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Legal Stuff

Readers are advised - this book is NOT to be used for clinical decision making. Human error
does occur, and it is your responsibility to double check all facts provided. To the fullest extent
of the law, the Author assumes no responsibility for any injury and/or damage to persons or
property arising out of or related to any use of the material contained in this book.

Are There Recalls In This Book? ABSOLUTELY NOT,

The Author has made a considerable effort (it's the outright purpose of the text), to speculate
how questions might be asked. A PhD in biochemistry can fail a med school biochemistry test
or biochem section on the USMLE, in spite of clearly knowing more biochem than a medical
student. This is because they are not used to medicine style questions. The aim of this text is
to explore the likely style of board questions and include material likely to be covered,
informed by the ABR s study guide.

Throughout the text the author will attempt to fathom the manner of questioning and include
the corresponding high yield material. A correct estimation will be wholly coincidental.

Humor / Profanity Warning

I use profanity in this book. | make “grown up” jokes. Now is not the time to be recreationally
outraged - I'm just trying to make the book readable and fun. Probably not a good idea to read
the book out loud to small children or elderly members of your church / temple / mosque.

I also talk a mess of shit about different medical specialties. | do this because Radiologists are
tribal, and stroking that urge tends to calm people. Probably not a good idea to read the book
out loud to members of your family that are in specialties other than Radiology. The truth is |
respect all the other sub-specialties of medicine (even family medicine) - those are dirty jobs
but someone needs 1o do them. | just wasn’t strong enough to dedicate my life 1o poop, pus,
and note-writing. 1'm glad someone was.

The hardest choices veguire the strongest wifls - Thanos



What Makes This Book Unique?

The impetus for this book was not to write a reference text or standard review book, but
instead, a strategy manual for solving multiple choice questions for Radiology. The Author
wishes to convey that the multiple choice test is different than oral boards in that you can’t ask
the same kinds of open-ended essay-type questions. " What k vour differential? "

Questioning the contents of one’s differential was the only real question on oral boards. Now
that simple question becomes nearly impossible to format into a multiple choice test. Instead,
the focus for training for such a test should be on things that can be asked. For example,
anatomy facts - what is it? ... OR... trivia facts - what is the most common location, or age, or
association, or syndrome? ... OR... What's the next step in management? Think back to
medical school USMLE style, that is what you are dealing with once again, In this book, the
Author tried to cover all the material that could be asked (reasonably), and then approximate
how questions might be asked about the various topics. Throughout the book, the author will
intimate, “this could be asked like this,” and “this fact lends itself well to a question.”
Included in the second volume of the set is a strategy chapter focusing on high yield
“buzewords™ that lend well to certain questions.

This is NOT a reference book.

This book is NOT designed for patient care.

This book is designed for studying specifically for multiple choice tests, case conference, and
view-box pimping/quizing,
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There is a ton of anatomy that can be asked on a multiple choice test. My idea is to break it
down into three categories: (1) sofi tissue — brain parenchyma (including narmal
development), (2) bony anatomy — which is basically foramina, and (3) vascular anatomy.

Soft Tissue Brain Anatomy:

Central Sulcus - This anatomic landmark separates the frontal lobe from the parietal lobe,
and is useful to find if you haven't learmned the lazy Neuroradiolgist’s go to descriptor
“fronto-parietal region.” Old school grey bearded Radiologists (likely the ones who are
important enough to write test questions) love to ask how you find this important structure.
There are about 10 ways to do this, which brings me to the main reason this is a great
pimping question. Even if you can name 9 ways to do it, they can still correct you by naming
the 10th way. [ noticed during my time as a “trainee” that Attendings tend to be excellent at

knowing the answers to the questions they are asking.

Practically speaking, this is the strategy | use for finding the central sulcus:

Pretty high up on the brain, maybe the 3rd or 4th cut, | find the pars marginalis. This is

called the “pars bracket sipn™ - because the bi-hemispheric symmetric pars marginalis form

an anteriorly open bracket. The bracket is immediately behind the central sulcus. This 15
present about 93% of the time - iU's actually pretty reliable.

Ceniral Sulcus

Fars Bracke! Sign
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Central Sulcus Trivia - Here are the other less practical ways to do it

L]

Superior Frontal Sulcus
-Oftan intersects the pre CS ~

Inverted Omega -
-0On the central sulcus
-Represents the motor hand

Superior frontal sulcus / Pre-central sulcus sign: The posterior end of the superior frontal
sulcus joins the pre-central suleus

Inverted omega (sigmoid hook) corresponds to the motor hand

Bifid posterior central sulcus: Posterior C3 has a bifid appearance about 85%

Thin post-central gyrus sign — The precentral gyrus is thicker than the post-central gyrus
(ratio 1.5 : 1).

Intersecrion — The intraparietal sulcus intersects the post-central sulcus (works almost
always)

Midline suleus sign — The most prominent sulcus that reaches the midline is the central
suleus (works about 70%),

PreCentral (THICK)
>

PostCentral {thin)

’ The Post CS is Bifid about

Intraparietal sulcus 85% of the time.

-Intersects the post CS

11



Homunculous Trivia:

«  The inverted omega
{posteriorly directed knob)
on the central sulcus /

eyrus designates the motor

cortex controlling hand

function.

«  ACA rerritory gets legs,

= MCA territory hits the rest.

Motor Hand -

ACA
MCA

Normal Cerebral Cortex: As a point of trivia, the cortex is normally 6 layers thick, and the
hippocampus is normally 3 layers thick. 1 only mention this because the hippocampus can look
slightly brighter on FLAIR compared to other cortical areas, and this is the reason why (supposedly).

Dilated Perivascular Spaces (Virchow-Robins): These are fluid filled spaces that accompany
perforating vessels. They are a normal variant and very common. They can be enlarged and associated
with multiple pathologies; mucopolysaccharidoses (Hurlers and Hunters) “gelatinous pseudocysts™ in
crypiococcal meningitis, and atrophy with advancing age. They don’t contain CSF, but instead have
interstitial Muid. The commeon locations for these are: around the lenticulostriate arteries in the lower
third of the basal ganglia, in the centrum semiovale, and in the midbrain.

Cavum Yariants:

Normal

Cavum Septum Pellucidum

-100% of preterm infants,
=15% ol aduhs.

-Rarely, can causce
hydrocephalus

=Anlerior 1o the foramen
of Monroe

-Between frontal homs

Cavum Vergae

-Postenor continuaiion of
the cavum seplum
pellucidum fnever exises
withont a cavinm sepium
pretluiciclion)

-Posterior 1o the foramen of
Muonroe

- Hs:l’-‘_-'l..'ll.'ll bodies of lateral
venlricles

Cavum Velum Interpositum

-Extension of the
quadrigeminal plate
cistemn 1o foramen of
Monro.

-Seen above the 3
ventncle and below
the fomices.
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Ventricular Anatomy:

Just a quick refresher on this. Arachnoid Granulations: These are regions where

i the arachnoid projects into the venous system
You have two lateral ventricles allowing for C5F to be reabsorbed, They are
that communicate with the third hypodense on CT (similar to CSF), and usually round
veniricle via the interventricular or oval. This round shape helps distinguish them
foramen (of Monro), which in tumn I"Imm clot in a venous sinus {(which is going to be
communicates with the fourth lincar). On MR they arc typically T2 bright (iso to

CS5F). but can be bright on FLAIR (although this
varies a lot and therefore probably won't be tested).
These things can scallop the inner table (probably
from CSF pulsation)

ventricle via the cerebral
agqueduct.

¥
st
an®

Lateral Vents

-

Foramen=
of

Monro

td
Cercbral
Aqueduct

1|
b
!

Ambient Cistern

The fluid in the fourth veniricle escapes via the median aperure (formmen of Magendic), and the
lateral apertures (foramen of Luschka). A small amount of fluid will pass downward into the
spinal subarachnoid spaces, but most will rise through the tentorial notch and over the surface of
the brain where it is reabsorbed by the arachnoid villi and granulations into the venous sinus

system.

Blockage at any site will cause a noncommunicating hydrocephalus. Blockage of reabsorption at
the villi / granulation will also cause a noncommunicating hydrocephalus.

13



Basal Cisterns: 1, basal cisterns gpe good for

People say ihe suprasellar cistemns look like a star, with the five corners lendi
1o multiple chojce questions. So leg ys do a quick review; the op of the star

The quadrigeming| Plate looks Jike 5 stile, or |, | Zuess it loak
don’t like siniles.

No Fime for Smiles, Training for Den tination,
Sheards Ny Strifes,

Smile laier, Once You've passed the 1est,

Quadrigeming)
Flate Cisiern

Anterior
Int::rhctm'sphcric
* iIssure
®Sylvian Cistern
Ambient
Cistern

N ¥ Quadrigeminal

Plate Cistern

The Ambien Cistern
Interpeduncy gy C.

is a bridge between the
Quadrigeming| C,

Cerebral Peduncle

W i med e

u!lfu“ ~-'p‘f$l&"d.m~‘f 'E"".'?-"“ e anatomy teacher old me the migpp;, looks Jjke
¥ Mfuse myg, Last wWeek vou e wir I )

I..!I'I-\'.'l:.-'s though, :qumidbmin looke CR You said (he Monkey fe

Eom

it & monkey fee.
d  like 'rdn : : j'PEﬂlscutiucm section.™
more like 5 stoner dog tha juygy 2ot higher than 5 gimn“scs' ::‘:;T}'ﬂ_



Bony Anatomy: Skull Base Foramina [ Rotundum, Oval, Spinosum, Hypoglessal )

First lets review the where - then we will do the what. Remember, they don’t have to show you the
hole in the axial plane. They can be sneaky and show it in the coronal or sagittal plane. In fact,

showing Foramen Rotundum (FR) in the coronal and sagittal planes is a very common sncaky trick.

On the coronal view,
FR looks like you are
5taring into a’ gun
b:l.rml.

On the sagittal view,
think about FR. as
being totally level or
harizontal.

With regard to the relationship between Spinosum and Owvale, | like to thmk of this as the footprint a
woman’s high heeled shoe might make in the snow, with the oval part being Ovale, and the pointy
heel as Spinosum.

Foramen
Ovale

Foramen
Spinosum

.
The Hypoglossal Canal is very posterior
and inferion

This makes it unique as a skull base foramen,

15



Bony Anatomy: Skull Base Foramina [ Jugular Foramen)

The jugular foramen has two parts which arc
separated by a bony “jugular spine.™

Carotid
Canal

Pars Mervosa - The nervous guy in the
front. This contains the Glossopharyngeal
nerve (CN 99, along with it's tympanic
brach - the “Jacobson’s Nerve™

Pars Vascularis - This is the “vascular Pars B
part” which actually contains the jugular = i

bulb, along with the Vagus nerve (CH 100, Nervosa
Awricular branch *Ameld’s Nerve,” and P
the Spinal Accessory Merve (CN 11) s

Jugular Spine || Vascularis

Bony Anatomy: Orbital Fissures and the PPF

The relationship between the Superior Orbital Fissure (SOF), the Inferior Orbital Fissure (IOF), Foramen
Rotndum (FR), and the Plerygopalatine Fossa (PPF) is an important one, that can really lead 1o some
sneaky multiple choice questions (mainly what goes through what - see chart on page 18).

I"ve attempted 1o outline this relationship on both sagittal and coronal views.

|

Coronal 4 A

16



Anatomy: Cavernous Sinus

~ CN
O o~ CNW
.

LN ¥l

CHN VY2
(_'nl'mid K.
CN VI

The question is most likely, what's in it (or asked as what is NOT in ).

« CM3,CN4, CNVI, CN W2 CN 6, and the carotid - run through it
« CUN2and CN V3 - do NOT run through it.

The only other anatomy trivia I can think of is that CN6 runs next to the carotid, the rest of the nerves are
along the wall, This is why you can get lateral rectus palsy earlier with cavernous smus pathologies.

Anatomy: Internal Auditory Canal - “IAC”

""!

Fundus (top} of

Superior the IAC
Vestibular

ia—

il
M8 lntumr
Westibular
The thing to remember is “TUP, and COKE Down” [T it is shown, it is always shown in
- with the 7th cranial nerve superior to the Sth this oricntation.

cranial nerve (the cochlcar nerve componcnt). ; i
The wdeal sequence to find it 1s a

As you might guess, the superior vestibular branch heavily T2 weighted sequence with
is superior o the inferior one. super thin cuts through the 1AC,

Litsfi3 _B2I1130
L2k M50

dlfll BT e DL
M 36N3dsmbiteag

L

oo | 17



Anatomy - What'sinlit?

Considering multiple choice questions regarding the skull base anatomy.
“Whar goes where? ™ questions essentially write themselves,

Foramen Owvale

Foramen Rotundum

Superior Orbital Fissure

Inferior Orbital Fissure

Foramen Spinosum

Jugular Foramen

Hypoglossal Canal
Optic Canal

Cavernous Sinus

Internal Auditory Canal

Meckel Cave

Dorella's Canal

Hote /Compartmont - [N 1L M

CM V3, and Accessory Meningeal Artery

CH V2 ("R2V2"),

CN3,CN4,CNVIL CN6

CN V2

Middle Meningeal Artery

Pars Nervosa: CTH 9,
FPars Vascularis: CN 10, CN 11

CNI2
CHN 2, and Opthalmic Artery

CN3 CN4, CN VI, CN V2, CN 6, and the carotid

CM 7, CH 8B {Cochlear, Inferior Vestibular and Superior
Vestibular components). *7 Up - Coke Down™

Trigeminal Ganglion

Abducens Nerve (CN 6), Inferior petrosal sinus

18



Vascular Anatomy -

Arterial vascular anatomy can be thought of in four sections. (1) The branches of the external
carotid (commonly tested as the order in which they arise from the common carotid).

{2) Segments of the internal carotid, with pathology at each level and variants. (3) Posterior
circulation, (4) Venous anatomy

(11 Branches of the External Carotid

Some Administrative assistants Love Fucking Over Poor Medical Students

Superior Thyroid

Ascending Pharyngeal

Lingual Posterior
Facial Auricular

Superficial
Temporal
Maxillary

Occipital
Posterior Auricular
Maxillary
Superficial Temporal
""" Facial
Occipital
Ascending Lingual
Pharyngeal Common Superior
Carotid Thyroid
m THIS vs THAT: external vs Internal Carotid via Ultrasound
) Internal External

Branches Mope Yup
Orientation Posterior Anterior
Resistance Low (continuous diastolic) High
Temporal Tap (poking the head) Mo Change in Waveform Waveform Reacts l

19



(2] Segments of the Internal Carotid

Internal Carotid

C1 (Cervical)

C2 (Petrous)

C3 (Lacerum)

C4 (Cavernous)

C5 (Clinoid)

C6 (Ophithalmic
- Supraclinoid):

c7

(Communicating)

« The bifurcation of the IAC and ECA usually oceurs at C3-C4

Cervical ICA has no branches in the neck - if you see branches cither
(a) they arc anomalous or more likely

(b} you are a dumb ass and actually looking at the external earotid.
*Remember finding branches is a way you can ¢l ICA from ECA on
ultrasound.

» Low resistance waveform with continuous forward {low during diastole

= Flow reversal in the carotid bulb is common

*  Arherosclerosis: The origin is a very common location

»  Dissection: Can be spontancous (women), and in Marfans or Ehlers-
Danlos, and result in a partial Homer"s (ptosis and miosis), followed by
MCA termitory stroke.

= Can have a retropharyngeal course and get “drained™ by ENT accidentally.

=  Pharyngeal infection may cause pseudoancurysm at this level.

Ancurysms here can be

Mot much goes on at this level.
' e e surprisingly big (thats what she said).

Mot much here as far as vascular pathology. The anatomic location is

imporant to neurosurgeons for exposing Meckel's cave via a transfacial
approach.

This segment is affected by

multiple pathologics including Aneurysms here are strongly
the development of cavernous — associated with hyperiension,
carotid lstula.

Amngurysm here could compress the
optic nerve and cause blindness,

Origin at the "dural ring” is a Common site for ancurysm
buzeword for this ancry. formation,

Ancurysm here may compress CN
111 and present with a palsy.

20



Schematic ICA Angiographic Runs

You don't need to know every branch, but you should be able to recognize the main vessels.

Lateral ICA Runs:

Ophthalmic
. 1 | ; ™ +— [ Com
' [ JE J Dural Ring
/ k. I
et T g 7 c5 ca
’ S > c3
J e P R i
—— o Petrolingual == w
ey LT'_ i Ligament = 5% L5
: ."x_ : Carotid Canal =

o c2
_//"""" Anterior Choroidal
i * Posterior Communicating foh
Ophthalmic
AP ICA Run:

This is a pretty good look for an AP
ICA run.

Motice that half the image is relatively
blank. This is because you have 2
ICAs (right and lett), only one of
which is getting injected. For the
total neuro angiography novice (most
residents), this is a helpful thing to
notice when deciding AP vs Lateral.

Alzo notice the MCA 15 lateral, and
the ACA is medial,

Anterior Choroidal

21



(3] Posterior Circulation

MCA,

FPosterior ~
Communicating A.

AICA .—//

PICA (15%)

PICA origin is variable

PICA (70%)

ACA

I

Anlerior
Communicating A.

A,

Superior

2 \

Anteriar Spinal A.

PCA

Basilar

MCA

Anterior
Choroidal

PCA

Cercbellar A,

@; Trivia

Acute CM3 Palsy (unilateral
pupil dilation) a classic
neurology boards question -

grab a refax hoammer STAT!

The answer is PCOM ancurysm
until proven otherwise (although
it can also be caused by an
ancurysm at the apex of the
basilar arery or its junction with
the superior cerebellar /
posterior cercbral arterics).

The reason is the relationship
between the CN3 and vessels
{arrows).

Anterior
Inferior
Cerebellar
A
L Lateral
Vertehral
fdl A_—— Bun
- -
j\.\_,_—'—_'_'__‘-"\-\.\__\_\_\_
PICA

Choroid Point ‘

PICA
Caudal Poim

22



Vascular Variants:

Fetal Origin of the PCA: Most common vascular variant
(probably) - seen in up to 30% of general population.

Definitions vary on what a fetal PCA is. Just think of this as
a situation where the PCA is feed primarily as an anterior
circulation antery (occipital lobe is feed by the ICA).

Therefore, the PCOM is large (some people define this

vessel as PCOM larger than P1).

Another picce of trivia is that anaremy with a fetal PCA has
the PCOM superior /lateral to ON3 finstead of superior /

meelial - in normal anaiomyl.

Persistent Trigeminal Artery:
Persistent fetal connection between the cavermnous [CA to the basilar,

A characteristic “fan sign" on Sagittal MR has been described.

Ii increases the risk of ancurysm (anytime you have branch points).
Axial - Connected Basilar and 1C

Fetal Connection

Carotid

Sag - Connected Basilar and ICA
-Looks like a T au

dul

Aberrant Carotid Artery: Discussed later with T-Bone pathology.

23



(4) Venous:

You can ask questions about the venous anatom

picture, (2) what is a deep vein vs what is a superficial vein, (3) trivia,

What is it?

Superior
Sagittal Sinus

Inferior
Sagittal Sinus

Straight Sinus

¥y in roughly three ways (1) whatis it—ona

Internal Cerebral .

- Basal Vein of
: Rosenthal

— Cavernous Sinus
Transverse Sinus /

Superior Petrosal

Great V. of Galen

Inferior Petrosal
Sigmoid Sinus

Jugular v,

! Sigmoid Sinus
Cavernous Sinus T

Superior Petrosal

Inferior Petrosal

Occipital Sinus

Superior Sagittal Sinus

Transverse Sinus

24



Anastomotic Superficial Veins:

Roelandic Vein (Central Sulcus)

Supericr Sagittal Sinus

-\.""1
Superior -
Anastomatic Vein ——

(Trolard) :

Inferior -
Anastomotic Vein ",
{Labbe) -

- Cerebral Vein
= “‘drains to

Cavernous Sinus

Superficial Middle

Anastomatic Vein af Trofard

= Connecis the Superficial
Middle Cerebral Vein and
the Superior Sagittal Sinus

. Anastomaotic Vein of Labbe
e - Connects the Superficial
L Middle Cerebral Vein and
T the Transverse Sinus

e, .
| Trolard = Top
| Labbe = Lower |

Here is a way to schematically think about the venous drainage:

Middle » Cavernous Sinus

Cerebral Main 2777
aﬂ'@/&u “"'f?"f?

Superior

Cerebral Veln Sagittal Sinus

Interior Petrosal Sinws

N

Internal Jugular Veins

Superior Petrosal Sinus /

4 e
Superior l
T

Sigmoid Sinus

A

Confluence —* Transverse Sinus

et of Sinuses
n T
Sagittal Sinus ——,, Straight
Sinus
Vein of Galen

m THIS vs THAT: Superficial vs Deep:

There is a superficial venous system and a deep
venous system. The easiest way to test material
like this is your “which of the following is not?™
or “which of the following is ? 7 type question.

The big ones to remember are in the chart.

‘Superficial
; - Basal Vein of
5
upcrior Cerebral Veins Riossxtiiai
Superior Anastomotic :
Ve of Trolard Vein of Galen

Inferior Anastomotic  Inferior Petrosal

Vein of Labbe Sinus
Superficial Middle
Cercbral Veins
-

25
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Collateral Patlwayvs: The dural sinuses have accessory drainage pathways (other than the jugular
vemns) that allow for connection to extracranial veins. These are good because they can help

regulate temperature, and equalize pressure. These are bad because they allow for passage of
sinus infection / inflammation, which can result in venous sinus thrombosis.,

Inverse Relationship: There is a relationship between the Vein of Labbe, and the Anastomotic

Vein of Trolard. Since these dudes share drainage of the same territory, as one gels large the
other get small.

Sounds Latin or French: As a general rule, anything that sounds Latin or French has an increased
chance of being on the test.

Fein of Labbe: Large draining vein, connecting the superficial middle vein and the
transverse sinus

Vein of Trolard: Smaller (usually) vein, connecting the superficial middle vein and
sagittal sinus

Basal veins of Rosenthal: Deep veins that passes lateral to the midbrain through the
ambient cistern and drains into the vein of Galen, Their course is similar to the PCA.

Vein of Galen: Big vein (“great™) formed by the union of the two internal cerebral veins.

Superior
Anastomotic Vein
(Tralard)

Inferior
Anastomotic Vein
(Labbe)

1(} '

£

Basal veins of
Rosenthal |

=
\ N
Vein of Galen
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h Venous Gamesmanship

An embolus of venous gas is common and often not even noticed. The classic location is the
cavernous sinus (which is venous), but if the volume is large encugh, air can also be seen in
the orbital veins, superficial temporal veins, frontal venous sinus, and petrosal sinus.

Why does this happen?

Peripheral (or central I'V) had some air in the tubing. Thats right, you can blame it on the
nurse (which is always satisfying). “Nwrse Induced Retrograde Venous Air Embolus "

Significance?

Don't mean shat. It pretty much always goes away in 48 hours with no issues.

Superficial
Temporal

Cavernous Sinus
-The most common
spot to see this

27



Q/I Sinus Trivial Anatomy Bonus - The Concha Bullosa

This is a common variant where the middle concha

is pneumatized. 1t's pretty much of no consequence
clinically unless it’s fucking huge - then (rarely) it
can cause obstructive symploms.

In my private practice, an ENT told me he wanted
these mentoned in all his CT sinus reports.

That way he can justify doing FESS. ..

He drives a nice car.

ﬂ Gamesmanship for Neuro Anatomy

= First Order Trivia:

“Whar is if? " Style questions are most likely; with possibilities including
CTA, MRA or Angiograms. Considering when the people writing the
questions trained, angiograms are probably the most likely.

“What goes through there? " Neuro foramina

“What doesn 17" Style questions - CN 2 and CN V3 don’t go through the
CAVEIMOoUs sinus.

+  Second Order Trivia:

CHN 3 Palsy - Think Posterior Communicating Artery Aneurysm
CHN 6 Palsy - Think increased ICP

Increased ICP —* Brain Stem Herniates Interiorly —* CM 6 Gets Stretched
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"SECTION 2:
"Brain Development

Brain Myelination:

The baby brain has essentially the opposite signal characteristics as the adult brain. The T1 pattern
of a baby is similar to the T2 pattern of an adult., The T2 pattern of a baby is similar to the T
pattern of an adult. This appearance is the result of myelination changes.

The process of myelination occurs in a predetermined order, and
therefore lends itself easily to multiple choice testing. The basic
concept 1o understand first is that immature myelin has a higher
waler content relative to mature myelin and therefore is brighter
on T2 and darker on T1. During the maturation process, water

'T.J.-sli decrease and fat (brain chc:l]cslcrol andlglycnh[fuds} will T1 dark, T1 bright,
increase. Therefore mature white matter will be brighter on T1 T2 bright T2 dark

and darker on T2,

fmmacure Mature
Myelin Myefin

High Water, Low Water,
Low Fat Hizh Fat

Testable Trivia: the T1 changes precede the T2 changes (adult T1 pattern seen around age |, adult T2
patiern seen around age 2). Should be casy to remember (1 for T1, 2 for T2).

Tarke Home Poine: T1 is most useful for assessing myelination in the first year (especially 0-6
months), T2 is most useful for assessing myelination in the second year (especially 6 months o 18
maonths).

Ovreler of progression: Just remember,
inferior to superior, posterior to Brain Myelination Pattern
anterior, central to peripheral, and
sensory fibers prior to motor fibers.
The testable trivia is that the
subcortical white matter is the last
part of the brain to myelinate, with
the oceipital white matter around 12
months, and the frontal regions
finishing around 18 months. The
“terminal zones” of myelination occur
in the subcortical
frontotemporoparictal regions —
linishing around 40 months.

Inferior to Superior, Posterior to Anterior

Another high vield picee of testable trivia is that the brainstem, and posterior limb of the internal
capsule are normally myelinated at birth.
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Additional Brain / Skull Development Trivia: Birth Adult

Pituitary: Both the Anterior and Posterior Pituitary are T1 ‘;T:L.“nw e % i:g‘

Bright at Birth (anterior only T1 bright until 2 months). Posterior - T1 Hyper.
Piluitary YPEC T2 Hypo

Brain Iron: Brain Iron increases with age (globus pallidus darkens up).

Bone Marrow Signal: Calvarial Bone Marrow will be active (T1 hypointense) in young kids

and fatty (T hyperintense) in older kids

Sinus Development:

The sinuses form in the Order zi:"é!f
following order:
1- Maxillary, Maxillary 1 E'i'ﬁie"t Bl 5 month
2- Ethmoid,
3- Sphenoid, Present at

Ethmoid 2 : 1 r
4- Frontal Birth g

Mosi are finished i 4 NOT Present o
forming by around 15 at Birth
"I.-'E'ﬂ.!'.'n'.

; MOT Present
Sphencid 3 at Birth 4 yaar
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This is a very confusing and complicated topic, full of lots of long Latin and French sounding
words. [f we want to keep it simple and somewhat high yield vou can look at it in 5 basic
categories: (1) Failure to Form, (2) Failure to Cleave, (3) Failure to Migrate,

(4} Development Failure Mimics, and (3) Herniation Syndromes.

Failure to Form - Dysgenesis / Agenesis of the Corpus Callosum

A classic point of trivia is that the corpus
callosum forms front to back

(then rostrum last).

Therefore hypoplasia of the corpus
callosum is usually absence of the
splenium (with the genu intact).

Rostrum

“ GAMESMANSHIP:

With agenesis of the corpus callosum, a common
trick is to show colpocephaly (asymmetric dilation
of the eccipital horns).

When you see this picture you should think:
(1) Corpus Callosum Agenesis

(2) Pericallosal Lipoma
* Discussed on next page

Colpocephaly
{asymmealnc ditalion of the occipital horns).
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Failure to Form - Dysgenesis / Agenesis of the Corpus Callosum Continued

Other common ways to show this include:

Why are the lateral
veniricles widely spaced
witen you fave no Carirs

callosum *

There are these things called
“Probst bundles™ which arc
densely packed WM tracts -
destined 1o cross the CC -
but can’t (because it isn’t

i there),

So instead they run parallel
1o the interhemispheric
fissure - making the vents
look widely spaced.

The “steer horn™ “Vertical Ventricles”
appearance on coronal. widely spaced

(racing car) on axial.

Failure to Form - Associations - Intracranial Lipoma

Dysgenesis / Agenesis of the Corpus Callosum is associated with lots of other syndromes/
malformations (Lipoma, Heterolopias, Schizencephaly, Lissencephaly, ete...). Some sources

will even say il is the "most common anomaly seen with other CNS malformations. " —
whatever the fuck that means.

Intracranial Lipoma:

The mosi classic association with CC Agenesis.
50% are found in the interhemispheric fissure, as
shown here. The 2nd most common location is the
quadrigeminal cistern (25%).

Trivia « CNS Lipomas are cunguniml malformations, not true neoplasms.

o “Maldifferenitation of the Meninx Primitiva™ - 18 a meaningless French
sounding explanation for the frequent pericollasal location.

« Non Fat Sat T1 is probably the most helpful sequence (most non-bleeding
things in the brain are not T1 bright).

» These things don’t cause symptoms (usually) are rarely treated.
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Failure to Form - Open Neural Tube Defects

Anencephaly g Iniencephaly

. 9} IS

_))

Ty

Meuro Tube Defect Meural Tube Defect
{Defect at the top of head) {Defect at the level af the cervical spine)
The Top of the Head is Absent Deficient Occipital Bone with Defect in the
{ Above the Eves) Cervical Region. Inion = Back of Head / Meck
Extreme Retroflexion of the Head.
Reduced /Absent cercbrum and cerchellum, Enlarged foramen magnum.
The hindbrain will be present, lacked up spines.

Oflen visceral problems.

Usually, not compatible with life.
When they do survive, they tend fo have a
natural talent for amatenr astronomy

Mereifully, not compatible with life.
Potemtial to be awfild ai Jeopardy

Classic Image Appearance: “Star Gazing Fetus™ - contorted in a way that

: = i makes their face turn upward (hyper-extended

Incredibly crecpy “Frog Eye™ appearance on o) spine, short neck, and upturned face).
the coronal plane (duc to absent cranial bone /

brain with bulging orbits). It°s every bit as horrible as the Frog Eye thing

(both would make incredible Halloween costumes.)

Secondary Signs / Gamesmanship: AFP will be elevated

i . {true with all open neural wbe defects)
« Antenatal Ultrasound With Polyhydramnios

{hard to swallow without a brain}

« AFP will be elevated
(true with all open neural tube defects)

Failure te Form - Open Neural Tube Defects - Encephalocele [ meningoencephalocele )

Neural tube defect where brain + meninges herniate through a defect
in the cranium. There are lots of different types and locations — but ;
most are midline in the occipital region, :

There are numerous associations: - most classic = Chiari 111
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Failure to Form - Cerebellar Vermis
Rhombencephalosynapsis loubert Syndrome:

-Nore the Vertical Lines Across the Cerefellnn-

Vermis is Absent, Vermis is Absent (or Small)
Classic Image Appearance: Classic Image Appearance;
“Molar Tooth™ appearance of the

Transversely onented :-mgl.c lobed cerebellum as

shown above (this is an Aunt Minnic), superior cencbellar peduncles

(clongated like the reots of a wooth).

Abscnce of the vermis results in an Emall Cerebellum

abnormal fusion of the cercbellum,
Absence of pyramidal decussation

(whatever the fick the means)

Small 4th Ventricle Large 4th Ventricle  “Batwing Shaped”
Rounded Fastigial Point, Absent Fastigial Point,
Abscnt Primary Fissure Absent Primary Fissure

Associations: Retinal dysplasia (50%:),
Associations: Holoprosencephaly Spectrum Multicystic dysplastic kidneys (30%).
Liver Fibrosis (“COACH" Syndrome)

w Gamesmanship: This stufl is tricky. Let me suggest the following tactics.

If you are faced with this level of trivia (on an inermediate level exam), first start by looking for
the two markers of normal vermian development: (1) the primary fissure and (2) fastigial point -
both of which are best seen mid sagintal. The “fasdigial poine™ is normal angular eontour (not
round) along the ventral surface of the cerebellum. The primary cerebellar fissure is a deep
trapezoid shaped cleft along the posterior cerebellum. Absenee or abnormal morphology of these

landmarks should trigger a multiple choice brain reflex indicating the vermis is not normal.

. ﬂﬂﬂrmaﬂ -.._ Absent Fissure

% Primary
1 Fissure ‘ e

Paint should be located ﬂ-m Ahnnrmal Ventral Contour
Jjust below the mid pons. "'"E'i Absent Vermis

| MNormal
Point

e e
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Failure to Form - Dandy Walker and Friends

Radiologists love to nitpick and obsess over details. The more meaningless the details the more
intense and emotional the debate. Along those lines, Dandy Walker malformations are typically
described along a spectrum. The arbitrary stops along this spectrum often lead to feracious beta
male nerd confrontations amongst Academics - filled with ferocious exchanges of

gossip, innuendo, finger nail seratching / pinching, biting, hair pulling, and empty threats of
reputation destruction.

Despite the very real threat of being scratched and pinched by an enraged Academic
- | now offer my simplified strategy for dealing with this complex pathology.

“Classic™ Dandy Walker:

There are 3 key findings which are consistently present and reliable to make the diagnosis.

Normal for
Conpnarizan

!, Hypoplasia of the Vermis Hypoplastic Vermis i ; i i
i1 gl 2 Hypop 515 3 Dilated Cystic 4th Ventricle
i (usually the inferior pari) Elevated and Rotated ¥

On axial, there is the nonspecific appearance of an
cnlarged posterior fossa CSF space. It can look like a
retrocerchellar eyst on axial only (although it's not a cyst
- it's the expanded 4th ventricle).

The cerebellar hemispheres will be displaced forward - -
and laterally but their overall volume and morphologic : Bunch of Posterior Fossa CSF
characteristics should be preserved. i Cerehellum Displaced Anterolaterally

B Y 4 Comparison

AR IR R AR AR IR AR AR EREE A

L

\

‘“TORCULAR-LAMBDOID INVERSION" T

This classic buzzword(s) describes the torcula
{comfTuence of venous sinuses) above the level of the
lambdoid suture, secondary 1o clevation of the

ientorium, .
CALOrIU R - Dandy Walker -
L o o = e Torenla Above Lambdoi
It's worth mentioning that this inversion is often NOT Lo ‘--H,'g;,_;,,;,,,.,,-"&:m e
. R . . Abave Torenla y
seen in the “variant” version of Dandy Walker. aUELEEH Venons Confluence”

« Often identilied on OB sereening US.
+ Otherwise, presents with symptoms of increased intracranial pressure (prior to month 1)
( : _I = Most Comimon Manifestation = Macrocephaly (nearly all cases with the first month)

Trivia

+ Associations: Hydrocephalus (90%), Additional CNS malformations (~ 40%)
{agenesis of the corpus callosum, encephaloceles, heterotopia, polymicrogyria, etc. X
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Failure to Form - Dandy Walker and Friends

As | mentioned on the prior page, Dandy Walker malformations are typically described along a
spectrum. We covered the “classic™ subtype in depth on the prior page. The stragglers
(presumed to be of lower yicld) and classic type are contrasted on the chart below.

Name

Alternative
Term Used
To Trick You

Mid Sagittal
Doodle

Overview

Vermis
4th Ventricle

Cerebellar
Hemispheres

Posterior Fossa

Torcula

Hydrocephalus

Trivia

Least Severe

T g

Blake Pouch “Wariant™ DWM  “Classic™ DWM

Mega Cisterna Magna

“Hypoplastic
Rotated Vermis

&

Normal Vavian:

Sac like cystic
protrusion through the

Hypoplasiic,

] Hypoplastic vermis elevated, rolated
Fecal enlargemem of ) f‘nramen_ur Magendie  with dilation of the  vermis with cysiic
the retrocerebellar CSF  into the infra / retro 4th ventricle, dilation of the dih
Space. cerebellar region. weniricle,
Ml Mormally Fm:mnd But Hypoplasiic Hypoplastic
Upwardly Displaced (less severe) & Rowted
MNormal Dilated Dilated Markedly Dilaed
- Mommal In Size
Mormal Mommal Hypoplastic - Displaced
Anterolaterally
Mormal Mormal Mormal Expanded
Monmnal Mormal Mormal High Insertion
Mope Yes 25 % of Cases 90% of Cases

Choroid from the 4ih
ventricle swinging
imo the pouch is
¢lassic (but not

« Mo supratentorial
always present),

» Diagnosis on antenmtal ulirasound must
abnormalities

be done after 18 weeks
fprior fo 18 weeks the vermis hasi

« The pouch only
Sinished forming).

communicates with
the dth ventricle,
MO the cisternal
CSF.

Now, lets switch gears from fusion to cleaving problems.
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Failure to Cleave - Holoprosencephaly [ HPE]

This entity also occurs along a spectrum with the common theme being some element of abnormal
central fusion. Although, it isn’t actually a fusion problem. Instead, it is a failure 1o perform the
normal midline cleaving. In the normal embryology, the fancy latin word “P-lon "™ starts out like a
peanut butter sandwich, then mom cuts the bread into two perfect halves (separate lateral
hemispheres). The sandwich cutling (cleavage) always occurs back to front (opposite of the
formation of the corpus callosum), 50 in milder forms the posterior contex is normal and the anterior
cortex is fused.

Least Severs s———_ - eamin i + Most Severe
Lobar Semi-Lobar Alobar

Mild
FF::[:::: Pancake / Cup
Sha
Homs i3

Normal
Daoodles Comparison

Incomplene
Sepum

2.
Companison

Focal areas of :

incomplete fusion The back is cleaved (not the fromt)  ~ hemispheres are
anteriotly (usually the } . fused and there is a single
fornix) 30% fusion of the frontal lobes | e ventricle

The body of the lateral ventricles

Ball
Shaped

Rim !/ Monoventricle

Zero midline cleavage.,

Owverview

Yariable mild fusion of Single Ventricle

Ventricles  the frontal homns of the ?Fl:n'] EI::H]%:;S ;;I'p] t::_llzmd felistinet lateral and thivd
lateral ventricles. d:vc]l:up il pa ¥ ventricles are absent)
Thalamus Mormal Fused (partial or complete) Fused
Se Pellucid + Septum Pellucidum + Septum Pellueidum
Absent e Pt"":'cellm” UM . Corpus Callosum (partial) + Corpus Callosum
Structures ﬂrp.“‘li 2 DEIIITI] « Anterior Interhemispheric Fissure « Interhenuspheric Fissure
(partial vs normal) « Anterior Falx Cerebri » Falx Cerebri
Horrible Cleft Lip / Palate Cyclops Monster Face
Things Borat's Brother Bilo (fe is rerard)  {one eve, one nose hole, efc)
Survive into Adulthood, -
Outcome  Survive into Adulthood but terrible at Jeopardy ikl A

(average af Wheel of Fortune) (stillborn / dead < | year)

Face predicts Brain, BUT Brain doesn't predict Face
A Possible BUZZWORDS for HPE spectrum.

Monster Cyclops Eyes
Cleft lips [ Palates
Pyriform Aperture Stenosis (from nasal process overgrowth)

Solitary Median Maxillary Incisor (MEGA-Incisor)
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o | e . AT e oo e i, s o o}

Meckel-Gruber Syndrome:

~ Arhinencephaly: Qﬂ

| G : © Classic triad: qtr%
T e e e = 1. Occipital Encephalococle \wf \‘s\
: » Midline olfactory bulbs / tracts are absent.  § 2. Multiple Renal Cysts =

L« “Can't Smell” - is the clinical buzzword.  : 3. Polydactyly
. » Could be tested as Kallmann Syndrome
(which also has hvpogonadism, & mental

; Also strongly associated with
retardation).

i Holoprosencephaly

; Septo Optic Dysplasia:
: This “Minor™ HPE expression could be referred to by its French sounding name, for the sole
: purpose of fucking with you — “de Morsier Svndrome ™

| The classie
¢ findings are
i inferred by
! the name.

MNormal for e 8 MNormal for
cOmparison Sl : Comparison

Absent Septum Pellucidum “Sepro ™ and
Hypoplastic “Opric ™ structures such as the Optic Chiasma (eivele) and Optic Nerves

Mormal

Trivia - Associated with Schizencephaly Comparison, |

Gamesmanship - The other thing they can show is
an azygos amierior cerebral artery - which is basically
a common trunk of the ACAs, This is rare , but
associated with 50D and lobar HPE.

__AzygosACA (I wunk) |

MNow... switching gears to failures in migration / proliferation.

Failure to Migrate / Proliferate: Lissencephaly-Pachyoyria Spectrum and Friends

An understanding of this complex pathology requires a rapid review of embryologic
neuronal cortex formation. Unfortunately, my medical school embryology
professor was Dr, Eleanor Abemathy, M. (youtube her if you aren’t familiar),
Anytime I read embryology 1 can’t help but think ol her and wonder "can anyone
who loves animals so much, really be crazy?” The answer Lo that... is yes,

Yes they can. They can be a drunken lunatic. 5o much so, that | was convineed =1
that anyone who understood embryology risked ending up just like her. Dr. Abernathy as
Then | accepted the truth, You either dic a hero or live long enough 1o sce I remember her,

yoursell' become the villain, “Many mere Batman referances coming up in the next few pagas.



(‘Tﬁ THE FIRE RISES 6’
- APROMETHEAN DIMNLOCUE ON CORTICAL FORMATION -

Prologue: The brain is said to form "ingide-ont, " as neurons that will eventually make up the cortex
are originally birthed from a thick slurry surrounding the fetal ventricles. Sleep inducing texts will
refer to this as the “proliferative neuroepithelium.” | prefer the term “Lazarus Pit," or just the “Pit.”
It is from this Periventricular Pit, where cells will make “the ¢limb™ 1o the conex.

Act 1 - Proliferation: Before making “the climb™ to the conex the neuronal-glial stem cells arc
born into {and molded by) the darkness of the periventricular Lazarus Pit. 1t is there that they leam
the truth about despair, first by dividing into additional stem c¢lls in a symmetric fashion (1 stem cell
splits imto 2 stem cells). Later this process will change to asymmetric proliferation (1 stem cell splits
into 1 stem cell and | differentiated cell - glial cell or neuron). This process continues for several
cyeles until the stem eells receive the signal to undergo apoptosis - they expect one of us in

the wreckage brother,

The number of neurons in the cortex is determined by the frequency and

number of symmetric / asymmetric divisions by these stem cells.

Disturbance in this process will therefore result in cither oo many, too Syimmeiric Asymmerric
few, or improperly differentiated neurons.

Act 2 - Migration (R/SE): From the periventricular proliferative pit of despair, cells will make the
climb. As they climb to freedom, they are guided by structural cells, chemical signals, and the chant
“Deshi, Deshi, Basara, Basara.” They make the elimb in & waves, with the first generation forming
the “pre-plate™ and the second generation forming the more permanent "cortical plate.”

In other words, the younger cells always moving past the older ones
becoming more superficial in their final position, (hence the idea -
“inside out™ or “outside last™). Disturbance in this mechanism
{guidance, timing of detachment ete...) will result in under-
migration, over-migration, or ectopic neurons.

Act 3 - Orpanization: At this point you may think the cells have given
everything to the cortex, and they don’t owe them anymore. But, they haven’t
given everything. ., not yet. There is still the process of cortical folding
(zyrification).

The process actually occurs simultancously with and depends heavily on the first two steps. The
differential speed of cortex expansion (relative to the deeper white matter) is probably the key
mechanism for brain folding. For this expansion to occur properly there needs o be the right
number of cells (act 1) migrated in the right order (act 2). There is the additional mechanism of
continued differentiation into structural cell types which organize into horizontal / vertical columns
ereating an underlying cytoarchitecture need for structure and function. Disturbance in these
mechanisms will result in an absence ol or excessive number of folds.
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Failure to Migrate / Proliferate: Lissencephaly-Pachygyria Spectrum and Friends

Mow, we are going to diseuss the testable pathologies associated with how this process can fuck up.

I'm going to try and group them according to the stage of disturbance (although they don't always fit
nicely into a single stage).

Failure to Proliferate: Hemimegalencephaly:

Rare, but unigue { Aunt Minnie), malformation characterized by enlargement {from hamartomatous
overgrowth) of all or part's of one cerebral hemisphere. The presumed cause is a failure in the
normal neuronal differentiation in the involved hemisphere - resulting in an “abnormal mixture of
normal tissues” - which defines a hamartoma. This process is often mixed with other errors in
migration resulting in associaled polymicrogyrnia, pachygyria, and heterotopia,

The combo of (1) dilated ventricle and (2) mismatched hemisphere size can be confused with
destructive pathologies. So lets do a quick comparison to negate any potential fuckery.

The trick is to foak af which side the dilared ventricle is an.

m;

HIS vs
HAT:
“Hamartomalons

Overgrowth ™ of all

BIG Sude or part of a cercbral
with BIG Ventricle = hemisphere,

Hemimegalencephaly  sccondary to
differcntanon /
migration failure,

Hemimegalencephaly

SMALL Side The shrunken halfl is

: 1 trophie, resulting in
with BIG Vemricle = # e
ex-vacuo dilation of

rgphy the ventricle,
Rasmussen’s i ’
Encephalitis Zebra viral (or maybe Just like an o
3 autoimmune) disease Er[?“"_dl’rﬂ bram (only
that fucking this is just half the
annihilates halfthe  brain, and the kid is
brain. usually less than 10),

Dyke-Davidoff-Masson (Cerebral Hemi-Atrophy):

This is another zebra that can look a lot like Rasmussen encephalitis - but also has

The superior sagittal sinus and fissure are moved across the midline.
It is supposedly caused by an in utero or childhood stroke (supposcdly).

Since literally anything is fair game on this cxam, I'm including it for completeness
(it’s probably low vield).
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Failure to Migrate / Proliferate: Lissencephaly-Pachygyria Spectrum and Friends

The pathologies related to abnormal migration are best though of along a spectrum ranging
from agyria (no gyri) to pachygyria (flat gyri) to band heterotopias,

Lissencephaly
“Classic” Type 1

IN

Undermigration

Smooth Surface
Thick Cortex

Colpocephaly
Figure 8 Shape

Failure to migrate both in
armount an in order - with a
reverse outside-in pattern. Large
numbers of neurons do not even
rcaching the cortical plate,
depositing diffusely between the
ventricular and pial surfaces.

The distribution is fucked with 4
thick layers formed instead of 6.

Lissencephaly

4 Layers

As a result of this disorganized /
inadequate migration the process
of cortieal folding does not take

place.

Smeoth Surface, Thick Conex
Caolpeecephaly is Commaon,
“Figure 8 shaped brain on axial -
dite 10 shallow, vertieal Sylvan

Nssures

Autosomal Inheritance (M=F)
Associated with CMV (maybe)

Undermigration
Considered the

mildest form of
Classic

Lissencephaly

Disorganized
migration resulis in a
second layer of
corical neurons deep
ta the more
superficial conex,

This creates the

classic “double
corfex” Appearance.

Aszociated with
seizure disorders.

Ciyral pattern is
nommal
(or mildly
simplified).

Subeortical band of
hetersopic gray
muller

¥-Linked Inheritance

(F=>M)

Lissencephaly

“Caobblestone” Type 2

Overmigration

Instead of failing 1o migraic
an adequate number of
neurons o the cortical
surface (as is the casc in the

classic type of
lissencephaly), this

pathology is the result of an

over migration,

This over migration results

B 0 0

in an additional layer of
cortex composed on gray

malter nodules,

These nedules come in a

variety of shapes and sizes
(unilateral, bilaeral, small,

large. symmetric or
asymmaetric).

Most commonly It is
commonly located adjacent
1o the Sylvian fissures

Cobblestoned Cortex

(variable in size / location)

Associated with congenital
1% L and

retinal detachiment -

“mscles eve-hrain disease”

Periventricular
Nodular
Heterotopia

Failed Migration

Meurons in the
periventricular
(subependymal)
region wene oo
lazy 1o migrate o
the cortex.

The result is
nodular grey
matter deposition
along the ventricle
borders.

Most common
locaton for grey
matter heterolopiz.

Associated with
seteure disorders,

THIS V5 THAT:

Heterotopias
follow grey matler
on all sequences
and NOT enhance.

Subependymal
tubers of TS are
usually brighter on
T2 relative 1o grey
matter and may
also be caleified,
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Failure to Organize: Polymicrogyria “PME"

I"ve heard people blame this on TORCH infections, toxic exposure, chromosomal issues, God’s wrath
for “stull the Demoerats do.” There are likely many causes. | wouldn't expect someone to ask for
“the cause,” other than perhaps the broad category of failed organization.

Having said that, I've read some PhD papers saying that layer 5 "
gets obliterated (by infection, toxing, wrath, etc..) afier

completion of normal migration. With layer 5 gone the other
more superficial layers overfold and fuse resulting in an excessive
number of small folds - the hallmark finding.

—T'r“'l

Mormal
Comparison
Classic Look: Fine undulating / bumpy cortex.

This anomaly come in a variety of shapes and sizes
{unilateral, bilateral, small, large, symmetne or asymmetric),

Most common location is adjacent to the Sylvian fissure Fine Undulaiions / Bumps
bilaterally.

{2[1 Trivia: Zika Virus is the most common cause of PMG m Brazil and South Amenca

Failure to Organize: Schizencephaly — “Split Brain”

Just like polymicrogyria there are likely many causes and 1 wouldn't expect someone to ask lor “the
cause,” other than perhaps the broad category of failed organization.

Having said that, one popular theory is the idea of a vascular insult. What is this vascular insult 7
Well, you could say it's the cortex's reckoning (it damages the radial glial fibers). These radial glial
fibers are in charge (or at least they “feel in charge™) of the ropes used by neurons to “make the
climb.” Although, I've head it’s best to make the climb as the child did - without the rope. | mention
this because about 30% of patient’s with schizencephaly also have non-CNS vascular stigmala
{example = gastroschisis - which supposedly oceurs from a vascular insult to the abdominal wall).

Classic Look: Schizencephaly literally means “split brain™ with the defining feature being a cleft
(lined with grey matier) connecting the CSF spaces with the ventricular system. How wide this cleft is
depends on the flavor; Closed Lip (20%) or (2) Open Lip (80%), although in both cases the clefi
should span the full thickness of the involved hemisphere. The clefis can be unilateral or bilateral.

: Closed Lip (20%%) - Less Comuorn, Less Severe | iOpen Lip (80%) - More Comman, More Severe l
In this form, the “Lip™ will

appear closed without a
CSF filled clefi. To make
the call you want 1o look
for is the grey malter
running across the normally
uniform corona radiata.

This one is more obvious.

To make the call vou want
1o see a CSF-filled clefi
(lined with grey maner)
extending feom the

ventricle 1o the pial
surface,

Sometimes you can see a “nipple” ::t;gr;::r ":}m" T tter lining &
nouching a1 the ependymal (ventricular) surlace. ol el L
:il?ﬂ H penay] (kinda nodular like
i

!

en weird looking
a heterotopia),

.....................................

Associations: Absent Septum Pellucidum (70%), Focally Thinned Compus Cqj)
Optic Nerve Hypoplasia (30%), Epilepsy (demonic possession) S,
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Developmental Failure Mimics — Hydranencephaly and the Porencephalic Cyst

These can be thought of along a
spectrum of severity.

Least Severe

Porencephalic Cyst

These things may look like a severe
developmental anomaly but the
underlying mechanism is different.

They are “acquired.” Classically by a
vascular insult - but really from
anything that can causc
encephalomalacia (focal necrosis of
both the gray matter and white matter
with eventual cystic degeneration).
This would include a trauma afler birth
(this docsn’t have to happen in utera).

Understanding that the brain develops
normally first - then gets crushed,
helps to remember the key findings.

In particular, the absence of a gray
matter lining along the defect.

It's almost like someone took an ice-
cream scoop to the brain. In the case
of Porenchephaly, they just took onc
scoop. In the case of Hydranencephaly,
the glutinous pig took pretty much the
entire brain - leaving only the
cerebellum, midbrain, and the falx,

External

Triterval

Faly farrows)
cerebelinm,
nviclhrenin reiain

—-—-’ More Severe

Cartical
Mantle
iz Crone

Brain cleft / hole from
a prior ischemic event
resulting in
encephalomalacia.

Cyst/Cleft can
communicated with
the Subarachnoid
Space (“external™)
mimicking an open lip
Schizencephaly or
communicated only
with the ventricular
system (“internal™).

occlusion
CAUSCS
MASSIVE
destruciion of
both cercbral
hemispheres,
only the
cerebellum,
midbrain, and
the falx
{usually)
remain.

Bilateral ICA  Herpes is

the most
classic. but
in utero
infection
with toxo or
CMY are
also
described
CAUSLS,

THIS vs THAT:

Open Lip
Schizencephaly

The trick is to look for gray

smraitter lining the cleft,

Porencephalic Cyst

Brain cleft / hole from a prior CSF-filled
event (maybe ischemic) cleft Cleft is
resulting in damage to the extending i .
= Lined with
structural cells needed to from the ity
properly organize the cortex. ventricle to Nkt
the pial
Mot Mormally Formed surface,
Brain cleft / hole from a prior CS5F-tilled
e vl e eV cle h
ischemic f traumatic event left ; Cleftis
resulting in encephalomalacia, extending d Lined
from the M‘th G ine
Normally formed - but massive | ventricle ':; ray
insult make it look atter

developmental.

andfor the pial
surface.
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JN “That Brain is Fucked” ¥

His only hope for employment is Hospital Administration.. or maybe QA Officer.

Unless ““Brain is Fucked” is a choice on the exam, you’ll need to narrow down your
choices. [ suggest the following strategic algorithm, simplified essentially into 2 questions.

(1) Is the Cortical Mantle (outside of brain) present or gone fishing 7
(2) If the Mantle is still there (even if it’s very thin), look for the falx cerebri.

“That Brain Appears to Be Fucked”

¥

Cortical Mantie ?
Still There Nope
Falx 2 Hydranencephaly

gl Yy 1o

Severe Hydrocephalus Holoprosencephaly - Alobar
—Anteror falx usually missing in the semi-lobar form

—Lobar [ mild ) subtype should stll have the fiax

44



Herniation Syndromes - Testahle Vocab and Chiari Malformations

Testable Vocab: Cephaloceles

“Cephalocele™ is an umbrella term for a herniation of the cranial contents through a defect in the
skull. While retaining the suffix “cele™ they are then sub-classified based on (1) location, and (2)

what 15 1n the hermiation sac,

Fronto-
Ethmoid

Trans=

Sphenoidal Occipital
*mast classic

Meningocele Meningo-

*For the purpose of fucking with you,
Meningoencephaloceles are sometimes
called Encephaloceles.,

Additional Trivia:

» Cystocele = CSF, Meninges,
Bramn, and Ventricle
Myelocele = Spinal Cord

Herniation Syndromes: Chiari Malformations

‘{ e
e

Encephalocele
-CSF Meninges,
ard BRAIN

This topic is incredibly complicated. There are literally entire books written on the individual
subtypes. The following is my best effort to distill the potentially testable trivia down to about 1.5

pages.

There are several numbered sub-types of Chiari malformations, with the shared finding of a
downward displacement of the eerebellum. Here is a quick overview of the subtypes.

Relatively less

Herniaiion of cerebellar tonsillar herniation.

tonsils (more than 5 AND

Relatively more

mim) el s :
c'f‘h"bc“"“' i Orccipital Encephalocele
displacement

Classic Association Classic Features:

ot alweavs presen):

« Syrinx (cervical cord) -Tectal beaking
~Hydrocephalus
-Clival hypoplasia

Features of Chiart 2

Historically used 1o descnbe
severe cerebellar hypoplasia
without herniation. The term
has fallen out of favor with the
powerful men and women
who control the Chiari
nemenelature.

We shall not speak of it again,

-Low lying toreuln  Hybrid term used 1o describe conditions that have features of
= both wpe | and type 2.

Mot associated with neural tube defects, despite the significam
downward movement of the lonsils and brain stem.




Chiari Type |

Chiari Type Il

\- S
G/‘K

Classically defined as 1 or
both tonsils > Smm below
the level of the

Basion - - - Opisthion.

Mote the commonly
associated Syrinx,

Classic Mechanism:
Congenital underdevelopment
of the posterior fossa, leading
10 overcrowding, and
downward displacement.

Non=-Classic: Post traumatic

deformily - acquired later in
life.

Clinical Svmpioms are
produce in two flavors:

{1} Oceipital headache from
pressure of the cerebellar
tonsils - worse with sneczing
(2) Weakness, spasticity, and
loss of propricception from
pressure on the cord

Clasgic Association
(not always present):

« Synnx of the cervical cord

Less Classie (But sill highly
testable) association:
-Klippel-Feil Syndrome
congenital C-spine [usion).

MOT associated with a
neural ube defect

Thinned Corpus Callosum  Tectal Beak

Oceipital Encephalocels,

s L““’ Lying {meningoencephalocele)
Hypophask Q Torcula containing cerebellum andl!
*Also nole Oppasite af

b or the brainstem, occipital
lobe, and sometimes cven
the fourth ventricle, PLUS

features of of Chiari 2

the long skinny Dandy Watker

4th ventricle, and
the “towering
cerebellum.”™

Narmal for
Conprarison

[

Compared 10 Type 1, there is relatively less
tonsillar hemniation, but more cerebellar
vermian displacement

Interdigitated
Cerebral Gyri
{most classically
demonsivated on
aciad CT)

Myelomeningocele—
Lumbar Spine

. Classic Associations;
Classic Mechanism: Neural Tube Defect

“gicks” the cerebellum downward prior to full

« Synnx (cervieal)
development of the cerchellar onsils,

» Tethered cord
Classic Assocration:
* Hydrocephalus
=Lumbar myelomeningocele / Spina Bifida

« Agenesis of the corpus
callosum

Only seen in patients with a

Onily seen in patients with a neurl Lube defier “—""'M!Mﬁi_‘l[i‘!ﬂ}l

Encephalocele = NTD
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Special Topic - Mesial Temporal Sclerosis
This is a pattern of findings (hippocampal volume loss + gliosis / scar), which classically result in
! intractable seizures. The etiology is not certain, but it is most likely developmental (hence the
inclusion in this section).
Clinical Trivia: This is the most common cause of partial complex epilepsy.

intracranial positioning of a tooth (from a red haired woman) has becn described as

E E Clinical Trivia: Surgical removal can “cure” the scizures / demon. Alternatively, perfect
therapeutic in the Kazakhstani literature.

The hippocampal region represents the medial portion of the temporal lobe (black box).

For the purpose of multiple choice, the primary imaging findings are:

+ Reduced Hippocampal Volume (best seen when compared to the opposite site).

P *10% of the time volume loss is bilateral - other findings are necessary to exclude fuckery
i« Inercased T2 Signal (from gliosis / scar)

! « Loss of Normal Morphology (loss of normal interdigitations)

Nove the
Cornprensatory
emlargement of the
temparal fiorn of the
lateral veniricle
*wilhite arrow

Redwced Folume,
Increased T2 Sr-gﬂﬂll
*hlack arrow

Normal Side for Comparison

Additional deseribed findings - less likely to be shown (more likely to be asked)

+ Alrophy of the ipsilateral fornix and maxillary body
i« Contralateral amygdala enlargement

MR Epifepsy Protocol Trivia:

« T1 - Superior for Cortical Thickness, Eval of Grey £ White

« FLAIR - Superior for Cortical / Subcortical Hight Signal (Gliosis)

« T2* / SWI - Superior for Blood Breakdown Products ( for other things that can cause seizures;
caleifications ol uberous sclerosis, Sturge-Weber, Cavernomas, Gangliogliomas ete..)



I Volume / Edema

Monro-Kellie Hypothesis:

The Monro-Kellie Hypothesis is the idea that the head is a closed shell, and that the three
major components: (1} brain, (2) blood — both arterial and venous, and (3} CSF, are in a state

of dynamic equilibrium. As the volume of one goes up, the volume of another must go
down.

Normal Situation Leaking CSF Intracranial Hypertension
-Venous Blood Expands  -Venous Sinuses Compress
to Compensate

Intracranial Hypotension: If you are leaking CSF, this will decrease the overall fixed volume,

and the volume of venous blood will increase to maintain the equilibrium. The result is
meningeal engorgement (enhancement), distention of the dural venous sinuses, prominence
of the intracranial vessels, and engorgement of the pituitary (“pituitary pseudo-mass™), The
development of subdural hematoma and hygromas is also a classic look (again, compensating
for lost volume).

Idiopathic Intracranial Hypertension (Pseudotumor Gerebril: Classic scenario of a fat
middle-aged women with a headache. Etiology is not well understood (making too much
CSF, or not absorbing it correctly). It has a lot of associations (hypothyroid, cushings,
vitamin A toxicity). The findings follow the equilibrium idea. With increased CSF (he
ventricles become slit-like, the pituitary shrinks (partially empuy sella), and the venous
sinuses appear compressed. You can also have the appearance of vertical tor

; ; _ tuosity of the
optic nerves and flattening of the posterior sclera.
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Hydrocephalus — “Too Much CSF"

Questions on this topic are most likely to be centered on the sub-type, location of obstruction, and
cause. 5o, lets review the vocab,

True Obstruction

i. Blood, Pus, and Cancer -
Anything thar plugs wp the villi -

“ T | the three most common canses
LpmnuIating | being SAH, Meningitis (T8 or
_All Ventricles are Big / f{ﬁﬁ:’;ﬂfg and Careinomearons
{25% of the time the fourth .
venlricle is normal) ‘ Without Obstruction ;
: | '
-Level of obstruction Brain Atrophy (ex-vacuo) [
between basal cisterns | |
and arachnoid T | Mormal Pressure Hydrocephalus
/ granulations \ | -gee discussion below
- CBF can exit all the Choroid Plexus Papilloma
: ; ventricles -Tumor that secretes CSF. {
U;:: ;I‘r‘lzﬁﬂ )are Big & -Discussed more later in the !
( e :; chapter |
“NON-Communicating” ! — — —
' | Level of Obstruction
-Upstream Ventricles are |
| Big | Foramen of Monro =
| 5 | » Colloid Cyst
-Level of Obstruction is  —— | P
within the ventricle Mo i '

+ Agueduct Stenosis

System ! = Tectal Glioma
- CSF can NOT exit all P e —

: |
the ventricles ! « Posterior Fossa Tumor |
i « Cercbellar Edema £ Bleed

Normal Pressure Hydrocephalus: 1t's not well
understood — and idiopathic. The buzz-phrase is Ouiz: Is
“ventricular size out of proportion to atrophy.”™ e

; transependymal
The frontal and temporal horns of the lateral flow e
ventricles are the most affected. “Upward bowing w?:;_'[ :3?: .
of the corpus callosum™ is another catch phrasce,

hydrocephalus or

On MRI you may sce transependymal Nlow and/or Fionic
a Now void in the agueduet and 3 ventricle. The ; sl
step 1 trivia is “wet, wacky, and wobbly™ - L
deseribing the clinical triad of urinary

ik Answer: Acute.
incontinence, confusion, and ataxia. This is

treated with surgical shunting,




Congenital Hydrocephalus

There are several causes of hydrocephalus that can be present at birth or be related 1o fetal

development. These conditions are typically diagnosed prior to birth via routing ultrasound
(discussed partially in the reproductive chapter in volume 1).

The big 4 are: (1) Aqueductal stenosis, (2) Neural tube defect - usually Chiari 11, (3) Arachnoid cysts,
and (4) Dandy-Walker. 1"ve discussed Chian 11 and Dandy-Walker already.

So, let us tum our attention 1o Aqueductal Stenosis and Arachnoid Cysis,

Anueductal Stenosis:

This is the most common cause of congenital obstructive hydrocephalus., Classically from a web or
diaphragm at the aqueduct (hence the name). Because of the location you gel a “non-communicating”™
pattern with a dilation of the lateral ventricles and 3rd ventricle with a normal sized 4th veniricle, You
can have a big nogegin (macrocephaly) with thinning of the cortical mantle.

e

N evel of the
Mormal for Comparison E/\k‘\
Sized 4th

I
\ % '!(nqmdlm.
(9[1 Treatment is going to be either shunting or

poking a hole in the 3rd ventricle (third veniriculostomy).

Obsiruction at the

Clinical Trivia: Question header may describe “sunset eyes” or an upward gaze paralysis.

Clinical Trivia: A male with “flexed tinmbs ” should make you think about the x-linked variant.
( Bickers Adams Edwards syndromc).

Arachnoid Cysts:

As the name implies, these arc cysts located in the subarachnoid
space. They are CSF density, without any solid components, or
abnormal resiricted diffusion. You wouldn’t even notice them
expect that they can exert mass effect on the adjacent brain, or in
the context of this discussion block a CSF pathway (obstructive
Bype).
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CSF Shunt Malfunction

Normal: The most basic shunt consists of a proximal tube (usually placed in
the frontal hormn of the lateral ventricle just anterior to the foramen of Monro), a
valve o control flow, and a distal tip (usually dumped in the peritoneum, but
can be placed in the pleural space or right atrium).

