
rion ms well

22
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FIGURE 3-3, Mormal abdominal CT.

e pielt: D Defi: LI, el Bodae ol - I} ahit Lol
Rt mweelt Lot defi LA odse af Tver; REL, tigh 1ol i liver, | |1"-|='_;||I5L|.||..I|~ e pbIn siddle Tepatie veing LUV, L0
ifk portal vein: R, righl -|1..||_|| vein: PV, portal veing BIDC, nghi
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SV splnie vels e R ealllkidile = 1P Body, ey of pancreas; I “Tail, bl ool v pesins;
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Linfrrarions

Availability
R;'ll.ll.-!t ({814 I.'x'l""l.'ld"l.lri."
Expensive
MRI
ADVANTAGES
Superior soft rissue detail
Excellent cross-sectional imaging rool for evaluarion and staging of ma-
lignancies, especially recral and esophageal, inflammatory and obstrue-
tive pathologies
DIsSADVANTAGES

Hizher cost

Conrraindicated in patients with metallic hardware
|..1 'l]'!j.'_' iI'I'H.L.L[I]'!Iﬂ tome

Claustrophobia

Intr2luminal Contrast Examinations

ConTrAST MEeora

Barium and iodine containing warer soluble contrast medium (iodograf-
hni).
The latrer is used in evaluation of suspected perforaved viscus.

Barium Swallow (Figs. 3-4 through 3-7)
Inoicamion

i'-."l. ¥ "I LF i;.:L'.il P £ i L1 'III i1 s

Single- or Double-Contrast Upper Gl Series

Inpicarons

Imaging of pharvnx, esophagus, stomach, and ducdenum

small Bowel Follow-Through Examination and Enteroclysis

INDrcATIONS

fln.l:.:ln-,: of small il\h.'hlll].l'. H1l hE Ilm u'u'.a| 1\:|t]1-.|]n,-.:ic'-

Single- or Double-Contrast Enemas
Inpicarions

Imaging of the large intestine

24



FIGURE 3-4. Barum esophagogram.

(A} Posteroanterion view, (B Lateral view, While arrow shiows deviation to the left; black armow
diews return to midling, Black arrow on lateral view shows antenor deviation. {Reproduced,
will permission, from Rothberg M, DeMeester TR: Surgical anatomy of the esophagus. In
Shields TW (ed.): CGeneral Thoracie Surgery, Snd ed. ["|1I|.1dt‘|phi:.‘l: Lea & l"fhigﬂ. 1989 77.)
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note all contrast S
transits i stomack

FIGURE 3-5. Video esophagogram demonstrating normal swallowing and peristalsis through the esophagus.

Movevidence of s e R .l-]ah.|;:_-. al pellux
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FIGURE 3-6. Upper Gl series.

1) Prone frontal sadiograph of stomach and duedemeim from a single-contrmst upper Gl esimination. The duadenal bulb (D9 is
attmched e tlic gistric antrom by the pylonic channel. The g:l“l:l.l:hﬁ:l (G} o also opacilved from an osal clalecystogrm, (1)
Snruuq frontal Rl of the domach and duodenum froan a doubleconirast npper Gl ecaminudeon i whisch a ||1|='|g-;h'_\-||_-,il:r'|:.||.
iann saspedision and gas enatals (C0;) are used, Compared fo A, thie stomach i Better distended primarily by the generated g,
(C) Radiograph of the ditodemun showing the duodenal boll (B} attached to the gastric antoum, The descending duodcmmn
(1) extends from the apex of the boll to the inferior dusdenal Besre. The hormontal and sscending postions of the duodenmn
terminate al ihe duodenoqejomal junction (L), which is attached to the ligament of Treite, (Reproduwced, wath permision, frm
Clhen MY, Pope TL, O 12): Basic Rediofogy. New York: MeGrawHill, 2004: 247, 248, 250.)

FIGURE 3-7. Enteroclysis.

e T I e T — -

tie sl intesting. The .
1. Compared to the peti
he il fiolds tor
i of the small

(A) Large filin of Uhe abdomen from an enleroclysis examinalion of
sonaill Bowel is intubated with the bip of the fulbe (amow) in tlie jejummn
onal examination, the small bowel loops are distended meore fully, cansing !
assuine @ lransverse onenlation. (B) {:mnl;.mmfm filim {ringnfl:mlln-w: |'|.-|-:Ivcl|t' )
bowel boops in the pelvis with the patient in a prone position. Alihongh the ||H-lqri are ltl'nl.. .
lapped, the “see-through™ effect using a diliste basinm snspeusion peernils Tl -.'ln.'f"‘ “'-MN :‘
tion, (Reproduced, with pemmission, Gron Clien MY, Pape TL, o 0j: Barsie Rundiology, N
York: MeGrowe-Hill, 2004: 251,
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FIGURE 3-8. Fistulogram.

Conlmst injected into a catheter placed into the fistula tract demonstrates commumicalion witl
the seall intesting in this patient with Crolins discase. (Reprodieed, with pennission, from
Brunicardi FOC. Andersen DK, Billiar TH. ef al: Schwertz's Principfes of Surgery, Sth ed. New
York: MeGrn=Hill, 2005; 1035}

Fistulograms and Sinograms (Fig. 3-8)
Inorearions

May be used in postoperative patients for assessment of fistulae and sinus tracts

Endoscopy
TNDICATIONS

Upper and lower Gl endoscopy enable direcr visualization and direcred
biopsies.

Endoscopie revrograde cholangiopanereaticogeaphy (ERCPY visualizes
the hepatobiliary tree,

28



ERCP (Fig. 3-9)

Involves introduction of an ;.'!nln:in:.‘npu into the duodenum followed |1',' cannu-
lation of the biliary tree. It is often performed along with papillotomy, which
serves as a therapeutic intervention for biliary caleuli and drainage procedures
of obstructed bile ducrs

InprcaTioNs

Diapnostic ERCP iz indicated’ in i:um-;liq_'l.' of unclear origin ancd sus-
pected pancreatic disease such as chronic pancreatitis and pseudocysts.
Primary approach for drainage and stenting of benign and malignant
biliary obstruction, the main advantage being thar the liver need not be
i'll!"l\'l |.||'l.'\].

If the papilla eannor be cannulated or the abstruction cannot be passed
with a guidewire, a percutaneous transhepatic approach may be tried.
However, in difficult and postoperative cases, noninvasive methods
such as magnetic resonance cholangiopancreatography (MRCP) are in-
creasingly being used for evaluation.

COMPLICATIONS

Pancreatitis, duodenal perforation, duodenal hemorrhage, hepatic and splenic
injury, infecrion, and stene mispl;lccmunr

-

lisaqugosng |

[poy joul

kBbojo

FIGURE 3-%, Endoscopic retrograde chelangiopancreatography (ERCP) is an invasive
technique used to demonstrate the anatomy of the biliary tree and pancreatic duct through
contrast opacification of the ductal system.
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N Locanow anp Cause (Fic. 3-10)

hthl:lhﬂtl Rt Meuronal degeneration within the Auerbach’s plexus in the esophagus
characteristic “rat fail” or -
*bird beak™ appearonce.

Primary or secondary (sclerodermal

IMACING

Barium swallow reveals dilated esophagus with distal rapering and narrowing.

g
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FIGURE 3-10. Barium esophagogram in a patient with achalasia demonstrates a dilated
::thlgx_s_\rmq a sharply tapered “bird beak™ narrowing
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Most common es Fl'li"l .'I'l_:k'.ll Ll.l verticu | Lim

Cause

¥ 1 . : .
A PulE1on diverticulum L'.'HI\'L'I.E |“\. Illl\.'ll.':'l'-l..'\i II'I“TIIlHI'Ilt'IEl] Pressure

Lacarion
L 1:'I.H:]'- LI ||II TLEW] | |.'|'|.I[‘.']Z|:_'t'.! THTLC s :II"\“'L' i]'li.' t:rik:ll]‘l\~l1"|.'|1L".'ltS ':_l.li "PL‘I' 'l.“.i-ﬂi'!']"lﬁ-'

eeal sphincter)

Ivaciveg
Diagnosis can be made by barium esophagogram or endoscopy. Barium esoph-
agogram reveals a barium-hlled outpouching in the region of the esophageal

inler

FIGURE 3-1%. Zenker's diverticulum,
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CAUsSE

UHeer, gastritis, vascular malformartion

Locanon

S'[UlT!iH:]"I .II'I-LI |.‘| I,II.'I\!I.,‘T‘H,II!]

IMAGING
Upper Gl endoscopy is the definitive rest for diagnosis and appropriate
Intervention.
Barium upper Gl series may be done if endoscopy is unavailable and
may reveal collection of contrast within the ulcer crater. Gastritis and
duadenitis are manifested by thickened folds.
Other tests for further investigation include radicnuclide gtudies and

angiography.

CALSES

Extrinsic: Hernias, adhesions, miasses, volvulus
Intrinsic: Gallstones, foreign bodies

Locamon

Small bowel lrh.'lp-:: are centrally locared as compared ro the !:n’gc bowel,
Valvulae conniventes are thinner than the colonic haustral folds.

-

FIGURE 3-12. Radiograph of the abdomen demonstrates multiple distended centrally
located small bowel loops with air-fluid levels throughout the abdomen.
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Fatacing

Plain x-rav:
First preliminary investigation
Advantages: Usially |1|:|pi'||i in establishing di:igmmi:i. In rare cases,
may be able to deine the poine of rransition.
Disadvantages: Difhcult to ascertain defnitive etiology. Plain Alms
are diagnostic in 50% to 60%, equivocal in 20% o 30%, and mislead-
ing in 10% to 200 of cases.

CT:
Advantages: Clear diagnosis in equivocal cases, detailed anatomy
with dehinitive cause and point of trnsition, differentiating paralytic
iles from anatomic obstruction

Cioals of imaging:
Establish a diagnosis: Adr fluid levels, dilared bowel loops
Complete vs. incomplete: Mo bowel gas beyond the level of obstruc-
tion ina complete obstruction

COMPLICATIONS

Strangulation, perforation (Fig. 3-13)

juioljsng

d

FIGURE 3-13. Plain film and CT demonstrating free air under the diaphragm secondary to perforation of small bowel.

kGiojoipny jouiys
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¥
Hypogue enema may be

therapeutic in lorge bowel
obstruciion,

Cause

Hemnias, adhesions, masses, valvulus

Lacarion

Peripherally located dilared bowel loops with haustral folds

Irtacing

Plain x-ray for inirial diagnesis. CT o confirm diaonosis and ascertain under-
lving cause. In large bowel obstruction, hypagque enema may be diagnostic as

well as therapeutic

Tvpes: Ulcerative colitis and Crohn's disease

Infectious Colitis (Fig. 3-15)

C. difficile 1= 2 common cause.
=Een 'i[l i'.llh']'ﬂ-\- on .|r1[|n1|rn1l1|;1l LrEATment.

Locanon

Can affect ascending, transverse, and descending

IMacinG

colon.

CT zcan is the investigation of choice and reveals colonic wall [hil:'-i-

ening. See Fioure 3-16.

Plain x-ray may reveal bowel wall thickening or proximal bowel ob-

=ETUICLIC.

ke *F

FIGURE 3-14. Supine (A) and erect (B) films demonstrating a dilated colon,
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FIGURE 3-15. CTdemonstrating marked wall thickening in the ascending colon (white arrow) and the transverse colon
(black arrow} in a patient with €. difficile colitis.

FIGURE 3-16. CT enterography depicting thickening of the sigmoid colon (arrow) in a patient with ulcerative colitis.
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THRIRRNNL2N REewivgy

NS

Tonic m.mnhn is o life-
threatening complication.

COMPLICATIONS

Toxic megacolon
Perforation

Inflammatory Colitis

Inelude ulcerative calitis and Crohn's disease

Ulcerative Colitis (Fig. 3-16)
Locamion

Primarily involves large bowel. Recral involvement with variable contiguous,
proximal involvemenr is most commeon.

Imacing

Plain radiography can readily detecr roxic megacolon, one of the seri-
ous complications,

Double-contmast barium enema can ll..'i!d'il'r detect mucosal chungt,‘s of
ulcerative colitis, namely, mucosal thickening, irregularity, and superfi-
cial ulceration.

Colonoscopy is generally contraindicated in acute conditions, but is
useful for direcr visualization and obtaining specimen for histopatho-
logic correlation.

CT findings are nonspecific and include bowel wall thickening.
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Crohn's Disease (Fig. 3-17)

Locarion

Most common site of involvement is terminal ileum: can affect any part of Gl
tract, including the colon.

ImaGING

Intraluminal contrast studies like small bowel flflllkl'l-'l.‘-'ll'l.lul.lj.-.']'-l. utu-:-mcl",'sis.
and CT enterography are pivotal in establishing diagnosis.

l}.-:lnln'. LE RIS} L

FINpINGS

Mucosal inflammation with transmural penctration, ulcerations, strictures,
skip lesions, abscess formanon. Mo single test is diagnostic.

ABojoipmy jouljsajuiossng

FIGURE 3-17. Segmental Crohn's disease of the transverse and descending portions of
the eolon, showing multiple deep ulcers projecting from the margins of the affected colon
and small “aphthoid™ ulcers appearing like erosions seen in the upper gastraintestinal tract.
1“|.'||:mq.||_|_1_-|_-|_|. with |}|_-||||.|wi,| i, From Chen MR, 1Y
cane.conn, Mo rw-1TilL 2008

K ].. L[] HJ: Hr!.u':' H..J:Fﬁnrrl_;‘"r_ itm‘c‘.\nlu{ll-
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Ischemic Colitis (Fig. 3-18)
CausE

Compromized blood supply o the colon.

IrtaGING

FIL.““ A=z N‘ 'n'l'il'll ar 1‘“:“. I.‘-."\.'L'.'I:I I'l!'“."lll'l'l.:'lti'l:"l:: '||"| l'l'll.,' 1‘1.'!1'.'&'1 “'i-ﬂI or
bowel distention.

CT scan with oral and intravenous contrast may be normal in early
cases. Findings are usually nonspecific and include bowel wall thicken-
ing. Oceasionally, gas may be seen within the mesenterie vein.

A i S

FIGURE 3-18. Contrast-enhanced CT scan shows heterogeneous enhancement and wall thickening of the transverse
colon, as well as the right and left colon (arrows), with loss of haustral markings.

-“,._-p:mju: ed, with peTmIE. ir Balthzar, et al: Rerdéodogy, 1990 Mo 2010253805
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Common in Western countries. Estimared incidence is 30% ar > 60 vears and
at 00% = 80 years.

Locarion

Muost common site of invoelvement is sismoid colon,

InacinG

Abdominal CT

is the imaging modality of choice. Look for air-hlled mucosal
witpouchings in the bowel wall. This is compatible with diverticulosis. Diver-
ticuliris is characrerized by associated inflammation manifested by penicolonic

stranding

FIGURE 3-1%. CT demonstrating diverticulosis.

Mote sl rowd air- or controst-Glled structures :\il::-lr[; the eolomic bnmen, Compheations -
clude diverticulitis and hemorrhage
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| In pregnant patients,
ultrasound or MRI moy be
used for diognosis of
oppendicitis, if clinically

| indicoted.

FIGURE 3-20. Abdominal CT demonstrating sigmoid diverticulitis.

Mote pnd-agmeadd Hockemng with nmmerons diverbieuds amd streakng m wdpeent pelvic fat

L |||;|F-.||; ations inelude alseess lommation, |1|.ri'n1.|1|->||. stoictores, and fstulae

Locarron

Righr iliac fossa

IntaGinG

Abdominal CT s imaging modality of choice. (Fig. 3-21) demonstrates an in-
flamed appendix in the righy iliae fossa, with surrounding streaking in a pa-
rient with acure 11!“|.‘L‘I1.Lh|.'ll 15,

110



FIGURE 3-21. Abdominal CT and ultrasound of appendicitis.

Abdomuinal O demne .||-.||..I|-x.|i1|::_-||r|||,|-||I|=. (areow) |"11u|.|||:-. ikl |||1|:|--:-L|.||":‘|.|.||||1. suggestive of an inflamed

iy

siler deimeter of = 6 i, o CHITT| wnibaality, Inck of prerist sis, anel |'ll.'|t.l|'l|'ll'tlu|ll!n.-l-| Auid callection

Mormally a pediatric condition, caused by nonrotation of the bowel
around the superior mesenreric arrery,
Sigmoid and cecal volvulus occur more commonly in adules.

FIGURE 3-22. CT of the abdomen showing midgut valvulus.

Arrow poants loward e chinractenistic “-I|i|l|mu| sign, Le., bowel loops and SUPETRT e iten
wian wrapping arovid e supenor mesenternie artery
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Locarnion

Mormal locarion of the cecum is within the right iliac fossa,

Cause

Twisting of the cecum, usually with part of ascending colon along the verrical
OF [RnsSverse axis

IMAGING

Plain x-ray iz uzually the first test and is diagnostic. Findings include
displaced cecum, small and large bowel obstruction up o the point of
rorsion, and paucity of gas in the distal colon.

Hypague enema {single contrast) may confirm the diagnosis and may
also lead 1o reduction of the volved cecun.

CT scan reveals the characreristic “swirl sign™ as seen in (Fig. 3-23). In
iz also helpful in delineation of potential complications related to ob-
struction and vascular compromize.

FIGURE 3-23. CT scan demonstrating cecal volvulus.

Node e twisted and dilited cocmm twlible arrow s within the l'_:!l| |u,-h e ey Aso nole |-

mplly dilated bowel |uu]1-. (black arrows)
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Locarion

Mormal location of sigmoid colon is in the lefr lower quadrant.

CAause

Twisting of the sigmoid around its mesenteric axis. Usually in elderly debili-
tated patients with chronic constipation.

IraGinG
Abdominal x-ray is usually diagnostic. It classically reveals double loop
(pelvic colon) obstruction with varying degrees of proximal small bowel
ahstruction: The twisted dilated loop is locared in the righe side of the
abdomen and forms a centeal double wall thar converges in the right
lower quadrant called the “coffee bean” sign.
Single-conrrast barium enema is helpful in diagnosis in equivocal cases
and may result in decompression and reduetion.
CT scan is useful for delineating complications like vascular ischemia.

FIGURE 3-24. AXR shows a grossly distended coffee bean shaped loop of bowel in the
right upper quadrant, findings that are typical of a sigmoid volvulus.

i Reproduced, with permission, from Reeyeki GS et al: Anmals of Surgeny (235 5; May 2002,
Lipprcott Williams and Wilkins. )
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Causes

More common in females; seen in 20% of women in the United Staces,
Canada, and Europe.
Hereditary predisposinion.

IMAGING

Ultrasound:
Firzt-line imaging modality for gallbladder pathologies (Fig. 3-23).
demonsirates multiple echogenic (bright) foci within a distended gall-
Bladder with dense distal posterior acoustic dark shadowing (flashlight
st ) sugeestive of gallstones.
Always look for associaced dilatation and calculi within the biliary

I LII]CI-'] SYsTem.

] 1 = % : -

! Limitations of ultrasound include subopramal visualization of gallblad-
der due to body habirus; inadequate distention, or overlying bowel
=5,

Characreristic indings include thickened gallbladder wall, perichole-
cystic fluid, positive ultrasound, Murphy's sign (rendemness overlying

RUQ) (Fig. 3-26).

o 851:17 am
LONG GB v [ 150mm

G

£BdB IS1/+2/3/4
Gain=  BdB

FIGUR E 3-25, Ultrasound demonstrating gallstone within the gallbladder that produces
a bright echo and causes a dark acoustic shadow, giving the characteristic “headlight”
appearance.
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Abdoman
General

FIGURE 3:26. Ultrasound demonstrating acute cholecystitis includes thickened
gallbladder wall and pericholecystic fluid.

Hu:p.;ltnl\:ili.wy iminodiacetic acid (HIDA)Y scan {clit:l::&uinligra.ph',']
(Fig. 3-27): May be used in cases where ultrasound is unavailable. Te-
labeled iminodiaceric acid is injected via an IV catheter followed by se-
guential imaging. Hepatic uptake oceurs within the first 15 minutes and
the rracer reaches the dusdenum in | hour. Obstructing gallstones are
characterized by lack of uptake of the tracer in the gallbladder and the
cystic duct. Gallbladder contraction can be assessed by amount of tracer
Lnl!‘f\lllﬁ Jl‘[ er .|\,1|I'|l|'|.1 SIrat il.:ll'l t'lf \'.]'lt‘l.l.'ll..'.'!f!itl.'l'kill LEY.
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Cause

[ most common causes are gallstone disease and alcoholism.

Locarion

CAnCreas is i I-.'||'l"|.'i'l1|-"'|'|l.'ill CFDETATY.

ImacING

Plain x-rav: Mot warranted; however, hndings may inglude:
J -:I\.' -Iu.l."-.!i"\-‘-.l .|I'l,|l MM
The “sentinel” loop sign, referning vo a localized dilated small bowel
Prominent air illing and distention of the duodenal loop (“ileus™)
The “colon cucodf” sign, refermng o the .:I\ml\l cutoff of the air col-
urmiy within the distended transverse colon at the -aplunn.' flexure
Pancreatic ealcihcations, which can be seen with chronic cases

CT:
May be equivocal if done 48 hours prior to onset of symptoms.
Characreristic findings include bulky, swollen pancreas with surrounc-
ing edema; localized fluid collections; abscesses; pancreatic ductal dila-
ation; and assoeiared complications.

qse based on

There are various scoring systems ro-grade severity of
CT hnadings.

X —
Complications of poncreoti-
fis include:

| Plevral effusion
Pseudoyst
Hemarrhage
Preudoaneurysm
Splenic vein
thrombosis

Portol vein
thrambosis
Superior mesenteric

wein thrombaosis

FIGURE 3.29. CT of the abodmen demonstrates

FIGURE 3-28. CTof abdomen demonstrales pancreatic necrotizing pancreatitis affecting the tail (N) and part of
pseudocyst with peripancreatic stranding in a patient with the body of the pancreas. Motice the normal pancreas
pancreatitis. {P) which does not enhance.
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PET utilizes fluoredeoxyglu-
tose (FDG), and is copable

| of diognosing malignant

| invalvement of normal-

| sized nodes that may be
missed on other imoging
fechnigues.

¥

| cer is the Bth most comman
| malignancy.

| Wnrlch.-i;Ia, esophogeal con- 1

TrPes AND LocaTion

Squamous cell carcinoma accounts for 60% and is common in upper
esophagus.

Adenocarcinoma usually dl-"'-'l.'iﬂrki from ul'g,'sp]ﬂ:-rii: lower ;::i:'.up]mgu.li ( Bar-
reir’s esophaous).

IMacing

Early cancers (limited to mucosa and submucosa with no nodal involve-
ment) may be diagnosed on barium swallow done for evaluation of dys-
rhagia.

Advanced rumors may appear as a mediastinal mass on plain filoy, and
mav ¢anse esophageal dilation with mr fluid levels, and achalasia.

For accurate staging and treatment planning, cross-sectional imaging
with CT and endoscopic ultrasound (for depth of involvement) are rec-
ommended,

Positron emussion tomography (PET) is increasingly used for more accu-
rate staging due to greater propensity o diagnose metastasis.

FIGURE 3-30. Esophagogram demonstrating squamous cell carcinoma of the esophagus.



ImacinGg

The only useful information on plain x-ray is presence of free intraperitoneal air in cases of pene-
trating visceral injuries.

Ulerasound is useful for rapid screening {(focused assessment with sonography for travuma [FAST]
scan) (Figs, 3-31 and 3-32).

CT s the imaging modality of choice (Fig. 3-33-3-35).

in_Es l! -
e ] -

=

FIGURE 3-31. Ultrasound demonstrating normal FAST exam,

IHI.'prrulm.-L_-;l_ wilh |:.c||||i_\'\.i1||:. frowm Stead 1,03, Sieal Sh, R NS: s Addd for the Seergery € -:II1'-'!~Nr”.|"- Mew York:
MeCirm=L011, 2004 100§
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vusiroInTestinal Kadiology

FIGURE 3-32. lllusiration of the four views for the FAST exam and where fluid would be
seen in each view,

A atrienen; B, Bladder: B, fAuid: K, kidoess L, liver: S, spleen: V. ventnele |1{|.-|}r1n:[||fq_'d_ willi
|l\'lllli\.-.||:a||. fromn Slonie { K. “'llilllpllru"‘ Rl Current “‘J'r.r,'_:rdrr\r'\ & Treatenent f'.'lm'r;"'c'uﬂ'
Medicine, 6tk ool New York: MeCeme L1l 2005, §

FIGURE 5-33. CT demonstrating liver laceration,
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FIGURE 3-34. Axial CT of the abdomen revealing extensive left renal hematoma and
laceration (solid white arrow).

Maas nate 1 -|||- e Mweeration witl -|||--..|:.--|||.|| lieimatoni Logacin Ilack arrew )

FIGURE 3-3%5. Coronal reconstruction revealing extensive left renal (open black arrow)
and splenic injuries (solid white arrow).
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HIGH-YIELD FACTS

Genitourinary
Radiology

Imaging Techniques
Apposinal X-ray (KiouerUreror/Buacoes [KUB])
Apporiraar {UTrasounn [LIS]Y
Anporiral Computin Tosmocrarty (CT)
ABDoatiMAL MR

Other Imaging Technigues

Renal Calculus Disease

Radiclogic Approach to Acute Renal Failure
Urinary Tract Infections

Renal Masses
Benosn REnaL Masses
Mavionant Renal Masses
Benicn Prosanc Hoirteorny (BPH)
Tesncuiar TORSION
RinaL ARTERY STENOSES
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Abdominal X-ray (Kidney/Ureter/Bladder [KUB])

See Figure 4-1.
It may be the nrsr dingnostic test to assess the genitourinary sysrem.
Rule our pregnancy in females of reproducrive age group.

See Chaprer 3 (Gastrointestinal Radiology) for how o read a plain hilm

(KUB).
Inpicarrons For KUB in EvaLuanon oF THE GU sysTEM
Kidney stones (Fig. 4-1).

Free air :i1'1LI!C11[i11]; r'u:r!-.)mtni viscera. Free air may be visualized under
the domes of the diaphragm in an upright view (Fig. 3-13). In sick pa-
tients, lateral decubitus view is helpful.
Abnomnal calcifications (Fig. 4-2).
Renal arenesis (see normal renal outlines in Fioure 4-2),
Ascites: Look for obliteration of peritoneal far pads, displacement of
bowel loops (Fig. 4-3).
Bowel obstruction: Look for air-fluid levels, dilated bowel loops, obwvi-
ous poines of transition. Small vs. large bowel obstruction (Fig. 3-12).
Foreign bodies (Fig. 4-4).
..“'-E’L‘.']‘L“:lll F"':Il]h'li"l”.“.".".

ADVANTAGES
I:'utcr.r
]lic:{]h.'nsi\.'-_-
MNoninvasive
Easy availabilicy

LisimaATions

ioloa\

d

VE

Renal outline may be obscured by bowel gas.
Radiation exposure
Mo tuncrional informarion

M

= Rerained bBarium from other procedures may interfere with visualiza-
= Lion.

=

©

= Abdominal (Ultrasound [US])
-5

ADVANTAGES

Inexpensive
Moninvasive, Ofe o] as Arse-line modalicy to image the kidneys i
Moninvasive, Often used as hrse-line modaticy o age the kidneys in
cases of acure renal failure.
It involves no contrast or radiation exposure andd is safe in [raticnis with
Llcr;liiyuLl I’CiLII'IlJ'\_' funcrion.

LisITATIONS

s |‘nn'iﬂu..-:' no functional infornation
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FIGURE 4-1. HUB with contrast, (Le., intravenous pyelogram, or IVP) demonstrating stone
at the uretero-vesicular junction (UVI) (white arrow). Note dilated ureter proximal to the
stone (black arrow).

Kfojoipoy hivupinojyuag
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r i
FIGURE 4-2. KUE demonstrating bilateral adrenal ealcifications (black arrows). Can be
seen in infections.

Mol normal locations of nght kidoey (RK} which is lower than the left kidney (LK) { Repro-
duced, with permission. from Chen XYM Pope Jr. TLOOW D) Basic Radiology.
httpefaccesmedicine. com, MeGraw-Hill, 2008,)
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FIGURE 4-3. HUBdemonstrating an increased density in the Ivic cavity with central
and upward displacement of bowel loops, and obliteration of Plr:bnﬂt'lu::rp.:ds Toa 1o
ascites.

i H-.:pr:u!ln‘clL wille '|:K'I1:|:Ii:“ll.lll. oo hen :\!‘l'_'i.ll IJ“]J'-' jl.. M.« n I]]. F-mu'

Renelioafoey.
1ilLP:IIAL‘L‘E\A'IJI.‘KIiLl"t‘.I’.UlI:I. !l.lt.'l: :-:.m.-i]ill. TS mim ngy
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FIGURE 4-4, KUB demonstrating battery pack in rectum.

(Reprodiced, with permission, from Knoop, Stack & Storrow, Znd od. Atfas of Emergency Med-
reine. hitpafisccesmedicine.con, MeGrm-Lhill, 2008

Whar To Loox For iv A Renae Uttrasouno (Fic. 4-5)

1. Kidney size: Large variation in size based on age. Length ranges from
10-14 em and breadth 3-5 em.

2. Location: Normal location is recroperitoneal, paraspinal, behind the
liver on the right and spleen on the left. Righe kidney is lower than the
lefr due to the liver

3. Renal outline: Should normally be smooth. Irregular outline may be
from masses or scars.

4. Corticomedullary differentiation: Cortex appears hypoechoic (bright)
relative to the medulla, which is hypoechoic. In a normal kidney, this
differentiation is well maintained, as seen in Figure 4-5.

Innrcarions

Hﬁmnuphmsis: Appears as q::llycr:a.l sp]irting. I cases with disral ob-
struction, proximal end of dilared ureter may be seen.
Calculi: Appear as echogenic (bright) strucoures with distal acoustic
shadowing,

+ Cysts: US is extremely useful for delineating cystic vs. solid lesions and
defining cyst characteristics (Fig. 4-6).

¢ Renal masses (Fig. 4-7, angiomyolipomal.
US puidance may be used for kidney biopsy, e, in medical renal dis-
ense (Figs. 4-8 and 4-9).
Renal artery stenosis: Combined with Doppler, US s the screening
medality of choice for renal artery stenosis (Fig, 4-10),
Enlargedf shrunken kidneys: Enlarged kidneys may be seen in Amyloi-
dosis, Multiple myeloma, Diaberes mellitus. Acrophic kidneys may be
post ehstructive or post infective (Fig. 4-11).
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[Delete Set

FIGURE 4-6. Ultrasound of the abdomen revealing multiple cysts in the right kidney in a
patient with polyeystic Kidney discase.
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FIGURE 4-7. Ultrasound of the abdomen demonstrating an echogenic mass within the left
renal cortex (hatchmarks), consistent with an angiomyolipema.
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3:17:38 pm

PORTABLE : SRS ]
; HC4.0MHZINEL

Abdomen |

LONG LIVER RT Frg Cmpnd ¢

66dB  S1J+2/2/5
Gain= ?dlﬂ A2

Store in progress

RLQ
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N68dB T1/+2/3/ 4
¢ Ggin= 12dB =2

FIGURE 4-9. Ultrasound of the abdomen demonstrating biopsy needle (arrow) within lower pole of right kidney.
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FIGURE 4-10. Ultrasound doppler of the left renal artery depicting diminished distal
wave forms in a patient with significant left renal artery stenosis (also see Fig, 4-27,
angiogram of bilateral renal artery stenosis).

OHG wae 1-5

IF-E:I:II'{KJI[1I~IE"r' k : HS.W: 160mm
A : e Abdomen

LPO . RET s |

BdB  ST/+2/3/4
4B a=2

DiEt=5.32em

FIGURE 4-11,. Ultrasound of the abdamen depicting atrophied right kidney (hatchmarks).
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Abdominal Computed Tomography (CT)
(See Figure 33 for normal abdomen/pelvis C° eross section, )
ADVANTAGES

Excellent cross-sectional imaging modaliey thar provides functional in-
tormarion as well.

Ir may be done with or without conrrast.

Check kidney funcrion before contrast admmistration.

Monienic contrast prefermed because of reduced side effeces.

LirsiTarions

e
Radiarion exposure
EK“I.‘]'I‘-!‘-"L‘
Conrrast exposure

Wien 7o Oroer Asponinal CT

Three common indications are:

1. Renal stone disease (painful hematuria): Noncontrast OT is becom-
ing the gold standard for detection of renal calculi {F|l_:_ 4-12Y. Ir is
highly sensitive and specific in picking up even small caleuli (2 mm).
Remember to look for proximal signs of obstruction.

2. Renalfbladder masses (painless hematuria): CT can delineare exact
extent, characreristics, vascular involvement, lymph node, presence or
-|||":"L'::IL'L' o L'.Il.L':I|1.l.'.I||l.1I1. .‘\;nj'u,": |‘-n| |!'l|;|LEJL'| Mas=es, {1,'51..1-»..;_'|_r|1'!.' t'|'|.il,'\.\." E‘i.'
II-"'.'-.l Tor uiir\'fl visualization of the mass :I|‘|-LF -.'-|\1;|.1|'||_|'|.:_: ]\:up_ql_; O Cavter-
izarion of active bleeding sites.

3. Trauma: CT is helpful in estimating the depree of trauma. It also pro-
vides funcrional information and is helpful in staging, which i used for
prognosis (see Figs. 4-28 and 4-29),

FIGURE 4-12. Renal stone (arrow) on noncontrast CT.
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Abdominal MRI

Apvantaces over CT -"f_' X

Excellent solt tissue detail (Fig. 4-13). MRI n_sexlmmu!y useful
Betrer for staging genitourinary malignancies. for ﬂmg,mﬂng intrauterine
Nu r:.n]l-.ll,n WY CNPOSLTE. g:rllluunrlm",rumului

Provides funcrional information i patients with contraindications to | like renol agenesis,
iodinated contrast.

polycystic kidneys, which
LiviTanions may be missed on ontenatol
Us.
Expensive

Limited availalilicy

<
(1]
=
—
(=]
—_
—_—
=
=
g
-
=
=
S

FIGURE 4-13. MRIof the abdomen in a patient allergic to iodine depicting multiple cysts
in bilateral kidneys.
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CONTRAST STUDIES
Conrrast agents used are iodinated and may be intravenouws (IV) or intracavi-
wary (1C).
Excretory wrogram, retrograde urethrography, retrograde pyelography
and voiding eystourethrogram (WMCUG) (Fig, 4-15).
Excrerory urogram s the most widely used. Sp;::;l:ﬂ madihcarions in
clude Furosemide challenge o rule our pelvivreteric junction (PUD ob-

SITCEION,

%"

Excretory urethrogram (also known as an intravenous pyelogram, or IVP).

FIGURE £-14.

&) €D &N

- A

FIGURE 4-15%. Mormal voiding cystourethrogram (WCUG).
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|
NucLear MeDICINE STUDIES

Benal scans are particularly helpful to evaluate renal function in pa- :
tients with contrast allergyfsensitivicy. |
Types of nueclear seans inelude DMSA, Te-MAG 3 (Fig. 4-16).
DMS A scans are indicated for localizing renal tissue, for example, in I
cases with ecropic kidneys.
Te-MAG 3 are used in the following cases:
Ohstructive uropatchy (Fig. 4-17).
[{L‘“h '-1.'."|:n.'|.:|E'.|r i'l}'pi;ln:t't:ii.ﬁl'l.
Renal transplant evaluation.

=
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o 1 20 W 40 50 &
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norta peak Eime = 1h secands
LT Eidney prak Eine = 28 seconds

RE Eidney prak time = 0 seconds
LE Eidery/dorta slope ratie = 8.71
Re Kidney/morta slepe ratls - b.@o

- Dilgweriall Ronad Fusclion-—————————

|
| Lt Kigney = S|

@ Bt Eidney = 'El't;

Aojoipny Aipupanojiuag
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FIGURE 4-16. MAG 3_{M_npupw .lolt'ﬂ _jl__ﬁ&ﬂlr_m}_unll scan.
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Remember: Ureleric coleuli
within the pelvis nzed 1o
be distinguished from

| phleboliths. “Rim sign” is
soff fissue density oround
the hyperdense lesion and
represents ureteric wall
edemn.

FIGURE #£-17. Te-MAG 3 kidney scan (A: Pre-furosemide, and B: Post-furasemide). A
shows minimal cortical activity. B shows retention of tracer within a dilated collecting
system in a patient with right obstructive uropathy.

Causes
Merabuolie, structural defecrs, and recurrent infections
InaaGING FINDINGS

Moncontrast CT of the abdomen is emerging as the imaging test of choice.

Contrast enhancement may be used for funcrional assessment. X-ray KUB
may still be the standard initial study. Only mdiopague stones can be de-
rected with x-ray. Excrerory urogram can demonstrate the level of absoruc-
tion. Persistent nephrogram and contrast column are highly sugpestive of
obstruction.
Rule out associated conditions and causes of medullary calcification:
Renal tubular acidosis.
Hyperparathyroidism.
Sarcoidosis.
Hyperoxaluria,
Hypercalciuria.
|n'EEliuu5 L ] R Tl]l‘\'rl.'l.] ll?‘;j‘h. xand }11“,.:]'-'!]]“]1.1!1 LhECRLES ]"y!_"li'll]l;_"‘l}l'l”[itl
(usually associated with Proteus infections, needs 1o be differentianed
from malignancy).
Rarely, calcifications may be seen with malignancies, especially new-
roblascoma, Wilms' rumor,

Inrerventions for obstructive caleuli:

Percutuneous |it'liutriphy: The |‘r1,'.'1L':|r1|,: af 1 caleulus |"'5' dhock waves or
crushing with a surgical instrument in the urinary system into pieces
small enough to be voided or washed ou—called also ltholapaxy, licho-
ity

Percutaneous nephrostomy: Placement of 4 stent from the renal pelvis
1o the outside of the body

Percutaneous nephrolithotomy: Surgical removal of the stone,
Retroprade srone extraction for bladder or lower urereric caleuli,

134



CAUSES
L :.!In'.‘lu I-l I:Eiﬁl-ll'\.' -3 ||1\' most ill]|‘l.'l!||.II:I1 [‘.IIE 1||-||:'||k' '.'r'\'l!'klll.'l.
IMAGING FINDINGS

Ulerasound is the first-line imaging test. Rule out obstrucrion and re-
versible causes and vascular p.l[i‘ul|-=-'_:',' like renal artery srenosis.
Moncontrast T may be needed for devecting ureteric calculi. Contrase
enhancemenr gives funcrional assessment.

MNuoclear studies are |1L-||~1".|f in the assessment of ;'1-:—~t-rr.:11~pl:1n1 patients.

CAusES

Most common |‘|',|.1h|.rm.l|:'|:-.! Lrame-negative rods, disseminated !I:||‘|:_:..I| in-
fections in immunocompromised/A1DS hoses.

Fenal uberculosis is rare within the United States (Fie. 4-18).

Rare infections: Disseminated fungal, tuberculosis. schistosomiasis, and
xanchogranulomarous pyelonephriris.

Spectr Ulncomplicated LTI — Cystitis — Pyelonephritis — Peri-
nephric alscess — Pyelonephrosis

May be complicared or uncomplicared.

Lower rrace infections are usually uncomplicared.

Routine imaging not indicared in uncomplicated UTIs.

Most common pathogens: Gram-negative rods; disseminared fungal in-

fections in immunocompromised/ATDS hoses,

Renal tuberculosis is rare within the United Staces ( Fig. 4-18).

Fare infections: Disseminated fungal, tuberculosis, schistosomiasis, and
xanthogranulomatous pyelonephritis.

Indications for imaging: Recurrent infections, complicared course, de-
ranged kidney funcrion, nonresponsive o susceprible antimicrobial
treatment,

FIGURE 4-18. Abdominal CT showing densely calcified nonfunctioning right kidney (putty
kidney) due to langstanding tuberculosis,
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IMAGING FEATURES

1. Acute pyvelonephritis (Fig. 4-19)

Limired role of imaging in diagnosis and management of these pa-

E1enits.

Utrazsound
Can rule our structural defects and abscess formation in recurrent
and nonresponding cases. Kidneys may have a globally hypoechoic
(darker) appearance on ultrasound in acute cases.

U dimercaptosuccinie acid (DMSA)
Peripheral defects can denote edema or scarring.

Cx l]11i‘|!h_'.] I‘1'IJ1EL!-|:T.!i‘|‘|'!,' (CT)
|\k'fir']‘ll.'1'l.t] '-t'ud;_:c-s-]mi\.'x| hﬂm..lx'n.xu areas, which need to be differ-
entiated from infarcts.
Drabetics are predisposed to development of emphysematous pyelo-
nephritis and evstis (Fig. 4-20), which is a surgical emergency and
needs timely debridement. Plain x-ravs can diagnose air within the
renal region. However, it may be difficult to delineate from bowel
gas. CT is confirmarory and assesses exact exrent of involvement.

FIGURE 4-19. CT abdomen demanstrating nonenchancing focal areas in right kidney
compatible with pyelonephritis.
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FIGURE 4-20. CT abdomen demonstrating air in the lumen and within the wall of the bladder (arrows) consistent with
emphysematous cystitis.

2. Perinephric abscess (Fig. 4-21)
Rare complication. Abscess formarion around the kidney.
|"1,'-..'|1 Hn.-p]'urn:ii:i unplu.—.x' abscess formation within renal i'rq'll'i.'f'll..'E'I".'I'l'l':l.

FIGURE 4-21, CT demonstrating peripherally enhancing abscess around the kidney
(arrow).

Reproduced, with penmission, from Fanagho EAC MeAnmich PWE Smith's Gerral Urofogy, 61l
il h.|||1 Heecesmeedicime. com, NG vl |i“, 2 |
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3.

Renal tuberculosis
Tuberculosis of the urinary tract is an important clinical problem be-
cause of its nonspecific clinical presentations and varying imaging ap-
pearances.
Kidneys are gencrally involved secondary to the hematogenous
spread of the Mycobacteriim from a primary pulmonary focus.
Tubercle bacilli form renal cortical granulomas, which coalesce o
ities may rupture and communicate with the pelvi-

torm cavities. Can
calyceal system.
The end resulr of the disease is destruetion, loss of funetion, and eal-
cification of the entire kidney:

In later stages, common findings include a deformed renal outline,
calcitcarions, cavitarions, and striceure fonmation.

Ultrasound may be helpful in demonstrating calyeeal dilation and ob-
SCPUCTION.

CT will demonstrate focal caliectasts, hydronephrosis, calcifications,
cortical thinning, and soft tissue masses.

In early disease, excretory urography is the imaging modality of
choice as it may derecr changes within a single calyx.

Benign Renal Masses
ANGIOMYOLPOMAS

CAUSES

They may occur sporadically or as part of syndromes

IMAGING FINDINGS

Plain x-ray findings vary, depending on the size and number. These in-
clude defect in renal contour, lucency due o underlying far, and ocea-
sionally calcificarion.

On ulrrasound, angiomyolipomas appear most commonly echogenic due
to tissue interfaces and fat. There may oceasionally be evidence of cavi-
tation and calcification (Fig. 4-22).

CT sean is helpful in demonstrating Hounsfield Unic (HUY value com-
patible with far. Porential complications include hemaruria and retro-
peritoneal hemorrhage.

ORNCOCYTOMA
IMAGING FINDINGS
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Lh:lmu_wriﬂ ic radiologic feature is central stellare sear composed of fi-
brows tissue.

Angiography reveals a distiner “spoke wheel partern” constituted by ho-
mopenous blush and enhancing blood vessels.
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FIGURE 4-22. CT demonstrating angiomyolipoma.

{ Reprodugced, with penmission, from Tanagho EA, MeAnnch W Smith's General Uralogy, 6ih
el hittpffaccossmedicine.comn, Mol Lill, 2008}

B
=
3

Malignant Renal Masses

o

1. RenaL CELL Capcincma (RCC) [ S
—

IMAGING FINDINGS + The most e =4
i . renol molignancy. =
Excretory urogram may reveal mass effect in renal regions with calyeeal Recent advances in L
splaying hydronephrosis, In smaller masses, however, it may be entirely cioss-secional =
normal. imaging b =
; : T sy i : : nging hove

Ulrrasound is excellent in differentiating cystic from solid lesions; how- bled early e

ever, it is inferior in detecting tumor extent and staging. Smaller solid datection of dise E
isoechoic lesions may be entirely missed. i ;":; = -

CT scan is the imaging modalicy of choice for the staging of renal cell in localized sloge. -

=

-z

carcinoma, CT features vary according to the size and ype of lesion.
Most commonly, these appear as heterodense, heterogenously enhane-
ing intrarenal masses, which may cavse irregularity in renal contour. —

Other features include calyceal splaying, stretching, distortion of inra- —x 1I e ——
renal architecture, abstruction, vaseular invasion, and lymph nodal and e ]
distant meraseases (Fig. 4-23). A solid renal mass is
MR is superior to CT for imaging the staging of more advanced disease. | presumed molignant (RCC)
It is more advanmgeous in detecting exact exrent of rumor thrombi and | unless proven otherwise.

has replaced venography for detecring venous involvement, Triad of RCC (pain, flank
Imaging plays an excremely crucial role in preoperative planning and miass, hematuria) is seen in
Prognosis, 10% of patients.
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FIGURE 4-23. Contrast CT of abdomen and pelvis demonstrating RCC.