Shunt Evaluation Options: Your first line options for shunt evaluation are going to be (a) non-con CT or
(b) rapid single shot T2 sequence - mainly lecking at catheter position and ventricle size. *May need to
verify shunt settings with a plain film post magnet. [ the ventricles are big (shunt is not working) vou
might follow that up with a radiograph series (neck, chest, abd) to make sure the catheter is intact.
Ultrasound or CT can be used to inspect the distal tip for a fluid collection. Alternatively (if you are a
weirdo) you can inject < 0.4ml pertechnetate into the shunt reservoir and take images to look for leakage
or blockage (remember to not aspirate when you inject).

-Proximal > Distal
£'  Obstruction -Most common cause = ingrowth of choroid
S (proximal)  plexus and particulate debris / blood produets
= -Can also be from catheter migration
{‘E Prior Comparison
=
- 2 ':\_.5 F.]'
Lo -Psewdocyst ] - — ﬂH
Obstruction  (Jocwlated fTuid along the distal tip) R F o Lm:ulal:nbd fluid
{distal) -Catheter migration . around the tip of
fore commorn 0 children) . the catheter
-"8lit Like Vemricles ™ - can be meaningless or &lit Ventriches
suggest too much shunting,
Over- - The big fear is that not enough CSF will cause Extra-Axial Fluid
Shunting subdural hygroma or hematoma formation via Colbections
Monroe Kelly mechanics (less C5F - more {subdural hygroma)
bload).
-Usually within @ months of placement
-Blood culwres are usually negative (fluid from
the shunt should be cultured instead).
-dild enhancement after catheter placement can
be normal - be on guard for fuckery.
-The best sign is debris wilhin the venirigles.
< ideally shown with DWL - this 15 the weapon of
Infection choice for diagnosis of ventriculitis. TH+C: ventricular DWI: Debris 4
ependymal Pus Restricts
enhansement Driffusion

-Late stigmata may include veniriculac

loculations - which can cause restricted low /
obstruetion and in some case isolate or “trap” the
4th ventricle — as shown in diagrams. g l

Either deliberately or via migrtion the catheter can end up in the pleural space. A liule
Hydrothorax bit of pleural Mluid doesn't mean shit. But, if the volume gets large enough and the
patient becomes symplomatic - then revision might be needed.

. Usually the ascites from a VP shunt isn’t symptomatic, although there are reports of
Ascites inguinal hernias and hydroceles forming secondary 10 the increased abdominal pressure,
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Edema:

Cytotoxic: This type of edema can be thought about as intracellular swelling secondary to
malfunction of the Na/K pump. It tends to favor the gray matter, and looks like loss of the

grav-white differentiation. This is classically seen with stroke (or trauma), and is why
EARLY signs of stroke involve loss of the GM-WM interface.

Vasogenic: This type of edema is extracellular, secondary to disruption of the blood-brain
barrier. It looks like edema tracking through the white matter (which is less tightly
packed than the gray matter). This is classically seen with tumor and infection. You can

also see this type of edema as a LATE stage of cerebral ischemia. A response to steroids is
characteristic of vasogenic edema,

m THIS vs THAT:

Cytotoxic Edema Vasogenic Edema
Failed Nafi Pump

Increased Capillary Permeability
(BBE intact) (BEE NOT intact)
Classic = Ischemia (EARLY) Classic = Tumar, Infection, 1schemia (LATE)
White Matter + Gray Matter - "blurring” White Matter (Spares Gray Mattar)
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Subfalcine (Cingulaie) Herniation: This is just a faney way of saying midline shift {(deviation of
ipsilateral ventricle and bowing of the falx). The trivia to know is that the ACA may be compressed,
and can result in infarct.

Descending Transtentorial (Uncal) Herniation: The uncus and hippocampus herniate through the
tentorial incisura. Effacement of the ipsilateral suprasellar cistern oceurs first.

Things to know:

=  Perforating basilar artery branches get compressed resulting in “Durer Hemorrhages ™~
classically located in the midline at the pontomesencephalic junction (in reality they can also
afTect cerchellar peduncles).

» N 3 gets compressed between the PCA and Superior Cerebellar Artery causing ipsilateral
pupil dilation and ptosis

»  “Kernohan's Noteh / Phenomenon™ — The midbrain on the tentorium forming an indentation
(notch) and the physical cxam finding of ipsilateral hemiparesis — which Neurologists call a
“false localizing sign. " OF course, localization on physical exam is stupid in the age of MRI,
but it gives Neurologists a reason to carry a reflex hammer and how can one fault them for
that.

Ascending Transtentorial Herniation: Think about this in the setting of a posterior fossa mass. The
vermis will herniate upward through the tentorial incisura, often resulting in severe obstructive
hydrocephalus.

Fhings fo know

«  The “Smile” of the
quadrigeminal cistern will
be Mattened or reversed

«  “Spinning Top”isa
buzzword, for the
appearance of the midbrain
from bilateral compression
along its posterior aspect

«  Severe hydrocephalus (at

. Transcalvarial
the level of the aqueduct). Strioh
Fraclura
Cerebellar Tonsil Herniation: ] scending
Can be from severe herniation after ";i:f;f:iﬂm l Transtentonisd
downward transtentorial hemiation.
Alternatively, ifin isolation you are
thinking more along the lines of Downward
Chiari (Chiari 1 = 1 tonsil - 5 mm). Cerebellar
Tonsilar
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Metaholic Plagues on the Alcoholic Urban Outdoorsman - part 1

Osmotic Demyelination or
Central Pontine Myelinolysis

T2 Bright Cenral Pons (spares the periphery)

Most Classic Scenario: Asshole drunk Hobo shows
up to the ER with a Jlow Ma. Like most asshole
drunks in the ER, he stans ou demanding a
cheeseburger and a Sprite (not a fucking Sierra
Mist!), then threatens to leave against medical advice.
...after fimishing the burger.

Family Medicine Resident begs him 1o stay

(a decision he will soon regret). The Resideni
eventually tires of his bullshit and decides 1o comeet
his hyponatremia as mpidly as possible - with the
aoal of expediting discharge.

2 days later the guy is still in house, acting like a
massive prick - acutely encephalopathic with spastic
quadriparesis,

Neurology gets consulted and writes “psendobulbar
palsy” in the chan, Family Medicine Resident
doesn 't know what the fuck that means, bul is humbic
enough to ask. A below average 2nd year medical
student explains to him that it is slurred s_pcm.‘ll,
sensitive gag reflex, and being an even blggrl.].tr}'
baby than nomal- “labile emotional response .
Coma, the above MRI, death, then a lawsuit follow
(im that order).

« T2 bright in the central pons (spares periphery)

+ Earliest change: restricied diffusion in lower pons

« Trivia; Can also have an extra-pontine presenlation
mvelving the basal ganglia, external capsule,
amypdala, and cerebellum.

Wernicke Encephalopathy

- / High T2/FLAIR
High T2/AFLAIR Signal in Signal in the
the Medial Thalamus Periaqueducial Gray

Maost Classic Scenario: Very friendly Hobo - Known
for singing songs from the T0s (mostly Supertramp’s
gooadbye stranger) - starts acling squirrelly. “His
tempo seems off - notes the feminine male nurse,

An above average medical student suggests he is
exhibiting the glinigal iriad of {11 acwie confusion,
(21 aaxia, and (3) ophihalmoplegia, but is dismissed
by the Medicine Intern who talks non-siop about
going imo Cardiology (“Cards™ - he calls it).

Only moments later the same [ntern will suggest 1o
his Antending the same triad of findings before

stating “my medical student™ seems disinterested and
may benefit from mere call.

Still desperate o honor the clerkship, the siudemt
Suggesis i itami  ag Lhe
etiology. and says the symploms could progress o
chronic memory loss gnd ¢ ot ;
paychosiz) or even death,

The cycle repeats - additional call is assigned, and a
tormal letter of reprimand is issued to the student.

« TAFLAIR h"gl‘l'l i:|;|:.':1,i|_~1-|"3,- seen in medial/dorsal
thalamus {around the 3rd vemiricle), periaqueductal
gray, mamillary bodies, and the teetal plate.

» Enhancement is classic in the mamillary bodies
» MR Spect = Lactare

+ Treatment = Thiamine replacement,
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Metabolic Plagues on the Alcoholic Urhban Outdoorsman - part 2

Marchiafava-Bignami

%

-High TZ/FLAIR in the Corpus Callosum-

Maost Classic Scenario: A middle aged (50s) man is
stumbles into the ER. On the pre-assessment forms
he has described himself as a “semi-professional red
wine taster.” e seems to exhibit variable degrees of
mental confusion, and his gail appears aliered.

His chiel complaint is geizure and musele rgidity.

He interrupts the H&P siating that he needs Lo urinate
{“drain his hog” - he says). A nurse hands him 2
wrinal bul his muscle rigidity seems Lo be impair his
coordination. It looks like the foor is about o get
very wet, when his the nurse (a shy, bul aggressively
religious, elderly women) tries lo assist him. The
patient barks at the nurse “MNot now woman! Leave
the dick alone!™ Her face blushes with
embarrassment. The ER Anending can’t help bt
laugh. The medical student shadowing him also
laughs (but only after the Attending does so first).

Later the Atending will reprimand the medical
student for laughing. Ina formal lever, the Atlending
suys the student’s lack of professionalism is shocking
- additional call 1s assigned.

« Swelling / T2 bright signal at the corpus callosum
{represents an acufe demyelination)

+ Ohirdler is progressive - typically beginning in the
body, then genu, and lasily splenivm

« “Sandwich sign™ on sagital imaging - describes
the pattern of preference for central fibers with
relative sparing of the dorsal and ventrals fibers

Chronic Phase: Thinned corpus callosum + cystic
eavities favoring in the genu and splenium

Misc

Direct Alcoholic Injury:

Most Contmon £ Classic Findingis).

Brain Atrophy. Pamicularly the cerebellum
and especially the cercbellar vermis

Y

Cerebellar Atrophy

Mormal Comparison

Copper & Manganese Deposition:

T1 Bright
Baszal
Ganglia

-Mon-Specific and related To Liver Disease,

-Can be seen withowt hepatic encephalopathy

-Also seen in TPN, Wilson's Disease,

-Also seen in Non-Ketotic Hyperglycemia (HMNE) in
which it's often unilateral

Methanol Toxicity:

“Drrinking Windshield Wiper Fluid™ as an idiotic
attempt to get drunk. Can also be seen from
consuming “poorly adulterer moonshine”™ - or *West
Virginia Budweiser.”

Classic Findings: Opric nerve atrophy, hemorrhapic
putaminal and subcortical white matter necrosis
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Carbon  CT Hypodensity / T2 Bright: Globus Pallidus
Monoxide (carbon monoxide causes “globus " warming).

T2 Bright: Putaminal - which may be
Methanol

hemorrhagic, and thus CT Hyperdense. GIS al-li du (medial) - grey
Putamen {lateral) - white

PRES [Posterior Reversible Encephalopathy slmllmn_m!:

Classic Features:

+ Asymmetric cortical and subcortical white matier
edema (usually in parictal and occipital regions

*but docsn't have 1o be - superior frontal sulcus is
also commaon).

+ Does NOT restrict on diffusion (helps tell you it's not
a stroke).

Etiology: Poorly understood auto regulation fuck up.

Vazogenic Edema Pattern
Classic History: Acute Hyperiension or Chemotherapy. Bilateral, Posterion, Mildly Asvimeivic
Post Chemotherapy:

It is fairly commen. There arc lots of named offenders. Methotrexate seems to be the one people
write the most papers aboul (especially in kids with ALL)

There are two main looks:

{1) PRES - As above, chemo is a classic causc. BUT! It tends to have a “non-classic” look relative
to the hyperiension type. It will ofien spare the occipital lobes, and instead target the basal
ganglia, brainstem, and cerebellum.

{2) Leukoencephalopathy (treatment induced): The classic look would be centered in the

mvﬂﬂml-ﬂﬂl‘;hiﬁ_'wm - bilateral, symmetric, conflluent, TYFLAIR bright changes (history
is obviously key to the diagnosis).

Other Mise Trivia:
+ Can progress to brain atrophy.

o “Mineralising J'I'fi-f.'m-rﬂl'gfﬂj'ﬂﬂ-lr{\' o the vocab word 1o use i there are calcifieations

« “Disseminated necrotizing levkoencephalopathy” - severe white matter
demonstrate ring enhancement , classically scen with leukemia patients
and chemotherapy. 1t is bad news and can be fatal (it believes in nathin

changes, which
undergoing radiation
2 Lebowski),

e
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Post Radiation:

The quick and dirty version is that after radiation therapy to the brain you can sec T2 bright arcas
and atrophy corresponding to the radiation portal. You can also see hemosiderin deposition and
mincralizing microangiopathy (calcifications involving the basal ganglia and subcortical white
maiter). There is a latent period, so imaging findings don’t typically show up for about two months
post therapy.  Mow... if you want lo get crazy, you can discuss changes at different ime periods,

?[;:;::-Wl:cks}' Too rare to give a fuck about (at least for the test)

Early Delayed | The classic look is similar to chemo - high T2/FLAIR This is reversible

{1-6 months): | signal in the periventricular white matter. change (usually).
Described as a “mosaic™ pattern with high WM signal

Late Delayed | changes again favoring the deep white matter. Can Progressive. .. but

(6 months): appear “mass-like” and expansile. reversible (mostly)

Classically sparing of the U-Fibers & Corpus Callosum.

Radiation-Tneuced Vasculoparky: Strokes and Moya-Moya type of look,

Mineralizing Microangioparhy - 1 mentioned this on the previous page. This is a
delayed finding — like two years following treatment. Think calcifications (basal
ganglia and subcortical white matter) - hence the term “mincralizing.”

Radiation-Induiced Vascular Malformarions: The most classic types are caplllar}*

Long Term telangiectasias / cavernous malformations. The most classic scenario is a kid
Sequela getting whale brain radiation for ALL. Remember the key finding is blooming on

GRE/SWI sequences.

Radiation-induced Brain Cancer:

« XRT is the “most important risk factor” for primary CNS ncoplasm.

« Most common type is a meningiomas (70%) - usually seen ~ 15 years post XRT

« More aggressive types Gliomas, Sarcomas, ete, have a shorter window < 10 years

"N' “Chasing the Dragon” - Heroin Inhalational Leukoencephalopathy

Most toxic leukoencephalopathies (either from chemotherapy, immunosuppressives, antibiotics,

or the aristocratic art of paint thinner huffing) all create a similar non-specific pattern of widespread
high T2/FLAIR signal in the supra and infratentorial white matter. The “Chasing the Dragon™
pattern is also not specific - but it does have a catchy name, so people love collecting cases of it 1o
show in conference (“catchy name” = high yield for boards).

The most classic look (diagrams are FLAIR sequences):

¢ %4

lhc dentate

. : ¥ nucleus
Symmetric “Butterfly” in  High Signal in the Posterior High Signal in the Deep (arrows)

the Centrum Semiovale Limb of the Intemmal Capsule Cerebellar White Matter
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Multiple Sclerosis:

White matier patierns can be confusing as there are tons of
overlapping non-specific features, To help understand this (and
avoid being tricked) let me introduce a few concepts. White matter
lesions come in a few pattems. MS is the poster child of the
“perivascular patiern,” This pattern favors involvement of the
juxiacortical and periventricular regions with lesions that have
ovoid and/or fusiform morphology.

//"'"] o

L,./ i Owoid, Fusiform

Vascular Perivascular
Size can be helpful. A single lesion > 15 mm in Pattern Pattern (MS)

i ts th erlyi i i

size suggesis the underlying etiology is not Corpus Callosum RARE COMMON
vascular.

i . . . Juxtacortical RARE COMMON
Certain locations will also make you think “not
vascular.” When you think “not vascular Infratentorial RARE COMMON
pattern™ you should think demyelinating. Basal Ganglai COMMON  RARE

When yvou think demyelinating you should think

MS first (it’s by far the most common),

MeDonald Diagnosiic Criteria for MS:
This was last revised in 2010, so it’s kind of an old McDonald's Diagnostic Criteria.

« And on his criteria he had a section of lesions disseminated in space (periventricular,
juxtacortical, infratentorial, spinal cord) - more than 1 in at least 2 of these locations.

« And on his criteria he had a section on dissemination in time: best shown as a T2 bright lesion
that does enhance (active) and a T2 bright lesion that does nol enhanee (in-active) — lesions
are in dilTerent phases of the discase and therefore separated by time.

Epidemiological trivia:

« Usually targets women 20-40 (in children there is no gender difference).

+ There arc multiple sub-types with the relapsing-remining form being the most common (85%).

« Clinical history of “separated by time arnel space ™ is critical,
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Additional MS Related Trivia:

= Most Classic Finding: T2/FLAIR oval and periventricular perpendicularly oriented lesions.

= Involvement of the calloso-septal interface is 98% specific for M5 (and helps differentiate it
from vascular lesions and ADEM).

» In children the posterior fossa is more commonly involved.

= Brain atrophy is accelerated in MS.

= Solitary spinal cord involvement can oceur but it 1s typically seen in addition to brain lesions.
= The cervical spine is the most common location in the spine (65%).

= Spinal cord lesions tend to be peripherally located.

= FLAIR is more sensitive than T2 in detection of juxtacortical and periventricular plaques.

= T2 is more sensitive than FLAIR. for detecting infratentorial lesions

« MR spectroscopy (discussed later in the chapter) will show reduced NAA peaks within the
plagues.

Active vs Not Active : Acute demyelinating plaques should enhance and restrict diffusion (on
multiple choice tests and occasionally in the real world).

Tumor vs MS: You can sometimes get a big MS plaque that looks like a tumor. [t will ring
enhance but classically incomplete (like « horseshoe), with a leading demyelinating edge.

Tumor = Complete Ring Demyelination = Incomplete Ring

Multiple Sclerosis Variants:

ADEM {Acute Disseminated Encephalomyelitis): Typically presents in childhood or
adolescents, after a viral illness or vaccination. Classically has multiple LARGE T2 bright
lesions, which enhance in a nodular or ring pattern (open ring). Lesions do NOT involve the
calloso-septal interface.

Acute Hemorrhagic Leukoencephalitis (Hurst Disease): This a fulminant form of ADEM with
massive brain swelling and death. The hemorrhagic part is only seen on autopsy (not imaging).

Devies (neuromyelitis optica): Transverse Myelitis + Optic Meuritis.
Lesions in the Cord and the Optic Nerve

Marburg Variant: Childhood variant that is fulminant and terrible leading to rapid death. It
usually has a febrile prodrome. "MARBURG!!!" = DEATH
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Subcortical Arteriesclerotic Encephalopathy [SAE)

Also referred to as Binswanger Disease - for the purpose of fucking with you,

It"s best thought of as a multi-infarct dementia that ONLY involves the white matier.

Trivia:

« It favors the white matter of the centrum
semiovale (white matter superior to the
lateral ventricles / corpus callosum).

« Classically spares the subcortical U fibers.
= Strong association with Hypertension,
« It's seen in older people - 55 and up

= If they show you a case that looks exactly
like SAE but that paticnt is 40 and has
migraines they are leading you to the
genetically transmitted form of this discase
called CADASIL.

They are the
fibers under the
cortex, that look
like “U™s,

They come up a
lot, as being
spared or not

spared.

WTF are “U Fibers” ?

CADASIL (Cerebral Aurosomal Dominarnt Arteriopathy with Subcortical Infarcts & Levkoencephalapathy)

Basically it is SAE in a slightly younger person (40), with migraines.

Classic Scenario: 40 year old presenting with migraine headaches, strokes, then eventually
dementia, CADASIL is actually the most common hereditary stroke disorder.

Step 1 Trivia: NOTCH3 muations on chromosome 19

Classic Imaging Findings: Severe white matier discase (high TZ/FLAIR signal) involving multiple
vascular territories, in the frontal and temporal lobe. The oceipital lobes are often spared. Temporal

lobe involvement is classic,
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Dementia Disorders:

This topic was split up in prior editions on the text, with half in neuro and half in nukes. The
reason | did that was because these disorders are often evaluated with FDG PET. To keep
you from having to hop around | decided to consolidate it this time around.

FDG PET for dementia is a worthless and expensive component of the workup. Like most
imaging exams it is ordered with no regard to the impending collapse of the health care
system under crippling rising costs (with inevitable progression into a Mad Max style
dystopian future or even better Mega-City 1). As such, it is standard practice in most
academic centers to obtain the study.

The idea is that “demented brain™ will have less perfusion and will have less metabolism
relative to “not demented brain.” PET can assess perfusion (1*0-Hz0) but typically it uses
FDG to assess metabolism (which is analogous to perfusion). Renal clearance of B¥FDG is
excellent, giving good target to background pictures. Resolution of PET is superior to
SPECT.

HMPAQ, and ECD (tracers that are discussed in more depth in the nukes chapter) can also be
used for dementia imaging and the patterns of pathology are the same.

It"s important to remember that external factors can affect the results; bright lights
stimulating the occipital lobes, high glucose (>200) causes more competition for the tracer
and therefore less uptake, ete...ete... so on and so forth.

Before we begin with the subtypes, a quick pearl:
On FDG PET the motor strip is always preserved
in a degencrative tvpe of dementia.

Preserved Motor Strip
— Seen in degenerative dementias
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Alzheimer Disease
Most common cause

Tavopathy, Amyloid Cascade,
and Neurofibrillary Tangles are
all buzzwords people use when
they pretend to understand the

pathophysiology.

Risk Factor(s):
The biggest one is Age.

A more obscure one (but
certainly testable) is Downs
Svndrome. Downs patients
nearly always get AD, and they
get it earlier than normal - that
extra 215t isn’t deing them any
favors.

Measr Classic Featire(s):
hippocampal atrophy (which
is first and out of proportion to
the rest of the brain atrophy).
They could ask temporal hom
atrophy = 3 mm , which is seen
in more than 65% of cases.

FDG Patiern: Low posterior
temporoparietal uptake -
“headphones ™ or “ear muffs. "

11C PiB (Pittshurgh
compound B) is an cven better
way 1o waste money making
this diagnosis, It works as an
Armvlaid Binding Tracer.

right}. Just being a real Prick.

— ——————

Multi-infarct Dementia

Ind most common

Also called “Vascular
Dementia™ - for the purpose of
fucking with you.

Risk Factor{s):

« MecDonalds, Burger King,
Taco Bell, Pizza Hut

« Hypertension,

« Smoking (tobaceo), and

« CADASIL

Most Classic Feature(s);
Cortical infarcts and lacunar
infarcts are seen on MRI, Brain
atrophy (generalized) is usually
advanced for the patients age.

FDG Pattern: Multiple
scattered arcas of decreased
activity, Mo specific lobar
predominance.

Unlike the neurodegenerative
dementias - this one could
knock oul the motor strip (if the
strokes happen to involve that
region). This is different that
AD and DLEB.

Dementia - The Primary Tribes

Dementia with Lewy Bodies
Ard most common

Alpha synuclein and synucle-
inopathy are buzzwords people
use when they pretend to
understand the
pathophysiology.

Clinical Scenario: There is a

triad of classic features.

(1) Visual hallucinations

{2} Spontancous parkinsonism,

{3) Fluctuating ability 1o
concentrate / stay alert

Clinical picture can be similar
to Parkinson's dementia - the
major difference in DLEB, the
dementia comes befare the

Parkinsonism

Mosi Classic Feature(s):
Mild generalized atrophy
without lobar predominance
(unlike multi-infarct),
Hippocampi will be normal in
size (unlike AD)

FDG Pattern: decreased FDG
uptake in the lateral occipital
cortex, with sparing of the mid
posterior cingulate gyrus
{(Cingulate Island Sign).

Picks: Also be referred o a “frontotemporal demeniia " - for the purpose of ﬁ.lcking with you,

Clinical: Onset is carlicr than AD (like 405-50s). Classic prescntation is described as “compulsive
or inappropriate behaviors.™ In other words. acting like an asshole (fucking prostitutes, and buying
miracle wcighi loss potions from Dr, Oz - when you aren’t even go;t'lg 1o the gym or [r}ring 1o eat

Classic Feature(s): Severe symmetric atrophy of the fromtal lobes (milder volume loss in the

temporal lobes).

FDG Patern: Low uplake in ihe frontal and temporal lobes,
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| e

| |-ldentical to Parkinson

| Dementia

|-Posterior Cingulate gyrus is
{the first area abnormal

. | Low posterior
Alzheimers jtempm‘cparictal cortical
[activity

Scattered areas of decreased
activity

Multi Infarct

Preservation of the mid
Dementia with Lewy Bodies Low in lateral occipital cortex posterior cingulate gyrus
[(Cingulate Island Sign)

Picks / Frontotemporal Low frontal lobe

Alzheimers Frontotemporal
-Low pasterior temporaparietal Lo Frontal Lobe

Lew Body Dementia Multi-Infarct
-Low Lateral Occipital with ~Scattered Areas of Low Uptake
sparing of the cingulate gvrus
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(syndrome)

Hallervorden
Spatz

Amyotrophic
Lateral
Sclerosis

Cortico-basal
Degeneration

Huntington
Disease

Leigh
Disease

Fahr Disease

The Defias Brotherhood of Neurodegeneration - Part 1

Also called “Bilareral
Sreimopallidodentate Calcinosis”, and
sometimes “Primary Faniifiol Brain
Caleification ™ Tor the sole purpose of
fucking with you on the exam.

Many are asymplomatic, (hhers go
insane and star stumbling around

Alzo called PKAN {pantothenale kinase-
associated neuropathy) for the sole
purpose of fucking with you on the exam,

Etiology: Iron in the Globus Pallidus

T2 Dark Globus with ceniral bright area
of necrosis “Eye of the Tiger™. No
enhancement. Mo Restricied Diffusion.

Upper motor neuro loss in the brain and
spine. Mosi people die within 3 years
(unless you are really good at physics).

Tavopathy (whatever the F that means).

Awesome clinical manifestations like the
“Aiten limb phenomenon™ -50% of cases.

One of those AD repeat sequence things.

What Sequence ? 38 CAGs Mother
Fuckers. Yes, | still remember that
worthless factoid from Step 1.

Wiy® s a curse, My mind is like a bear
trap, you golla chew your leg off 1o getl
out. S0, between Step | & the CORE
exam, I"ve got tons of worthless bullshii
up there.

Remember these poor guys Wirm inlo huge
assholes - then start flopping around.

Mitaechondrial Disorder

Elevated Lactate peak at 1.3 ppm

Extensive
Calciffcarion in the
Baserd Ganglia and
?Iurl\ﬂlrl'l'n'ﬂn'.

"Crlobpes is Dyrically
involved fTrse

(4%

Narmal Comparisan

T2: Dark Medial Basal Ganglia (Clobisg,
with central biglh signal dor (ecrosis)

« [oes MOT show gross volume loss,
« TAFLAIR 1ends 1o be Normal {rarely can
be bright in the posterior internal capsule).

« Asymmetric frontoparietal arophy.

Caudate Atrophy and reduced FDG uptake.
The frontal homs will become enlarged and
outwardly convex (from the atrophy paitem)

Normal Comparizson Huntingion

« TZFLAIR bright lesions in the Brainstem,
Bagal Ganglia , and Cerebral Peduncles,
+ They can restrict, but do NOT enhance.

MELAS
Syndrome

Miscchandeial Disorder
Lactic Acidosis, Seieures, and Sirokes

Elevated Lactate “doublet™ at 1.3 ppm

+ Atypical sirokes in the cortical gray matter
with a nonvaseular distribution (usually
occipital and parietal).

« Underlying WM is normal

Hurler
Syndrome

Lysosomal Storage Discase /
Mucopolysaccharidoses

(1) Mucrocephaly with Metopic “heak”
(2) Enlarged Periviscular Spaces
(3 Beaked Inferior L1 Verehral Body

fnferior Amer |, pear




Parkinson
Disease
(PD)

The Defias Brotherhood of Neurodegeneration - Part 2

Classic Clinical Hx: Resting tremor, Rigid /
Slow movements (shuffling gate, ere..),
_ Impossible 1o diagnose on CT
Etiology: Reduced dopaminergic input 1o bt supposedly has mild 111idbr:1ﬁﬁjzzm ’
srriatum (whatever the fuck that means), loss with a “butterfly™ pattern (this wnuh;:
have 1o be stated, it is oo subtle 1o show)
DAT Sean - Iaflupane 123 - This exotic )

MNubkes study is certainly Fair game for an Worth noting in the sparing of the midbrein
sintermediate level” exam, el superior cerebellar pedmcles. This i a
ABnormal Fali!]}' high yield piece of trivia as it helps
{Perioeds) distinction Parkinsons from multi-gvstem
atrophy. i

Nowmal
fCamnras)

Possible Parkinzonian Syndrone
{PD, MSA or PSP}

Parkinson-Plus Syndremes classic dyskinetic features of PD PLUS other horrible non classic symptoms,

“Parkinsen-
Plas"

Multi-
System
Atrophy
(MSA)

“Parkivsoi-

Plus™

Progressive
Supra-
nuclear
Palsy

(PSP)

Wilson
Disease

This is a monsirously complex entity, that is
aetually 3 separate renamed entitics

(P, “C", and “A”).

The highest yield pearl is the appearance of
the Cerebellar subtype MSA-C

ir&g;n%ﬁ%?g:ﬂ; uﬁgking i Cerebellar Hemisphere [ Heor Cross Bun
B Peduncle Atroply witha - Sign (loss of the

the cardine/mediastinal ratio (which is : ; :
normal in MSA. and abnormal in PD) Shranken Flar Pons &  wransverse (ibers)

3

Nl —

Lol

an enlarged dih ven.

« Also called Sreele-Richardson-Ofszewski ’

for the purpose of fucking with you.
+ PSP = Most Common Parkinson Plus
« Unlike PD & MSA, PSP is a Tauopathy
{whatever the fuck that means).
Micky Mouse Sign: Tegmentum Arrophy
with Sparing of the Tectum & Peduncles.
*If needed anatomy refresher - page 14

Hummingbird Sign: Midbrain volume tw’ o 2 o il B
ith i g Faee + ve lective Midbraim Atrophy, wi
with 2 concave upper surface -+ relative Sparing of Pons (divided by line)

sparing of the Pons.
I -
Trivia: “Kayser-Fleischer Rings” - seen in

95% of paticnis. Prepars the Slit Lawp. T and T2 Bright Basal Ganglia
Trivia: Cortical Atrophy is the most T2 Bright Dorsal Medial Thalamus
common CT Moding (although obviously
very non-specific).

Mormal for
Comparison

Mormal for
Comparisan

AR copper metabolism malfunction, Once TI
the liver fills up with copper it starls
spilling over into other organs including the
brain.

Trivia: T1 Bright BG is the most common
initial MR findings (supposedly).

Trivig: Copper has been sugpested 1o be a5 Fr sl - '
Metro Muan's only vulnerability (this is -
controversial). Since literally anything is
fair game for the exam, | figured | better
mention that for completeness,

J

Monnal Comparison

Panda Sign: T2 Bright Tepmentum with
normal dark red nuclei & substantial nigra
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Deep Brain Stimulators

1 want 1o quickly touch on deep brain stimulators, These things are used in the reatment of Parkinson
disease. essential tremer, and chronic pain,

It is common to geta CT
immediately after DBS placement 1o
evaluate for correct posilioning of
the electrode or any obvious
complications (bleeding. etc...).
Knowing the “correct” position is the
most useful picce of trivia,

For Parkinson Discase, the
electrodes are tvpically positioned in
tips of the electrons located 9 mm
from the midline (just inside the
upper most margin of the cercbral
peduncle).

YA
e .

9 mm 9 mm
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“SECTION 6:
ntro to MRS, Leukodystrophies, & Friends

Introduction to MRI Spectroscopy

The old joke in Neuroradiology is if you need to use MES to figure something out, then you need to
2o back and read the book again - starting at page 1. Someone told me thats Yousem’'s joke, but [
don’t sec how that is possible - because it's actually a little funny. Regardless of who made the joke
first, there is near universal acceptance that MRS is “of limited clinical utility™ {a worthless turd).
Therefore, it is fair game for an intermediate level exam and we should at least talk about it a little.
I'm not going to get into the physics much here (there will be a write up in the new 3rd Edition of the
War Machine covening that), For now, ['m going to give a very basic overview and emphasize the
pathology / elinieal trivia. Then 1'1l be sprinkling more MRS in sporadically throughout the chapter.

Overview: The general idea is that the various metabolites which exist on the cellular level (choline,
lactate, N-acctylaspartate “NAA," ele... ete.. ., 50 on and so forth. ..} occur in different concentrations
depending on the pathology. For example, “NAA™ is a ncuronal marker, Things that destroy neurons
(like tumors) will decrease NAA. So, in general the lower the NAA the higher the grade umor,

You will see a graph like this one, with “FPPM™ on the X-Axis, and “Intensity” on the Y-Axis.

. MAA
Intensity is Creatine ‘ Normal
going to tell you 1 | Hunter’s A1

“how P Angl e
how much™ of a Choline ngle \*I_’

thing there is.
4

-

It’s not a raw
number, and
better thought of
as a ratio.,

INTENSITY

40ppm 30ppm 2.0ppm 1.0ppm

PPM stands for parts per million. Better understood as a percent of the Larmor Frequency
(1 ppm = | millionth of the Larmor frequency). This is important because cach metabolite will
have a unique frequency distribution. For example NAA is at 2.0 ppm.

Why are the numbers coimting backwards on the seafe 7 1'm going to answer this with the same
explanation | reccived as a small child when | asked why | couldn’t just cat my dessert first, and my
vegetables last — “because I'm your mother that’s why!™

Hunter's Angle: This is a method to quickly . R“-“‘Ers_'-'ﬂ Hunter’s
decide i the MRS is normal or not. Under \\\ ﬁ“ﬁ'e in a High Grade
normal conditions Choline, Creating, and NAA h Glioma (GBM)

should ascending in that order. Using a line w
conneet the tips gives you a 43 degree~ish angle.
If it slopes the other way (as shown) then it is
not normal,
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MRI Spectroscopy High Yield Pearis

Lipid

Lactate

Alanine

M-acetvlaspartate
“NAAY

CGlutamine -
“GLX”

Creatine - “Cr™

Choline - “Co™

Myainositol -
[T m l L

Product of brain
destruction - Mecrotic Tissue (spilling of membrane lipids).
0.9-1.4 lipids are present o =
=LA necrotic brain Elevated with high grade tumors, brain infarcts,

ligsue (necrosis and brain abscess,

marker).
Classic Trivia: It's
normal 1o see lactate
elevated in the first

. hours of life
Product of !Eiram tumor has outgrown
anaerobic o bloc{d supply - Is. Classic Trivia: Lactale
3  metabolism. ﬁ:_'r?d m“:.a"“mlﬁgl. o, and Lipid peaks
' Absent under pathways for metabolism. o, herimpose - you
normal ; need 1o use an
conditions. Also elevated with intermediate TE
cerebral abscess. (around 140} to causes
an “inversion™ of the
lactate peak (50 you
can see it)
1.48  Amino Acid Found in Meningiomas

Meuronal Marker
(Meuron

Glial tumors have NAA.

The higher the Glial

Classic Trivie: NAM

20  WViability). peak is super high
Usually the tallest tumor grade, the lower with Canavans.
the NAA
peak.
2.2.2.4 Neurotransmitter  Increased with Hepatic Encephalopathy
3.0 ﬂﬁ:&iiiﬂm Decreased in tumor necrosis.
More tumover more Choline
1.2 Cell Membrane {thus elevated in high grade wmor, demyelination,
Turmover inflammation).
- Elevated in low grade
-l Volume gliomus.
(I.ic lﬂ::ﬂ:d - Elevated in - Reduced in high
EEuE Alzheimer’s (decreased  grade gliomas
3.5 in other dementias)

Byproduct of - Elevated in Progressive

b u = Reduced in Hepatic
Glucose multifocal 3 P
e Ence
Metabolism. leukoencephalopathy cephalopathy
(PML)

m THIS vs THAT: Demyelinating vs Dysmyelinating

Demyelinating
Discase

Dysmyelinating
Discase

Example = MS Discase thay destroys norma) myeli
in

Example = Mctachromatic  Discase

that dj ;
Leukodysiraphy and tum ISP (he

normal formation

ver of myelip
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Leukodystrophies  Friends RS\ "Nem e e "o

On the prior page, | introduced the vocab work “dysmyelinating” disease. Leukodystrophies are the classic
example of this group of pathologies. Technically speaking Leukodystrophies can occur from deficiencies
in lyscsomal storage, peroxisomal function, or mitochondrial dysfunction. 'm gonna hit on mitochondrial
diseases separately as they tend 1o be more asymmetric and favor the grey manter. Where as the classic
forms targel the white matter in a more symmetric and extensive manner.

The distinetion between the Leukodystrophy subtypes is wotally academic mental masturbation, since they
are all untreatable and fatal. Therefore, distinguishing between them is fair game on an intermediate level
exam (and specifically listed on the official study guide).

Metachromatic

Leukodystrophy = Fucked White Matter in a Kid
Parietg-occipital Sex-linked recessive
Adreno Predominance {peroxizomal
L:rillhmlys:mphy Eu:?a] enzyme deficiency)
(ALD) Si';c “Extends across the Male Predominant
“X_Linked™” Splenium of the Corpus  Can Enhance &
Callosum™ Resirict
Frontal Predominance
L ; Most commaon
Normal Pcnx'c.mn.culm and Lilndvatrondiv
Metachromatic Head Deep While Matter - i
Shoee Tigroid Pattern L-fibers are
{stripes of milder relatively spared
disease).
Also hits the
S Erokl cerebellum and
i n middle cerebellar
Alexander Discase Big Head Predominance Seduncies
Can Enhance
Diffuse Bilateral
Weird subcortical U fibers. Elevated NAA
Conavan Discase Big Head “Sybconti (MRS).
Pred rlical s
High density foci on
Centrum semiovale and €T (in the thalamus,
Krabhe Small periventricular white caudate, and deep
Head matter with parieto- white maller).
subcortic i
Typically diffuse “wotal lack of normal
miyelination”™ with extension o the subcortical
Mormal U fibers.
PEI'““"."SI' ] Hend Patchy variant is also described as “tigroid™ -
Merzbacher S although that wenm is more classic for

Mo enhancement. Mo restricied diffusion,




Leukodystrophies & HIBHHSMMMM o

As discussed on the prior page Leukodystrophies can oceur from deficiencics in lysosomal storage,
peroxisomal function, or mitochondrial dysfunction. The classic forms tend 1o target the white matter in a
more symmetric and extensive manner. This is different than mitochondrial discases which are more
asymmetric and favor the grey matter.  Grey Matier needs more oxygen than White Matter (and White
Matter needs more oxygen than trial lawyers). Inability to process oxygen (mitochondrial dysfunction) -
helps me remember the grey matter = white matter thing.

MELAS - Mitochondrial Encephalomyopathy, Lactic

Acidosis. and Stroke-like episodes. This is a Cr MNAA Laclate
mitochondrial disorder with lactic acidosis and stroke Ch l
like episodes.

Tends to have a parictooccipital distribution

Typical MRS Pattern for MELAS:

(P
:@) BUZZWORD(s): “Migrating Infarcts Increased Lactate, Decreased NAA.

Leigh Disease - Also called Subacute Necrotizing Encephalo-Myvelopathy - for the purpose of fucking
with you.

White Matter Distribution: Focal arcas of subcortical white matter,
Gray Matter Distribution: Basal ganglia and Periaquaductal Gray

Trivia: Head size tends 1o be normal.
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SECTIONT7:
"Brain Tumors

I want to introduce my idea for multiple choice brain tumor diagnosis. The strategy is as
follows; (1) decide if it's single or multiple, (2) look at the age of the patient - adults and kicls
frave different differenrials, (3) look at the location - different tumors occur in differenr spors,
(4) now use the characteristics to separate them. The strategy centers around narrowing the
differential based off age and location till you are only dealing with 3-4 common things, then
using the imaging characteristics to separate them. It's so much easier to do it that way.

Multifocal Primary from Seeding
Multiple Masses — wets (“50% at solitary)

Syndromes (example NF-2)

Cortical

4 Intraventricular

Adult —= CP Angle

N
Kid\

'/_.,-"'

Single Mass
Infratentorial

Supratentorial

Skull Base / Dura
Sella f Parasella
Pineal Gland

Before we get rolling, the first thing to do is to ask yourself is this a tumor, or is it a mimic?
Mimics would be abscess, infarct, or a big MS plaque. This can be tricky. 1f you see an
incomplete ring - you should think giant MS plaque. If they show you diffusion, it is either
lymphoma or a stroke (or an abscess) - you'll need to use enhancement to straighten that out
{remember lymphoma enhances homogeneously).

Yes... GBM can restrict, but for multiple choice it is way more likely to be lymphoma.



Two more high yield topics before we start crushing the differentials:

“Intra-Axial” vs "Extra-Axial”

The Brant and Helms discussion on brain tumors will have you asking “intra-axial™ vs
“extra-axial” first. This is not always that simple, but it does lend itself very well to
multiple choice test questions (therefore it’s high yield).

«  (CSF Cleft

«  Displaced Subarachnoid Vessels

«  Cortical Gray matter between the mass and white matter
«  Displaced and expanded Subarachnoid spaces

« Broad Dural Base / Tail

+  Bony Reaction

Why Do Things Enhance?

Understanding the WHY is very helpful for problem solving. Let me first answer the
question " Wiy DON'T things enhance?” They DON'T enhance because of the blood brain
barrier. So, when things DO enhance it's because either:

{a) They are outside the blood brain barrier (they are extra-axial), or

{b) They have melted the blood brain barrier.

In other words, extra axial things (classic example is meningioma) will enhance. High
grade tumors (and infections) enhance. Low grade tumors just aren't nasty enough to
take the blood brain barrier down,

Are there exceptions? HA! There always are. And Yes... they are ALWAY'S testable,

Gangliogliomas and Pilocytic Astrocytomas are the exceptions - they are low-grade
tumors, but they enhance.
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In adults or kids, if you see multiple masses you are dealing with mets (or infection). Differentiating
between mets and infection is gonna be done with diffusion (infection will restrict). IF they want you
to decide between those two they must show you the diffusion otherwise only one or the other will be
listed as a cheice.

Mets — High Yield Trivia:

+ Most common CHS met in a kid = neuroblastoma (BONES, DURA, ORBIT - not brain)

« Most common location for mets = Supratentorial at the Grey-White Junction (this arca has a lot of
blood flow + an abrupt vessel caliber change. .. so you also see hematogenous infection / septic
emboli go there first o).

+ Most commaon morphology is “round” or “spherical”

+ Remember that mets do NOT have to be multiple. In fact, 50% of mets are solitary. In an adult, a
solitary mass is much more likely to be a met than a primary CNS neoplasm.

+» MRCT is the mnemonic for bleeding mets (Melanoma, Renal, Carcinoid / Choriocarcinoma,
Thyroid).

« Usually Mets have more surrounding edema than primary ncoplasms of similar size.

+ “Next Step Gamesmanship” - Because the most common intra-axial mass in an adult is a met, if
they show you a solitary mass (or multiple masses) and want a next step it’s gonna be go hunting
for the primary (think lung, breast, colon... the common stuff),

Primary Brain Tumors Can Also Be Multiple:

Tumurs that Like to be Mult:focal ) _'[‘u_n_1_m_‘_s_t_l_iat are M_ul_l:_i_t'pca_l_t_‘rqp_a §_ee¢!§r_lg_

Mets — you should still think this first when yu:-u
see multiple tumors

Medul loblastoma

Lymphoma ; Ependymoma
Multicentric GBM GBM
Gliomatosis Cerebri Oligodendroglioma

SYNDROMES - Tumors in Syndromes are more likely to be Multifocal

NF 1 NF 2 “MSME"™ Tuberous Sclerosis VHL
Optic Gliomas Multiple Schwannomas Subependymal Tubers Hemangioblastomas

IV Giam Cell

1 Meningiomas
Astrocylomas & Astrocytomas

Ependymomas




Cortically Based (r-poc):

Most imtra-axial tumors are located in the
white matter. So when a tumor spreads 1o or
is primarily located in the gray matter, you
zet a shorter DDx. High vield picce of trivia
regarding the cortical tumor / cortical met is
that they oficn have very fittfe edema and so
a smalfl cortical met can be ocenls withow I

P-DOG:

Pleomorphic Xanthoastrocytoma (PXA)
Dysembryoplastic Meurocpithelial Tumor (DNET)
Oligodendroglioma,
l Ganglioglioma

CEORIrasy,

PXA (Pleomorphic Xanthroastrocytoma):
Superficial umor that is ALWAY S supratentorial and
usually involves the temporal lobe. They are often in
the cyst with a nodule category (50%). There is usually
no peritumeral T2 signal. The wmor frequently invades
the leptomeninges. Looks just like a Desmoplastic
Infamile Ganglioglioma - but is not in an infant.

DNET (Dysembryoplastic Neurcepithelial Tumeor):

Kid with drug resistant seizures. The mass will always be in
the temporal lobe (on the test — real life 60% temporal),
Focal cortical dysplasia is seen in 809 of the cases. It is
hypodense on CT, and on MR there will be little if any
surrounding edema. High T2 signal “bubbly lesion.”

Oligodendroglioma:

Remember this is the guy that caleifies 90% of the time.
It°s most cormmon in the frontal lobe and the buzeword is
“expands the cortex™. This takes afier its most specific
feature of cortical infiliration and marked thickening, It's
likely vou could get asked about this 1p/19q deletion which
apparenily has a betier outcome.

Ganglioglioma:

This guy can occur al any age. anywhere (usually temporal
lobe), and look like anything. However, for the purpose of
multiple choice testing the classic seenario would be a 13
vear old with scizures, and a emporal lobe mass that is
cystic and solid with focal calcifications. There may be
overlying bony remodeling,

“Bubbly”

G
t:‘:‘:‘
o
%,
kY

Mixed Cystic
& Solid

[ pxaA

PEDS (10-201
Will Enhance
Dural Tagl*=*

Cys1 with MNodule

Cyst with Nodule

Temporal Lobe

T T ST

PEDS (< 20)

Does NOT
Enhance

High T2 Signal |
“Bubbly™ |
Temporal Lobe

Oligodendroglioma
ADULT - (40s-50s)
Can Enhance
Caleification Commaon
“Expands ihe Coriex™
Frontal Lobe
Ip/19q = Good

- U-al-l;ingliﬂma
Any Age

| Can Enhance

MNOT Bubbly

Can look like Anything

Temporal Lobe
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Intraventricular

Tumors can arise from the ventricular wall, septum pellucidum, or choroid plexus.

Ventricular Wall &

Ch id Pl Mi
Septum Pellucidum aro exus sc

Choroid Plexus Papilloma
Ependymoma (PEDS) (PEDS in Trigone) Mets

{ADULT in 4th Vent)

Choroid Plexus

Medulloblastoma (PEDS) Carcinoma (PEDS)

Meningioma

SEGA (Subependymal S e
Giant Cell Astrocytoma) = “;n f .nu s ) Colloid Cyst
PED. (“Found” in ADULTS

Subependymoma (ADULT)

Central Neurocytoma
(YOUNG ADULT)

Ventricular Wall / Septum Pellucidum Origin:

Ependymoma: Bimodal distribution on this one (large peak around 6 years of age,
tiny peak around 30 years of age). | would basically think of this as a PEDS tumor.

They come in two flavors:

{a) 4th Ventricle - which is about 70% of the time. There is frequent extension into the
foramen of Luschka and Magendie. They are the so-called “plastic tumor™ or
“toothpaste ' tumor because they squeeze out of the base of the 4th ventricle.

(b} Parenchymal Supratentorial - which is about 30% of the time.
These are usually big (= dcm at presentation).
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Medulloblastoma: Lets just assume we are talking about the “Classic Medulloblastoma™
which is a type of PNET. If you want to understand the genetic spectrum of these things, read
Osbom’s Brain — seriously don’t subject yourself to that.

This is a pediatric tumor - with most occurring before age 10 (technically there is a second
peak at 20-40 but for the purpose of multiple choice tests I'm going to ignore it). These guys
are cerebhellar arising from vermis / ROOF of the 4th ventricle — project into 4 ventricle. They
are much more common than their chief differential consideration the Ependymoma (which
originates from the FLOOR of the 4th ventricle).

The classic look is a dense mass on CT, heterogeneous on T1 and T2, and enhances
homogeneously. They are hypercellular and may restrict. They calcify 20% of the thme (less
than Ependymoma).

This is a tumor that loves to met via CSF pathways — they like to “drop met.” The buzzword is
“zuckerguss” which apparently is German for sugar icing, as seen on post contrast imaging of
the brain and spinal cord (leptomeningeal carcinomatosis). As a point of absolute trivia, they
are associated with Basal Cell Nevus Syndrome and Turcots Syndrome.

If you see thick dural cales you might be dealing with this syndrome.

@Eﬁ Gorlin Syndrome - If you see a Medulloblastoma next look for dural cales.
)
i1 L% They get basal cell skin cancer after radiation, and have adontogenic cysts.

NEXT STEP Trivia: Preoperative imaging of the entire spinal axis should be done in
any child with a posterior fossa neoplasm, especially if Medulloblastoma or
Ependymoma is suspected. Evidence of tumor spread is a statistically significant
predictor of outcome.

Medulloblastoma Ependymoma
More common Less Common
Originate from Vermis / Originate from the
ROOF of the 4th Ventricle FLOOR of the 4th ventricle.

Can extend into basal cisterns like tooth

paste pushing though foramina of
Luschka and Magendie

Can project into 4 ventricle, do NOT usually
extend into basal cisterns
Enhance Homogeneously Enh %
i ‘nhance
fmrore so than Ependvmomea amway) elerogeneously

Calcify Less (20%) Calcify More (50%)

Linear “icing-like™ enhancement of the brain
surface is referred 10 as “Zuckerpuss”

— ]
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Subependymal Giant Cell Astrocytoma (SEGA): This is going to be shown

in the setting of TS. They will more than likely show you renal AMLs or tell you the kid has
seizures / developmental delay.

Because it's syndromic, you see it in kids (average age 11).

It will arise from the lateral wall of the ventricle (near the foramen of Monro), often causing
hydrocephalus. It enhances homogeneously.

THIS vs THAT: SEGA vs Subependymal Nodule (SEN) - The SEN will stay stable in size,
the SEGA will grow. The SEGA is found in the lateral ventricle near the foramen of
Monroe, the SEN can occur anywhere along the ventricle. SENs are way more common,
Both SEN and SEGA can calcify.

h Peart - Enhancing, partially calcified lesion at the foramen of Monro,
bigger than 5 mm is a SEGA not a SEMN.

— (the next 2 IV twmors are in ADULTS) —

Subependymoma: Found in ADULTS. Well-circumseribed I'V mass most commonly

at the foramen of Monro and the 4 ventricle. They can cause hydrocephalus. They
typically don't enhance. They are T2 bright (like most tumors).

Central Neurocytoma:
This is the most common [V
mass in an ADULT aged
20-40, The buzzword 15
“swiss cheese,” because of
the numerous cystic spaces
on T2. They ealeify a lot
(almost like
oligodendrogliomas).

Central Neurocytoma - Two Examples - Cystic IV Mass

Swiss Cheese +
Calcification in the
Venlricle

T



Choroid Plexus Origin:

Choroid Plexus Papilloma / Carcinoma: Can oceur in peds (85% under the age of 5) or
adults. They make up about 13% of brain tumors in kids under one. Basically you are
dealing with an intraventricular mass, which is often making CSF, so it causes

hydrocephalus.
in kids. This tumor is an exception. Remember exceptions to rules are testable,

% Trivia:

= In Adults it’s in the 4'* Ventricle, in Kids it's in the lateral ventricle (usually trigone).

h Here is the trick: Brain tumors are usually supratentorial in adults and posterior fossa

= Carcinoma type is OMLY SEEN IN KIDS - and are therefore basically ONLY SEEN IN
LATERAL VENTRICLE / TRIGONE

» Carcinoma association with Li-Fraumeni syndrome (bad p53)
= Angiography may show enlarged choroidal arteries which shunt blood to the tumor,

= Carcinoma type of this tumor looks very similar (unless it’s invading the parenchyma) and
is almost exclusively seen in kids.

The tumor is typically solitary but in rare instances you can have CSF dissemination

Xanthogranuloma -

This is a benign choroid plexus
mass. You sce it all the time (7%4)
and don’t even notice it.

The trick is that they
restrict on diffusion, so
they are trying to trick you
into working them up.
They arc benign... leave

them alone.

Xanthogranuloma - Note the Restricted Diffusion
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Misc:

Mets - The most common location of intraventricular metastasis is the trigone of lateral
ventricles (because of the vascular supply of the choroid), The most commeon primary is
controversial - and either lung or renal. If forced to pick I'd go Lung because it’s more
common overall. 1 think all things equal renal goes more - but there are less renal cancers.
It all depends on how the question is worded.

Colloid Cyst - These are found almost

exclusively in the anterior part of the 3=
ventricle behind the foramen of Monro.

They ean eause sudden death via acute onset
hydrocephalus,

Their appearance is somewhat variable and
depends on what they are made of. If they have
cholesterol they will be T1 bright, T2 dark. If
they don’t, they can be T2 bright. The trick is a
round well circumscribed mass in the anterior
3+ ventricle. If shown on CT, it will be pretty
dense.

Colloid Cyst -
- Anterior 3rd Ventricle
- Hyperdense on CT

Meningioma - Can occur in an intraventricular location, most commonly (80%) at the
trigone of the lateral ventricles (slightly more on the left). Details on meningiomas are
discussed on the following page.
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Cerebellar Pontine Angle (CPA)

Age is actually less of an issue here because the DDx isn't that big. Most of these are adult
tumors, but in the setting of NF-2 you could have earlier onset,

Epidemiology: Vestibular Schwannoma is #1 - making up 75% of the CPA masses, #2 is the
meningioma making up 10%. and the Epidermoid is #3 making up about 5%. The rest arc
UNCOMMmon.

(75 %) Schwannoma (Vestibular) - These guys

account for 75% of CPA masses. When they are bilaleral SCIFAIIGA e
vou should immediately think NF-2 (one for each side).

Enhances strongly but more heterogeneous than Enhance Less Enhance
meningomas. May widen the porus acousticus resulting Homogencously Homogencously

in a “trumpet shaped” IAC. “lce Cream Cone [AC."

(10 %) Meningioma - Second more common CPA Dan't Usually

: : Invade 1AC :
mass. One of the few brain tumors that is more common Invade 1AC
in women. They can calcify, and if you are lucky they
will have a dural tail {which is pretty close 1o
pathognomonic — with a few rare exceptions). Because IAC can have Caloifs
they are extradural they will enhance strongly. Radiation “trumpeted" o’ﬁc:: y mare
of the head is known to cause meningiomas. appearance ‘
h Trivie: =" — —
«Most common location of a meningioma is over the cerebral convexity.

“ *Meningiomas take up octreotide and Te-MDP on Nuclear Medicine tests (sneaky).

(5 %) Epidermoid -

Can be congenital or acquired {(after trauma — classically after LP
in the spine). Unlike dermoids they are usually off midline.

They will follow CSF density and intensity on CT and MR

(the exception is this zcbra called a "white epidermoid” which 15
T1 bright - just forget | ever mentioned it),

The key points are
“ (1) Unlike an arachnoid eyst they are bright on FLAIR

! (sometimes warm - they don 1 complerely mll), and

(23 They will restrict diffusion.

Epidermoid - Follows CSF
Signal - Restricts Diffusion
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Dermoid Cyst — This is about 4x
less common than an epidermoid. 1t's
more common in kids / young adults.
Usually midline, and usually are
found in the 3 decade. They contain
lipoid material and are usually
hypodense on CT and very bright on
T1. They are associated with NF2,

Trivia -
«These are usually midline

= Most common location for a
dermoid cyst is the suprasellar
cistern (posterior fossa is #2)

23

T P T T T Ty

The Ruptured Dermoid

It is possible for a dermoid cyst to explode -

rare in real life, common on multiple choice.
Sometimes this is after a trauma, but usually

it's spontaneous. The most common clinical
scenario is “headache and seizure™ - which is
pretty much every brain tumor, so that is not
helpful. What is helpful is this:

= Buzzword: “Chemical Meningitis™

= Aunt Minnie Appearance: Fat droplets
(typically shown as low density on CT, or :

High Signal on T1) floating in the ventricles

and/or subarachnoid space.

THIS vs THAT:  Dermoid vs Epidermoid — The easy way to think of this is that the
Epidermoid behaves like CSF, and the Dermoid behaves like fat,

IAC Lipoma - It can occur, and is basically the only reason you get a T1 when you are

working up CPA masses. [t will fat sat out - because it’s a lipoma. There is an association
with sensorineural hearing loss, as the vestibulocochlear nerve often courses through it.

Arachnoid Cyst — Common benign lesion that is
located within the subarachnoid space and contains
CSF. They are increased in frequency in
mucopolysaccharidoses (as are perivascular spaces),
They are dark on FLAIR (like C5F), and will NOT

restrict diffusion.

How can vou tell an epidermoid

Srom an arachnoid cvst?

The epidermoid restricts,
the arachnoid cyst does NOT.



Infratentorial - Most are PEDS (Hemangioblastoma is the exception).

THIS vs THAT: :
AT/RT vs Medulloblastoma

Atypical Teratoma / Rhabdoid Tumor
(“AT/RT™) = Thesc are highly malignant umors

(WHO 1V), and rarcly occur in paticnts older than 6 Both are WHO Grade 4 destroyers
years. They believe in nothing Lebowski. The average 1 (AT/RT is worse) that are often seen in the
age is actually 2 years, but they certainly occur in the  * postenior fossa of a kid, '

et yearalAie. + Technically they are both sublypes of .
Medulloblastoma - but that's the kind of
knowledge that causes you 10 miss

multiple choice questions.  For the

purpose of multiple choice:

SR T

They can occur in supra and infratentorial locations
(most common in the cerebellum). These are usually
large, pissed off looking tumors with necrosis and
heterogencous enhancement.

AT/RT 15 a 2 year old '

They fuck you up. They take the money. » Medulloblastoma is a 6 year old

Buzzword = ) . * » Medulloblasioma doecs not i
“Increased Head Circumference i |

g‘} !« AT/RT has calcifications
.

Medulloblastoma & Ependymoma : Both are discussed with the IV lesions

Juvenile Pilocytic Astrocytoma
(JPA): Just think eyst with a nodule in a kid.

They are WHO grade 1, but the nodule will still

enhance. This will be located in the posterior
fossa {(or optic chiasm).

Ganglioglioma: This guy can occur at any

age, anywhere, and look like anything. .. and
was discussed under the cortical lesions.

1 Say Posterior Fossa Cyst |
:;wilh a Nodule - PEDS,

Hemangioblastoma: First things first — immediately think
about this when you sce a cyst with a nodule in an ADULT. Then !
think Von Hippel Lindau, especially il they are multiple. These  :you say JPA

things are slow erowing, indolent vascular tumors, that can cause ; ;
s B B i1 say Posterior Fossa Cyst

hydrocephalus from mass ¢ffect. 70% of the time you will sce e Ly
= . ith a Nodule - ADULT,

flow voids along the periphery of the cyst. About 90% ::-I‘l!m time i
they are found in the cercbellum. There is an association with 'you say Hemangioblastoma

polvevihemia.

Diffuse Pontine Glioma (DPG): Scen in kids age 3-10. Most common location is the pons,
which is usually a high grade fibrillary glioma. I’s going to be T2 bright with subtle ar no

enhancement. The 4th ventricle will be flauened. The imaging features are so classic that no biopsy is

needed.
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Supratentorial - Adults Tumors
Mets - The most common supratentorial mass - discussed on page 79

Astrocytoma: Most common primary brain tumor in adults. Tumors fitting in the catcgory
include Pilocytic Astrocytoma (WHO 1), Diffuse Astrocytoma (WHO 2), Anaplastic Astrocytoma
(WHO 3), and GBM (WHO 4). Remember that low grade tumors don't typically enhance
(WHOZ2) and higher grades do (GBM and some Anaplastics). The exception to this rule is the
pilocytic astrocyloma which often has an enhancing nodule. GBM is the beast that cannot be
stopped. It grows rapidly, it can necrose, it crosses the midline, and it can restrict diffusion.
Remember Turcot Syndrome (that GI polyp thing) is associated with GBMs,

Gliomatosis Cerebri: A diffuse glioma with extensive infiltration. It involves at least 3

lobes and is often bilateral. The finding is usually mild blurring of the gray-white differentiation
on CT, with extensive T2 hyperintensity and little mass effect on ME. It's low grade, so it doesn’t
typically enhance.

Oligodendroglioma: Discussed under the cortical tumors

Primary CNS Lymphoma: Scen in end stage AIDS patients, and those post-transplant.
EB virus plays a role. Most common type is Non-Hodgkin B cell.

Classic picture would be an intensely enhancing homogeneous solid mass in the periventricular
vegion, with restricted diffusion. However, it can literally look like and do anything.

Classic Multiple choice test question is that it is Thallium Positive on SPECT
(toxo is not).

h [ say resiricting brain tumor, you say Lymphoma,

v
B

: THIS vs THAT: Periventricular / Ependymal Enhancement Patterns :

Lymphoma
= “Rim Phoma

Thick and Irregular

Thin Smooth and Linear



Supratentorial - Peds Tumors

DHNET & PXA (Pleomorphic Xanthroastrocytoma):
Discussed under the cortical umors .

Desmoplastic Infantile Ganglioglioma / Astrocytoma “DIG”:

These guys are large eystic tumors that like to involve the superficial
cercbral cortex and leptomeninges. Unlike the Atypical Teratoma /
Rhabdoid, these have an ok prognosis (WHO 1). They ALWAYS arise in
the supratentorial location, usually involve more than one lobe (frontal
and parictal most commonly), and usually present befi irst hirthday.

3
3’:} -Buzzword is “rapidly increasing head circumference.”

Big Cystic Tumor
with Hydro

Skull Base:

Chordoma — This is a locally aggressive tumor that originates from the notochord.
WTF is the “notochord” ? IU's an embryology thing that is related to spine development,

The thing you need to know is that the notochord is a midline structure. Therefore all
Chordomas are midline - either in the clivus, vertebral bodies (especially C2), or Sacrum. You
can NOT get them in the hips, ribs, legs, arms, or any other structure that is not totally midline
along the axis of the axial skeleton.

«It is most common in the sacrum (#2 is the clivus)
=When it involves the spine, it’s most common at C2 - but typically extends across a disc
space to involve the adjacent vertebral body.

h «It’s T2 Bright
«IU's ALWAY'S Midline. — it is never in a leg, arm, cte... ONLY MIDLINE structures.

Chondrosarcoma - This is the main differential of the chordoma in the clivus. The thing
1o know is that it is nearly always lateral to midline (chordome is midline). These are also T2
bright, but will have the classic “arcs and rings™ matrix of a chondrosarcoma, Obviously you'll
need a CT to describe that maitrix.

Dura:

Meningioma — As described above, it is common and enhances homogencously. The most
common location is over the cerebral convexity and it has been known 1o cause hyperostosis.

Hemangiopericytoma — This is a soli tissue sarcoma that can mimic an aggressive
meningioma because they both enhance homogencously. They also can mimic a dural tail, with a
narrow base of dural atachment. They wen’t caleify or cause hyperostosis , but will invade the

skull.

Mets — The most common met to the dura is from breast cancer. 80% will be at (he aray-whil
junction. They will have more edema than a primary wmor ol similar size,
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Sella / Parasella - Adults

Pituitary Adenoma - The most common tumor of the sella. They are seen 97% of the
time in adults. If they are greater than 1 cm they are “macroadenomas.” When functional,
most are prolactin secreting (especially in women). Symptoms are easy to pick up in women
imenstrual irregularity, galactorrhea). Men tend to present later because their symptoms are
more vague (decreased libido). On MR, 80% are T1 dark and T2 bright. They take up contrast
more slowly than normal brain parenchyma. Next siep = Diynamic contrast enhanced MR,

Things to know (about Pituitary adenomas).

«  Microadenoma under 10 mm,
h + Macroadenoma over 10 mm.

s Microadenomas typically form in the adenchypophysis (anterior 2/3).
h » Prolactinoma is the most common functional type.

=  Typically they enhance less than normal pituitary.

Pituitary Apoplexy - Hemorrhage or Infarction of the
pituitary, usually into an enlarged gland (either from
pregnancy or a macroadenoma). Here are the multiple
choice trivia association: taking bromocriptine (or other
prolactin drugs), “Sheehan Syndrome™ in postpartum
woman, Cerebral Angiography. They will be T1 bright
{remember adenoma is usually T1 dark). Supposedly this is
an emergent finding because the lack of hormones can cause
hypotension. Pituitary Apoplexy:
- Ti Brighr Pituitary

Rathke Cleft Cyst - Usually an incidental finding. Rarely symptomatic. The “cleft” is

between the anterior and posterior pituitary. They are variable on T1 and T2, but are usually
very bright on T2, They do NOT enhance.

Epidermoid - Discussed on page 80. Remember these guys restrict diffusion.
[ say “Midline Suprasellar Mass that Reswricts Diffusion”, You sav Epidermoid.