(Reproduced, with permission, from Timagho EA. MeAnnich W Smith s General Urology, Oth
cd. hitp faccesmedicine com, MeCGrama-ill, 2008.)

2. Transmonlal CELL CARCINGMA

Locarnion

May arize anywhere from the collecting system to the urinary bladder.
IMAGING FINDINGS

Excrerory urogram is most sensitive i diagnosing carly lesions involy-
ing the collecting systems. When large, they mimic RCC. CT is helpful
in delineating exrent.

For accurate staging, cross-sectional imaging with CT/MRI is employed.
MRI is more wseful than CT in estimaring tumor mvasion and perivesi-
cal far invalvement, Also, MR is more useful in delineating tumor mass
fromm scar tissue in postopertive cises.

Cystoscopy remains an extremely useful imaging lt:-:illliql.ll..' for bladder
cancer. which allows interventions for diagnostic or therapeutic put-
I'\l L1l
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ADREMAL ADEMOMA

Iz o common benign tumor of the adrenal cortex. Oecasionally it is

funictional, and cavses an endocrinopathy.

The typical imaging features of an adrenal adenoma are those of a small

homogeneous mass.

They are often not detected at ultrasound. At CT, which should be the

firse imaging study, the adrenal adenomas have a smooth rounded ap-

pearance with a low density (Fig. 4.24). An attenuation value of under

W HU on a post contrast (1 hour) has a high sensitivity and specificity

for the di sis of adenoma.

COn MREI, adenomas are usually isointense or hypointense to liver on

both Tl and TZ2-weighted images. The tumors enhance after intrave-
|

s gackolimm.

FIGURE 4-24. Abdominal CT showing right kidney adrenal adenoma (arrow).
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Benign Prostatic Hypertrophy (BPH)

» BPH has a high prevalence thar inereases with age.

= BPH arises in the central gland while prostate cancer typically arises in
the peripheral gland.

= Ulrrasound is a noninvasive, cost-efficient imaging modality and is of-
ten the first line imaging study. It may be used for biopsy guidance for
definitive diagnosis. Approaches used may be transrectal or transabdom-
inal.

« Sonographic appearance of BPH is variable. BPH may appear as a single
or as multiple nodules within the transition zone which may be sur-
rounded by a thin hypeechoic rim thar clearly delineates them from the
adjoining rissue (Fig. 4-25). The nodules may be hypo, 150 or hyper
echoic with respeer to the surrounding gland, Unlike prostace cancer,
they do not cause capsular disruprion. US may also be used 1o image the
kidneys in order to rule out back pressure changes.

MRI is not routinely used for imaging as is very costly. It does however
provide much superior resolution of internal prostatic anatomy, berter
delineation of glandular from stromal tissue in the prostate, and an ac-
curate estimate of prostate volume.

CT has exeremely limited application due w its inability to define in-
traprostatic zonal anatomy,

g
==

Genitourinary Rudiology

FIGURE 2-25. Endorectal US showing benign hypertraphy of the prostate gland.
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Testicular Torsion

Torsion is twisting of the restiz within the scrotum causing venous ob-
struction and eventually arterial obstruction and vascular compromise.
It s most commonly seen around the time of puberty bur also occurs in
neonates. Intrauterine torsion has alsa been deseribed.

Liltrasound scanning is quick, readily available and the imaging modal-
ity of choice in these patients. [t shows a swollen and hypoechoic testis
in the carly phase with a sympathetic hydroele (Fig. 4-26). With in-
creasing duration, secondary hemorthage may cause areas of increased
ecchogenicity.

Dappler ultrasound of the cord shows reduced arterial signal. Absent
flow within the testis strongly sugpests torsion.

Technetivm pertechnetate scanning has been used ro demonstrate hy-
poperfusion of the testis bur is now replaced by ulorasound,

FIGURE a-16. Doppler ultrasound of bilateral testes shows swollen up right testis with
hypoechoic areas within and absence of flow suggesting testicular torsion with necrosis,
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Renal Artery Stenosis

Artherosclerosis and fibrosing lesions of the walls of the vessels {fibro-
muscular dysplasia) are the most common causes of RAS; atherosclero-
sis bheing the most frequent cause.

Features on hypertensive urography, which is no longer performed in-
clude disparity in the size of the two kidneys with delayved appearance of
the contrast medium inte the calyces. Also, urine flow is decreased re-
sulting in a 5-|'!'i:|jl:!'!|' [lychngr.lm. The affected side may shiow grearer or
lesser radiodensity than the other side. Ureteric notching due to collat-
erals may be seen.

J.-}-.:-pi!lr.'r 1.I|I:l:1:::11t|:'|.1! 15 'll.‘iﬂ.‘ti T8} ..,‘-“ILL'F rl.,"'l.'li'll ill"[!_'l"r' 'l."l._'ll:"._l.[il;_'."‘ ;I“l.,l WY E=
forms. Increased renal: acrtic velocity ratio (= 3.5), peak ren
velocity of 2 100 emfsee, slow rize to peak velocity (pulsus rardus) are
some of the features which may be nored.

Muclear imaging using Te-MAG 3 before and after the administration
of eaptopril (an angiotensin-converting enzyme (ACE) inhibitor) nuy
be used. A positive ACE inhibition scintigraphy examination indicares
!h"“ FL'I'll.l\'il.‘“.'l.lll-;'ll.' 11"9.'!‘1.'Ttl..:'|.'|.‘i'|l:ll'l 5 I!FL'SL‘HL' :I“LI il'l'il'\l il_'h [hL" CXISECICe |rr
hemaodynamically significant renal artery stenosis.

Angiography is ugsed for eonfirmation of diagnosis. Findings include a
delayed nephrogram and a stenosed segment with poststenotic dilara
rion (Fig. 4-27). Renal vein sampling can detect the increased renin
levels, which localize to the involved side in the setting of renoviscular
hyperrension.

Today, CT angiography with MIP and MR angiography with (310 dy-
namic gadolinium enbanced and phase contrast techniques have
emerged as noninvasive methods for the evaluation of vascular stenosis.

FIGURE 4-27. Angiogram demonstrating bilateral renal artery stenoses at the origin
(arrows). Accessory renal artery is noted on the left side.
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Radiosensitivity in pregnancy varics acconding to gestational period and
amount of radiation exposure.
Porential hazards of ionizing radiation:
Congenital malformations
Prenatal death
Girowth restriction
Neurological defects
Increased cancer risk
First 2 weeks: Dases = 5 rads cause damage (usually miscarniage).
3 1o 15 weeks: Most sensitive stage s berween 8 and 15 weeks.
Threshold dose is 30 tads before any apparent offeer. Effecrs ar this
stage are primarily nevrological, like mental retardation.
16 1o 26 weeks: Adverse effects seen only with extremely large Jdoses
of radiation exposure.
Beyond 26 weeks: Radiosensitivity similar to thar of newborn. Main
adverse effect is small increase in likelihood of cancer in later life.

Ultrasound in Pregnancy

'.Jltnl.‘“ “”'h.l 5!.:““]']"““ 'i:i an 'inti.‘j_:r.ﬂ r'i"t Ht- '-'I“{'l:“ﬂl“l L L '{.I‘Lt 15 Ci |'|'IZ‘1“.i‘
1 ered o be a safe, accurare, noninvasive, and cost-elfective investigation
in pregnancy and fetal assessment (Fig. 5-2).
Approaches may be ransaldominal or transvaginal.
Full Bladder required for acoustic window and good visualization of pel-
vic contents in transabdominal approach.
Its main vses in early pregnancy are for:
Diagnosis of early pregnancy
Confirmation of site of pregnancy (intrauterine vs. ecropic),
Assessment of vaginal bleeding and viability of the fetus
Evaluation of feral number
The gestational sac can be visualized as early as 4% weeks of gesta-
tion. Is locarion is usually fundal and has a resular outline wich thick

s and f-"fw';'ir.-lngy

-
= echovenic walls (Fig. 5-1).

5 The yolk sac is seen within the echolucent gestational sac at about 5
= e

= The feral pole can be observed and measured by abour 5% weeks. Fe-

tal hearthear is usually seen and derecred by pulsed Doppler ulira-
sounsd ar abour 6 weeks.

Crown-to-rump length (CRL) measurement can be made berween 7
and 13 weeks and LRV O Very accurabe st non of the gg‘.-'-tntini‘lall
age. In early cases if the feral node s seen, mean sac dinmeter (MS0)
is wsed for pregnancy diting purpose, From the second rrimester on-
wirds, biparictal diamerer (BPD), head circumference (HC), abdomi-
nal circumierence (AC), and femur lenoeth (FL) are the parimeTers
most commonly used for marority assessment (Fig, 5-3).
Visualization of the adnexal regions may show corpus lugeal cysts.
Observation of intermual os and cervieal !L'|1|,,r_[|| ICAELPCTe L may be
of value in assessment of cervieal incompetence.

Mure feral structures such as the face become apparent on thind tri-
mester ulirsound (Fie. 3-4).
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FIGURE 4-26. Doppler ultrasound of bilateral testes shows swollen up right testis with
hypoechoic areas within and absence of flow suggesting testicular torsion with necrosis.

FIGURE 5-11. Sonogram of ovaries.
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FIGURE 5-1. First-trimester ultrasound.
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FIGURE 5-2. Second-trimester ultrasound.
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FIGURE 5-3. Sccond-trimester ultrasound showing standard fetal measurements for fetal maturity.
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FIGURE 5-4. Third-trimester ultrasound depicting normal stouctures of fetal face.
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Ectopic Pregnancy

Ectopic pregnancy isa potentially life-threatening emergency. It is
the second leading cause of maternal mortality, and its incidence in
the United States in about 1 in 100 pregnancies.
This diagnosis should be eonzidered in any pregnant patient who
presents within the Dst trimester with abdominal pain or vaginal
Bleeding
Imagine Andings (Fig. 3-5):
Presence of an echogenic adnexal mass
An CIMPLY UIETEs
Free fluid in the pelyvis
Cardiac activiry outside the urerus confirms diagnosis
Treatment consises of hemodynamic stabilization, Rh (D) immuno-
globulin for Rh-negative women, and treatment of the ectopic
mass ¢ither aur-,:if'.ﬂ]'_.' or medically with methotrexate.

FIGURE 5-5. Tramsvaginal sonogram demonstrating an ectopic pregnancy.

Mote e Lirge ameount of free Busd (FF} i the pelvis. No antratenne pregmmncy was scen, A
large comples ccliogenic miss A was seen i hie lefi adnexa, consistent with an cetopi
IO % ~||||11||.' eyt (500 ks alsooseen, in the rl;.llll wdmesa, The arca within thee utems Tepe-

resenibs o sl fibroadd
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FIGURE 5-6. Endovaginal senagram showing impending spontaneous abartion.

MRI in Pregnancy

G}HNF;]:‘I. considered safe in pregnancy _ﬂ‘ If. E—
Should be avoided in first trimester if possible bec: safery has not | e o -
been fully established for this period ssinle Do mkmiboy _Snr:ugmphm ST Sl @
Gadolinium (MRI contrast ﬂgi:'l‘lr.} must be 5tric,[hr avoided because i o nhnrﬁun.n"mtsmrnage E-
has been shown to be teratogenic in animal studies. ﬂlﬂh{ﬁﬂ- >-l: o @
: em estational soc =
CT in Pregnancy (Fig. 5-7) with u:‘:rﬂgulur lining 2
CT scanning is. in general, not recommended for pregnant women be- MM]:"_i"g gestotionl .E'
sause of potential risk to the baby. soc within the lower =
Hnw-.avur, CT scan may be warranred when MECessary for evaluation of uterine iﬂgm!ﬂf o EhE E
the mother in the case of multitrauma, where the risk ourweighs the uleracervical region E"‘
benefit. Absence of cardinc =
activity beyond & weeks
of gestation
Abnarmal hyperechai
material within the
ulerine cavity
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Obstetrics and Gynecology

FIGURE 5-7. CT scan in a pregnant woman.

Nede geslational sac (armowhead )

Ultrasound
Most frequently used
Advantages: Mo radiation exposure, good visualization, casy accessibil-
ity. low cost

Hysterosalpingogram (Fig. 5-8)
Conrrast study to visualize the uterus and fallopian tubes
Method: Instillation of contrast via a cannula inserted in the urerus
through transvaginal approach
Normal hysterosalpingogram delineates smooth uterine contour with
bilateral tubes and bilateral free inl!r:lpi:r:itum::il :i|1-i]|.‘|gc of contrasr.
A blocked tube will result in conrrase flowing into peritoneal cavity
(Fig. 53-9).
I}I'L'L':“.lt'ii U R Illll‘.‘ Lt prrl_';n::nc‘!,‘.
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FIGURE 5-8. Mormal hysterosalpingogram.
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FIGURE 5-9. Hysterosalpingogram showing right-sided tubal block with free flow of
contrast material into the peritoneal cavity on the left (arrow).
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Benign
Mo rreatment or serial imaging needed in asymptomatic eases
NeorLasmic

Dermoid cyst of right GVary in an asymptomatic young wioman. Note thar left
ovary appears normal in size with evidence of an ovarian follicle (Fig. 5-10).

FIGURE 5-10. Pelvic CT demonstrating large dermaid cysts in the right ovary.

SNode the hf.]:fl’dt'il‘-’n: (olite) tooth. The ]1HHM.|1.'I15.L' arcas within the nght ovary represent fat.
Niode also the nommal left ovanye (L), and ilems (L1}
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Torsion

N

Cause
: 3 : ; Ovarian forsion:
Twisting of the ovary around its pedicle .

Seen in young femeles.
InaGING Rare in premenarchol
Ultrasound may reveal affected ovary to be enlarged and hypoechoic. Doppler ond pasimenapousal
reveals lack of vascular flow signal (Fig. 5-11). WM.

Clinical presentation moy
be nonspecfic. Some
moy present with acute
lower quodront
abdarminal pain with
nousen and vomifing.
Trentment is surgical. J

FIGURE 5-11. Sonogram of ovaries.

Pamsel (A) s ooy ultossonnd Doppler depicting hvpocchoe |.'|||.|r;;-;'l:| rght ovary will o Large ¢ walic area and Lk of vascular signal

on Doppler, consistent with torsion. Panel {1 shows nommal left side ovary withi nommal visenlatone

155




Obstetrits and Gynecology

Fibroids

Fil"ll.'illl.:lzi ':tl’.'"li}ll'l.fl'll'l'lﬂ.:i} ATE h{:“'ljﬂ"l TS \1!’.‘j|“l_:ll.'|lt|:1 I.'I"lul"l.:ll.: ﬂf.']l t?rlﬂltl'.l l.ll'l'.l Aare
the most common uterine masses.

Locanon

Fibroids are classihed as intramural, submucosal, or subserosal on the basis of
Ilu.:ir positon in n:Jatmn fin tlu: uterine 1.1.';1||..

InaciNG

They may be an incidental inding on pelvic sonosrams done tor other
purposes, On ulerasound, they generally appear as well-demarcared het-
eroecchoic masses. They may show foci of calcification. Ulrasound is a
useful and safe imaging modality: however, it is of limived value when
the fibroidzs are small or when the uterus is retroverted. [t may nor al-
ways be possible to differentiare a subserous fibroid from an adnexal pa-
thology on ultrasound. Endovaginal ultrasound better demonstrates
their internal architecture a5 compared to rransabdominal scans (Fig.
5-12).

CT features include focal/multifocal heterodense solid masses. They
may be lobulared. Focal calcifications may be seen, lrregular low-density
areas within are generally suggestive of necrosis.

On MRI, leiomyomas are seen as well-circumseribed masses of similar
or slightly low T1 signal intensity and homogeneously low T2 signal in-
tensity, relative to the adjacent myometrium. They may be seen to
cause distortion of the endometrial cavity. MRI is definitely superior to
ulrnsound in the evaluation of uterine fibroids. Flowewver, it is more ex-
PENSIVE.

UT LONG RT

FIGURE 5-12. Endovaginal sonogram showing uterine fibroid (black arrow).

156



Septate Uterus

fnic ]I
Cause EE.
Septate uterus 15 a congenital anomaly in which a fibrous seprum separates the ﬁ‘::_! vs. bicornuate
UEErine Cavity Into two compartments. : |
Seplate uterus is
IAGinG ucoted wilh peeiel
Ultrasound can frequently identify the septum, At hysterosalpingogma- fetal loss in the second
pliy, a seprate uterus is M.ISi'f'L'C{L'LI when the two urerine horns are sep- trimester. On the other
rated by an angle of less than 90 degrees (Fig. 5-13). hond, the bicernuate
The fibrous nature of the seprum is best confirmed by MRL which shows uterus is thought to have
i septum af low .~uj_rl1u.| :in.lu.'n\.ihl.' on both Tl- and Tl-wmghlmi S= E‘I.'I'le ar no d‘||1'|;:|| nﬂu‘l
quences. The fundal conrour is normal. on pregrongy.
Seplate ulerus can be
treated by hysteroscopic
division, whereas
; = : : bicornuate ulerus
EEDIE g s requires open surgical
repair.

=
1
o
—
el
——
[—J
E

FIGURE %-13. Pelvie ultrasound demonstrating septate uterus (arrows point to the two
endometrial stripes).

AGojoraudg pun sinjeisq0
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HIGH-Y I ELBSEAE T SSIN

Musculoskeletal
Radiology

Main Diagnostic imaging Techniques
PLair Fiuss
Comeured Tomocrarsy (CT)
MAGHETC RESCNANCE 1MAGING {MRI}
FLUOROSCORY
ULTRASOUND
DuaL Exercy X-way AssorPieomEeTry (DEXA)
Hiow 1o Descnbe Fractures
Spine
MorMAL CERVICAL SPINE ANATOMY
MNorkal THORACIE SPINE ANATOMY
MNORMAL LUMBAR SPINE ANATOMY
JEFFERSOM FRACTURE
Drenis (OpONIDID) FRACTURE
Harcaman's FRACTURE
BiLareraL OWVERRIDING FACETS 1 THE CERVICAL SPINE
FRACTURE OF THE POSTERIOR SPINOUS PROCESS (CLar SHOVELER'S FRACTURE)
HyPEREXTENSION INIURY
HyperFLENON [MIURY
BursT FRACTURES
WiEDGE COMPRESSION FRACTURE
THoRACE DisTRACTION (CHAMNCE) FRACTURE
SPONDYLOLTSS
MTIPLE MYELOMA
OSTEOPOROSS
DEGEMERATIVE CHANGES [N SPINE
ANKYLOSING SPOROTLITIS
SACRALIZATION OF L5

LUipper Extremty
MoRmalL SHOULDER
SHOULDER DISLOCATION
HumerAL HEAD FRACTURE
Cravicil FRACTURE
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Plain Films
WHEN TO ORDER

Most Appropriate sereening I!i:chnl'qm} if a fracture is susp-ecrf:d.
Plain films must be ordered before an MBI, for correct interpretacion.

ApvanTaces

Can quickly identify if a fracture or other suspected bony pathology is present
or not.

DISADVANTAGES

A fracture mighr not ke evident on one view and often several different
PrOjechions are necessary.

A fracture may be occult. (However, follow-up x-rays in 7=10 days
could be obtained if clinical supervision is high.)

Computed Tomography (CT)
Wren ro OrpER

To further evaluare numerous musculoskeleral disorders including neoplasms
and subtle or complex fracoure.

ADVANTAGES

Fast and efficient tuc]ﬁniquu
Good for bony and articular deeails
Both intravenous peripheral contrast and intra-articular contrast may

be given.
DisADVANTAGES

« More radiation than an x-ray !
Metal implants, for example, a hip arthroplasty, cause significant metal

arrifacr.

Magnetic Resonance Imaging (MRI)
WreEn To OrRDER

» To evaluate lignment or tendon injury
o To evaluate soft tissue masses
To evaluate stress fractures and osteomyelitis

ADVANTAGES

o Excellent for looking av soft rissue, marrow, ligaments, aond mormow
edema

» Both intra-articular and 1V contrast may be used o better delineare
anaromy/pathalogy

DisapvaNTAGES

« Many contraindications including cardiac pacemakers, metallic foreign
badies, cerebral aneurysm clips, electronic devices
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Merallic implanes cause artifaces thar limit image qualicy.
Some patients may be clavsrophobic.
Sedation may be required.

Fluoroscopy

Wren ro ORDER
Can be used for guidance during biopsy and aspiration _
Llsed for intra-articular injection of contrast before an MR1 or CT if re-
quired

ADVANTAGES

Real-time image guidance

DISADVANTAGES

Exposure 1o radiation

Ultrasound

WHeN 10 ORDER

For further evaluation of joints, soft tissues, and vascular structures

ADVANTAGES

1.': MW COAT

Availabilicy

oy

DiSADVANTAGES

taiol

L-}i'u:r.'itur durumlcnl

Dual Energy X-ray Absorptiometry (DEXA)

Wrien To ORDER

yskeletal R

Best test to evaluate bone mineral density (BMDY)

= Focuses on two main areas consisting of the hip and spine

= : i —
A Used o assess the srrength of bone and probability of fracture in indi-
- viduals at risk of osteoporosis

=

ADVANTAGES

Preferred technique for measuring BMD
Easy to perfonn

Radiation CRpOsne is lowe

Performed in about 10 to 20 minures

DisaDvaNTAGES

Cost
Osreoarthritis can confound resules of the DEXA scan.
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RIBE FRACTURES

= First determine the location of the fracture. Shafts of long bones are di-
vided into proximal, middle, and distal. ' '

© Check for intra-articular extension of the fracture:

+ Look for surrounding soft tissue swelling andfor foreign body,
Deseribe fracture type (Fig. 6-1) if appropriate.

Sample Presentarion

“This is a right wrist x-ray of Mr. Smith. There is a comminuted (racture of
the distal radius with inrra-articular extension. Associated soft tissue swelling.
Mo additional fractures identified.”

‘@~

#} %‘

*

FIGURE 6-1. Types of fractures.

A, greenstick fracture; B, displaced fracture, ©, comminuted fracire; 1, plistic deformity
(bowing); E, normal (no facture).
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Normal Cervical Spine Anatomy (Figs. 6-2—6-6)

PREDENTAL SPACE
<IN IN ADULTS
POSTERIOR

<5MM IN CHILDREN
& il LAMIMAL
: SPMNOUS PROCESS W
] :
!

VERTEBRAL BOD

; (i <Sum ™
SAULY
\

. “ . <22MM IN ADULTS—— @
. <14MM 1N CHILDREN
1@ \‘
y [N POSTERIOR ASPECTS OF
\ SFINOUS PROCESSES LINE
ANTERIOR VERTE au:ff’f /

BODY LINE POSTERIOR SPINCLAMINAL LINE
VERTEBRAL BODY LIKE

w7 -

FIGURE 6-2. Schematic of cervical spine demonstrating lines and predental spaces.
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FIGURE 6-3. Mormal lateral view of carvical spine.

FIGURE 6-4. Mormal AP and lateral view of the cervical spine.
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LARNRA

FIGURE &-5. Normal eblique views of cervical spine.

FIGURE 6-6. MNormal odontoid views of cervical spine.
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MNormal Thoracic Spine Anatomy (Fig. 6-7)

FIGURE 6-7. Mormal thoracic spine anatomy.

Mormal Lumbar Spine Anatomy (Fig. 6-8)
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FIGURE 6-&. Mormal lumbar spine anatomy.
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Jefferson Fracture

Locamon
%""__ Burst fracrure of the ring of C1.
Patients with a Jefferson s
fracture freguently com- Compression injury to the head,
plain of neck pain withou!
neuralogic symploms. Imacing Finpines
« Plain film open mouth view: Laveral masses of 1 are outwardly dis-

placed beyond the margins of the C2 vertebral body (Fig. 6-9).
« CT: Axial view shows the extent of the fracture throughout the ring
of C1.

FIGURE &-9. leferson fracture on plain radiograph (left) and CT {right).
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Dens (Odontoid) Fracture —\r_ ‘|'||
ey
Locarion Ddontaid frocture:
May involve the tip, base, or extend into the body of C2 = Type Il is the most
comman type of dens
Cause Fracture,
Flexion or extension injury that causes injury 1o the odonroid p ?rz:umr:il?iant:hp:l:!:iﬂ
plane, an oxial (T might
IpacInNG FINDINGS s this, ond coronal
Plain ilm/CT findings (Fig. 6-10): ond sogitiol reformations
_ : should be obigined.
Type |: Fracture involving the tip of the dens

Type 11: Transverse fracture involving the base of the dens
Type I11: Fracture extending into the body of C2

S
=
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g
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-

FIGURE &-10. Odontoid fracture.
1ot -_—
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| A hangman's frodure is one
of the most common inju-
ries of the cervical spine.

Hangman's Fracture

Locarion

Posterior element of C2, specifically the pars interarticularis
CAuse

Caused by hyperextension injuries

IMaciNG FINDINGS

Plain films: Fracture through the bilateral pars interarticularis best seen
on the lateral view just posterior the C2 vertebral body (Fig. 6-111.
CT: The above findings are best seen on the sagicial view,

FIGURE &-11. Hangman's fracture,
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Bilateral Overriding Facets in the Cervical Spine
Locanon

Cervical spine involving the facet joints

CAusE

Flexion/distraction force

IMacinG FINDINGS

Lateral plain film: 50% or greater anterolisthesis of a verrebral body rel-
ative to the adjacent one with locking of the facers at this level

CT: Sagiteal reformatred image shows the exrent of bony injury (Fig.
G6-12).

FIGURE 6-12%. CT demonstrating marked anterolisthesis at C7-T1 of the C7 vertebral

bady and locked facets.

T m—— . e L T

b achelatom, there are partially visualized spivons process rictuees of o and 7.
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Fracture of the Posterior Spinous Process (Clay Shoveler's Fracture)

Locarion

Posterior spinous process of C6CT. T, T2

&

A clay shoveler's fracture i Hyperflexion mjury
| most commonky seen ot (7. |

IMAGING FINDINGS

Lageral phtm film and s;lglli:ll CT: an nl‘l]n,uw fracture rl1n:u;:|1 the RORCL O Tl |
spinous process (Fig, 6-13).

FIGURE &-13. Clay shoveler's fracture,
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Hyperextension Injury

Locarion

Ligamentous injury in the anterior column is more common in the cervical w |

tham the thorcic spine.
Retrolisthesis of the upper
S vertebroe may impinge on
Backwards fall or moror veliiele aecident (MVA) the cord ond result in owte
tord syndrome in hyperex-
IMAGING FINDINGS lension injuries.

Lateral plain film and CT (Fig. 6-14):

Widening of the anterior intervertehral disk space and facer joint
Retralisthesis of the upper vertebral body

In two-thirds of patients, an avulsion fracture from the anterior inferior
encd plate is seen.

FIGURE 6-14. CT demonstrating widening of the anterior intervertebral disk space and
spinous process between €6 and C7 is suggestive of ligamentous injury.

T ——
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If there are rodiogrophic
findings of ligamentous
injury, without evidence of
o frocture, an MRI should
be done for further ossess-
ment.
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A Imrsl .frutluru is on
unstoble frociure.

—_————=a =

|
J

-
=
—
[=1
& —
-
=
=
=
Sm—
T
—
93
=
i
=
—_—
=
s
wln
=

Hyperflexion Injury
Locamnon

Ligamentous injury in the posterior and middle column

Cause
Whiplash mechanism in an MVA

IMAGING FINDINGS

Widening of the interspinous processes
Eyphosis on the lateral view
Mav also see anterolisthesis

Burst Fractures

Locarion

In the cervical, thoracic, or lumbar sping

Cause

DPue o a direct axial impact injury

{rmAGING FINDINGS
Plain film: May see anterior or posterior anterolisthesis of the vertebral
body (Fig. 6-15)
CT: Communicated fracrure of the vertebral body, with retropulsion of
fracture fragments into the spinal canal

FIGURE &-15. Burstfracture of the L2 vertebral body, with retropulsion of fracture fragments into the spinal canal.
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Wedge Compression Fracture
Locanon

Maost common at the thoracolumbar juncrion

Cause

Mest commonly due 1o malignancy or osteoporosis

IMAGING FINDINGS

Lateral plain film: Wedge-like appearance of a vertebral body (Fig.
B-16)
CT: G -|11[1|'u.-:-'.-1iun should invelve no more than the anterior two-thicds
of the vertebrae.
Wedge fractures are the most commen type of lumbar fracture.
All patients with wedge fractures with = 50% lass of height should
undereo CT o rule oot burst fractures.

1=
Lo
)
s
=]
e
=
-
=
=
an
o
-3
=

FIGURE &-16. Compression fracture of the T7 vertebral body.
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(hance frocture

» More common in children
than adulls.

= High ossoriofion with
abdominal ergan injury
and on abdaminal (T is

| recommended.

] Mﬂl l:d'ld o senl helt
frociure.

E
=
2
g

Musculoskeletal Radiology

Thoracic Distraction (Chance) Fracture

Locamon
Usually ar the thoracolumbar juncrion (T1=T12), but could be lower in chil-
dren (L2-L4).

Cause

Hyperflexion-distraction injury involving a lap bele or an unrestrained child
inan MVA.

IMAGING FINDINGS

= Plain hlms:
= Lateral: Anterior compression of the vertebral body (Fig. 6-17).
= AP view: May see missing spinous process,

= CT: Horizontal fracture through the spinous process, articulations,
transverse processes, pedicles, and vertebral body.

FIGURE 6-17. Chance fraciure.
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Spondylolysis

Locamon ¢‘ |
I.‘:”"'llltL'i ':1|1'\|||.I|1'\ most Ll."'['ll.llh'lill'f:l-! |..".|":|'| !.5- [= =
If there is bilatercl
Cause spondylakysis, it is colled
Originally thought to be congenital, bur usually it is the result of trauma. spondylolisthesis, which is
onterior displocement of
I8aGING FINDINGS one verlebral body relative
Lateral plain film: May see luecney in the pars interarticularis (Fig. fo the |:|[!||:II:EEI| bl

(-18) - ———

Obligue plain film: Fracture of the neck of the “Scottie dog.”

o

FIGURE &-18. Lumbar films demaonstrating spondylalysis.

Lncency throwgle the pies interartic wliras s best secn on the lateml view consistent with o pars

defect,
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Multiple Myeloma
Locamon

Skull, axial skeleron, ribs

Cause

Exacr cause not clear

IMaciNG FINDINGS

Mulriple Ivtic “punched our™ lesions (Fig. 6-19)

FIGURE &-19. Plain radiograph demonstrating marked lytic changes in the humerus in a
patient with multiple myeloma.
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Osteoporosis
Locarion

Spine and proximal extremitics

"q{:'l

g  Osteoparasis i o
Postmenopausal or could be due ro endocrine disorders such as h'f'l'"n""fmh'lth'ra dexrenss in bone oSS,
roidism, hyperthyroidism, hypogonadism, and hypercortisolemia n ﬂ?:u. stan, hane
dersity is compared 1o o
IMAGING FINDINGS! ﬂﬂwmﬂl Elﬂ yeor old
- - SO0ne),
Plain film: Biconcave and end plate compression of verrebral bodies

(fish vertebrae) (Fig. 6-20)
Thin cortical bone

DEXA: Lumbar spine, femoral neck, and wrists are evaluated, and T-
score should be < =2.5.

=
=
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FIGURE 6-20. Lumbar spine x-ray demonstrating marked loss of calcification in spine,
consistent with osteoporosis.

( Heproduced, with permission, from Wilsan F, Lin PP Chomnenal Cnthopodios. Mew York:
MeGraw-10ll, 199G: Figure 16.6.)
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Degenerative Changes in Spine

e Locarion
B = ] Cenvical, thomeic, and lumbar spine
DISH (diffuse idiopathic
5 Cause
<keletal hyperostosis): &
| degenerative chonge in | Degenerarive
| wihich there is colcification
ofthe onerior ongiludinal | 1MAGING FINDING (. 6-21)
ligoment with preservation Disk space narrowing
of disk spaes. Increased density of the vertebral body end plates
= Hypertrophic changes throughour spine

FIGURE 6-21. Several plain radiograph examples of severe degenerative changes in the cervical and thoracic spine. in
the cervical spine films, note multilevel disk space narrowing. hypertrophic changes, and facet arthropathy,
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Ankylosing Spondylitis
Locarion

Spine and sacroiliae Jones

X |

Cause k | 1
Ankylosing s fis
Autoimmune disease associared with HLA B27 muts = :ﬂum“ o
Iracive Frvoives (Fig. 6-22) oan helnssnmted with
ulcerative calitis,

Lateral plain film: Smooth symmerric syndesmophvees referred o as
“bambo spine”
AP plain film: Fusion of the sacroiliac joints

-

FIGURE 6-22. Plain radiographs demonstrating changes consistent with ankylosing
spondylitis,

Mote “hamboo spine” cervical spine (A), and lumbar spine iloncand fusion of the sacrotliac
painls { B

ABojoipuy [ojajoysojmsnly [N
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Sacralization of L5
Locamon

L3 and the sactum

Cause

N Lrma I wvariant

IMAGING FINDINGS
Unilateral or bilateral parcial fusion of L5 with the sacrum (Fig. 6-23)
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FIGURE 6-13. Sacralization of LS unilaterally, on the right.
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Mormal Shoulder (Fig. 6-24)

FIGURE &-2a. Mormal axillary view (left) and AP view (right) of the left shoulder,

-\

Shoulder Dislocation Anterior dislocations are
Lockion much more common
: than pasterior
Glenohumeral joint disdocations.
= Anterior dislocation is
: associated with:
Anterior dislocations are usually due to falls. Hill-Sachs fracture:
Posterior dislocations wsually due to seizures, electronconvulsive cher- Posteriar lateral
apy, or falls. impaction fracture of
the humeral head.
IacivG Finpines
Bankart fracture:
Anterior dislocation: Humeral head lies inferior and medial to the gle- Frociure of the
nobumeral joine (Fig. 6-25). glenoid lobrom.

Posterior dislocation: Humeral head lies posterior and superior to the
alenohumeral joing {]7i;-_1. 6-24).
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FIGURE &-25. Anterior dislocation of the right shoulder with anteromedial displacement of the humerus.

Postreduction Gl in the sine paticnl demonstrte nomal aligoment; however, there is abo a resaltant Hill-Sachs nmpEglion

I hire,

- -,
-
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L=

FIGURE &-26. Posterior shoulder dislocation.

N0AP view: (B axillinry view

185




Humeral Head Fracture
o Locamon
!
(=2
| Humerol head fractures
| usually oceur in the elderly.
|

Proximal AsPECt of the humerus

CAusE

L.I.‘ilJ.I"'l.' Llllt‘ oA I‘;l"

e —

IMAGING FINDINGS
AP axillary view: Linear or comminuted fracture through the humeral
head (Fig. 6-27)
CT: Shows extent of fracture and articular involvement

FIGURE &-27. Comminuted impacted fraciure invelving the left humeral head and neck.

Mote superolateral deplicement of the greater hiberosiby fmewents
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Clavicle Fracture

Locanion =

Meosr commonly (80%) oceurs in the middle third of the clavicle % III

Cause In children, he clovicle is
Ulsually resules from Jdirect injury to the shoulder mm:mﬂ frocture
IMAGING FINDINGS

Routine AP x-ray: Lucency through the clavicle which may result in a non-
displaced, displaced, or communited fracture (Fig. 6-25).

FIGURE &-2&. Oblique minimally displaced midclavicle fracture.
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Acromioclavicular (AC) Separation
Locamon
AL joint

L

|

Type | ond 11 AC seporation | Cause
injuries ore m“"l man- | FEall Irjurig the AC joinr region of the shoulder

' oged conservafively. Type
|l is typicolly monoged IMAGING FINDINGS
i surgically. Routine clavicle x-rav:
Type 1: Phe to a sprain, few ligaments tom

T'."]"l-‘ II: Pue ro rupture of the capsule and AC liznments (Fig. 6-259)
Type HIE: Due to ropture of the AC and coracoclavicular (CC) liga-
ments (Fig. 6-29)

FIGURE 6-29, Type lll separation of the AC joint with widening of the CC (white arrow)
and AC (black arrow) joint spaces.
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Scapula Fracture

Locarion

N

Body, neck, spine, acromion, glenoid, or coracoid fracture

CausE Mare than B0% of scapula
Eall or VA fractures are ossocioted

' with trauma o the chest
ImaginG FINDINGS | wall, lungs, ond shoulder,

Fracrure lucency through the seapula, most common in the body and spine of
the scapula (Fig. 6-30)

FIGURE &-30. Comminuted minimally displaced fracture of the body of the left scapula.
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0s Acromiale

Locarnion

-

* —  Cenrer of the acromion

O acromiole is bestseenon | Cawse
| the axillory view. | = i
| Y | Secondary ossification cenrer thar normally fuses by age 24

Intacine FINDINGS

Weell-corticared bony fragment ar the anterior end of the acromion (Fig.

0-31),

FIGURE &-31. Axillary view demonstrates a normal variant os acromiale.
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Degenerative Arthritis of the Shoulder
Locarion

Glenohumeral joine

Cauvse
Degenerative, could also be from rotator cuff tears }'j

Rotator cuff teors are best
IMAGING FINDINGS

seen with MR,

Plain film (Fig. 6-32):

Caleihcarion of tendons

MNarrowing of the glenohumeral joint space
Hypereraphic changes surrounding the joint
Flattening of the humeral head

2
L]
=
=
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bl

FIGURE 6-32. X-ray of the right shoulder demonstrates superior subluxation of the

humeral head, severe joint space narrowing (arrow), and periarticular osteoporosis,
consistent with advanced degenerative joint disease.

e e —————
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Normal Elbow Anatomy (Fig. 6-33)

MEDIAL |
EFICONDYLE

=  HUMERGRADIAL JT.

TROCHLEA

CORANOID PROCESS

rRADIAL HEAD

OLECRANGH

FIGURE &-33. Normal elbow anatomy.
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Radial Head Fracture
Locamon

Radial head

Cause

Fall on outstrerched hand
IracinG Fivoings (Frc. 6-34)

R-ray:

iy see a minimally or nondisplaced fracture of the radial head
:'\.,", R e ||:',._||||: s -\;||:-|‘1|:|11'I1.'|1;I'|l: (el Il'll.' AnNtErior illLLl_nI\'li ]‘LI.\tL‘EIIFr tar
> ds due to miraarticular extension of the fracture CaLsIng |'|1.-|r|.'|rt!a.|-.--

.|'.
A radial head fracoure is the most common fracture in the elbow of an
adult

A radial head fracture may not be seen on AP and lareral views; an
i |-i||,|||-.- view should be I:l:l_lL'rL'I.I it. [iii' patecnt 15 render

“Sail sign"” is anterior displacement of the anterior fat pad due to effu-
sion of hemorrhage.

You should never see the posterior far pad!

_—

FIGURE 6-34. Minimally displaced intra-articular fracture of the radial head.
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"' g Supracondylar Fracture

' Locaron
Supracondylar fractures

| ore usually seen in children

| oged 9 1017 yeors. | Cause

Disral humeris

Fall on ourstrerched hand
IMAGING FINDINGS

AP and lateral views: May see a nondisplaced or displaced fraciure through
the supracondylar region of the humerus (Fig. 6-35).

FIGURE &-35. Mild anterior displacement of the distal fragment fracture of a supracondylar fracture.
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Mormal Forearm Anatomy (Fig. 6-36)

FIGURE 6-3%6. Mormal forearm anatomy.

Mormal Wrist Anatomy (Figs. 6-37 and 6-38)

1

i) .':'l-';‘};;-‘iﬂgf'.l".a!iy
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FIGURE 6-37. NMormal hand and wrist anatomy.

Mode mnnbered capel Bosines: 1, scaplioad; & [P 3, brapses
goidl; , capitate: 5 hamate; 6. tnguetrinm 7. pisilonn &, Inmate.

FIGURE 6-18. Normal lateral wrist anatomy,
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Elbow and wist: Indude
in rodiographs fo check

if there i on ossocioted
dislocation.

Night Stick Fracture

Locamon
Mid ulna

Cause

By crossing the arm m frone of the face fir protection. This is how the
tracture got its name.
Diirect injury o the ulna.

IMAGING FINDINGS

AP and lateral view: Forearm: Simple fracture through the middle of the ulna
(Fig. 6-32).

FIGURE 6-39. Obligue fracture through the shaft of the ulna with minimal displacement;
also known as a nightstick fracture.
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Olecranon Fracture ‘-r_ﬁl
! D

Locamon
i Olecranon froctures most
ecranon commanly occur in elderly
Cause it II

Fall om an outstretched arm or direct trauma. Results from a sudden pull of
both the riceps and brachialis muscles

Imacing Finmivgs (Frc. 6-40)

Two main types of fractures:

i
Comminuted: From direct trrauma to the olecranon
Transverse: [Due toa fall on outstretchied hand with triceps contracred
4 3
'H
i |

FIGURE 6-40. Lateral view shows a transverse intra-articular fracture of the olecranon
with distraction of the proximal fracture fragment.
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o Colles’ Fracture

Locanon
A Colles’ fracture is the
most common frocture of |
the foreorm. (T may be or- |
dered if there is o question i Cainis

Disral radius
1..-"'!1:-“ =k '!fll. Iil.l.l. SOMOtimies

of infra-orficular exten-
| sion, and for preoperotive
| planning.

|
1
|
|
|

F'.!” 0 An Ull[!ﬂ.fl.‘tl.'h I_‘LI ]’1:11’1LE

IrmacinG Finoines (Fic. 6-41)

=

Transverse, often communicated fracture of the distal radius with dorsal
angulation of the distal fracture fragment
Associared fracture of the ulnar seyloid process sometimes seen

FIGURE 6-41. Comminuted impacted fracture through the distal radius with dorsal
angulation (single arrow) of the distal fracture fragments and intra-articular extension.

Ml dhsplaced whir stvloid fractore dobile armow
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Scaphoid Fracture
Locarion

Scaphoid bone

Cause

Fall on ougstrerched hand

imagingG FINDINGS

AP, lateral, and scaphoid views: Most are mmnsverse fractures through the
leng axis of the bone (Fig. 6-42).

-

The most comman
fracture of the carpal
bones i o scophoid
fracture.

Comman complications
of o scophoid fracure
are ovasculor necrosis
and nonunion.

An MRI, bone scan, or (T
tould be abtoined to
eveluate for on occult
seaphoid fracture.

B

FIGURE &-42. MNondisplaced transverse fracture through the scaphoid waist.
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W Metacarpal Fractures

-\
= Locanon
Fourth and fifth e

ik e most Metacarpal bones

| commonky injured. s

| Boxer frociure: Fraciure
of the distal fifth Usually direce trauma
malacarpal.
Aeanett- fradure: Lineor Imacivg Fiveines (Fic. 6-43)
fracture of the bose of | Lucent fracture lines
the first metocorpol with Check for intra-articular extension and associated dislocation
intra-orficular extension.

Rolando frociure: Some

as Bennatt frocture

except the frocure is |
comminued. [

FIGURE 6-43. Mctacarpal fractures.

(A CHadsgae ey displaced fractune thirough the shall of the tird mceticarpal LI Clommmminntied

fracture al the base of Uhe ifil me l-.-\.-llp-ll with itEarticular extension
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Phalangeal Fractures i’ B
|

Locarion i)
P A middl ElShal Phalangeol fractures can be
roximal, middle, or distal phalanx assacioted with ligomentous
injury.

Cause

Usually direct trauma

IMAGING FINDINGS

PA and lateral views: Simple or comminuted fracture in the proximal,
middle, or distal phalanx (Fig. 6-44).
In children: Salter-Harris classification is used {(Fig. 7-24).
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FIGURE &-44, Comminuted fracture at the base of the proximal phalanx of the thumb with
intra-articular extension.
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Phalangeal/Metacarpal Dislocation
ar Locamon

——

Pholongeal/metocarpol |
dislocation may be subile Cause
| on AP view, ond loteral view | Truma

At the 1P ar MCP joints of the hands

moy more clearly identity
| the dislocation, which is ImacivG FINDINGS
| usually dorsal. Palmar or dorsal dislocation at the [P (Fig. 6-43)

FIGURE &-4%. Dorsal dislocation of the proximal interphalangeal jeint of the fourth digit.
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Rheumatoid Arthritis
Locarion

PIP joine, MCP joint, wrists, MTE ankles, knee, shoulders.
!

Cause

Autoimmune.