Craniopharyngioma — They come in two flavors: (a) Papillary - 10% and (b)
Adamantinomatous - 90%. The Papillary type is the adult type (Papi for Pappi). They are solid
and do not have caleifications. They recur less frequently than the Adamantinomatous form
{because they are encapsulated). They strongly enhance. The relationship to the optic chiasm is
key for surgery. These things occur along the infundibulum. Pediatric type is discussed below
{under on the next page with the peds tumors),



Sella / Parasella - Peds

Craniopharyngioma - As stated above, they
come in two flavors: (a) Papillary and

(b) Adamantinomatous. The kid type is the
Adamantinomatous form. These guys are caleified
(papillary is not). These guys recur more {Papillary
does less - because it has a capsule).

Buzzword is “machinery ail, "

+ T1 Bright

» T2 Bright '

. = i 1 Craniopharyngioma
CT/GRE Calmﬁlcanqns = howiui boke sl

* Enhance Strongly (in the solid parts) - Calcificavions in the Sella

Hypothalamic Hamartoma - A classic Aunt
Minnie. This is a hamartoma of the tuber cinereum (part
of the hypothalamus located between the mammillary
bodies and the optic chiasm). The location is the key.

Mammillary Body i
o Midbrain
Tuber Cinereum , .
: @‘F s :; :
i {’ ; Fons Hamartoma of the
O-:}"ts" \ : 3% £ Tuber Cinereum
Hamarloma
. Would Be Here
Infundibuium

k- o, ""\..Pjru:'far}—
« T1 Iso

« T2 ls0
« Do NOT enhance.

The Classic History is Gelastic Seizures
{although precocious puberty is acially mope common).



Pineal Region -

There are 3 main characters here, all of which can present with “vertical gaze palsy™ (dorsal
Parinaud syndrome).

Germinoma: The most common of the 3, and seen
almost exclusively in boys (Germinomas in the
suprasellar region are usually in girls). Precocious
puberty may occur from secretion of hCG.
Characteristic findings are a mass containing fat and
calcification with variable contrast enhancement. It is
heterogencous on T1 and T2 (because of its mixed

components).

Germinoma:
CEngulfed” Caleification Pattern

Pineoblastoma: Does occur in childhood. Unlike
the pineocytoma, these guys are highly invasive. Some
people like to think of these as PNETs in the pineal
gland. They are associated with retinoblastoma
{“trilateral™). They are heterogeneous and enhance
vividly,

Pineocytoma: Rare in childhood. Well-

circumscribed, and non-invasive. Tend to be more

Pineoblastoma & Pineocytoma:

solid, and the solid components do typically enhance. “Expanded” Calcification Pattern

Pineal Cyst - An incidental findings that is
meaningless... although frequently obsessed over. They

can have thin enhancement. Caleifications occur in 25%.

Pineal Cyst:
Classically— looks like a cvst
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Special Topics - A Few Extra Tips on Characterization:

“Restriction”

If they show a supratentorial case with restriction it’s likely to be one of two things
(1) Absecess or (2) Lymphoma. Technically any hypercellular tumor can restrict
(GBM & Medulloblastoma), but lymphoma is the one they classically show restricting.

If it’s a CP angle case, then it’s an Epidermoid,

Lastly, a dirty move could be to show Herpes encephalitis restricting in the temporal homs.

“Midline Crossing”

If they show it crossing the midline, it’s most likely going to be a GBM or Lymphoma.
Alternative sneaky things they could show doing this would be radiation necrosis, a big
MS plaque in the corpus callosum, or Meningioma of the falx simulating a midline cross.

“Calcification”

If they show it in the brain it is probably an Oligodendroglioma. The trick is that
Oligodendrogliomas calcify 90% of the time by CT (and 100% by histopathology),
whereas astrocytomas only calcify 20% of the time. But astrocytoma is very common and
oligodendroglioma is not. So in other words, in real life it's probably still an astrocytoma.

“T1 Bright”

Most tumors are T1 dark (or intermediate).
Exceptions might include a tumor that has bled B T ST :
(Pituitary apoplexy or hemorrhagic mets). T1 Bright:
Hemorrhagic mets are classically seen on MR and

Fat: Dermoid, Lipoma
CT (Melanoma, Renal, Carcinoid /

Melanin: Melanoma
also be T bright {Lipoma, Dermoid). Melanin is i Blood: Bleeding Met or Tumor

T1 bright (Melanoma). Lastly think about
cholesterol in a colloid cyst. e Rate LI T LI -

Choriocarcinoma, Thyroid). Tumors with fat will :

Cholesterol: Colloid Cyst
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Special Topics - Syndromes

NF-1 Optic Nerve Gliomas
NF-2 MSME: Multiple Schwannomas, Meningiomas, Ependymomas
VHL Hemangioblastoma (brain and retina)
TS Subependymal Giant Cell Astrocytoma, Cortical Tubers
Nevoid Basal Cell
Medulloblastoma
Syndrome (Gorlin)
Turcot GBM, Medulloblastoma, Intestinal Polyposis
Cowdens- “COLD™ Lhermitte-Duclos { Dysplastic Cerebellar Gangliocytomal)
MSME

If you see tumors EVERYWHERE then you are
dealing with NE-2. [ronically there are no
neurofibromas in neurofibromatosis type 2 (obviously
that would make a great distractor).

Just remember MSME
Multiple Schwannomas,
Meningiomas,
Ependymomas

Lhermitte-Duclos (Dysplasric Cerebellar Gangliocyioma)

This thing is very uncommaon, but when you see it you need to have the following thoughts:
- Hey! That is Lhermitte Dulcos....

- | guess she has Cowdens syndrome....

- | guess she has breast CA

Nexr Step? - Mammogram

The appearance is classic, with a “tiger stripe™ mass, typically
contained in one cercbellar hemisphere (occasionally crosses

the vermis). 1t's not a “cancer™, but actually a hamartoma -
which makes sense since Cowdens is a hamartoma syndrome,
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get throw around.

with necrosis.

Tumor Grade:

Higher Grade Tumors will
have more cellular
destruction, inflammation,
and more ischemia /
NECrosis,

Higher Grade Will Have:

Less NAA
Less Creatine
More Lactate
More Choline
More Lipids

Relative to a lower grade
tumor.

Brain Tumors - MRS Pearls

Other relevant marker changes:

= Alanine - is associated with meningiomas.

Recurrent Tumor vs
Radiation Necrosis

Recurrent Tumor: Rising
choline infers that cell walls
are being turned over
(something is growing).

Mo Choline, Mo Problems

Radiation Necrosis: When
you think necrosis you should
think elevated lipids (found in
necrotic tissue) and elevated
lactate. You could also reason
that NAA, Creatinine, and
Choline (makers of cell
integrity, metabolism, and
turnover) would also be low -
if the tissue in that region was
fried like chicken (or bananas
- if you enjoy denying your
true nature as the apex
predator).

As cell walls get broken down NAA (a maker for neuronal viability) will go down,
Creatine (marker for cellular metabolism) will go down, and Choline (a maker for cell
membrane tumover) will go up. This is why the ratios of NAA/Cho, Cho/Cr and NAA/Cr

+ Lactate may go up. You see this in the scenario of a high grade tumor outgrowing its
bload supply and changing over to anaerobic pathways.

+« Lipids may go up. You see this in the scenario of a necrotic tumor. Lipids are associated

* NAA - This is a glioma maker. Non gliomas tend to have little or no NAA.

GEBM vs Met:

Both can look gnarly on
conventional MR (big
enhancing tumaor).

The GBM is classically
underestimated on brain MREI
{(if you are just looking at the
solid enhancing tumor). The
surround T2 edema often
containg infiltrative mirco-
tumor. By using a multiple
voxel analysis (looking at the
tumor, and also surrounding
tissue) MRS supposedly adds
value (allegedly).

For the purpose of multiple
choice, elevated Choline in
the T2 signal surrounding the

tumor = infiltrating glioma

(rather than a met)

Voxel Selection: It is important to choose an area of interest with enhancing umor (avoid

| cystic parts of the tumor, calcifications, blood, or frank necrosis).
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Neonatal Infections:

We are talking about TORCH infections. The first critical thing is that they only really matter in
the first two trimesters (doesn’t cause as much harm in the third trimester). Calcifications and
microcephaly are basically present in all of them.

CcMvV

Toxoplasmosis

HSV

HivV

Trivia
Most Common
TORCH
(3x more
common than
Toxo — which is
the second
most common).

This is the
second most
COomimiaon
TORCH.

Less comimon
because of
vaccines

It's HSV-2 in
0% of cases.

Mot a TORCH
but does ocour
during
pregnancy, at
delivery, or via
breast feeding.

Classic Look

It prefers to target the germinal matrix
resulting in periventricular tissue necrosis.
The result is the most likely test question =
Periventricular caleifications.

Of the TORCHs CMYV has the highest
association with pelymicrogyria.

[t's seen in the children of women who

clean up cat shit.

The caleification pattern is more random,
and targets the basal ganglia (like most
other TORCH infections).

The frequency is increased in the 3™
trimester (but only causes a problem in the

first two).

Associated with Hydrocephalus.

Caleifications are less common than in

ather TORCHs.

Focal high T2 signal might be seen in
white matter (related to vasculopathy and

ischemic injury).

Unlike adulis, the virus does not primarily
target the limbic system but instead prefers
the endothelial cells resulting in thrombus
and hemorrhagic infarction with
resulting encephalomalacia and atrophy.

Wou may have faint basal ganglia
enhancement seen on CT and MRI
preceding the appearance of basal ganglia

calcification.

Brain atrophy pattern favors the Frontal

Lobes

Highest Yield Trivia

Most Common
TORCH
Periventricular
Calcifications
Polymicrogyria

Hydrocephalus,

Basal Ganglha
Calcifications

Vasculopathy /
Ischemia.

High T2 signal

Fewer
Calcifications

Hemorrhagic
Infarct, with
resulting Bad
Encephalomalacia
{Hydranencephaly)

Brain Atrophy,
predominantly in
the Frontal Lobes
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Infections of the Inmunosuppressed { people with AIDS )

The most common opportunistic infection in patients with AIDS is toxo. The most common
fungal infection (in people with AIDS) is Cryptococcus. Two other infections worth talking
about are JC Virus, and CMV,

HIV Encephalitis:

The encephalitis that people
with AIDS get. This is
actually pretty common and
affects about 50% of AIDS
patients,

We are talking aboul a
situation with a CD4 < 200,

Symmetric increased T2 /
FLAIR signal in the deep

white matter.
These tend to spare the

T1 will be normal. subcortical U-fibers (PML

The lesions will not enhance. Wil involve them). HIV Encephalitis
~Symmmelnic, and Spare Conical U Fibers

There may be associated brain
atrophy.

Progressive Multifocal Leukoencephalopathy (PML):

= We arc talking about a
Caused by the JC virus. situation - with 4 CD4 <50.

CT will show single or
multiple scattered
Hypodensities, with
corresponding T1

hypointensity {remember Will involve
HIV was T1 normal), subcortical U-fibers
T2/FLAIR hyperintensities PML

out of proportion to mass -Asymmetric, and Invalves Cortieal U Fibers

effeet - buzzword

i L Lt L T L L L e e et

CMV: Think about brain atrophy, periventricular Ependymal cells are the cells that fine

. et ) 2FLAIR bright), and thin : the ventricles and central portion of i
hypodensities (that arc T2/FI ght)  the spinal cord. :
ependymal enhancement,

Cryptococcus: The most common fungal infection in AIDS. The most common
presentation is meningitis that involves the basc of the brain (leptomeningeal enhancement).
The most likely way this will be shown on a muliple choice exam is dilated perivascular
spaces filled with mucoid gelatinous crap (these will not enhance). The second most
likely way this will be shown is lesions in the basal ganglia “cryptococcomas™ — these are
T1 dark, T2 bright, and may ring cnhance.
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Infections of the Inmunosuppressed [ people with AlDS ] - part 2

Toxo: Most common opportunistic infection in A1DS. Classically we are talking about T1
dark, T2 bright, ring enhancing (when larger than | cm) lesions. These guys will NOT show
restricted diffusion. Just think “ring enhancing lesion, with LOTS of edema.”

High Yield Trivia = Toxo is Thallium Cold, and Lymphoma is Thallium hot.

WIF 7! ":

| thought abseesses
restriet dif fusion? :

Typical they do.

However, atypical :
infections like Toxo or
fungal don't always |
follow this rule, :

Ti+C Ring Enhancing T2 Lotsof Edema DWI: NO Restriction

THISysTHG. =~
Toxo B __'_______ . Lymphuma ) |
Ring Fnh'mcm:g_-_“- - Ring EI‘I.hdI:IC]I'l!: e ey
Hemorrhage more common ;;f’ter treatment, Hcmn-rrha.gc less common after treatment
Thallium Cold _ ___ ____|ThallivmHbotr _
PET Cold {ac:; :’;ke mrcmx:sj PETF_I:I_:';:_': (acts like a mmar,l -
MR Perfusion: Decreased CBV o | MR Perfusion: Increased (or D{'.Lri.‘.‘dbt.d} CE\-’

Infections of the Inmunosuppressed [ people with AIDS ) - Summary

L o PML ' CMV Toxo Cryptococcus
Encephalitis - o
. ; ; : Ring Dilated
Symmetric T2 = Asymmetric T2 | Periventnicular = L
Brigh Brich | T2 Bright Enhancement + Perivascular
: righ ;
FIEN ' I .7 | Lotsof Edema | Spaces
' No Resricted Basilar
T1 Dark gz v
Thin Ependymal Diffusion | Meningitis
) | Enhancement o i
Spare U Fibers | Involve U Fibers | Thallium Cold
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Characteristic Infections:

TEB Meningitis:

Has a predilection for the basal cisterns

{enhancement of the basilar meninges Complications include vasculitis which may

with minimal nodularity). result in infarct (more common in children).
Obstruetive hydrocephalus is common.

May have dystrophic calcifications.

Enhancement of the Basilar Meninges + Hydrocephalus = TB

*Sarcoid can have a nearly identical appearance.
If it looks like TB - but that isn’t a choice, it’s probably Sarcoud.

HSV - “Herpes” or “The Dirty Herp”

HS5Y | in adults and HSV 2 in nconates.

I mention that because For the purpose of
a multiple choice

test think swollen

T2 bright
{2) They actually have different imaging {unilci:f::ﬂ ar

appecarances (as previously bilateral) medial
mentioned, type | prefers the limbic temporal lobe
system). )

(1) It seems like testable trivia and

Earliest Sign = Restricted Diffusion -
related to vasogenic edema.

This could be tested by asking THIS vs THAT:
“What sequence is more sensitive? ™, HS5V spares the
with the answer being that diffusion is basal ganglia :
more sensitive than T2, (distinguishes it -
X : o _ from MCA stroke). Herpes -
Blooming on gradient means it's bleeding Edema in the Temporal Lobe

{common in adults, rare in neonate form).

Limbic Encephalitis:

Not an infection, but a commonly tested mimic.  ppac oon1d be asked by showing a classic
HSY image, but then saying the HSV titer
is negative. The second order guestion
would be 1o ask for lung cancer screening,

It is a paraneoplastic syndrome (usually
small cell lung cancer), that looks very
similar to HSV.

West Nile:

Several viruses characteristically involve the Classic Look: T2 bright basal ganglia and
basal ganglia (Japanese Encephalitis, Murray thalamus, with corresponding restricted

] dile. .. ), the ¢ - z : 3
‘:F:;:ic:ﬁ::ﬁ;rl‘;:sﬁ: {':i,h,c;{ 'Nhh:nl}r o diffusion. Hemorrhage is sometimes scen,




CJD: Creutzfeldt-Jakob Disease

The imaging features are variable
and can be unilateral, bilateral,
symmetric, or asymmeitric.

Three most likely testable
appearances diagramed below.

DWI Cortical Gyriform
Restricted Diffusion—

Supposedly diffusion is the most
sensilive sign, & the cortex is the most

comimon early site of manifestation. subtype.

Basal Ganglia may also be involved.

Random Factoids:

= Characteristic look on EEG
the “perigdic sharp wave "
(whatever the fuck that is).

- *14-3-3" protgin assay is a
C5F test neurologists order.

Hockey Stick Sign:

- Bilateral FLAIR bright dorsal
medial thalamus

- Deseribed in the vanani

There are 3 types:

- Sporadie (30-90%),
- Variant “Mad Cow™ (rare)
- Familial ( 10%a).

Pulvinar Sign:
- Bilateral FLAIR bright
pulvinar thalamic nuclei
{posterior thalamus),
- Classic in the varant subtype.

Another way to show this (which would be mere work for the test writer - and is therelore less
likely) would be a series of MRs or CTs showing rapidly progressive atrophy.

Meurocysticercosis

Caused by cating pig shit (or undercooked pork).
The bug is tinea solium (pork tapeworm).

Trivia: Involvement of th 1 cist carries the

wiorst outcome.

FLAIR

Stage 2: Colloidal
CT: Hyperdense Cyst
MR: Edema + Enhancement

Stage 1: Vesicular
Cysl + Seolex
Mo Enhancement

Most common locations (in descending order):
I= Subarachnoid over the cerebral hemispheres,
2- Basal cisterns,

3= Brain parenchyma,

4= Ventricles

FLAIR
Stage 3: Granular
CT: Early Calcification Stage 4: Calcified /
Involution

WE: Smaller Cysis,
Less Edema,
Less Enhancement

CT: Calcificaiion
ME: Blooming on SWI
(T2* erc..)
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Meningitis and Cerebral Abscess

You can think of meningitis in 4 main categorics: Vocab
bacterial (acute pyogenic), viral (lymphocytic). chronie Leptomeningeal: Pial +Arachnoid
(TB or Fungal), and non-infectious (sarcoid). Pachymeningeal: Dural
Complications include:;
This pattern )

: can be seen Venous thrombosis,
Essentially, we with Bacteral Vasospasm (leading to the stroke),
ag:}lalku_!g Meningitis or Empycma,
about thick Carcinomatous Ventriculitis,
Icptumnmgca_'l Meningitis Hydrocephalus,
I‘:II.'[IE.[ICEH‘H.'I:II. in Abseoss
the appropriate
clinical setting. Leptomeningeal (Pia-Arachnoid) Fungal and Carcinomatous )

Enhancement: Fills the subarachnoid meningitis tend to be “more lumpy™
spaces & exlends into the sulci & cisterns.  and “thicker”
Abscess Facts (trivia)
A very testable picee of trivia is that infants will ofien eel - DWI - Restricls
sterile reactive subdurals (much less common in adults), = MRS - Lactatc High

= FDG PET - Increased Metabolic

Pachymeningeal (Dural) Enhancement

Key Feature: Enhancement docs NOT extend into the sulci

Seen this with lots of stff: Intracranial Hypotension, Dural attachment of
a Meningioma , Sarcoid, TB, Wegener's , Fugal Infections. f

Both Breast and Prostate Cancer can deposit a solitary dural met.

Secondary CNS Lymphoma is often extra-axial and can be dural based or
fill the subarachnoid space ( “Rim Phoma™ )

Empyema
Can be subdural or epidural (just like blood),

Follows the same rules as far as crossing dural
attachments (epidurals dont) and crossing the
falx (subdurals don‘t).

Subdurals are more common and have more
complications relative 1o epidurals.

The vast majority of subdurals arc the sequela of
frontal sinusitis. The same is true of epidurals

with some sources claiming 2/3 of epidurals are TI+C bwi
secondary 1o sinusitis. Subdural Empyema:
Duired Enhemcement, Restricts Diffusion

Classic Look: T1 bright and restrict diffusion.
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Intraaxial Infections: Abscess Continued, with Cerebritis, & Ventriculitis

because of the dura,

CT: Focal arca of T1+C: Smooth Ring
low density with Enhancement with
surrounding low Multiple Lesions -
density vasogenic Suggests Abscesses
edema.

Abscess: A cerchral abscess is a cavity that contains pus, debris, and necrotic tissue. These can
develop secondary to to bacterial, fungal, or parasitic infection - most commonly via
hematogenous spread. For the purpose of multiple choice, remember to think about right-to-lefi
shunts and pulmonary AVMs. Direct spread (example = sinus) is possible, but just less common

T2: Multiple Lesions DWT: Typical Abscess

with Vasogenic Edema  (bacteria) will restrict.

— this is nonspecific  Remember Atypical

(could be mets) (Toxo ete..) doesn’t
always restrict

CT: Hypercellular
Tumaor (classic
example would be
Lymphoma) will be
hyper dense instead
on low density like
an abscess

Multiple Rings Mets vs Abscess

i The smooth margin suggests Abscess. but

' i doesn't exclude mets, The difference is that
! tumor uswally starts out as a solid enhancing
mass then becomes ring enhancing with
necrosis. Also, Abscesses tend to be smaller
usually less than [0mm).

i Both Tumor & Abscess will have "-.-’nmgu:nir: Edema

CE r‘EhI’i!IS is the early form of intra-axial
infection, which can lead 1o Abscess il not
treated. The typical look is the vasogenic
edema without the well defined central
enhancing lesion. There may be spotty
restricted diffusion.

o
f X ..&:'-‘

Smooth Ring = Abscess  Irregular Ring = Tumor

Abscess Rings tend o be i 2L
thicker on the “Oxygen ~ DUMpY" or Shaggy
Side” or "Grey Matler inner lip of the ring is
Side™ of the Brain - and  supposed w suggest
thinner towards the NECTOsis

ventricle.

Ventrmull.tls Usuully the result of a shunt
placement or intrathecal chemo - as discussed
on page 51, The ventricle will enhance and you
can sometimes see ventricular Muid-Auid levels

If sepia start o develop you can end up with
obstructive patterns of hydrocephalus,

The intraventricular extension of abscess s a
very serious [ ominous “pre-terminal event™.
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MRI Gamesmanship - Enhancement Patterns

In general, to solve MR puzzles you will need to be able to work through some MR sequences.
The trick is to have a list of things that are T bright, T2 bright, Restrict diffusion, and Enhance.
Plus vou should know the basic enhancement patterns (homogenous, heterogenous, ring, and
mcomplele ringl.

STROKE vs TUMOR vs ABSCESS vs MS Plague

T2: For the most part, T2 is not super helpful for lesion characterization
- a5 stroke, wumors, abscess, M3, all have edema.

DWI: This is helpful only if they follow the classic rules. Out of those 4 (stroke, tumors, abscess,
MS) the classical diffusion restriciors are: Abscess, and Stroke. Certain hypereellular tumors
(classically lymphoma) can restrict, and demyelinating lesions with acule features can restriel,

Enhancement: In this situation this is probably the most helpful.
Out of those 4 (Tumor, Abscess, MS, and Stroke) each should have a different pattern.

= Tumor usually heterogencous or homogenous if high B P e T e e e
grade (or none if low grade). Technically ring ;
enhancement can also be seen with Gliomas, and Meis :
{though I expect this is less likely 1o be shown on multiple
choice).

is more likely to be tumor
(around half of mets and 3/4

= Abscess will classically have RING pattern, of gliomas are solitary).

« M5 will classically have an INCOMPLETE RING pattern.

almost always (like 75-85%)

+ Abscess and MS Lesions are
* Stroke will have cortical ribbon (GYRIFORM} type :

enhancement in the sub-acute time period (around | i

week)  TrTmmmmosmmsmssmsmsmemooes

Heterogeneous Ring Incomplete Ring  Gyriform

-Most likely Tumor  -Can be lots of -Classic for -Classic for

(higher grade) stuff: Abscess and ~ demyelinating subacule stroke
Tumor are both lesion (can also be seen
prime suspects with PRES or

encephalopathy /

encephalitis)



SECTION 9:
"Brain Trauma & Bleeding

Parenchymal Contusion: The rough part of the skull base can scrape the brain as it slides
around in a high speed MVA, Typical locations include the anterior temporal lobes and inferior fromtal

lobes. The concept of coup (site of direct injury) and contre-coup (opposite side of brain along vector
of force), Contusion can look like blood with associated edema in the expected regions.

Diffuse Axonal Injury/Shear Injury: There are multiple theories on why this happens
{different density of white and gray matter ete.. ) they don’t matter for practical purposes or for
multiple choice,

Things Warth Knowing: DAT Grading

« Iniitial Hiead € iz often-normal Grade | = Grey-White Interface

« Favorite sites of DAI are the posterior corpus callosum, and Srage 2 = Comiis Callegan

GM-WM junction in the frontal and temporal lobes | Grade 3 = Brainstem

|

« Multiple small T2 bright foci on MR |

Subarachneoid Hemorrhage: Trauma is the most common cause. FLAIR is the most
sensitive scquence. This is discussed in more later in the chapter.

THIS vs THAT: Subdural vs Epidural
Subdural

7 - Crescent
Epidural Subdural Shape
Classic History: Elderly alcoholic with
a shriveled up atrophic brain spent the | -No Respect
evening with a bottle of For the
“Rotgul - Hobo Tranguilizer™ brand Sutures
whiskey, then fell over sireiching &
tearing his contical bridging veins.
A week later he seems 10 be acling
progressively more confused.

Classic MHistary:
Trauma Patient — with a
skull fracture

“Bi-conyex™ or i “ Epidural
Lenticular Bi-concave - Lentiform
sy Does not cross the midline, may extend | Shape
Cancross the midline S o hemispheric fissure
-Skull —*

Con NOT cross o suture  Can cross a sulure Fracture

Usually arterial Usually venous -Respect for

the Sutures

Can rapidly expand and  p o nass effect than expected for size

kill you
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How 01d is that Blood?

CT: This is an extremely high yield topic. Maybe the most high yield topic in all of neuro,
with regard to multiple choice. The question can be asked with CT or MRI (MRI more
likely). If they do ask the question with CT it"s most likely to be the subacute subdural that is

isointense to brain, with loss of sulci along the margins. They could also show the “swirl
sign” — see below.

Blood on CT
Hyperacute Acute (< | hour) Hypodense
Acute (1 hour - 3 days) Hyperdense

Progressively less dense, eventually becoming
Subacute (4 days — 3 weeks) isodense to brain. Peripheral rim enhancement
may occur with contrast,

Chronic (= 3 weeks) Hypodense

Swirl Sign - This is an ominous sign of active
bleeding. The central low attenuation blood

represents hyper-acute non-clotted blood, with
surrounding acute clotted blood.

Swirl Sign

Blood Age Via MR:

MRI is more difficult to remember. Some people use the mnemonic *IB, ID, BD, BB, DD” or
“It Be Iddy Biddy, BaBy, Doo-Doo™ which 1 find very irritating. | prefer mnemonics that
employ known words (just my opinion). Another one with actual words is “George
Washington Bridge™ For T1 (Gray, White, Black), and Oreo Cookie for T2 (Black, White,
Black).
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Blood Age Via MR (continued): Instead of memorizing baby babbling noises, | use
this graph showing a clockwise movement. This thing may seem tricky and too much to bear,
at first, but it does actually work and once you draw it twice, you’ll have it memorized.
You'll also notice a few things: (1) you won't feel like a dipshit for making baby noises,

{2) you'll have a renewed sense of self-esteem, and (3) you are likely to notice marked
improvement in your golf-swing.

Intracellular MetHb Extracellular
“Early-Subacute” “Late-Subacute™

e [ =S

Oxy-Hb
*Hyperacuta"

DeOxy-Hb
“Acute"

o

Hemosiderin - Chronic

T1 Dark .

T2 Dark =
T2 lso T2 Bright

Another strategy (which is somewhat unconventional) is to actually try and understand the
MRI changes (I strongly discourage this). 1f you insist on trying to understand this | have a 40
min lecture on RadiologyRonin.com explaining it (this lecture is also free on my YouTube
Channel — google “Prometheus Lionhart Blood Age™).

Hyperacute = 24 hours Oxyhemoglobin, Intracellular Tl- lso, T2 Bright

Acute 1-3 days Deoxyhemoglobin, Intracellular T1 = Iso, T2 Dark

Early Subacute >3 days Methemoglobin, Intracellular T1 Bright, T2 Dark

Latc Subacute =7 days Methemoglobin, Extracellular T1 Bright, T2 Bright

Chronic > 14 days Ferritin and Hemosiderin, Extracellular 1V 12 Dark Peripherally,
Center may be T2 bright
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Hemorrhage [ Non-Traumatic

Subarachnoid Hemorrhage:

Yes, the most common cause 15 trauma. A common point
of trivia 1s that the most sensitive sequence on MRI for
acute SAH is FLAIR (because it won't suppress out -
making it hyperintense). Be aware that supplemental
oxveen (usually 50-100%) can give you a fake out that
looks like SAH on FLAIR.

When the blood is real, in the absence of trauma, there are a few other things to think aboul.

Aneurvsm — Discussed later in the chapter.

Benign Non-Aneurysm Perimesencephalic hemorrhage:

This is a well deseribed entity {although not well
understood). This is NOT associated with aneurysm
{usually — 95%), and may be associated with a venous

bleed. *You have to prove that - you need a negative CTA.,
The location of the blood — around the midbrain and pons

without extension into the lateral Sylvian cisterns or

interhemispheric fissures is classic. Just think anterior to

the brainstem. Re-bleeding and ischemia are rare- and
they do extremely well.

Superficial Siderosis: This
is a side effect of repeated
episodes of SAH. | like 1o
think about this as “staining
the surface of the brain with
hemaosiderin.” The classic
look is curvilinear low
signal on gradient coating
the surface of the brain.
The classic history is
sensorincural hearing loss
and ataxia.

fessssssssmmmmEmee

Sequela of SAH

: (1) Hydrocephalus - Early
i (2) Vasospasm - 7-10 days

"
"

 (3) Superficial Siderosis - Late !

T T e e e e e e e e L e

Superficial Siderosis - Hemosiderin Staining
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Pseudo-Subarachnoid Hemorrhage

This is a described mimic of SAH that is seen
in the setting of diffuse cerebral edema (most
commonly anoxic brain injury). MNear
drowning, or suicide atiempt by hanging
would be classic clinical vignettes,

What you are seeing is actually two things at
once. (1) You are seeing diffuse edema
which lowers the attenuation of the brain
(makes it darker). (2) You are seeing
compression and collapse of the sub
arachnoid spaces which gives them a hyper
dense appearance. The combination of these
factors gives the suggestions of hyper density
in the cerebral sulci, fissures, and cisterns
which can mimic SAH (hence the name).

THIS vs THAT: Pseudo SAH vs Real SAH: If they give you history that should help (anoxic brain
injury vs headache / trauma), The absence of any intraventricular bleeding can suggest pseudo SAH,
Lastly density of the Pseudo SAH will be less than 40, Acute bleod tends to be around 60-70 HU,

Intraparenchymal Hemorrhage:

*  Hypertensive Hemorrhage: Common locations are the basal ganglia, pons, and cerebellum.

For the purpose of multiple choice tests, the basal ganglia is the most common location
(specifically the putamen). You typically have intraventricular extension of blood.

+  Amyloid Angiopathy: History of an old dialysis patient (or some other history 1o think

Amyloid). The classic look is multiple lobes ar different ages with scattered microbleeds on

gradient.

+  Septic Embaoli: These are seen in certain clinical scenarios (1V drug user, organ transplant,

cyanolic heart disease, AIDS patients, people with lung AVMs). The classic look is

numerosus small foci of restricted diffusion. Septic emboli to the brain result in abscess

and myeotic aneurysms {most commonly in the distal MCAs), The location favors the

gray-white interface and the basal ganglia. There will be surrounding cdema around the tiny

abseesses. The elassie seenario should be parenchymal bleed in a patient with infection.

+  Other Random Causes: These would include AVMs, vasculitis, brain tumors {primary and

mets) - these are discussed in greater detail in various sections of the text.

Intraventricular Hemorrhage:

= Mol as exciting. Just think about trauwma, tumor, hypertension, AVMs, and ancurysms — all

the usual players.
Epidural / Subdural Hemorrhage:

»  Obviously these are usually post-traumatic,

+  Dural AVFs and High Flow AVMSs can bleed causing subdurals / subarachnoid hemorrhage,

These are discussed lurther later in the chapter.
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Stroke

Stroke is a high vield topic. You can broadly categorize stroke into ischemic (80%) and
hemorrhagic (20%). 11’s critical to remember that stroke is a clinical diagnosis and that imaging
findings compliment the diagnosis (and help exclude clinical mimic of stroke - tumor el ).

Vascular Territories: Below is a diagram showing the various vascular territories. The junction
between these zones is sometimes referred 1o as a “watershed”. These areas are prone 1o ischemic
injury. especially in the setting of hypotension or low ox ygen states (near drowning or Roger
Gracie's mounted cross choke).

Lenticulostriate
ACA Anterior
- . = = Choroidal

PCA

Watershed Ischemia favors the border

zones of different vascular territories (just Ezrder E,TCE
like the bowel). tween ACA
and MCA

The classic clinical scenario for watershed Border Zone Between
infarcts would be severe hypolension Deep White Matter
{shock / CPR./ Eic..) , severc carotid Branches of the MCA |
sienosis, or a 2009 IBFF) worlds match and the ACA, =
up with Roger Gracic.

h Geamesmanship: Watershed Infarcis

ina Kid = Moyamoya (Idiopathic Border Zone
h supraclinoid 1CA vasculo-occlusive Between MCA
disease) and PCA
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Imaging Signs on CT:

Dense MCA Sign Intraluminal thrombus is dense, usually in the M1 and/or M2 segments

Insular Ribbon Sign Loss of normal high density insular cortex from eytotoxic edema

5:;?;‘::;:?;:1;:?“ Basal Ganglia / Internal Capsular Region and Subcortical regions

Mass Effect Peaks at 3-5 days

Enhancement Rule of 3s: Starts in 3 days, peaks in 3 weeks, gone by 3 months,
Fogging:

“Fogging” is classically
described with non-contrast CT,
but T2 MRI sequences have a
similar effect (typically
occurring around day 10). In the
real world, you could give IV

This is a phase in the evolution of stroke when the infarcted contrast (o demarcate the arca of
brain looks like normal tissue. This is seen around 2-3 weeks 1nf'anl::t or just understand that
post infarct, as the edema improves. fogging occurs.

Artery of Percheron Stroke:
Classic ¥V Shaped bilateral infarct of the paramedian thalami.

This can only occur in the selting of the Anery of Percheron
vascular variant . This variant is characterized by a solitary trunk
ariginating from one of the two PCAs to feed the rosiral midbrain
and both thalami (normally there are several bilateral paramedic
aneries originating from the PCAs).

Recurrent Artery of
Heubner Stroke

Classie Caudate Infarct =3

he Artery of H is a decp branch off
the proximal ACA

[his thing can get “bagged”™ during the
clipping of ACOM antery angurysm,

Cardioembolic Stroke: Fetal PCOM Stroke Pattern

This pattern demonstrates infarcts
in both the anterior and posterior
‘ circulation of the same

This has the classic pattern of
multiple foci of restricted diffusion
scattered bilaterally along multiple

i hemisphere.
vascular territories.

B R st ; This pattern is possible as the
'[;11:;. LII'I:;:ll history is usually A-Fib or variant anatomy with the PCA
b sl feeds primarily from the 1CA,
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Restricted Diffusion:

Acute infarcts usually are bright from about 30
mins afier the stroke o about 2 weeks,

Restricted diffusion without bright signal on
FLAIR should make vou think

Mot Everything That Restricts
is a Stroke
Bacterial Abscess, CID (cortical), Herpes,
Epidermoids, Hypercellular Brain Tumors

(Classic is lymphoma), Acute M5 lesions,
Oxyhemoglobin, and Post letal States. Also

artifacts (susceptibility and T2 shine through).

hyvperacute (< 6 hours).

Enhancement: The rule of 3's is still useful, Starts day 3, peaks — 3 weeks, gone by 3 months,

0-6 hours 6-24 hours 24 hours -1 week
Diffusion Bright Bright Bright
FLAIR NOT BRIGHT Bright Bright
TI Iso Dark Dark, with Bright Cortical Necrosis
T2 lso Bright Bright

Hemorrhagic Transformation: Predictors of

; : : ; i
This occurs in about 505 of infarcts, with the typical time period Tr::::r::::ign: in
between 6 hours and 4 days. If you got TPA it's usually within 24 Patients Getting TPA

hours of treatment.
People break these into (1) tiny specs in the gray matter called . ;T.:::E,l:; Sl':;gjl‘ftccmsim.
“petechial™ which is the majority (90%) and (2) full on hematoma « Greater than 1/3 of the
~ about 10%. MCA territory,

= Greater than & hours since
onscl “delayed
recanalization”,

Absent collateral flow

Who gets it? People on anticoagulation, people who get TPA,
people with embolic strokes (especially large ones), people with
venous infarcts,

Venous Infarct:

Mot all infarcts are arterial, you can also stroke secondary to venous occlusion (usually the sequelac
ol dural venous sinus thrombosis or deep cerebral vein thrombosiz), In general, venous infarcts are at
higher risk for hemorrhagic transformation. In little babies think debydration, in older children think
about mastoiditis, in adults think about coagulopathies (protein C & S def) and oral contraceptives.
The most common site of thrombosis is the superior sagiltal sinus, with associated infarct occurring
75% of the time.

Venous thrombosis can present as a dense sinus (on non-contrast CT) or “empty delta™ (on contrast
enhanced CT). Venous infarcis tend 1o have hererogeneons resiricted diffission. Venous thrombosis
can result in vasogenic edema that eventually progresses to stroke and cylotoxic cdema,

«  Arerial stroke = Cylotoxic Edema
= Venous Stroke = Vasogenic Edema + Cytotoxic Edema
Stigmata of chronic venous thrombosis include the development ol 2 dural AVF, andior

increased CSF pressure from impaired drainage.
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ASPECTS (Alberta Stroke Program Early CT Score)

This was developed to give “providers” a more specific guideline for giving TPA - as an
alternative to the previous 1/3 vascular territory rule. The idea being that the greater the vascular
territory involved, the worse the clinical outcome (post TPA bleed ete..).

The way this works is that you start out with 10 points, and lose points based on findings of acute
cytotoxic ischemia to various locations (example: minus | for caudate, or lentiform nucleus, or
insular nbbon, etc.. cte.. 50 on and so forth).

Testable Pearls:

« This is for MCA ONLY (not other vascular territories)

* This is for ACUTE ischemia (don't subtract points for chronic lacunar infarets eie..)

- Ascore of 8 or greater has a better chance of a good outcome (score of 7 or less may
contraindicate TPA — depending on the institutional policy.

CT Perfusion - Crash Course

After an arterial occlusion perfusion pressure is going to be rapidly reduced. Millions of neurons will
suddenly ery out in terror, and if they are lucky there will be artericlar dilation with capillary
recruitment to bring in as much blood to that area of brain as possible. This process is called
physiologic auto-regufarion and should result in an increase in capillary blood poel. The key point is
that you need live neurons (penumbra) to cry out for help. If they cry out and are suddenly silenced
{infarct core) you won't see any auto regulation attempts. This physiology makes up the basis of
perfusion for stroke.

Parameters;
= Cerebral Blood Flow (CBF): Represents instantaneous capillary flow in tissue,

+ Cerebral Blood Volume (CBV): Describes the blood volume of the cerebral capillaries and venules
per cerebral tissue volume.

« Mean Transit Time (MTT)= CBYV divided by CBF ; it is the average length of time a certain
volume of blood is present in the eapillary circulation.

« Time to Peak (TTP): This is the opposite of CBF. Less flow = Longer Time to reach maximum
concentration of contrast.

Penumbra

lCBF f. CEV TMTT For addivional

Regulators! Mouwne Up! information o
Regulation please see

the collective works of
uCEF l CBV Wasren Grifin dhe 3o
Infarct

Core Deced Tissne Can 't Auto-Reglate

The primary role of perfusion is to distinguish between salvagable brain (penumbra), and dead brain.
The penuinbea may benefit from therapy.  The dead brain will not- “He s Dead Jim ™
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Aneurysm

Dolichoectasia of the

Wha gets them? People who smoke, people with Basilar Artery
polyveystic kidney discase, connective tissue disorders This refers to a widened elongated
{Marfans. Ehlers-Danlos), aortie coarctation, NF, FMD, twisty appearance of the basilar
and AVMs, artery. This is probably the result

of chronic hypertension (abnormal
Where do they occur? They oceur at branch points (why vessel remodeling).

do persistent trigeminals get more aneurysms 7 —
bﬂ.‘ai..ISE I.I.:c}- ha“rc more hrancllt points). 'ﬁ'fcy favor the the more lateral the position of the
anterior circulation (20%) — with the anterior vessel (relative to the clivus) the
communicating artery being the most common site, MOre severe - 50 says the Smoker
As a picce of random trivia, the basilar is the most criteria.

common postcrior circulation location (PICA origin is
the second most commaon).

The height of the bifurcation and

When de they ruprure? Rupture risk is increased with
size, a posterior location, history of prior SAH, smoking
history, and female gender,

Which one did it? A common dilemma is SAH in the
seiting of multiple aneurysms. The things that can help

vou are location of the SAH/Clot, location of the Complications include: nothing

vasospasm. size, and which one is the most irregular (most have no symploms),

Focal ont-pouching =" Murphys 1it'") dissection, compression of cranial
nerves (hemi-facial spasm), stroke

Aneurysm Types: (brainstem), and hydrocephalus.

R Saccular (Berry);

The most common type and the
most common cause of non-
traumatic SAH. They arc commonly
scen at bifurcations.

®  mMimz2  The underlying pathology may be a
. *.Eunc"":'“ congenital deficiency of the internal
~30% clastic lamina and tunica media
(at branch points).

Basilar Tip ~ 3%

Remember that most are idiopathic
_ ‘ PICA ~ 29, (with the associations listed above),
4 They are multiple 15-20% of the
time,

*Note that aroindd W% arise
from the Amterior Circwlation
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Aneurysm Types Continued:

Fusiform Aneurysm — Associated with PAN,
Connective Tissue Disorders, or Syphilis. These
more commonly affect the posterior circulation,
May mimic a CPA mass.

Pseudoaneurysm — Think about this with an
irregular (ofien saccular) arterial out-pouching
al a strange [ atypical location. You may see
focal hematoma next to the vessel on non-
contrast.

Trawmatic — Ofien distal secondary to
penetrating trauma or adjacent fracture.

Myeotic — Often distal {(most commonly in the
MCAY), with the associated history of
cndocarditis, meningitis, or thrombophlebitis.

Blister Aneurysm — This is a sneaky little dude
(the angio 1s often negative). IU's broad-based
at a non-branch point (supraclinoid ICA is the
mosl commaon site).

Infundibular Widening — Mot a trug
ancurysm, but instead a funnel-shaped
enlargement at the origin of the Posterior
Communicating Artery at the junction with the
ICA. Thing to know ix “not greater than 3
ST,

AVM Associated
Pedicle Aneurysm:

Ancurysm associated with an AVM,

The trivia to know is that it"s found on the
artery feeding the AVM (15% of the time).

These may be higher risk 1o bleed than the
AVM itself (because they are high flow).

Aneurysm Rupture Trivia:

« Aneurysm > [Omm have a 1% risk of
rupture per year.

« Although controversial, 7 mm is often
thrown around as a treatment threshold
for anterior circulation aneurysms

+ In general, posterior circulation
ancurysms have a higher rate of
rupture per mm in size.

Aneurysm Subtypes Summary
Saccular Branch Points — in the
(Berry) Anterior Circulation
Fusiform  Posterior Circulation
Pedicle :

Aneurysm Artery feeding the AVM
Mycotic Distal MCAs

Blister Broad Based Non-Branch
Ancurysm  Point (Supraclinoid 1CA)

Maximum Bleeding
- Aneurysm Location

ACOM

PCOM

MCA
Trifurcation

Basilar Tip

PICA

Interhemispheric Fissure

Ipsilateral Basal Cistern

Sylvian Fissure

Interpeduncular Cistern,
or Intraventricular

Posterior Fossa or
Intraventricular
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High Flow
AVM

Dural AVF

DVA

Cavernous
Mailformation

foaveritonm, or
COVERRONS i)

Capillary

Mixed

Telangiectasia

Vascular Malformations

Maost Common Most Common Type of High Flow
Congenital malformation

Supratentorial location (Usually)

Muost common complication = bleeding (3% annual)
Risk increased with: Smaller AV Ms (they are under
higher pressure), Small Draining Veins (can’t reduce
pressure), Perinidal Aneurysm, and Basal Ganglia
location

Symptoms: Headache (#1), Seizure (#2)

Flow Rate is Variable (can be high or low flow)
SPINAL AVFs are actually the most common type of
AVFs - a helpful hint is the classic clinical history of
“gradual onset LE weakness”

Risk of Bleeding - increased with direct cortical venous
drainage.

These aren’t congenital (like AVMs) but instead are
acquired — classically from dural sinus thrombosis
Symptoms: Tinnitus — especially if the sigmoid sinus
is involved.

Variation in normal venous drainage

Resection is a bad idea = venous infanct

Associated with cavernous malformations.

They almost never bleed in 1solation. I you see
evidence of prior bleeding (blooming on gradient) there
is probably an associated cavernoma.

Low Flow - WITHOUT intervening normal lissue

« Can be induced from radiotherapy
- Can ooze some blood, but typically don't have full-on

-

catastrophic bleeds, Presence of a “fluid-fluid”™ level
suggesis recent intralesional hemorrhage

Single or multiple {more commeon in Hispanics).
Classic gamesmanship is 1o show you a nearby DVA

Low Flow - WITH intervenimg nonmal nssue

« Can also be radiation induced

Ll

Usually don’t bleed (thought of as an incidental
finding)
Classic Look = Single lesion in the Pons

Wastebasket term, most ofien used for DVA with AV
shumting or DVAs with telangiectasias

Arterial Component
Midus
Draining veins

Adjacent brain may
be gliotic (T2 bright)
and atrophic.

= Mo Midus

« Can be occult on
MRIMEA - need
catheter angio if
suspicion high

“Caput medusa™ or
“large tree with
multiple small
branches"” -
collection of vessels
converging towards
an enlarged vein
(seen on venous
phase only). )
Can have a halo of
T2 bright gliosis.

. “Popeomelike™ with

i iderin”
Best seen on
gradient

Brush-like™ or
“Stippled pattern”
of enhancement
Best seen on
gradient (slow flow
and
deoxyhemoglobin)




Vessels do not like to be bathed in blood {SAH), it makes them freak out (spasm). The
classic timing for this is 4-14 days after SAH (NOT immediately). [t usually looks like
smooth, long segments of stenosis. [t typically involves multiple vascular territories. It can
lead to stroke.

Who gers ie? 1t"s usually in patients with SAH and the more volume of SAH the greater the
risk. In 1980 some neurosurgeon came up with this thing called the Fisher Score, which

grades vasospasm risk. The gist of it is greater than 1 mm in thickness or intraventricular /
parenchymal extension is at higher risk.

Are there Non-SAH causes of vasospasm? Yep. Meningitis, PRES, and Migraine Headache.

Crivical Take Home Point - Vasospasm is a delayed side effect of SAH. It does NOT occur
immediately after a bleed. You see it 4-14 days after SAH.

Vascular Dissection

Vascular dissection can occur from a variety of
ctiologies (usually penetrating trauma, or a trip to the
chiropractor).

Penetrating trauma tends to favor the carotids, and
blunt trauma tends to favor the vertebrals.

This would be way too easy to show on CT as a flap,

so if it"s shown it's much more likely to be the T

bright “crescent sign”, or intramural hematoma. “Crescent Sign" of Dissection
- it's the T1 bright intramural blood.
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Vasculitis

You can have a variety of causes of CNS vasculitis. One way to think about it is by clumping
it into (a) Primary CNS vasculitis, (b) Secondary CNS vasculitis from infection, or sarcoid,
{(c) systemic vasculitis with CNS involvement, and (d) CNS vasculitis from a systemic disease.

Primary CNS Vasculitis Primary Angiitis of the CNS (PACNS)
Secondary CMS vasculitis Meningitis (bacterial, TB, Fungal),
from infection, or sarcoid Septic, Embolus, Sarcoid,

Systemic vasculitis with
CNS involvement

CMNS vasculitis from a
Svstemic Discase

PAN, Temporal Arteritis, Wegeners, Takayasu’s,

Cocaine Use, RA, SLE, Lyme's

They all pretty much look the same with multiple segmental areas of vessel narrowing, with
alternating dilation (“beaded appearance™). You can have focal areas of vascular occlusion.

Trivia:
PAN is the Most Common systemic vasculitis to involve the CNS

{although it is a late finding).

SLE is the Most Common Collagen Vascular Disease

Moyamoya — This poorly understood entity (originally described in Japan — hence the name),
is characterized by progressive non-atherosclerotic stenosis of the supraclinoid 1CA, eventually
leading to occlusion. The progressive stenosis results in an enlargement of the basal
perforating arteries.

y
M
™

Trivia:

Buzzword = “Puff of Smoke ™ — for angiographic appearance

watershed Distribution

In a child think sickle cell

Other notable associations include: NF, prior radiation, Downs syndrome
. Bi-Modal Age Distribution (early childhood and middle i

« Children Stroke, Adulis Bleed

L]
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Crossed Cerebellar Diaschisis (CCD):

Depressed blood flow and metabolism affecting the cerebellar hemisphere after a
contralateral supratentorial insult (infarct, tumor resection, radiation).

Creates an Aunt Minnie Appearance:

Mechanism / Gamesmanship: When | was a medical student, [
had to memaorize a bunch of tiny little tracks and pathways all over
the brain, cerebellum, and spine. It (like many things in medical
school) made me super angry because it was such a colossal waste
of time. More PhD bullshit, lumped right in with those step |
“what chromosome is that on 77 questions.

Redemption for the PhDs has arrived. Apparently, one of these
pathways, the “corficopontine-cerebellar pathway.” is actually
important. Sorta....

Allegedly, this pathway connects one cerebral hemisphere to the
opposite cerebellar hemisphere. If the pathway gets disrupted (by
tumor, radiation, ete...), then metabolism shuts down in the
opposite cerebellum even though there is nothing structurally
wrong with it. That is why you get this criss-crossed hypo-
metabolic appearance on FDG-PET.

The trick is to show you the FDG-PET picture, and try and get
you to say there is a pathology in the cerebellum. There isn’t! The
cerebellum is normal - the problem is in the opposite cerebrum
where the pathway staris,
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NASCET Criteria: The North American

Symptomatic Carotid Endarterectomy Trial « B
(NASCET) criteria, are used for carotid e

stenosis. 1 & f‘_ X 100 g

The rude is: measure the degree of stenosis B
using the maximum internal carotid artery A
stenosis (VA ") compared to a parallel (non- Y

cirved) segment of the distal cervical internal ECA

carotid artery ("8 "),
You then use the formula;
[1- A/B] X 100% = % stenosis

Carotid endarterectomy (CEA) is often performed
for symptomatic patients with = 50%
Slenosis.
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SECTION 11:
[ Trauma to the Face and T-Bone

The LeFort Fracture Pattern System: in the dark ages, Rene LeFort beat the shit out of
cadavers with clubs and threw them off buildings — it was “science”. He then described three
facial fracture patterns that interns in ENT and people who write multiple test questions think are
important. It can be overly complicated but the most common way a test question is written

about these is either by asking the buzzword or the essential component {or showing them).

£
{“a’:j Buzzwords:
-

LeFort 1: “The Palate
Separated from the Maxilla™

LeForts

or “Floating Palate™ o LeFortd

LeFort 2:*The Maxilla oo LeFort2

Separated from the Face” or
“Pyramidal™

#-===== LcFort |

LeFort 3: “The Face
Separated from the
Cranium™

Essential Elements: All three fracture types share the pterygoid process fracture. [fthe
pteryeoid process is not invelved, you don’t have a LeFort. Each has a unique feature (which
lends itself easily to multiple choice).

* LeFort 1: Lateral Masal Aperture
* LeFort 2: Inferior Orbital Rim and Orbital Floor
* LeFort 3: Zygomatic Arch and Lateral Orbital Rim/Wall

Mucocele: If you have a fracture that disrupts the frontal sinus outflow tract (usually
nasal-orbital-ethmoid types) you can develop adhesions, which obstruct the sinus and result
in mucocele development. The buzzword is “airless, expanded sinus.” They are usually T1
bright, with a thin rim of enhancement (tumors more often have solid enhancement). The
frontal sinus is the most common location — oceurring secondary o trauma (as described
above). More on this later.... (page 132)
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Temporal Bone Fractures:

The traditional way to classify these is longitudinal and transverse, and this is almost
certainly how the questions will be written. In the real world that system is old and
worthless, as most fractures are complex with components of both. The real predictive
finding of value is violation of the otic capsule - as described in more modern papers.

Long Axis of T-Bone

Short Axis of T-Bone

More Common Less Common

More Ossicular Dislocation Maore Vascular Injury (Carotid / Jugular)

Less Facial Nerve Damage (around 20%:) More Facial Nerve Damage (=30%)

More Sensorineural Hearing Loss

More Conductive Hearing Loss

1o i

Things to Know About Facial Fractures:

= Nasal Bone is the most common fracture

* Zygomaticomaxillary Complex Fracture (Tripod) is the most common fracture
pattern, and involves the zygoma, inferior orbit, and lateral orbit.

* Le-Fort Fractures are both a stupid and a high yield topie in facial trauma — for
multiple choice. Floating Palate = 1, Pyramidal = 2, Separated Face = 3

* Transverse vs Longitudinal Temporal Bone Fractures — this classification system
is stupid and outdated since most are mixed and otic capsule violation is a way
better predictive factor... but this is still extremely high yield
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“SECTION 12:
emporal Bone

It would be very easy to get completely carried away with this anatomy and spend the next
20 pages talking about all the little bumps and variants. 1’'m gonna resist that urge and instead
try and give you some basic framework. Then as we go through the various pathologies I'll
try and give “normal” anatomy comparisons and point out some landmarks that are relevant
for pathology. Additionally, I'm gonna do a full anatomy T-Bone talk for RadiologyRonin
this year - so if your really want to understand this deeper, that might be helpful.

, Middle, [Inner

rh—

Epitympanum
“The Amic?

Hypotympanum

Al the most basic level you can think about 3 A closer look at the middle ear gives us 3 more
general locations: External, Middle, and Inner,  2eneral locations

The External ear is everything superficial to the 1he Epitympanum, also called “the atuc™ is
ear drum (tympanic membrane). basically everything above the tip of the scutum
(sce below).

The Inner car is everything deep to the medial

wall of the tympanic cavity. The Hypotympanum is evervihing below the
tympanic membrane. This is where the
The Middle ear is everything in-between. Eustachian tube arises.

A The MQSUI}:I'I"DE‘L'I:HIIT! % cvqr}rlhing in-between
: (or everything directly behind the car drum).

The seutum (arrows) is a “shield” like osscous spur formed
vig the lateral wall of the tympanic eavity. This anatomaie
land mark is often brought up with discussion of the
crosion pattern of Cholesteatomas.
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Middie & Inner Ear Pathology

Cholesteatoma — The simple way to think about this is “‘a bunch of exfoliated skin
debris growing in the wrong place.” It ereates a big inflammation ball which wrecks the
temporal bone and the ossicles.

A\

There are two parts to the ear drum, a flimsy whimpy part “Pars
Flaccida™ , and a tougher part “Pars Tensa.,” The flimsy flaccida
is at the top, and the tensa is at the bottom. P. Tensa

P. Flaccida

If you “acquire™ a hole with some
inflammation / infection involving the Pars
Flaccida you can end up with this ball of
epithelial crap growing and causing
inflammation in the wrong place.

9

- Typical location of this
soft tissue blob with
erosion of scutum
{arrow)

= They restrict diffusion

There are two subtypes based on the location.

Pars Flaccida Type Pars Tensa Type:

= Acquired Types are more common — typically involving | *The inner ear structures are

the pars flaceida. They grow into Prussak’s Space involved earlier and more
»  The Scutum is eroded early (maybe first)- considered | often

a very specific sign of acquired cholesteatoma *This is less common than
= The Malleus head is displaced medially the Flaccida Type

s« The long process of the incus is the most common
segment of the ossicular chain to be eroded.

+  Fistula to the semi-circular canal most commonly
invaolves the lateral segment
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Prussak’s Space and Scutum Erosion:

This is a coronal view of the T-Bone. To orient you |
drew [ cartoon finger in the car. That finger is running
right up to the ear drum (tympanic membranc). The
membrane is usually too thin to see, but it's right around
there. Remember the flimsy Flacida is at the top and the
thicker Tensa is at the bottom.

There are two white arrows here,

The top arrow is pointing to a space between an ossicle
{incus} and the lateral temporal bone. This is called
“Prussak’s space™ and is the most common location of
a Pars Flacida Cholesteatoma. Remember the incus was
the most commaon ossicle eroded.

The bottom arrow is pointing to a bony shicld shaped
bone - “the seutum™ which will be the first bone croded
by a pars flaccida.

Labyrinthine Fistula (perilymphatic fistula):

This is a potential complication of
cholesteatoma (or other things - iatrogenic,
trauma, etc...). What we are talking about here
15 a hony defect creating an abnormal
communication between the normally fluid
filled inner ear and normally air filled tympanic
cavity. In the case of cholesteatoma, the
lateral semicircular canal (arrows) is most
often involved.

Coronal Axial

The classic clinical history is “sudden fluctuating sensorineural hearing loss and vertigo.”

On CT, you want to see the soft
tissue density of the cholesteatoma
eating through the otic capsule into
the semicircular canal. The
presence of air in the semicircular
canal {(pneumolabyrinth) is
definitive evidence of a fistula
(although it’s not often seen in the
real world).
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Otitis Media (OM) - This is a common childhood discase with cffusion and infection of the

middle ear. It's more commen in children and patients with Down Syndrome because of a more
horizontal configuration of the Eustachian wbe. 1t's defined as chronic if vou have fluid persisting for
more than six wecks,

It can look a lot like a cholesteatoma (soft tissue density in the middle car).

THIS vs THAT: Complications of OM
Chronic Otitis Coalescent  Erosion of the mastoid seplae with or
Media ROl cuatyN Mastoditis without intramastoid abscess
: Poorly Poorly g d infl [ale
Mastoids g 4 T s ccondary 1o inflammation of the
preumatized preumatized FI:“:::] Nerve tympanic segment {more on this later in
Middle Ear Can completely  Can completely the chapter).
Opacificalion  opacity opacity Adjacent inflammation may cause
3 thrombophlebitis or thrombosis of the
EFH:; -:,‘;;pu“ Thickensd MNon- sinus. This in iself can lead 10
Choics -pthis i Dependent complications:
; Mass
could be a him Dural Sinus 2 o hitic
: Thrombosis Venaiis infaret. Hvdraceplialis:
Erosions Cofiiisi ? This can occur Laneral sirus
-E;;?::;La::nin} B (<1054 (75%) ;“““’I“?f”ﬁ’ i thrombosis can
”:Jra 4;‘1::".5 aller resorplion of
Displacement PARMSE CSF and lead wo
of the ossicular NEVER It can happen hydrocephalus.
chain Meningilis,
and It can happen
Labyrinthitis
Labyrinthitis Ossificans -
« Gamesmanship - “history of childhood meningitis. WTF is a “membranons labyrint™ ?

= You see it in kids (ages 2-18 months).
« Classic Appearance on CT = Ossification of the . :
membranous labyrinh, ?tf:i?nlg‘;\r::'::::::lﬁjﬁll?% i
+ They present with sensorincural hearing loss. David Bowie a Jareth ﬁue Mother
Calcification in the cochlea is often considered a Fucking Goblin King
contraindication for cochlear implant. '

The world “Labyrinth™ most commonly

Another less popular use of the word
“Labyrinth™ is the anmomical blanket
term encompassing the Vestibule,
Cochlea, and Semicircular Canals.

Under the umbrella of the “Labyrinth™
you ean have the bony portion (the
series of canals tunneled out of the 1-
bone), and the membrangous portion
{which is basically the sofi tissue lining
inside the bony part).

You can then further divide the
membranous™ portion into the
cochlear & vestbular labyrinths.

Mermal - For Comparison  Labyrinthitis Ossificans
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Labyrinthitis — This is an inflammation of the
membranous labyrinth, probably most commonly the
result of a viral respiratory track infection. Acute
otomastoiditis can also spread directly to the inner ear
(this 15 usually unilateral). Bacterial meningitis can

cause bilateral labyrinthitis.

Classic Look: The cochlea and semicircular canals
will be shown enhancing on T1 post contrast imaging.

The Facial Nerve (CN 7) 7

Muost people will deseribe 6 segments to the facial nerve.

Intracramial (“Cistemnal™) segment

Internal Auditory Canal “LAC™).

eeniculate ganglion (GG).

= Tympanic segment (T3) - GG to pyramidal eminence
« Mastoid segment (M3) - from pyramidal eminence

to stylomastoid foramen “SMF"
Extratemporal segment - Distal to the SMF

Meatal (“Canalicular™) segment - the part inside the

Labyrinthine segment (LS) - from the IAC to

Enhancement

The facial nerve is unique in that
portions of it can enhance normally.
The trick is which parts are normal
and which parts are NOT.,

Normal Enbancement: Tympanic &
Mastoid Segments including the
Geniculate Ganglia, The
Labyrinthine scgment can also
sometimes,

No normal enfiancement = Cistermal,
Canalicular, or Extratemporal

A

Axial MR T2 - Cisternal Scgment
-CNE 15 postenor also
entering the IAC

eniculate Ganglion

Axial CT- Level of 1AC
-the bend at the GG =
“anterior genu’ -

Sagittal CT-

Whar causes abnormal enhancement?
Big one is Bell's Palsy. Lymes, Ramsay
Hunt, and Cancer can do it too.

When do you think Cancer ?
Modular Enhancement.

When do vou damage the facial nerve?

T-Bone fracture (transverse = longitudinal).

Bells Palsy & Ramsey Hunt

Bells: Etiology is probably viral. Usually a
clinical diagnosis. Abnormal enhancement in
the Canalicular Segment (in the 1AC) is
probably the most classic finding.

RH: Caused by reactivation varicella zoster
virus. Classic rash around car. CM 5 is
usually also involved,

—
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Otosclerosis (Fenestral and Retrofenestral):

A better term would actually be “otospongiosis,” as the bone becomes more Iytic (instead of sclerotic).
When [ say conductive hearing loss in an adult female, you say this.

Fenestral — This is bony resorption anterior to the oval widow at the fissula ante fenestram.
If not addressed, the foatplate will fuse 1o the oval window.

Rerro-fenesiral — This is a more severe form, which has progressed to have demineralization around
the cochlea. This form usually has a sensorineural component, and is bilateral and symmetric nearly
100% of the time,

Fissula
Anlc
Fenestram

" Vestibule :

; '-'.&7 :
5 j = K " Lﬂh_ L
o= | Posterior Tum Turn of the
oy of the SCC SCC

Bony
resorption
anterior to the
oval widow at
the fissula ante
fenestram

Normal
Comparison

Treatment Options:

Early on (if the focus is small) dietary supplementation with Fluoride
may be useful. Although this is controversial - may or may not work. ..
and may or may not be part of a new world order David Icke Reptilian
conspiracy to lower 10Qs (Alex Jones has the documents).

Later on they might try a stapedectomy (partial removal of the stapes Slithery space born

with implantation of a prosthetic device) or a Cochlear implant. ittuminati vitlains
advocare for
Flworide treqiment.
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Superior Semicircular Canal Dehiscence —

Pietra Tullio

This is an Aunt Minnie. It"s supposedly from long standing clevated Muadsctenca who ditid
ICPE. The most likely way this will be asked is cither (1) what is it? with holes in the semicireular

a picture or (2) “MNoise Induced Vertigo” or "Tullio's Phenomenon.™ canals of pigeons then
chserved that they became
off balance when he
exposed them to loud
sounds,

He also created a “pigeon
rat” like Hugo Simpson did
in the 1996 Simpsons
Halloween Special.

Normal Anatomy

Note the intact Bony Roof (Arrow) Superior Semicircular Canal

Dehiscence Mote the Absence
of a Bony Covering

“Loak, ['ve been practicing ™

Large Vestibular Aqueduct Syndrome

The vestibular aqueduet is a bony canal that connects the vestibule (inner ear) with the endolymphatic
sac, The enlargement of the agueduct (= 1.5 mm) has an Aunt Minnic appearance. The classic
history is progressive sensorineural hearing loss. Supposedly the underlying etiology is a failure of
the endolymphatic sac to resorb endolymph, leading to endolymphatic hydrops and dilation.

Trivien:
“ =«This i the most common cause of congenital sensorineural hearing loss
+The finding is often (usually) bilateral.
h «There is an association with cochlear deformity - near 100%%
{absence af the bony modiolus in more than 90%)
sProgressive Sensorineural Hearing Loss (they are NOT born deaf)

i
The novntal Vestibular Aqueduct (VA ) s Enlarged Vestibular Aqueduct
NEVER larger than the adiacent {larger than PSCC - grey arrow)

Posterior Semicivemlar Canal {PSCC)
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Congenital malformations of the inner ear can be thought about along a spectrum of severity.
As the construction of the hearing machinery is complicated business, you can imagine that
the earlier things go wrong in this multi-stage anatomical development the more severe the
anomaly.

Along those lines, we can discuss two disorders on opposite ends of that severity spectrum
with the Michel’s Aplasia being the earliest and most severe, and the Classic Mondini’s
Malformation (incomplete partition 11) being the latest and least severe.

Mondini Malformation - Type of cochlear hypoplasia where the basal tum is normal, but
the middle and apical tumns fuse into a cystic apex. This is usually written as “only L5 turns” -
instead of the normal 2.5. There is an association with an enlarged vestibule, and enlarged

vestibular aqueduct, They have sensorineural hearing loss, although high frequency sounds are
typically preserved (as the basal turn is normal).