Imacivg Frivomncs

AP and lateral views of the hands (Fig. 6-46):

E“l'l\': H'- e TS '1“"."”.1[1.:: -'lTl“_H]I.I. Jl.'l.“':l:."-, !'n:llg“]ill |"I|:I[1I_" GOSN, oS-
teopenia around the joines

Lave: Diffuse ostenpenia, joint subluxations, soft tissue wisting, rheu-
mateid nodules, ulnar deviation ar the MCP joints

FIGURE £-46. Joint space narrowing and erosive changes at the second through fifth
metacarpal phalangeal joints. Findings consistent with Ra,
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Boutonniere
deformity: Flexion in
the PIP joint and
hyperextension of the
DIP joint

Swan neck
deformity:
Hyperextension of the
FAF joint and flexion of
the DIP joint

Abojoipoy |njsjexsojmsnyy



Psoriatic Arthritis
e Locamnow
mntmgﬁslﬂ;gl::. Disral interphalangeal joines of the ingers and toes in an asymmetric distribu-

obout the invalved joints tion

which offect the entire digit. | . .cr

Pathogenesis of psoriatic archritis remains unknown
IMAGING FINDINGS

Resorprion of the wits of the distal phalanges with malalignment and
subluxarion of joints known as the "opera glass hand”

I'n some cases rerminal phalanx may become sclerotic {ivory phalanx).
Erosions with ill-defined marging and adjacent periosreal proliferation
may lead to the chamcreristic “pencil in cup” deformity (Fig. 6-47).

FIGURE 6-47. Severe erosive arthritis invelving the distal hand joints. In addition, the
“pencil in cup” deformity is present at the first digit.



Locaron
Any fracoure site
Cause

A fracture becomes more visible a week after the injury due to subsequent de-
caleification after the initial LY.

Inacing FINDINGS

Fracture 7 tol0 days after initial injury is more apparent than on initial fillms.

Locarian
Any bony injury after a fracture
Cause

Lass of ealeium thae occors weeks or months after an Ijury due ro disuse of
the immobilized injured body pare

IMAacGinG Frnoincs

Demineralization of bone with loss of the trabecular pattern in a periarticular
distribution in close proximity o a fracture
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If an x-ray is negative ot
the fime of an injury, o
repeal x-ray in 7 to 10
days could be obtained
since the initil fracture
may be accult.
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Normal Pelvis Anatomy (Fig. 6-48)

FIGURE 6-48. Mormal AP view of pelvis anatomy.

IFH, filsebar heead: €51, prealer trochanter; 1T ischinl 1:1':-L'rl:n:ilf|'; I'FL, interirochanteric line
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Mormal Femur Anatomy (Fig. 6-49)

|-:5-|g--=-—_-

FIGURE &-49. Mormal AP and lateral views of femur anatomy.

Mormal Tibia and Fibula Anatomy (Fig. 6-50)

FIGURE 6-50. Normal tibia/fibula anatomy.
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Normal Knee Anatomy (Fig. 6-51)

Rt X-Table

I o

F

S FEMLUR
TIBIA

! FIBULA

FIGURE &-%1. Normal knee anatomy.

LFC lateral femoral condyvle: MFC, medial femoral condyle: FH, fibalic Tead: LT lateral bl plateai; MVTE, medinl tilial
plaleau

Normal Ankle Anatomy (Fig. 6-52)

f ¥ | '1.

WML mcdhial mallesdus: LAL Lteral malleodos; &1 pomluros llealus

&l

FIGURE 6-%52. Normal ankle anatomy.
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Mormal Foot Anatomy (Fig. 6-53)

FIGURE 6-53%. Marmal foot anatomy.

o= et oonddle, mmd Totera] coneform
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Posterior dislocation
accounts for 90% of hip
dislocations.

Due to the risk of
avoscular necrosis of an
unreduced hip,
dilocation is on
orthopedic emergency.

Posterior Hip Dislocation
Locamon
Flip joint

Cause

Parient's leg is in a flexed and adducted position and strikes the dashboard in

an MVA.

IMAGING FINDINGS

The femoral head is displaced superior and lagerally. Femoral head is located
posterior to the acerabulum (Fig. 6-34).

FIGURE &-5%4. Posterior hip dislocation.

210



Anterior Hip Dislocation (Fig. 6-55)
Locanown

Hip gosint

Cause

Involves forced abducrion and external rotation

letacinG FINDINGS

The femoral head is displaced inferiorly and medially and usually over-

lies the obwrator ring
Femoral head is located anterior to the acetabulum:

FIGURE 6-5%. Anterior hip dislocation.
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(T scon should be
performed for all hip
dislacations 1o laok for bony
frogments or femaral,
acelabular fraclures, which

occurs in 10% of oll hip
dislocations .
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Musculoske

letal Radioloay

Y
Malignont degeneration
occurs inup ta 10% of

patients with oseosarcoma
or fibrosarcoma.

Paget's Disease
Locamon

L\!a_rj.l commaon sites |.|.'|.'|r‘IZII‘."1..'n,I are |]'|i..' .IKI:I] :ilCL' ll:[Lll'l, i‘L‘EIIlJJ’1 '.IHLI till"iii.

CAusE

Erialogy unknown.

ImacinG Fivoives (FiG. 6-56)

Thickening of the iliopectineal line
Coarsening of the trabecula

Thickened cortex

“Blade of grass” appearance of the long bones
Incrensed size of the involved bone

FIGURE 6-56. Lateral radiograph of lumbar spine showing coarsening of the trabecula,
increased size of the vertebral body, and thickening of the cortex, which is classic for Paget's
disease.
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Osteopetrosis
%

Locarmon
B
Al oines of the body :“:;'L o -
¢ Ry g i
s _i-:nw.rf_
blems with osreoclases
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FIGURE 6-57, Diffuse increase in density of bones consistent with osteopetross
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L Osteosarcoma

b

i : Locamon
Osteogenic sorcoma is the 7
| Meraphyses of long bones (commonly femur) are the most common site; flat
mos! frequent type of bane ! : : S
| ; | bones account for a very small percentage, and among these the ilium is the
tumor and is most comman
| between the ages of 15 ond
'| 25 years. | Cause

May be due to malignant degenerarion of Pager’s disease or due o radiation

M=l O,

IMAGING FINDINGS
Destructive appearing, lytic andfor blastic mass
]ﬁL'I."Ii.'lh'[L'.'!] reaction 11'I'.I'!.' l"t‘ ii'l'll'l!]‘.l:l“.‘l.l O .‘-E'lil_'lJliI[L‘l! ‘.".'][E'I :‘ll-'-i_'.llll."-.!- M5 m-
burst” appearance (see Figure 6-58).
Variable amount of calcification in the soft rissues.
':.:1"L|111i1l'llﬁ 'TI:II'!j_':Ill.'_' 15 I.i e oy E.‘lt"n'il.t 1010 l."t. Tl'll._' ]‘I._'I'i1 YE[EUm |.I"|'ll1: Tl'll.' corti-

cal bone.

FIGURE 6-58. Osteosarcoma.

) Mlised Ivtie and sclerotic leston i the prl-‘-llll.| et wally ||-'||---I:.|'| trew - bone formuteon, and soft Lissue swelling

B Narav of the extremniy \]Il:ll.'\!l:l'_" ({1 |ri-: il suimbansd T TSR TR T TP EL PR AT LR T
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Bone Metastasis [

Location
;.I-"'."illfl'-l i'\-'i':":' I"'- FITES AT .I-"'L'[.!l "L:L'}i.'lill'l ||'||T|':'51 [ﬂses' Ij}EhB’Sj
; sreening technique is o
e rodionuclide bone scon 1o
detect bone metastasis.

Lytic (lucent) metastasis: Brease, lung, thyroid, Gl tumors, and mela-

T
Blastic (sclerotic) metastasis: Prostace, breast, lung, and carcinoid

IMacivG FINDINGS

Lvtic, selerorie, or mixed lesions -i_|";-_; (-39

FIGURE 6-59, Pelvic x-ray depicting multiple sclerotic appearing bone metastasis seen in
a patient with prostate cancer.
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Various obnormal changes
may complicote degen-
eralive joint disense, the
most imporiant being joint
malalignmeni, subluxotion,

ankylosis, and infro-
arficular loose bodies, J

Osteoarthritis
Locamion

At the knee joint
Cause

I l]l-fl_ri."l'll.' rativie

ImacinvG FivoinGs (Fic. 6-60)

J'-’"-'t EpAace NArowing and sclerosis of the medial and lareral compare-
menes
Hypertrophic changes are often seen

FIGURE 6-60. Radiograph of bilateral knee joint showing degenerative changes with
medial compartment narrowing, more marked on the right.
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Septic Arthritis

Lacarrown

Most commonly involved joints in septic arthrieis is the knee (50%), followed

by hip (20%), shoulder (8%), ankle (7%), and wrists (7%,

Cause

Ohrganisms invade the joint directly, by contiguous spread, or the bloodstream,

IMAGING FINDINGS

Periarticular soft tissue swelling, widening of the joint space
In larer stages may see joint Space NArrowing anl bony erosions

Femoral Meck Fracture
Locanion
Meck of the femur

Further divided inta "ﬂ.l]"l..'i'll"ila!', "nil'l\"'-“-'l"v'i'-."-"l. and base of the neck

Cause

Usually trauma or fall.

IMAGING FINDINGS

Subcapital: Most proximal portion of the neck, adjacent to the femoral

head (Fig. 6-61)
Transcervical: Fracture through the middle of the neck

Base of the neck: Most distal partion of the neck just proximal to the

areater ard lesser o lk‘haﬂ‘lh:r

FICURE &-61. Femoral neck fracture. Subcapital fracture through the right femaral

nech.
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Ultrasound con be used 1o
evaluate for an eHusion
ond guide treatment.

Femoral neck frociures:
Subsapitel fraciure is the
muos! common type.
Decur most commeonly in
elderly females.
Avescular necrosis is o
commion complication.
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Muswlo

Interirochanteric froclures
typically occur in elderly
pafients.

Intertrochanteric Fracture (Fig. 6-62)
Locamon

Berween the greater and lesser rrochanters

Cause
Usually secondary to fall

InacinG FINDINGS
Fracture extending from the greater to the lesser trochanter
There may also be multiple fracture fragments

FIGURE 6-62, Intertrochantaric fracture. Oblique intertrochanteric fracture of the right
femur with superior displacement of the distal fracture fragment relative to the femaoral

head.
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Fibrous Cortical Defect

Locarion =
L&

|

A fibrous corticol defed is o
benign lesion and requires
no trentment unless there is
a fracture.

Distal femur, distal tibia

Cause

Developmental

IMAGING FINDINGS e —
Well-circumscribed lvtic defece with sclerotic marging in the meraphysis of

1ong bones (rig. B-03)

FIGURE &-63. Oblique complex nondisplaced fracture that extends through a benign
fibrous cortical defect.
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Knee Effusion

Locanon
— % —  Just above the parella: best seen on the lareral view
| Knee effusions are best CAUsSE

identified dinicolly, rather

than on x-roy. |
— ' ImaGING FINDINGS

Trauma or degenerative changes

Increased opacity on the lateral view just superior to the parella (Fig. 6-64)

FIGURE 6-64. Increased opacity anterior to the distal femue, consistent with an effusion.
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Patella Fracture
Locanion

Parclla

Cause

Llsually caused by direct tmuma o the patella

Imacing Finoives (Fic. 6-65)

Sharp lucent lines through the patella
|.. l-'-L R I.|Il.'.| st tissue ‘\-'I-\t'“ll'l'.:

FIGURE 6-65. Nondisplaced comminuted fracture of the patella.
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Do not mistoke potella froc-
ture for o biportite potella.
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A

r In odults, tibio frociures
| ore often ossocioted with
| g fibular fracture, ond

| wswolly occur of the some
| level.

| In thildren, tibio

| froctures usvolly ocour
| dlone, without o fibula
‘ fracture.

Tibia-Fibula Shaft Fractures
Locanow

Shait of the tibia andfor fibula or both

Cause

Usually tranma

TMAGING FINDINGS

Fracture through the tibia andfor fibula which may be displaced and angulared

(Fig. 6-66).

FIGURE &-&&. Obligue fracture through the proximal fibula, distal tibia, and posterior
malleoalus.
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Tibial Plateau Fractures

-

-
Locaron r L =

Tikial platea The most common
fracture of the proximal
Cause

tiliia is he fibial ploteay
NV AS or fall fracure,

AP and lateral x-rays are
usually diognastic of o

_ ; _ fibial plateoy frocure,
Elderly: Sclerosis and depression of the tibial plateau =

ImacivG Fivowves (Fic. 6-67)

Youne adults: Lucent fracture line through the tibial plareay

| {

FIGURE 6-67. Left lateral tibial plateau fracture with depression of the articular surface.

223



f" Malleolar Fractures

T | Locamon
Most common frodure of Medial, lateral, or posterior malleolus
the ankle is the medial |
or laferal mollealus CALSE
fracture i
. Llsually rrauma
If the posterior malleolus | '
is froctured, there is | Imacing FiNpINGS

wswolly an ossoriated
medial or lateral |
malleclor froclure. i
Deseribed o5 o |
bimatlzalor frocture if it
involves both the medial
ond lateral molleolus
Deseribed o5 0
trimallealar frochure if it
invalves the posterior,

[ medial, ond loteral
maollealus

Fracrures through the medial andfor lateral and posterior malleolus {Fig. 6-65)

FIGURE 6-68. Trimalleolar fracture through the lateral, medial, and posterior mallealus.
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Ligamentous Injury
Locanon

Medially: Delroid ligament

Laterallyv: Anterior and pOstErion talofbular and calcaneohbular ot

Cause

L H.:.lil'\ Erauima

IMAGING FINDINGS

Stress views: Shows abnormal widening of the ankle joine

Jones Fracture
Locaron

Base of the fitth meratarsal

Cause

Inversion njury to the oot

IMAGING FINDINGS

Transverse fracture throush the base of the Aifth metatarsal (Fig. 6-65)

—

FIGURE 6-69, Transverse fracture through the base of the fifth metatarsal,

225

Lateral ligoment is the
most commonly injured,
Slress view x-rays ore
laken while the ankle is
turned side 1o side.

NEL e o
Do net mistake o normal
apophysis, which is parallel
1o the long axis of the
metatarsal, for o Jones
fracture!
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Lisfranc Fracture/Dislocation

Locanon

Tarsal-metatarsal joints of the second through fifth metatarsals

Cause

Dhirect trawma

IMAGING FINDINGS

Fracture and lateral dislocation of the second, third, fourth, and fifth metaar-
sal. Up to 20% of Lisiranc fractures/dislocations are missed on x-rays. (Fig.
G-70).

e FIGURE 6-70. The tarsal-metatarsal joints of the second through fifth metatarsals of the
. right midfoot are fractured and laterally dislocated consistent with a Lisfranc fracture/
4 dislocation.
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Stress (March) Fractures

'%:' |
b 1
Locarion ST

Second metatarsal is the most common location, followed closely by the third Initol x-ray is usuolly nor-

metatarsal. :l;ﬂhh:;;am? pasitive 2

Cause

Conrinued stress to an otherwise normal bone
Seen most often in military personnel who march long distances

IMAGING FINDINGS

= ||.'r-.'-‘-1't, !‘J'IL-.-‘\.h'.il ek ETeHn l]:iliilll‘l' 14} [hl_" Lli:-['.l! II'IL'[H'[T"II'F'.'I.I:C:

DHEGI‘I'I?EE‘HE ﬂs[mi.lgmi‘ may be

L treareny present de_:spi‘!a_u normal
x-ray. 5o if clinical

Most common in the oes suspicion is high, an MRI
would be useful for

EusE further evaluation.

Oiccurs when infection occurs in a bone, or .\.-F11‘1:':'ll.:|5 from another OTgan. In cellulitis there Shﬂuld
be no bony changes,

IMAGING FINDINGS only soft fissue swelling.

Soft rissue swelling (see Fig. 6-71), periosteal reacrion, bony destruction, and
loss of trabecular partern
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FIGURE 6-71. Soft tissue swelling about the left first toe in a patient with known
osteomyelitis.
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Tuberous Sclerosis

-:\"_ CAUSE
H— Anrosomal dominang genetic disorder that causes IH.:nij;n UMOTs to grow in
Trind of tuberous sclerosis: the brain and on other vital organs such as the kidneys, heare, eyes, lungs, and
+ Faciol nevus (adenoma skin.

sehaceum)

Soitiines IMAGING FINDINGS

Mentol deficiency CT scan reveals small, sometimes caleified nodular lesions (tubers) in para-

ventricular distriburion {Fij.;. 7-1).

Pediatric Radiology

FIGURE 7-1. Noncontrast CT of brain depicting tuberous sclerosis.
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Dandy-Walker Syndrome
Cause

Obstruction at the level of foramina of Luschka and Magendie.

IMAGING FINDINGS
Cysric dilaration of the fourth ventricle with varying degree of hypopla-
sin or aplasia of cerebellar vermis. CT or MRI is rest of choice (Fig.
-2}
Characreristic findings include hypoplastic/fabsent cerebellar vermis and
hemispheres, large fluid-filled fourth ventricle communicating with 2
posrerior fossa cyst, and a high tencoriume:
Meeds to be differentiated from mega cisterna magna, which has a nor-
mal cerchellar venmis

FIGURE 7-2. Moncontrast brain CT depicting Dandy-Walker malformation.

There is a kirge posterior fossy evstol CS1F density, commmmicating willi Mg ot ventriche
Mso nobed 15 an I:!-I_'l_'l!:lll.ill 1|-:.-ﬂ11 e 1a ;lhull.'l.lh'li t'lh'“rph.iliﬂ'i‘h.".
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Mojority of potients with
Dandy-Walker malforme-
tion develop postnatal
hydracephalus.

N

The most commeon ac-
companying terebrol
anomaly in Dondy-Walker
molfarmation is agenesis/
hypogenesis of the corpus

collosum.
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Neurologic Neoplasms
Mast common  inrracranial pediamric neoplasms are astrocyroma,

medulloblastoma, ependymomas, and craniopharyngiomas.
Astroeyromas are usually cerebellar in location. These may be solid or

cystic. Cystic tumors have an enhancing mural nodule.

Croup (Laryngotracheobronchitis)

In'lpurt:iut infections cause of airway obstruction in young children.

Most common eriology is viral.
Fadiological diagnosiz: X-ray of neck soft tissue reveals subglortic nar-

rowing known as “steeple” sign (Fig. 7-3).

FIGURE 7-3. Steeple sign of laryngotracheobronchitis.
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Epiglottitis

Medical emergency thar needs immecdiate trearment
Radiclogical diagnosis: Swollen epiglottis on lateral view, known as the
“thumb” sign (Fig. 7-4)

FIGURE 7-4. “Thumb” sign of epiglottitis {arrow).
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Pneumonia

TMAGING FINDINGS

Look for air bronchograms. Localize the segment invalved.
For right upper lobe involvement, rule out thymic shadow vs. infiltrate

(Fig. 7-53).

FIGURE 7-5. Pneumoniain a child. Mote typical pneumatocoeles (arrows) seen with
staphylococcal infeetion.
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Peritonsillar/Retropharyngeal Abscess

FIGUR

Complication of upper respiratory tract infection.

Lateral neck X-ray is preliminary test. Mot very sensitive. Findings are
dependent on the technigue and positioning of the child.

Diagnostic hindings are prevertebral soft tissue thickness = ¥ mm at C2,
and 14 mm at C6. One may also find gas-fluid levels or foreign body in
soft tissue (Fig. 7-6).

E 7-6. Lateral radiograpah of the soft tissue of the neck.

Mofe the large amount of prevertebnl edema (solid armow), and the colleetion of air (dashed

arrow ). Findings are consistent with retrophanmeeal abseess, (Photo courtesy D, Gregor |

Schears
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Contrast-enhanced CT scon
is better for retrophoryn-
geal obscess eveluation. It
can dearly delineate the
abscess s o hypodense
area with rim enhonce-
ment. It also gives details
regarding exad extent ond
relationship with adjaining
stneclures.
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Foreign Bodies
Cause
Muost commonly mgested foreign body in children is a coin.

InacinG FinpinGs
Coin within esophagus appears flar on an AP view and on edge in the
lateral view (Fig. 7-7).
Most common complication is from foreign body impaction within the

esophagus.
Children with known anomalics have impactions commonly ar the
known anomalous sites,

FIGURE 7-7. AP and lateral views demonstrating a coin in the esophagus.

-
- -
=

A cokn an et lea wionld be |:rz-n|,.-r|t in tlie uppﬂsilu munner— the cain wold l‘K"’\d.'\l.'ll ini r.':lgc 1 I|||,' lateral VI, itm] I'I;ll (1]

the AP view,
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Tetralogy of Fallot

Cause

Cyanoric congenital anomaly

ImacivG Finoincs

Classic CXR hinding: Boot-shaped heart. Radiclogical fearures include normal-

size heart, concave main pulmonary artery shadow, and reduced pulmonary
vasculariey (Fig, 7-8).
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FIGURE 7-8. CXR demonstrating decreased pulmonary vascularity, normal cardiac size,
concave main pulmonary artery segment, and right acrtic arch.

ABojorpny »ajnipad

Mot boot-shuped hean (Conr en sabel | seeamdany bollie aplifting of the cardiae apes froim
righit ventricolir Tvpertraphy and the concave main pulmomary aren segment with decreased
|l1ﬂ1|||.’:n| Hary vaseuilarily,
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Transposition of the Great Arteries (TGA): Egg-Shaped Heart

= CAUSE
i 'II
'\, | ————— Abnomal division of bulbar trunk during embryogenesis leads to apposite ori-
T h gins of acrta and pulmonary artery. Aorta arises from morphological right ven-
TGA is the mosl common tricle, and pulmenary artery from morphological left venricle.
cyanatic heart disease.
CXR FinpinGs

Will include cardiomegaly and the classical sign, "egg on side” appearance
¥ B £5 PP

(Fig. 7-9).

JLu

N |

=

FIGURE 7-9. The transposition of the great vessals,

Pediatric Rudiology
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Coarctation of Aorta

Locarion

==
The most common site is immediately beyond the origin of the subclavian %‘ \
arrery.

Coarctation of the oorta
InaGinG FINDINGS is often ossacioted with

bicusgid aortic valve.

The classic chest x-ray appearance is rib norching (Fig. 7-10).

FIGURE 7-10. Chestfilm from a patient with aortic coarctation, illustrating the
components that contribute to the “figure-three” sign.

Kfiojotpny 3ainipad
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-%
Esophogeol otresio is often | Esophageal Atresia

mssociofed with YACTERL
anomolies.

| = V—Vertebrol anomalies
| ~ A— Anal otresio (no

|
: CAuse
|

Blind-ending esophagus

hale ot the battom end IMAGING FINDINGS

off the intestine) Antenatal ultrasonography reveals polyhydramnios. However, diagnosis

€ — Cordioc defect, mast is usually made at birth.

olften ventriculor septal CXR may reveal air in blind upper end of esophagus (Fig. 7-11).

defed Contrast studies with barium may reveal blind-ending esophagus with
I TE— Tracheoesophogeal variable fismlous communication with the rrachea (schemaric)

fistula {communication

between the esophogus

ond frochea) with
esophogeal atresia (port

of the esophagus i nol
hallew)

R —Renal (kidney) I
obnormalifies |
L — Limb obnormalities,
most often rodial ‘
dysplosia {abnormol
formation of the thumb |
or the radius bone in the

forearm)

FIGURE 7-11, CXR demonstrating coiling of tube (arrow) secondary to tracheoesophageal (TE) fistula type C. The five
types of TE fistulas (A-E) are labeled in the schematic.
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Pyloric Stenosis

Cause
Generic; more common in boys and Caucasians; occurs in 3 out of every 1000 ""\" |
hirths ==
loric stenosis: Usually
ImacivG Fivoives Py ; -
manifests at 4 weeks of oge

Diagnosis confirmed by radiological testing using ultrasound or contrase ﬁfhprogr!ﬁire nombiliouws

H.Hll,]tl.':-. N 'l"ﬂfl'lili“g “{1“ iﬁd’ﬂ. Merst

Ultrasound is extremely sensitive. Findings include elongated pyloric | important physical finding

channel (= 14 mm) with thickened wall (= 4 mm). is an “alive,” which repre-

« A R ; e e A A )

I\x:-;lll-i'_h.l' ip-lm.?ffm on x.ri:mr..u-t all.tll.ilnlt.»_lllu::l.fl.lr. {lllj...'f' 12): sents the thickened pylorus
,._I!nﬂ,. '.\:Ij..L1.. .il‘fuw: L f.'ll'l..,:tl.t:. Py larc C 'Iql“l'l.-l'. and Eﬂﬂhﬁp[ﬂpﬂl&d in 1'|1§
Shoulder sign: Pooling of barium in prepyloric antmum right upper quadrant
Double trace sign: Nonspecific, Caused by two parallel barium streaks PReCG :

1Y l'!'h’: TEATEOA p}'|urlc {'.]!l.‘i'l'l['l\'."l.

FIGURE 7-12. Radiographic signs on contrast studies.

Plate (A) i a plain abdarminal radiograph depicting the “donble bubble™ signinthe stomach ina child with pyloric stemosis;
Plivte (B} isa barivon sty depicting e shoulder sign (Black arrow) and e strng sim (white amow ), Plabe (C) s an ultgasound
depicting thickened musculature {between calipers ) i the pylone regon.
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Dlmdmlumsiu:
Presentation ot birth with
bifious vomiting

Duodenal Atresia

CAUSE

Congenital

IMAGING FINDINGS

Dingnostic radiological sign on plain x-ray: “Double bubble” sign (Fig: 7-13)

FIGURE 7-13. Duodenal atresia.

Cras-filleel el dilated stomaeh shows the elasic “doulile hubhle”™ ippeanmce af dusdemnal atre-
siin, Mote that o distal gas is present. { Reproduced, with permission. from Ruadalph C1, Ru-
:Ir_ﬂph AN Hostetter ME, ctal (edsk m:duff}fl:s Pediatries, 2130 ed, New York: MoGraw-Hill,
20013;- 1403, §
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Volvulus

CAUSE ,-‘f

Twisting of the intestine. May occur ar the level of stomach as well fr=s

ImacivG FINDINGS Volvulus occurs in 1in 500
five births in the United

[Diagnosis 1s conhrmed Iw [‘I.El.ll'l T;'|L|111;_:|'al|‘:-h'!.' of contrast stoudies.

i “tofes,
Plain x-ray may reveal obstruction with air fluid levels (Fig. 7-14).

FIGURE 7-14. Abdominal x-ray of a 10-day-old infant with bilious emesis.

Maote the dilited |r|l:-x||:n.|.| bowel and the Juuiig v off distal bowel s, charsctenistic of a volaulus
Reproduced, waitly penmision, from Bromcardi FC. Andersen XK, Billiar TR, cf al: Solnwvartz’s
Princrpdes of Surgery, Sthcd, New York; MoGrneHill, 2005 1489,)
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‘. } Intussusception

(R | cavsE
Wm be of Sliding of a bowel loop into its distal portion,
ifferent ki
depending on the port of {MAGING ENDIHaS
bowel involved: lleoileal, Plain x-ray provides indirect evidence of diagnosis. May be normal.
ilectalic, coloolic Ocher hndings inelude ohstructive pattern, absence of intestinal gas in
The mast common couse right lower quadrant, and free intraperitoneal air in severe cases with
of intestingl obetruction puerforation. _ .
iﬂ d'l.lwlml Ultnm:u:ui 15 A -LTI.I'ii;I-;. NORTRVASIVE :||\pru'.h;h. |".|i..i1.:|1u.-=lu_' fentures: in-
clude swirled and “loop within [oop™ appearance of bowel loop (“tanger”
= or “donut™ sign ).
- Y Barium enema moy be helpful in reduction in absence of peritoneal
: = sipns. May demonstrare the classic “claw sign” or coiled spring appear-
F Classic triod of ance cansed by mucosal edema (Fig. 7-15).
intussusception:
| Abdominol poin
|+ Vomiting
| Red currant jelly stools
[ Seen in 21% of polients

ric Ra

L

43{; i o

p

FIGURE 7-15. Intussusceplion.

Mol the pancity of oo d s fidany CAL Adr cricnim |1.|rl1.|II:.' wodlunees i in Bl 0 B ansel then L"HHI'I‘]"."L'!!I. rechees i m Bl ()
(eproducedd. sty permsision, from Stewd 1O, Stead S0, Kanfiomm MS: First Aid for the Pediatries Clenkshin, New York:
MeCraw-Hill, 2MHE: 1325
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Mecrotizing Enterocolitis t\'.'- ]

=il
Cause )
; : ; Necrotizing enferacolitis
Mulrifacrorial. It is a resule of inflammation or injury to the bowel wall sec- p il :
: : ; 3l s 0 surgical emergency in
ondary o infection or hypoxemia. More commen in premature infants. e

IMacing FINDINGS

Scarce intraluminal gas

Avir within bowel wall {preamarosis intesrinalis) (Fig. 7-16)
Free imtrapericoneal air

May also see gas within the portal system

=0
=
—
iy
—
=
-
E =
=
s

FIGURE 7-16. Abdominal radiograph of infant with necrotizing enterocolitis.

Mote the presence of pricumatoss inlestimalis (arrows), (Reproduced, with penmission, from

Brucarh KO, Andersen DK, Balliar TR, et al, Sclwerizs H‘-“'-'Jﬂf'-"-‘ ‘-‘JI-H“F-'_:"H'- Sth eel. New
York: MeCraw-1 1l 2005: 1493

ABojoipny nagoipad
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Cystic Diseases

Cause

Can be seen alone or in association with syndromes such as polyeystic kidney
disease, the infantile form of which i3 autosomal dominant

IMAGING FINDINGS

Diagnosis may be antenatal or postnatal on ultrmsonography, which reveals
enlarged hyperechoic kidneys (Fig. 7-17).

LONG R EIDNEY

PRONE

FIGURE 7-17. Ultrasound demonstrating multiple hypoechoic cysts of various sizes in a
child with multicystic kidney disease.
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Renal Agenesis

IMAGING FINDINGS

3 = "
-I TesEnis as l.'lIL.‘.{l."ll1'&.'-..i]'.!|l.'||'|hhi on .mrun:uni |.||:r:i.~'m1'|-nf_:r:t|‘|'|\'

Wilms® Tumor

Mozt common renal tumor in children

Radiological diagnosis may be established by US or CT scan. Dehnitive
diagnosis is histological (Fig, 7-18).

§ e

N Y,

. WILM’S TUMOR

a

FIGURE 7-18. Abdominal CT in a 3-year-old depicting a large left-sided Wilms' tumor
{nephroblastoma) displacing adjoining vascular structures,

247

Renol agenesis moy be
unilateral or bilateral,

Biloteral renol ogenesis is
incompalible with life.

A=~
Potter's syndrome is

bilateral rencl agenesis with
pulmenary hypoplasia,

-

A=

Wilms' tumar needs 1o
be differentioted from
neurablastoma, which is

| extrarenal.
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Horseshoe Kidney

S

Remember the # Fusion of lower poles of bilateral kidneys

charaderistic ;IIT:'!M vose” = Congenital

oppeorance of Ihe ureters,

i which the ugper relers ImacinG FINDINGS e

diverge laterally over the = Intravenous pyelogram is often times diagnostic (Fig. 7-19).

isthmus and then converge = Findings are: malrotation, medial alignment of lower pole calyces, asso-
hfl{iurht ciated ureteropelvie junceion obstruction.

=
Nl
=
=
=
3
=

FIGURE 7-19. KUB depicting a horseshoe kidney (outline).
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Vesicoureteric Reflux
Causes

Abnormal retrograde flow of urine from the bladder into the urerers and
kidnevs

Most common causes are UTH, bladder outlet abstruction, detrusor in-
stability, or congenirally shorr ureters.

InAGING FINDINGS

Radiological approach: Voiding eystourethrogram (VCUG) and radio-
nuclide cystograms (see Chapter 4).
Lilrrasound may reveal hydronephrosis and hydrourerers (Fig. 7-20).

T —

10V4-5 |

3 Bilmam
Renal i
HTHI Gendral

8248 S)/+1/3/3
Gain= &HB a=3

Text 182 Defete Werd Home Sat

FIGURE 7-20. Ultrasound demonsirating right hydronephrosis (arrows) in a newborm.
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Posterior Urethral Valves

Cause

{,_.:I. MUECTI L I... OIS I INa I.l.' 3a

Imacing FiNpiNGs

Diagnosis is usually antenatal. Ultrasound reveals bilateral hydroneph-
rosis in fetal kidneys and oligohydramnios.

Male children with hydronephrosis on antenatal ultrazound should un-
dergo voiding cystourethrogram (VCUG) soon after birch. [t can reveal
the dilated posterior urethra, up to the urethral valve, with bladder rea-
beculae, and in some cases vesicoureteric reflux (Fig. 7-21).

BLADDER

FIGURE 7-21. Voiding (micturating) cystourethrogram showing dilated posterior urethra
in a child with posterior urethral valves.
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Scurvy Manifestations of scurvy
ore rare before & manths
CAuzE of oge.
Vitamin C deficiency. Usually dictary. « Choracterized by:
Locarion Bony poins
Delayed kelotal
Affeces flar and long bones gmnh
Imacing Finomwes (Fic. 7-22) :l:jfng gums
85
Wimberger sign: Presence of a sclerotic rim around epiphysis Fatioue and irritabik
. " i = s - ani
White line of Frankel: Dense zone of provisional calcification at the & 1

Frowing |||-.'l.||1i1'.">|~.'\

Trummerfield zone: A lucent zone below whirte line due o lack of min-
eralization

Pelkan spurs: The area is prone to fractures manifesting at cortical mar-
2

(st HHATOSES

Subperiosteal hemorrhage

-
o
—
=
==
=
I
o
=
=
2
=
=
-

FIGURE 7-22. Lateral view of knee joint depicting classical findings of scunvy.
W, Wimberger sign; F, line of Frankel; and T, Trummerfield rone.
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Hutritionol rickets is rore in
the United States. (linicol
manifestotions:

Museulor hypatonio

Short stalure

Skull thickening

-

5

chest — known oz rochitic
rosory

H;lnhgyzielunni!y inthe |

Rickets

CAUsE

Vitamin [ dehciency

ImacinG Finoiwves (Fre. 7-23)

Plain adiozraphy 15 dingnostic.

Rickets can affect flar and rubular bones.

Flat bones affecred include skull and ribs.

Typical hndings in long ubular bones are noriced in the meraphyseal
region (widening, cupping, and fraving due to lack of ealcification of
the osteaid).

FIGURE 7-23. Lateral view of knee joint, depicting widening, cupping. and fraying of the
metaphysis.
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Trauma—Long Bone Fractures and Salter-Harris Classification (Fig. 7-24)

FIGURE 7-24. Salter-Harris classification.

Salter-Harrizs Typea I:
* Fracture through the physis (growth plate only)
* Often seen in children < 5 years

*+ Only visible radiographically if the physis is widened, distorted, or the epiphysis
is distorted

Salter-Harris Type |1:
* Through tha metaphysis and the physis
- Most common sites are distal radius & tibia

Salter-Harris Type 1I:
*  Through the epiphysis and physis
+  Most common siles are knee and ankle

Salter-Harris Type 1V

*  Through the epiphysis, physis, and metaphysis

*  Most common site is lateral condyle of humerus

+ Can produce joint deformity and chronic disability

Salter-Harris Type V:

Crush injury of the physis

May appear as a narrowing of the growth plate lucency

Often not radiographically visible

May lead to premature fusion

The proximal tibia is the most common site for growth disturbance
Mechanism is axial compression

!
g
g..-
g

253



LIRS

HIGH-YIELD FACTS

I N

=) -y

> NDTES




S E CTI'@NSFINESEIEAS SiINEIIEE)

Awards and
Opportunities for
Students Interested
in Pursuing Radiology
and Radiologic
Specialties

Awards for Medical Students Iniending 1o/ Pursue Radiclogic Specalties 256
General Medical Student Awards 258
Websites & Resources of Intenast 261

255



AMSER Henry Goldberg Medical Student Award

The AMSER Henry Goldberg Medical Student Award may be presented an-
nually to any medical student who submits an outstanding abstrace for a paper,
poster, or electronic exhibit for presentation at the AUR Annual Meering. Up
to two awards may be presented annually. To be eligible, the work must have
been performed while the applicant was a medical student. The candidare
must be the first author or the presenter of the project.

The winning submission’s author will receive a $500 honorarium and a certifi-
cate and will be acknowledged during the AUR Annual Mecting in the
SPring.

Submissions for the AMSER Henry Goldberg Medical Student Award compe-
rition cannor be simultaneously under consideration for award elsewhere.

To be considered for this award, an abstrace MUST be submitred for presenta-
rien consideration at the AUR meeting and must be received by the absimct
deadline,

Association of University Radiologists (AUR) Memorial Award

In honor of deceased members of the Assoeiation of University Radiologises
{AUR), a Memorial Award may be presented annually w the radiology medi-
cal student, resident or first year fellow who submits an outstanding original
paper on any aspeet of mdiclogy. Eligible medical students, residents, or fel-
lows may submit as the sole author of their paper, or they may do 50 in con-
junction with other medical students, residents, or fellows andfor faculey. In
the latter case, the medical stedent, resident or fellow muse fully qualify as the
senior author of the paper. Only AUR members are eligible for this award.

The winning paper will be published in Academic Radiclogy, and the author
will receive a $1,000 honorarium, crystal award and certificare, and will be
asked to present his or her essay during the AUR Annual Meeting. More: All
papers submitted for the award will be forwarded to the journal office of Aca-
demic Radiology for possible publicarion.

Manuscripts submitted for the Memorial Award Competition must be a first-
time submission, cannot be simultaneously under consideration for publica-
tion or award elsewhere, and cannot be scheduled for presentation before the
2008 AUR Annual Meeting. i‘:!rl.‘r-\ should nor exceed 5,000 words and 10 il-
lustrations, and tables must be kepr within reasonable bounds. Otherwise,
manuscripts should conform in all respects 1o the “Guidelines for Authors™
found in Academic Radiology.

Deadline is in January. The winner will be notified in February,

For more information, contact the AUR Office by phone at 1-630-368-3730
ar by eoail ar AUREmna.ong
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Radiologic Society of North America (RSNA)

Research Medical Student Grant

Eligibiliry:
Full time medical student ar accredived MNorth American medical
FCI“ flﬂ'l..
Project must rake place in the department of mdiology, radiation oncal-
ogy, or nuclear medicine in a North American institution.

$3,000 to be matched by sponsoring depr. Deadline: Year-round (Con-
ract RSMNA o check availabilioy).

Radiclogical Sociery of Morth America (RSNA) WW WL TSI O

RSMNA Research and Educarion Foundation
520 Jorie Boulevard

Oak Brook, IL 60523

(630) 571-T816

(630) 57 1-T837 (FAX)
R&Efoundation@rsna.org

Dr. Constantin Cope Medical Student Society for Interventional
Radiology Annual Scientific Meeting Research Award

The purpose of the award is to introduce. interested medical students to the
ereater interventional radiclogy community at the SIR Annual Scientific
Meeting. The intent is to recognize the student author of an accepted abstract
that best honors the spirit of inventiveness and scientific purity. Medical stu-
denes in their second, third or fourth year ar an accredited medical school who
have demonstrated an interest in interventional radiology as a career and have
part iai-:u:::d in an :_J:rlgin:_ti research Project may :I[‘rp].'g.f.

The Annual Meeting Research Award Committee selects up to three recipi-
(5 ] B EFF II'Ii.ﬁ- a“’ilﬂl EiICI'I Leri

Recipients will receive:

Complimentary registration

+ Travel award up to $1,000 payable toward the recipient’s airfare, hotel
and related meeting expenses

= Award recipient is responsible for any costs ineurred beyond the roral
amount of the award. Read full reimbursement policy

Eligibilicy:

I. Primary Author must be a 2nd, 3rd or 4th year medical student ar an
accredited medical school, and must present the abstract as an oral
presentation

2. Candidare need not be the principal investigaror of the research proj-
ect, but must have had a meaningful role in the research

3. Research must be ariginal, and must have been conducted under the
puidance of one or more SIR members, one of whom agrees to be pres-
ent for the oral presentation
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Required Marerials:

1. Abstract Number; 2. Applicant’s ©V; 3. Letter of support from appli-
cant’s program diréetor or deparoment chair; 4. Letrer of endorsement
from an IR member if the department chair or program director is not a
member

Abstracr Submission Deadline: Ocrober; Applications due: November

All applicants will be notified of award status in early December. An applicant
is only eligible to receive one rescarch award from the SIR Foundation in any
given academic year. For additional information, contact Jackie Cochran an

awards@sirfoundation.org or phone {703) 691-1805.

AAMC Herbert W. Nickens Medical Student Scholarships

These awards consist of five scholarships given o oustanding students enter-
ing their third year of medical school who have shown leadership in efforts o
eliminate inequities in medical education and health care and demonstrated
leadership efforts in addressing educational, societal, and health care needs of
minorities in the United Srares. Each recipient receives a $3,000 scholarship
in Movember of the vear the scholarships are awarded.

A medical school may nominate one student per year for this award. A candi-
date must be:

a LS. citizen or permanent resident and

entering the third vear of study in a LEME-aceredited LS. medieal school
in fall 2008. Students enrolled in combined degree programs (such as
M.DPh.[Y) are clig:il'l]i; when thﬁ:'ﬁ’ are entering their rhir.:l year of med-
ical schoaol.

a nomination letter from the medical school’s dean or the dean's designate
discussing the nominee's;

leadership efforts to eliminate inequities in medical education and
health ecare,

demonstrared leadership effores in addressing the educational, soci-
etal, and health-care needs of minorities,

excellent academie achicvement thl‘{]l,l.gl.‘t the first and second years of
medical school (this is essentinl when a school has a pass/fail grad-
ing system),

awards and honors, special research projects, and extracurricular ac-
rivities in which the student has shown leadership abilities;

a lewer of recommendation from the medical school’s designed minoricy
affairs representative or office;

a lerter of recommendarion from a faculty member;

a personal statement by the nominee, which does not exceed 250 words,
discussing his or her motivation for pursuing a medical career and how
he or she anticipates working o improve the health and health care of
minorities;

a curriculum vitae (CV) for the nominee which clearly indicates contact
information; and

the nominee’s official medical school academic transeripe (remember o
photocopy both sides of the transeript).
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The deadline for receipt of nominations is in May. All nominations must be
submitted to:

Herbernt W Mickens Medical Student Scholarships Award Committee cfo Juan
Amador Association of American Medical Colleges, 2450 ™ Streer, MW, Wash-
ingron, DO 20037-1127. For more intonmation email nii:]:.l.'n:s:m':lrdn@umm:.::arg

AAMC Caring for Community Grant Program

A Mational Medical Student Service Project Sponsored by the Phzer Medical
Humaniries Initiative

Compassion and service are essential components of being a docror. The in-
creasing involvement of medical students in community service efforts dem-
onstrates that they share this belief. The AAMC, with the support of the
Phzer Medical Humanities Initiative, is pleased ro conduct an institutional
grant program to encourage the development of student-initiated services and
programs to the community. The AAMC manages a community service func,
the Caring for Community Grane Program, a philanthropy established to as-
sist medical students who espouse and ace upon their professional responsibili-
ties to the community.

As part of the Caring for Community Grant Program, allopathic and osteo-
pathic medical schools conferring the MD or XD degree are eligible to receive
support for community service-oriented projects in which they explore new
'l'l'.!'!.':i Loy Serve Tl:'l.l."lr |I:Il(,'a\| {:Q":I"]ﬂ.}‘lln![lﬂh Ellgil:lli: I!l":lb:l."ﬂl]'l!‘- |]'|H'!|" Ti!l'l.h"‘: l-ft‘l'“. [h{m
thar promote awareness about sexually transmitted diseases, o vaccination
and literacy programs, o any program that fulfills an unmet need within the
community. Grant awards will also be offered o eligible service programs that
are currently underway,

The unique aspect of the Caring for Community Grant Program is its focus on
projects initiated, developed, and run primarily by medical students. While
faculty and institutional invelvement is integral o sustaining community ser-
vice efforts, the ultimate: goal of the Caring for Community Grant Program is
o encourage students to identify untapped avenues of community service.
Caring for Community will also help students to translate grear ideas into
meaningful service by contributing needed starc-up and supplemental funds.

Applications will be processed and reviewed in MarchfApril. Applicants will
be notified of status by June.

For additional information, please cantact:

Ally Anclerson

Manager, Student and Community Service Programs
Association of American Medical Colleges

2450 N Streer, NW

Washingron, DC 20037

aanderson@aame.org

202-828-0682
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Alpha Omega Alpha Medical Student Service Project Award

Purpose: To aid the establishment or expansion of a medical student service
I*l‘t"j'-ff- bg_-ncﬁring the medical school or the local -;:ummuniry, and o TECOg -
nize students who dedicare their time and effart to these endeavors. Only one
proposal will be accepted from a school during an academic year.

Eligibility: Any medical student or group of students ar a school with an ac-
rive AQIA chaprer. AQA membership is not required.

The award: The school will receive up 1o $2,000 per year, renewable for a sec-
ond vear up o 51,000 and a chird year up o 3500 to fund the project. Funding
for the second and third vears will be dependent on review by the national of
fice of a progress report on the st vear.