Michel’s Aplasia - This is also referred to as complete labyrinthine aplasia or “CLA." As
above, this represents the most severe of the congenital abnormalities of the inner ear - with

absence of the cochlea, vestibule, and vestibular agueduct. No surprise these kids are
completely deaf.

Associations: Anencephaly, Thalidomide Exposure

Gamesmanship: Some people think this looks like labyrinthitis ossificans. Look for the
absent vestibular aqueduct to help differentiate.

THIS vs THAT: Mondini vs Michel
Mondini Michel
Timing Late {7th Week) Early (3rd Week)
Severnty Some Preserved High Frequency Hearing Total Deafiess
Cochlea: Cystic Apex (basilar turn is normal) Absent
Vestibule Sometimes Enlarged (can be normal) Absent
x‘;sl::;h::lr Large Absent
Frequency : Common _— Rare As Fuck
(relative to other malformations)
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Endolymphatic Sac Tumor

Rare tumor of the endolymphatic sac and duct. Although most are sporadic, when you see this
tumor you should immediately think Yon-Hippel-Lindau,

Classic Look: They almost always have internal amorphous calcifications on CT. There are
T2 bright, with intense enhancement. They are very vascular often with flow voids, and
tumaor blush on angiography.

Cochlea

Semicircular
Canal

CHT&S

Aperture of

Endolymph Sac

Paraganglioma
On occasion, paraganglioma of the jugular fossa (glomus jugulare or jugulotympanic umors)
can invade the occipital bone and adjacent petrous apex.

Trivia:

«40% of the time it's hereditary, and they are multiple.
«The most common presenting symptom is hoarseness from vagal nerve compression,
+They are very vascular masses and enhance avidly with a “salt and pepper™
h appearance on post contrast MRI, with flow voids.
*They are FDG avid.

More on these later in the chapter
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Petrous ApexX - Anatomic Variations:

Variation can occur in the amount of pneumatization, marrow fat, bony continuity, and
vascular anatomy.

Asymmetric Marrow: - Typically the petrous apex contains significant fat, closely
following the scalp and orbital fat (T1 and T2 bright). When it’s asymmetric you can have
two problems (1) falsely thinking you’ve got an infiltrative process when you don’t, and (2)
overlooking a T1 bright thing (cholesterol granuloma) thinking it's fat. The key is to use
STIR or some other fat saturating sequence,

Cephaloceles: - A cephalocoele deseribes a herniation of CNS content through a defect
in the cranium. In the petrous apex they are a slightly different animal. They don’t contain any
brain tissue, and simply represent cystic expansion and herniation of the posterolateral portion
of Meckel's cave into the superomedial aspect of the petrous apex. Describing it as a
herniation of Meckel’s Cave would be more accurate, These are usually unilateral and are
classically described as “smoothly marginarted lobulated eystic expansion of the petrous

apex.

Aberrant internal carotid. The classic history is pulsatile tinnitus (although other
things can cause that). This term is used to describe the situation where the C1 (cervical)
segment of the ICA has involuted/underdeveloped, and middle ear collaterals develop
(enlarged caroticotympanic artery) to pick up the slack. The hypertrophied vessel runs
through the tympanic cavity and joins the horizontal carotid canal. The ENT exam will show a
vascular mass pulsing behind the ear drum (don’t expect them to make it that easy for you).

The oldest trick in the book is to try and fool you
into calling it a paraganglioma,

for the con icn t orizontal caroti
canal - that is the most classic way to show this,

DO NOT BIOPSY !
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Petrous Apex - Infections:
Apical Petrositis

Infection of the petrous apex is a rare complication of infectious otomastoiditis. It can have
some bad complications if it progresses including osteomyelitis of the skull base, vasospasm of
the ICA (if it involves the carotid canal), subdural empyema, venous sinus thrombosis, temporal
lobe stroke, and full on meningitis.

In children, it can present as a primary process. In adults it’s usually in the setting of chronic
otomastoiditis or recent mastoid surgery.

Gradenigo Syndrome Dorello's Canal

This is a complication of apical petrositis, when Dorello’s canal ' T:E“hm“ﬂ medial point
(CN 6) is involved. They will show you (or tell you) that the patient L L6 PELITONS Tdgs -

between the pontine
has a lateral rectus palsy. cistern and cavermous

sinus
h Classic Triad: \rJ\f\m \N‘J\J\r\
« Otomastoiditis, s . : . ~

« Face pain (trigeminal neuropathy), and SRR S W
« Lateral Rectus Palsy _———-—'—’/’ U
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Petrous Apex - Inflammatory Lesions

Cholesterol Granuloma

The most common primary petrous apex lesion. Mechanism is likely obstruction of the air
cell, with repeated cycles of hemorrhage and inflammation leading to expansion and bone
remodeling. The most common symptom is hearing loss.

On CT the margins will be
sharply defined. On MRI
it’s gonna be T1 and T2
bright, with a T2 dark
hemosiderin rim, and faint
peripheral enhancement.

Key Paint:
Cholesteral Granuloma =
Il and T2 Bright.

The slow growing ones can
be waiched. The fast Cholesterol Granuloma = T1 and T2 Bright

growing ones need surgery.

Cholesteatoma

This is basically an epidermoid (ectopic epithelial tissue). Unlike the ones in the middle ear,
these are congenital (not acquired) in the petrous apex. They are typically slow growing, and
produce bony changes similar to cholesterol granuloma,

The difference is their MRI findings; T1 dark, T2 bright, and restricted diffusion.

Key Point: Cholesteatoma = T1 Dark, T2 Bright, Restricted Diffusion

THIS vs THAT:
Cholestereol Granuloma Cholesteatoma
T1 Bright T Dark
T2 Bright T2 Bright
Doesn’t Restrict Does Restrict
Smooth Expansile Bony Change Smooth Expansile Bony Change
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External Ear

Regular and Necrotizing Otitis Externa:

Ottitis Externa - the so called “swimmers ear”™ is an infection (usually bacterial) of the
external auditory canal. The more testable version Necrotizing Otitis Externa (also called
“Malignant” Otitis Externa - for the purpose of fucking with you) is a more aggressive
version seen almost exclusively in diabetics.

You are going to see swollen EAC soft tissues, probably with a bunch of small abscesses, and
adjacent bony destruction,

They always (95%) have diabetes and the causative agent is always (98%) Pseudomonas.

External Auditory Canal Exostosis (“Swimmers Ear”) - This is an
overgrowth of tissue in the ear canal, classically seen in Surfers who get repeated bouts of ear
mfections. It’s usually bilateral, and when chronic will lock like bone. Unlike Necrotizing
Otitis, these patients are immunocompetent and non-diabetes (although they are dirty hippie
surfers).

External Auditory Canal Osteoma - This is a benign bone tumor, maybe best
thought of as an overgrowth of normal bone. They are usually incidental and unilateral
(remember exostosis was bilateral) occurring near the
Junction of cartilage and bone in the ear canal.

External Auditory Canal Atresia:

This is a developmental anomaly where the external 4.
auditory canal (secondary crayon storage \
compartment) doesn’t form. As you might imagine,

this results in a hearing deficit (conductive subtype).
There may or may not be a mashed up ossicular

chain. Normally, there is a place to stick a
crayon right around here (arrow).

Trivig: ENT will want to know: (1) if the tissue covering the normally open ear hole (atretic

plate) is soft tissue or bone, and (2) if there is an aberrant course of the facial nerve.
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Pagets — This is discussed in great depth in the MSK chapter. Having said that, 1 want to
remind you of the Paget skull changes. You can have osteolysis as a well-defined large

radiolucent region favoring the frontal and occipital bones. Both the inner and outer table are
involved. The buzzword is osteolysis circumseripta.

Pager s Skall related complications:

Deafness is the most common complication
Cranial Nerve Paresis

Basilar Invagination -> Hydrocephalus -> Brainstem C DMpression
Secondary (high grade) osteosarcoma.

Pagets - Osteolysis Circumseripta (hyiic phase) Thickened Expanded Skl (Selerotic Phase)

Chordoma (midline) & Chondrosarcoma (off midline) discussed in MSK chapter.

Fibrous Dysplasia - The ground-glass lesion. 1 you are getting ready to call it Pagets,
stop and look at the age. Pagets is typically an older person (8% at 80), whereas fibrous
dysplasia is usually in someone less than 30.

=Classically, fibrous dysplasia of the skull spares the otic ‘f"F“‘“'c
*McCune Albright Syndrome - Multifocal fibrous dysplasia, cafe-au-lait spots, and
precocious puberty.

+The outer table is favored (Pagets tends to favor in the inner table)

130



Sinus Disease Strategy Intro: You will sce CT and MRI used in the evaluation of sinus
disease. It is uselul to have some basie idcas as 1o why onc modality might be preferred over the
other (for gamesmanship and distractor climination). CT is typically used for orbital and sinus
infections. In particular it is useful to scc if the spread of infection involves the anterior 2/3 of the
arbit. I you wanted to know if the patient has cavernous sinus involvement, or involvement of the

posterior 173 (orbital apex) MRI will be superior.

CT also has the ability to differentiate common benign discase
(inspissated secretion and allergie fungal sinusitis) from the more
rarc sinus umors, The trick being that a hyperdense opacified sinus
15 nearly always benign (tumor will not be densc). In addition to
that CT 15 useful for characterization of anatomical variation
{justification of endoscopie nasal surgery for recurrent sinusitis).

- Hyper Dense Sinus -

« Blood

» Dense (inspissated)
Secretions

« Fungus

MR s going to be more valuable for tumor progression / extension (perineural spread. marrow

involvement ete., ).

Fungal Sinusitis

This comes in two flavors; the good one (allergic) and the bad one (invasive). The chart below will

contrast the testable differences:

Allergic Fungal Sinusitis

Acute Invasive Fugal Sinusitis

Opacification of multiple sinuses, ususually bilateral
favoring the ethmoid and maxillary sinuses.

Mormal Immune System (Asthma is common)

CT: Hyperdense centrally or with layers. Can
erode and remodel sinus walls if chronic.

MEI: TI-T2 Dark - because of the high protein
content £ heavy metals. Can mimic an aetated sinus.
Inflamed (T2 bright) mucosa which will enhance,
The glob of fungus snot will not enhance (thats how
you know it is nol a lumor),

Opacification of multiple sinuses. Stranding /
Extension inte the fal around the sinuses in the key
finding.

Immunocompromised
= Meutropenic = Aspergillus
= Diabetic in DKA = Zygomycetes | Mucor

CT: Opacified Sinus with is NOT hyperdense, Fat
stranding in the orbit, masheator fan, pre-antral fat,
or PPF suggests invasion, This does NOT require
bone destruction.

MEREI; Alsocan be TUT2 Dark. However, the
mMucosa may not enhance (suggesting i is necrotic),
The extension of discase out of the sinus will be
bright on STIR and enhance,

Chronic Inflammatory Sinonasal Disease

This is typically thought of as an inflammation of the paranasal sinuses
that lasts at least 12 weeks. The causes are complex and people wnle
long boring papers about the various eylokines and T-Cell mediation
pathways are involved but from the Radiologist’s point of view the issue
is primarily anatomical patency of sinus Ostia (box with arrow).
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Chronic Inflammatory Sinonasal Disease Continued...

There are several described patterns of recurring sinonasal discase,

Infundibular
Pattern.

The most common
paniem.

In this panern,
disease is limited 1o
the maxillary sinus
and occurs from the
obstruction at the
ipsilateral ostium /
infundibulum {s1ar).

Ostiomeatal Unit Pattern

Second most common patlern. ['m
nod going 1o get into depth on the
various subivpes -

Just think about
this as more
centered al the
middle
meates (star)
with disease
involving the
ipsilateral
imaxillary,
fromial and
ethmoid
SIMUSES,

The contributors 1o this paltern
involve all the usually suspects
{hypertrophied turbinates, anatomic
variants - concha bulloss, middle
turbinates which curl the wrong way
“paradoxical™, and septal deviation),

Sinonasal Polyposis
Pattern.

The pattern is characierized by a
combination of 50fi tissue nasal
polyps (found throughout the nasal
cavily) and variable degrees of sinus
opacification, Aboul half the time
flwid levels will also be present.

A key femure is the bony remodeling
and erosion. In particular the
“widening of the infundibyla” s the
classic description. This erosion and

remodeling is important w distinguish
between the “expansion” of the sinus
- which is more classic for a
mucocele.

Testable associatons mclude CF and
Aspirin Sensitivity.

Mucocele

This is how | think about these things, You have an obstructed sinus.
Maybe vou had trrauma which fucked the dranage pathiway or you ve gol
CF and the secretions just clog things up. Mucus continues Lo accur
in the sines, but it ean’t clear (becuuse it's obstructed). Ower lime the sinus
become wtally filled and then stans w expand circamierentially. Flence the
bueswornd “expanded airless sinus,” The fromal sinus is the most common
loeamtion. 1t won't enhance cenrelly (il is not o wmor), but the penphery

may enhance from the adjacem inflamed mecosa,

laie
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Antrocheoanal Polyp

Seen in young adults (30s-40s), classically presenting with nasal congestion / obsiruction symptoms. Arises
within the maxillary sinuses and passes through and enlarges the sinus ostium (or accessory ostium).

ra )
3:7 Buzzword is “widening of the maxillary ostium.”

Classically, there is no associated bony destruction but insiead smooth enlargement of the sinus, The polyp
will extend inte the nasopharynx. This thing is basically a monster inflammatory polyp with a thin stalk
arising from the maxillary sinus.

Juvenile Nasal Angiofibroma (JMNA)

Often you can get this one right just from the history - Male teenager with nose bleeds (obstruction is
actually a more common symptom in real life, but net so much on multiple choice).

h «Location = Centered on the sphenopalatine foramen
«Bone Remodeling (not bone destruction)
h «Extremely vascular (super enhancing) with intratumoral Flow Moids on MR

«Pre-surgical embolization is common (via internal maxillary & ascending pharyngeal anery)

Inverted Papilloma:

This uncommen tumor has distinetive imaging features (which therefore make it testable). The classic
location is the lateral wall of the nasal eavity — maost frequently related to the middle turbinate.
Impaired maxillary drainage is expected.

=Another high yield pearl is that 10% harbor a squamous cell CA,

ﬂ «A focal hyperostosis tends 1o occur at the mor origin,
<MRI “eerebriform pattern™ — which sorta looks like brain on T1 and T2,

Esthesioneuroblastoma:

This 15 & newroblastoma of olfactory cells so 1t's gonna start at the cribiform plate, It classically has a
dumbbell appearance with growth up into the skull and growth down into the sinuses, with a waist at the
plate. There are often eysts in the mass, There is a bi-modal age distribution.

h *Dumbbel] shape with wasting at the cribiform plate is classic
«Intracranial posterior cyst is a “diagnostic™ look
h «Oetreotide scan will be positive — since it is of neural crest origin

Squamous Cell /f SNUC:

Squamous cell 15 the most common head and neck cancer. The maxillary antrum is the most common
lecation. IU's highly cellular, and therefore low on T2, Relative to other sinus masses it enhances less.
SNUC (the undifferentiated sguamer), is the monster steroided-up version of a regular squamous cell. They
are massive and seen more in the ethmoids.

Epistaxis (Nose Bleeds) -I

This is usually idiopathic, although it can be iatrogenic {picking it (oo much - or mor ernoueh). They could
get sneaky and work this into a cage of HHT (hereditary hemorrhagic telangicetasia). The most common
lecation is the anterior septal area (Kiesselbach plexus) - these tend to be casy to compress manually. The
posterior oncs are less common (5%) but tend 1o be the ones that “bleed like stink™ (need angio). Most
cases are given a trial of nasal packing. When that fails, the N-1R team is activated.

The main supply to the posterior nose is the sphenopalatine artery (terminal internal maxillary
artery) and tends to be the first line target. Watch out for the variant anastomosis between the ECA
and aphthalmic artery {you don't want 10 embolize the eye).
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SECTION 14:
"Mouth and Jaw

Sialolithiasis - Siones in the salivary ducts. The
testable trivia includes: (1) Most commonly in the . =
submandibular gland duct (wharton’s), 5“bn;,;:;?&ﬂ“;;;::&?nm
(2) can lead 1o an infected gland “sialoadenitis”, and Sublingual = Rivinus
(3) chronic obstruction can lead to gland fatty atrophy.

Odontogenic Infection - These can be dental or periodontal in origin. If | were writing
a question about this topic | would ask three things. The first would be that infection is more
common from an extracted tooth than an abscess involving an intact tooth.

The second would be that the

attachment of the mylohyoid | Sublingual |
muscle to the mylohyoid ridge | Space :
dictates the spread of infection to -Abave the Mylohyoid Line |
the sublingual and submandibular | (Anterior Mandibular Teeth) |

spaces. Above the mylohyoid line ——

(anterior mandibular teeth) goes to / f
the sublingual space, and below the
mylohyoid line (second and third
molars) goes to the submandibular
space.

The third thing | would ask would be

that an edontogenic abscess is the _— | Submandibular
maost common masticator space Space
*mass™ in an adult. -Below the Mylohyoid Line

{2nd and 3rd Molars)

Ludwig’s Angina:

This is a super aggressive cellulitis in the foor of the
mouth. If they show it, there will be gas everywhere.

Trivig: most cases start with an odontogenic infection.
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Torus Palatinus:

This is a normal variant that
looks scary.

Because it looks scary some
multiple choice writer may try
and trick you into calling it

Osteonecrosis of
the Mandible:

The trivia is most likely
gonna be etiology.

Just remember it 15 related

This is a mucous retention
cyst. They are typically
lateral. There are two
testable pieces of trivia to
kniow:

cancer. : i R
to prior radiation, licking

a radium paint brush, or

(1) They arise from the

It’s just a bony exostosis that sublingual gland / space,

comes off the hard palate in
the midline.

bisphosphonate and
treatment.

(2} Use the word
“plunging” once it’s under
the mylohyoid muscle.

Classic History, “Grandma’s
dentures won’t stay in.”

Thyroglossal Duct Cyst — This can occur anywhere between the foramen cecum (the

base of the tongue) and the thyroid gland. They are usually found in the midline. It looks like a
thin-walled cyst. Further discussion in the endocrine & peds chapters.

Floor of Mouth Dermoid / Epidermoid - There isn't a lot of trivia about these other
than the buzzword and what they classically look like. The buzzword is “sack of marbles” -
fuid sack with globules of fat. They are typically midline.

Cancer - Squamous cell is going to be the most commeon cancer of the mouth (and head and
neck). In an older person think drinker and smoker.

In a younger person think HPV. HPV related SCCs tend to be present with large necrotic level
2a nodes (don't call it a branchial cleft cyst!).

Classic Scenario = Young adult with new level Il neck mass = HPV related SCC.
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Lesions of the Jaw

There are a BUNCH of these and they all look pretty similar, Lesions in the jaw are broadly
grouped into either odontogenic (from a tooth) or non-odontogenic (not from a tooth). The
non-odontogenic stuff you see in the mandible is the same kind of stuff you see in other bones
{ABCs, Simple Bone Cysts, Osteomyelitis, Myeloma / Plasmacytoma ete...). [ think if a test
writer is going to show a jaw lesion - they probably are going to go for odontogenic type.
Obviously your answer choices will help you decide what they are going for. The other tip is
that odontogenic lesions are usually associated with a tooth.

I"'m going to pick 3 that I think are most likely to be asked and focus on how | would tell them
apart.

Periapical Cyst (Radicular Cyst) - This is the most
common type of odontogenic cyst. They are typically the result
of inflammation from dental caries (less commonly trauma).

The inflammatory process results in a cystic degeneration around
the periodontal ligament.

«Located at the apex of a non-vital tooth :
«Round with a Well Corticated Border g B
h «Usually < 2 cm

Dentigerous Cyst (Follicular Cyst) - Thisisa
cyst that forms around the crown of an un-erupted tooth,
It’s best thought of as a developmental cyst (peri-apicals
are acquired). These things like to displace and resorb
adjacent teeth - usually in an apical direction. This is the
kind of cyst that will displace a tooth into the condylar
regions of the mandible or into the floor of the orbit.

“ « Located at the W - { tooth

+Tend to displace the tooth
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Keratogenic Odontogenic Tumor
{Odontogenic Keratocyst) - Unlike the prior two
lesions (which were basically fluid collections) this
is an actual tumor. They tend to occur at the
mandibular ramus or body. Although they can be
uni-locular the classic look is multi-locular

{ “dengheer cysis ™) and that’s how | would expect
them to look on the test.

h «Body / Ramus Mandible
+They typically grow along the length of the

M
= Without significant cortical expansion

h «May have daughter cysts
« When multiple think Gorlin Svndrome

Ameloblastoma (Adamantinoma of the
jaw) - This is another tumor (locally agpressive).
The appearance is variable but for the purpose of
multiple choice | would expect the most classic
look - multi-cystic with solid components and
expansion of the mandible.

Out of the four I"'ve discussed, this will be the
most aggressive-looking one. If they show you a
really aggressive-looking lesion, especially if it
has multiple “soap bubbles™ - you should
consider this.

h s Hallmark = Extensive Tooth Root Absorption
« Mandibular Expansion
h +Solid component (shown on MR or CT) favors the Dx of Ameloblastoma
« About 5% arise from Dentigerous Cysts

Odontoma - This is the casy one to pick out because it’s
most likely to be shown in it’s mature solid form (they start
put lucent). 1t’s actually the most common odontogenic

tumor of the mandible. 1t's basically a “tooth hamartoma.”

h « Radiodense with a lucent rim
«Can be LARGE with “fluffy” calcifications
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‘SECTION 15:

“Suprahyoid Neck

The suprahyoid neck is usually taught by using a “spaces” method. This is actually the best
way to Jearn it. What space is it? What is in that space? What pathology can occur as the
result of what normal structures are there? Example: lymph nodes are there — thus you can gel

lvmphoma or a met.

The parotid space is basically
the parotid gland, and portions
of the facial nerve. You can’t
see the facial nerve, but you can
see the retromandibular vein
(which runs just medial to the
facial nerve).

Another thing to know is that

the parotid is the only salivary
gland to have lymph nodes, so
pathology mvolving the gland
itself, and anything lymphatic
related, is fair game.

Parotid Space Contains:
- The Parotid Gland

= Cranial Nerve 7 (Facial)
- Retro-mandibular Vein

Parotid Space:

138



Pathology:

Major Salivary Glands:
« Farotid

« Submandibular

« Sublingual

Pleomorphic Adenoma (benign mixed tumor) - |
This is the most commeon major fand minor) salivary gland ,
twmor. It occurs most commonly in the parotid, but can also :
occur in the submandibular or sublingual glands. 90% of ]
these tumors occur in the superficial lobe. They are . Minor Salivary Glands
commonly T2 bright, with a rim of low signal. They havea - Literally 100s of un-
small malignant potential and are treated surgically. , named minor glands

+  Superficial vs Deep: Involvement of the superficial (lateral to the facial nerve) or deep
{medial to the facial nerve) lobe is critical to the surgical approach. A line is drawn
connecting the lateral surface of the posterior belly of the digastric muscle and the
lateral surface of the mandibular ascending ramus to separate superficial from deep.

+  Apparently, if you resect these like a clown you can spill them, and they will have a
massive, ugly recurrence.

Warthins: This is the second most common benign tumor. This one ONLY oceurs in the
parotid gland. This one is usually cystic, in a male, bilateral (15%), and in a smoker. Asa
point of total trivia, this tumor takes up pertechnetate (it's basically the only tumor in the
parotid to do it , ignoring the ulira rave parotid oncocyiona).

Mucoepidermoid Carcinoma — This is the most common malignant tumor of minor
salivary glands. The general rule is — the smaller the gland, the more common the malignant
tumors; the bigger the gland, the more common the benign tumors. There is a variable
appearance based on the histologic grade. There is an association with radiation.

Adencid Cystic Carcinoma — This is another malignant salivary gland tumor, which
favors minor glands but can be seen in the parotid. The number one thing to know is

perineural spread. This tumor likes perineural spread.

When I say adenoid cystic, you say perineural spread.

{foramen ovale for example). It’s still might... but it's been my experience that a nerve
sheath umor (schwannoma) is much more likely to do that, Let’s just say for the
purpose of multiple choice that neural foramina widening is a schwannoma - unless
there is overwhelming evidence to the contrary.

h Peari: [ used to think that perineurial tumor spread would widen a neural foramen
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Lymphoma

Because the parotid has lymph nodes (it’s the only salivary gland that does), you can get
lymphoma in the parotid (primary or secondary). 1f you see it and it’s bilateral, you should
think Sjogrens. Sjogrens patients have a big risk (like 1000x) of parotid lymphoma. Like
lymphoma is elsewhere in the body, the appearance is variable. You might see bilateral
homogeneous masses. For the purposes of the exam, just knowing you can get it in the
parotid (primary or secondary) and the relationship with Sjogrens is probably all you
need.

Sjogrens

Autoimmune lymphocyte-induced destruction of the gland. “Dry Eyes and Dry Mouth.”
Typically seen in women in their 60s. Increased risk (like 1000x) risk of non-Hodgkins MALT
type lymphoma. There is a honeycombed appearance of the gland.

Benign Lymphoepithelial Disease:

You have bilateral mixed solid and cystic lesions with diffusely enlarged parotid glands. This
is seen in HIV. The condition is painless (unlike parotitis = which can enlarge the glands).

Acute Parotitis:

Obstruction of flow of secretions is the most common cause. They will likely show you a stone
{or stones) in Stensen’s duct, which will be dilated. The stones are calcium phosphate. Post
infectious parotitis is usually bacterial. Mumps would be the most common viral cause. Asa
point of trivia, sialography is contraindicated in the acute setting.
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Parapharyngeal Space

Also referred to as the
“pre-sivlold” parapharyngeal
space - for the purpose of
fucking with you.

The primary utility of the
space i1s when it is
displaced {discussed
below).

Mets and infections can
spread directly in a
vertical direction through
this space (squamous cell
cancer from tonsils,
tongue, and larynx).

A cystic mass in this
location could be an
atypical 2nd Branchial
Cleft Cyst (but is more
likely a necrotic lymph
node).

The parapharyngeal space is
bordered on four sides by
different spaces. 1f you have
a mass dead in the middle, it
can be challenging to tell
where it"s coming from.
Using the displacement of
fat, you can help problem
solve. Much more important
than that, this lends itself
very well to multiple choice.

Parotid Mass Pushes
Medially (PMPM)

The parapharyngcal
space is primarily a
ball of fat with a fow
branches of the
trigeminal nerves, and
the plerygoid veins.

Carotid
Space =
Anterior
Displacement

Masticator
Space =
Posterior
Medial
Displacement

Parotid
Space =
Medial
Displacement

Superficial
Mucosal
Space =
Lateral
Displacement
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Carotid Space:

The carotid space 15 also sometimes called the
“post sivloid” or “retre-sivioid ™ parapharyngeal
space — lor the purpose of fucking with you.

There are 3 Classic Carotid Space Tumors:
(1) Parazanglioma

(2) Schwannoma

(3) Neurofibroma

Although it is worth noting | Carotid Space
that this space is commonly | Contains:
involved in secondary - Carotid artery
S]Jl‘l.'?d ﬂ'!— aggressive multi- - Jugular vein
spatial discase - such as

infectious path (necrotizing | Portions of CN 9,
otilis external} or malignant CN 10,CN 11
spread (nasopharyngeal , - Internal jugular

squamous cell ele..). chain lymph nodes

Metastatic squamous cell is \:._. - ._ ~::.r"
what you should think for = - _
nodal disease in this region. Lesions Displace the Parapharyngeal Fat ANTERIOR

Paragangliomas: There are three different ones worth knowing about — based on location.
The imaging features are the same. They are hypervascular (intense tumor blush), with a
“Salt and Pepper™ appearance on MRI from the flow voids. They can be multiple and
bilateral in familial conditions (10% bilateral, 10% malignant, ete.). "In-octreotide
accumulates in these tumors (receptors for somatostatin).

Carotid Body Tumor = Carotid
Bifurcation (Splayving 1CA and
ECA)

Glomus Jugulare = Skull Base
(often with destruction of jugular
I:vel ol Jugular Foraman Joramen)

Middle Ear Floor Destroyed =
Glomus Jugulare.

/

Lﬁbmus Tympanicum

'*I Level of Carolid Bifuseation l Glomus Vagale = Above Carotid
Bifurcation, but below the Jugular
Foramen

Glomus Tympanicum =
Confined to the middle car.
Buzzword is "overlving the
cochlear promontory. "

Middle Ear Floor Intact =

Splaying the Carotid (Lyre Sign) | Glomus Tympanum
= Carotid Body Tumor e
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Schwannoma

Most commonly in this location we are talking about vagal nerve
{(CMN 10), but if the lesion is pretty high up near the skull base it
could also be involving CN 9, 11, or even 12. The typical MR
appearance is an oval mass, heterogenous (cystic and sold parts)
with heterogenous bright signal on T2.

These things enhance a ton (at least the solid parts anyway). They
enhance so much you might even think they were vascular.
Ironically, schwannomas are considered hypo vascular lesions and
the only reason they enhance is because of extravascular leakage
{and poor venous drainage).

Meurofibroma

Surgical e,

Planning Trivia:

« Distance of Skull
Base (> lecm=
Meck Dissection)

« Degree of
Vascularity
(might need pre-
cmbalization)

Relationship to the
Carotid (Don't Fuck
with Big Red)

These are less common than the schwannoma. About 10% of the time they are related to
NE-1 {in which case you should expect them to be bilateral and multiple). In contrast to
schwannomas they tend to be more homogenous, and demonstrate the classic target sign on

T2 with decreased central signal.

Neurofibroma Schwannoma Paraganglioma
Mildly Heterogenous Although they enhance intensely  Hypervascular .
Enhancememt they are not vascular on Angio {tumor blush on angio)

T2: Target Sign T2: Moderate to High Signal - T2: Light Bulb Bright with
{bright rim, dark middie) Heterogenous Salt and Pepper (flow voids)
MF-1 Association MNF-2 Association N n-Octreotide avid

Meck Infection Syndromes

retropharyngeal abscess

Lemierre’s Syndrome - This is a thrombophlehilis of the jugular veins with septic emboli in
the lung. It's found in the sciting ut‘nmph.'ur_',.rng-a:n] infection Lphnr)_mgitis, tonsillitis, peritonsillar
abscess) or recent ENT surgery. Buzzword bacteria = "Fusobagterium Megrophorum™

Grisel’'s Syndrome - Torticollis with atlanto-axial joint inflammation scen in H&N Surgery or

= |
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Masticator Space:

As the name implies this space contains the
musecles of mastication (masticator,
temporalis, medial and lateral pterygoids).

Additionally, you have the angle and ramus
of the mandible, plus the inferior alveolar
nerve (hranch of 13).

A trick to be aware of is that the space
extends superiorly along the side of the skull
via the temporalis musele. So, aggressive
neoplasm or infection may ride right up there.

Lesions Displace thc:l’apmr}'ngcal Fat
POSTERIOR and MEDIAL

Odontogenic Infection -

In an adult, this is the most common cause of a masticator space mass. If you scc a mass here, the next
move should be to look at the mandible on bone windows, Just in general, you should be on the look
oul for spread via the plerygopalatine fossa to the orbital apex and cavernous sinus, The relationship
with the mylohyoid makes for good trivia - as discussed above,

Sarcomas -

In kids. you can run into nasty angry masses like Rhabdomyosarcomas. You can also get sarcomas
from the bone of the mandible (chondrosarcoma favors the TMY).

Cavernous Hemangiomas - '—- Key Point:

: i Congenital Stuff and
These can also oceur, and are given away b:"t the presence of ) Aggressive Infection/
phleboliths. Venous or lymphatic malformations may involve multiple Cancer tends 1o be Trans-
compartments [ spaces, Spatial.

Perineural Spread - You can have perincural spread from a head and neck primary along V3.

When | say “perinenral spread” you should think two things:
(1) Adenoid Cystic Carcinoma of the minor salivary gland
(2} Melanoma

Merve Sheath Tumors - Since you have a nerve, you can have a schwannoma or
neurofibroma of V3, Remember the schwannoma is more likely to cause the foramina expansion vs
perineural tumor spread.
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Retropharyngeal Space / Danger Space

The retropharyngeal space has some complex anatomy. Simplified, this is a midline space, deep
to the oral & nasal pharynx. The retropharyngeal space has an anterior “true” space which
extends caudal to around C6-C7, and a more posterior “danger space™ - which is dangerous
because it listens to rap music and plays first person shooter video games - plus it extends into
the mediastinum - so you could potentially dump pus, or cancer, right into the mediastinum.

Retropharyngeal

]
True ] \_\\
Retropharyngeal
Space &
Bl ]
Danger Space

Infectious behind this deep cervical fascia (the Prevertebral Space) arc different than the ones
discussed below in that they are not spread from the neck but instead the spine/disc {osteomyelitis).

Infection — Involvement of the retropharyngeal
space most often occurs from spread from the tonsillar
lissue. You are going to have centrally low density
tissue and stranding in the space. You should evaluate
for spread of infection into the mediastinum.

Cartoon Axial
Showing Infection
Spreading from a
Tonsillar Abscess 1o
the Danger £one

Don't Forget:

Delays are often
critical for
difTeremine
philegmon and
drainnble abscess

Retropharyngenl Abseess (midline)

Necrotic Nodes (nodes of
Rouviere) - These things are located
in the lateral retropharyngeal region,
In kids you can see suppurative
infection in these, but around age 4
they start to regress - so adults are
actually much less to get infection in
this region. Mow, you can still get
mets (squamous cell, papillary
thyroid, ete..). Lymphoma can
involve these nodes as well - but
won't be necrotic until treated.

Showing the nodes Eg - i

Cartoon Axial
of Rouviere

—

Suppurative Mode of Rouviere (lateral)
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"SECTION 16:
"Squamous Cell CA & Infrahyoid Neck

When you are talking about head and neck cancer, you are talking about squamous cell cancer.
MNow, this is a big complex topic and requires a fellowship to truly understand / get good at.
Obviously, the purpose of this book is to prepare you for multiple choice test questions not
teach you practical radiclogy. If you want to actually learn about head and neck cancer in a
practical sense you can try and find a copy of Hamsberger’s original legendary handbook
{which has been out of print for 20 years), but who has time for that * Now, for the trivia. ...

Llymph Node Anatomy:

Posterior Bordar Testable Trivia:
Submandibular Jugeular Fossa
Gland Anterior Belly of Digastric
; separates | A from |B

Stylohyoid muscle
{posterior submandibidar
; gland) separates |B from
Lower Border T A

Jugular Vein {Spinal
Accessory Nerve) separates
2A from 2B *sce below

Lower Border =
of Cricoid

Vertical borders:
2-3 = Lower Hyoid
3-4 = Lower Cricoid

o 2A: Anterior, Medial, Lateral or Abutting the Posterior Internal Jugular

2B: Posterior to the Internal Jugular, with a clear fat plane between node and 1)
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Floor of the Mouth SCC:

Cancers

I touched on this once already. Just remember smoker/drinker in an old person. HPV in a
young person. Necrotic level 2 nodes can be a presentation (not a branchial cleft cyst).

Masopharyngeal SCC:

This 18 more common in Asians
and has a bi-modal distribution:
= group | (15-30)

typically Chinese
= group 2 (= 40).
Involvement of the
parapharyngeal space results in
worse prognosis (compared to
nasal cavity or oropharynx
invasion).

Q Mind Maps:

See a Unilateral
Mastoid Effusion

OR

See a Pathologic
Retropharyngeal Node

F--%

Fossa g Rosenmuller [_rruws'j

The FOR is the MOST COMMON location for
MNasopharyngeal Cancer

See a Pathologic
Retropharyngeal or

About 30% of the patients with nasopharyngeal tumors
have skull base crosion,
{MRI > CT for skull base invasion)

Supraclavicular Node - T i -
Modal mets are present in 90% of 3
nasopharyngeal tumors, with the

retropharyngeal nodes usually the Y !

first involved. L 2, &\

L Y
o5 | 2%
“Earfiest Siten " of nasopharyngeal SCC is
the effacement of the fat within the FOR.

Look at the Clivus

Mormal Comparison
(T1 Bright Marrow Signal)  Marrow Signal)

Invasion (loss of Mormal T1

147



Neck Anatomy Blitz

Supraglotiic Region;
Arrow on the Tip of
the Epiglottis

Supragloutic Region;
Valleculae (grev
ATOWE),
Hypoepiglotic
Ligamemt {white
arrow ), Epiglottis
{muluiple tiny white
AToWs)

Supraglotlic Region:
Pre-Epiglottic Fat
(star), Aryvepiglottic
folds (grey armows),
piriform sinuses
{white arrows)

Supraglouic Region:
Para-Epiglonic
Spaces (opeén arrows),
Aryepiglottic folds
(grey arrows),
piriform sinuses
(white arrows)

The Para-Epiglonic communicares with the
Pre-Epiglonic Space 7 Far superioriy

Tie Pre-Epiglonic faf is rich in fymphatics,
ks or invasion of these reglons
important for femor siaging

Sub- Glotiie Region: Level

Supraglottic Region: Level of the Glotlic Region: Level of the True

False Cords (while arrows), with Cords (white arrows), with the of the Cricoid Ring
para-gloitic spaces (open arrows), cricoarytenoid joini (black

and aryvienoid caniloges (black arrows), and Anterior Commissure

arrows) {open armow)
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Laryngocele:

When the laryngeal “saccule™ dilates with air you call ita
laryngocele. Ifitis filled with fluid you still might call ita
larygocele (but if saceelar eysr is a choice - consider that). IF it
15 filled with fluid and air you still might call it a larygocele
(but it faryngopyrocele is a choice — and you have any hint of
infection - consider that).

Wirat the fuck is a “saccwle” ? The “saccule™ is the
appendix of the laryngeal ventricle (a blind ending sac that
cxiends anterior and upwards). It's usually closed or
minimally filled with fluid (you don’t typically sec it in
normal adulis).

Wiy does it dilate ? Usually because it"s obstructed (ball-
valve mechanics at the neck of the saccule), and the testable
point is that 15% of the time that obstruction is 3 IMIMOE.

You can also see them in foreeful blowers (trumpet players,
glass blowers) — well maybe, this depends on what you
read. Simply read the mind of the question writer to know if
they are on team trumpet player laryngocele.

Vocal Cord Paralysis:

There are internal and external
version of this (based on
containment of violation of
the thyrohyoid membrane).

The involved side will have an expanded ventricle (it's the opposite side with a cancer). If you sce
it on the left, a good “next step” question would be to look at the chest (for recurrent laryngeal nerve

invelvement at the AP window).

Buzzword = “Hoarseness™ - If you see “Hoarseness™ in the question header, you need o
think recurrent laryngeal nerve compression in the AP Window - either from a mass/node

or aortic path. *Hoarseness is also a classic Laryngeal CA buzzword (5o look there foo).

Vocal Cord Paralysis - Ipsilateral Expanded Ventricle

AP Window PET Avid Node
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Laryngeal Cancer

{ Nearly Always ~ 85% Squamous Cell )

Risk Factors: Smoking, Alcohol, Radiation, Laryngeal Keratosis, HPV, GERD, & Blasphemy against the

correct religion (false religions are safe to talk shit about),

The role of the Radiologist is not to make the primary cancer diagnosis here, but 1o assist in staging.
Laryngeal cancers are subdivided into (a) supraglottic, (b} glottic, and (c) subglottic types.
“Transglottic™ would refer to an aggressive cancer that crosses the laryngeal ventricle,

Supra-Glottic

-More Aggressive
-Early Lymph
Node Mets
-They don’t get
hoarseness

Fen .pﬁn:::].‘s m-na’.l'ﬂ_ﬁ.ﬂrf
(EUess af) Mhe inferior margin
af o supragloiic muss.

Partial larymgectomy uswally
con oy be done if the mor
is restricted no the
supraglonis and does mor
invalve the arvtenaids or
larvngeal vemricle,

Glottic

-Most Common
-Best Qutcome
-Girow Slowly
-Metastatic Disease
is Late

Sub-Glottic

-Least Common

-Oifien small
compared 1o nodal
burden

=Bilateral nodal
discase &
mediastinal

l exlension

Supra-Glottic:
Epiglottic Centered

-Anierior

=Likes 1o Invade the Pre-
Epigoluic Space [Fal (which
is rich in lymphatics

Supra-Glottic:
False Cord / Fold
Centered

-Posterior Lateral

-Likes 1o Invade the Para-
Glonic Space /Fai (which
communicates superiorly
with the Pre-Epiglotiic
Space

Lisually invalve the
anierior cord and
spread ino the
ANterion commissure
{typically defined as
sufi tissue thickening
of = 2mm)

Classic Climical History:
“Progressive and
Crniimens Hoarsemess, ™

The wypical look 15
soll tissue thickening
between the airway
and the cricoid ring.

Epiglottic mass
spreading anterior
across the hypo
cpiglottic ligament
into the preepiglottic
space and into the
paired vallecula.

False Cord mass
spreading into the
para=gloltic space
Paraglattic space
fnvodfvement makes e
fooe T3 aned
“tramsglotiic. "

Aryepiglottic fold
mass spreading into
the paraglottic space
& piriform sinus

Glottic mass spreading
forward towards the
antcrior commissure

Fixation of the cords
indicates at least a T3
tumor - this is best
assessed with a scope
but can be suspected
with discase in the
cricoarytenoid joint.

The only reliable sign of
cricaid invasion is
tumor on both sides of
the canilage ffrregedar
selevotic cartilage con
he narmal),

Invasion of the cricoid canilage is a commindication wo all types of laryngeal

conservation surgery {ericoid cortifage is necessary

of tre vocal cords),

Jor pastoperative siahiline

*Besr seen in coronals.
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“SECTION 17:
Orhits

Tumors and Tumor Like Conditions:

Retinoblastoma - This is the most common primary malignancy of the globe. If you see
calcification in the globe of a child - this is the answer.

The step 1 question is RB suppressor gene {chromosome 13 — “unlucky 13"). That’s the same
chromosome osteosarcoma patients have issues with and why these guys are at increased risk of
facial osteosarcoma after radiation.

The globe should be normal in size (or bigger), where Coats’ is usually smaller. It's usually seen
before age 3 (rare after age 6). The trivia is gonna be where else it occurs. They can be bilateral
(both eyes - 30%), trilateral (both eyes and the pineal gland), and guadrifareral (both eyes,
pineal, and suprasellar).

Coats’ Disease - The cause of this is retinal telangiectasia which resulis €T - Dense
in leaky blood and subretinal exudate. [t can lead to retinal detachment. It's Tl - Hyper
seen in young boys and typically unilateral. The key detail is that it is NOT T2 - Hyper
CALCIFIED (retinoblastoma is).

Coars diseave has a smalfer globe. Retinoblastoma has g novmal sized globe,

Persistent Hyperplastic Primary Vitreous (PHPV) -

This is a failure of the embryonic ocular blood
supply to regress. It can lead to retinal
detachment. The classic look is a small eye
{(microphthalmia) with increased density of
the vitreous. Mo calcification.

Retinal Detachment - This can occur
secondary to PHPY or Coats. It can also be
caused by trauma, sickle cell, or just old age. : ) e

The imaging finding is a *V" or *¥" shaped Retinal Detachment in the setting of PHPV
appearance due to lifted up retinal leaves and
subretinal fluid.

Globe Size Comparison
- A Stratepy for Eliminating Distractors
«  Retinoblastoma - Normal Size *  PHPV - Small Size (Normal Birth Age)
+  Taxvocariasis - Normal Size *  Retinopathy of Prematurity - Bilateral Small

«  Coats’ - Smaller Size
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Melanoma - This is the most common intra-occular lesion in an adult. If you see an
enhancing soft tissue mass in the back of an adult’s eye this is the answer,

Here are 4 wayvs vou could ask a question about this:

(1) show a picture - what 15 117,

(2) ask what the most common intra-gccular lesion in an adult 157

(3) ask the buzeword “collar button shaped ™ ? - which is related to
Bruch’s membrane,

{4) strong predilection for liver mets - next step Liver MR,

Optic Nerve Glioma: These almost always (90%)
occur under the age of 20. You see expansion / enlargement
of the entire nerve. If they are bilateral you think about
NF-1. They are most often WHO grade | Pilocytic
Astrocyiomas. If they are sporadic they can be GBMs and
absolutely destroy you.

Optic Nerve Sheath Meningioma: The buzzword
15 "tram-track” calcifications. Another buzzword is ‘
“doughnut™ appearance, with circumferential enhancement o S
around the optic nerve, “Tram-Track” = Meningioma

Dermoid: This is the most common benign
congenital orbital mass.

It"s usually superior and lateral, arising from the
frontozygomatic suture, and presenting in the first
10 years of life. It's gonna have fat in it (like any
good dermoid). The location is classic.

Crbital Dermoid - Classic Location

Rhabdomyosarcoma - Most common extra-occnlar orbital malignancy in children
(dermoid is most common benign orbital mass in child). Favors the superior-medial orbit and
classically has bone destruction. Just think “bulky orbital mass in a 7 year old.”

When they do oceur - 40% of the time i1's in the head and neck - and then most commaonly it’s in
the orbit. 1t°s still rare as hell.

Lymphoma - There is an association with Chlamydia Psittaci (the bird fever thing) and
MALT 'I_}fmpht!mﬂ of the orbit. It usually invelves the upper outer orbit - closely associaled with
the lacrimal gland. It will enhanee homogeneously and restricts diffusion - just like in the brain.
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Metastatic Neuroblastoma - This has a very classic appearance of “Raccoon Eyes” on
physical exam,

The classic location is periorbital tumor infiltration
with associaled proptosis. Don’t forget a basilar skull
fracture can also cause Raccoon Eyes.., 50 clinical

correlation is advised. Neuroblastoma mets tend to be
maore

Another thing worth mentioning is the bony
involverment of the greater wing of the sphenoid.
Meuroblastoma is gonna be bilateral. Ewings favors
this location also - but will be unilateral. Lateral Orbit is the Most Common Location

Metastatic Scirrhous (fibrosing)
Breast Cancer -

This is classic gamesmanship here. The important point
to know is that unlike primary orbital tumors that are
going to cause proptosis, classically the breast cancer
met causes a desmoplastic reaction and enophthalmos
(posterior displacement of the globe),

’ n

Trivia: Mets are actually more comman to the eve relative  Infilirative retrobulbar mass +
to the orbit flike 8x more conmon). enophthalmos = scirrhous carcinoma
of the breast

1964 - Orhit
Orbital Pseudotumor: Tolosa Hunt Syndrome: Lymphocytic
o o . Hypophysitis:
This is one of those 1gGe This is histologically the same
idiopathne inflammatory thing as orbital pseudotumaor This is the same deal as
conditions that involves the but instead invalves the orbital pscudotumor and
extraoccular muscles. It looks like cavernous sinus. Tolosa Hunt, except it's the
an expancded muscle, The things S ) . piwitary gland. Just think
to remember are that this thing is [t is painful (just like enlarged pituitary stalk ina
painful, unilateral, it most pseudotumor), and presents postpartum / 3™ (rimester
commonly involves the lateral ~ with multiple cranial nerve woman. It looks like a
rectus and it does NOT spare  palsies. It responds to steroids 5,6 adenoma, but it
the myotendinous insertions. (just like pseudotumor). elassically has a T2 dark rim.

Remember that Graves does not
cause pain, and does spare the
myotendinous insertions. It gets
better with steroids. 1t's
classically T2 dark.
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Thyroid Orbitopathy: This is scen in
1/4th of the Graves cases and is the mosl
common cause of exophthalmos. The
antibodies that activate TSH recepiors also
activale orbital fibroblasis and adipocytes.

Things te know:
= Risk of compressive optic
neuropathy
= Enlargement of ONLY MUSCLE
BELLY (spares tendon) - differem

than psends fumor

«  NOT Painful - different than psenudo

fHmor
+  Drder of Involvement:

IE = MRE = 5K > LR = SO/10
Inferior, Middle, Superior, Lateral, Oblique

Thyroid Orbit - Spares Tendon Insertion

Lymphangioma

These are actually a mix of
venous and lymphatic
malformations. They are ill-
defined and lack a capsule. The
usual distribution is infiltrative
(multi-spatial), involving, pre-
septal, post-sepial, extraconal,
and intraconal locations,

Fluid-Fluid levels are the most
classic finding , with regard 1o
muliiple choice.

Do NOT distend with

Provocalive mancuvers
{valsalva),

I,

Fluid-Fluid Levels

Varix

These occur
secondary Lo
weakness in the
post-capillary
venous wall (gives
you massive
dilation of the
valveless orbital
veins).

Most likely question
is going 1o pertain
to the fact that they
provocative
mancuvers
{valsalva, hanging
head., ete...).

Another picee of
trivia is that they arc
the miest cammon
conse of
spontaicous orbital
hemorrhage. They
can thrombose and
present with pain,

Carotid-Cavernous Fistula

These come in two [Tavors:

(1) Dvirect - which is secondary to
trauma, and (2) Indirect - which just
occurs randomly in post menopausal
waoimen,

The direct kind 15 a communication
between the intracavernous 1CA and
cavernous sinus, The indirect kind is
usually a dural shunt between meningeal
branches of the ECA and the Cavernous
Sinus.

Buzzword: Pulsatile Exophthalmos
*although this can also be a buzzword
o NF-{ in the setting of sphenoid wing

dvsplasia.

Prominent left
superior ophthalmic
vein with proplosis

Prominent left
CAVCIMOouUs Sinus
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Orbital Infection

Orbital Anatomy Review

Lacrimal Sac

Intraconal
Space - is the
space inside the
rectus muscle
pyramid.

Lacrimal
Gland
Fossa

Extraconal
Space - is the
space outside
the rectus
muscle pyramid.

Differentiation between Orbital (post-septal) and
Periorbital {pre-septal) cellulitis is based on the  Intraconal Space '
relationship to the orbital septum (arrows). Badracyrial Spuce

Pre-Septal/ Post-Septal Cellulitis -

As above, location of orbital infections are described by their relationship to the orbital septum. The
testable trivia is probably (1) that the orbital septum originates from the periosteum of the orbit and
mserts in the palpebral tissue along the tarsal plate, (2) that pre-septal infections usually start in
adjacent structures (likely teeth and the face) , (3) post-septal infections are usually from paranasal
sinusitis, and (4) pre-septal infections are treated medically, post septal is surgical.

Trivia: Periorbital abseess can cause thrombosis of the ophthalmic veins or eavernous sinus (in
extreme examples infection — usually aspergillosis — can even cause a cavernous-carotid fistula).

Dacryocystitis -

This is inflammation and dilation of the
lacrimal sac. It has an Aunt Minnie
look, with a well circumseribed, round
rim cnhancing lesion centered in the
lacrimal fossa, The eticlogy is typically
obstruction followed by bacterial
infection (staph and strep).

Usually this is diagnosed clinically unless there 15 an associated peri-orbital cellulitis in which can
CT iz needed to exclude post septal infection (treated surgically) from simple dacryocystitis

(treated non-surgically).
If you get inflammation under the periosteum "
it can progress 1o abscess formation. e 1
This is usually associated with cthimoid
sinusitis. This also has a very classic look.
-

Orbital Subperiosteal Abscess:
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Misc Orbital Conditions

.

Optic Neuritis:

There will be enhancement of the optic
nerve, withewt endargement of the nerve/
sheath complex. Usually (70%) unilateral,
and painful.

You will ofien see intracranial or spinal cord
demyelination — in the setting of Devies
(neuromyelitis optica). 50% of patient’s
with acute optic neuritis will develop MS.

’-‘ If the optic nerve is enlarged, think glioma... then think NF-1.

Papilledema:

This is really an eve exam thing.
Having said that you can sometimes see dilation/ swelling of the optic nerve sheath.

N2

Ectopia Lentis (lens

NIE

Intraocular Lens

4

Drusen - Mineralization at the
optic disc. Supposcdly there is an
association with age-relaied
maculopathy

Implant -

The standard treatment for
cataracts. A replaced lens has
a thin linear appearance.

dislocation) - Causes include
Trauma, Marfans, and
Homoeystinuria.

Coloboma:

This is a focal discontinuity of the globe
(failure of the choroid fissure to close).

They are usually posterior, 1f you see a
unilateral one - think sporadie.

If you see bilateral ones - think CHARGE
{coloboma, heart, GU, ears).
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Anatomy Trivia

Cord Blood Supply: There is an anterior blood supply and a posterior blood supply to the cord.
These guys get taken out with different clinical syndromes.

Anterior spinal arfery - arises bilaterally as two small branches at the level of the termination of

the vertebral arteries. These two arterics join around the level of the foramen magnum.

Artery of Adamkiewicz = This is the most notable

reinforcer of the anterior spinal artery. In 75%
of people it comes off the left side of the aorta
between T8 and T11. It supplies the lower 2/3
of the cord. This thing can get covered with the
placement of an endovascular stent grafi for
ancurysm or dissection repair leading to spine
infarct.

Posterior Spinal Artery — Paired arteries which
arise cither from the vertebral arteries or the
posteriar inferior cerchellar artery. Unlike the
anterior spinal artery this one is somewhat
discontinuous and reinforeed by multiple
scgmental or radiculopial branches.

Anterior

Posterior

Conus Medullaris: This is the terminal end of the spinal cord. It usually terminates at around L1,
Below the inferior endplate of the L2 / L3 body should make you think tethered cord (especially if

shown in a multiple choice setting).

Epidural Fat: The epidural fat is not evenly distributed. The epidural space in the cervical cord is
predominantly filled with venous plexus (as opposed to fat). In the lumbar spine there is fat both
anterior and posterior to the cord. “Epidnral Lipomatosis "= is a hypertrophy of this fat that only
oecurs with patien roids (“on corticosteroids™ would be a huge cluc).

symptomatic until middle age.

Stenosis: Spinal stenosis can be congenital (associated with short
pedicles) or be acquired. The Torg-Pavlov ratio can be used to call it
{cervical canal diameter to vertebral body width = 0.85).
Symptomatic stenosis is more common in the cervical spine (versus
the thoracic spine or lumbar spine). You can get some congenital
stenosis in the lumbar spine from short pedicles, but it’s generally not

B
-

EEEp

e

|
-
-

EE

Sagittal View
B/A = 0.85
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Degenerative Changes

What is this degenerative change you speak of 7 The best way to understand this is through
two mechamsms; Spondylosis Deformans and Intervertebral Osteochondrosis.

Spondylosis Deformans

This is
probably pan
of “normal

aging”™

“Degenerative Change™ or spine
ostcoarthritis. This is more rim / margin
centered. Process is characterized by
osteophyie formation.

Intervertebral Osteochondrosis

Pathologie (but
1ol necessarily
symplomatic)

“Deteriorated Disc™ - This process is more
centered in the dise space favoring the nucleus
pulposus & vertebral body endplates.

- —

Osteophytes:

« More honzontal /
obligue with a
“claw™ like
appearance.

« Formed also the
vertebral margin.

« Scen in *DID™ /S
Spondylosis

m THIS vs THAT: Osteophytes vs Syndesmophytes

—

Syndesmophytes:

= More vertical
symmetric, and
thinner

« Represent

ossification of the

annulus fibrosis,

Seen in Ankylosing

Spondylitis.

Endplate Changes: Commonly referred 1o as “Modic Changes.”

There is a progression in the MRI signal characteristics
that makes sense if you think about it. You start out with
degenerative changes causing irritation / inflammation
so there is edema (T2 bright). This progresses to chronic
inflammation which leads 1o some fatty change — just

like in the bowel of an 1BD patient

signal. Finally, the whole thing gets burned out and
fibrotic and it"s T1 and T2 dark. As a prominent factoid,
Type 1 changes look a lot like Osteomyelitis (clinical

Typel | ; 522 ;'- : Type 3 '_-'.L-'l .-

correlation is recommended).

Type 1 i ‘i' B

1 EATEN

Typel | T1 Dark,
"Edema” | T2Bright
| T1 Bright,
T 2 “Far™ | .
causing T1 bright _Fic___ _.__T% '_3"_3[“_
T i
.‘;"“3 | T1 Dark, T2 Dark
Car |

Tl
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Annular Fissure:

As the disc ages, it tends to dry out making it more friable and casily torn. “Tears™ in the annulus
{which are present in pretty much every degenerated disc) aren’t called “tears” but instead “fissures”.
People who write the papers on this stuff make a big fucking deal about that - with the idea being that
“tear” implies pathology. Fissuring can be asymptomatic and part of the aging process.

Even though fissures are present
in basically every degenerated
disc you don't always see them
on MRI. What you do see (some
of the time) is a fuid signal gap
in the annulus - which has been
given the official vocabulary
word “High Intensity

Zone,” and anything with
official vocabulary nomenclature
should be respected as possible
multiple choice fodder.

M
M

“High Intensity Zone" -MR with Fluid Signal in the Annulus

«Annular fissures may be a source of pain

(radial pain fibers - rigger “discogenic pain”) but are also seen as incidentals,

«Fissures are found in all degenerative discs but are not all fissures are visualized as HIZs.
-Discography is more sensitive to fissures relative to MR, but still not 100% sensitive.
=Also, Dude, “Tear” is not the preferred nomenclature - “Fissure.”

Limbus
Vertebra

Schmorl Node: Scheuermann’s

Tnrravertebral Herniation This is multiple levals

This is a herniation of disc material
through a defeet in the vertebral
body endplate into the actual
IMATTOW.

Common - like 75% of people have
them,

Classie look is to favor the inferior
endplate of the lower thoracic /
upper lumbar spine, When they are
acute they can have edema on T2
and be dark on T1 - mimicking
osteomyelitis. Chronic versions will
hawve a sclerotic rim,

{at least 3) of wedged vertebral
bodies with associated
Schmorl’s nodes —

dlost classically the thoracic
spinc of a teenager, resulting in
kyphotic deformity (40 degrees
in thoracie or 30 degrees in
thoracolumbar).

25% of patients have scoliosis.

This is a fracture
mimic that is the
result of hemiated
disc matenial
between the non-
fuscd apophysis and
adjacent vericbral
body.,

o

i .
Ml =
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Disc Nomenclature:

In order to “improve accuracy” in the description of lumbar spine disc disease, a handful of
elites gathered at an unknown location, ate caviar, drank wine, and then made a sacrifice to

Moloch the Owl God - after which they issued a proclamation on what vocabulary words you
are and are not allowed to use when describing degenerative disc herniation.

Herniation:

Bulge:

This is the approved verbiage for the
displacemem of LESS THAN 25% of
disc material beyond the limits of the

disc space.

This is the approved
verbiage for the
displacement of MORE
THAN 25% of disc

material beyond the limits

of the dise space.

Protrusion (sublype Extrusion
of herniation) (sublype of
hermiation)

Term used when the
distance between the

Term used when
the edges of the

Sequestration
Free (broken ofl)
disc fragment.

-

po 1 TN

ol

Asymmeiric Bulge

edge of the disc disc are greater

herniation is less than than the distance of |

the distance between the base |

the edges of the base (peck narrower

{base wider than than hemiation).

| F Disc Level
Localization - Suprapedicle Level
Cranial

}Pcdiclu Level

Caudal Plane

} Infrapedicle Level

Exira Foraminal

Foraminal
Localization
Axial Plane

*ken ol

becarese af the refationship
ter the Darsal Roor Ganglia

e

Sub Articular

*Maxt Canemron Location

Central
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Which Nerve is Compressed?

There are 31 pairs of spinal nerves, with each pair corresponding to the adjacent
vertebra — the notable exception being the *C8” nerve. Cervical disc herniations are
less common than lumbar ones.

The question is most likely to take place in the lumbar spine (the same spot most disc
herniations occur). In fact more than 90% of hemiations occur at L4-L5, and L5-S1.

A tale of two herniations. It was the best of times, it was the waorst of times...

Scenario 1:

L5

g

5T ;- LS
%1 A Faraminal Dise
L5 Nerve & LS  Will Smash the
/ v 3 »  Exiting Nerve.

In this case the LS
: 1 Nerve
|

51 Nerve

Scenario 2:

\\\___

A Central or Sub-
Articular Disc Will
L5 gmash the
= Descending Nerve.

In this case the S1
51 Nerve
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LP / Myelogram Technique

i Prior to the LP
Absolute Contraindications: it 7
» Increased intracranial pressure or obstrucied CSF flow (ACR-ASNR recommendations)
+ Bleeding diathesis (hypocoagulability) - 5TOP Coumadin 4-5 days

= Myelogram Specific — lodinated contrast allergy - STOP Plavix for 7 days

- Hold LMW Heparin for 12 hours

- Hold Heparin for 2-4 hours -
document normal PTT

- Aspirin and NSAIDs are fine (not

contraindicated)

Relative Contraindications (vary per institution):
+ Overlying infection, hematoma, or scarring

« Myelogram Specific - Recent myelogram (< | week)
= Mvelogram Specific - History of seizures

Legit Indications for Fluoro Guided LP:

« Advanced degenerative spondylosis,

« Post-surgical changes,

« Patient is so fat (“a person of size™), when Dracula sucked his'her blood, he got diabetes.

« Myvelogram Specific - MRI contraindication

« Myvelogram Specific - Geriatric Professor Emeritus of Neurosurgery wants it, and it is better than
doing the pneumoencephalogram he originally ordered.

NOT Legit Indications for Fluoro Guided LP — alf of wirich ['ve heard:

« “The patient is crazy™

» “The patient is crazy & violent™

= “The patient is crazy, violent, and has high viral lead HIV.... and Hep C*

+ “The patient recently escaped a locked mental institution for the extremely violent and criminally
insane, has both HIV and Hep C. He spits like a camel and has really terrible body odor.”

L2-L3 or 1314 are common Technical Overview _
entry points. A potential trick . Target the The needle will
would be to show you imaging . interlaminar naturally steer tovward
with a low lying conus (usually " space, just off the sharper side and
that thing stops a1 L1-1.2). | of midline, h HS:H_::_f'mm lhcdl:lruvellll.

— mag
Remember you need 1o be Always 5 lh;;ffj;;f‘;:mifffmﬁ
below the conus - 50 you might aspirate .

] the bevel side opposite
!:t{“:_l'l-"re yiou Y the direction you are
inject Y allempling (o steer.

anyihing.

need 10 adjust down,
depending on how low 11 is.

Myvelogram Specific - Comtrast should flow freely away from the needle tip, gradually filling the thecal
sac. The outlining of the cauda equina is ancther promising sign that you did it nght, If contrast pools al
the needle tip or along the posterior or lateral thecal sac withowt free-flow, a subdural injection or
imjection in the fat around the thecal sac should be suspected.

Technical Strategies to Reduce the Incidenee of Post Dural Puncture Headache (PDPH):

Use a small needle (25 G). especially for epidural pain injections or myelography. You might have

to use a 22G for a diagnostic LP or you are going 1o struggle to get enough fluid for a sample, and

vour opening pressures may nol be accuraie.

« Non-cutting “atraumatic” needle (diamond shaped tip) reduce incidence of PDPH

=« Replace the stylet before you withdraw the needle, This isn't just for the | in a million chance that
you suck a nerve rool up in the necdle. This has also been shown to reduce incidence of PDPH

« Direction of the bevel: This actually matters

You want Lo run the Perpendicular is wrong. You are

bevel paralle] with the J going 1o cul those libers, Coming in |}£
fibers to push them o L l i a crazy sideways angle is also nol =g
apart...not cut them, - | ideal (same reason). H
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Blood Patch
Even a miniscule defect within the thecal sac post LP « Most PDPHs start 24 hours after the
can allow leakage of spinal fluid resulting in puncture (between 24-48 hours) - larger
intracranial hypotension and the dreaded chronic/ leaks can present earlier.
debilitating post dural puncture_headache. » Most people will wait 72 hours after the
headache begins (“conservative
Classic PDPHs are bilateral, better laying down, and therapy™} prior to attempting the patch.
warse sitting up. They are also worse with coughing, « Most people will try at least twice before
sneezing, or straining to push out a large turd (from calling neurosurgery to sew to hole you
chronic opioid abuse). carved out of the dura (you fucking
psycho)
The procedure involves injecting between 3-20cc of the || - Severe atypical symptoms should
patients own blood into the epidural space near the prompt a CT (to exclude a subdural from
original puncture site with the hope of sealing the hole. severe hypotension).

“Failed Back Surgery Syndrome” (FBSS)

Another entity invented by NEIM to take down the surgical subspecialties. Per the NEJM these
greedy surgeons generally go from a non-indicated spine surgery, to a non-indicated leg amputation,
to a non-indicated tonsillectomy on an innocent child,

Text books will define it as recurrent or residual low back pain in the patient after disk surgery. This
occurs about 40% of the time (probably more), since most back surgery is not indicated and done on
inappropriate candidates. Causes of FBSS are grouped into early and late for the purpose of multiple
choice test question writing:

Complications of Spine Surgery
Rccurn,nl: Residual Disk | Will lack enhancement {unhlu:. a scar — which will enhance on d.ctays}
E_mdural Fibrosis Scar, that is usually postenior, and cnhnnccs hnmugcncausly
| Buzzwords are “clumped nerve roots” and ° ‘empty thecal sac™,
Arachnoiditis :Enhancement for 6 weeks post op is considered normal. After 6 wecks
 may be infectious or inflammatory,
12,000 Square Foot | As spine surgeons perform more and more unnecessary surgerics l.iu._v
Mansion Syndrome 'need something to spend all that money on.

m THIS vs THAT: Scar vs Residual Disc:

T1 Pre Contrast they will look the same... like a bunch of mushy crap.
T1 Post Contrast the disc will still look like mushy crap, but the scar will enhance.

Conjoined Nerve Roots:

Two adjacent nerve roots sharing an enlarged common sleeve — at a point during their exit from the
thecal sac. This can be a source of FBSS if it is the source of pain instead of a dise. Alternatively it
could be misidentified as a disc preoperatively. In both cases, the Radiologist will be cast in the roll
of “Scapegoat™ during the malpractice suit,

163



- SECTION 19:
Seat Belts are for Pussies

Odontoid Fracture Jefferson Fracture:

Classification: This is an axial loading injury (jumping into a

shallow pool) = with the blow typically o the

Type 3 top of the head,
Type 1 T:;F;ll {best ki
(rare] common) Prﬁ%:ﬁf.';}mr The anterior and

posterior arches blow
out laterally.

« About 30% will also have a C2 Fracture
« Neurologic (cord) damage is rare, because
all the force is dirccted into the bones,

s =0 0
‘ * * Could be shown on a plain

Fracture at ﬁ_tm open mouth odontoid -,' & .

upper part of VicW,
Odontoid gm%“m aK ::;raclugc d Remember the C1 lateral
frefated o b hage U 1. Cen e masses shouldn’t sli i S
avilsion of the  (high non- into the body 1 at:m]i shouldn’t shde oft ) a Conparison
alar ligamens)  wnion rate) of C2. ¥
Mav be Ticreased distance
S y! i Unsiable Unsiable benwveen the lateral
masses of O and
odanfoid peg

0Os Odontoideum / Os Terminale:

These variants can mimic a type | Odontoid fracture. In both cases, you have an ossicle located at the
position of the odontoid tip (the orthotopic position). The primary difference is that with an
Os Odontoideum the base of the dens is usually hypoplastic,

« Prone to subluxation and instability. @

« Associated with Morquio’s syndrome. @
» Orthotopic is the position on top of the dens.

« Dystopic is when its fused to the clivus.

Mormal Os Terminale Os Odontoideum
Hangman’'s Fracture:

Scen most commonly when the chin hits the dashboard in an MYA (“dircet
blow to the face™). The fracture is through the bilateral pars at C2 (or
the pedicles — which is less likely). You will have amterior subluxation of
C2 on C3 (> 2mm). Cord damage is acwally uncommon with these, as the
acquired pars defect allows for canal widening. There is often an
associated fracture of the amterior inferior comer al C2 — from avulsion of

the anterior longitudinal ligament. Traction is contraindicated.
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Flexion Teardrop:

This represents a teardrop shaped fracture
fragment at the anterior-inferior vertebral body,
Flexion injury is bad beeause it is associated
with anterior cord syndrome (85% of patients
have deficits), This is an unstable fracture,
associated with posterior subluxation of the

vertebral body.

= ==

Extension Teardrop:

Another anterior inferior teardrop
shaped fragment with avulsion of the
anterior longitudinal ligament. This is
less serious than the flexion ype.

T

Flexion Teardrop

Extension Teardrop

Impaction Injury
Extremely Unstable

Hyperflexion _
Classic History: “Ran fnto wall”

Distraction Injury
[ Stable in flexion (unstable in cxtension)

Hyperextension

e ————————————— _—

Classic History “Hit from behind”

Clay-Shoveler’s Fracture: This isan
avulsion injury of a lower cervical / upper
thoracic spinous process (usually C7). It is
the result of a forceful hyperflexion
movement (like shoveling).

The “ghost sign™ describes a double spinous
process at C6-C7 on AP radiograph.

Chance Fracture:

These are flexion-distraction fractures that are
classically associated with a lap-band seatbelt.
There are 3 column (unstable) fractures.

Most commonly seen at the upper lumbar
levels & thoracolumbar junction.

High association with solid organ trauma.
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Facet Dislocation: This is a spectrum: Subluxed facets -> Perched -> Locked.

Unilateral: 1f you have unilateral locked facet
{usually from hyperflexion and rotation) the
superior facet slides over the inferior facet and
zets locked. The unilateral 15 a stable injury,

You will have the inverted hamburger sign on Inverted
axial imaging on the dislocated side. g;:burger
—_—
Bilateral: This is the result of severe ——
hyperflexion. You are going to have disruption of Mormal

Bun on Bun

the posterior ligament complex, When this is full
on, you are going to have the dislocated vertebra
displaced forward one —half the AP diameter of
the veriebral body. This is highly unstable, and
strongly associated with cord injury.

Atlantoaxial Instability:

The articulation between Cl and C2 allows for
lateral movement (shaking your head no). The
transverse cruciform ligament straps the dens to
the anterior arch of Cl. The distance between the
anterior arch and dens shouldn’t be more than 5
mm. The thing to know is the association with
Down syndrome and juvenile RA.

Rotary subluxation can occur in children without
a fracture, with the kid stuck m a “cock-robin”
position — which looks like torticollis. Actually
differentiating from torticollis is difficult and
may require dynamic maneuvers on the scanner,

This never, ever, ever happens in the absence of a fracture in an adult (who doesn’t have

Downs or RA). Having said that, people over call this all the time in adults who have their
heads wrned in the scanner.
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Instability

You will read different definitions of “instability” as it relates to spinal trauma. The one | prefer
is something along the lines of “lost capacity to withstand even a normal physiologic load
without: potential damage to the spinal cord, nerve roots, or develaping an incapacitating
deformity that forces one 1o seek employment in a cathedral bell tower, ™

For the purpose of multiple choice you will sce the words “stable " or “unstable " associated with
specific fracture types. There are also some radiologic “definitions™ of instability which scem to
vary depending on who you ask, In general, if you have acute segmental kyphosis greater than 11
degrees, acute anterelisthesis greater than 3-4 mm, or gross motion on flexion / extension imaging
it is probably an unstable fracture. You will also hear people talk about a “power ratio™ for

occipitocervical instability, and a spinal column theory for the thoracolumbar injury.

Occipitocervical Instability

This can be traumatic (in which case
the patient rarely lives because they rip
their brainstem in half), or congenital
(classically seen with Down
Syndrome). Two popular methods for
evaluating this:

C Powers Ratio
= C-Dr A-B
Ratio is greater
D than 1.0 =

A Ligamentous
i Instability

Harris Lines
Rule of 12

Both the
Basion-Dens
(A) and
Basion-
Posterior Axial
Distance (B)
should be less
than 12 mm.

Denis 3 Spinal Column Concept

Most often yvou will see this idea applied to
thoracolumbar spinal fractures, although
technically it has some validity in the lower
cervical segments as well.

The idea is to divide the vertebral column into 3
vertical parallel columns , with instability
sugpested when all 3 or 2 contiguous columns
{anterior and middle column or middle and
posterior eolumn) are disrupted.

Anterior:

s Anlerior
Longitedinal
Ligament

« Anterior 243
Veriebral Body

Middie:

+ Posterior
Longiudinal
Ligament

+ Posterior 1/3
Vertebral Body

Posterior:
« Posterior

Ligaments

Process

« Pedicles, Facels,
Lamina, Spinous

The management does typically change with unstable fractures typically stabilized (either internal

fusion or external bracing/reduction).
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When Does a “Trauma” Indicate Imaging 2

Canadian C-Spine Rule:

= Age =65 years

» Paresthesias in extremities

= Dangerous mechanism:

= Fall =3 fi or 5 stairs

= Axial load to the head (empty
swimming pool diving, piano fell on
head - while chasing a road runner)

« High Speed MVA|

= Pedestrian vs Car

+ Hulk Smash

MNexus Criteria:

Focal neurologic deficit

Midline spinal tenderness

Altered level of consciousness

« Intoxication (you can’t clear a drunk
guys/girls c-spine while they are
drunk).

= Distracting injury

-

Unstable

Vertebral Overriding = 3mm (*Subluxation™)
Angulation = 11 Degrees

Flexion Tear Drop

Bilateral Facet Dislocation “Double-Locked”
Odontoid Fracture Type 2 and 3

(miost sovrces will say Type 2 & 3 or deploy the word
“wsreally ", but for suee i there is fateral displacement)

Two Contiguous Thoracolumbar Columns
{anterior & middle or middle & posterior)

Three Thoracolumbar Columns
(Chance Fracture, Eic...)

Jefferson Fracture
Hangman Fracture

Atlanto-Oceipital and Atlano-Axial Dislocations

THIS vs THAT: Stability

' Stable
|
! Extension Tear Drop (At least in Flexion)

i Unilateral Facet Dislocation

| Odontoid Fracture Type 1

(usally stable - fexiecrension Gl s6ll wsnally done
to excinde affaniooceipital instability )

Isolated Single Thoracolumbar Column Fracture

Clay Shoveler's Fracture

Transverse Process Fraclure

Clay-Shoveler's

Chance

Jefferson Burst Fracture ol C|
Hangman Bilateral Pedicle or Pars Fraciure of C2
Teardrop Can be Nexion or exiension

Avulsion ol spinous process at C7 or T

Horizontal Fracure through thoracolumbar spine

Named Spine Fractures

Axial Loading .
;-l-l}-'pr;rcxi-;:r;sioll
Flexion (more common)

Hyperflexion S
. “Se:tlbl'.‘!“."
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There is a known correlation between spinal cord edema length and outcome. Having said

Trauma to the Cord:

that, you need to know the most important factor for outcome is the presence of a
hemorrhagic spinal cord injury (these do very very badly).

Central Cord

Anterior Cord

Brown Sequard

Spinal Cord Syndromes

| Upper Extremity
Deficit is worse than
lower (corticospinal
tracts are lateral in
lower extremity)

|Old lady with
spondylosis or young
| person with bad
lextension injury.

fF lexion Injury Immediate Paralysis

'Rotation injury or | One side motor, other
penetrating trauma | side sensory deficits

Posterior Cord

| Uncommon - but
|sometimes seen with | Proprioception gone
hyperextension

s

This is the reason FLEXION injurics are so bad.

Anterior Cord Syndrome (The Really Bad One):

The anterior portion of the cord is jacked. Motor function and anterior column sensations (pain and
temperature) are history, The dorsal column sensations (proprioception and vibration) are still intact,
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AVFs | AVMs:

There are 4 types. Type 1 is by far the most common (83%). It is a Dural AVE: the result
of a fistula between the dorsal radiculomedullary arteries and radiculomedullary vein /
coronal sinus — with the dural nerve sleeve. It is acquired and seen in older patients who
present with progressive radiculomyelopathy. The most common location is the thoracic
spine. If anyone asks, the “gold standard for diagnosis is angiography™ , although CTA or
MRA will get the job done. You will have T2 high signal in the central cord (which will be
swollen), with serpentine perimedullary flow voids (which are usually dorsal).

Spinal AVM / AVFs

Typel | Must Common T} pe {35%} Dural AVF - wuh a sm;lc coiled vessel

| Intramedullary Nidus from anterior spinal artery or posterior spinal artery. Can
Twpe 2 | have aneurysms, and can bleed. Most common presentation 1s SAH. Associated
| with HHT and KTS (mher vawulﬂ syndmmes}

Type 3 | Juvenile, very rare, often complex and with a temble pmgnusts

Intradural perimedullary with subtypes depending on single vs multiple arterial
|supply. These tend to occur near the conus.

Type 4

Foix Alajouanine Syndrome:

This is a congestive myelopathy associated with a Dural AVF. The classic history
is a 45 year old male with lower extremity weakness and sensory deficits.

You have increased T2 signal (either at the conus or lower thoracic spine), with
associated prominent vessels (flow voids). The underlying pathophysiology is
venous hypertension - secondary 1o the vascular malformation.

) Key Finding Blob Like

Swollen High Signal
Cord with Scrpenting

The vaseular mallformation flow voids are CSF § flow voids along the
- punctate, serpiginous, and serpentine. Pulsation B8 surface of cord

Artifacts e

| They are NOT blob like
|- soria like what you sce with CSF pulsation signal loss.
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Syrinx - Also known as “a hole in the cord”. People use the word “syrinx” for all those fancy
French / Latin words (hydromyelia, syringomyelia, hydrosyringomyelia, syringohydromyelia,
syringobulbia etc...). They usually do this because they
don’t know what those words mean.

This is the simple version:

» Hydromyelia = Lined by ependyma.

+ Syringomyelia = NOT lined by ependyma - = B "hf'*&‘ih
These is zero difference clinically - which is why “Cenmal Cord “Srrimx with
cveryone just says “syrinx.” The distinction is strictly Dilation™ Myvelopeatiy

academic (i.e. multiple choice trivia).

Most (90%) cord dilations (healthy and sick ones) are congenital, and associated with Chiari I and 11,
as well as Dandy-Walker, Klippel-Feil, and Myelomeningoceles. The other 10% are acquired cither
by trauwma, tumor, or vascular insufficiency.

In clinical practice, if there is perfectly central mid cord high signal dilation, surrounded by totally
normal cord [ call it “central cord dilation™ or “benign central cord dilation.” If there is the same
thing but the cord around the dilation looks “sick™ - grayish / high signal, or the cord is atrophic, then

W,

I usc the word “myelopathy™ or “myelopathic changes.” Myelopathy is a word for a diseased cord -
usually from disc/osteophyte compression. Although, you can have myelopathy for any number of
ncoplastic, post traumatic, or inflammatory processes.

Spinal Cord Infarct: - Cord infarct / ischemia can have a variety of causes. The most
common cause is “idiopathic,” although 1'd expect the most common multiple choice scenario
to revolve around treating an aneurysm with a stent graft, or embolizing a bronchial artery.
Impairment involving the anterior spinal artery distribution is most common. With anterior
spinal artery involvement you are going to have central cord / anterior homn cell high signal on
T2 (because gray matter is more vulnerable to ischemia).

The “owl’s eye” sign of anterior spinal cord infarct is a buzzword.

It"s usually a long segment, (more than 2 vertebral body segments). Diffusion using single
shot fast spin echo or line scan can be used with high sensitivity (to compensate for artifacts
from spinal fluid movement).
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Demyelinaling (T2 / FLAIR Hyperintense):

Broadly you can think of cord pathology in 5 categories: Demyelinating, Tumor, Vascular, Inflammatory,
and Infectious.

In the real world, the answer is almost always MS — which is by far the most common cause, The other
three things it could be are Neuromyelitis Optica (NMO), acute disseminating encephalomyelitis
(ADEM) or Transverse Myelitis (Th).

M5 in the Cord: “Multiple lesions, over space and time." The lesions in the spine are typically
short segment (< 2 vertebral segments), usually only affect half / part of the cord. The cervical cord is
the most common location. There are usually lesions in the brain, if you have lesions in the cord
{isolated cord lesions occur about 10% of the time). The lesions can enhance when acute — but this is
less common than in the brain, You can sometimes see cord atrophy if the lesion burden s large.

Transverse Myelitis: This 15 a focal inflammmation of the cond. The causes are
numerous (infectious, post vaccination — elassic rabies, SLE, Sjoaren’s,
Parancoplastic, AV-malformations). You typically have at least 273 of the cross
sectional area of the cord involved, and focal enlargement of the cord. Splitters will
use the terms “Acule partial” for lesions less than two segments, and “acule
completc™ for lesions more than two segments, The factoid to know is that the
“Acuie partials™ are at higher risk for developing MS.

O

ADEM: As described in the brain section, this is usually seen after a viral illness or infection
typically in a child or young adult. The lesions favor the dorsal white matter (but can involve grey
matier). As a pearl, the presence of cranial nerve enhancement is suggestive of ADEM. The step |
trivia, is that the “anti-MOG 12G" test is positive in 50% of cases. Just like MS there are usually brain
lesions (although ADEM lesions can occur in the basal ganglia and pons — which is unusual in MS).

NMO (Neuromyelitis Optica): This is also sometimes called Devies. [t can
be monophasic or relapsing, and favors the optic nerves and cervical cord. Tends
to be longer segment than M3, and involve the full transverse diameter of the cord
(mild swelling). Brain lesions can occur (more commonly in Asians) and are
usually periventricular. 1fany PhDs ask, the reason the periventricular location
occurs is that the antibody (NMO 1gG) attacks the Aquaporin 4 channels — which
are found in highest concentration around the ventricles.

Subacute Combined Degeneration: This is a fancy way of describing the
cifects of a Vitamin B12 deficicney, The classic look is bilateral, symmetrically
increased T2 signal in the dorsal columns, without enhancement. The
appearance has been deseribed as an “inveted V sign.” The signal change
typically beging in the upper thoracic region with ascending or descending
progression.

HIV Vacuoclar Myelopathy: This is the most common cause of spinal cord
dysfunction in untreated AIDS, Key word there is "untreated” - this is a lae
finding. Atrophy is the most commeon Nnding (thoracic is most common). The T2
high signal will be very similar to B12 (subacute combined degencration) -
symmetrically involving the posterior columns. 1t can only be shown 2 ways - (a)
by telling you the patient has AIDS or risk factors such as unprotecied anal sex at
a truck stop with a man “bear™ with a thick mustache while sharing 1V drug
needles, (b) not including B2 as an answer choice.
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A A 3

MS: Lesions favor the white matter of the cervical region.
They tend to be random and asymmetric.

OP®

“Owl’s Eye!l -lschemia ] ‘IEI:_hB.ITllﬂ e ISGD}
-Classic for Ischemia - More extensive -This time a . o
(Antarior) anterior involvement,  posterior circulation
-Also seen in Polio :ra'::‘su s::ﬁag in NMO, E:a::rzh“:?;s; tend S T—
' Dr A i i (18 "
-MS can also look like an inverted "V
like this

|Can Enhance /

s Usually Short | Usually Part of the Mot swollen, or | 2
MS : : | Restrict when
Segment | Cord ! Less Swollen iﬁ.cmc
T Ay L L | -

: Usually Long | Usually involves both | Expanded, ! —
™ Segment sides of the cord Swaollen Cord | Can Enhance
NMO ;Usuall}' Long Usually involves both | Optic Merves
: | Segment sides of the cord |Invalved

[ ! Mot swollen, or I
AL | Less Swollen
e S| e 4] R ; :
{ Usually Long | Restricted
et | Segment | Diffusion
Expanded, | Can Enhance

Tumor Swollen Cord




Inflammatory / Infectious:

Arachnoiditis: This is a general term for inflammation of the subarachnoid space. It can
be infectious but can also be post-surgical. It actually occurs about 10-15% of the time
after spine surgery, and can be a source of persistent pain / failed back.

It"s shown two ways:

{1} Empty Thecal Sac Sign — Nerve roots are

adherent peripherally, giving the appearance of an
emply sac.

(2) Central Nerve Root Clumping, This can range in
severity from a few nerves clumping together, to all
of them fused into a single central scarred band.

Empty Theeal Sae Sign

Guillain Barre Syndrome (GBS) - Also known as “Acute inflammatory
demyelinating polyneuropathy™ (AIDP). One of those weird auto-immune disorders that
causes ascending flaccid paralysis. The step | trivia was Campylobacter, but you can also
see it after surgery, or in patients with lymphoma or SLE,

The thing to know is enhancement of the nerve roots of the cauda equina.

Other pieces of trivia that are less likely to be asked are that the facial nerve is the most
common cranial nerve affected, and that the anterior spinal roots enhance more than the
posterior ones.

Chronic Inflammatory
Demylinating
Polyneuropathy (CIDP) -
The chronic counterpart o GBS,
Clinically this has a gradual and
protracted weakness (GBS
improves in 8 weeks, CIDFP does
not). The buzzword is thickened,
enhancing, “onion bulb™ nerve
roots.

CIDP - Diffuse Thickening of the Nerve Roots
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The classic teaching with spinal cord tumors is to first describe the location of the tumor, as
either (1) Intramedullary, (2) Extramedullary Intradural, or (3) Extradural. This is often easier

Tumor

said than done. Differentials are based on the location.

Intramedullary

Astrocytoma,
Ependymoma,
Hemangioblastoma

Extramedullary
Intradural

Schwannoma,
Meningioma,
Neurofibroma,
Drop Mets

Extradural

Disc Disease
(most common)

Bone Tumors,
Mets,
Lymphoma
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Intrameduliary:

Astrocytoma — This is the most commaon Astrocytoma Ependymoma

intramedullary tumor in peds. It favors the =T
ey P Musl COMIMon in chl]d Musl common in Adulls

upper thoracic spine. There will be fusiform - B e

LR . Eccent Central
dilation of the cord over multiple segments. Eiixid A N vl A
: AT . E-Icnerubmmu t-imﬂoba.nmm
They are eccentric, dark on T1, bright on T2, Enhancement Enhancement

and they enhance. They may be associated e

i . Mnﬂ: Ofien Hemorrhagic
with rostral or caudal cysts which are usually
benign syrinx{es).

Ependymoma — This is the most common primary
cord mumor of the lower spinal cord and conus / filum
terminale. You can see them in the cervical cord as well,
This is the most common intramedullary mass in adults.

The “myxopapillary form" is exclusively found in the
conus /filum locations. They can be hemorthagic, and
have a dark cap on T2. They have tumoral cysts about %
of the time. They are a typically long segment (averaging
4 segments).

Ependymoma - Cervical Cord

Myxopapilfary = Most commonly located in the Lumbar spine (conus/filum location)

Hemangioblastoma - VHL Associations:
These are associated with Von Hippel Lindau (30%). *Pheochromocytoma

i i +CNS Hemangioblastoma
The thoracic level is favored (second most common is (cerebellum 75%, spine 25%)
cervical). <Endolymphatic Sac Tumor

«Pancreatic Cysts
*Pancreatic 1slet Cell Tumors
*Clear Cell RCC

The classic look is a wide cord with considerable edema,
Adjacent serpinginous draining meningeal varicosities can
be seen.

Intramedullary Mets -
This is very very rare, but when it does happen it is usually lung (70%).
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Extramedullary Intradural:

Schwannoma: This is the most common tumor to occur in the Extramedullary
Intradural location. They are benign, usually solitary, usually arise from the dorsal nerve
roots. They can be multiple in the setting of NF-2 and the Carney Complex. The appearance
is variable, but the classic look is a dumbbell with the skinny handle being the intraforaminal

component, They are T1 dark, T2 bright, and will enhance. They look a lot like
neurofibromas. If they have central necrosis or hemorrhage, that favors a schwannoma.

Meurofibroma: This is another benign nerve tumor (composed of all parts of the nerve:
nerve + sheath), that is also usually solitary. There are two flavors: solitary and plexiform.
The plexiform is a multilevel bulky nerve enlargement that is pathognomonic for NF-1.
Their lifetime risk for malignant degeneration is around 5-10%. Think about malignant
degeneration in the setting of rapid growth. They look a lot like schwannomas. [f they have
a hyperintense T2 rim with a central area of low signal — “target sign™ that makes you favor
neurofibroma.

Schwan numa Heuroﬂhroma

|Does enveiup the adjacent nerve root

Does IO envelap e mijacent tenrs oot |;"usua!.[p a dorsal sensory rool)

Solitary |Solitary
Multlple m&kes :,rnu thmk MNF-2 Associated with NF I I:even when single)
Cystic change / Hemorrhage T2 hnght rim, T2 d:ar_k_cie_nt_g[__ target Mgn

[Plexiform = Pathognomonic for NF-1

Meningiomas: These guys adhere to but do not originate from the dura. They are more
common in women (70%). They favor the posterior lateral thoracic spine, and the anterior
cervical spine. They enhance brightly and homogeneously. They are often T1 iso to hypo,
and slightly T2 bright. They can have calcifications.

Drop Mets: Medulloblastoma is the most common primary tumor to drop. Breast cancer
is the most common systemic tumor to drop (followed by lung and melanoma). The cancer
may coat the cord or nerve root, leading to a fine layer of enhancement (“zuckerguss™).
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Extradural:

Vertebral Hemangioma: These are very common — seen in about 10% of the
population. They classically have thickened trabeculae appearing as parallel linear densities
“jail bar™ or “corduroy™ appearance. In the vertebral body they are T1 and T2 bright,
although the extraosseuous components typically lack fat and are isointense on T1.

Osteoid Osteoma: This is also covered in the MSK chapter, but as a brief review
focusing on the spine, they love to involve the posterior elements {75%), and are rare afier
age 30. They tend to have a mdus and surrounding sclerosis. The nidus is T2 bright and will
enhance. The classic story is night pain, improved with aspirin. Radiofrequency ablation can
treat them (under certain conditions).

Osteoblastoma: This is similar to an Osteoid osteoma but larger than 1.5 cm. Again,
very often in the posterior elements — usually of the cervical spine.

Aneurysmal Bone Cyst: These guys are also covered in the MSK chapter. They also
like the posterior elements and are usually seen in the first two decades of life. They are
expansile (as the name implies) and can have multiple fluid levels on T2. They can get big
and look aggressive.

Giant Cell Tumor: These guys are also covered in the MSK chapter. These are common
in the sacrum, although rare anywhere else in the spine. You don’t see them in young kids,

If they show this, it’s going to be a lytic expansile lesion in the sacrum with no rim of
sclerosis.

Chordoma: This is most common in the sacrum (they will want you to say clivus — that
15 actually number 2). The thing to know is that a vertebral primary tends to be more
aggressive / malignant than its counter parts in the clivus or sacrum. The classic story in the
vertebral column 15 "involvement of two or more adjacent vertebral bodies with the
intervening disc. ” Most are very T2 bright.

Leukemia: They love to show it in the spine. You have loss of the normal fatty marrow —
s0 it"s going to be homogeneously dark on T1. More on this in the MSK chapter,

paravertebral components are also helpful. | neis / Mycloma in an adult,

Mets: The classic offenders are prostate, Vertebra Plana:

breast, lung, lymphoma, and myeloma,

Think multiple lesions with low T1 ;I"hc: pnm.Flkn:. I'Inlhxlrt]:_rlcgml b?dy' . %
3 H adi usl spy Eosinopnie ranuloma in a

signal. Cortical breakthrough or adjacent kid (sonild b iioroblaclomameand. & i
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SECTION 1:
Trauma and Overuse

Fracture Vocab

Fatigue Fracture
(sometime simply
called a “siress
Sfraciure™).

Abnormal stress on

Normal Bone.

Classic Scenario -

Insane (but kinda hot)
Type A Female Cross
Country Runner -
literally runs until her
legs & feet break in
half.

Insufficiency
Fracture

Mormal stress on

Abnormal bone

Classic Scenario -

O1d lady with horrible
ostcoporosis breaks
her back (compression
fracture) by walking
down a few steps. She
blames Obama for the
fraciure,

Stress Fracture = Fracture resulting from the | Pathologic
mismatch of bone strength and chronic
mechanical force. They come in two flavors
(A) Fatigue, and (B) Insufficiency.

Fracture:

You will sometimes
hear people use this
term synonymously
with “Insufficiency
Fracture™, However,
for the purpose of
multiple choice this
term will most likely
refer to a fracture
through a lytic bone

lesion.

These Iytic lesions
can be mets or be
benign primary bone
lesions (like an
ABC, or Bone Cyst).

| Open Fracture
[ (Comporrd

Fracture):

A fracture associated
with an open wound.
Typically these will
go 1o the OR for
reduction and
washout - given the
obvious risk for
infection.

Tuft Fractures (finger

| tip fracture) with

disruption of the nail
plale are considered
“open” fractures - and
although the typically
won't go to the OR
they do get antibiotics

| (whereas an intact

nail bed often won’t).

Phases of Fracture Healing:

resorption.

Physiology PhDs will describe 3 phases of bone healing (Inflammatory, Reparative, and
Remodeling). From a Radiologist’s perspective the most important thing to understand
about this process is that around 7-14 days granulation tissue will be forming between the
bone fragments. This results in an increased lucency of the fracture site related to bone

In other words, a healing fracture will be MORE LUCENT at 7-14 days.

This explains the disclaimer cowardly Radiologists throw out when they are afraid they
missed a fracture "Consider Repeat in 7-10 days, " The idea is that in 7-10 days, you

should be able to see the fracture line | if one is present , because of the increase in bone
lucency that occurs normally in the healing process.
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Fracture Healing Continued -

In general, bones heal in about 6-8 weeks, but is location

Phalanges = Heal Fast (3 Weeks)

dependent. ing i in the phal )
pendent. Healing is the fastest in the phalanges Tibia = Heal Slow (10 Weeks)

(around 3 weeks), and the slowest is either the tibia or
femoral neck/shaft - depending on what you read

(around 2-3 months).

Everything Else = 6-8 weeks

Delayed Union

fracture not healed within the

expected time period (but still
might). Some sources will say
“twice as long as expected™

Abnormal Healing Vocah

Non-Union Mal-Union
fracture is not going to heal This is union in poor anatomic
without intervention. Somc position (healed crooked as a
sources will say “6-9 months.” politician).

The classic locations are the
scaphoid, anterior tibia, and
lateral femoral neck,

Vitamin D Deficiency

Vitamin D plays a vital role in
calcium uptake and metabolism.

Vitamin D deficiency is actually
the most commen vitamin
deficiency in America

(supposedly).

Risk Factors For Abnormal Healing [ Delayed and Non-Union )

(these ave the ones | think are most testable);

Gastric Bypass Drugs / Meds

Having your gut rewired results

in altered calcium absorption Tobacco (Smoking or Chewing)
{causes secondary

hyperparathyroid and stripping ~ NSAIDS

of calcium from bones) and

therefore higher rates of non- Prednisone (steroids)

union.
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m THIS vs THAT - Compressive Side vs Tensile Side:

This comes up in two main areas - the femoral neck and the tibia.

* Fractures of the Compressive side are constantly pushed back together - these do well,

= Fractures of the Tensile side are constantly pulled apart - these are a pain in the ass to heal,

Tibial Stress Fracture:

This is the most common
site af a stress fracture in
voung atfletes,

These arc most common
on the compressive side
{posterior medial) in either

Less common are the
] tensile side (anterior)
| Posterior fractures, and these favor
S Medial  {he mid shafi. They are
bad news and don"t heal -
e = often called “dreaded
black fines.”

the proximal or distal third.

Lateral

N
R~

VS

(G
N\ at
Medial \

Femoral Stress Fracture:

Fractures along the compressive (medial)
side are more common, typically scen in
a younger person along the inferior
femoral neek,

Fractures along the tensile (lateral) side
are more common in old people.

This is wotally named wrong, as it is another type of
insufficicncy fracture. You scc this in old ladies with
the classic histary of “sudden pain afier rising from
a scated position.” Young people can get it too
{much less commeon), usually scen afier a meniscal

surgery.

h Key Facloids:
= Is an insufficieney fraciure (NOT

ostconcerosis) think SINK not SONE

{arca of maximum weight bearing)
» Usually unilateral in an old lady withow
history of trauma

h « Associated with meniscal injury

SONK (Spontaneous Osteonecrosis of the Knee):

SOMK — LOTS OF EDEM A
- Subchondral Deformity (arrows)
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Mavicular Stress Fracture - You sec these in runners who run on hard surfaces. The
thing to know is that just like in the wrist (scaphoid), the navicular is high risk for AVN.

March Fracture: This is a metatarsal stress fracture which is fairly common.
Classically seen in military recruits that are marching all day long.

Calcaneal Stress Fracture — The calcaneus is actually the most fractured tarsal
hone. The fractures are usually intra-articular (75%). The stress fracture will be seen with
the fracture line perpendicular to the trabecular lines,

You'll rue the day you crossed me Trebek—ular Lines.

Typical Calcaneal
Trabecular Lines

Orientation
of Calcaneal

: Stress Fx
I'll take the Penis Mightier for 3600

THIS vs THAT : High Risk vs Low Risk Stress Fractures:
You can sort these based on the likelihood of
uncomplicated healing when treated conservatively.

High Risk Low Risk
chnrai“Neck {tensile side) Femoral Meck (compressive side)
Transverse Patellar Fracture Longitudinal Patellar Fracture

Anterior Tibial Fracture (midshaft) Posterior Medial Tibial Fracture

St Metatarsal _ 20d el 300 Metatarsal

Talus Calcaneus

Tarsal Mavicular

Sesamoid Great Toe
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Site-Specific Entities - Hand and Wrist

Most common carpal
bone fraclure.

Typical age group is an
adolescents and young

likely to get a distal
radial fracture with a
similar mechanism —
fall).

Distal Pole /

Scaphoid Tubercle

Proximal
Pole

Trans-Scaphoid

Capitate

‘Lunatc f

Perilunate dislocation
(discussed later in the
chapter) have a high
association (60%) with
a scaphoid fracture

adulis (Grandma is more

Perilunate Dislocation

Scaphoid Fracture

Blood flow is “retrograde” (distal
to proximal). This is because the
scaphoid surface is almost
entirgly (80%) covered with
cartilage.

As such, the proximal pole maost
susceptible to AVN and Non-
Union,.

The first sign of AVN = Sclerosis

(the dead bone can’t tum over /
recycle)

Most commen (70 %) fraciure
gile = waist

Displacement of = Imm will
likely get a fixation screw to pull
the fragments together.

Scapholunate Ligament
Disruption

Seen with 10-30% of distal radius
andfor carpal fractures

The SL ligament is composed of 3
parts (volar, dorsal, and middle),
with the dorsal band being the
mosi imponant for carpal stability
(opposite of funo-wrigueral which
is velar).

Drisruption of the ligament
predisposes for DIS] deformity
(discussed later in the chapter in
greater depth).

| “Retrograde”
0| (distal 10
e O proximal) via
% A the Dorsal
| Carpal
Branch of
Radial Arery

Proximal
Pole is @
Risk For AVN
{ Mal-Union

Humphack Deformity
This deformity

resulls from / "| l,./
angulation of the e
proximal and distal ———~_0l | /
fragmenis - in the 4 J"
setting of a waist K —
fraciure, ]
Can progress Lo m Homa)
progressive collapse

and non-union. Humpback shown
Associated with DIS] ©n laieral view

AVN

As above the proximal pole is at
ereatest nisk,

The first sign of
AVN = Sclerosis
(the adjacent bones
will demincralize,
but the avascular
bone will not).
Later the bone will
fragment.

MRI =TI Dark

Trivia: *Prieser Disease™ is an
atrawmatic AVN of the scaphoid
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SLAC and SNAC Wrists

Both are potential complications of trauma, with
similar mechanisms,

SLAC Wrist (Scaphoid-Lunate Advanced Collapse)
aceurs with injury (or degeneration via CPPD) to the
S-L ligament.

SNAC Wrist (Scaphoid Non-Union Advanced
Collapsc) occurs with a scaphoid fracture,

Just remember that the scaphoid always wanis to
rotate in flexion - the scaphoid-lunate ligament is the
only thing holding it back. If this ligament breaks it
will tilt into flexion, messing up the dynamics of the
wrist. The radial scaphoid space will narrow, and the
capitate will migrate proximally.

Treatment depends on the occupation/needs of the
wrist. Wrist fusion will maximize strength, but cause
a loss of motion. Proximal row carpectomy will
maximize ROM, but cause a loss of strength.

- Radioscaphoid joint is first o
develop degenerative changes

« Capitate will migrate proximally and
there will eventually be a DISI
deformity

Scapholunate Ligament Tear:

complex carpal instability on the next page.

s

The Terry Thomas look (gap between the scaphoid and lunate) on plain film.

There are actually 3 parts (volar, dorsal, and middle), with the dorsal band being the most
important for carpal stability. 1f they tear the carpals will migrate away from cach other.

Predisposed for DISI deformity and all that crap [ talked about earlier. More on this
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E2 THIS vs THAT- DISI vs VISI

This topic can be very confusing. Here is the way [ like to think about it

| imagine two people (Lunate and Scaphoid) standing on ;
opposite sides of a very steep hill, At the apex of the hill is =k Ligaman;
a man named “Scapholunate Ligament™ - | agree, it's a o
strange name. His parents were probably vegetarians, Lunate Scaphot
This hill is very sieep, so Scapholunate Ligament has ‘

grabbed each of the people (Lunate and Seaphoid) by the
hand - he was worried they might fall. In fact, the only
thing keeping these two people from wmbling down the
hill is the insane grip strength of Scapholunate Ligament DORSAL
{rumor has it he can close a #3 Captain of Crush - which
would certify him as an official Captain of Crush).

By using this analogy perhaps you can infer that if you
have carpal ligament disruption, the carpal bones will
rotate the way they naturally want to (down the hill).
The reasons for their rotational desires are complex but
basically have to do with the shape of the fossa they sit
on,

Just remember the scaphoid wants to flex (rock volar) |
and the lunate wants to extend (rock dorsal). The only DORSAL ', | VOLAR
thing holding them back is their ligamentous attachment L {
1o each other. i /

VOLAR

DISI (Dorsal Intercalated Segmental Instability) VISI (Volar Inercalated Segmental Instability) = |
- 1like to call this dorsiflexion instability like to call this velar-flexion (palmar-flexion)
because it helps me remember what’s going on. | instabilify because it helps me remember what's

After a “Radial sided injury” (scapholunate going on. Afler a “Ulnar sided
side), the lunate becomes free of the siabilizing injury’ {Iunulnquclm! side), the lunate no

force of the scaphoid and rocks dorsally. longer has the stabilizing force of the
Remember SL ligament injury is commen, so lunotriquetral ligament and gets ripped volar
this is common. wilh the scaphoid (remember the scaphoid siays

wp late every night dreaming of tilting volar).
Remember LT ligament injury is not common,
so this is not commaon. It's so uncommon in fact
that if’ you see it - it"s probably a normal variant
due 1o wrist laxity.

VIS Marrowing ol
the SL angle - with
Mormal volar-Mexion of the

Scaphoid- lunate & scaphoid.
; Lunate Angle o
DISI: Widening of the 5L is 30-60 Anﬁlniﬂiﬂ :Il::n- n;.uh.
- wi iflexion of 1o angle looks like a V 10
:rlu]f :flnan;th oo degress me -V for V")
-
Angle = 60

{some sources say 80)
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Carpal Dislocations - A spectrum of severity

Least Severe

-In.;-

1
: Capilate
3 N
‘.-"" 4
‘. L |
i unale 4
¥ @_}c ol
q 'I- 7
: " |
\ i

Scapho-Lunate
Dissociation

Peri-Lunate
Dislacation

Mid-Carpal
Dislocation

Most Severe

Lunate
Dislocation

« SL- Wider Than 3 mm

« Clenched Fist View can
worsen it fworld make a
good next step question)

« Chronic SL dissociation
can result in a SLAC
wrist

Trivia to Know =

Mote that the Lunate
slays put - it's the
carpal bones around
the lunate {“peri-
lunate bones™) that
move.

Trivia to Know =

Both Lunate and
Capitate lose radial
alignment.

Associated with
Triguetro-Lunate
interosseous lignment
disruption

Trivia to Know =

Lunate moves,
others stay

It happens with a
Dorsal radiolunate
ligament injury

60% associated with “Most Severe”
Scaphoid Fractures iasnciitid wilhia
Triquetral Fragture
Vulnerable Zones Theory
) B Dislocations around the lunate are described
3 - | in two flavors
"

Space of Poirier

Lesser Arc -

Lesser Arc: Pure Ligament Injury (No
Fraciurcs)

Greater Are: Associated with fractures,
Described by saying “trans” the name of the
fracture then the dislocation. Example
“Trans-scaphoid, peri-lunate dislocation™

Space of Poirier - Ligament free (“poor™)
area, that is a site ol weakness
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Anatomic Trivia Regarding the Spaces of the Wrist:

Which synovial spaces normally communicate ?

The answer is pisiform recess
and radiocarpal joint. 1 can
; . CcMC
think of two ways to ask this
rpal

(13 related 1o fluid — the bottom ‘
line is that excessive fluid in the
pisiform recess should not be Bl _& Midca
considered abnormal if there isa
[

radiocarpal effusion, and
(2) that either space can be used
for wrist arthrography. T

Radiocarpal
Distal Radiouinar

Other joint spaces in the body, easily lending to multiple choice testing:

Commeon

Glenohumeral Joint and |Should MOT communicate. Implies the presence of a
Subacromial Bursa (full thickness rotator cuff tear.
Ankle Joint and Common |Should NOT communicate. Implies a tear of the

(lateral) Peroneal Tendon Sheath  calcaneofibular Ligament.

Achilles Tendon and Should NOT communicate. The Achilles tendon
Posterior Subtalar Joint does NOT have a true tendon sheath.

Pisifrom Recess and -

- Shoul : icate.
Radlocarpal Jolnt ould normally communicate

Anatomic Trivia - Triangular Fibrocartilage Complex — TFCC

I'll begin by saying that this 15 arguably the most complex anatomy in the entire body
{maybe second only to the posterior lateral corner). A detailed understanding is well
beyond the scope of the exam (probably...). Having said that, the TFC is specifically
mentioned on the official study guide, so we need to at least talk about it.

The TFCC functions as the primary stabilizer and shock absorber of the distal radial ulnar
joint (DRUJ). The TFCC is entical for a range of activities (doing a pushups , punching
General Zod, ete. . )
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Anatomic Trivia - Triangular Fibrocartilage Complex — TFCC - Continued

It looks crazy complicated - but you really only

TFCC 5 Components:

need to know at most 5 structures, I. Triangular Fibrocartilage (Acticular Disc)
2. Volar & Dorsal Radioulnar Ligaments

Of the 5, the Hand Surgeon only really gives a i' EE'E““" Honrogue

shit about the Articular Disc and Radioulnar 5 0400 Sheath of the UCU

Ligaments.

Ligament {(UCL) “TFC Proper” (Articular
Volar E Caroi | Di5€) will be dark on cvery
Dvistal U’::::?;EE éﬁ; sequence.
Radial Tendon / Sheath | - The ulnar atiachment often
Ulnar Iooks intermediate in signal,
Ligament Meniscus this is normal related to loose
; Homologue connective tissue in the
Triangular region.
Articular Triangular Lig

Disc (styloid

Darsal

Dvistal {Foveal

Radial PSR = Prestyloid Recess atachment)
Ulnar
Dorsal Distal Radial E’;;‘;’:}f;géﬁ:: TFCC Injuries:
Ulnar Ligament p_. . 10id Sheath and Tendon | You can group these into:
% Reoess “Class 1" Acute Injuries: Usually
x-'-"' "y, & via fall onto cxtended wrist.
2 *Class 2" Chronic Degeneration:
H

of the
Radius Meniscus

Homologue

Volar Distal
Radial Ulnar
Ligament

Ulnar Collateral

attachment)

Ligarmentum
Subcruenium

Triangular Lig.

MR Signal:

- The radial attachment will
also have intermediate signal,
but this is from the normal
articular cartilage.

These are more common. and
associated with positive ulnar
variance and uinar impaction.

Central perforations are common

- and might even be "expected™
on an old person.

o

Central Tear, with Ulnar Positive
Variance and Abuiment {cystic change

in the lunate) - more on next page.
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TEC Vasculature & Healing

Similar to how the knee
meniscus has “red” and
“white” zones - the ulnar
side of the TFC is vascular
and more likely to heal.
Radial sided injuries are
relatively avascular and
less likely to heal.

Ulnar Variance -

This is determined by
comparing the lengths of the
ulna and distal radius. . -
Neutral

These length differences can

occur congenitally, or be Positive Negative
acquired from impaction / Variance: Variance:
fracture deformity. Association: Association:
- Ulnar Impaction - AWVN of the Lunate
Syndrome {“Kienbock™)
Ulnar Impaction Syndrome Kienbocks:

(Ulnar Abutment):
Seen with positive ulnar variance.

Essentially the distal ulna smashes into
the funate. degenerating it (cystic change
/ geodes elc...) and tears up the TFCC,

AVN of the lunate, seen in people in their
20s-40s. The most likely testable trivia is
the association with negative ulnar
vanance. It’s going to show signal drop
outon T1.

Sclerotic on Plain Film Low Signal on T
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Distal Radius / Wrist Fractures:

There are 3 named fractures of the distal radius / wrist worth knowing,

Distal Radius Radial Rim

\J%

Volar = Dorsal Volar Dorsal
Colles’ Fracture Smith Fracture Barton Fracture
(Cutward) (Inward) (Dorsal or Volar)
“Collie Dogs™ Like it Ouiside
= Distal Metaphysis Fx « Distal Metaphysis Fx + Radial Rim Fx
= Dorsal Angulation « Volar Angulation = Volar is More Common
« Old Lady Fracture + Younger Paticnt » Radial-Carpal Dislocation is the
» Ulnar Styloid Fx is « Ulnar Styloid Fx is “hallmark”

Commonly Associated Commonly Associated = Typically Surgical (they have a
high rate of re dislocation /
mal-union)

Radial Tilt

+ There is a normal volar tilt of around 11 degrees

+ With distal radial fractures this can get fucked up

+ Most Orthopods won't accept anything past neutral
+ ATRUE lateral is necessary to measure it

How do vou know vour lateral is “true” ?

The volar cortex of the pisiform overlies the central
1/3 of the interval between the scaphoid and capitate
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Wrist Tendon Anatomy Review:
With regard to the extensor tendons, there are four things to know:

+  There are 6 extensor compartments

(5 fingers + | for good luck).
. Lister's Tubercle
«  First compartment (APL and EPB) are the _—
ones affected in de Quervain's 4" m3m /

weEn
L] LL 5 - L1} i
+  Third compartment has the EPL which 6 ) T 2
courses beside Lister’s Tubercle. e \_,“
+  The sixth compartment (Extensor Carpi Ulna Radius .
Ulnaris) = can get an early tenosynovitis in 1

rheumatoid arthritis.

Carpal Tunnel: They could show you the carpal tunnel, but only to ask you about anatomy.
What goes through the carpal tunnel (more easily asked as "what does NOT go through™)?

Knowing what is in (and not in) the carpal
tunnel is high vield for multiple choice testing,

The wnnel lies deep to the palmaris longus, FCR Median

and is defined by 4 bony prominences Not in the gpL MNerve  FDP+FDS
(pisiform, scaphoid tubercle, hook of hamate, 7€ funnel \ \

trapezium tubercle), with the transverse carpal % \

ligament wrapping the contents in a fibrous 25

sheath. &

The tunnel contains 10 things

+ 4 Flexor D. Profudus (FDP)

« 4 Flexor D. Superficials (FDS)
Does NOT go

« | Fle Pollicis L s (FPL), and
SRAL SR L MRS A bl through the tunnel

« | Median Nerve . i
-Flexor Carpi Radialis

The Flexor Carpi Radialis (FCR) is NOT truly in the tunnel.
The extensor tendons are on the other side of the hand. Note that
Flexor Pollicis Longus (FPL) goes through the wnnel, but
Flexor Pollicis Brevis does not (1t's an intrinsic handle muscle).
Palmaris longus (if you have one) does NOT go through the
tunnel. -Flexor Pollicis BREVIS

-Flexor Carpi Ulnaris

-Palmaris Longus
(if you have one)
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Carpal Tunnel Syndrome (CTS):

+ Median Merve Distribution (thumb-radial aspect of 4 digit), often hilateral, and may have
thenar muscle atrophy.

+ On Ultrasound, enlargement of the nerve is the main thing to look for

= It's usually from repetitive trauma,

= Trivia = Association with Dialysis, Pregnancy, DM, and HYPOthyroidism

Classic Findings:

» Increased Signal in the Median Nerve

» The Nerve May Also Be Swollen or
Look Smashed / Flattened

« Bowing of the Flexor Retinaculum

Guyon’s Canal Syndrome:

» Entrapment of the ulnar nerve as it passes through Guyon's canal (formed by the pisiform
and the hamate — and the crap that connects them).

= Classically caused by handle bars “handle bar palsy.”

» Fracture of the hook of the hamate can also eat on that ulnar nerve.

Sub-Sheath Tear /| Dislocation

This refers to a traumatic dislocation to the
extensor carpi ulnaris (ECU - compartment &) out
of its normal groove at the level of the distal ulna.
This dislocation / subluxation implies rupture of
the overlying sheath.

Trrivia - the direction of dislocation is medial.
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Tenosynovitis:

This is an inflammation of the tendon, with increased fluid scen around the tendon, This will be

shown on MRI {or US),

DIFFUSE
Tuberculous or
Nontuberculous H:a::'l:ito-id
Mycobacterial IR

Hand and wrist are the most
common lendons affecied Multiple Flexor
Tendons
or
Isolated Extensor
Carpi Ulnaris iff
early (ECL =
Compariment 6)

Diffuse exuberant tenosynovilis
that spares the muscles,

L':iu_:lily OCCurs in pali_ems who Tenosynovilis
are :111munl}uumpmnu5cd. P F'H:SCHI a2 A1
Discrete filling defecis in the L‘:lﬂ:!' R

fluid filled sheaths (“rice findings (before
bodies™) is a classic TB finding, bone findings).

FOCAL

Penetrating Infection
{ean be focal or diffuse)

Overuse

Tenosynovitis ol any fexor tendon is

a surgical emergency as il can spread

rapidly 1o the common flexors of the

wrisl.

This 13 going o
be classic
locations like
151 extensor
compariment for
De Quervains
— discussed
more below.

Increased pressure in the sheath can
canse necrosis of the tendons,

Patienis with delayed wreatment lend
1o do termible

Myocobacterium Marinum is usually
direct infection in 2 fisherman or
sushi chef,

Occurs from repetitive activily / ovensse,
The classic history is “new mom - holding a baby.™

First Extensor Companment
{ Extenzor Pollicis Brevis and
Abductor Pollicis Longus

Finkelstein Test = Pain on passive ulnar deviation.

De Quervain's Tenosynovitis:

So called “Washer Woman's Sprain™ or “Mommy Thumb.”

Ulirasound: Inereased fuid
within the [irst extensor
tendon companiment

MRI: increased T2 signal in
the tendon sheath

The presence or absence of an intratendinous sepium (between the EPR
and APB) - wendons on the 15 a prognostic factor. 1 s absent, this will
nearly always resolve with conservative treatment alone.

Intersection Syndrome:

A repelilive use issue
(classically seen in rowers),

Cregurs where the first exlensor
tendons, “inlersects™ the second
ex1ensor companment lendons.
The result is extensor earpi radialis
brevis and longus tenosynovitis.

De Quervain's || Intersection

Crecurs Som Proximal
to Listers Tubercle
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Bennett and Rolando

e
Fractures:
= They are both fractures at the base of
ﬂ- volar ligaments

the first metacarpal
« The Rolando fracture i1s comminuted
{Bennett is not) A
« Trivia: The pull of the 4bducror %
Pollicis Longus (APL) tendon is &
v-:hat causes the dorsolateral BENNETT Fx @ oando Fx
dislocation in the Bennett
Fracture

%

Gamekeeper’s Thumb (Skier):

= Avulsion fracture at the base of the proximal first phalanx { i
associated with i t disruption. .

» The frequently tested association is that of a “Stener |
Lesion.” A Stener Lesion is when the Adductor tendon - ‘

aponeurosis gets caught in the torn edges of the UCL.
The displaced lizament won’t heal right, and will need
SUrZery.
+ It makes a “yo-yo™ appearance on MRI - supposedly... |
+ Nexr Srep - Don’t do “stress views" that can cause a
stener, MRI is the more appropriate test.

;‘\UCL

I W Ulnar collateral
: I .n p i
‘@ O & ligament is

= = & retracied and
e | E 2 2 = displaced

[0 KF o o s pliced

a3 =1 5 m |5 o superficial 1o

o 0 ihe adducior

< l < ApOnEUrosis.

Stencr

Trigger Finger: The ideais the overuse /
repetitive trauma causes scarring in the flexor tendon
sheath. The fancy word is “stenosing tenosynovitis.’
This is most commonly shown with ultrasound. If
they should you a hand ultrasound think about this.

-

Another common area of “stenosing tenosynovitis”™ is Thick Sheath Mormal for
at the ankle specifically the flexor hallucis longus Comparison
tendon around the ankle in patients with the os

trigonum syndrome.
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Site-Specific Entities - Elbhow & Forearm

General Trivia:

= Radial Head Fracture is most common in adults (supracondylar is most common in PEDs)

+ Sail sign - elevation of the fat pads from a joint effusion. Supposedly a sign of occult
fracture. The testable trivia is (1) the posterior fat pad is more specific (posterior is
positive), and (2) the posterior fat pad can appear falsely elevated (false positive) if the
lateral 1sn’t a true 90 degree flexed lateral. “Posterior Positive, Posterior Position

Dependent ™

= Capitellum fractures are associated with posterior dislocation

Forearm Fractures / Eponyms:

Forearm fractures are “ring” or “pretzel” type fractures, similar to the pelvis or mandible.
Think about breaking a pretzel, it always snaps in two spots (not just one). So forearm
fractures are often two fractures, or a fracture + dislecation.

There are 3 French sounding (therefore high yield) fractures of the forearm which follow this

ring / pretzel principal,

Monteggia Fracture (MUGR):

Fracture of the proximal ulna, with
anterior dislocation of the radial head.

Dislocation of the radial head follows
the angulation of the Ulnar Fx.

Galeazzi Fracture (MUGR)

Radial shaft fracture, with anterior
dislocation of the ulna at the DRUJ.

Essex-Lopresti

Fracture of the radial head + Anterior
dislocation of the distal radial ulnar
joint.

Unstable fracture - With ruplure of the
interosseous membrang
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The Dreaded PEDs elbow (Covered in the Peds chapter - see chapter 2, volume 1):

Cubital Tunnel Syndrome

There are several causes - the most common in the real world is probably repetitive valgus
stress. The most common shown on multiple choice is probably an accessory anconeus.

WTF is an “Anconens’ ? It a picce of shit muscle that does nothing but get in the way of an
orthopedic scope. It's normally on the lateral side the elbow. You can have an “Acecessory
Anconens " - also called an “Anconeus Epitrochfearis” - on the medial side which will exert
mass effect on the ulnar nerve.

Anatomic Trivia: The site where the ulnar nerve passes beneath the cubital mnnel
retinaculum also known as the epicondylo-olecranon ligament or Osbomne’s ligament.

Cubital Tunnel Syndrome -

Secondary to an dccessory Anconeus

NORMAL

Retinaculnm
Anconens Lifnar Nerve
Pasterior Band of the UCL
Accessorv Anconens ™ AKA
“duconens Epitrochlearis™

Lateral Epicondylitis (more common than medial) — seen in Tennis Plavers -
« Extensor Tendon Injury (classically extensor carpi radialis brevis)
« Radial Collateral Ligament Complex = Tears due to varus stress

Medial Epicondylitis (less commen than lateral) — seen in golfers
*  Common flexor tendon and ulnar nerve may enlarge from chronic injury
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Partial Ulnar Collateral Ligament Tear:

For the exam all you really need 1o know is
that throwers (people who valgus overload)
hurt their ulnar collateral lizament (which
anaches on the medial coronoid - sublime
tubercle). The ligament has three bundles,
and the anterior bundle is by far the most
important. If you get any images it is most
hikely going o be of the partial UCL tear,
described as the *T sign,” with contrast
material extending medial to the tubercle.

Mormal

Little Leaguer Elbow

The children of insccure men who sucked at sports in high school are most
susceptible to this injury. The mechanism is repetitive micro-trauma from
endless hours of training (necessary to finally rectify the injustice which
beset their family when dad was benched senior year from the junior varsity
baseball squad).

We are talking about a repetitive
chronic injury to the medial
epicondyle, When | say injury 1 mean
stress fracture, avulsion, or delaved
apophyvsis. This is usually associated

with UCL injury. g |
Children aren’t the only ones who can
fuck up their elbows pursuing the kind
of immeortality that is only offered o
those worthy enough to step fool on
the ficld at Yankee stadium, There is a
well described “valgus overload
syndrome” seen in throwers,
consisting of a triad of latcral M“‘lli“]
compression, medial tension, and Tension
posterior sheer, This mechanism

results in UCL injury (oficn anterior |
band), Arthrits at the Posterior |
Humerus / Ulna, and the development L
of an OCD at the capitclium.

T-Sign
“UCL Partial Tear"

1 »
| [Postenior

\ Sheer
i | (osteophyte

4 Formation)
\
|
f
/ Lateral

i = Compression

Epitrochlear Lymphadenopathy - This is a classic look for cat-scratch disease,

Dialysis Elbow: This is the resull of olecranon bursitis from constant pressure on the arca, related to

positioning of the arm during treaiment.
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Biceps Tear

Tears can be partial or complete, When complete the tear typically occurs in shoulder with the
tendon avulsing off the labrum (or at the level of the bicipital groove).

Common mechanism is incorrect deadlifi form (while doing cross fit like an ape on cocaine). If
you plan on going nuts slinging that shit around consider switching to a double over grip. If you
wanl to use over under grips - you need strict form (keep your arms locked out dummy). There
are tons of highlight reals on youtube of people tearing biceps while deadlifting - notice every
single one is using an over under grip, and not maintaining straight amm technique,

Partial Biceps Tear — Gamesmanship
<Partial tears often are associated with bicipitoradial bursitis

Patients present with a painful mass in the antecubital fossa (rolled up muscle) - with the classic
history of “trying to impress the girl in the pink spandex sports bra with my deadlift.” This rolled
up muscle is sometimes referred to as the “Popeye Deformity™ - in reference to my childhood
hero - a heavily muscled blue collar worker, who smokes, and solves his all of his problems with
violence.

Sreaky: Injury to the bicep is associated with median nerve symptoms

Tricep Rupture

The tricep tendon has the honorable distinction of being the LEAST
common tendon in the body to rupture. Even tendinopathy is fairly
uncommon relative to other nearby structures. When it does tear you
should be thinking about salter harris 11 fractures of the olecranon -
that is the classic scenario.

1 think beeause this is so uncommon that mimics would be more likely
on the exam. So, I'd be aware of two things: (1) the normal striated
appearance of the insertion at the olecranon, and (2) the common cntity
of oleeranon bursitis - which you should think of first if you scca
bunch of fuid signal in the posterior elbow.

Mormal
Siriations

Elbow Dislocation

This is the second most common joint dislocated in the adult. The associated fractures
are usually the radial head and the coronoid process.

Instability in the elbow (so called Posterior Rotary Instability) is described in a
pattern starting in the posterior lateral comer with tearing of the lateral UCL.

Partial Dislocation Dislocation

Tearing of the Coronoid Perched on Coronoid Posterior
LUCL Trochlea to Humerus with a
{lateral UCL). UCL Tear

(LUCL + LCL + Capsule)
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Site-Specific Entities - Shoulder

Dislocation:
Anrerior inferior (subcoracoid) are by far the most common (like 90%).

-

o Hill-Sachs i1s on the Humerus.

@ Hill-Sachs is on the posterior lateral humerus, and best seen on internal

rofation view:
0  Bankart — anterior inferior labrum

0 Greater tuberosity avulsion fracture occurs in 10-15% of anterior dislocations

in patient’s over 40,

Posterior Dislocation: uncommon — probably from seizure or electrocution

© Rim Sign —no overlap glenoid and humeral head

0 Trough Sign — reverse Hill Sachs, impaction on anterior humerus

O “Light Bulb Sign” - Arm may be locked in internal rotation on all views
Inferior Dislocation (luxatio erecta humeri) — this is an uncommon form, where the
arm is sticking straight over the head. The thing to know is 60% get neurologic

injury {usually the axillary nerve).

Posterolateral humeral head

Hill-5achs | impaction fracture (anterior
|dislocation)
| Anterior Glenoid Rim
Bankart

(anterior dislocation)

I Anterior humeral head impaction
fracture {posterior dislocation)

Trough Sign

M Memory Tool

I remember that hip dislocations are
posterior - from the siraight leg
dashboard mechanism.

Then | just remember that shoulders
are the opposite of that (the other
one, 15 the other one).

Reverse | Posterior Glenoid Rim
Bankart  (posterior dislocation) Shoulder = Usually Anterior
oy Internal
Rotation
Internal _ (Hill-Sachs)
Rotation )
(Normal)
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Proximal Humerus Fracture:

This is usually in an old lady falling on an out stretched arm. Orthopods use the Neer
classifications (how many parts the humerus is in 7). Three or four part fractures tend to do
worse.

The Post Op Shoulder (Prosthesis)

There are 4 Main Types: Humeral Head Resurfacing, Hemi-Arthroplasty, Total Shoulder
Arthroplasty, and the Reverse Total Shoulder Arthroplasty.

What is this “reverse total shoulder” ?

A conventional total shoulder mimics normal
anatomy. A reserve total shoulder is the bizarro
version; with a plastic cup on the humeral head
and metallic sphere on the glenoid.

Conventional Reverse

Who gets what? - Cuff- Deficient

The surgical choice

depends on two main Resurfacing Hemi or
factors: or Hemi Reverse
(11 Is the Cuff Intact?

(2) Is the Glenoid .

Trashed 7 Glenoid TSA Reverse

Deficient

Complications / Trivia:

—Total Shoulder Most Common Complication = Loosening of the Glenoid Component
—Total Shoulder Complication - “dnterior Escape” - This describes anterior migration of
the humeral head after subscapularis failure,

—Reverse Total Shoulder Does NOT require an intact rotator cuff - patient rely heavily on
the deltoid,

—Reverse Shoulder Complication - Pasterior Acromion Fracture - from excessive deltoid
tugging.
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Impingement /| Rotator Cuff Tears:

This is a high vield / confusing subject that is worth talking about in a little more detail. In
general, rotator cuff pathology is the result of overuse activity (sports) or impingement
mechanisms. There are two types of impingement with two major sub-divisions within those
types. Like many things in Radiology, if you get the vocabulary down, the pathology is easy to
understand.

External: This refers to impingement of the rotator cuff overlying the bursal surfaces
{superficial surfaces) that are adjacent to the coracoacromial arch. As a reminder, the arch is
made up of the coracoid process, acromion, and coracoacromial ligament.

Primary External Causes (Abnormal Coracoacromial Arch) :

* The hooked acromion (type Il Bigliani) is more associated with external impingement
than the curved or flat types.

* Subacromial osteophyte formation or thickening of the coracoacromial ligament

+ Subcoracoid impingement: Impingement of the subscapularis between the coracoid
process and lesser tuberosity. This can be secondary to congenital configuration, or a
configuration developed post traumatically after fracture of the coracoid or lesser
tuberosity.

Secondary External Causes (Normal Coracoacromial Arch):

*  “Multidirectional Glenohumeral Instability” — resulting in miero-subluxation of the
humeral head in the glenoid, resulting in repeated micro-trauma. The important thing to
know is this is fipically seen in patients with generalized joint laxity, often involving both
shoulders.

Internal: This refers to impingement of the rotator cuff on the undersurface (deep surface)
along the glenoid labrum and humeral head,

«  Posterior Superior: This is a type of impingement that occurs when the posterior superior
rotator cuff (junction of the supra and infraspinatus tendons) comes into contact with the
posterior superior glenoid, Best seen in the ABER position, where these tendons get
pinched between the labrum and greater tuberosity. This is seen in athletes who make
overhead movements (throwers, tennis, swimming).

« Anterior Superior: This is internal impingement that occurs when the arm is in horizontal
adduction and internal rotation. In this position, the undersurface of the biceps and
subscapularis tendon may impinge against the anterior superior glenoid rim.
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Impingement Continued...

Primary

*Abnormal Coracoacromial Arch —— Subacromial

— Hook Shaped (B3) “F's With Supra 8

— Osteophytes _
/ — Post Traumatic S ?ulhnn_raculd

— Thickened Ligaments F's With Sub S

External

Secondary

*Multidirectional Instability
—Labrum Often Normal
—"Increased Glenohumeral

Volume” - with injection

Posterior Superior
*“Throwers

Internal

Anterior Superior

| Impingement” -

—Cystic Change in Greater Tuberosity | they are talking

| about

—Associated with Sub Scapular damage
(Maybe the cause rather than the result)
—Anterior Superior Labrum Torn

| Subacromial Impingement — most common
form, resulting from attrition of the
coracoacromial arch.

Subcoracoid Impingement — Lesser
tuberosity and coracoid do the pinching,

— Athletes who make overhead movements.
Greater tuberosity and posterior inferior
labrum do the pinching.

High Yield Trivia Points on Impingement

Posterior Superior “Internal” Impingement |

Damages Supraspinatus Tendon,

Damages Subscapularis {remember the

coracoid is anterior - and 3o i the

swbscapularis),

Damages Infraspinatus (and posterior
fibers of the supraspinatus).

| If the exam writers |
{ just say “Internal

—F's with Infraspinatus (and posterior Supra)
—Posterior Superior Labrum Torn | this is the one
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Rotator Cuff Tears:

People talk about these tears as
either “Bursal Sided” (meaning the B

top part), or “Articular

Sided” (meaning the undersurface). ‘
A

A tear of the articular surface is

more common {3x more) than the

bursal surface. The underlying

mechanism is usually degenerative,

although trauma can certainly play a -
role.

The most common of the four muscles to tear is the Supraspinatus - with most tears
occurring at the “critical zone” - 1-2 em from the tendon footprint. This relatively
avascular “critical zone” is also the most common location for Caleium Hydroxyapatite
(HADD) - or “calcific wendinitis.” The Teres Minor is the least commaon to tear,

A partial tear that is = 50% often results in a surgical intervention.