Dares: Applications will be aceepred by the national office ar any time.
Send applications to:

Medical Student Service P]‘l.:ljl.:l_'[ Award
Alpha Omega Alpha

325 Middleheld Road, Suire 130
Menlo Park, California 94025

More information: Contact Ann Hill, (650) 329-0291,
ahill@alphaomegaalpha.org

American Medical Association Foundation Awards

The AMA Foundation will send a derailed packer ::Fs.clu-l-.mhip information
o each medical schoaol’s Office of the Dean, Office of Student Affairs and OF-
fice of Financial Aid. Iv is through one of these offices that you ean receive
nomination and application information. It is the Cffice of the Dean or the
Dean’s Designate that must submit nominations to the AMA Foundation for
the scholarships.

PHYSICIANS OF TOMORROW SCHOLARSHIPS

These 510,000 sn;,:lu:l:ir.-ih'tp;i reward current third-vear medical students, who
are entering their fourth-year of study. The selection of the recipients will be
hased on academic achievement and hinancial need.

There will be cighr Physicians of Tomorrow scholarships funded by the AMA
Foumdarion.

The recipient of the one Physicians of Tomorrow Scholarship funded by
the Audio-Diiges Founclarion should bave an inrerest in “the communi-
cation of science.” Activities such as mentoring andfor teaching are ex-
amples of "communication of science.”

The recipient of the one Physicians of Tomorrow Scholarship funded by
the Johnson E Hammond, ME Fond should have an interest in and
commitment toa career in medical journalism.

The recipient of the one Physicians of Tomorrow Scholarship funded by
the Rock Sleysrer, MDY, Fund should have an interest in and commic-
ment Lo Carcer in |‘~.-'5'1.!hi:|l!n'.
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Each medical school may submit one nomination for each of these scholarship
opportunities. Thus, each school may submir up o four nominations in total.

Applications available: February 2008
Mominations due: May 30, 2008
Becipients announced: August 2008

MiNORITY SCHOLARS AWARD

In collaboration with the Minority Affairs Consortium (MAC), with support
from the Phzer Medical Humanicies Initiativeren Minonty Scholars: Awands
are awarded annually, each in the amount of a 510,000 scholarship. You must
be a current first- or second-year student and a permanent resident or citizen
of the LS. Eligible students of minority backeround include African Ameri-
can/Black, American Indian, Mative Hawaidian, Alaska Marive and Hispanic/
Latino, Each medical schoal i invited o submit up to two nominees.

Arthur N, Wilson, MD, Scholarship—One $5,000 scholarship is awarded 1o
a medical student who grew up in Southeast Alaska . Students may apply Ji-
rectly to the Foundation for this scholarship opportunity.

If yvou hiave questions abour these schalaship opportuniries, please contacr:

Lrina Lindenberg
Program Offhcer
(312) 464-4193

dinalindenberg@ama-assn.onge

Radiological Society of North America Resources for Medical Students

FREE Membership in RSMNA

FREE Artendance ar the RSNA Annual Meeting

FREE Access to the RSNA journals, BADIOLOGY and RadioGraph-
ics.

InteractED—Intemet-based CME (free o all Medical Student Mem-
bers)

hitp://wwwrsna.org/education/launchpad findex.htmi

Extensive radiology education portal page from the RSNA

Offers links for education in anatomy, radiology teaching files, health
policy, medical ethics, physics, research, telemedicine, vererinary radiol-
oy and much more

httpz//wwanw.snm.org
Educational page sponsored by the Sociery of NMuclear Medicine
Five toral online teaching files: pulmonary (1), bone (20, endocrine (2)
—cases are presented inan Aune Minnie style with stepwise introdug-
tion and reaching in the case with the opporunity for self-assessment
(questions) throughour the discussion
In-deprh case discussion, mostly resident level
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http://learningradiology.com

« This is a fantastic website with lecrures, picrures, and cases that teach
radiclogy from the very beginning

« It is linked o a printed textbook, written by this website’s author called
Leaming Radiclogy: Recognizing the Basics (Elsevier/Mosby) which
uses the same fundamental approach o reaching as does this site, bur
contains key information on other modalities, additional material not
covered on the website and aceess o StudentConsult.com with 50 in-
teractive mutorials based on the book, including 240 imaged-based cases
related to material in the bool:.

http://radiologyweb.com

=« This casy to navigate website features several inveresting features ing lud-
ing case of the month, resident’s corner, CME/meetings fiinder, daily
news and coding tips.
A unique feature is its Asia Focus, which features leading armicles by
Asian radiologises, highlights radiology opportunities in Asia, and pro-
vides full text access to the Asian Oceanian Joumal of Radiclogy.

http://wanwrsna.org/education/etoc htmi#pulldowns

= Educarional page sponsored by the Radiological Society of North Amer-
ica—offers interactive education, online iuurn:ﬂs and CME articles

+ You must either be a member of the RSNA or pay fee to use these mate-
rials, in addition to registering with the site

http:/ v sbu.ac uk/ ~ dirt/museum,/topics htm|

Educarional radiology website from Central Middlesex Hospital (Lon-
don)

Tutorial for reading CXRs include viewing strategies, list of anatomical
fearures, discussion on lung structure and function, etc.

Text-based discussion with thumbnail images interspersed o illustrare
points

Introductory tutorial on basics of ultmsound

http.//www.radiclogy.wisc.edu/Med_Students/neuroradiology,/MeurcRad,
MeuroRad.htm

Good wrorial for nevroradiology including neurcanatomy, vascular
i,'ln'r“”“l}'.. I'Iﬂ."llrl:iﬁl“ﬁ:'l”l'l'-li 5}':tn..‘l1.l.‘i. MR]. & "::T.

Contains video files run through Windows Media Player that goes
through anatomical images.

http://vaw.med.wayne.edu/diagRadiology/Anatomy_Modules/Page1.html

Radiographically based anatomy modules for brain, upper abdomen,
thorax and pelvis-anatomy is taught from plain Alms and CT along with
rext-hased explanations

http://www.rad.washington.edu

MSK anatomy rutorials taughe from radiographs
« Muostly text-based with images throughout o illustrace paints
Quickrime movies on extremity CT/MRI
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http://everest radiclogy.uiowa.edu/nim/app/livertoc/liver/liver.html

University of lowa website through department of surgery for leaming
the segmental anatomy of the liver

Text-hased discussion with thumbnail images and some Cuicktime mov-
ies to demonstrate the segmental anatomy in three dimensions
Approach is primarily a surgical vs. radiographic standpoint

Mostly resident level

http:/ fwaaw.ob-ultrasound.net

Turorial webpage providing comprehensive review of the basics of OB
ultrasound

Linked to many different pictures, images, and teaching fles of different
diseases, equipment, anatomy and basic ultrasound ph'rsi-:s

http:/ v radiology.co.uk/srs-x/tutorials.htm

Seortich Radiological Society educarional resource page

Provides text-based wurorials for lobar collapse, head CT in trauma and
renal transplant

Conceprs are explained well with diagrams, tutorials are noninteractive

hitp:/fmaaw.miritutor.org/miritutor

Cireat basic rutorial in the basics of MREI

Oine of the few tutorials on MRI

Covers instrumentations, pulse sequences, artifacts, safety, contrast and
Mo
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A

Abdominal CT, 92-94, 132
normal, 93

Abdominal MRI, 133

Abdominal trauma, 119-121

Abdominal ulrrasound (LIS), 91-
9, 124, 127-131

Abdominal x-ray (kidneyfurerer/
bladder [KUB]), 124, 125=
127

Abscess, peritonsillar/retropharyn-
geal, 235

Achalasia, 100

Acromioclavicular (AC) separa-
tion, 188

Acure renal Filure, radiclogic ap-
proach w, 137

Adenocarcinoma, 118

Adenopathy, 64

Adrenal adenoma, 143

Auir bronchogram sign, 53

Angiomyolipoma, 129, 140, 141

Ankle anatomy, normal, 208

Ankylosing spondylicis, 181

Anterolisthesis, 171

Awrric dissection, T3

Aortc transection, 74

Appendicicis, 110-111

Arachnoid cyst, 37

Arteriovenous [ ANV) malforma-
tions, L1

Aurthritis

Awards
general medical student, 258-

261

AAMC Caring for Commu-
nity Grant Program, 259

AAMC Herberr W Nickens
medical student scholar-
ships, 158-259

Alpha Omega Alpha Medical
Student Service Project
Aweard, 260

American Medical Associa-
tion Foundarion awands,
260-261

for medical students i1m,:|1.di|1.g o

pursue radiclogic special-
ries, 256—258

AMSER Henry Goldberg
Medical Student Award,
156

Association of University Ba-
diologists { ALIER) Memorial
Aavard, 256

Dr. Constantin Cope Medical
Student Sociery for Inter-
ventional R."uliulﬂ;_:'_.'
Annual Scientific Meering
Research Award, 257

Radiologic Society of North
America (RSNA) Research
Medical Student Grant,
257

degenerative, 191
peoriatic, 204
theumaroid, 203
sepric, 217
Asbestosis, 72
Aspergillosis, 61
Astrocytoma, 232
Avrclectasis, 52-53
complere {collapse), 51-53
linear, 53
Avascular necrosis, 217

B

“Bamboo spine,” 161

Bankart frocture, 1583

Bariune enema, 244

Barium esophagogram, 95, 100

Barivm swallow, 94

Benign prostatic hypercrophy
(BFH), 144

Bennetr fracoure, 200

Bicornuate uterus, 157

Blastomycasis, 79

Bone merastasis, 215

Bone mineral density (BMD), eval-
uating, 162

Bouronniere deforminy, 203

Boxer fracture, 200

Burse fracoures, 174

C

Calcified choroid plexus, 43
Caleified pineal gland, 43
Carbon monoxide poisoning, 17
Cardiac abnormalities, 65=-67
cardiomegaly, 65
congestive heare failure (CHE),
6567
Cardiac pacemaker, 83
Cardiovascular radiology, pediatric,
237
coarcration of acma, 239
tetralogy of Fallor, 237
transposition of the grear arteries
(TGA), 238
Central venous line, jugular or sub-
clavian, 83
Cephalization, 65
Cerebral abscess, 39
Chance (thomeic distracrion} frac-
wre, 176
Chest radiology, 47-87. 232-236
arelectasis, 52-53
complere (collapse), 52-53
linear, 53
cardiae abnormalities, 65-67
cardiomegaly, 65
congestive heart failure
(CHF), 65-67
cavities, types of, 60-62
abscess, 60
granuloma, 60
malignang, 60
pulmonary bullag, 62
T, 51-52
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Chest radiology (Contmeed)
emergency findings, review of,
83
lymphadenopathy, 78
sarcoid, 78
mediastinal masses, 63-64
anterior, 63
middle, 64
posteriorn, 64
pediatric, 232-236
eroup (larynporrachechron-
chiris), 232
epiglotriis, 233
foreign bodies, 236
peritonsillarfretrophanmgeal
abscess, 235
pneumonia, 234
pleural abnormalities, 6872
empyema, 6
plcunﬂ calcification, 72
pleural effusion, 68
pneumomediastinum, 71-72
pneumothorax (PFTX), 70
pulmonary embaolus, 76
pulmonary hypertension, 77
skin fold. 71
pneumonia, 34-57
pulmonary nodules, 5839
benign, 58
malignant, 59
tuberculosis (TB), 79
rubes and lines, B0-85
cardiac pacemaker, 83
chest tube, 81
endotracheal tube, 80
nasogastric tube, 52
jugular or subclavian cenrral
venous line, 83
pulmonary artery catheter,
8354
umbilical vein catheter, 54
vascular abnormalities, 73=77
aortic dissection, 73
AT transection, 74
thoracic aortic aneurysms, 75
x-ray, how o read, 49-50
Chest twhbe, 81
Cholecystitis, 114-116
Chaolescintigraphy (hepatobiliary
iminodiacetic acid [HIDA]
sean), 115, 116
Circle of Willis, 26
Claviele fracture, 187
Clay shoveler’s fracture, 172

266

Closmidinem difficile, 104
Cloal worker’s pneumoconiosts, 79
Coarcration of aorea, 239
Codman’ triangle, 214
Coeur en sabot { boot-shaped heart),
237
“Coffee bean" sign, 113
Coliris, 104=108
Crohn's disease, 107
infectious, 104, 106
inflammacory, 106
ischemic, 108
ulceratcive, 106
Colles” fracture, 198
Caolonic obstrucrion, 104
Comminuted fracture, 163
Congestive heart failure (CHEF),
65-67
stage | {progressive cephaliza-
tion), 65
stage 2 (interstitial edema), 66
stage 3 (alveclar edema), 66
stage 4 (chronic pulmonary ve-
nous hypertension), 67
Contusions, 19
Craniopharyngiomas, 22
Crohn's disease, 107
Croup (laryngorracheobronchiris),
132
CT (computed tomography), 10—
12, 51=52
abdominal, 92-94, 132
normal, 93
with contrast, 11
withour contrast, 10
of the head, how o present, 11
language, 10
musculoskeleral, 161
normal anaromy, 12
in pregnancy, 151, 152
sample presentation, 11
Cystic diseases, pediatric, 246
Crstitis, emphsemarous, 139

D

Drandy-Walker syndrome, 231
Degenerative arthrits of the shoul-
der, 191
Depencrative joine disease, 216
Diffuse axonal injury (DALY, 20
Diffuse idiopathic skeletal hyperos-
rosis (DISH), 180
Displaced fracture, 163
Diverticular disease, 109-110

DMSA (dimercaprosuccinic wcid)
scans, 135

“Donut” sign, 244

“Double bubble” sign, 241, 242

Daouble tract sign, 241

Dual energy x-ray absorptiometry
(DEXA), 162, 179

Duadenal arresia, 242

E

Ecropic pregnancy, imaging in, 150
Edema
interstitial, 66
alveolar, 66
Eggshell calcifications, 79
Elbow anaromy, normal, 192
Ernergency radiolosy, 13-30
ACA infarct, 29
acure epidural hematoma, 16
carbon monoxide poisoning, 17
contusions, 19
diffuse axonal injury (DAL, 20
herniation, 21=-23. See alwo Her-
nuation, types of
hydrocephalus, 24
intracerebral hemorrhage (ICH),
30
MCA infarcr, 27-28
PCA infarct, 28
shull fracture, 13-14
stroke, 26
subarachnoid hemorrhage
(SAH), 18
subdural hematoma (SDH), 15
watershed infaree, 29
Empyema, 69
Endoscopic retrograde cholang-
ipancreaticography
{ERCP), 98, 99
Endoscopy, 98
Endorracheal tube, 80
Enemas, single- or double-contrase,
94
Enteroclysis, 94, 97
Ependymomas, 232
Epidural hemaroma, acure, 16
Epiglotticis, 233
Esophageal arresia, 240
Esophageal cancer, 118
Esophagogram, 95, 96, 118

F

FAST {focused abdominal sonogra-
phy in wauma), 91, 119, 120



Female genital rract, imaging of, thoracic distraction (Chance), pylorcic stenosis, 241

152=-153 176 volvuluz, 243

hysterosalpingogram, 152-153 of the tibia-hbula shafe, 222 volvilus, TNI=113

ultrasound, 152 of the ribial plateau, 223 cecal, 112
Femur anatomy, normal, 207 types of, 163 midgut, L1
Fibrosarcoma, 212 visibility, increasing over time, sigmoid, 113
Fibrous cortical defecr, 219 205 small bowel obstruction, 102-
Fibula anatomy, normal, 207 wedge compression, 175 103
“Figure-three” sign, 239 Zenkers diverticulum, 1L
Fistulograms, 98 G Genitourinary radiology, 123-146
Fluid attenuation inversion recov- Gallstone discase L 142116 abdominal computed tomogra-

ery (FLAIR), 45 phy (CT}, 132

. Canglioneurama, 64
Flisoroacony. A ; A b £

F|u r. L PY. !U' oL 309 Gastrointestinal bleeding, 102 .||'~.inmlln.|.l MRI, 133 5
.um anatomy, nonmal, 20 ’ Gastrointestinal mdiology, 89-121, abdominal ultrazound (LS), 124,
Forearm anatomy, normal, 195 140-245 127-131

weign bodies, ingesced, 236 ibAamirall el o= 0 abdominal s-ray (kidneyfurerer/

Fractures eI R bladkder [KUBJ), 124, 125-

Bankarr, 153

Bennecr, 200

Boxer, 200

buese, 174

of the clavicle, 187

Cuolles!, 198

communuted, 163

of the parella, nondisplaced,

221

dens (odontoid), 169

Jhi\]:lq ed, 163

oreensrick, 163

hangman’s, 170

Hill-Sachs, 183, 184

how to describe, 163

of the humeral head, 186

intertrochanteric, 218

Jones, 225

Jefferson, 163

Lisfrone, 226

lomg bone, 153

malleolar, 224

metacarpal, 200

mightstick, 196

of the olecranon, 197

of the parella, 221

phalangeal, 201

of the posterior spinous process,
{clay shoveler's fracture),
172

of thie radial hewd, 193

Folando, 200

of the scaphoid, 199

of thie scapula, 15%

of the skall, 13=14

stress (march), 227

supracondylar, 1594

appendicitis, L1111
colitis, 104-108
Crohn’s disease, 107
infectious, 104, 106
inflammatory, 106
ischemic, 108
ulcerative, 106
colonic obstruction, 104
diverticular disease, 1089-110
esophageal cancer, 118
gallsrone disense and cholecysti-
s, 114116
Gl bleeding, 102
imaging, modalities for, 90-99
abdominal CT, 92-94
abxdominal ultrasound, 91-92
barivm swallow, 94
endoscopy, 98
enemas, single- or double-
contrast, 94
ERCI 99
hsrulograms and sinograms, 98
intraluminal contrast exami-
nations, Y
MEIL, 94
plain abdominal Alm, 90
amall Bowel follow-throneh
examination and enterocly-
sis, 94
upper Gl single- or double-
contrise, 94
pancrearitis, 117
pediarric, 240-245
duedenal arresia, 242
esophogeal arresia, 240
innussusgeption, 244
necrotizing enterocolitis, 245

123
seute renal filure, mdiolopic ap-
proach o, 137
contrast snedies, 134
nuclear medicine stuedies, 135
renal artery stenosis, 146
renal caleulus disease, 136
renal masses, 140-146
benien, 140
benign prosatic hypertrophy
(BPH), 144
malignant, 141=143
testicular torsion, 145
Gliohlasroma mulriforme (GBM),
32
Golden S sign, 52
Gireenstick fracture, 163

H

Haemaophilies mflienzae, 41
Hand anatomy, normal, 195
Hangman's fracture, 170
HL‘:IF[
boot-shaped (Cocwr en b)),
237
epp-shaped (rransposition of the
grear arteries), 2138
Hemangioblastoma, 33
Hepatobiliary iminodiacetic acid
(HIDA)Y sean {cholescintig-
raphy), 115, 116
Flemiation, types of, 21-23
cercbellar tonsillar, 23
subfalcine, 21
uncal, 22
Herpes encephalitis, 40
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HIDA scan, 116
Hill-Sachs fracture, 183, 184
Hip. See also Lower extremity, hip
and
dislocation, 210, 211
Histoplasmosiz, 79
Huorseshoe kidney, 2458
Humeral head fracture, 156
Hydrocephalus, 24-25, 38
communicating, 24
noncommunicating, 23
posrnaral, 231
Hydronephrosis, 127, 249, 250
Hydrowneters, 249
Hypertension,
chronic pulmonary venous, 67
pulmonary, 77
Hysterosalpingogram, 152-153

Inrerrochanrenc fracoure, 218

Intracerchral hemorrhage (ICH),
([t

Inrraluminal contrast examina-
tions, 94

Introvenows pyelegmm (IVE), 125,
|34

Intussusceprion, 244

J

Jefferson fracure, 163
Jomes fracture, 225

K

kidney/ureterbladder (KUB) (ab-
domuinal x-rav), 124,
125-127, 248

Knee anatomy, normal, 208

Knee effusion, 220

L

Laryngorracheobronchitis (croup),
232

Ligamentons injury, 225

Linwe of Frankel, 251

Lasitanc fraciore/dislocation, 226

Lithotripsy, percutancous, 136

Liver laceration, 120

Lower extremity, hipand, 206-227
ankle anatomy, normal, 208
arthriris, sepaic, 217

268

bone mictustasis, 215
femur anatony, normal, 207
fibroues cortical defect, 219
fioiar anmromy, normal, 209
hip dislocation, anterion, 211
hip distocation, posterior, 210
interrrochanteric fracture, 213
Jomes fracture, 223
knee anatemy, normal, 208
knee effusion, 220
ligamennous injury, 223
Lisfranc fracturefdislocation, 226
mallealar frcrures, 224
asteopetrosis, 213
osteosarcoma, 214
Paget’s disease, 212
patella fraciure, 221
pelvis anatomy, normal, 206
stress (march) fractures, 227
ribiaffibula anatomy, normal, 207
tibia-fibula shaft fractures, 222
tibial plateau fractures, 223
Luftsichel sign, 52
Lung hydarid disease, 61
Lymphadenopathy, 78
Lymphoma, primary, 34

M

Malleolar fractures, 224
MCA infarct, 27-28
Medinstinal masses, 63--64
anterior, 63
micddle, 64
posterion, 04
Medulloblastoma, 232
Meningioma, 36
Meningitis, 41
Mesothelioma, 72
Meracarpal dislocarion, 202
Meracarpal fractures, 200
:‘l.'ld."!.hl:hiw. !_:}
Minority Scholars Award, 261
MED {magnenc resonance inag-
i),
musculoskeletal, 161-162
i pregnancy, 151
Multiple myeloma, 175
Mulriple sclerosis, 45
Musculoskeleml mdiology, 159-227
dimpmostic imaging rechinigues,
main, 161-162
compured tomagraphy (CT),
16l

dual energy x-rav absorpriom-
erry (DEXA). 162
flucroscopy, 162
MEL, 161=162
plain flms, L6l
fracture visibility, increasing
over time, 205
fractures, how o describe, 163
hip and lower extreminy, 206
227
ankle anatomy, normal, 208
arthritis, sepric, 217
bone metastasiz, 215
[Qh]lll' H v H
fbrous cortical defect, 215
foot anatomy, normal, 209
hip dislocation, anterior, 211
hip dislocarion, posterior, 210
intertrochanteric fracture, 218
Jones feacture, 225
knee anatomy, normal, 208
knee effusion, 220
ligamentous injury, 225
Lisfranc Flﬁ;‘l:urq:fl.!i:xh sCarion,
236
mallealar feactures, 224
osteaperrosis, 213
asteosarcoms, 214
Pager’s disease, 212
parella fracture, 221
pelvis anatomy, normal, 206
stress (march) fractures, 227
tibia/Abula anatomy, normal,
207
tibia-fibula shaft fracouees, 222
tibial plateau fractures, 223
osteopenia, disuse, 205
spine, 164=182
ankylosing spondylitis, 181
burst fractures, 174
cervical spine anatomy, nor-
mal, 164-166
cervical spine, bilareral over-
riding facers in, 171
desencerative changes in, 150
dens (odontoid) fracture, 165
homeman® frctore, 170
hyperexrension injury, 173
hyperdlexion injury, 174
lefferson frcrure, 168
lummbair spime anatomy, nor-
mal, 167
multiple myeloma, 178
wsteoparosts, 179

oimd;, 1 r|111:|1. ..Fl:':'