“Massive rotator cuff tear” - refers to at least 2 out of the 4 rotator cuff muscles.

A final general piece of trivia is that a tear of the fibrous rotator cuff interval (junction
between anterior fibers of the Supraspinatus and superior fibers of the subscapularis), is still
considered a rotator cuff tear,

How do you know itk a fidl thickness tear? You will have high T2 signal in the expected
location of the tendon. On T1 you will have Gad in the bursa.

Full
Thickness
Tear

- With Gad
crassing over
the cuff into
the bursa.
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Adhesive Capsulitis “Frozen Shoulder”

An inflammatory condition characterized by a global decrease in motion.  You can have
primary types, but a multiple choice key would be a history of trauma or surgery.

It most commonly effects the rotator cuff interval - and that is the most likely spot they
will show it. The classic look is a T1 {or non-fat sat T2) in the sagittal plane showing loss

of fat in the rotator cuff interval (the spot with the biceps tendon - between the Supra 5,
and the Sub Scap).

Grey Smudgy Shit Instead of Clean Fat in the Rotator Cuff Interval

BUZIWORD: .. . cased Glenohumeral Volume " - with injection

A D ** Remember in Multi-Directional Instability the volume was increased.
-~

B“I““nh “Thickened Inferior and Posterior Capsule "

g

o “Enhancement of the Rotater Cuff Interval ” - Post gad
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Injury to the Labrum:

SLAP: Labral tears favor the superior margin and track anterior to posterior. As this tear
involves the labrum at the insertion of the long head of the biceps |, injury to this tendon is
associated and part of the grading system (type 4).

Things 1o know about SLAP rears:

= When the SLAP extends into the biceps anchor (type 4), the surgical management
changes from a debridement to a debridement + biceps tenodesis.

= The mechanism is usually an over-head movement (classic = swimmer)
« People over 40 usually have associated Rotator Cuff Tears

= NOT associated with Instability (wsually)

SLAP Mimic - The Sublabral Recess. This is essentially a normal variant where you have
incomplete attachment of the labrum at 12 o'clock. The 12 o'clock position on the labrum
has the shittiest blood flow - that's why you see injury there and all these development
variants.

Sublabral Recess

Follows Contour of Glenoid Extends Laterally

SMOOTH Margin Ratty Margin

Located at Biceps Anchor Located at Biceps Anchor &
Posteriorly
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Labral Tear Mimic - The Sublabral Foramen
- This is an unattached (but present) portion of
the labrum - located at the anterior-superior
labrum (1 ¢'clock to 3 o'clock).

As a rule it should NOT extend below the
equator (3 o'clock position).

Labral Tear Mimic - The Buford Complex - A commonly tested (and not infrequently
seen) variant is the Buford Complex. It's present in about 1% of the general population. This
consists of an absent anterior/superior labrum (1 o'clock to 3 o’clock), along with a

thickened middle glenohumeral ligament.

Buford Complex:
- Thick Middle GH Ligament
- Absent Anterior Superior Labrum
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Bankart Lesions:

There is an alphabet soup of Bankart {anterior dislocation) related injuries.

foAS A

» » » >

GLAD Perthes ALPSA Bankart Bankart
(Cartilaginous) {Osseous)

GLAD = Glenolabral Articular Disruption. It’s the most mild version. and it’s basically a
superficial anterior inferior labral tear with associated articular cartilage damage
(“impaction injury with cartilage defect™). Not typically seen in patients with underlying
laxity. It's common in sports. No instability (aren t you GLAD there is no insiability)

3 “ Memory Aid:
_ ; ; ] -The detached
- =
Perthes = Detachment of the anteroinferior labrum . ’ o G

(3-6 o'clock) with medially stripped : & locks like a
but intact periostenn, = -'—---;, 4

ALPSA = Anterior Labral Periosteal Sleeve Avulsion. Medially displaced labroligamentous
complex with absence of the labrum on the glenoid rim. {ntact periosicum. 1t scars down to
glenoid.

True Bankart: Can be cartilaginous or osseous. The periostewm is disvupted. There is

often an associated Hill Sach’s fracture.

;, R y@m il ‘Perthes ALPSA True Bankart
Superficial partial Avulsed anterior Similar to perthes but | Torn labrum

labral injury with labrum (only with “bunched up™

cartilage defect minimally displaced). | \ogiany displaced

Inferior GH complex milgciGrii b complex

still attached 1o
periosicum

Mo instability Intact Periosteuin Intact Periosleum Periostenm Disrupied

(lifted up)




Posterior Glenohumeral Instability

As [ mentioned previously, anterior shoulder dislocations are way more common than posterior
shoulder dislocations. Therefore the Bankart, ALPSA, Perthes, etc... are the ones you typically

think of as the stigmata of prior dislocation.

However, all that shit can happen in reverse with a posterior dislocation.

Reverse Osseous Bankart:

A fracture of the
rim of the
glenoid.

R a—
i

e

“Bennett Lesion™

An extra-articular curvilinear
caleification - associated with posterior
labral tears (maybe the POLPSA).

It’s related to injury of the posterior
band of the inferior glenohumeral
ligament.

POLPSA:

This is the bizarro
version of the
ALPSA, where the
posterior labrum and
the posterior
scapular periosieum

still intact) are
stripped from the
glenoid resulting in
a recess that
communicates with
the joint space.

“Kim's Lesion™

An incompletely
avulsed / flattened /
mashed posterior-
inferior labrum.

A key (testable)
point is the glenoid
cartilape and
posterior |abrum
lationshis i
preseoved.
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HAGL:

A non-Bankart lesion that is frequently tested is the HAGL (Humeral avulsion
glenchumeral ligament). This is an avulsion of the inferior glenohumeral ligament, and
is most often the result of an anterior shoulder dislocation (just like all the above bankarts).

il

Axial MR - Showing the IGHL
Torn at its Humeral Attachment

Subluxation of the Biceps Tendon: The subscapularis attaches to the lesser
tuberosity. It sends a few fibers across the bicipital groove to the greater tuberosity , which
is called the “transverse ligament”, A tear of the subscapularis opens these fibers up and
allows the biceps to dislocate (usually medial). Subscapularis Tear = Medial Dislocation
of the Long Head of the Biceps Tendon.

¥ GrealerT. Lesser T

Subluxation of the Biceps Tendon

Sub Scap Tendon - Forming Occurs with a Tear of the Subscapularis
porions of the "Transverse

Ligament" that holds the biceps
tendon in the groove
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Nerve Entrapment: High Yield Trivig:

Suprascapular Notch vs Spinoglenoid Notch: A cyst at the level of the

suprascapular notch will affect the supraspinatus and the infraspinatus. At the level of the
spinoglenoid notch, it will only affect the infraspinatus.

. »
Supraseapuloer . \
Motz

Cyst in the spinoglenoid nolch causing
fatty atrophy of the Infraspinatous

*x:Dptied Line = Suprascapular

Quadrilateral Space Syndrome: Compression of the Axillary Nerve in the
Quadrilateral Space (usually from fibrotic bands). They will likely show this with atrophy
of the teres minor, Another classic question is to name the borders of the quadrilateral
space: Teres Minor Above, Teres Major Below, Humeral neck lateral, and Triceps medial.

Humerus

Quadrilateral Space Syndrome
-Atrophy of Teres Minor

Parsonage-Turner Syndrome: This is an idiopathic involvement of the brachial

plexus. Think about this when you see muscles affected by pathology in two or more nerve
distributions (suprascapular and axillary ete..).
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Site-Specific Entities - Hip / Femur / Sacrum

Femoral Shaft Fractures:

*  On the inside (medial) is the classic
stress fracture location

*  On the ouside (lateral) is the classic
bisphosphonate related fx location.
As shown in the image, you see cortical
thickening (white arrow) along the lateral
femur, eventually progressing into a
fracture.

Hip Fracture / Dislocation:

You see these with dash board injuries. The
posterior dislocation (almost always associated
with a fracture as it’s driven backwards) is much
more common than the anterior dislocation.

BUZIWORD:

) “Foot in internal rotation”™
Ea :) a2
- .
W

Amterior Column v Posterior Column - the

acetabulum is supporied by two columns of bone
that merge together to form an “inverted Y™

Hiopectineal Line = Anterior

Hinischial Line = Posterior (remember you sit on your ischium)

lligpectineal =

The both column fracture by definition divides the ilium proximal to the hip joint, so you have no
articular surface of the hip attached to the axial skeleton (that’s a problem).

Corona Mortis: The anastomosis of the inferior epigastric and obturator vessels sometimes rides
on the superior pubic ramus. During a lateral dissection - sometimes used to repair a hip fracture
- this can be injured. 1 talk about this more in the vascular chapter.

Hip Fracture Leading to AVN: The location of the fracture may predispose to AVN. It’s
important to remember that, since the femoral head gets vascular flow from the circumflex

femorals, a displaced intracapsular fracture could disrupt this blood supply — leading to
AVN. Testable Point: Degree of fracture displacement corresponds with risk of AVN,
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Avulsion Injury:

This is seen more in kids than adults. Adult bones are stronger than their tendons. In kids it's the

other way around. One pearl is that if you see an isolated “avulsion™ of the lesser trochanter
in a seemingly mild trauma / injury in an adult - query a pathologic fracture. Now, to
discuss what [ believe to be one of the highest yield topics in MSK, "where did the avulsion

come from?® "

The easiest way to show this is a plain film pelvis (or MRI) with a g/avulsion injury to one of
the muscular attachment sites. The question will most likely be “whar atraches there? ™ or

“wihich muscle got avulsed? "

llliac Crest
Abdominal Muscles

ASIS
Sartorius
Tensor Fascia Lata

AllIS
Rectus Femoris

\ 4 | Greater Trochanter

Symphysis
ADDuctor Group

( : Gluteal Muscles
Ischial Tuberosity

Hamstrings

Lesser Trochanter
lioosoas
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Site-Specific Entities - Hip / Femur / Sacrum

Femoral Shaft Fractures:

On the inside (medial) 15 the classic
stress fracture location

On the outside (lateral) is the classic
bisphosphonate related fx location.

As shown in the image, you see cortical
thickening (white arrow) along the lateral
femur, eventually progressing into a
fracture,

Hip Fracture / Dislocation:

You see these with dash board injuries. The
posterior dislocation (almost always associated
with a fracture as it’s driven backwards) is much
more commeon than the anterior dislocation.

BUZIWORD:

% “Foot in internal rolation” ;
s
A .
@"@

-
Anterior Column ve Posierior Column - the

acetabulum is supported by two columns of bone

that merge together to form an “inverted ¥ - lliopectineal

Hiopectineal Line = Anterior
Hlivischial Line = Posterior (remember you sit on vour ischium)

The both column fracture by definition divides the ilium proximal to the hip joint, so vou have no
articular surface of the hip antached to the axial skeleton (that’s a problem).

Corong Mortis: The anastomosis of the inferior epigastric and obturator vessels sometimes rides
on the superior pubic ramus. During a lateral dissection - sometimes used 1o repair a hip fracture
- this can be injured. 1 talk about this more in the vascular chapter,

Hip Fracture Leading to AVN: The location of the fracture may predispose to AVN. It’s
important to remember that, since the femoral head gets vascular flow from the circumflex
femorals, a displaced intracapsular fracture could disrupt this blood supply — leading to
AVN. Testable Point: Degree of fracture displacement corresponds with risk of AV,
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Avulsion Injury:

This is seen more in kids than adults. Adult bones are stronger than their tendons. In kids it's the

other way around. One pearl is that if you see an isolated “avulsion” of the lesser trochanter

in a seemingly mild trauma / injury in an adult - query a pathologic fracture. Now, to

discuss what I believe to be one of the highest yield topics in MSK, “where did the avulsion

come from? "

The easiest way to show this is a plain film pelvis (or MRI) with a tug/avulsion injury to one of

the muscular attachment sites. The question will most likely be “whart attaches there? " or
“wihich muscle got avilsed? "

llliac Crest
Abdominal Muscles

RS il
[

' -;; ASIS
o Sartorius
J Tensor Fascia Lata
) P AllS
Rectus Femoris

]

o - Greater Trochanter
\\ --; ( ' Gluteal Muscles
Symphysis
ADDuctor Group
Ischial Tuberosity
Hamstrings
Lesser Trochanter

lllicosoas
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Snapping Hip Syndrome:

The clinical sensation of “snapping” or “clicking” with hip flexion and extension.
The key point 15 that it is clinical. This is the way people work this thing up:

Clinical Eval for the “Extersal Type™
{IT band “snapping™ over the Greater Trochanter)

!

This is to evaluate for the “Infra-Articular Type®
Looking for Hip Degen / Loose Bodies, Ete

IF NO Degen
NEXT STEP = Ultrasound

This is to look for the “Imfernal Type™
Look for Dynamic “Snapping” of the
Iliopsoas over the Iliopectineal eminence or femoral head
*This has to be shown with a CINE - because the finding is a dymamic moving of a tendon
If vou see a hip ultrasound for snapping - this is what they are going for

IF US Negative
NEXT STEP = MRI Arthrogram

This is to evaluate for the “Intra-Articular Type” ... Again
This time looking for Labral Tears

Trivia:

« “Spapping Hip” is a “clinical sensation™ - they have to tell you that patient feels “snapping”
» The 3 Types, and the Work-Up Algorithm Above:
« Types:

= External (most common) = Hiotibial Band over Greater Trochanter

- Internal = lliopsoas over lliopectineal eminence or femoral head

« Intra-Articular = Labral tears / joint bodies
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IT Band Syndrome

This is a repetitive stress syndrome seen most classically in runners.
The key finding is fluid on both sides of the IT band, extending
posterior and lateral.

Fluid in the joint does not exclude the diagnosis, but for the purpose of
multiple choice if you see fluid around the band and none in the joint
you can be fairly certain this is the pathology the question writer is
afier.

Hip Labrum

This is complicated and I’'m not going to go into depth talking about all the little bumps

and variants. | would just know a few things:

3: Just like a shoulder intra-articular Coronal View Sagittal View
contrast will increase your sensitivity.  -Showing the classic anterior superior cleft of a tear

I Anterior-Superior Tears (white
arrows) are by far the most common,

2: Paralabral Cysts (black arrow) are
associated with tears and likely a hint
that a tear is present,

Gamesmanship: A fluid signal “mass™ with anterior to
the femur (adjacent to the psoas tendon) at the level of |
lliopsoas Bursa | the ischial tuberosity is likely Iliopsoas Bursitis

| B

» Largest bursa of the entire body. ‘
« Communicates with the joint in 15% of the population
« Seen Anterior to the hip

on axial and can mimic a tear,

» Trivia: The illiospsoas tendon runs anterior to the labrum '
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Femoroacetabular Impingement (FAI): This is a syndrome of painful hip movement.
It"s based on hip / femoral deformities, and honestly might be total BS, Supposedly it can lead to early
degenerative changes.  There are two described subtypes: (A) Cam and {(B) Pincher (technically there is a
mixed type - but | anticipate multiple choice to make it more black and white).

CAM Type: This is an osseous “bump™ along the femoral head-neck junction.
Memory Aid
I remember that the femoral one {cam-type)
is more common in men because the femoral
head kinda looks like a penis.
Normal Cam-Type Be honest, you were thinking that wo.

Pincer Tvpe: Whercas the CAM type is a deformity of the femur, the pincer type represents a deformity of
the acetabulum. Whereas the CAM type is more common in a young athletic male, the pincer is more
common in a middle aged woman (insert sexist joke herel.

The most classic way to show or ask this is the so-called
“cross over sign™, where the acetabulum is malformed -
causing the posterior lip to “Cross over” the anterior lip. A
Key point is that the coccyx needs to be centered at the
symphysis pubis to even evaluate this (rotation fucks things
up).

The other associated finding(s) of the pincer subtype worth

knowing are the acetabular over coverage buzzwords
{Coxa Profunda and Protrusio), and the Ischial Spine Sign:

Mormal

Normal Coxa Profunda Acctabular Protrusion Prominent
(Acctabulum projects medial to (Femur projects medial to the  Ischial Spine
the ilicischial ling) ilicischial ling)

Classic FAI Association: Os Acetabuli

This is an unfused secondary = o

+ Os Acectabuli (40% ossification center. 1t's actually normal

B , 2 in kids (should fuse by adult hood).
« Labral Tears It has several westable associations
« Early Arthritis including FAI and Labral Tears
| -
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Total Hip Arthroplasty

Loosening: This is the most common indication for revision. The eriteria on x-ray is > 2 mm at the
interface (suggestive), 1f you see migration of the component, you can call it {migrarion includes
varns tilting of the femoral stem).

Particle Disease: Any component of the device that sheds will cause an inflammatory response.
Macrophages will try and eat the particles and spew enzymes all over the place.

Things to know about particle disease (in THA):

*  Most commonly secn in non-cemented hips

*  Tends to occur |-5 years afler surgery

*  X-ray shows “smooth” endosteal scalloping (distinguishes from infection)
*  Produces no sccondary bone response

*  Can be seen around screw holes (particles are transmitted around screws)

Stress Shielding: The stress is transferred through the metallic stem, so the bone around it is not
loaded. Orthopods call this “Wolff's Law™ — where the unloaded bone just gets resorbed. The trivia
to know is that it (1) happens more with uncemented arthroplasty and (2) increases the risk of
fracture.

Wear Patterns: It is normal to have a little bit of thinning in the area of
weight bearing — this is called *Creep.” 1t is not normal to see wear
along the superior lateral aspect. Wear E

+ Wear = Pathologic J -
A
+ Creep = Normal . 3

Heterotopic Ossifications: This is very common (15-50%). It's usually asymptomatic. The trivia
regarding multiple choice tests is that “hip stiffness™ is the most common complaint.

Also in Ank Spon patients, because they are so prone to heterotopic ossifications, they sometimes
give them low dose prophylactic radiation prior to THA.

Sacrum:

You can get fractures of the sacrum in the setting of trauma, but if you
get shown or asked anything about the sacrum it’s going to be cither (a)
51 degenerative change - discussed later, (b) unilateral SI infection, (c) a
chordoma - discussed later, (d) saceal agenesis, or (€) an insufficiency
fracture. Out of these 5 things, the insufficicney fracture is probably the
most likely.

Sacral Insufficiency Fracture - The most common cause is
postmenopausal osteoporosis. You can also sec this in paticns with
renal failure, patients with RA, pelvic radiation, mechanical changes “Honda Sign”
after hip arthroplasty, or ¢xtended steroid use. They are often (usually)  saeral Insufficiency Fx
oceult on plain films. They will have to show this either with a bone

scan, or MRI. The classic “Honda Sign™ from the “H”™ -shaped

appearance is probably the most likely presentation on a multiple cheice test.
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Site-Specific Entities - Knee / Tibia / Fibhula

Segond Fracture:

This is a fracture of the Lateral Tibial Plaicau
(common distractor is medial tibia). The thing 1o
know 1s thai 1t 15 associated with ACL tear (75%),
and occurs with internal rotation,

Reverse Segond Fracture:

This is a fracture of the Medial Tibial Plateau, The
thing 1o know is that it is associated with a PCL
tear, and occurs with external rotation. There is
also an associated medial meniscus injury.

Arcuate Sign:

This is an avulsion of proximal fibula (inscrtion of
arcuate ligament complex). The thing to know is
that 90%% are associated with cruciate ligament
injury (usually PCL)

Deep Intercondylar Notch Sign:

This is a depression of the lateral femoral condyle
(terminal sulcus) that occurs secondary 1o an impaction
injury. This is associated with ACL tears.

Anatomy Blitz:
Ligaments:

= ACL: Composed of two bundles (anteromoedial &
posterolateral). The tibial attachment is thicker than
the femoral attachment. Both the ACL and PCL are
intracapsular and extrasynovial,

« PCL: The strongest ligament in the knee (you don't
want a posterior dislocation of your knee resulling
in dissection of your poplitcal arcry).

« MCL: The MCL fibers arc laced into the joint
eapsule at the level ol the joint, with connection to
the medial meniscus. Unlike the ACL and PCL, the
MCL is NOT an intrasynovial struciure,

Conjaint Tendon: Formed by the biceps femoris
tendon and the LCL.

Segond

Fx
-ACL
o~ "
- f - Arcuale
'_HEWIEE Segond | e

Fx

Deep Lateral
Femoral Notch

- ACL Insufficiency
- Acule ACL Tear

"~ Biceps
IT Band . Femoris
inserting ~LCL
on Gerdy™s Proper
Tuberecle
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Magic Angle Phenomenon

The PCL and Patellar tendon may have foci of intermediate signal intensity on sagittal

images with short echo time (TE) sequences where the tendon forms an an gle of 55 degrees
with the main magnetic field (magic angle phenomenon). : &

This will NOT be seen on T2 sequences (with long TE). This phenomenon is reduced at
higher field strengths due to greater shortening of T2 relaxation times.

1 F 8 .

ACL Tear: ACL tears happen all the time, usually
in people who are stopping and pivoting.

*  Associated with Segond Fracture (lateral tibial
plateau) and tibial spine avulsion
*  ACL Angle lesser than Blumensaat's Line
* 0O’donoghue’s Unhappy Triad: ACL Tear, MCL
Tear, Medial Meniscal Tear
*  Classic Kissing Contusion Pattern: The lateral
femoral condyle (suleus terminals) bangs into the
posterior lateral tibial plateau. This is 95% specific

in adults.
*  Anterior Drawer Sign = Ortho Physical Exam
Finding suggesting ACL Tear. ACL Tear

-Kissing Contusion Pattern
ACL Muccoid Degeneration:

This can mimic acute or chronic partial
tear of the ACL. There will be no
secondary signs of injury (contusion
etc..). It predisposes to ACL ganglion
cysts, and they are usually scen
together, The THSTIR buzzword is
“celery stalk™ because of the siriated
look. The T1 buzzword is
“drumstick™ because it looks like a
drum stick. Mucoid Degeneration of the ACL
- "Drumstick / Celery Stick"
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ACL Repair:

ACL can be repaired with two primary methods. Method 1: Using the middle one-third of the
patellar tendon, with the patella bone plug attached to one end and tibial bone plug attached at the
other. Method 2: Using a graft made of the semitendinosus or gracilis tendon, or both. The grafl is
then attached with all sons of serews, bolts, ete... There is a lower reported morbidity related to
harvest site using this method.

Graft Evaluation:

There are two tunnels (tibial and femoral) between which the graft :
runs. Here are the testable pearls: \H ) '

Tibial Tunnel: Should parallel the roof of the femoral intercondylar j
notch. Too Steep = Impinged by femur on extension, Too Flat = Lax

& won't provide stability. Too Far Anterior (“Intersection with

Blumensaat line™) = Can lead to pinching at the anterior inferior Nornal ABnormal

: i st Tibial Tonnel Sicep & Anterior to B
intercondylar roof. Buzzword “Roof lmpingement, F iivie (il s Biadly

Femoral Tunnel: Supposcdly the primary facior for maintaining length and tension during range off
maotion, This is referred to as “maintained isometry.”

Femoral Tunnel = Maintains Isometry. Tibial Tunnel = Roof Impingement.

“Arthrofibrosis™ Can be focal or diffuse
{focal is more common). The focal form
is the so called “Cyclops™ lesion - so
named because of its arthroscopic
appearance. It's gonna be a low signal
mass-like scar in HofTa's fat pad. It's bad
because it limits extension.

Buzzword “palpable audible clunk”

Seen around 16 wecks — it obviously
won'L occur immediately post op because
vou have to build up your scar. Cyclops Lesion - Scar Associated with Ventral Graft

“Graft Tear” - Usually Ortho can just pull on his fucking leg
i5 see if the graft is trashed (ameror drawer sign). For
imaging, the simple way 1o understand this: “flat angle = tear.™
The ACL should parallel the roof of the imercondylar notch,

If the angle becomes flat, a tear is likely.

Femur Femur

: ; : Tibia 7 Tibia,
Trivia: The graft is most susceptible w tear in the remodeling bj ==
process (4-8 months post op). Normal Angle Flat

Trivia: Other signs of graft tear; grossly high T2 signal (somc is ok), fiber discontinuity, uncovering

of the posterior horn of the lateral meniscus (sccondary sign), anterior tibial translation (secondary
sign).
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Posterior Lateral Corner (PLC): The most complicated anatomy in the entire body.
My God this posterior lateral corner! Just think about the LCL, the IT band, the biceps
femoris, and the popliteus tendon. The most likely way to show this on a single image
(multiple choice style) is edema in the fibular head.

Who cares? Missed PLC injury is a very common cause of ACL reconstruction failure,

PCL Tear: The posterior collateral ligament is the strongest ligament in the knee. A tear
is actually uncommon, it's more likely to stretch and appear thickened (> 7 mm). PCL tears
should make you think about posterior dislocation as the mechanism of injury..

Next Step / Association = If you see a PCL Tear - look at the popliteal flow void. If the knee
dislocated posterior, a dreaded consequence is vascular compromise. Depending on the wording

of the guestion they might need a run-off (watch your back).

Meniscal Anatomy:

The meniscus is “C Transverse Ligament i

shaped”, thick along the
periphery and thin
centrally.

Medial meniscus is
thicker posteriorly.

Lateral meniscus has
equal thickness between
anterior and posterior
portion.

Meniscal Healing

The Peripheral “Red Zone” is vascular and
might heal.

The Central “white zone™ is avascular and will
not heal. The blood supply comes from the

geniculate arteries (which enter peripherally). - )
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Meniscal Tears:

As stated, the peripheral meniscus (red zone) has better vasculature than the inner 2/3s (white zone) and
might heal on its own. In general, you can group tears based on their general dircetion (as scenon a
sagittal section MRI - i.c. the triangles and bowties) - as either vertical (top-lo-bottom} or horizontal
(front-to-back). You can then sub-group them depending how they look on subsequent sections,

i >

Radial Tear: &
- L
Bad because they pOR, S

cause "loss of hoop

strength.” Radial Tearing
- Can lead to extrusion, Culs the Circular
OA etc Hoop Fibars I'f!al'
e - Hald the Meniscus

Together

Flap Tear (Parrot Beak):

- Radial Tear that Changes
Direction into the
longitudinal direction

Idealized Vertical Tear

Longitudinal Tear:

- Can be vertical or
horizontal (or mixed
oblique patterns)

= Defined by a long
extension in the axial
direction

- Vertical Types can flip
{bucket- handle)

Horizontal Cleavage Tear:

; — = Pure cleavage tears extend to
S e St the apex

Wﬂﬂ Horizontal Tear - Associated with Meniscal Cysts
. = Most common in posterior harn

of the medial meniscus

Radial Tears: There are 3 classic Signs - two of which are usually present.

Truncated Triangle Cleft - Most Reliable “Ghost"” or Absent Triangle
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Discoid Meniscus:

This is a normal variant of the lateral meniscus
that is prone to tear. It"s not C-shaped, but

big (oo many bowties!).

Gamesmanship - “Pediatric Patient with Meniscal

Tear™.

Trivia - There are three types, with the most rare
and most prone 1o injury being the Wrisberg

Feriant.

Gamesmanship "Bow Ties " 11 shown on sagittal

they have 1o show you 3 or more “bow ties™ /

double triangles.

mMormal Meniscus will have 2 bowtie shapes in the

sagittal plane - assuming 3mm slices with lmm

gap.

Discoid Meniscus will have 3 or more bowtics

Gamesmanship: 1
shown on coronal they
need to show you a
meniscus stretching
inta the notch.

Discoid Meniscus
-Extending into Noich

! Bucket Handle Tear:
|

| | This is a torn meniscus (usually medial -

| 80%) vertical longitudinal sub-type, that flips

. E : ' | | medially to lie anterior to the PCL.
instead shaped like a disc. In other words, it's too | |

| Gamesmanship - Most likely shown as the

| | classic Aunt Minnie appearance of a “double

| PCL"

Buckle Hand Tear
-Double PCL Sign

| Gemesmanship - Can also be shown as “not
! enough bowties,” the opposite of the “too
| many bowties™ look of a discoid meniscus,

Onlyv 1
Beonwitie =
instead of
the
normal 2.

The
micldle af
thiz
second
howrie ix
Mipped

Trivier: The appearance of a double PCL can
only oceur in the setting of an intact ACL,
| otherwise it wont Mip that way. Just know it

| | sorta indireetly proves the ACL is intact (1

can just see some knucklehead asking that).

e "

223



Meniscal Cysts: Bakers Cyst:

Most often seen near the lateral meniscus and are often Olceurs berween the
associated wi i avage 1ears. semimembranosus and the

MEDIAL head of the gastroc

Meniscocapsular Separation:

This is a rare (in real life - maybe not on exams) injury. The idea is that the deepest layer of the
MCL complex (capsular ligament) is relatively weak and is the first to tear. This deep tearing
may result in the separation of the meniscus and the MCL. ['ve never seen it occur in isolation
(theoretically it can). The important things to remember are probably (1) it happens more with
proximal MCL tears, and (2) this 15 a serious injury — requires immobilization or surgery.

Meniscal Ossicle:
This is a focal ossification of the posterior hom of the medial meniscus, that can be

secondary to trauma or simply developmental. They are often associated with radial root
lears.

Meniscofemoral Ligaments:

There are 2 (Wrisberg, Humphry) which can be mimics of meniscal tears. Wrisberg is in

the back ( “humping Humphry'). You could also remember that “H” comes before “W" in
the alphabet.

Meniscal Flounce: w

This an uncommon finding of a “ruffled”
appearance of the meniscus that mimics a tear,

It's NOT associated with an increased incidence of
tear - but can look like one, if you don’t have any
idea what one looks like.

“Flounce™
Rufflec = Nor a Tear
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Patella Dislocation:

Dislocation of the patella is usually lateral
because of the shape of the patella and femur.

The contusion pattern is classic.

«[t"s Lateral

«Contusion Pattern - Classic
«Associated tear of the MPFL
(medial patellar femoral ligament)
<Associated with “Trochlear
Dysplasia” - the trochlea is too flat.

Patella Alta /| Baja:

The patella will move up or down in certain

Patellar Dislocation
Classic Comiusion Paitern {arrows)

traumatic situations. [f the quadricep tendon ‘

tears you will get unopposed pull from the
patellar tendon resulting in a low patella

(Baja). If the patella tendon tears you will get
unopposed quadriceps tendon pull resulting in

a high patella (Alta).

The “classic” association with patellar tendon

tear (Alta) is SLE, (also can see in elderly,

trauma, athletics, or RA).

Patella Alta Patella Baja

m "Bilateral patellar rupture” is a buzzword for chronic steroids.
-

Mormal
Comparison

Prepatellar

Bursitis

Fluid superficial
1o the Panella

Fat lmpingement

.lumiiers Knee
Svndrome

_ High T2 Signal +
l'_|!|g'|1 I2 Signal in Hoffa's Thickening of the
Fat lnferior o the Paells Inferior Pawella

225



Tibial Plateau Fracture: This injury most commonly occurs from axial loading (falling
and landing on a straight leg). The lateral plateau is way more commaon than the medial. If
you see medial, it’s usually with lateral. Some dude named Schatzker managed to get the
classification system named after him, of which type 2 is the most common (split and
depressed lateral plateau).

Pilon Fracture (Tibial plafond fracture): This injury also most
commonly occurs from axial loading, with the talus being driven into the
tibnal plafond. The fracture is characterized by comminution and articular
impaction. About 75% of the time you are going to have fracture of the distal
fibula,

Tibial Shaft Fracture: This is the most common long bone fracture. It was also fisred
as the most highly tested subject in orthopedic OITE exam (with regard to trauma), over the
last 8 years. Apparently there are a bunch of ways to put a nail or plate in it. [t doesn’t seem
like it could be that high yield for the CORE compared to other fractures with French or Latin
sounding names. [ will point out that the tibia is one of the slowest healing hones in the body
{10 weeks).

Tillaux Fractures: This a Salter-Harris 3,
through the anterolateral aspect of the distal tibial
epiphysis,

Trivia: This pattern requires an open physis along the

lateral distal tibia. This is why you see this fracture e
pattern in the window between the start of medial \
physis fusion and the complete fusion of the lateral : 1\‘
physis (lateral physis typically closes around 12-15). v

Trivia: The distal tibial growth plate closes from
medial to lateral (medial first).

Triplane Fracture: This is a Salter-Harris
4, with a vertical component through the

epiphysis, horizontal component through the e ———— Fe
physis, and oblique through the metaphysis. t &

*The addition of the fracture plane in the : y e,
posterior distal tibial metaphysis (coronal plane) !
distinguishes this from the Tilleuw. :
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Maisonneuve Fracture:

This is an unstable fracture involving the medial tibial malleolus and/or disruption of the
distal tibiofibular syndesmosis,

The most common way to show this is to first show you the ankle with the
widened mortis, and “next srep? ™ get you to ask for the proximal fibula - which
will show the fracture of the proximal fibular shaft.

This fracture pattern is unique as the forces begin distally in the tibiotalar joint and then ride
up the syndesmosis to the proximal fibula.

{2/1 Trivia: The fracture does not extend into the hindfoot.

Wide Medial Malleolus Proximal Fibula Fracture
{4/~ Medial Malleolus Fracture) — From upward force extension

— Distal Tibiofibular syndesmosis  (“the vippin and the tearin”) via the syndesmosis
+i~ Deltoid Lig Injury
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Site-Specific Entities - Ankle [ the rest of it ] / Foot

Casanova Fracture — If you see bilateral calcaneal fractures, you should “next step? " look
at the spine (T12-L2) for a compression or burst fracture. These tend to occur in axial loading
patterns (possibly from jumping out a window to avoid an angry husband).

Trivia:

= Peroneal tendons can become entrapped with lateral calcaneal fractures.

= Caleaneal fractures are the most common (60%) Tarsal Bone Fx

= Fractures of the calecaneus are either extra-articular or intra-articular - depends on subtalar joint
involvement. Intra-articular fractures will have a fracture line through the “critical angle of

Gissane ™

and posterior borders of the
calcaneus on a lateral view,

Bohler s Angle — The line /”,.§<
drawn between the anterior \C/

An angle less than 20 L

degrees, is concerning for a
fracture.

Bohler®s Angle (20-40)
“More Flat™ (Less than 20)
Equals Calcaneal Fracturc

Stress Fracture of the 5th Metatarsal:
This is considered a high risk fracture (hard to heal).

Jones Fracture: This is a fracture
at the base of the fifth metatarsal, 1.5¢m
distal to the tuberosity. These are placed
in a non-weight bearing cast (may
require internal fixation- because of risk
of non-union.

Avulsion Fracture of the 5t
Metatarsal:

This is more common than a jones
fracture. The classic history 15 a dancer.
It may be secondary to tug from the
lateral cord of the plantar
aponeurosis or peroneus brevis (this is
controversial).

Stress Fx —p
AT
Jones Fx —p
~NN

Avulsion Fx /
Os Peroneum /

(within peroneus longus)

Critical Angle of Gissane (95-103)
“More Flat™ (More than 130)
Equals Depression of the Posterior Facet
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Painful Os Peroneus Syndrome (POPS)

=5 Peroneus (accessory ossicle) is within the Peroneus LONGUS
*This ossicle is scen in about 10% of gen pop

*Stress reaction and pain ean progress to tendon disruption = POPS

MR Key Findings: Edema in the os peroneus just before the peroncus
longus tendon enters the cuboid tunnel

Lisfranc Injury: This is the most common dislocation of the
foot. The Lisfranc joint is the articulation of the tarsals and
metatarsal bases. This joint is recessed creating a “keystone™
locking mechanism, and would make a good place to amputate if
you were a surgeon assisting in the Napoleonic invasion of
Russia. The Lisfranc ligament connects the medial cuneiform to
the 2nd metatarsal base on the plantar aspect.

«Can’t exclude it on a non-weight bearing film
sAssociated fractures are most common at the base of the 2nd MT - “Fleck Sign ™
! «Fracture non-union and post traumatic arthritis are gonna occur if you miss it

(plus a lawsuit).

A “fleck™ of bone near
the base of the 2nd MT
can sometimes be the

anly clue.

“Fleck Sign " - This is a small bony
fragment in the Lisfranc Space (between 1st
MT and 2Znd MT) - that 15 associated with
an avulsion of the LF ligament.

MNormal Homo-Lateral Divergent
Displacement Digplacement
Mechanism =
Fxtreme Plantar 3 Ligaments make up the

complex between the
medial cuneiform and

2ned MT.

Flexion + Axial Load

Medial

The plantar band is :
¢ plantar band is the Cunesform 2ot Mt

strongesl
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Anatomic Trivia Achilles Tendon

This is the largest tendon in the
body. It represents the fused
tendons of the gastrocnemius and

v
hof extenso the soleus muscles.

A bunc gives Tibialis Anterior

tendons no g

t It does NOT have a tendon
a shit ah"-'l“

sheath, so it cannot have a
tenasynovitis (Muid in the sheath),

Instead inflammatory change
around the tendon s referred 1o
as a “paratendinitis.”

A e

Tibialis Posterior “Tom™
Flexor Digitorum Longus

Tibial Nerve
Flexor Hallucis Longus “Harry”

Peroneus
Longus
Peroneus

4 Plantaris
Brevis

Achilles

The Mythical Master Knot of Henry - This has a funny sounding name, therefore it’s high
yield. This is where Dick (FDL) crosses over Harry (FHL) at the medial ankle.

Harry (white) starts out lateral relative to Dick (black). They cross at the “master knot™ and then
Harry (white) ends up medial on it’s way to the big toe (Harry = Hallucis).

What is the Master Knot of Henry? 105 a “Harry Dick™
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Ligamentous Injury: The highest yield fact is that the anterior talofibular ligament
is the weakest ligament and the most frequently injured (usually from inversion).

Posterior Tibial Tendon Injury /| Dysfunction: This results in a progressive
flat foot deformity, as the PTT is the primary stabilizer of the longitudinal arch. When
chronic, the tear is most common behind the medial malleolus (this 15 where the most
friction is). When acute, the tear is most common at the insertion into the navicular bone.
Acute Flat Arch should make you think of PTT tear.

You will also have a hindfoot valgus deformity (from unopposed
peroneal brevis action). The other point of trivia to know is that
the spring ligament is a secondary supporter of the arch (it holds
up the talar head), and it will thicken and degenerate without the
help of the PTT. Don't get it twisted though, the spring ligament is
very thick and strong and almost never ruptures in a foot/ankle
trauma.

Hindfoot Valgus
“Toa Many Toes”™

I Say Acute Flat Foor, You Say Posterior Tibial Tendon Injury

Sinus Tarsi Syndrome: *Never make this diagnosis in the seiting of acute travwma

The space between the lateral talus and calcaneus. The sinus tarsi is not just a joint space.
It is an important source of proprioception and balance. Fucking it up has consequences (if
your goal is to make prima ballerina assoluta).

The “syndrome™ is caused by hemorrhage or inflammation of the synovial recess with or
without tears of the associated ligaments (talocalcaneal ligaments, inferior extensor
retinaculum). There are associations with theumatologic disorders and abnormal loading
(flat foot in the setting of a posterior tibial tendon tear).

MRI finding is obliteration of fat in the sinus tarsi space, and replacement with scar.

L ST =

Loss of Normal T1 Bright Fat (arrow) MNormal For Comparison
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Plantar Fasciitis:

This is an inflammation of the fascia secondary to cither repelitive trauma
{overuse via endless rounding on fat diabetie, smokers as a medicing inlern),
abnormal mechanics (pes cavus, etc), or arthritis (Reiters, ete...).

The pain is localized to the origin ol the plantar fascia, and worsened by
dorsiflexion of the toes. This is usually a clinical diagnosis.

Plain film might show heel spurs

-

2l
Buzzword is
“Riast severe
in the

morning.”

{which ar¢ no

As a rapid anatomy review, the specific), but could be a hint. A bone scan may
Iantnr]:;’ascia i 0I‘3‘hunds with show increased tracer in the region of the
Iijhc central / lateral part normally calcancus (from periosteal inflammation).

thicker than the medial part the

thinnest. t . i MR sy shiow:

Coronal T1 diagram through the heel

Calcancus

A Medial = Thin :

a thickencd lascia
(= dmm) , mosl
often the central
hand

wilh increased T2
signal, most
significani near

ts insertion at the

heel.

CLASSIC — FLAT FOOT PROGRESSION

Posterior Tibial
Tendon Goes Our

* Yene stcart

Spring Ligament Oul 11.'|:.lﬁcrlns ke
an idiol, Plantar
* heel siriking Fasciitis
over and
Sinus Tarsi gets jacked aver again

(including those litle
proprioceplion nerves
that are in i)

Show up in the
ER arf 3am
because your
Sfeet hurt and
v heed an
excrise o nof
o fo work
[OIMorrow
{emed vou want
a Sprite and a
Cheeseburger)
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Split Peroneus Brevis:

You can see longitudinal splits in the peroneus in
people with inversion injuries. The history is
usually “chronic ankle pain™.

The tendon will be C shaped or boomerang
shaped with central thinning and partial
envelopment of the peroneus longus.
Alternatively, there may be 3 instead of 2 tendons.
The tear occurs at the lateral malleolus.

There is a strong (80%) association with lateral Split Peroncus Brevis (.
ligament injury. -Boomerang

Anterolateral Impingement Syndrome:

Injury to the anterior talofibular ligaments and tibiofibular ligaments (usually from an
inversion injury) can cause lateral instability, and chronic synovial inflammation.

You can eventually produce a “mass” of hypertrophic synovial tissue in the lateral gutter,

The MRI finding is a “meniscoid mass”™ in the lateral gutter of the ankle, which is a
balled up scar (T1 and T2 dark).

Tarsal Tunnel Syndrome:

Pain in the distribution of the posterior tibial
nerve (first 3 toes) from compression as it
passes through the tarsal tunnel (behind the
medial malleclus).

Tarsal tunnel 15 & covered by the flexor
retinaculum (arrows) and includes tom, dick,
harry the posterior tibial antery and nerve,

It’s usually unilateral {unlike carpal tunnel
which is usually bilateral), unusually
“idiopathic™ although pes planus (hindfoot

valgus) can predispose by tightening the You can sce atrophy of multiple foot museles
retinaculum. (not just minimi as seen with “Baxter™).

Having said that, any mass lesion (ganglion cysts, neurogenic tumors, varicosities, lipomas,
severe tenosynovitis, and accessory muscles) can cause compression of the nerve in the
tunnel.
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Morton’s Neuroma: Sofi tissue mass (tear drop shaped) shown between the 30 and 4
metatarsal heads (third intermetatarsal space) is most likely a Morton’s Neuroma (especially on
multiple choice tests). The proposed pathology results from compression / emtrapment of the plantar
digital nerve in this location by the intermettarsal ligament. Over time this results in thickening and
development of perineural fibrosis.

“Mulder's Sign" - is a physical exam (a sonographie sign) where vou squeeze the patients
foot and reproduce the pain (or sce the scar pop out under ultrasound).

Trivia: Morton's Neuroma is NOT a Neuroma (a tumaor).
It’s a scar.

Classic Look: 1Uis a scar, so it's gonna be dark on T1 and T2 O
(usually). 1t is tear drop shaped and projects downward,

Peaple make a big deal about this thing staying below the m::t:ﬁil;:lni?;k Ean e

plantar ligament.

The reason is that your primary differential is intermetatarsal bursitis - which will extend above
the transverse ligament, be Muid signal, and have a more cystic look. Small bursa in this location can be
normal as long as the stay smaller than 3mm.

Bursitis:
T2 Bright

Bursitis:
Above the
Ligament
(dumbbelil
shaped)

Haglund’s Syndrome / Deformity

This is alse called the “Mulholland deformity™ for the
purpose of fucking with you. Depending on what you
read there are cither 3 or 4 classic features:

= Retro-Achilles bursitis, /
» Retrocalcancal bursitis,
« Thickening of the distal Achilles wendon
{inscrtional portion)
« Calcancal Bony Prominence “prominent posterior
superior os caleis™
The deformity is the “bump.™
The “syndrome” is the bursitis
and Achilles tendon thickening.
They call this thing the “pump
bumps,” because wearing high-
hecled shoes is supposedly a
predisposing Tactor

Retrocaleancal Bursitis (black arrow)
Retro-Achilles [ Adventitial Bursitis
(white armow)
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Os Trigonum Syndrome What is this

“Svnchomdrosis™ ?
The idea is that the Os Trigonum (accessory el

ossicle) puts the smash on the FHL (“*Harry™)
during extreme ankle flexion — toe pointing
shit (*Pointe technique™) that ballet dancers
do... or other repetitive micro trauma.

This 15 a joint that has
essentially no
movement and 15
lined with cartilage.

Classic findings arc going to be
(1) “Stenosing™ lenosynovilis /
collection of fluid around the FHL, and
(2) edema within the Os Trigonum and #
acrass the synchondrosis between the ""
O3 and the Posterior Talus.
Buzeword is ‘

- “Ballet Dancer” Axial T2 - Fluid Around the FHL ~ Sag T2 - Edema in the
Edema in the Os and Posterior Os and Posterior Talus

Achilles Tendon Injury: Achilles Tendon Tear

3 Xanthoma
Acute upture is uswally obvious with a fluid filled gap. (partial / small gap)
The gap size will determine treatment (big gaps need Thick Tendon Thick Tendon
surgery). The tear is usually 4 cm above the calcaneal { = Tmm) (= Tmm)
inserlion and the elassic history is an unconditioned middle ; ;
Unilateral Bilateral (usually)

aged fake athlete (“weekend warrior™) with acute pain and

loss of the ability to plantar flex. Associated with being  Associated with

: : a fake athelewe having very high
Without a large gap these things can be very hard to tell cholesierol

apart from a Xanthoma (both can just look like a very
thick tendon). There are a few differences that can be used
to differentiate - per my chart.

Step | Trivia:
Fluoroquinelone
antibiotics

Plantaris Rupture

{“Tennis Leg™): This is usually presented as the classic trick: “Achilles
tendon ruptured but can still plantar flex.” Remember not everyone has
this tendon (it's absent in 10% of the population). The classic look on
MRI is focal Muid collection between the soleus and the medial head of
the gastrocnemius. There is an association with ACL tears.

Avulsions of the Calcaneal Tuberosity:

This is sort of an Aunt Minnie with the back of the bone totally ripped off
via the Achilles. The classic association is diaberes. When you scc this

you have to think diabetes Calcaneal Avulsion
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SECTION 2:
' Osteoporosis, Osteopenia, and AUN

Osteopenia: This just means increased lucency of bones. Although this is most
commonly caused by osteoporosis, that is not always the case,

Osteomalacia: This is a soft bone from excessive uncalcified osteoid. This is
typically related to vitamin D issues (either renal causes, liver causes, or other misc
causes). It generally looks just like diffuse osteopenia. For the purpose of multiple choice
you should think about 4 things: 11l-defined trabeculae, [ll-defined corticomedullary
junction, bowing, and “Loosers Zones.”

Looser Zones: These things are wide lucent
bands that transverse bone at right angles to
the cortex. These things can happen in lots
of different locations - but the classic two
are the femoral neck and the pubic rami. -
Typically there is sclerosis surrounding the ! I *
lucency. You should think two things: “ -y ™ s
osteomalacia and rickets. Less common is ; - '

1. The other piece of trivia is o -
understand they are a type of insufficiency

fracture. Looser Zones
— Raise your suspicion for this shit when
you see (1) Symmetric Findings
(2) The “90 Degree" to the cortex line

Osteoporosis: The idea is that you have low bone density. Bone density peaks around
30 and then decreases. It decreases faster in women during menopause. The imaging
findings are a thin sharp cortex. prominent trabecular bars, lucent metaphyseal bands, and

spotty lucencies.

Causes: Age is the big one. Medications (steroids, heparin, dilantin), Endocrine issues
(cushings, hyperthryoidism), Anorexia. and Osteogenesis Imperfecta.

Complications: Fractures — Most commonly of the spine (27 most common is the hip,
3« most common is the wrist).
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This is a bone mineral density test and an excellent source of multiple choice trivia.

General Things to know abont DEXA

* T score = Density relative to young adult
T score defines osteopenia vs osteoporosis
T score = -1.0 = Normal, -1.0 to -2.5 = Osteopenia, < -2.5 Ostcoporosis
Z score = Density relative to age-matched control “to Za Zame Age”
False negative / positive (see below)

False Positive / Negative on DEXA: DEXA works by measuring the density. Anything
that makes that higher or lower than normal can fool the machine.

False Positive:
*  Absent Normal Structures: Status post laminectomy

False Negative:
*  Including excessive Osteophytes, dermal calcifications, or metal
Including too much of the femoral shaft when doing a hip - can elevate the
number as the shaft normally has denser bone.
Compression Fx in the area measured

-

The Fracture Risk Assessment Tool is a clinical risk tool used to predict fractures by
using clinical risk factors (age, sex, race, BMI, family history, personal fracture history,
prior steroid use, where the patient lives, etc...) with or without femoral neck bone
density. The fracture risk is calculated as a ten year fracture probability.

Trivia:

« FRAX calculates fracture risk at a 10 year probability

= FRAX adds “value” by helping to identify the subset of osteopenic patients who are at a
higher risk for fracture - and might benefit from pharmacologic intervention

= FRAX is NOT supposed to be used in patient who have already been placed on meds for
osteoporosis. The entire point of the FRAX is to make big pharma more money. .. |
mean help identify those who would benefit most from pharmacologic intervention -
those already on meds don’t need identified.

=« FRAX is applicable for men and women

« FRAX is recommended to calculate 10 year fracture risk in patients with a T-Score
between -1 and -2.5.

= Some guidelines suggest pharmacologic intervention for patients with a FRAX
caleulated 10 year hip fracture risk of = 3% or major fracture risk of = 20%
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Reflex Sympathetic Dystrophy (RSD):

Also called “Complex Regional Pain Syndrome”™ — which makes it sound like some
Rheumatology Psycho-somatic bullshit (i.e. fibromyalgia).

Also called “Sudeck Arrophy™ - which makes it sound serious - like some incurable
neurodegenerative death sentence,

The classic clinical vignette is a history of trauma or infection,

On plain film, it can cause severe osteopenia (like disuse osteopenia). Some people say it looks
like unilateral RA, with preserved joint spaces. Hand and shoulder are the most comman sites
of involvement.

It’s one of the many causes of a 3 phase hot bone scan. In fact, intra-articilar uptake ol tracer on

bone scan is typically seen (on multiple choice) in patients with RSD (secondary to the increased
vascularity of the synovial membrane), and this is somewhat characteristic.
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Transient Osteoporosis:
There are two types of presentations.:

Transient osteoporosis of the hip:  For the purpose of multiple choice tests, by far you
should expect to see the female in the 3« trimester of pregnancy with involvement of
the left hip. Having said that, it’s actually more common in men in whom it’s usually
bilateral. The joint space should remain normal. It's self limiting (hence the word
transient) and resolves in a few months. Plain film shows osteopenia, MRI shows Edema,
Bone scan shows increased uptake focally.

Regional migratory osteoporosis - This is an idiopathic disorder which has a very classic
history of pain in a joint, which gets better and then shows up in another joint. It's
associated with osteoporosis — which is also self-limiting. [1"s more commen in men.

Hip Edema - Strategy Session — This vs That - Transient Qsteoporosis vs AVN vs Fx

On radiograph, transicnt osteoporosis and AVIN
look totally different. Transient Osteoporosis is by N fa ’}
super lucent - so lucent that sometimes you can Ly » - re O EREr o
barcly see the femoral head. AVN on the other g \ [] \ (

hand, will have patchy areas of sclerosis. \ X bl

Normal Transient  ayy
Osteoporosis

On MRI, the story is different. These things can look similar. They both have edema on STIR, and
they are both are dark on T1. The difference is that AVN should be shown with a serpiginous dark
line (double line if you are lucky) - that represents infarct core. Joint effusions can be scen in both -
so this isn’t helpful.

Now - if these assholes want to take it to the twilight zone, they can add “insufficiency fracture™ to
the list of distractors. This is really a dirty trick as both Transicnt Osicoporosis and AVIN are
susceptible to this. The distinction is that this fracture line should be less serpiginous and instead
parallel the subchondral bone of the femoral head.

INV A |

Transient Insufficiency
AVM
Normal Osteoporosis Fracture

239



Osteoporotic Compression Fracture: Super Common. On MR you want to see
a "band like" fracture line - which is typically T1 dark (T2 is more variable). The non-
deformed portions of the vertebral body should have normal signal,

Neoplastic Compression
Fracture: Most vertebral mets
don’t result in compression fracture
until nearly the entire vertebral
body is replaced with tumor. If you
see abnormal marrow signal (not
band like) with involvement of the
posterior margin you should think
about cancer.

What is this “Abnermal Marraw Signal™ ?

Mormally (in an adult) the marrow of the spine is
fatty - so it should be T1 bright. The internal control
is an adjacent normal disc (not a desiceated disk).

If you see dark stuff - it might just be red marrow.
BUT if it is darker than the adjacent (normal} dise,
you have to assume that it's a bad thing.

' Next Step ? - Look at the rest of the spine - mets are often muluple.

@ THIS vs THAT - Osteoporotic Fx vs Neoplastic Fx

If I was going to show a Neoplastic vs Osteoporotic Fracture case, this is how | would do it.

I would have 2 sequences, a T1 and a STIR. The STIR would be positive (bright on bath).
The Osteoporotic Fracture would have a T1 dark line. The Neoplastic Fracture would be
diffusely low T1 signal and blobby - and | would stick a few lesions in other vertebral bodies.

I

T STIR

gz
e=1C b«
.

STIR STIR

NORMAL Osteoporotic Fx Neoplastic Fx
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0CDs/ OCLs

Osteochondritis Dissecans (OCD):

The new terminology is actually to call these “OCLs" (the “L" is for Lesion). This a
spectrum of aseptic separation of an osteochondral fragment which can lead to gradual
fragmentation of the articular surface and secondary OA. Most of the time it is secondary to
trauma, although it could also be secondary to AVN.

Where it happens: Classic locations include the femoral condyle (most common site in the
knee), patella, talus, and capitellum.

Staging: There is a staging system, which you probably need to know exists.

* Stage |: Stable — Covered by intact cartilage, Intact with Host Bone
Stage 2: Stable on Probing, Partially not intact with host bone.
Stage 3: Unstable on Probing, Complete discontinuity of lesion.
Stage 4: Dislocated fragment

Treatment / Who cares? If the fragment is unstable you can get secondary OA. You want to
look for high T2 signal undercutting the fragment from the bone to call it unstable
{edema can force a false positive). Thus, the absence of high T2 signal at the bone fragment
interface is a good indicator of osseous bridging and stability. Granulation tissue at the
interface (which will enhance with Gd), does not mean 1t's stable.

THIS vs THAT: Capitellum Lesions

Osteochondritis

= Panner's Disease Pseudo-Lesion
Dissecans

Capitellum of the dominant armn  Also in the capitellum of
in throwers throwers

Anterior convex margin of the
capitellum, Unstable lesions are . . ,
characterized by high signal ENge: Gaplta_ﬂlurf'- : ;
A : is abnormal in signal
fluid that encircles the :
{low T1, high T2)
osteochondral

fragment on T2W image

Posterior Capitellum

Can lead to intra-articular Loose body formation is A coronal image through the

loose bodies MOT seen (usually) posterior capitellum can mimic
a defect. This occurs because
the most postarior portion of

i i 5 to 10 years old the capitellum has an abrupt
Slightly older patients : P rup
(12-16 years) Peter E&ﬁc n:an;ted fo stay slope.
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Osteochondroses:

These are a group of conditions ( usually seen in childhood) that

involvement of the epiphysis, or apophysis with
fragmentation — suggesting osteonecrosis.

are characterized by
findings of collapse, sclerosis, and

 Kohlers

| Tarsal Navicular

| Second Metatarsal

Boys 4-6. Treatment is not surgical,

i ﬁdolc&oc:ni .Girls

| with wedging, plus a thoracic kyphosis

| Erelliong I fmcﬂon_ |Head . |—can lead to secondary OA
: ; | Calcancal | Some say this is a normal
Sgeer’s i Apophysis | “growing pain”
] B =S 7 2

i . i . | Kid 5-10 “Thrower™
,_Panner_s - | Capuf:!]um_ | does not have loose bodies.

Perthes (LCP) { Femoral Head | White kid; 4-8.

| 1 | Associated with negative ulnar
.E“?Tk_ = il".'arpal Sl _: variance. Seen in adults 20-40.
| | | Causes kyphosis. 3 adjacent levels
| Scheuermann | Thoracie Spine

- - | of > 40 degrees (normal 20-40)

 Osgood-Schlatter Disease (O5D) | Tibial Tuberele

f Adolescents i.].{l- 15) who jump and
 kick. Need Fragmentation + Soft
| Tissue Swelling.

|Sinding-Larsen-Johansson (SLJ) | Inferior Patella

| Adolescents { ]_0- I 5}_-.;.-]-mju|-n;.m N

Freiberg
‘/ - Flat 2nd
- Metatarsal
Kienbock: head
o— - Lunate ‘ F uFI-:LTrs
- Associated .
with Negative \ Perthes G e
g Severs
Uln_ar Femaral - Calcaneal
Variance Head = Apophysis
SLJ: (
= Inferior
Patella \‘O
.'\ » Scheuermann
! 3 = Thoracic
Panner's: Osgood- Wedging
: 3
= Capitellum Schlatter: ?,} = 3 Levels
- Mo I_nl::sa = Tibial = Kyphaosis
bodies Tubercle = 40 degrees
- Age 5-10 - Soft Tissue
(younger Swelling
than OCD)
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“SECTION 3:
"Infection

With regard to osteomyelitis, radiographs will be normal for 7-10 days. Essentially,
osteomyelitis can have any appearance, occur in any location, and occur at any age. Children
have hematogenous spread usually hitting the long bones (metaphysis). Adults are more
likely to have direct spread (in diabetic).

However, you can
have hematogenous
spread in certain
situations as well (IV
Drugs).

I Say This, You Say THAT

Osteomyelitis in Spine = [V Drug User

Osteomyelitis in Spine with Kyphosis (Gibbus Deformity) =TB
Unilateral Sl joint = IV Drug User

Psoas Muscle Abscess =TB

General Rule: Septic joints more common in adults. Osteomyelitis more common in kids.

Classic Look: Hallmarks are destruction of bone and periosteal new bone formation.

Sequestrum

Involucrum

Cloaca

Abscess

Vocab:

Sequestrum = Piece of necrotic bone
surround by granulation tissue

Involucrum = Thick sheath of
periosteal bone around sequestrum

Cloaca = Defect in the periosteum
(bone skin) caused by infection

Sinus Tract: A channel from the
bone to the skin (lined with
granulation tissue).

Chronic Osteomyelitis: This is defined as osteomyelitis lasting longer than 6 weeks.
Some trivia worth knowing:
» Draining sinus tracts are a risk factor for squamous cell CA
« Most specific sign of active chronic osteomyelitis is the presence of a
sequestrum (best shown with computed tomography)
« MRI diagnosis of healed osteomyelitis is based on the return of normal fatty marrow
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Acute Bacterial Osteomyelitis can be thought of in three different categories:
1) hematogenous seeding (mosi connnon in child), 2) contiguous spread, and 3) direct
inoculation of the bone either from surgery or trauma.

Acute hematogenous osteomyelitis has a predilection for the long bones of the body,
specifically the metaphysis, which has the best blood flow and allows for spreading of the
infection via small channels in the bone that lead to the subperiosteal space.

Age < | month = Multi-centric involvement, often —=mmem Infant
with joint involvement. Bone scan often negative
(75%) at this age

*  Age < 18 months = Spread to epiphysis through wmmes  Child
blood

*  Age 2-16 years = Trans-physeal vessels are closed
(primary focus is metaphysis). Adult

In the slightly older baby (<18 months) these vessels from the metaphysis to the epiphysis
atrophy and the growth plate stops the spread (although spread can still occur). This creates
a “septic tank™ effect. This same thing happens with certain cancers (leukemia); the garbage
gets stuck in the septic tank (metaphysis). Once the growth plates fuse, this obstruction 1s
no longer present,

MR findings of osteomyelitis: Low signal in the bone marrow on T1 imaging adjacent to an
ulcer or cellulitis is diagnostic.

STIR - High Signal in
Bone Adjacent to Ulcer
{more sensitive sign)

T1- Corresponding Low Signal
(more specific sign)

Ulcer - Next to “Foot Bone”

The Ghost Sign: Newopathic Bone vs Osteomyelitis in a Newropathic Bone

A bone that becomes a ghost (poor definition of margins) on T1 imaging, but then re-appears
{more nmrp]m]ugiu:ully distinet) on T2, or afler giving 1V contrast, is more likely o have
osleomycelitis.
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Discitis /| Osteomyelitis:

Infection of the disc and
infection of the veriebral
body nearly always go

Mechanism (Adult)

(1) Seeding of the (2} Eruption and  (3) Eventual
vertebral endplaic  crossing into the  involvement of the
{which is vascular) disc space adjacent vertebral body

together.

with the route of sceding;

Typical Look & Trivia

The reason has to do E& m
which typically involves
Early: Later Plain Fifm: | [ater MR: - =

« Adulis: the source is usually from a
infection,

from hematogenous spread.
« Step 1 trivia: Staph A is the most

an IV drug user.
ESR and CRP arc elevated.

« Gallium is superior to WBC scan iy
the spine.

recent surgery, procedure, or systemic

+ Children (younger than 5) it's usually

common bug, and always think about

« Almost always (80% of the time) the

« Plain Film: Hard to see | + Adjacent « TI - Dark
» MRI: Paraspinal and irrcgular Mairow

Epidural inflammation, endplate . T2 - Bright

T2 bright disc signal, destruction. Marrow

and disc enhancement. | - Disc Space « Post Conirast

Narrowing Enhancement
T2

Trivia: Epiclured Abscess

This 15 an infected
collection between the
dura and periosteum.

Classic Appearance:
« T1 Dark, T2 Bright,
« Peripheral

Enhancement, &

a ‘ « Restricted

Parasprinal Epiclrerel DitTusion.

Abscess Abscess Classic Scenario:

« HIY patient
« Bad Diabetic.

Pediatric Discitis / Osteomyelitis

Children have direct blood supply to the intervericbral dise, so they can getisolated discitis.
Isolated Discitis is basically never seen inadults,  The classic scenario is: kid (younger than 4)
with a upper respiratory imfection, now with back pain — usually lumbar.
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TB

This is a special topic (high yield) with regard to MSK infection. It’s not that commonn,
with < 5% of patients with TB having MSK involvement. Although on multiple choice
tests, | think you'll find it appears with a high frequency.

[
Pott Disease |

(tuberculosis af the spinel . | “Gibbus Deformity”
i

The vertebral body is involved with sparing of This is a focal
the disc space until late in the disease (very kyphosis seen in “Pot
different than more common bacterial infections). || Disease™ , among

| | many other thing

h It tends 1o spare the dise space
It tends ro have multi-level thoracic “skip™

“ imvalvement
Buzzword 'Large paraspinal abscess

| “ Buzzword “Calcified Psoas Abscess"”

: Buzzword “Gibbus Deformity ™ — which is
h a destructive focal kyphosis

Mimic - Brucellosis (unpasteurized milk
from an Amish Person) , can also have disc
space preservation.

“Tubercalosis Dactylitis” (Spina Ventosa)

These are sloughed, infarcted
. || synovium seen with end stage
" EnREN || RA, and TB infection of joints.

1

I

“Rice Bodies™ !

|

short tubular bones of the hands and feet. :

[ |

I

Typically seen in kids with involvement of the ‘ :
(|

smoldering infection
without periosteal - .
reaction. ' L= | I
Classic look is a
diaphyseal
expansile lesion
with soft tissue
swelling. -
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Septic Arthritis

You sec this the most in large joints which have an abundant blood supply to the metaphysis
{shoulder, hip, knee),

IV drug users will get it in the 51 joint, and sternoclavicular foint.

Conventional risk factors include being old, having AIDS, RA, and prosthetic joints,

On plain film you might see a joint effusion, or Pneumoarthrogram Sign
MBI will show synovial enhancement. If untreated

this will jack your joint in less than 48 hours. I Yo ol desinstnte i within s et

you can exclude a joint effusion,

Mo joint effusion

Mo septic joint

Mecrotizing Fasciitis:

This is a very bad actor that kills very quickly. The good news is that it's pretty rare,
typically only seen in HIVers, Transplant patients, diabetics, and alcoholics. 1t's usually
polymicrobial (the second form is Group A Strep).

Gas is only seen in a minority of cases, but if you sce gas in soft tissue this is what they
want. Diffuse fascial enhancement is what you'd see if the ER is dumb enough to order

cross sectional imaging (they often are).

Fournier Gangrene is what they call it in the scrotum ( “testes satchel™ ),
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~“SECTION 4:
"Rggressive Lesions

There are tons of primary osscous malignancics, the most common are mycloma/plasmacytoma (27%),
Osteosarcoma (20%) and Chondrosarcoma (20%). 111 discuss mycloma/plasmacytoma later in the chapter
when | get 1o lucent lesions. This discussion will focus more on the bone forming aggressive tlumors.

I guess before | do that though, [ should review what “aggressive™ means. In the real world, dealing with
bone lesions is simple - iUs cither aggressive, not aggressive, or not sure. Even though muliiple choice is
very different than actual clinical radiclogy, that first mental caleulus of - aggressive v nor aggressive -
may still be useful in climinating distractors,

What makes a lesion “aggressive” ?

According to Helms, the wide zone of transition is the
hest sign that a lesion is aggressive. This is actually a
useful pearl. The simplest way to conceptualize this is
to ask yoursell'if you can trace the edges of the lesion
with a peneil. If you can the lesion is probably benign.

If the edges are blurry or there is a gradient to the edge

- this 15 a more likely an aggressive lesions, T, M Wide Zone -

Benign Aggressive

The reason is that margins reflect the growth the lesion. Bones are dumb. They really only know how to
do two things - make bone and destroy bone, The margins are the reflection of bone formation. 1§ ihe
margins are sharp and sclerotic, this means the bone has time o adjust to the irmitation and lay down a
coat of mature bone. If the margins are not distinct (zone of transition is wide) this indicates a fasicr
growing lesion and therefore a higher probability of malignaney (or infection).

If the twmor grows rapidly enough it can break through the cortex and destroy the : *
newly formed bone capsule / lamellated bone. When this happens you end up with
a triangular structure - called the Codman triangle (as shown in diagram),

When we think about bone lesions, we often imagine lytic holes or bone destruction. Bone destruction
oceurs from complex methods best understood as either direet obliteration via the tamor or pissed off
ostcoclasts enraged by the uninvited wmor / hyperemia. Trabecular bone loss oceurs more rapidly
{relative to cortical bonce), but is noticed later because cortical bone is more smooth and organized.
Supposedly you need 1o destroy T0% of the trabecular bone before it is noticed radiographically.

Bone destruction that occurs in a uniform geographic paticrn

(especially with a sharp well defined border) is more suggestive [ Fa
of a benign slow growing lesion. A moth-caten (cluster of small ‘i alare
Iytic holes) or permeative (ill-defined tiny oval or streak like ‘ | (] i “ |
lucencics) suggests rapid infiltrative wmor growth — as seen in ) ) J oty
myeloma, lymphoma, and Ewings sarcoma. It is waorth noting

that osteomyelitis and I13:'pcrpi|r:|1l.hymldmn g [I.i!.vD r:_lﬂ_mun:uml:: Geographic ~ Moth  Permeative
these aggressive patterns - pre-lest probably is always important. Fitea
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Osteosarcoma:

There are a bunch of subtypes, but for the purpose of this discussion there are 4.
Conventional Intramedullary (85%), Parosteal (4%), Periosteal (1%), Telangiectatic (rare).
All the subtypes produce bone or osteoid from neoplastic cells. Most are idiopathic but you
can have secondary causes (nsually seen in elderly) XRT, Pagets, Infarcts, ete. ..

Conventional Intramedullary: More common, and higher grade than the surface

subtypes (periosteal, and parosteal). Primary subtypes typically occur in young patients
( 10-200. The most commeon location is the femur (40%), and proximal tibia (15%).

%’5 Buzzwords include various types of aggressive periosteal reactions:
-~

“Sunburst"- periosteal reaction that is aggressive and looks like a sunburst
Codman triangle - With aggressive lesions, the periosteum does not have time to
ossify completely with new bone (e.g. as seen in single layer and multi-layered
periosteal reaction), so only the edge of the raised periosteum will ossify — creating
the appearance of a triangle.

*  Lamellated (onion skin reaction) — multi layers of parallel periosteum, looks like an
onion’s skin.

“ Trivia:

*Ostepsarcoma met to the lung is a “classic” cause of occult pneumothorax.

“Reverse Zoning Phenomenon” — more ®) @
dense mature matrix in the center, less
>

peripherally (opposite of myositis ossificans).

Progress Over Time
“Reverse Zoning™ = Bad
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Parosteal Osteosarcoma: Generally low grade, BULKY parosteal bone formation,

Think Big... just say Big. This guy loves the posterior distal femwr (becanse af this location
it can mimic a cortical desmoid "tug lesion” early on). The lesion is metaphyseal 90% of the
time. The buzzword is “string sign™ — which refers to a radiolucent line separating the bulky
tumor from the cortex.

THIS vs THAT
Periosteal Parosteal Periosteal
Osteosarcoma: Early Adult / Middle Age Age Group (15-25)
Worse prognosis than parosteal e o vceal (90%) Biiaphyaeal
but better than conventional Likes P ot Distal F . T E—
e e ikes Posterior Distal Femur | Likes Medial Distal Femu
in the diaphyseal regions, Marrow extension (30%) Usually no marrow extension
classic medial distal femur. Low Grade Intermediate Grade

Telangiectatic FLUID-FLUID LEVELS DDx:

Osteosarcoma:

About 15% have a narrow zone of
transition, Fluid-Fluid levels on
MRI is classic. They are High on
T1 (from methemoglobin). Can be
differentiated from ABC or GCT
(maybe) by tumor nodularity and
enhancement.

Telangiectatic
Osteosarcoma
Aneurysmal Bone Cyst
Giant Cell Tumor

Parosteal Periosteal Telangiectatic Classic (Intramedullary) Secondary OS
4% 1% Rare As Fuck 85% Started off as FPagets

More Evil than Skeletor

f‘ R
S (_'ysl.ic on Plain Film i
M;iﬂ}':l’j;::;nl Diaphyseil Fluid Levels on MR Bl A%
s Medial- Tibia - 15%

Distal Femur Disial Femur
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Other Bad Actors

Chondrosarcoma:

Usually seen in older adults (M=F). Likes flat bones,

limb girdles, proximal tubular bones. Can be central

(intramedullary) or peripheral {at the end of an THIS vs THAT

osteochondroma). Most are low grade. Enchondroma vs Low Grade
Chondrosarcoma

Risk Factors: Pagets, and anything cartilaginous

(osteochondromas, MafTucei ete...) Factors Favoring
Chondrosarcoma:

Gamesmanship: 1F you want to say chondroblastoma but
it’s an adult think clear cell chondrosarcoma Pai

Cortical Destruction
Scalloping of = 2/3 of the cortex
=5cm in Size
“Changing Matrix™

Crcrmresmicnesh i

If shown with CT - they have to
show you some “chondroid
matrix™ - “arcs and rings”

Ewings:

m Permeative lesion in the diaphysis of a child = Ewings

feauld also be infection, or EG).

Extremely rare in African-Americans. Likes to met bone to bone (skip lesions are more common
in Ewings. relative to Osteosarcoma). Does NOT form osteoid from wmor eclls, but can mimic
osteosarcoma because of its marked sclerosis (selerosis occwrs in the bone only, not in the soft
tissie — which is NOT the case in oslepsarcoma).

Chordoma:

Usually seen in adults (30-60), usually slightly younger in the clivus and slightly older in the
sacrum. Most likely questions regarding the chordoma include location (most common sacrum,
second most commen clivus, third most common vertebral body), and the fact that they are very
T2 bright.

Chordomea Most Commons:

*  Most common primary malignancy of the spine.

*  Most common primary malignancy of the sacrum.
*  When involving the spine, most common at C2.

1 Say Chordoma, Yor Sy~ Midfine, Midline, Midfine! ™

Wiy is it always micdline? 10's made of cells left over from the “notochord” (some embryology
bullshit that was involved in making MIDLINE structures),

Chordomas arc NEVER EVER scen oft the midline (NEVER in the hip, leg, arm, hand, ete...).
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“SECTION 5:
" Lucent Lesions

FEGNOMASHIC is a “useful” mnemenic for lucent bone lesions made popular by Clyde Helms, As
it turns oul, you can rearrange the letters of FEGNOMASHIC to form a word FOGMACHINES. |
find it a lot casier to remember a mnemonic if it actually forms a real word. Having said that, the
whole idea of memorizing a list of 11 or 12 barely related things is stupid. You would never give a
differential that included all of those, as they oceur in different places, in different ages. and often
look very different.

Differentials (for people who know what they arc looking at) are usually never deeper than 3 or 4
things. If you are giving a differential of 12 things, just say you don't know what it is. Seriously in
the real world bone lesions only come in 3 flavors: | - Bad (cancer or infection), 2 - Obviously
benign (not sure I'll waste saliva mentioning it in my report) , 3 - Ehh hard 1o tell - get a follow up.
Thas 1s actually pretty much true of lesions everywhere in the body. Realizing this allows for the
following paradigm shifi:

Eyeball: Oh Shit! A lesion that has non-aggressive || Eyeball: Oh Shit! A lesion that has non-
fearres. [ wonder what it is.... aggressive features. 1 wonder what it is. ...
Mewron 1; We better look it up and give it a name. || Woke Meuron 1: Who gives a shit? It's
Meuron 2: Maybe we should give a list of possible || benign... next case.

names. Then peaple will read our report and think || Woke Meuron 2: This is an ortho study,

We arc smart. Literally no one will ever read this report.
Bystander Neurons: Imitiate Waffle Protocol Bystander Meurons: Bro.., can we {inish this
fucking list already? We need to look at that
new Tesla Roadster, 0-60 is sub 2 seconds.

Bul... we aren’i training for real life. The realm of multiple choice is obviously diflerent.

For multiple choice, when you encounter a lucent bone lesion you can expect one of two guestions
(1) whar is ir ? or (2) what is it associated with 7 In either case you are going to need to figure out
what it is. In the real world you would probably have to give a short differential, but in the world of
multiple choice you will have to come up with one answer.  Don’t fret, they have to give you clues
50 you can pick just one. A useful mental exercise when eliminating multiple choice distractors is to
ask yourself “why is it MOT this?” It's an exercise that is often not performed at the workstation -
but very valuable in the test environment - especially for these types of questions,

Here is my suggesied method:
VRS Age - Key Facts

» = 30=EG, ABC, NOF,
Chondroblastoma, and Solitary
Bone Cysts

= Any Age = Infection

= =40 = Mets and Myeloma
(unless it's neuroblastoma mets).

(1) Age of the patiemt? - If you are lucky they will tell
vou, If you are less lucky you will have to gucss.
Growth plates open = kid. Growth plates closed with
no degenerative change = young adull. Growth plates
closed with degenerative changes = older than 40.

(2) Location of the lesion 7 Mcta pil:lysis. Epiphysis, Diaphysis? Is this an cpiphyscal equivalent
discussion (see the next page for discussion).

{3) Classic Locations and Looks ? Sce my summary at the end of this section
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Location:
Epiphysis:

In general, only a few lesions tend to arise in the epiphysis. The “four horseman of the
(¢)apophysis” is the mnemonic I like to use, and [ think about the company AIG that was
involved in some scandal a few years ago. AIG “the evil” Company.

ABC, Infection, Giant Cell, and Chondroblastoma.

*The cavear is that ABC is wsually metaphyseal bur after the Epiphyseal Equivalents:
growth plate closes it can extend into the epiphysis. (bones that will have the
same lesions as
the epiphysiz)

For the purpose of multiple choice tests, it is important to not
forget about the malignant tumor at the end of the bone Carpals,
(epiphysis) — Clear Cell Chondrosarcoma. This guy is slow Patella,
growing, with a variable appearance (lytic, calcified, lobulated,
ill defined, ete...). Just remember if they say malignant
epiphyseal you say Clear Cell Chondrosarcoma.

Greater Trochanter,
Calcaneus

Metaphysis

The metaphysis is the fastest growing area of a bone, with the best blood supply. This
excellent blood supply results in an increased predilection for Mets and Infection. Most of the
cystic bone lesions can occur in the metaphysis.

Diaphysis

Just like the metaphysis, most entities can occur in the diaphysis (they just do it less),
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Pathology - For Trivia

Fibrous Dysplasia:

Fibrous dysplasia is a skeletal developmental anomaly of ostcoblasts —
failure of normal maturation and differentiation which resulls in
replacement of the normal medullary space.

Famously “can look like anything”™, with plmses like Pagets (lytic, mixed, ?
blastic) - although the most classic appearance is a “long fesion, in a long
Mm{g&m_mm_ Sometimes the vocabulary “lytic lesion

with a hazy matnix” is used instead of the word “ground glass”™ - for the

purpose of fucking with you. The discriminator used by Helms is “no

periosteal reaction or pain.”
Shepherd Crook

-Coxer Farns Anguloation
Cleassie for FI (bt can fe
seen in Pagel and CfF)

Likes the ribs and long bones. If it occurs in the pelvis, it also hits the
ipsilateral femur (Shepherd Crook deformity). Ifit’s multiple it likes
the skull and face (Lion-like faces).

The disorder can oceur at any age - but the multiple lesion THIS vs THAT
variety “polyvostotic™ - tends to occur carlicr. McCune Mazabiakid
: Albright

You could think monostotic (20s & 30's) or polyostotic  [Polyostotic Fibrous | Polyosiotic Fibrous

(= 10 year old). When you sce the polyostotic form (often | Dysplasia Diysplasia

with a mangled horrible horrible face... a face that Girl Woman (wridle aged)

only a mother could love) - you should think syndromes.  [CafE au lait spots | Solt Tissue Myxomas
Increased Risk Osscous

Precocious Puberty | Malignant

Transformation

Adamantinoma:
Awotal zebra (probably a unicorn). A tibial lesion that resembles fibrous dysplasia
(mixed lytic and sclerotic). It is polentially malignant.

Nonossifying Fibroma (NOF):

These are very common. They are scen in children, and will spontaneously regress (becoming more
sclerotic before disappearing ). They are rare in children not vet walking. Just like GCTs they like to
occur around the knee. They are classically deseribed as eccentric with a thin sclerotic border
{remember GCTs don't have a sclerotic border).  They are called fibrous cortical defects when
smaller than 2 em.

Vocah: NOFs are the larger version (> 3em) ol a fibrous cortical defect (FCD). A wastebasket term
for the both of them is simply “fibroxanthoma.”

‘*‘ﬁﬁﬁ Jaffe-Campanacci Syndrome: Syndrome of multiple NOFs, café-au-lait

spots, mental retardation, hypogonadism, and cardiac mallormations.
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Enchondromas:

This guy is a umor of the medullary cavity composed of hyaline cartilage. They become progressively
more common with age - peaking around 10-30 years old.

The sncaky thing about this lesion is that it looks diffcrent depending on the body part it is in,

« Humerus or Femur = Arcs and Rings
= Fingers or Tocs = Lytic

The ARCS AND RINGS is the more classie textbook look with the irregularly
speckled calcification of chondroid matrix. Just don’t forget that this classic matrix
i5= not found in the fingers or toes.

The enchondroma is actually the most common cystic lesion in the hands and feet.  Just like fibrous
dysplasia, this lesion does not have periostilis.

h Differentiating Enchondroma vs Low Grade Chondrosarcoma h
Strategies to Deal with the Chondroid Matrix Lesion in a Long Bone

Primary Tactie: History of pain — Enchondroma vs a Low Grade Chondrosarcoma

Not Painful PAINfu
Secondary Tactic: Size — Enchondroma vs a Low Grade Chondrosarcoma
-2 em =d-5cm
Tertiory Tactic: Glitch in the Matrix — Enchondroma vs a Low Grade Chondrosarcoma
Arcs & Rings Ares & Rings Pattern
Pattern does Changes - moves
NOT Change around grows eic...

When multiple — especially when in the hands you should think syndromes:

THIS vs THAT

Maffucei Syndrome
Ollier Disease “Marificei Hus Morne™
More Camcer Rigk amd More Vasonlor \alformotions

Multiple Enchondromas (3 or niore) Multiple Enchondromas

Hemangomas
(bunch lucent centered calcifications)

Increase nsk in Chondrosarcoma

Slight increase risk in Chondrosarcoma torobahly srone than Oftier)
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Eosinophilic Granuloma (EG):

This is typically included in every differential for people less than 30 (peak age is 5-10).
It can be solitary (usually) or multiple.

There are 3 classic appearances - for the purpose of multiple choice:

(1) Vertebra plana in a kid
(2) Skull with lucent “beveled edge” lesions (also in a kid).
(3) “Floating Tooth™ with Iytic lesion in alveolar ridge --- this would be a differential case

The appearance is highly variable and can be lIytic or blastic, with or without a sclerotic border,
and with or without a periosteal response. Can even have an osseous sequestrum.

Classic DDx for Vertebra Plana Classic DDx for Osseous Sequestrum:
(MELT) * Osteomyelitis
*  Lymphoma

= Mets/ Myeloma
*  Fibrosarcoma

- EG_
*  Lymphoma * EG
* Trauma /TB *Ostecid Osteoma can mimic a sequestrin

Giant Cell Tumor (GCT):
This guy has some key criteria (which lend themselves well to multiple choice tests).
They include:

h - Physis MUST be closed
- Mon Sclerotic Border

h - Abuts the articular surface

Another wrick is to show you a pulmonary met, and ask if it could be a GCT? The answer is
ves (although this is rare) GCT is considered “quasi-malignant™ because it can be locally
invasive and about 5% will have pulmonary mets (which are still curable by resection). Asa

result of this, it should be resected with wide margins.

Things to know about GCTs:

n - Most common in the knee - abutting the articular surface
- Most common at age 20-30 * physis must be closed

h - There is an association with ABCs (they can tum into them)
- They are “quasi-malignant™ - 5% have lung mets

“ - Fluid levels on MRI
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Associations of
Osteoid Osteoma
= o ‘
- Maost Classic Age: “Adolescent”™ — 10-25 ish, E‘l’ﬂ?{r f_;f;fﬂ" =
; ; ; Py eformiry:
h - Most Classic Look: Oval lytic lesion (“lucent nidus™) Increased length and
surrounded by dense sclerotic cortical bone (“periosteal girth of long bones
h reaction™). . . Synovitis: Can be seen if
- Most Classic Locations: (1) Meta/diaphysis of long bones intra-articular, joint
{femoral neck = most cemmnn} and (_2} Posterior elements of | ciTusions
the spine (lumbar > cervical > thoracic). Technically the 3
fingers are more common than the spine, but that’s rarcly show
on multiple choice,

Osteoid Osteoma “Pain ai nighi, relieved by aspivin. "

Arthwitis: Can oceur from
primary synovitis, or
secandarily from altered
joint mechanics.

Modality Trivia:

« MRI: “Lots of edema.” I'1l say that again “farge amount of edema for the size of the lesion.”
Adjacent soft tissue edema is also common - don’t let that foel you.

« Muke Bone Scan: “Double Density Sign” - very intense central activity at nidus, surrounded
by less intensity of reactive bone. A common distractor is a stress fracture. Stress fractures
are linear. 0.0. should be round. i

Scoliosis Trivia: When you have them in the spine (most common in - Convex
the posterior ¢lements of the lumbar spine), you frequently have an

associated painful scoliosis with the convexity pointed away from

the lesion.

Concave

Treatment:

These can be treated with pereutancous radiofrequency ablation (as long as it's not within 1 cm
of a nerve or other vital structure = typically avoided in hands, spine, and pregnant patients).

Osteoblastoma:

Basically it’s an osteoid osteoma that is larger than 2 cm. It's seen in patients < 30 years old.
They are most likely to show this in the posterior elements. [t also oceurs in the long bones
{35%) and when it does it is usually diaphyseal (75%).
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Aneurysmal Bone Cyst (ABC): Classic DDx for .
Lucent Lesion in

Aneurysmal bone cysts are ancurysmal lesions of bone with thin- | Posterior Elements: |
walled, blood-filled spaces (fluid-fluid level on MRI). Patients are | (gteoblastoma |
usually < 30. They may develop following trauma. : ABC |
i |
|
L |

TB
Location: Tibia = Vert > Femur > Humerus e

They can be described as primary ABC, presumably arising denovo or secondary ABC,
associated with another tumor (classic GCT). They are commonly associated with other
benign lesions.

Things ro know abonut ABC:
- Up to 40% of secondary ABC’s are associated with giant cell tumor of bone.
- It’s on the DDx for Fluid - Fluid Level on MRI

h - Patient < 30
- Tibia is the most common site

Solitary (Unicameral) Bone Cyst:

It would be unusual to see one of these in a patient older than 30. Most common in the
tubular bones (90-95 %5) usually humerus or femur. Unique feature; *Always located
centrally.™

It’s going to be shown one of two ways: (1) With a fracture through it in the humerus
(probably with a fallen fragment sign) or (2) As a lucent lesion in the calcaneus (probably
with a fallen fragment sign).

The fallen fragment sign (bone fragment in the dependent portion of a lucent bone lesion) is
pathognomonic of solitary bone cyst.

Brown Tumor (Hyperparathyroidism):

The “brown tumor™ represents localized accumulations of giant cells and fibrous tissue (in
case someone asks). They appear as Iytic or sclerotic lesions with other findings of
hyperparathyroidism (subperiosteal bone resorption). In other words, they need to tell you he/
she has hyperparathyroidism first. They may just straight up tell you, or they will show you
some bone resorption first (classically on the side of a finger, edge of a clavicle, or under a

rib).

These things have different stages of healing / sclerosis. They resorb and can become totally
sclerotic / healed, when the Hyper PTH is treated.

Mare on this in the arthritis section — lacer in the chapter
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Chondroblastoma:

This is seen in kids (90% age 5-25). They classically show it in two ways
(1) in the epiphysis of the tibia on a 15 year old, or (2) in an epiphyseal equivalent.

So what are the epiphyseal equivalents???

*  Patella
* Calcaneus
* Carpal Bones

And all the Apophyses (greater and less irachanter, uberosities, eic...)

Features of the tumor include; A thin sclerotic rim, extension across the physeal plate
(25-50%), periostitis (30%). Actual location: femur > humerus > tibia . This may show bone
marrow edema, and soft tissue edema on MRI (MRl can mislead you into thinking it's a bad
thing). This is one of the only bone lesions that is often NOT T2 bright. They tend to
reoccur after resection (like 30% of the time).

Gamesmanship Hip: When you have a chondroblastoma in the hip, it tends to favor
the greater trochanter (more than the femoral epiphysis).

Chondromyxoid Fibroma:

This is the least common benign lesion of cartilage. 1t is usually in patients younger than 30.
The typical appearance is an osteolytic, elongated in shape, eccentrically located,
metaphyseal lesion, with cortical expansion and a “bite” like configuration. Sorta looks like
an NOF - with the classic location in the proximal metaphyseal region of the tibia.

The Hip

Greater Trochanier - Remember this is an epiphyseal equivalens and the
chrondroblastomas prefer it to the femoral epiphysis. You can get all the other DDxs
{ABC, Infection, GCT, etc... here as well). Plus, you can have avulsions of the gluteus
medius and minimus,

Lesser Trochanter - An avulsion here without significant clinical history should make you
think pathologic fracture.

The Intertrochanteric Region: Classic DDx here: Lipoma, Solitary Bone Cyst, and
Monostotic Fibrous Dysplasia.
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Classic (& sneaky non-classic) Lesions Fosterior Metaphysis Superior Epiplysiz
that can be shown in the calcaneus. J
The suggesied Promethean method is 1o first use -
location within the bone, and then use characieristic
appearanee as a secondary diseriminalor.
Anterior
Epiphysis
FAL
Anterior Metaphysis

First let us take a closer look al the calcaneus.
Remember this thing is an epiphyseal equivalent, but
only in cerain locations. 1t's probably better to think
about the bone like a hybrid long bone - complete

with a diaphysis, two metaphysis, and three Posterior
epiphysis, Epiphysis
Chondroblastoma: Giant Cell Tumar: Can also involve the epiphysis

(although it typically stans ow metaphyseal and grows into the
epiphysis). Remember these things required a closed physis.

Cil The Posterior Metaphysis / Epiphysis is favored.
C:j Osteoid Osteomas:

= Talus > Calcaneus
. Sin1i|§lr 1o Chnndrgblnsu_:rum in

« Most classic gpiphysis lesion - with a favoring the superior epiphysis
preference for the superior epiphysis near  near the mlocalcaneal
the wlocalcaneal aniculation (although articulation.
they can be at any of the 3 epiphysis) . « Distinction is the sclerolic

thickening of the adjacent bone

» Lucent lesion, that can have some - 5
and the radiolucent nidus.

intemnal caleifications.

| Geode: Older Patient + Subtalar degenerative change / Obvious Arthritis

ﬂ‘ﬁt&ﬂl‘hyn“lls & Mﬂi‘: {}chmjrelitis

The calcaneal apophysis (equivalent 1o the metaphyseal region of long bones)
will have a similar predilection for collection hemalogenous spread of both
infection or cancer (GU or Colon).

= Mets
In both cases the involvement favors the posterior meta-epiphyseal region
{which has the richest blood supply), with lesions potentially growing large
enough 1o involve the entire calcaneus.
Slolitalry BI‘)I‘III Cyst: The t;.rpic_al Io_cnliun for this lesion is the Younger than 20
IJHIIPI'I}-'EIE (anterior if'.?: Iﬂlcrarly,l'l. This will have sharp edges. A Fallen Fragment
thick sclerotic edge with a multiloculated appearance is helpful. The TI Dark, T2 Bright
“fallen fragment” will be more in the bottom if shown - although i
fractures in the calcaneus are much less common than in the arm. l’ I 6;
Intraosseous Lipoma: This is also typically located in the e
diaphysis (anterior 1/3 Ilaerally). I they show you this, it will either  OVder than 20
have {a) fat density on CT or MRI, or (b) a eentral fragment — Central Fragment \,_____
stuck within the middle of the fal. This calcification / fat necrosis fswintense to Fa
oceurs about 50% of the time in the real world (nearly 100% on ent arll seqreehces

pictures shown on tesis), and is secondary 1o fal necrosis,

Pseudo-cyst: This is a variotion on the normal trabecular
pattern, which creaes a ceniral tnangular radiolucent area. This arca
15 sometimes called the “pseudo-cyst inangle”™ and i obnoxiously
located in the same antenor 173 as the SBC and Lipoma. Supposedly
the persistence of thin irabeculae, visible nutrient foramen, and the

classic location are helpful in welling it from the other benign
cntilies.
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Metastatic Disease: Should be on the differential for any patient over 40 with a lytic
lesion. As a piece of trivia renal cancer is ALWAY'S Iytic (usually).

« Classic Blastic Lesions: Prostate, Carcinoid, Medulloblastoma
= Classic Lytic Lesions: Renal and Thyroid

Nexr Step - Prostate Met vs Bone [sland??7? - Get a Bone Scan
+ Bone Island should be mild {or not active)
+ Prostate Met should be HOT

Multiple Myeloma (MM): Plasma cell proliferation increases surrounding osteolytic
activity (in case someone asks you the mechanism). Usually in older patient (40's-80"s).
Plasmacytomas can precede clinical or hematologic evidence of myeloma by 3 years.

They usually have discrete margins, and can be solitary or multiple. Vertebral body
destruction with sparing of the posterior elements is classic. Bone Scan is often negative,
skeletal survey is better (but horribly painful to read), and MRI is the most sensitive.

Additional classic (testable) scenario: MM manifesting as Diffuse Osteopenia

Myeloma Related Conditions:

Plasmacytoma (usually under 40): This is a discrete, solitary mass of neoplastic monoclonal
plasma cells in either bone or soft tissue (extramedullary subtype). 1t is associated with latent
systemic disease in the majority of affected patients. It can be considered as a singular
counterpart multiple myeloma. The lesions look like a geographic lytic area, sometimes with
expansile remodeling.

"Mini Brain Appearance " — Plasmacytoma in vertebral body

POEMS: This is basically “Myeloma with Scleroric Mets,” It's a rare medical syndrome with
plasma cell proliferation (typically myeloma) , neuropathy, and organomegaly.
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Long Lesion in a Long Bone
Ground Glass

Lytic lesion with a hazy matrix

Distal Femur
Lucent Lesion in the Finger or Toe
Epiphyseal Tibial Lesion in a Teenager

Epiphyseal Equivalent Lesion

Lucent Lesion in the Greater Trochanter

Lucent Lesion with a Fracture
(Fallen Fragment) in the Humerus

Calecaneal Lesion with Central Caleification
Lucent Lesion in the Skull

Vertebra Plana in a Kid

Wertebra Plana in an Adult

Sequestrum / Nidus in the Tibia / Femur
“Painful Scoliosis™

Calcified Lesion in the Posterior Element
of the C-Spine

Multiple Sclerotic Lesions

Joim

Multiple Lucem Lesions {older than 40)

Midus < 2.0 cm
Midus = 2.0 cm

bone with a sclerotic rim < 3 em

bone with a sclerotic rim > 3 em

Chandral lesion in a long bone 1-2 ¢m

Iﬂnmital lesion in a long bone > 4-5 em

Chondroid Matrix in the Proximal Humeras or

Multiple Sclerotic Lesions Centered Around a

Well-defined Iytic lesion in the cortex of a long

Well-defined lytic lesion in the cortex of a long

Lucent Lesion Classic Looks and Locations

Fibrous Dysplasia
Fibrous Dysplasia
Fibrous Dysplasia

Enchondroma

Enchondroma
Chondroblasioma

Chondroblastoma or Giant Cell Tumor
**technically GCTs grow into the Epiplvsis

Chondroblastoma
Selitary Bone Cyst

Lipoma

EG

EG

Mets

Ostenid Osteoma

Dsteoid Osteoma

Osteoblasioma

Solitary vs Multiple (Generalization for Multiple Choice Trivia)

Mets
Osteopoikolosis

Mets, Myeloma, Metastatic Mon-Hodgkin
Lymphom:a

Size Matters

Osreoid Osteoma

Dsteoblastoma

Fibrows cortical defect

Monossilying fibroma

Probably an Enchondroma

Increased risk of low-grade chondrosarcoma
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Liposclerosing Myxofibroma:

Fery characreristic location = af the intertrochamteric region of the fermr.
Looks like a geographic lytic lesion with a sclerotic margin, Despite non-
aggressive appearance, 10% undergo malignant degeneration so they need
to be followed.

Osteochondroma:

Some people think of this as more of a developmental anomaly (although
they still always make the tumor chapter). Actually, it's usually listed as
the most commaon benign tumor (“exostosis™). They can be radiation
induced, making them the only benign skeletal twmor associated with
radiation.

They have a very small risk of malignant transformation (which
supposedly can be estimated based on size of cantilage cap).
Supposedly a cap > 1.5 em is concerning.

Key Points:
*  They point away from the joint
*  The bone marrow flows freely into the lesion

Multiple Hereditary Exostosis:

AD condition with multiple osteochondromas,
They have an increased risk of malignant transformation,

*Away from Joint

Trevor Disease (Dysplasia Epiphysealis Hemimelica - DEH):
This is a discase characterized by the development of osteochondromas develop at the epiphysis

which result in significant joint deformity (most common in ankle and knec) —

making you

terrible at tennis and soccer. Instead of pointing away from the joint (like a normal
osteochondroma) these assholes point into the joint — this is why you have so many joint
issucs. You sce this is young children. The osteochondroma looks more like an irregular mass,

They tend to be treated with surgical excision,

Supracondylar Spur (Avian Spur):

This is an Aunt Minnie, and normal variant. This is an
osscous process, that usually does nothing, but can

compress the median nerve if the Ligament of Lt af

Struthers smashes it, Struthers
Motice this thing points towards the joint, that is how
you know it is not an osteochondroma. Also - it is not Supracondviar

a Trevor Discasc thing - because Canal
{1} of the characteristic location and
(2) it is not originated from the epiphysis.

Avian Spur

ﬁm\l )
¥y
_@P

e ol

263



Periosteal Chondroma (Juxta-Cortical
Chondroma): When you see a lesion in the finger
of a kid think this. It’s a rare entity, of cartilaginous
origin. “Saucerization” of the adjacent cortex with
sclerotic periosteal reaction can be seen.

Osteofibrous Dysplasia: This is a benign lesion found exclusively in the tibia or
fibula in children (10 and under — usually). It looks like an NOF |, but is centered in the
anterior tibia, and has associated anterior tibial bowing. It can occur with Adamantinoma,
and the two cannot be differentiated with imaging.

When | say looks like NOF in the anterior tibia with anterior bowing, yon say Osteofibrons
Dysplasia.

Distal Femoral Metaphyseal Irregularity (Cortical Desmoid):

This 15 a lucency seen along the back of the
posteriomedial aspect of the distal femoral
metaphysis. If they show you a lateral knee x-
ray, and there is an irregularity or lucency on the
back of the femur this is it. 1t's often bilateral.

Buzzwords include “Scoop like defect” with an
“irregular but intact cortex,”

This is a total incidental finding and is a don’t
touch lesion. Don’t biopsy it, Don’t MRI it.

Just leave it alone. If vou really want to know,
it’s probably a chronic tug lesion from the
adductor magnus,

rtical Desmoid - Scoop Like Defect
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Calcium Hydroxyapatite: Most pathologic caleification in the body is calcium
hydroxyapatite, which is also the most abundant form of calecium in bone.

Calcitm hydroxyapatite deposition disease = calcific tendinitis.

The calcium is deposited in tendons around the joint. The most common location for
hydroxyapatite deposition is the shoulder. Specifically, the supraspinatus tendon is the
most frequent site of caleification, usually at its insertion near the greater tuberosity. The
longus colli muscle (the muscle anterior to atlas -= T3) is also a favorite location for multiple
choice fest writers. It may be primary (idiopathic) or secondary. Secondary causes worth
knowing are; chronic renal disease, collagen-vascular disease, tumoral caleinosis and
hypervitaminosis D.

Osteopoikilosis: It's just a bunch of bone islands. Usually in epiphyses (different from
blastic mets or osteosarcoma mets). [t can be inherited or sporadic but if you are forced to
pick a pattern - I'd go with awosemal dominant.

Mers vs Osteopoikilosis - Osteopoikilosis tends to be joint centered (clustered around

centered). Sclerotic mets will be all over the place. Sclerotic mets believe in nothing
Lebowski.

Trivia - Osteopoikilosis patients tend to be keloid formers.

Osteopathia Striata: Linear, parallel, and longitudinal lines in 1
metaphysis of long bones. Doesn’t mean shit (usually - but can in some e |
situations cause pain).

Engelmann's Disease: This is also known as progressive diaphyseal
Q" dysplasia or PDD. What you see is fusiform bony enlargement with sclerosis of
WO the long bones. This is a total zebra that begins in childhood.

Things to know:

It s Bilateral and Symmeiric

* I likes the long bones - usnally shown in the tibia

It 5 hot on bone scan

* I ean invalve the skill — and can cause oplic nerve compression
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Thalassemia: This is a defect in the hemoglobin chain

(can be alpha or beta — major or minor). From the MSK Thalassemia | Sickle Cell

Radiologist prospective, we are talking about “hair-on-end” 5 Nm_
skulls, expansion of the facial bones, “rodent faces,” Will Obliterate I

ded ribs “jail-bars™. [t i 3 : ! Obliterate
expanded ribs “jail-bars”. It is frequently associated with Sinuses Sin

extramedullary hematopoiesis.

AVN of the Hip:

Variety of causes including Perthes in kids, sickle cell, Gaucher’s. steroid use etc.... It can
also be traumatic with femoral neck res (degree of risk is related to degree o
displacement / disruption of the retinacular vessels). AVN of the hip typically involves the
superior articular surface, beginning more anteriorly.

Double Line Sign: Rim Sign: Crescent Sign:
Best seen on T2; inner Best seen on T2; high T2 signal line | Seen on X-ray (optimally frog
bright line (granulation sandwiched between two low signal leg); Refers to a subchondral
tissue), with outer dark lines. This represents fuid between luceney seen most frequently in
line (sclerotic bone). sclevotic borders of an osteochondral | the anterolateral aspect of the
Secn in 80% of cases. | fragment, and implies instability, proximal femoral head. It

(Stage I11). indicates imminent collapse.

«

L 4

Plain Film Stages of Osteonecrosis
fthere ave MR stages also - presumed to be beyvond the scope of this exam):

o Zero= MNormal

One = Normal x-ray, edema on MR

Two = Mixed Lytic / Sclerotic

Three = Crescent Sign, Articular Collapse, Joint Space Preserved
Four = Secondary Osteoarthritis

(o I = T = I =
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Paget Disease (Osteitis Deformans):

A relatively common condition that affects 4% of people at 40, and 8% at 80 (actually 10%,
but easier to remember 8%). M > F. Most people are asymptomatic. The pathophysiology of

Paget is not well understood.

The bones go through three phases which
progress from lytic to mixed to sclerotic
(the latent inactive phase). The phrase “Wide

Bones with Thick Trabecula™ make you Sclerotic | Elevated Hydm;a-},-rproiine.
immediately say Pagets (nothing else really (leatent More fractures. Sarcomas
does that). inactive) 'may develop.

Lytic

Mixed
{reparative) | Phosphate. Fractures

{ Usually Asymptomatic
" |Elevated Alkaline

Comes in two flavors: (1) Monostotic and (2) Polyostotic = with the poly subtype being

much more common (80-90%).

%?) Buzzwords / Signs:

*Biade of Grass Sten: Lucent leading edge in a long bone
*Osteoporosis Circumseripta: Blade of Grass in the Skull

*Picture Frame Vertebra: Cortex is thickened on all sides (Rugger Jersey is anly superior and inferior

cndplates)
*Cotton Wool Bone: Thick disorganized trabeculae

*Banana Fracture: Insufficiency fracture of a bowed soft bone (femur or tibia).
* Tam O 'Sharter Sign: Thick Skull - with the frontal aspect “falling over the facial bones™

*Saber Shin: Bowing of the tibia

*fvory Vertebra: This is a differential finding, including mets. Pagets tends to be expansile.

Complications: Deafness is the most common
complication. Spinal stenosis from cortical thickening
is very characteristic, Additional complications include
cortical stress fracture, cranial nerves paresis, CHF
{high output), secondary hyperparathyroidism (10%),
Secondary development of osteosarcoma (1%) =
which is often highly resistant to treatment. As a
piece of Fidiculous trivia - giant cell tumor can arise
Srom Pager,

Trivia: OF all the wmors to which Paget may devolve
to, Osteosarcoma is the Most Common.

Toral Trivia: Paget bone is hypervascular and may be 3
degrees hotter than other bone (get your thermometer
ready). Alk Phos will be elevated (up o 20x) in the
reparative phase.

Classic Look:

Expanded
Bone

Coarse or
Thick
Trabecular
Pattern
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Skull:

Large Arcas of Osteolysis
in the Fromal and
Oecipital Bones
“OSICoporosis
Circumseripta™, in the
Iytic phase.

The skull will look
“cotton wool™ in the
mixed phase.

Thickened sclerotic appearance is a good
chronie look. Involves BOTH inner and outer
1able (Fibrous Dvsplasia favors the aurer rabfe)

T O Shanter Sign. Skull sorta looks like
one of those stupid hats with the frontal
aspect “falling over the facial bones™

D"

Long Bones

Advancing margin of
lucency from one end to
the other is the so-called
“blade of grass” or
“flame.” Will often
spare the fibula, even in
diffuse disease.

Tibia Bowing “saber
shin™ 1s also classic.

Pelvis:

Most common bone involved.
“*Always" involves the iliopectineal line
on the pelvic brim.

Can cause advanced arthritis and
acetabular protrusio.

Has a classic
look on bone
scan.

Spine:

Cortical Thickening can cause a
“picture frame sign” (same as
osteopelrosis). Also can give you an
ivory vertebral body.

Discussed more on the next page
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THIS vs THAT Pagets Spine vs Other Spine Changes

Pagets — This is discussed in detail in the MSK chapter, but is such a high yield topic that it’s
worth touching on again. The incidence increases with age (around 8% at age 80). It's at
increased risk for fracture, and has a 1% risk of sarcoma degeneration (usually high grade).

It’s shown two ways in the spine: - W
(1) An enlarged “ivory vertebrae”, — Picture
(2) Picture frame vertebrae (sclerotic border) || fvory [£ 5 Frame
— with central lysis (mixed phase) - b

Renal Osteodystrophy — Another high yield topic covered in depth in the MSK chapter. The
way it's shown in the spine is the “Rugger Jersey Spine” — with sclerotic bands at the top and
bottom of the vertebral body. You could also have paraspinal soft tissue caleifications

This vs That: Rugger Jersey vs “Paget” Picture Frame: ==
* Rugger Jersey = Top and Bottom Only
+ Paget Picture Frame = All 4 margins of the vertebral body g

Osteopetrosis - Another high yield topic covered in depth in the MSK chapter. This 1s a
genetic disease with impaired osteoclastic resorption. You have thick cortical bone, with
diminished marrow. On plain film or CT it can look like a Rugger Jersey Spine or Sandwich
vertebra. On MR you are going to have loss of the normal T1 bright marrow signal, so it will
be Tl and T2 dark.

“H-Shaped Vertebra® — This is usually a buzzword for sickle cell, although it’s H
only seen in about 10% of cases. It results from microvascular endplate infarct. H
If you see “H-Shaped vertebra,” the answer is sickle cell. If sickle cell isn’ta

choice the answer is Gauchers. Another tricky way to ask this is to say which of H
the following causes “widening of the disc space.” Widened disc space is

another way of describing a “H Shape” without saying that, H
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Paget on Other Imaging Modalities:

MRJ: There are tree mamow pattems e e T eropenouE T2 T1 8 |
that closely (but not exactly) follow the 2 bt ;
IMixed [isointense to muscle, with a

Plcy S SRy “speckled appearance”

‘Late Mixed Maintained fatty high T1 and |
: _ T2signals
‘Sclerotic | Low signal on T1 and T2

——

This vs Thar: Malignant Transformation vs Active Discase:

= Both are T2 Bright and Will Enhance

« Malignant Transformation will lose the Normal T1 signal (just like a cancer would)
« Best Sequence for Disiingnishing the two? T1 Pre Con

Nuclear Medicine: The primary utility of a bone scan is in defining the extent of disease and
to help assess response to treatment, The characteristic look for Paget is “Whole Bone
Involvement.” For example, the entire vertebral body including the posterior elements, or
the entire pelvis. The classic teaching is that Paget is hot on all three phases (although often
decreased or normal in the sclerotic phase).
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Tibial Bowing

Most likely shown as an Aunt Minnie: NF-1 anterior with a fibular pseudoarthrosis. Rickets
with wide growth plates, or Blounts tibia vara. Pagets can also cause this.

The most likely pure trivia question is that physiologic bo wing is smooth, lateral. and occurs

Srom 18 months - 2 years.

{ NF-1

Anterior Lateral - Unilateral

9 5
¥ ¥ y ]
i
—_—
- o b1
Lateral Frantal

May be un1]ateral May
have hypoplastic fibula with
pseudarthrosis.

Foot Deformities

Posterior

Physmingm Eow1 ng

_ H}rpnphosphatas;a

Lateral - Bllareral S}rmmetrm

Sclfhmrt:ng between 13
mnnths ami 2 vears.

“Rlckets ina newbam

Fraying of the mctnph}rslrs
| and widening of the growth

' Seen best in “fast growing
knee, wrist

Lateral
Rickets Lateral
=
F L i plﬂtﬂﬁ.
J bones -
Tibial Vara — Ofiten

Blount

Osmngenems Imperfecta

Dwarfs

asymmetric

t‘x
\E 4
__/-:?- ,

Invu]vcs ﬂ" lnng buncs

f

Short Limbs

| Early walking, Fat, biack
| kid.

Proximal tibia posteromedial |
physeal growth disturbance
resulting in deformity




“SECTION 7:
'Soft Tissue Masses

Smudying / learning MSK soft tissues masses / tumors tends to create tons of anxiety. This is
because Academic Radiology tends to overcomplicate the issue.

Here 15 the simple part - only about 20-30% of them can be accurately diagnosed on MRI. That's
because they are almost all T2 bright and enhance. This is actually good news for the purpose of
multiple choice, because you only need to leam the ones that don't behave like that - or are
overwhelming likely due to epidemiological stats (which has to be provided for you - either
directly “the patient is 65" or with clues - “arthritis = old™ , “no arthritis = not old™).

Here is the list | would know:

« MFH — Malignant Fibrous Histiocytoma aka - Pleomorphic Undifferentiated Sarcoma
= Synovial Sarcoma

= Lipoma, Atypical Lipoma, Liposarcoma

= Hemangioma

« Myxoma

Malignant Fibrous Histiocytoma (MFH)

Yes - they changed the name to Pleomorphic Undifferentiated Sarcoma “PUS.” However, | want
you to continue to think of this as MFH because it will help you remember some of the imaging
features.

First, the generalizations — This is very common. 1t’s seen in old people. It's seen in a central
location (proximal arms and legs).

Features - About half the time it’s dark to intermediate on T2 (remember most soft tissue
tumors are T2 bright). The way | remember this is the word “fibrous” - makes me think scar
{which 1s dark).

Geamesmanship - These things are ofien associated with spontancous hemorrhage - they outgrow
their blood supply. The history is ofien “old lady, stood up from a chair” - has a big proximal
muscular hematoma — under that hematoma is the MFH.

Trivia: Bone infarcts can turn inte MFH - “sarcomatons transformation of infarct "
Trivia: Radiation is a risk factor.
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Synovial Sarcoma:

Generalization - Seen most commonly in the peripheral lower extremitics of patients aged

20-40.

Gamesmanship - They oceur close to the joint (but not in the

joint). To confuse the issue they may have secondary Baker's Cyst MUST be
invasion into the joint (10%), however for the purpose of located between the medial
multiple choice tests they “never involve the joint.” A head of the gastrocnemius
common trick is to show an ultrasound of the leg with looks g Ay SixniracoaboAgNs,
like a Baker’s cyst - but the mother fucker is too complex - or IFit"s NOT - vou should
has flow in it. *Not everything in the popliteal fossa is a think Synovial Sarcoma -

Baker's cyst - especially on multiple choice.

Baker's Cyst Fuckery

and “next step” MRI.

Besides the “not-a-Baker’s cyst” trick - there are 3 other ways to show this. (1) as the “triple
sign”, which is high, medium, and low signal all in the same mass (probably in the knee) on
T2.(2) as the “bowl of grapes™ which is a bunch of fluid —fluid levels in a mass (probably in
the knee), or (3) as a plain x-ray with a soft tissue component and calcifications — this would
be the least likely way to show it.

Svmnavial Sarcoma Trivia:

Most sarcomas don’t attack bones; Synovial Sarcoma Can

Most sarcomas present as painless mass; Synovial Sarcomas Hurt

Soft tissue calcifications + Bone Erosions are highly suggestive

They are slow growing and small in size, often leading to people thinking they are B9.
90% have a translocation of X-18.

Most common malignancy in teens/young adults of the foot, ankle, and lower
extremity

When [ say “Ball-like tumor” in the extremity of a young aduli, vou say Synovial Sarcoma,
When I say “Soft Tissue Tumor in the Foot™ of a young adult, vou say Synovial Sarcoma.

MFH (PUS) Synovial Sarcoma
oLD YOUNG
Central {Upper Thigh, Upper Arm) Peripheral (Foot, Knea)
T2 - Variable [Sometime Dark) T2 - “Triple Sign"

o
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Lipoma vs Atypical Lipoma vs Liposarcoma

These exist on a spectrum, with Lipoma being totally benign, and Liposarcoma being a bad
bad boy. A pearl is that, histologically, Atypical Lipoma behaves and looks just like a low
grade Liposarcoma. 1t would be total horse-shit to ask you to tell those apart. It's more likely
the distinction will be either Lipoma vs Liposarcoma.

Think about them like this:

Atypical Lipoma / Low Grade High Grade Liposarcoma

Lipoma Liposarcoma “The One That Fucks You Up"

; May not even have fat (for the
; : May have parts that are slightly -
Signal Intensity parallels fat on darker (or brighter) than fat on axam it will have some -

all sequences. T otherwise you can't even tell for
: sure that it is a Liposarcoma)

May incompletely fat sat (or not

' .
Will Fat Sat Out May incompletely fat sat fat sat at all)

Mo Sepations (or thin ones) Thick Chunky Septations Thick Nodular Complex Stuff

h Pearls:

h *Liposarcomas tend to be DEEP (retroperitoneum)
l *Lipomas tend to be Superficial

Enhancing Components

*Liposarcomas tend to be BIG

Trivia: Myxoid Liposarcoma is the most common liposarcoma in patients < 20, They can be
T2 Bright (expected), but T1 dark (confusing) - don’t call it a eyst. Also, don't call it a
comeback (I've been here for years). They'll need gad+
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Hemangioma

These are common,

Here are the tricks:
« T2 bright (like most tumors)

« Flow voids. They have to show you flow voids (buncha dark holes).

= Hemangiomas don't respect fascial boundaries - they will infiltrate into stuff (this is a somewhat

unigue feature).

» Enhances Intensely - Dub - they are a vascular tumor
= They can contain fat - and likely will on multiple choice.

Nexr Step: A great next step question would be to ask for a plain film, Why a plain film?

phleboliths my friend — If they show you soft tissue phleboliths then hemangioma is the answer.

Myxoma

If this shows up on the exam, it is almost
certainly going to be shown in the setting of
Mazabraud Syndrome.

What do Myxomas Look Like? They are T2 bright
(like every tumor), but tend to be lower signal than
muscle on T1 - which makes them sorta unique.

Whear does Marsellus Wallace Look Like 7
*Hint - Don’t say “what?”

%w Mazabraud Syndrome
L

It’s a totally zebra syndrome - which
makes it totally appropriate for an
“intermediate level exam,” It has 3 main
findings:

(1) Polyostotic Fibrous Dysplasia -
which meakes you ngly

(2} Multiple Soft Tissue Myxomas

(3) Difficulty hinding a date 1o the prom
— *gee finding ™1™

CT vs MRI
for Lesion Characterization:

CT is Good for:

-Occult Bone Destruction

-Matrix and Mineralization — Example, better
look at the lucent nidus of an osteoid ostecoma.

MR is Good for:

-Staging — specifically local extend and wmor
spread.

-Follow up - 1o assess response to therapy.

Treatment High Yield Trivia:

«Osteasarconta: Chemo first (to kill
micro mets) , followed by wide excision
«Ewings: Both Chemo and Radiation,
followed by wide excision.
Chondrosarcoma; Usually just wide
excision (they are usually low grade, and
main concern is local recurrence).
*Giant Cell Tumor: Because it extends o
the articular surface usually requires
arthroplasty,
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Other Soft Tissue Masses (and related conditions)

Pigmented Villonodular Synovitis (PVNS) : PVNS is an uncommeon benign

neoplastic process that may involve the synovium of the joint diffusely or focally. It can also
affect the tendon sheath,

Intra-Articnlar Disease : Basically, it’s Synovial Proliferation + Hemosiderin Deposition.
The knee is by far the most common joint affected (65-80%). On plain film, features you will
probably see are a joint effusion with or without marginal erosions. Osseous erosions with
preservation of the joint space and normal mineralization is typical. It is not possible to
distinguish PVNS from svnovial chondromatosis {see below) on plain film. MR will be
obvious with blooming on gradient echo, and this is the most likely way they will show this.
Treatment is with complete synovectomy, although recurrence rate is 20-30%.

Trivia: Unusual in kids, but when present is typically polyarticular.

Giant Cell Tumor of the Tendon Sheath (PVNS of the tendoun): Typically found in the hand
{palmar tendons). Can cause erosions on the underlying bone. Will be soft tissue density, and be
T1 and T2 dark {conirasted to a glomus tumor which is T1 dark, T2 bright, and will enhance
uniformiv).

Primary Synovial Chondromatosis: There are both primary and secondary lypes:
secondary being the result of degenerative changes in the joint. The primary type is an
extremely high yield topic. It is a metaplastic / true neoplastic process (not inflammatory) that
resulis in the formation of multiple cartilaginous nodules in the synovium of joints, tendon
sheaths, and bursea. These nodules will eventually progress to loose bodies. 1t usually affects
one joint, and that one joint is usually the knee (70%). 1t is usually a person in their 40’ or 50,

Joint bodies {(which are usually multiple and uniform in size) may demonstraie the ring and are
calcification characteristic of chondroid caleification. Treatment involves removal of the loose
bodies with or without synoveciomy.

PVNS . Synovial Chondromatosis
Bemgn T‘;Cﬂp]-ﬂ_m.ﬂ_ S _Eemgn Nmplﬂsm -
Associated with Hcmarlh rosis - NOT Associated with Hcmartl;mus_ o
Never Calcifies ‘May Caleify =

Secondary Synovial Chondromatosis: A lower yield topic than the primary type.
This is secondary 1o degenerative change, and typically seen in an older patient. There will be
extensive degenerative changes, and the fragments are usually fewer and larger when compared
to the primary subtype.
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Diabetic Myonecrosis:

This is basically infarction of the muscle seen in poorly controlled type | diabetics. It almost
always involves the thigh (80%), or calf (20%4). MRI will show marked edema with
enhancement and irregular regions of muscle necrosis. You should NOT biopsy this: it
delays recovery time and has a high complication rate,

Lipoma Arborescens:

W This is a zebra that affects the synovial lining of the joints and bursa.
LI §

The buzzword is “frond-like” deposition
of fatty tissue.

It"s seen in late adulthood (50°s-70%s), with
the most common location being the
suprapatellar bursa of the knee. Although
it can develop in a normal knee, it's
often associated with OA, Chronic RA,
or prior frauma. It's usually unilateral.
On MRI it’s going to behave like fat - T1
and T2 bright with response to fat
saturation.

A sneaky trick is to show this on gradient
— and have you pick up the chemical shift
artifact at the fat-fluid interface.

Lipoma Arborescens

This could also be shown on ultrasound with a “frond-like hyperechoic mass™ and associated
joint effusion,
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Bone Biopsy

The route of biopsy should be discussed with the orthopedic surgeon, to avoid
contaminating compartments not involved by the tumor (or not going to be used in the
resection process).

Special considerations:
«  Pelvis: Avoid crossing gluteal muscles (may be needed for reconstruction),
«  Knee: Avoid the joint space via crossing suprapatellar bursa or other
communicating bursae. Avoid crossing the quadriceps tendon unless it is
involved.
+  Shoulder: Avoid the posterior 2/3* (axillary nerve courses post -> anterior,
therefore a posterior resection will denervate the anterior 1/3).

“Don’t Touch Lesions”

Characteristically Benign Lesions that look Aggressive but are NOT
— and should NOT be biopsied because of possibly misleading pathology.

— e —eeeee— —

i — i

| Circumferential \Can look scary on MRI if
Myositis Ossificans calcifications with a lucent  |imaged early because of
|center jedema, and avid enhancement
|
|
: : ' Typical location near the IC Y aggressiv
Avulsion Injury | P kakat s Kapiey B s& =
pelvis periosteal reaction

| Characteristic location on
the posterior medial
epicondyle of the distal
femur.

'Can be hot on bone scan.

'NOT a desmoid (despite the
name). It's actually a tug
:Iesion from the medial
Bilateral 30% of the time. Egastmcnemms and ADDuctor
— e = o [Magnus.

Characteristic location in the |
anterosuperior femoral neck. |

Lytic appearing lesion

Cortical Desmoid

f iation Pit .-’.. ™ X . .
E:I"::'I?:I'::crmatm i [ 3 Associated with femoral
itt's Pi acetabular syndrome

[(probably).
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“SECTION 8:
' Arthritis

Arthritis is tricky. Anne Brower wrote a book called Arthritis in Black and Whire, which is
probably the best book on the subject. The problem is that book is 415 pages. So. ['m going
to try and offer the 10 page version.

Epidemiology

Although there are over 90 different rheumatic diseases recognized by the American College
of Rheumatology, only a few tend to show up on multiple choice tests (and at the view box).

You can broadly categorize arthritis into 3 categories:
*  Degenerative (OA, Neuropathic)
*  Inflammatory (RA and Variants)
*  Metabolic (Gout, CPPD)

Degenerative:

Osteoarthritis is the most common cause. The pathogenesis is that you have mechanical
breakdown (hard work) which leads to cartilage degeneration (fissures, micro-fractures) and
fragmentation of subchondral bone (sclerosis and subchondral cysts). You get all the classic
stuff, joint space narrowing (NOT symmetric), subchondral cysts, endplate changes, vacuum
phenomenon, etc... The poster boy is the osteophyte.

Meuropathic Joint. The way the case is classically shown is a bad joint followed by the
reason for a bad joint (syringomyelia, spinal cord injury, etc...). A way to think about this is
“osteoarthritis with a vengeance.” The buzzword is “Surgical Like Margins.” Basically
nothing else causes this kind of destruction. [ like to describe the joints as a deformity, with
debris, and dislocation, having dense subchondral bone, and destruction of the articular
cortex. The classic scenario is a shoulder that looks like it's been amputated, and then they
show you a syrinx.
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Inflammatory:

Erosive Osteoarthritis (Inffammatory
Osreoartfvitis). The buzzword is “gull wing”,
which desenbes the central erosions. It is seen in
posimenopausal women and favors the DIP joints.

Rheumatoid Arthritis: There 15 a ton of trivia

Erosive OA - Gullwing

related to this disease. It's not a disease of bone production. Instead it is characterized by

osteoporosis, soft tissue swelling, marginal erosions and uniform joint space narrowing. It's
often bilateral and symmetric. Classically spares the DIP joints (opposite of erosive OA).

Trivia: The 5th Metatarsal head is the first spot in the foot

RA in the Hand Pearls - Expect the PIP joints to be involved AFTER the MCP joints. The
First CMC is classically spared (or is the last carpal to be involved). The first CMC should
NOT be first. Obviously OA loves the first CMC so this is helpful in separating them.
Psoriasis, on the other hand, also tends to make the first CMC go last.

Felty Syndrome: RA > 10 years + Splenomegaly + Neutropenia

Caplan Syndrome: RA + Pneumoconiosis

The distribution of RA vs OA in the hip is a
classic teaching point:

OA RA
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Rheumatoid Variants:

Psoriatic Arthritis

Reiter’s syndrome (Reactive arthritis)
Ankylosing Spondylitis
Inflammatory Bowel Discase

Psoriatic Arthritis: This is seen in 30% of patients with psoriasis. In almost all cases
(90%) the skin findings come first, then you get the arthritis. As a point of trivia, there is a
strong correlation between involvement of the nail and involvement of the DIP joint. The
classic description is “erosive change with bone proliferation (IP joints > MCP joints).
The erosions start in the margins of the joint and progress to involve the central portions
(can lead to a “pencil sharpening” effect). The hands are the most commonly affected
{second most common is the feet). Up to 40% of cases will have 51 joint involvement

(asymmetric).

Addirional Buzzwords
* “Fuzzy Appearance” to the bone
around the joint (bone proliferation)

*  Sausage Digit — whole digit has soft gi% 4 : :

tissue swelling o . g o ) : p -
*  Ivory Phalanx - sclerosis and/or * * v J A pﬂi .

bone proliferation (most commonly !* e ;a, , I %

the great toe) v b & -~
* Pencil in Cup Deformities IP Joints  Ray Pattern  Pencil Mouse
*  Ankylosis in Finger in Cup Ears
*  “Mouse Ears”
* Acro-osteolysis
When I say Ankylosis in the Hand, You Say (1) Erosive OA or (2) Psoriasis

RA Psoriasis Mutilans
Symmetric Asymmctric Severe bone resorption leading o
i e == = T Distal | soft tissue “telescoping” collapse.
= ijf“? ME_Ff E"’E"ﬁ.‘*‘}.. i _{I'a.vurs_IP_Emtﬂ | Trivia: I you
[ No Ostcoporosis pulled on the

Oslcoporosis

No Borie Proliferati : Bone Proliferation
eI e - the form of periostitis

Can Couse “Mutilans™
When Severe

Can Cause “Mutilans™
When Severe

patient’s lingers
they would
lengthen - but who
wold want to
touch a patient ?
Yuck!
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Reiter’s (Reactive Arthritis): Reiter®s Triad:

Apparently Reiter was a Nazi (killed a bunch of people with Cﬂf{i‘:’;:::m
typhus vaccine experiments). So, people try not to give him any ‘,i':.m,.f-“-_s. :

credit for things (hence the name change to Reactive arthritis).

Regardless of what you call it, it’s a very similar situation to (Can't See or Climb a

Psoriatic arthritis — both have bone proliferation, erosions, and Tree io Pee ona Nazi
named Reiter),

asymmetric S1 joint involvemendt.

Yor Know Who Else

The difference is that Reiter’s is rare in the hands (tends to e
b 4 Was A Nazi?
affect the feet more). Just remember Reiter’s favors things below
the waist (like the penis = urethritis, and the foot). Henry Ford
- Google It

Ankylosing Spondylitis: This disease favors the spine and 51 joints. The classic
buzzword is *bamboo spine” from the syndesmophytes flowing from adjacent vertebral
bodies. Shiny comers is a buzzword, for early involvement. As you might imagine, these
spines are susceplible to fracture in trauma. 51 joint invelvement is usually the first site
(symmetric). The joint actually widens a little before it narrows. As a pomt of trivia, these
ouys can have an upper lobe predominant interstitial lung disease, with small cystic spaces.

Next Step - Any significant Ank Spon / DISH + Even Minor Trauma = Whole Spine CT

Random High Yield Topic: Ankylnsmg Spandylms in I‘hﬂ Hlp

When the peripheral skeleton is involved in patient™s with Ank Spﬂnd think about the
shoulders and hips (hips more common). Hip involvement can be very disabling.

Heterotopic Ossification tends to occur post hip replacement or revision. [t occurs so
much that they often get postoperative low dose radiation and NSAIDs to try as

prophylactic therapy. E — —
If they show you nnmml 51 joints - then shuw you :m}fthmg in the spine it"s not AS. It has
to hit the 51 joinis firsi (especially on multiple choice).

Inflammatory Bowel Disease (Enteropathic) — Allegedly 20% of patient’s
with Crohns & UC have a chronic inflammatory arthritis. The imaging findings occurs in
two distinet flavors,

(A): Axial Arthritis (favors S1 joints and spine) — often unrelated to bowel disease
(B): Peripheral Arthritis — this one varies depending on the severity of the bowel disease.
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S| Joint Involvement Patterns (Rheumatoid Variants)

P-a-1-R P-A-1-r

Unilateral = Infection Asymmetric = Symmetric =
Psoriasis, Reiters Inflammatory Bowel, AS

Psnriatic Arthritis Rziters [Reattiv_e] { Ankylosing Spondylitis
M=F M>F I M>F
ﬁsymmemc 51 Joint ' .As:.rmml:lnc S1 Joint | $:rmm:lru: st .fmnl!
Hands, Feet, Thoracolumbar Spnm. Feet, Lumbar Sme: Sljoint | Sl joint, Spine {w’huh Lhmg]
Metabolic:

Gout: This is a crystal arthropathy from the deposition of uric acid crystals in and around the
joints. It's almost always in a man over 40, The big toe is the classic location.

Ber:zwmxf.s / Things to Know.
Earliest Sign = Joint Effusion

*  Spares the Joint Space (until late in the disease); Juxta- « Juxta-articular soft
articular Erosions - away from the joint. tissue mass (LOW

CGout on MR

: e ON T2).
*  “Punched out Iytic lesions _
L L i = The tophus will
Overhanging Edges typically enhance.

*  Soft tissue tophi

Gout Mimickers:

There are 5 entities that can give a similar appearance to a gouty arthritis, although they are much
less common. This is the mnemonic | was taught in training:

'Amcrican Roentgen Ray Society Hooray™
Amploid
* RA (cystic)
*  Reticular Histocytosis (the most vare)
* Sarcoid
* Hyperlipidemia
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CPPD: Calcium Pyrophosphate Dihydrate Disease is super common in old people. It often
causes chondocalcinosis (although there are other causes). Synovitis + CPPD =
“Pseudogout.” CPPD loves the triangular fibrocartilage of the wrist, the peri-odontoid tissue,
and intervertebral disks. Another important phrase 15 “degenerative change in an
uncommeon joint™ — shoulder, elbow, patellofemoral joint, radiocarpal joint. Having said
that. pyrophosphate arthropathy is most common at the knee.

*  If you see isolated disease in the patellofemoral, radiocarpal, or talonavicular joint,

think CPPD.
* Hooked MCP Osieophyvies with chondrocalcinosis in the TFCC is a elassic fook

falthough hemochromarosis can also look thar way),

CPPD can (and does commonly) cause SLAC wrist by degenerating the 5L Ligament.

THIS vs THAT — 04 vs CPPD ?

There are many overlapping features including joint space narrowing, subchondral
sclerosis, subchondral cyst, and osteophyte formation. However, CPPD has some unique
features, such as an “atypical joint distribution™ — favoring compartments like the
patellofemoral or radiocarpal. Subchondral eyst formation can be bigger than expected.

Hemochromatosis:

This iron overload disease also is known for calcium i & é‘ ¢
pyrophosphate deposition and resulting ‘5 i XA é
chondrocalcinosis. It has a similar distribution to i '

CPPD (MCP joints). Both CPPD and 5 - .
Hemochromatosis will have “hooked osteophytes™ ; % L—\S % %

at the MCP joint.

Hemo CPPD
THIS vs THAT- CPPD and Hemochromarosis: HemnHemn st
Hemochromatosis has uniform joint space loss at _ Hemo o
ALL the MCP joints. CPPD favors the index and £ . i
middle finger MCPs. e -4

Hooked Osteophytes L2 .

Trivia: As a point of trivia, therapy for the
—CPPD vs Hemochromatosis

sysiemic disease does NOT affect the arthritis,
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“Milwaukee Shoulder” - This is an apocalyptic i
destruction of the shoulder {(almost looks neuropathic) I,-f !

;’i’i

secondary to the demon mineral hydroxyapatite, 4

The articular surface changes will be very advanced,

and you have a lot of intra-articular loose bodies.