POSLErIOF SPINous process, frac-
ture of [ I‘:w :-|'||,|1.'|_'|1_-r'.;1
fracture), 172

sacralizacion of L3, 182

sporidylolysis, 177

thoracic distmction (Chanee)
fracture, 176

thomeic spine anatomy; nor-
mal, 167

“-'\.'\.l:.tl.' CUOHMPression |.!.|n. Tufe,
175

upper extremity, 153
acromioclavicular {AC) sepa-
rarion, 88

clavicle fracoure, 187

Colles' fracture, 198

humeral hesd fracture, 186

l:'u.'[.li':|1'1".||. tracrueres, 200

mighestick fracrure, 196

clecranan fracture, 197

os acrominle, 1990

phalangeal tractures, 201

phalangealfmeracarpal dislo-
cation, 202

psariatic arthrits, 204

radial head fracrure, 193

theumatond arthricis, 203

seaphotd fracture, 199

*1‘.|i":|J'.|. tracture, 159

shi -ul..lq:r, L!L!L’L’t'li,'l'ill e ,1r|;1'|n-
tis 1.'lr-, 181

shoulder dislocanon, 183-185

shoulder, normal, 183

supracondylar fracrure, 194

Mycobacternon mibercielosis, 79

N

Masogastric wabe, 82
Mecrotizing enterocolitis, 245
Medsseria menigitidis, 41
Na.-r-hr: slithor MY PREFCutaneoUs,
136
Mephrostomy, percurancous, |36
Meuroblastoma, 64
Meurch broma, 64
Meuralogic neoplasms, pediatric,
232
Menrormdiology, 9=45, 230-232
caleifed choroid plexus, 43
calcihed pineal gland, 43
CT
with contrast, 11
withour contrast, 10

of the hesed, how to present,

normal anaromy, 12
sample presentation, 11
emergency radiology, 1330
ACA infarct, 29
acure epdural hematoma, 16
carbon monoxide poisoning,
L7
contusions, 19
diffuse axonal injury (DALY,
0
herniation, 21-23. See alo
Hernagion, types of
hydrocephalus, 24
intracerebral hemorrhage
(ICHLD), 30
MCA nlarce, 27-28
I‘f_'_',-\ |||l'-.m.;|. 35
skull fracoure, 13-14
stroke, 26
subarnchnoid hemorrhage
(SAH), 18
subdural hematoma (SDH), 15
watershed infarce, 29
imaging modalities, 10
infections, 3941
cerebral abscess, 39
herpes encephaliis, 40
meningitis, 41
sinnesinns, 41
multiple sclerosis, 45
pediarric, 230-232
Dandy-Walker svndrome, 231
neurologic neoplasms, 232
tuberous selerosis, 230
szl vessel ischemic change, 44
tumors, 3 138 See also Tumors
extra-axial, 36=38
intr-nxinl, 33=25
Mighrsrick fracture, 1946

Q

Chssrerrics and gynecalopy, 147-
157
female menital trot, imaging of,
152-153
hysterosalpingogrm, 1532=153
ultrasound, 152
ovarian pathology, 154
cyars, 154
rorsion; 153

prepgnancy
imaging in, 145-1%1
rndintion exposure in, 148
uterine pathology, 156-157
I‘II|1I'|.'r:il..:|.\. 156
seprate uterns, 157
Olecranon fracture, 197
Oligohydramnios, 247, 250
Oncocyroma, 140
*Oipera glass hand,” 204
Ok acromiale, 190
Olsteogenic =arcoma, 214
Orreomyelitis, 227
Crsreopenin, disuse, 203
Osreopetrasis, 213
Osteaporosis, 1749
Osreosarcoma, 212, 214
Chvarian patholosy, 154
oysis, |5
tarsion, 153

P

Pager's disense, 212
Pancreatitis, 117
Parella fracoure, 221
PCA infarct, 28
Pediarric radialogy, 229-253
cardiovaseular, 237
coarcrrion of s, 239
retralogy of Fallor, 237
rransposition of the grear ar-
teries (TCGA), 238
chesr, 232-236
croup lanyngotracheabron-
chiris), 232
epigloceinis, 233
forcign badies, 236
peritonsillarfreropharyngeal
abscess, 235
prcumoni, 234
gastrointestinal, 240=245
dusdenal arresia, 242
esophageal atresia, 240
intussusception, 244
necrotizing enterocalitis, 245
ploric stenosis 241
volvalus, 243
penitourinary, 246-250
cystie diseases, 246
horseshoe kidney, 248
pusterior urethral valves, 250
renal ngencsis, 247
vesicoureteric reflux, 249
Wilms" amer, 247

249



Pediatric radiologay (Conried)
musculoskeleral, 251-253
long bone fractures and Salter-
Harris classification, 253
rickers, 252
seuny, 231
neurology, 230-232
Pandv-Walker syndrome, 231
neuralogic neoplasms, 232
ruberous sclerosis, 230
Pelkan spurs, 251
Pelvis anatomy, normal, 206
“Pencil in cup” deformity, 204
Perinephric abscess, 139
Peritonsillarfretropharyngeal ab-
soess, 235
Phalangeal dislocation, 202
Phalangeal frcoures, 201
Physicians of Tomorrow scholar-
ships, 260-261
Plain film, 90, 161
abdominal, 90
Plastic deformity (bowing), 163
Pleural abnormaliries, 68-72
empyema, O
pleural calcification, 72
pleural effusion. 65
pncumomediastinum, 71-72
prcumothorax (PTX), 70
pulmanary embolus, 76
pulmanary hypertension,
skin fold, 71
Pleoral calcification, 72
Plewral effusion, 68

Pneumarosis intestinalis, 245

7

7

Prneumonia, 54-57
pediatric, 234
Preumomediastinum, 71-72
Pneomothomx (PTX), 70, 86
tension, 86
Polyevstic kidney disease, 128
Positron cmission tomogrphy
(PET), 118
I'.I-T‘."\llflll ir Ul‘l.'lhrnl-l '\'il] Wi, JGC.
Porter’s syndrome, 247
Pregnancy
imaging in, 148-152
CT, 151, 152
ecropic pregnancy, 150
MRL, 151
ultrasound, 148-150
radiation exposure in, 148
Prostate cancer, 215
Peorintic arthritis, 204

270

Pulmonary artery eatheter, 83-84
Pulmonary bullae, 62
Pulmonary embaolus, 76
Pulmonary hypertension, 77
Pulmonary nodules, 5559
Tenien, 38
malignang, 59
Pyelonephritis, acure, 138
Pyloric srenosis, 241

Q
Quadriplegia, 171

R

Rachitic rosary, 252
Radial head fracture, 193
Renal agenesis, 247
Renal artery stenosis, 131, 146
Renalfbladder masses, 132
Renal calculus disease, 136
Renal cell carcinoma (RCC), 141,
142
Eenal hematoma, 121
Renal masses, 140-146
benign, 140
angiomyolipomas, 140, 141
oncocyroma, 140
malignane, 41-143
adrenal adenoma, 143
renal cell carcinoma (ROC),
141, 142
rransitional cell carcimoma.
142
Renal stone disease, 132
Renal tuberculosis, 140
Renal uleensound, 127
Rermopharyngeal abscess, 235
Rheumaroid arthriis, 203
Rickets, 252
“Rim sign,” 136
Folanda fracture, 200

5

Haail sign,” 193

Saleer-Harris classihcarion, 201,
253

Sarcoidosis, T8, 79

“Sapsare digit,” 204

Scaphoid fracture, 1949

Scapula fracrure, 159

Schwannoma, 64

Scleroderma, 79
Scurvy, 251
Seprate nrerus, 157
Septic arthrins, 217
Shaoulder
degencrative arthritis of, 191
dislecarion of, 183183
normal, 183
Shoulder sign. 241
Silhouwetre sign, 52
Silicosis, 79
Sinograms, 98
Sinusitis, 41
Skin fold, 71
Skull fracture, 13-14
Small bowel follow-through exami-
nation and entercclysis, 94
Small bewel obstrection, 102-103
Small vessel ischemic change, 44
Spine, 164=1582
ankylosing spondylins, 1581
burst fractures, 174
cervical gpine anatomy, normmal,
164166
cervical spine, bilareral overrid-
ing facets i, 171
degenerative changes in, 180
dens {odontoid) fracoure, 169
hangman’s fracoure, 170
hyperexrension injury, 173
hyperilexion injury, 174
Jefferson fraciure, 168
lumbar spine anaromy, normal,
167
multiple myeloma, 178
osteaporosis, 179
POSTETION Spinous process, frac-
rure of (clay shoveler's
fracture), 172
sacralization of L5, 182
spondylolysis, 177
thoracic distraction (Chance)
fracture, 176
thoracic spine anatomy, normal,
167
wedpe compression fracture,
175
Spine sign, 30
Sponudylolisthesis, 177
Spondylolysis, 177
Squanmous cell carcinoma, 118
“Steeple” sign, 232
Strefococens prcumioniae, 41
Stress (march) fracrures, 2127



String sign, 241

Stroke, 26

Subarachnoid hemorrhage (SAH),
18

Subdural hemaroma (SDH), 15

Supracondylar fracture, 194

Swan neck deformicy, 203

T

Te-MAG 3 seans, 135, 136, 146
Testicular torsion, 145
Tetralogy of Fallor, 237
Thoracic aortic aneurysms, 75
"Thumb" gn, .]:JJ':'
Thymoma, 63
Tibia anatomy, normal, 207
Tibia-fibula shaft fracoures, 222
Tibial plareau fractures, 223
Toxoplasmosis, 33
Transposition of the grear arteries
(TGA), 238
Trummerfield zone, 251
Tuberculasis (TR}, 79
renal, 140
Tuberous sclerosis, 230
Tumors, 31-38
extra-axial, 36-38
arachnoid cyst, 37
meningiomsa, 36
intra-axial, 32-25
glichlastoma multforme
(GBM), 32
hemangioblastoma, 33
lymphoma, primary, 34
metastasis, 33

u

Ulcerative colitis, 106
Ultrasound
abdominal, 91-92, 124, 127-131
of the female geniral trace, 152
in pregnancy, 148-150
Umbilical vein catherer, 84
Upper extremicy, 183
acromicclavicular { AC) separa-
tion, 188
clavicle fracture, 187
Colles' fracture, 198
humeral head fracture, 186
|11-.'lw::l.rpi|| fracrures, 200
nightstick fracture, 196
olecranon fracture, 197
os acromizxle, 190
phalangeal fractures, 201
phalangeal/metacarpal disloca-
tion, 202
psoriatic archritis, 204
radial head fracture, 193
rheumaroid archricis, 203
scaphoid fracture, 199
scapula fracture, 189
shoulder, degenerative arthritis
of, 191
shoulder dislocation; 183-185
shoulder, normal, 183
myr.u:c-n.dyla: fracrure, 194
Upper G, single- or double-
contrast, 94, 97
Urethral valves, posterior, 250

Urethrogram. See Inrravenous pyel-

ogram (IVP)

Uterine pathology, 156=157
fibroids, 156
seprate uterus, 157

v

VWACTERL anomalies, 240
Vascular abnormalities, 73=77

aortic dissection, 73

aGriic transection, 14

thoracic aortic aneurysms, 79
Wesicouretene reflux, 249
Vitamin C deficiency, 251
Vitamin [ dehciency, 252
WVoiding cystourcthrogram

(VMCLUIG), 134, 249, 250

Vaolvulus, 111=113, 243

cecal, 112

midgue, 111

sigmaid, 113
von Hippel=Lindau disease, 33

W

Warershed infarcy, 29

Wehsites and resources of interesy
to medical students, 261-
263

Wedge compression fracture, 175

Wilms' tumor, 247

Wimberger sign, 251

Wrist anatomy, normal, 195

z

Zenker's diverticulum, 101

2N






B NOTES

— .
—_ =







B NOTES







EVERYTHING
SHINE ON THE

YOUR SECRET WEAPONS FOR

CLERKSHIP SUCCESS:
|FIRST AID A

]'#iRST AID%:

'WARDS

B Lt

e e

S A Pt B 1A A ©

m et

STEAD: LE:

FirstAid for the First Ald for the
Pediatrics Clerkship Wards, 4/a
978-0-07-144870-3 978-0-07-159T96-8

r'ﬂw Medical

megraw-hillmedical.com

« Present results onithe: rds

* Assess the strengths and weaknesses
of studies and chooseithe most
appropriate one

» Recognize basic anatomical structures
» |dentify’ abnormal conditions




	image00002.pdf (p.1)
	image00005.pdf (p.2)
	image00006.pdf (p.3)
	image00007.pdf (p.4)
	image00009.pdf (p.5)
	image00011.pdf (p.6)
	image00013.pdf (p.7)
	image00014.pdf (p.8)
	image00015.pdf (p.9)
	image00017.pdf (p.10)
	image00018.pdf (p.11)
	image00019.pdf (p.12)
	image00020.pdf (p.13)
	image00021.pdf (p.14)
	image00022.pdf (p.15)
	image00023.pdf (p.16)
	image00025.pdf (p.17)
	image00026.pdf (p.18)
	image00027.pdf (p.19)
	image00028.pdf (p.20)
	image00029.pdf (p.21)
	image00030.pdf (p.22)
	image00031.pdf (p.23)
	image00032.pdf (p.24)
	image00033.pdf (p.25)
	image00034.pdf (p.26)
	image00035.pdf (p.27)
	image00036.pdf (p.28)
	image00037.pdf (p.29)
	image00038.pdf (p.30)
	image00039.pdf (p.31)
	image00040.pdf (p.32)
	image00041.pdf (p.33)
	image00042.pdf (p.34)
	image00043.pdf (p.35)
	image00044.pdf (p.36)
	image00045.pdf (p.37)
	image00046.pdf (p.38)
	image00047.pdf (p.39)
	image00048.pdf (p.40)
	image00049.pdf (p.41)
	image00050.pdf (p.42)
	image00051.pdf (p.43)
	image00052.pdf (p.44)
	image00053.pdf (p.45)
	image00054.pdf (p.46)
	image00055.pdf (p.47)
	image00056.pdf (p.48)
	image00057.pdf (p.49)
	image00058.pdf (p.50)
	image00059.pdf (p.51)
	image00060.pdf (p.52)
	image00061.pdf (p.53)
	image00062.pdf (p.54)
	image00063.pdf (p.55)
	image00064.pdf (p.56)
	image00065.pdf (p.57)
	image00066.pdf (p.58)
	image00067.pdf (p.59)
	image00070.pdf (p.60)
	image00071.pdf (p.61)
	image00072.pdf (p.62)
	image00073.pdf (p.63)
	image00074.pdf (p.64)
	image00075.pdf (p.65)
	image00076.pdf (p.66)
	image00077.pdf (p.67)
	image00078.pdf (p.68)
	image00079.pdf (p.69)
	image00080.pdf (p.70)
	image00081.pdf (p.71)
	image00082.pdf (p.72)
	image00083.pdf (p.73)
	image00084.pdf (p.74)
	image00085.pdf (p.75)
	image00086.pdf (p.76)
	image00087.pdf (p.77)
	image00088.pdf (p.78)
	image00089.pdf (p.79)
	image00090.pdf (p.80)
	image00091.pdf (p.81)
	image00092.pdf (p.82)
	image00093.pdf (p.83)
	image00094.pdf (p.84)
	image00095.pdf (p.85)
	image00096.pdf (p.86)
	image00097.pdf (p.87)
	image00098.pdf (p.88)
	image00099.pdf (p.89)
	image00100.pdf (p.90)
	image00101.pdf (p.91)
	image00102.pdf (p.92)
	image00103.pdf (p.93)
	image00104.pdf (p.94)
	image00105.pdf (p.95)
	image00106.pdf (p.96)
	image00107.pdf (p.97)
	image00108.pdf (p.98)
	image00109.pdf (p.99)
	image00110.pdf (p.100)
	image00111.pdf (p.101)
	image00112.pdf (p.102)
	image00113.pdf (p.103)
	image00114.pdf (p.104)
	image00115.pdf (p.105)
	image00116.pdf (p.106)
	image00117.pdf (p.107)
	image00118.pdf (p.108)
	image00119.pdf (p.109)
	image00120.pdf (p.110)
	image00121.pdf (p.111)
	image00122.pdf (p.112)
	image00123.pdf (p.113)
	image00124.pdf (p.114)
	image00125.pdf (p.115)
	image00126.pdf (p.116)
	image00127.pdf (p.117)
	image00128.pdf (p.118)
	image00129.pdf (p.119)
	image00130.pdf (p.120)
	image00131.pdf (p.121)
	image00132.pdf (p.122)
	image00133.pdf (p.123)
	image00134.pdf (p.124)
	image00135.pdf (p.125)
	image00136.pdf (p.126)
	image00137.pdf (p.127)
	image00138.pdf (p.128)
	image00139.pdf (p.129)
	image00140.pdf (p.130)
	image00141.pdf (p.131)
	image00142.pdf (p.132)
	image00143.pdf (p.133)
	image00144.pdf (p.134)
	image00145.pdf (p.135)
	image00146.pdf (p.136)
	image00147.pdf (p.137)
	image00148.pdf (p.138)
	image00149.pdf (p.139)
	image00150.pdf (p.140)
	image00151.pdf (p.141)
	image00152.pdf (p.142)
	image00153.pdf (p.143)
	image00154.pdf (p.144)
	image00155.pdf (p.145)
	image00156.pdf (p.146)
	image00157.pdf (p.147)
	image00158.pdf (p.148)
	image00159.pdf (p.149)
	image00160.pdf (p.150)
	image00161.pdf (p.151)
	image00162.pdf (p.152)
	image00163.pdf (p.153)
	image00164.pdf (p.154)
	image00165.pdf (p.155)
	image00166.pdf (p.156)
	image00167.pdf (p.157)
	image00169.pdf (p.158)
	image00170.pdf (p.159)
	image00171.pdf (p.160)
	image00172.pdf (p.161)
	image00173.pdf (p.162)
	image00174.pdf (p.163)
	image00175.pdf (p.164)
	image00176.pdf (p.165)
	image00177.pdf (p.166)
	image00178.pdf (p.167)
	image00179.pdf (p.168)
	image00180.pdf (p.169)
	image00181.pdf (p.170)
	image00182.pdf (p.171)
	image00183.pdf (p.172)
	image00184.pdf (p.173)
	image00185.pdf (p.174)
	image00186.pdf (p.175)
	image00187.pdf (p.176)
	image00188.pdf (p.177)
	image00189.pdf (p.178)
	image00190.pdf (p.179)
	image00191.pdf (p.180)
	image00192.pdf (p.181)
	image00193.pdf (p.182)
	image00194.pdf (p.183)
	image00195.pdf (p.184)
	image00196.pdf (p.185)
	image00197.pdf (p.186)
	image00198.pdf (p.187)
	image00199.pdf (p.188)
	image00200.pdf (p.189)
	image00201.pdf (p.190)
	image00202.pdf (p.191)
	image00203.pdf (p.192)
	image00204.pdf (p.193)
	image00205.pdf (p.194)
	image00206.pdf (p.195)
	image00207.pdf (p.196)
	image00208.pdf (p.197)
	image00209.pdf (p.198)
	image00210.pdf (p.199)
	image00211.pdf (p.200)
	image00212.pdf (p.201)
	image00213.pdf (p.202)
	image00214.pdf (p.203)
	image00215.pdf (p.204)
	image00216.pdf (p.205)
	image00217.pdf (p.206)
	image00218.pdf (p.207)
	image00219.pdf (p.208)
	image00220.pdf (p.209)
	image00221.pdf (p.210)
	image00222.pdf (p.211)
	image00223.pdf (p.212)
	image00224.pdf (p.213)
	image00225.pdf (p.214)
	image00226.pdf (p.215)
	image00227.pdf (p.216)
	image00228.pdf (p.217)
	image00229.pdf (p.218)
	image00230.pdf (p.219)
	image00231.pdf (p.220)
	image00232.pdf (p.221)
	image00233.pdf (p.222)
	image00234.pdf (p.223)
	image00235.pdf (p.224)
	image00236.pdf (p.225)
	image00237.pdf (p.226)
	image00238.pdf (p.227)
	image00239.pdf (p.228)
	image00240.pdf (p.229)
	image00241.pdf (p.230)
	image00242.pdf (p.231)
	image00243.pdf (p.232)
	image00244.pdf (p.233)
	image00245.pdf (p.234)
	image00246.pdf (p.235)
	image00247.pdf (p.236)
	image00248.pdf (p.237)
	image00249.pdf (p.238)
	image00250.pdf (p.239)
	image00251.pdf (p.240)
	image00252.pdf (p.241)
	image00253.pdf (p.242)
	image00254.pdf (p.243)
	image00255.pdf (p.244)
	image00256.pdf (p.245)
	image00257.pdf (p.246)
	image00258.pdf (p.247)
	image00259.pdf (p.248)
	image00260.pdf (p.249)
	image00261.pdf (p.250)
	image00262.pdf (p.251)
	image00263.pdf (p.252)
	image00264.pdf (p.253)
	image00265.pdf (p.254)
	image00266.pdf (p.255)
	image00267.pdf (p.256)
	image00268.pdf (p.257)
	image00269.pdf (p.258)
	image00270.pdf (p.259)
	image00271.pdf (p.260)
	image00272.pdf (p.261)
	image00273.pdf (p.262)
	image00274.pdf (p.263)
	image00275.pdf (p.264)
	image00276.pdf (p.265)
	image00277.pdf (p.266)
	image00278.pdf (p.267)
	image00279.pdf (p.268)
	image00280.pdf (p.269)
	image00281.pdf (p.270)
	image00282.pdf (p.271)
	image00283.pdf (p.272)
	image00284.pdf (p.273)
	image00285.pdf (p.274)
	image00286.pdf (p.275)
	image00287.pdf (p.276)
	image00288.pdf (p.277)
	image00289.pdf (p.278)
	image00290.pdf (p.279)
	image00291.pdf (p.280)
	image00292.pdf (p.281)
	image00293.pdf (p.282)
	image00294.pdf (p.283)
	image00295.pdf (p.284)
	image00296.pdf (p.285)
	image00298.pdf (p.286)