The humeral head will look like it needed the United been massacred.
Mations to delivery a binding resolution to keep the
hydroxyapatite from fucking destroying it.

Humeral Head has

-I'm talking scorched
Earth Mother Fuckers

Classic History: Old women with a history of trauma to
that joint.

Hyperparathyroidism - As you may remember from medical school, this can be
primary or secondary, and its effects on calcium metabolism typically manifest in the bones.
Here are your buzzwords: “Subperiosteal bone resorption” of the radial aspect of the 2nd and
3rd fingers, rugger-jersey spine, brown tumors, and terminal tuft erosions.

The classic ways this can be shown:

-

Superior and inferior rib notching — bone resorption

Resarption along the radial aspect of the fingers with brown mors

Tuft Resorption

Rugger Jersey Spine

Pelvis with Narrowing or “'Constricting " of the femoral necks, and wide S joints.

Hyperparathyroidism

Subperiosteal Resorption, Tuft Resorption Rugger Jersey Spine  Brown Tumor
and brown lumors

B RARFIEERE wrwn wERIA.
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If you are given a picture of a hand or foot and asked what the arthritis is, it will probably be
obvious (they show a gull-wing for erosive OA, or bad carpals for RA, or the pencil in cup for
psoriasis, or the 3th metatarsal for RA). I it’s not made obvious with an “Aunt Minnie”
appearance, | like to use this approach to figure it out (I also use this in the real world).

Infection
Has are or more: One Joint
; { Mo Bony Proliferation —gs RA
=Symmetnc Joint —p Infl t Proximal Distribution
Space Namowing P Y.
-Erosions
Multiple Joints
. ) AS
Bony Proliferation i, Fas]
Distal Distribution ™ Hi‘::;::
Inflammatory
Bowel Related
Typical Joims (Hands, Knees) _ ) OA
Has one ar more: ;

X ; -Post ti
-Asymmetnic Joinl =g Degenerative —3» Atypical Join > _G[:"']:fg:;;
Jpaca Harrowiag Atypical Age -Hemophilia
~Osteophyies P

Atypical Joint
Alypical Age —pp  Meuropathic

SEVERE or “Surgical Destruction”

Spine Degenerative Change:



In the real world it’s usually just multilevel degenerative change. But in multiple choice
world you should be thinking about other things. Shiny comers with early AS, or flowing
syndesmophytes with later AS. DISH with the bulky esteophytes sparing the disc space.
The big bridging lateral osteophyte is classically shown for psoriatic arthrits.

Fusion: Either
congenital (Klippel-
Feil) or Juvenile RA,

Vertebral Ossifications B Cervical Spine:
b . - c : Gamesmanship
F kyl ! :
lowing . fﬁm ylosg | Bamboo Spine
Syndesmophytes Spondylitis ,

Diffuse Paravertebral

Ossifications |DISH =_Dm1ﬁcnt|un of ALL

o N Erosions of the

| Dens: CPPD and RA
Focal Lateral ; : g
| et i [Ossification of famously do this.

Paravertebral | Psoriatic Arthritis | : 5
Ossificati { Annulus Fibrosis

SsIncasion _ Bad Kyphosis = NF1

DISH (Diffuse 1diopathic Skeletal Hyperostosis) :

You see ossification of the anterior longitudinal ligament involving more than 4 levels with
sparing of the disc spaces, you say DISH. The thoracic spine is most commonly used.
These guys often have bony proliferation at pelvis, ischial tuberosities, trochanters, and iliac
crests. There is no sacroiliitis (helps you differentiate from AS).

OPLL (Ossification of the Posterior Longitudinal Ligament):

This is an ossification of the posterior longitudinal ligament. [t is associated with DISH,
ossification of the ligamentum flavum, and Ankylosing Spondylitis. 1t favors the cervical
spine of old Asian men. It can cause spinal canal stenosis, and can lead to cord injury after
minor trauma. A key point is that it’s bad news in the cervical spine (where it 15 most
common); in the thoracic spine it is usually asymptomatic.

Destructive Spondyloarthropathy.:

This is associated with patients on renal dialysis (for at least 2 years), and it most commonly
affects the C-spine. It looks like bad degenerative changes or CPPD. Amyloid deposition is
supposedly why it happens.

Misc Stuff That's Sorta in the Arthritis Category:
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Systemic Lupus Ervthematosus:

The Aunt Minnie look is reducible deformity
of joints without articular erosions. Joinr
space narrowing and crosions ave uncommon
Jindings. They can show you the hands with
ulnar subluxations at the MCPs on Norgaard
view, then they reduce on AP (becausce the
hands are flat).

This ligamentous laxity also increases risk of
patellar dislocations.

Morgaard View

Jaccoud’s Arthropathy: This is very SLE: Shows Reversible Ulnar Deviation
similar to SLE in the hand (people oficn say

them together). You have non crosive

arthropathy with ulnar deviation of the 20-5% fingers at the MCP joint. The history is post
rheumatic fever,

Mixed Connective Tissue Disease: One unique feature is that it is positive for some antibody —
Ribonucleoprotein (RNP) - and therefore serology is essential to the diagnosis.

Juvenile Idiopathic Arthritis: This occurs
before age 16 (by definition). What you see is a
washed outl hand that has a proximal distribution
(carpals are jacked), and is ankylosed (premature
fusion of growth plates). Scrology is often
negative (85%). In the knees, you sec enlargement
of the epiphyses and widened intercondylar notch -
similar to findings in hemophilia.

==

Widenecd
—~ 2 Buzzword: “Epiphyseal Intercondylar
B,D Overgrowth” Notch

Amyloid Arthropathy: This is scen with patients on dialysis (less commonly in patients with chronic
inflammation such as RA). The pattern of destruction can be severe — similar to septic arthritis or
neuropathic spondyloarthrapathy, The distribution is key, with bilateral involvement of the shoulders,
hips, carpals, and knees being typical. Carpal tunnel syndrome is a common ¢linical manifestation.
The joint space is typically preserved witil later in the disease. When associated with dialysis, it's rare
before 5 years of treatment, but very common afier 10 years (80%).

Pituitary Gigantism: Il they happen o show you x-rays of Andre the Giant, look for “widening of
the joint space in an adult hip” - can be a classic buzeword. Late in the game, the l‘ﬂflilﬂg.t: will
actually oungrow its blood supply and collapse, leading to early onset ustt_:nnrtll'lr'rtis. The formation of
endochondral bone at existing chondro-osseous junctions results in widening of osseous structure.
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“SECTION 9:
"Marrow

This is a confusing topic and there are entire books on the subject. I'm going to attempt to
hit the main points, and simplify the subject,

Bone marrow consists of three components: (1) Trabecular Bone - the support structure, (2)
Red Marrow = for making blood, and (3) Yellow Marrow —fat for a purpose unknown at this
time.

Marrow Conversion: The basic rules are that
yellow marrow increases with age, in a predictable
and progressive way. This is usually completed by
the mid 20s. You are bom with all red marrow,
and the conversion of red to yellow occurs from / \ / *
the extremities to the axial skeleton (feet and ’ —
hands first). Within each long bone the /‘
progression occurs epiphyses / apophyses first -> I | I
diaphysis -= followed by the distal metaphysis ,
and finally the proximal metaphysis. Red
marrow can be found in the humeral heads and
femoral heads as a normal variant in adults.

Red Marrow Coverls o Yellow Marrow from
Distal to Proximal

As a child, you have diffuse
red marrow except for
ossified epiphyses and
apophyses,

As an adult, you have
yellow marrow everywhere
except in the axial skeleton,
and proximal metaphyses
of proximal long bones.

Baby Child Teenager Adult
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Few Pearls on Marrow:

Yellow marrow increases with age (as trabecular bone decreases with osteoporosis,
vellow marrow replaces it).

T1 is your money sequence: Yellow is bright, Red is darker than yellow (near iso-
intense to muscle).

Red marrow should never be darker than a normal disk or muscle on T1 (think about
muscle as your internal control).

Red marrow increases if there is a need for more hematopoiesis (reconversion =
occurs in exact reverse order of normal conversion)

Marrow turns yellow with stress / degenerative change in the spine

Three most classic marrow questions:
(1 Q) What is the normal partern of conversion ?

{A) The epiphyses convert to fatty marrow almost immediately after ossification. Distal then
proceeds medial / proximal (diaphysis first, then metaphysis).

2 @) Whar is the normal pattern of REconversion ? Spine
(A) The pattern of reconversion: This occurs in the reverse *
3 L p Flat Bones
order of normal marrow conversion, beginning in the axial
skeleton and heading peripheral. The last to go are the more *
distal long bones. Typically, the epiphyses are spared unless Long Bone Metaphysis

the hematopoietic demand is very high.

Long Bone Diaphysis

Long Bone Epiphyses

{3 Q) What areas are spared / novmal variants?

(A) Patchy areas of red marrow may be seen in the proximal femoral metaphysis of
teenagers. Distal femoral sparing is seen in teenagers and menstruating women.
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Leukemia:

Proliferation of leukemic cells results in replacement of red marrow. Marrow will look
darker than muscle (and normal disks) on T1. On STIR, marrow may be brighter than
muscle because of the increased water content. T2 is variable, often looking like diffuse red
IMArTow.

h They can show leukemia in two main ways:

(1) Lucent metaphyseal bands ina kid | 1!-. " &

e il

(2) Tl-weighted MRI showing marrow darker than
adjacent disks and muscle. Remember that Red
Marrow 1s still 40% fat and should be brighter than
muscle on T1.

Most infiltrative conditions affect the marrow diffusely.
The exceptions are multiple myeloma, which has a
predifection for focal “speckled” deposits, and
Waldenstrom's macroglobulinemia, which causes infarcis.

T

T1 Sag - Marrow is Darker

than Disk —
Chloroma (Granulocytic Sarcoma)
Just say “destructive mass in a bone of a leukemia patient.”
It's some kind of colloid tumor.
eg. skull
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“SECTION 10:
'Ultrasound

It’s absolutely incredible that | even need to 2o over this, but dinosaur radiologists love this
stuff. Plus it is popular in Europe, so logically it belongs on an intermediate exam in the US.

Anisotropy: The most common and

maost problematic issues with MNormal
ultrasounding tendons is this thing called Appearing
: " . Hyperechoic
“anisotropy.” The tendon is normally Tandon
hyperechoic, but if you look at it when
it’s NOT perpendicular to the sound
beam it can look hypoechoic (injured?). Exact same
. ) o tendon - now
It 5 the biggest pain in the ass: appearing
hypoechoic -
*Supraspinatus tendon — as it curves when i

scanned non

along the contours of the humeral head
perpendicular

*Long Head of the Biceps — In the

bicipital groove

Tears: The tendon is usually hyperechoic. Focal hypoechoic areas are tears. It can be
really tricky to tell if it’s partial or complete (that's what MRI is for).

RT ACHILLES

Fibers Torn

292



Tenosynovitis: As discussed above, there are a variety of causes. If they show it on

ultrasound, you are looking for increased fluid within the tendon sheath. You could also see
associated peritendinous subcutaneous hyperemia on Doppler.

Plantar Fasciitis: This is another

pathology that lends itself to a “what is it #~
type of ultrasound question. Hopefully, they at
least tell you this is the foot (they could label
the calcaneus). The finding will be thickening
of the plantar fascia (greater than 4 mm), with

loss of the normal fibrillar pattern. If you see S e
Plantar Fasciitis

calipers on the plantar fascia — this is going to
be the answer.

Trivia - Most commonly involves the central band (there are 3 bands - people who don't

know anatomy think there are two).

Calcific Tendonitis: As described above, this is very common and related to
hydroxyapatite. The most common site is the supraspinatus tendon, near its insertion, [t will
shadow just like a stone in the GB.

Calcific Tendonitis - Shadowing calcification in the classic location (supraspinatus)
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-SECTION 11:
Procedures

An important point to remember is that the target is not actually the joint. The target is the
capsule. In other words, you just need the needle to touch a bone within the capsule. The trick

is 1o do this without causing contamination or damaging an adjacent structure (like an artery).
General Tip - Avoid putting air in the joint, as this will cause susceptibility artifact.

Hip: The general steps are as follows: (1) Mark the
femoral artery. (2) Internally rotate the hip (slightly)
to localize the femoral head-neck junction {(your
target). (3) Clean and numb the skin. (4) Advance a
20-22 gauge spinal needle into the joint - straight
down on the superior head neck junction. (3) Inject a
small amount of contrast to confirm position. Contrast
should flow away from the tip. If the contrast just
stays there it's not in the capsule, (6) Put the rest of the
contrast in.

Trivia: Capsule is widest at the head-neck junction.

Trivia: The cockiail injected is around 14 cc total
(4 ¢cc Lidocaine, 10 ce Visipaque, and only about 0.1 ¢c Gd).

Shoulder: The general steps are as follows: (1)
Supinate the hand {externally rotate the shoulder) (2)
Clean and numb the skin. (3) Advance a 20-22 gauge
spinal needle into the joint - straight down on the
junction between the middle and inferior third of the
humeral head - 2 mm inside the cortex. (4) Once you
strike bone, pull back | mm and tum the bevel lowards
the humeral head - this should drop into the joint (5)
Inject a small amount of contrast lo confirm position,
Contrast should flow away from the tip. If the contrast
just stays there it’s not in a space. (6) Put the rest of
the contrast in.

Trivia: The cockiail injected is around | 2cc total
{(4ce Lidocaine, 8ce Visipaque, and only about 0.1 cc Gd).
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Special Situations - Problem Solving

So there are three main reasons that you might get asked to put a needle in a joint
I - Needs Arthrogram to Evaluate the Labrum

2 - Needs Steroid / Lidocaine Infection for Pain Management

3 - Possible Joint Infection - Needs Aspiration

Only one of these is going to end up getting imaged (the arthrogram), the other two just need
the needle in the correct spot - and it doesn't matter what you had to do to get it there,

Scenario 1 - Patient is allergic to (has a phobia of) Gd, but needs an arthrogram?

You could try a CT Arthrogram. So - not Gad, just Visipaque and Lidocaine.

Scenario 2 - Patient is allergic to (has a phobia of) CT Contrast (Visi or Omni), but needs a
steroid joint injection?

You can inject air into the joint (instead of visi) to confirm placement - then put the steroid in.

Scenario 3 - Patient is allergic to (has a phobia of) CT Contrast (Visi or Omni), but needs an
arthrogram ?

This situation is different. You can’t inject air because you will end up with a big blooming
mess on MR. CT isn’t an option either - because obviously you need the CT Contrast or it's
not an arthrogram. Your only choices would be to either (1) pre-medicate them, or (2) use the
foree (trust your feelings...) and hope you can get in the joint without confirming positioning
with fluoro.
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~SECTION 1:
“WhatScanisit?

Ok, here is the scenario that | want you to be prepared for:

The plane has crashed, All the neclear techs are dead. Prior to the plane crashing, they
completed several studies, but forget (o label them or give indicarions. The bean counter (non-
MD} who is running the hospital is breathing down your neck fo read these stndies now,
because the merrics he ser up are gonna look bad at the next QA/OC meeting. So now von have
1o interpret nuclear stwdies, and vou don t know why they did them or even what tracer was
given.

Fortunately, you trained for this as part of your preparation for the Exam.

Seriously, this is famously one of the most common ways nuclear medicine is tested. 1t was
like that on the old oral boards, and probably still like that now (same knuckle heads writing the
questions). It's such a ridiculous thing to ask.

My primary advice: Don? Fight Ir. Games ave Best Plaved As Games.

/ HOT Spleen | In-WBC
Liver = Spleen [— Sulfur Colloid
Bones Spleen i
Light Spleen | — Gallium
Whole / Kidneys ) MIBI
gody Heart
can
! no Kidneys | MIBG
b
NO
Liver — MIBG
Bones
no |7
Heart |
\ MO Liver = lodine
Octreotide = Higher Count Study = VERY HOT Spleen and Kidneys

* Note the MIBG is wnder both heavt and o fieart = this is because it 5 varfable. MIBG with

1-123 iy more likely to have hears than §-131.




This is an alternative pathway that some people prefer. This one focuses more on photon
output (how light or dark stuff is), and liver and spleen. [t removes the confusion of heart
“maybe” for MIBG.

Whole
Body
Scan

Tco9m
| | Sulfur
f MORE Phaotons Colloid
Liver = Spleen
/ LESS Photons t—| Gallium
Bones
\\ Spleen > Liver In - WBG
I-131
Liver > Spleen [—] MIBG
Liver & Spleen
™ Spleen = Liver g
— / + Intense Renal | | Octreotide
NOD
Bones \ % or
MO Liver or Spleen 1131

Another alternative way to work the bones pathway is to ask Lacrimal G'l:!nds‘? Gnllim_n vfrili
have them, WBC scans and Sulfur Colloid will NOT. The trick on Lacn‘m_al Glands is free
Te (but bones will be real weak on that one). MIBG can have lacrimal activity , but again no

bones.

Lacrimal Glands

Bones

MO Lacrimal
Glands

AWA

Frae Tc “Bones will be weak

Gallium *No Spleen

Sulfur Colloid "Liver = Spleen

In-111 WBC "Hot Spleen
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Special Topics

MIBG

1"11 talk about this more later in the chapter, but MIBG can be labeled with either 1-123 or 1-131.
The energy of the 1-123 (159 keV) is better for imaging, you can give a higher dose, and the
results are typically available within 24 hours (1-131 usually requires delated to optimize target to
background noise). Having said that 1-131 labeled MIBG is still used all over the place, cspecially
with adults. 1-131 may also be better for estimation of wmor uptake, for planning related 1o
MIBG therapy. The point of me rambling here is that you have two different MIBGs - so telling
which scan is which requires a little finesse.

It has variable cardiac uptake, so il finds itself on multiple branch points. Cardiac actlivity is more
often seen on an 1-123 MIBG scan (as opposed to 1-131 MIBG). Another thing that helps me
remember this swff, when you do a MIBG you are often looking for neuroblastoma. 11 the kidney
was also hot it would be hard 1o tell a mass near the kidney from the kidney — so part of the
reason the study works is that the kidney does NOT take up MIBG.

Adrenal glands: MNormal adrenal glands are not seen. However, you can have faint uptake in the
adrenals in about 15% of 1-131 patients, and around 75% of I-123 patients. So, if you secc
adrenals and you are sure they are normal (faint and symmeiric) it's more likely to be 1-123,

DARK SPLEEN +

Te WBC In WBC
DARK KIDNEYS _ i i
Just like MIBG can be labeled with either 1-123 or 1-131

The classic knee jerk for Octreotide. you can label WEBCs with Te or Indium,

This is a high count study, so the || /o WBC vs Tr WEBC: Both will [ 1. wWEBC | In WBC |
images should be clearer (relative to have hot spleens. Additionally, :,_ ctafviblognias Sl
the normal “un-clear medicine,™ Te 1s a higher count study and I_RE'_'@I_ | 7'_'“]_3_3'_'?!_]_:
will typically look cleaner. | Gl Y mNO Gl
You can go down the “no bones” e

pathway, bul the trigger should be no } : ; .
bones + liver + dark spleen + dark Te WBC: The trick here can be imaging at 4 hours v

Kidnevs imaging at 24 hours. At 4 hours you can sec lung

ety uptake. At 24 hours the lungs are clearing up, but you
start to get some bowel uptake. Just like an In-WBC the
spleen is still darker than the Liver.

Hot Kidneys .
Hol Spleen ; »,
L

Te-929 WBRBC at 4 hours  Te-99 WBC at 24 hours
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“SECTION 2:
Skeletal

18F - Sodium Fluoride vs Te-MDP

You can do bone scans with several different tracers, the main two arc 18F Sodium Fluoride and
Te-MDP. If you were trying lo differentiate the two, the primary take home point is F-18 PET is
way way way betier than Te-MDP. By “better” | mean that the image quality and sensitivity of F18
is multiple orders of magnitude better than Te-MDP. [t also has a shorter cxamination time. So,
why do you never see 18F7 Because it costs more, and insurances won't pay ¢ic... Politics and
Finance are the reasons.  Another potentially testable factoid would be which organ gets the
highest dose? The organ receiving the highest dose is Bone with MDP, and Bladder with 1#F
(overall 18F > Te-MDP) — probably... honestly vou Tl read different things in different sources.

—Scan on Scan on Scan—
This is a common trick, popular in case books & case conferences - asking you to distinguish F-18
bone scan vs Te-MDP bone scan vs PET-FDG with marrow stimulation.

This is how you do it:
*  Te-MDP will have bone and kidney uptake. It will be a blurry fuzey picce of crap.

= 15F will be beautiful, super high resolution, and look like a MIP PET.

*  FDG —PET with bone stimulation - will look similar to the F-18, but will have brain
uptake. Also, this can show increased uptake in the spleen.

Of the various soldiers mentioned above, the workhorse of
skeletal imaging is methylenc diphosphonate (MDP) tagged with
Te-99m. This is prepared from a kit which has MDP and stannous
ion. You add free pertechnetate and the stannous ion reduces it so
it will bind to the MDP, If you don’t have cnough stannous ion
{or vou get air into the vial or syringe — that can cause oxidation)
vou might get free Te (salivary gland, thyroid, stomach uptake).

Afier you inject the tracer {15-25mCi) you wait 2-4 hours to let Gasiie Uprar:::rf:&ng Sedn

the tracer clear from the sofi tissues (so you can sec them bones). “incidental note of stermal met
fram breast CA

Mechanism: Phosphonate binding to bone (chemisorption).
Distribution is based on bleod flow and osteoblastic activity.

Gamesmenghip - MDP and HDP are both bone agents so don’t get confused if they say HDP to
purposefully confuse you,

What factors will affect Where is tracer nptake NORMAL ?
tracer upiake? ; i s
i L = Bone (duh}, but also the Epiphyses in kids
+ OslcoBLASTIC activity + Kidney (not scen *or very faint = Super Scan) . Bladder

{why pure lytic lesions can
be cold)
+ Blood Flow 7

» Breasts (especially in young women)
Sofl tissues - low levels
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Increased focal uptake is very nonspecific, and basically is just showing you bone turn over.
So a metastatic deposit can do that (and this is the classic indication). But, you can also see
it with arthritis (classically shoulder) and healing fractures (most commonly shown with
segmental ribs).

Sneaky Situations:

Skuell Swtnres: I0s normal to sece some persisient visualization of the skull

s -
sutures, BUT when this 15 marked you may be thinking about renal ,
osteodystrophy. '

Breasi Uptake: Some mild diffuse breast uptake is normal (especially in ¥
vounger women), BUT focal uptake can be cancer.

Renal CORTEX activity: You are supposed to have renal activity (not « ®
seeing kidneys can make you think super scan), BUT when the renal
cortex is hotter than the adjacent lumber spine you should think Asymmatric Breasl

Tissue Uplake
about hemochromatosis. {Primary Breast GA)

Diffuse Renal Uptake: This often oceurs in the setting of chemotherapy

{especially if the study is looking for bone mets), This also ean be seen
with urinary obsiruction.

Liver Uptake: This can be several things, bul the main ones 1o think
about are (1) Too Much Al+3 contamination in the Te, (2) Cancer -
gither primary hepatoma or mets, (3) Amyloidosis, (4) Liver Necrosis

Spleen Uptake: This is a common trick to show an auto-infarcted
spleen — common in sickle cell patients. These samc patients are going
to have scattered hot and cold areas from multiple bone infarets.

Difluse Renal Uplake
{Chemaolherapy)}

Lung Uptake: In most cases this is some type of heterotopic calcification (dystrophic or mets).
The e¢lassic MDP hot lung met would be an osteosarcoma, Ultimately, it’s not specific and can be

seen in a ton of other random situations (fibrothorax, primarily tung tumors, radiation changes,
sarcoid, berylliosis, alveolar microlithiasis, Wegener's, ete...).
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Abnormal Distribution Gontinued

The Single Lesion: When you sce a single hot lesion, the false positive rate for attributing the
finding to a met is high. Only about 15% to 20% of patients with proven mets have a single
lesion (most commonly in the spine). In other words, 80% of the time it’s benign. A classic
exception is a single sternal lesion in a patient with breast cancer.  This is due to breast CA
80% of the time.

Sacral Insufficiency fracture: This is a hot geographic arca,
confined to the sacrum, ofien with a characteristic butterfly ar “H™
shaped (Honda sign). Osteoporosis is the most common cause, but
it can also occur in a patient who has had radiation,

Diffusely Decreased skelfetal uprake: This can be seen with
(1) free Te, or (2) Bisphosphonate therapy.

Fractures in the Elderly (including elder abuse): In older
populations, bone scans may be negative for scveral days. A bone

scan obtained at 1 week will exclude a fracturc, “Honda Sign™

Sacral Insufficiency Fx

Fertebral Body Fracture (Benign vs Malignant): A horizontal linear pattern of tracer uptake is the
classic look for an osteoporotic fracture (especially if they are multiple and of varying intensity).
IT the tracer extends from the vericbral body into the posterior elements or just involves the
pedicles then you should think ecancer. Lastly, followup of the ostcoporotic fracture should show
tracer activity decreasing (cancer isn't gonna do that).

Rib Lesions (Benign vy Malignant): Multiple
ribs in a vertical lincar pattemn should make
vou think fractures (think about any trauma
scan you've ever seen with rib fractures - they
tend to line up). Now, if the hot spots are
multiple (3 or more) and are jumping around,
bilaterally, cte... you should think mets. The
big thing is that when cancer goes to bones it
rarely just goes to the ribs. So lesions only in
the ribs are more likely to be benign - but
when you have lesions in the ribs and other
spots then you are likely dealing with mets,

Multiple Contiguous Lesions (Rib Fracuusres)

Musele - Yes... MDP is for bones, but it will also localize 1o injured skeletal muscle, The classic
way 1o show this is very hot quads, calfs, shoulders in a marathon runner (or military recruit) - as

a way lo show rhabdomyolysis.
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Special Topic - Hypertrophic Osteoarthopathy

This is a “Tramline” along the periosteum of long bones,
which is associated with conditions of ehronic hypoxia (CF,
Cyanotic Heart Disease, Mesothelioma, Pneumoconiosis).
However, when you see this — you need to think lung cancer.

Apparently it’s actually seen in 10% of patients with lung
cancer,

- o
Next Srep? CXR, Chest CT ete... “Teamiing Sign™ol

Hypertrophic Osteoarthropathy

Special Topic - “HO"

Normally when we think about the consequences of “HO™ we typically think about
nasty things like herpes, crabs, and gonorrhea - but on multiple choice HO can refer to
something totally different - heterotopic ossification. This describes bone (hence the
term “ossification™) growing in soft tissues. Typically use see this acquired after a
muscular trauma. As discussed in the MSK chapter the pattern is typically outside to
in, with the eventual development of mature cortical bone. In some cases this abrormal
bone proliferation can reduce joint motility and cause pain. Therefore, in some cases
surgical resection is performed to preserve the function of the joint.

Enter the MDP Bone Scan.

The main reason you image this is to see if it's “mature.” Serial exams are used to
evaluate if the process is active or not (not = “mature™). 1fit’s still active it has a higher
rate of recurrence after it’s resected. The idea is you can follow it with imaging until
it"s mature (cold), then you can hack it out (if someone bothers to do that).

Special Topic - AVN

Avascular Necrosis (AVN) as discussed in the MSK chapter, this can occur from a
variety of causes (EtOH, Steroids, Trauma, Sickle Cell, Gauchers).

The trick on bone scan is the timing.
» Early and late AVN is cold.
* Middle (repairing) will be hot.
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Bone Lesions

Pagets:

Seen primarily in older patients (8% at 80),
it’s classically shown five ways:

Super Hot Enlarged Femur

Super Hot Enlarged Pelvis,

Super hot skull,

Expanded hot “entire” vertebral body
Metabolic Superscan - from widespread
Pagets. Although, as a point of
gamesmanship if they show you a metabolic
superscan the answer is probably hyper PTH.

AN

“ Pagets Spine - Classically involves BOTH the vertebral body and posterior elements.

Primary Bone Tumors:

Both Osteosarcoma and Ewings will be hot. Primary utility of the bone scan is to see extent
of disease. With regard to benign bone tumors the only ones worth knowing are the HOT
ones and the COLD ones. Osteoid Osteoma is worth knowing a few extra things about
(because they lend themselves easily to multiple choice questions).

Osteoid Osteoma: The lesion will 4 oo
be focal and three phase hot. A H
central hot nidus 1s often seen a0

(double density or hotter spot

within hot area). A normal bone

scan excludes this entity.

§ 1A

Fibrous Dysplasia: Be aware that ‘li Q
in case books / case conference this -
is sometimes shown as a super hot

mandible. Could also be shown as
a leg that looks similar to Paget.

Osteosarcoma Osteoid Osteoma
-Double Density
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Specific Cancers - Specific Trivia:

Prostate Cancer Loves Bone Mets (85% of dying patients have it)

Prostate Cancer bone mets are uncommon with a PSA less than 10 mg/ml

Lung Cancer bone mets tend to be in the appendicular skeleton

Lung Cancer can have hypertrophic osteoarthropathy ( 10%:)

Breast Cancer bone mets are most common to the spine, but the solitary sternal

lesion is more specific
Meuroblastoma frequently mets to the bones (metaphysis of long bones)
I-123 and 131 MIBG are superior for detection of neuroblastoma bone mets

BAD BONES!
Any bone uptake on MIBG, I-131, or Octreotide is abnormal, & concerning for mets.

Cold Lesions Bone Island vs
- Radiation Therapy (usually segmental) Prostate Met:
= Early Osteonecrosis « Both are sclerotic on
* Infarction (very early or late) plain film / CT
= Anaplastic Tumor {Renal, Thyroid, Neuroblastoma, =R BRI S
be very HOT on Bone
Myeloma) Boaii
= Artifact from prosthesis, pacemaker, spine « The Bone Island should
stimulator, etc.... be cold, or faintly warm
= Hemangioma ** this is variable « Osteopoikilosis should be
= Bone Cyst (without fracture) cold
HOT Lesions
+ Fibrous Dysplasia = Osteoblastoma = Aneurysmal Bone Cyst
« Giant Cell Tumor + Osteoid Osteoma *donut sign (centrally cold)

Bone Scan vs Skeletal Survey (Trivia)

= Bonc Scan is way betler (more sensitive) than skeletal survey for blastic mets
* Skeleial Survey is superior (more sensitive) for lytic mets
* Skeletal survey is the preferred evaluation for osscous involvement in mycloma

Equivocal Lesion Next Step ?

If a bone scan “equivocal lesion™ is found the next sicp is a plain film. I the plain film shows no
corresponding lesion this is MORE suspicious for mets. Next step at that peint would be a MRL

306



Super Scans

This is a common trick, where the scan shows no abnormal focal uptake, but you can’t see
the kidneys. The trick is that everything is hot.

This eceurs in two flavors:

*  Diffuse Mets: DifTuse skeletal
metastatic activity (breast and

prostate are the common culprits). . 6

* Metabolic: From metabolic bone -
pathology; including
hyperparathyroid, renal L]

osteodystrophy, Pagets, or severe
thyrotoxicosis.

Diffuse Prostate Mets Hyper PTH (hot skull)

How can you tell them apart?
= The Skull will be asymmetrically hot on the metabolic super scan.
Dan't get it iwisted — A common sneaky move 15 to show you a bone scan, with no renals. Butit’s

because there is a horseshoe Kidney in the pelvis. Could be phrased as a next step question, with
the answer being look at prior CT to confirm normal anatomy.

Flair Phenomenon:

This is a sneaky situation shown on bone scan, where a good response to therapy will mimic
a bad response. What happens is you have increased radiotracer uptake (both in number and
size of lesions) seen 2 weeks to 3 months after treatment,

So how ean you tell its flair and nor actnally cancer getting worse?
*  On plain film lesions should get more sclerotic

*  After 3 months they should improve.
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The Three Phase Scan:

Bone scans can be done in a single delayed phase, or in 3 phases (flow, pool, and delayed). A
lot of things can be *3 phase hot™, including osteomyelitis, fracture, umor, osteoid osteoma,
charcot joint, and even reflex sympathetic dystrophy.

Cellulitis vs Osteomyelitis:

The benefit of using 3 phases is to distinguish between cellulitis (which will be hot on low
and pool, but not delays), and osteomyelitis (which is 3 phase hot). In children, a whole body
bone scan is often performed to evaluate extent. Additionally, because of subperiosteal pus/
edema you can actually have decreased vascularity to the infected area (cold on initial phases)
but clearly hot on delayed phases.

In the spine, gallium (combined with bone scan) or MRI are the preferred imaging modalities.

Response:

You can also use a bone scan to evaluate response to treatment. Blood flow and blood pool
tend to stay abnormal for about 2 months, with delayed activity persisting for up to 2 years.

This is especially true when dealing with load bearing bones. Gallium®? and Indium!"! WBC
are superior for monitoring response to therapy.

Reflex Sympathetic Dystrophy (RSD):

Sometimes called “complex regional pain syndrome,” it can be seen after a stroke, trauma, or
acute illness. The classic description is increased uptake on flow and blood pool, with
periarticular uptake on delayed phase. The uptake often involves the entire extremity.
About one third of adult patients with documented RSD do not show increased perfusion and
uptake (which probably means they are faking it, and need a rheumatology consult for
Sibromyalgia). In children, sometimes you actually see decreased uptake.
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Sulfur Colloid Bone Scan & WBC Imaging:

Tc can be tagged to sulfur colloid with the idea of getting a normal localization to the bone
marrow. You can actually perform Te sulfur colloid studies to map the bone marrow in
patients with sickle cell (with the idea to demonstrate marrow expansion and bone infaret).
However, the major utility is to use it in combination with tagged WBC or Gallium,

Both Te Sulfur Colloid and WBCs will accumulate in normal bone marrow, in a spatially
congruent way (they overlap). The principal is that infected bone marrow will become
photopenic on Te-Sulfur Colloid. Now, this takes about a week after the onset of infection, so
you have to be careful in the acute setting. WBC, on the other hand, will obviously still
accumulate in an area of infection. Combined Te-Sulfur Colloid and WBC study is positive
Sfor infection if there is activity on WBC image, without corresponding Te Sulfur Colloid
activity on the bone marrow image.

Te-Sulfur Colloid

//1 -l
Less Uptake in More Uptake in
infected Bone Infected Bone

Special Situation - The Spine

When imaging the spine, WBC frequently fails to migrate showing a photopenic area

(WBC = False Megative in the Spine). This is why gallium is preferred for osteomyelitis of
the spine.
Te-Sulfur Colloid In-WBC Gallium
Less Uptake in Less Uptake in More Uptake in
Infected Bone Infacted Bona - Infectad Bane

‘False Negative
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Prosthesis Evaluation:

Differentiating infection from aseptic loosening is challenging and the most common reason a
nuclear medicine doctor would get involved in the situation. Bone scan findings of
periprosthetic activity is very nonspecific, because you can see increased tracer activity in a
hip up to | year after placement {even longer in cementless arthroplasty). Typically, there
would be diffusely increased activity on imaging with Te-MDP in the case of infection (more
focal along the stem and lesser trochanter with loosening) — but this isn’t specific either.
Combined Te-Sulfur Colloid and WBC imaging is needed to tell the difference.

Helpfid when negarive - A negative bone scan excludes loosening or infection.

Neuropathic Foot:

Most commonly seen in the tarsal and tarsal-metatarsal joints (60%), in diabetics. When the
question is infection (which diabetics also get), it’s difficult to distinguish arthritis changes vs
infection with Te-MDP. Again, combined marrow + WBC study is the way o go.

An additional pearl that could make a good “next step” question is the need for a fowrth phase
in diabetic feet. As these patient’s tend to have reduced peripheral blood flow, the addition of
a 4th phase at 24 hours may help you distinguish between bone and delayed soft tissue
clearance.

Instead of In-WBC, What about Te99 HMPAO WEBC ?

When would yvou consider Te99 HMPAQ instead of In-WBC for infection ? Two main
reasons

(1) Kids - Tc99 will have a lower absorbed dose & shorter imaging time

(2) Small Parts - Tc99 does better in hands and feet

Why nor use Te99 HMPAO all the time ? The downsides to Te99 HMPAO are:
(1) It has a shorter half life -6 Ars- which limits delayed imaging, and
(2) It has normal Gl and gallbladder activity which obscures activity in those areas.

In-WBC Chem and Pharm

« The vast majority (like 90%) of the labeled cells are Neutrophils. This allows you to
“trace” anything that triggers neutrophil migration (inflammation / infection).

+ The radiation dose that the Indium deposits on the neutrophil doesn’t mess with its
function (supposedly). Lymphocytes on the other hand, tend to be killed by the radiation
(they don’t tumn into cancer).

+ In the normal situation the critical organ is the spleen.

« If the cells become Sragmented - the Indium binds with transferrin and vou see nore
uptake in the liver and bone merrow.
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“SECTION 3:
Pulmonary

If 1940 calls and wants to rule out a PE, you'll want 1o get the angiography room ready. In 2014,
textbooks and papers still frequently lead with the following statement “Pulimonary angiography is
the deﬁm'.'.?ure cf.l'ag.rm.s.n‘;-— umcf.rrﬁ.‘y and rt‘ﬁ‘mﬂr_‘f standard in the t.l’:'.rignrr.ri'; of acwite PE." In rl:al'il}r,,
pulmonary angiography is almaost never done, and CTPA is the new diagnostic test of chaice. V/Q
scan is usually only done if the patient is allergic to contrast or has a very low GFR. The primary
reason V/() isn't done is that it’s often intermediate probability, and the running joke is that if you
don’t know how to read one, just say it"s intermediate and you'll probably be right.

The idea behind the test is that you give two tracers: one for ventilation and one for perfusion. 1f you
have areas of ventilated lung that are not being perfused, that may be due to PE. Nommnally
WVentilation and Perfusion are matched, with a normal gradicent (less perfusion to the apex — when
standing).

Tracers:

Perfusion: For perfusion, Te-99m macroaggregated albumin { Te-99m MAA) 15 the most common
teacer used. MAA is prepared by heat denaturation of human serum albumin, with the size of the
particles commercially controlled. You give it IV and the tracer should stay in the pulmonary
circulation (vein-= SVC-= right heart -> pulmonary artery -= lung *STOP). The tracer should light up
the entire lung. A normal perfusion study excludes PE. Areas of perfusion abnormality can be from
PE or other things (more on this later). The biologic half life is around 4 hours (they eventually fall
apart, becoming small enough to enter the systemic circulation to eventually be caten by the
reticuloendothelial system).

Venrifarion: There are two ways to do the ventilation; you can use a radioactive gas (Xenon-133) ora
radicactive acrosol (Te-99m DTPA).

*  Xenon 133; The physical half-life is 5.3 days, the biologic half-life is 30 seconds (you breath it
out), Because it has low energy (81 keV) it is essential to do this part of the test first (more on
this in the physics chapter). Additionally, because the biologic hall life is so short, you only can
do onc view (usually posterior) with a single detector (dual detector can do anterior and
posterior). There are 3 phases to the study: (1) wash in (single max inspiration and breath hold),
(2) equilibrium (breathing room air and xenon mix), and (3) wash out (breathing normal air).

*  Te-29m DTPA: This one requires patient cooperation because they have to breath through a
mouth guard with a nose clamp for several minutes. 1t is also essential 1o do this part of the test
first,

Quantitative Perfusion:

You can do quantitative studies typically to evaluate prior to lung resection, or prior to transplant,
You want to make sure that one lung can hold its own if you are going 1o take the other one out,

Testable Trivia: Quantification is MOT possible if you use Te-99 DTPA acrosol. You can do it with a
combined Xe -+ Te MAA because the Xe will not interfere with the Te.

311



5 Classic Trivia Questions about Tc99m MAA:

(1) They show tracer in the brain: This is a classic way of showing you a shunt (it
got into the systemic circulation somehow, maybe an ASD, VSD, or Pulmonary
AVM),

(2) How big are the particles? A capillary is about 10 micrometers. You need your
particles to stay in the lung, so they can’t be smaller than that. You don’t want
them to be so big they block arterioles (150 micrometers). So the answer is

10-100 micrometers.

(3) When do you reduce the particle amounr? A few situations. You don’t want to
block more than about 0.1% of the capillaries, so anyone who has fewer
capillaries (children, people with one lung). Also you don’t want to block
capillaries in the brain, so anyone with a right to left shunt. Lastly anyone with
pulmonary hypertension (or who is pregnant).

(4) Is reduced particle the same as reduced dose? Nope. The normal dose of Te can
be added to fewer particles.

(5) They show you multiple focal scattered hat spots: This is the classic way of
showing “clumped MAA" | which happens if the tech draws blood into the

syringe prior to injection,

Classic Trivia Questions for Xenon 133:

(1) They show you persistent pulmonary activity during washout: This indicates
Air Trapping (COPD)

(2) They show yvou accumulation of tracer over the RUQ: This is fatty
infiltration of the liver (xenon is fat soluble).

Classic Trivia Questions for Tc-99m DTPA

Xenon | TC-99m DTPA
Quick Wash Out only one or two views  Slower Wash Out — multiple projections
Activity homogenous in the lungs “Clumping” common in the mouth,
central airways, and stomach (Ffrom
L swallowing).
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(]p - Gamesmanship - [,_]/1

Q:What if vou see tracer in the thyroid or stomach on V@ Scan??
A: You should think 2 things: (1) Free Tc, or (2) Right - to - Left Shunt

Q. What do you need 1o call a Right - ro - Left Shunt ?
A: Tracer in the Brain

Q: If vou suspect a shunt (or the shunt is known) ow do you alter the scan?
A: You reduce the number of particles. If the normal amount of particles is around 500K,
you would reduce it to around 100K,

Q: What if the patient has pulmonary hypertension?
A: Same deal - reduce the particles

Q: Particle reduction is the same as dose redwction?
A: Nope. You keep the dose the same - otherwise the study is non-diagnostic.

0 Whar abow a neonaie ? Do vou do anvihing differem?

A: Yes - major particle reduction. Down to 10K- 50K particles (depending on who you
ask). The reason is that kids have less capillaries than adults. An adult number of
particles (500K) could functionally cause a PE - by blocking the majority of the
capillaries.

0: What if you see a unilateral perfusion defect (of the whole lung), but no veniilation
defect ?
A: Geta CT or MRL. DDx is gonna be a mass, fibrosing mediastinitis, or Central PE.

Q: Of those which is the MOST COMMON?
A: Most sources will say “central obstructing mass” i.e. “bronchogenic carcinoma”

Q: How do you grade this unilateral perfusion defect (of the whole lung), but no

ventifation defect ?
A It's technically low probability.
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5 Classic Trivia Questions about Te99m MAA:

(1) They show iracer in the brain: This is a classic way of showing you a shunt (it
got into the systemic circulation somehow, maybe an ASD, VSD, or Pulmonary
ANVM).

2y How big are the particles? A capillary is about 10 micrometers. You need your
particles to stay in the lung, so they can’t be smaller than that. You don’t want
them to be so big they block arterioles (150 micrometers). So the answer is
10-100 micrometers.

(3) When do vou reduce the particle amoune? A few situations., You don’t want to
block more than about 0.1% of the capillaries, so anyone who has fewer
capillaries (children, people with one lung). Also you don’t want to block
capillaries in the brain, so anyone with a right to left shunt, Lastly anyone with
pulmonary hypertension (or who is pregnant).

(4) Is reduced particle the same as reduced dose? Nope. The normal dose of Tc can
be added to fewer particles.

(5) They show vou multiple jocal scattered hot spors: This is the classic way of
showing “clumped MAA” |, which happens if the tech draws blood into the
syringe prior to injection,

Classic Trivia Questions for Xenon 133:

(1) They show yvou persistent prulmonary activity during washour: This indicates
Air Trapping (COPD)

(2) They show yvou accumudation of tracer over the RUQ: This is fatty
infiltration of the liver (xenon is fat soluble).

Classic Trivia Questions for Tc-99m DTPA

Xenon TC-99m DTPA

Quick Wash Out only one or two views | Slower Wash Out — multiple projections

Activity homogenous in the lungs {“Clumping” common in the mouth,
(central airways, and stomach (from
Iswallowing).
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Un - Gamesmanshin - Un

O: Whai if vou see tracer in the thyroid or stomach on VO Sean??
A: You should think 2 things: (1) Free Te, or (2) Right - to - Left Shunt

Q: What do you need to call a Right - to - Left Shunt ?
A: Tracer in the Brain

O: I vau suspect a shunt (or the shunt is known) how do vou alter the scan?
A: You reduce the number of particles. If the normal amount of particles is around 500K,
you would reduce it to around 100K,

OQ: When if the pavient has puimonary hvpertension?
A: Same deal - reduce the particles

O: Particle reduction is the same as dose reduction?
A: Nope. You keep the dose the same - otherwise the study is non-diagnostic.

Q: Wheat abour a neonate ? Do you do anything different?

A: Yes - major particle reduction. Down to 10K- 30K particles (depending on who you
ask). The reason is that kids have less capillaries than adults. An adult number of
particles (S00K) could functionally cause a PE - by blocking the majority of the
capillaries.

Q: What if vou see a unilateral perfusion defect (of the whole lung), but no ventilation
defect ?
A: Get a CT or MR1. DDx is gonna be a mass, fibrosing mediastinitis, or Central PE.

Q: Of those which is the MOST COMMON?
A: Most sources will say “central obstructing mass™ i.e. “bronchogenic carcinoma”™

Q: How do you grade this unilateral perfusion defect {of the whole lung). but no

ventifation defect ?
A: IUs technically low probability.
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Gallium %7 Scan

The body handles Ga*3 the same way it would Fe*? - which as you may remember from
step | gets bound (via lacteferrin) and concentrated in areas of inflammation, infection,
and rapid cell division. Therefore it’s a very non-specific way to look for infection or
tumor. Back in the stone ages this was the gold-standard for cancer staging (now we use
FDG-PET). 1should point out that Gallium can also bind to neutrophil membranes even
after the cells are dead, which gives it some advantages over Indium WBC - especially in
the setting of chronic infection.

Gallium is produced in a eyclotron via the bombardment
of Zn*, at which point it's complexed with citric acid to
make Gallium Citrate. The half life is around 3 days
(78hours). It decays via electron capture, emitting gamma
rays at 4 photopeaks:

93 keV - 40%
184 keV - 20%
300 keV - 17%
393 keV - 3%

Images are not typically done sooner than 24 hours - b
because background is Ilon high. ?‘he critical organ is the Normal Gas?
colon. Remember “critical organ” = the first organ to be

subjectied to radiation in excess of the maximum allowable

amount.

Normal localization: Liver (which is the highest uptake), bone marrow (“FPoor Mans 5
bone scan ), spleen, salivary glands, lacrimal glands, breasts (especially if lactating, or
pregnancy). Kidneys and bladder can be seen in the first 24 (faintly up to 72 hours). Faint
uptake in the lungs can be seen in < 24 hours. After 24 hours you will see some bowel. In
children the growth plates and thymus.

"Poor Man 5 Bone Scan” - Uptake is in both cortex (like regular bone scan) and marrow.
Degenerative change, fractures, growth plates, all are hot - just like bone scan.
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Gallium uptake is nonspecific and can be seen with a variety of things including infection,
but also CHF, atelectasis, and ARDS.

Sarcoidosis:

The utility of Gallium in Sarcoidosis patients is to help look for active disease. Increased
uptake in the lungs is 90% sensitive for active disease (scans are negative in inactive
disease). Additionally, Gallium can be used to help guide biopsy and lavage — if looking to
prove the diagnosis. The degree of uptake is graded relative to surrounding tissue (greater
than lung is positive, less than soft tissue is negative).

Classic Signs:
*  Lambda Sign = The nuke equivalent to the *1-2-3 Sign™ on Chest x-ray. You have
increased uptake in the bilateral hila, and right paratracheal lymph node.

Panda Sign — Prominent uptake in the nasopharyngeal region, parotid salivary gland,
and lacrimal glands. This can also been seen in Sjogrens and Treated Lymphoma,

Ga 67 — Lambda Sign

Orher Noninfections Things

*  Gallium can be used to show early drug reaction from chemotherapy (Bleomyein) or
other drugs (Amiodarone).

*  Gallium is elevated in IPF {idiopathic pulmonary fibrosis) and can be used to monitor
response to therapy.
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Immunosuppressed Patients

*  PCP - Gallium Hot, Characteristic Gallium Pattern is Diffuse Bilateral Pulmonary
Uptake

*  Kaposi Sarcoma — Gallium Megative, Thallium Positive

*  Bacterial Prenmonia - Intense lobar configuration without parotid or nodal uptake

Galium 5 - Pheumonia
- Lung Uptake at 72 Hours

Misc Infections That Gallium Can Pick Up:

= Abdominal and Pelvic Infections = In-111 WBC is superior to Gallium
(Gallium has some normal Gl uptake).

* Malignant Otitis Media — Will be both Gallium and Bone Scan (Temporal Bone) Hot.

+ Spinal Osteomyelitis - Gallium is superior to Indium WBC for spinal infections.
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E SECTION 4:
" Thyroid

The thyroid likes to drink Iodine (it's sort of its job). Imaging takes advantage of this with
lodine analogs. The distinction between “trapping”™ and “organification” is a common
question.

*  “Trapping” — Analog is transported into gland. 1231, 1311, and *Te all do this.
*  “Organification” — Analog is oxidized by thyroid peroxidase and bound to tyrosyl
moiety. 23 and '*'1 do this. ®*=Tc does NOT do this. Instead ¥ T¢ slowly washes
out of the gland.

Tracer options / pros and cons.

1-131: The major advantage here is that it’s cheap as dirt. The disadvantage is that it has a
long half life (8 days), and that it’s a high energy (364 keV) beta emitter. The high energy
makes a crappy image with a ' inch crystal. It's ideal for therapy, not for routine imaging.
It's contraindicated in kids and pregnant women,.

Trivia: Thyroid formation takes place in fetus at 8-12 weeks.

{-123: This guy has a shorter half life {13 hours) and ideal energy (159 keV). It decays via
¢lectron capture and all around makes a prettier image. The problem is that it costs more,

Te-99m: Remember that this guy is trapped but not organified. Background levels are higher
because only 1-5% of the tracer is taken up by the thyroid gland. A common scenario to
choose Te over lodine is when they’ve had a recent thyroid blocker on board (iodinated
contrast is the sneaky one).

Random Trivia on Breastfeeding
{You know thev love this shit):

* Te-90m: You can resume breast feeding in 12-24 hours
= [-123: You can resume breast feeding in 2-3 days
= [-131: You should not breast feed — pump and dump,
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lodine Uptake Test:

You give either 5 micro Ci of 131 or 10-20 micro Ci of 123. This 1s conventionally reported
at 4-6 hours, and 24 hours. Normals are 5-135% (4-6 hours), and 10-35% at 24 hours. A
correction for background is done on measurements prior to 24 hours (using the neck counts

— thigh counts).

Factors affecring the fest
= Renal Function (increases stable iodine pool, reduces numbers)
*  Dietary lodine — variable and controversial
*  Medications — thyroid blockers, Nitrates, IV Contrast, Amiodarone

Decreased Uptake

Increased Uptake

Graves | Primary or secondary causes of Hypothyroidism
|

Early Hashimoto ' Renal Failure

Rebound after Abrupt withdrawal of antithyroid i Medications (thvrold Blockers, Nitrates, 1V
medication | Contrast, Amiodarone)

Diectary lodine Deficiency 5 Dietary lodine Overload

Graves Disease:

About 75% of the time, if you have hyperthyroidism the
cause is going to be graves. Graves is an autoimmune
disease where an antibody to the thyrotropin receptor
stimulates the thyroid to produce hormone. TSH will be
very low, where T3 and T4 will be high. The classic
clinical scenario is a middle aged women with a protracted
course, pre-tibial edema, and exophthalmos. Scintigraphy

|

is going (o give you a homogeneously increased gland,
with uptakes increased at both 4 hours and 24 hours.
Sometimes the 24 hour uptake is lower than the 4 hours (or
even at a normal range) - this is from rapid thyroid
hormene production,

Visnalization of the pyramidel lobe: The pyramidal lobe is seen in about 10%
of normal thyroids. In patients with Graves discase it is seen as much as 45%

of the time. Therefore, it's suggestive when you see it

Graves
‘ -Diffuse Homogenous Uptake |

="
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Multi-nodular Toxic Goiter (Plummer Disease): The classic scenario is an
elderly women with weight loss, anxiety, insomnia, and tachycardia. The gland is typically
heterogeneous, with uptake that is only moderately elevated. The nodules will be hot on the
background of a cold gland.

Toxic Multi-nodular Goiter vs Non-Toxic Multi-nodular goiter:
The toxic goiter will have hot nodules on a background of cold thyroid. The Mon-toxic one
will have warm/hot nodules on a normal background of the thyroid.

Graves Toxie Multi-Nodular Gaoiter
Uptake High : 70s (typically > 50%) Uptake Medium High: 40s (typically <30%)
Homogenous Heterogencous

Hashimotos:

The most common cause of goitrous hypothyroeidism (in the US). It is an autoimmune
disease that causes hyper first then hypothyroidism second (as the gland bums out later). It's
usually hypo — when it’s seen. It has an increased risk of primary thyroid lymphoma,

Step | trivia; associated with autoantibodies to thyroid peroxidase (TPO) and anti-
thyroglobulin. The appearance of the hypothyroid gland is typically an inhomogeneous gland
with foecal cold areas. The hyperthyroid (acute) gland looks very much like Graves with
diffusely increased tracer.

Subacute Thyroiditis:

If vou have a viral prodrome followed by hyperthyroidism, and then thyroid uptake scan
shows a DECREASED % RAIU you have de Quervains (Granulomatous thyroiditis).
During this acute phase, the disease can mimic Graves with a low TSH, high T3 and high T4.
The difference is the uptake scan. After the gland burmns out, it may stay hypothyroid or
recover. [f they ask you about this, it's most likely going to try and fool you into saying
Graves based on the labs, but have a low % RAlU.

Solitary Nodules
20-40% Cold Modules = Cancer
Hot Nodule vs Cold Nodule: = 1% Warm Nodules = Cancer

Most thyroid nodules are actually cold, and therefore most are benign (colloid, cysts, etc..).
In fact, cold nodules in a multi-nodular goiter are even less likely to be cancer compared to a
single cold nodule. Having said that, cold nodules are much more likely to be cancer when
compared to a functional (warm) nodule.

Discordant Nodule: This is a nodule that is HOT on Tc® but COLD on ['2%, Because some
cancers can maintain their ability to trap, but lose the ability to organify a hot nodule on T, it
shouldn't be considered benign until you show that it’s also hot on 1123,
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(._]/’ Gamesmanship: lodine vs Tc Q/‘

A classic move is to show vou a thyroid that will take up Te, but NOT lodine on 24 hour
imaging. This can be from a couple of things: (1) congenital enzyme deficiency that
inhibits organification, (2) a drug like propylthiouracil that blocks organification.

Now if they just show yvou an lodine Thyroid with low uptake on 24 hours, this is de
Quervains, or a bumed out Hashimotos.

Radioiodine Therapy

1131 can be used to treat both malignant and non-malignant thyroid discasec.

Cancer

Actual subtypes and pathology of thyroid cancer have been discussed at length in the
endocrine chapter. However, just a few points that are relevant to discuss here. Papillary is
the most common subtype (papillary is popular), and it does well with surgery + I-131.
Medullary thyroid CA (the one the MEMNs get), does NOT drink the 1-13 1 and therefore
doesn’t respond well to radiotherapy. Prior treatment can also make you more resistant to
treatment, and re-treatment dosing is typically 50% more than the original dose.

Things that make you treatment resistant; Medullary Subtype CA
= Medullary Subtype CA (will not drink the Neurcendocrine in origin, so can
tracer) occasionally (around 10%) have uptake on

« Hist forior I-1 “ : MIBG or Octreotide. They will be cold on
MG OF prcE 113 L caay gland hs Teen thyroid scan and don’t drink the treatment

killed off™) 1-131. If forced to pick - I'd go with
* History of Methimazole treatment (even if Octreoscan for medullary CA.
years ago) Associated with MEN 2a and 2b

So, normally the patient gets diagnosed and then they go for surgery. After surgery they will
come to nuclear medicine. You expect that they will have some residual thyroid (it’s really
hard to get it all out). Prior to actually treating them you will give them a tiny dose of I-131 to
see how much thyroid they have left. I the uptake is less than 5% this is ideal. Uptake more
than 5% will result in a painful ablation (may need steroids on top of the NSAIDs) and may
need to go back to the OR. Next, you will treat them. You want their TSH really ramped up.
The higher the TSH the thirstier the cancer /residual thyroid tissue. An ideal TSH is like 50

(30 would be a minimum).
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Radioiodine Therapy - Continued

How do yvou get the TSH up?
*  There are two ways;
o (1) 1s to stop the thyroid hormone (post op they are obviously hypothyroid),
o (2)isto give recombinant TSH “Thyrogen.”

How do you decide on dosing?
+  Dosing is dependent on the stage of the disease; 100 for thyroid only, 150 for thyroid
+ nodes, 200 for distal. They are told about the precautions etc... Then you give them
the dose. Before you let them go home, you test them to see if they need 1o go 10 the
hospital.

So when do patients need to be admitied to the hospiral?
*  NRC limit is 7mR/h measured at | meter from the patient’s chest (some agreement
states use 5 mR/h). The number to remember is 33 mCi of residual activity (or 30

mCi in some sirict agreement states),

Pﬂswaf Side Effects of Treatment:
Can cause pulmonary fibrosis if given to patient with lung mets. This is really anly

the case of macro-nodular disease (as opposed to micronodular disease). That isn't
necessarily a contraindication

Sjogrens have a greater risk of salivary gland damage

Salivary gland damage is dose related — so cancer treatment patients have a greater risk

Whar rowes does the body use to eliminare [1317
*  Urine is the main way it is eliminated but sweat, tears, saliva, and breast milk are other
routes.

If they don t need to be admitted 1o the hospital, what precanrions should they 1ake?

* There is a whole bunch of crap they are asked to do. Drink lots of water (increase renal
execretion). Suck on hard candy (keep radiotracer from jacking vour salivary glands).
Patients are encouraged to stay away from people (distance principal). Sleep alone for
3 days (no sex, no kissing - keep that dirty dick in your pants!). Good bathroom
hygiene (flush twice, and sit down if you are a guy). Use disposable utensils and
plates. Clothes and linens should be washed separately. Most of these things are done
for 3 days.

Is it ok to breast feed? s it ok to try and get pregrani?

* Mo breast feeding. If you take 1'*' your breast feeding days are over (at least this time
around).
Mo getting pregnant for at least 6-12 months after therapy
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Radioiodine Therapy - Continued

Other Trivia:

* I vou participated in the therapy, you need your thyroid
checked 24 hours later,

*  Ifthe paticnt got admitied to the hospital the RSO needs to
imspect the room alter discharge before the janitor can
clean it or the next patient can move in.

*  Thyroglobulin is a lab test to monitor for recurrence.
Anything over zero — afler thyroidectomy, is technically
abnormal, although the trend is more imponant (going up
is bad)

*  Severe uncontrolled thyrotoxicosis and pregnancy are
absolute contraindications.

Gamesmanship Q,ﬂ
- lodine Post Treatment -

If you see an lodine Scan,
and you sce uptake in the
liver , this is ALWAYS a post
treatment scan.

Classic Scenario - Patient is on dialysis and needs 1130 Ry

Give '3 immediately following dialysis to maximize the time the ['31 is on board. Decrease
dose as there is limited (essentially no) excretion until next dialysis. Dialysate can go down
sewer. Dialysis tubing needs to stay in storage.

Hyperthyroidism:

Why not just treat if they are

13! can also be used to treat hyperthyroidism. Dosing depends
on the etiology; 15 mCi for Graves (more vascular), 30 mCi
for multi nodular (harder to trear the capsule). Again the TSH
must be high for the therapy 1o be effective. By 3-4 months,
there should be clinical evidence of resolution of signs and
symptoms of hyperthyroidism, if 1-131 therapy was
successful,

As an aside, there is no such thing as an “emergent
hyperthyroid treatment.” You can always use meds to cool it
down. The standard medication is Methimazole. However, if
there is an allergy to Methimazole, the patient is having WBC
issues (side effect is neutropenia) or the patient is pregnant -
use propylthiouracil (PTU). PTU is recommended during
pregnancy.

experiencing severe thyrotoxicosis ?

Supposedly you should never treat
severe thyroloxicosis because you risk a
thyroid storm {fever, hypertension,
elc). Most people will say o block
them with meds, and cool them ofl.
Having said that, the risk of a true
storm is probably exaggerated and vou
will hear people say “fuck it dude, reat
them™ ... but even the wildest gun
slingers will sull give beta blockers (o
reduce the risk of cardiac
complications.

What about Thvroid Eve Disease? 10's controversial, bul some people believe that thyroid eye
disease will worsen after [-131 treatment. [f you are prompied, | would just have optho look at
their eyes, bad outcome is likely severity related. *You might not want to treat a bug-eved dude

(depends on wito vou ask).

Wolff-Chaikeff Effect: Since we are talking about hyperthyroid treatment, there is no better ti!nc lhalm
to discuss the W.C. effect. Essentially, this is a reduction in thyroid hormeone levels caused by ingestion
of a large amount of iodine. The WollT-ChaikofT effect lasts several days (around 10 days), afier which
it is followed by an "escape phenomenon.” The W.C. effect can be used as a treatment principle
against hyperthyroidism (especially thyroid siorm) by infusion of a large amount ol iodine to suppress
the thyroid gland. The physiology of the W.C. effcet also explains why hypothyroidism is sometimes
produced in patients taking several iodine-containing drugs, including amiodaronc.
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“SECTION 5:
" Parathyroid

What Causes Hyperparatiyroidism 7

*  Most common cause is a hyperfunctional adenoma (85%).
*  Second most common cause is multiple gland hyperplasia (12%),
*  Third most common cause is cancer (3%).

Muclear medicine can offer two techniques to localize these lesions; dual phase, and dual tracer.

Dual Phase Technique

In dual phase technique, a single tracer (Te*-Sestamibi) is administered, and both early (10
mins) and delayed (3 hours) imaging is performed. The idea is that sestamibi likes things with
lots of blood flow, and lots of mitochondria. Parathyroid pathology tends to have both of
these things, so the tracer will be more avid early, and stick around longer (after the tracer
washes out of normal tissue). SPECT can give you more precise localization.

Initial Phase Delayed Phase

-Both Thyroid and -Uptake Remains in
Parathyroid Abnormal Parathyroid

(Hyperplasia in this case)

Trivia: Sestamibi parathyroid imaging depends on mitochondrial density and blood flow

False Positives: Caused by things other than parathyroid pathology that like to drink Sestamibi.
*  Thyroid Nodules
*  Head and Meck Cancers
*  Lymphadenopathy
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Dual Tracer Technigue

In dual tracer technique two different agents are used and then subtraction is done. The first
agen! is chosen because it goes to both thyroid and parathyroid (options are either Te%-
Sestamibi or 201- Thallium Chloride). The second agent is chosen because it only goes to the
thyroid (options are either I-123 or Pertechnetate). When subtraction is done, anything left hot
could be a parathyroid adenoma,

Froblems:
« Mo Tracers, Mo Problems
*  Motion: subtraction imaging can’t tolerate much motion
*  Swuff Messing with the Thyroid Tracers: recent iodinated contrast, etc...

)
L ¥ o
pa
Te - Sestamibi I-123 Subtraction Ultrasound Correlation

Parathyroid Adenoma - Shown on Dual Tracer Method

Qﬂ Gamesmanship - MIB/ - Lymph Nodes Qfl

On any study, parathyroid or a heart, if the tracer is MIBI than you should NOT see lymph
nodes. If you see lymph nodes they are suspicious (maybe cancer). Next step would be
ultrasound to further evaluate them.

Oh, and don™t forget about focal breast uptake (also cancer), - Breast Specific Gamma
Imaging (BSGI) uses MIBI for a reason.
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“SECTION 6:
" CNS Imaging

The goal of brain imaging in nuclear medicine is to evaluate function {more than anatomy).
Typically you are dealing with SPECT brain (seizures, ischemia), FDG Brain (dementia), and
Cisternograms / shunt studies.

This is the general idea:

LIPOPHILIC PERFUSION AGENTS

> PROPORTIONAL TO BLOOD FLOW

OMNLY FOR BRAIN DEATH

PLAMAR IMAGING

SPECT IMAGING

PET IMAGING @  ======- ¥ PROPORTIONAL TO METABOLISM

| want to start out talking about 3 of the agents that are commonly used in CNS Nukes;
HMPAO, ECD, and DTPA. The focus of course is on how questions can be asked about
these tracers. First let's group them:

Extracted {Can be used for Parenchymal Imaging)
HMPAO
ECD

MNOT Extracted (Mot used for Parenchymal Imaging - i.e. no SPECT)
DTPA

HMPAOQO and ECD are very similar, and any time you have similar things, someone will be
scheming about how to ask a question about the one or two ways they are slightly different.

On the next page I'm going to compare and contrast these agents - and their potential uses.
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THIS vs THAT -- HMPAO and ECD

Tc HMPAO (hexamethylpropylencamine oxime) and Te ECD (ethyl cysteinate dimer).
HMPAQ and ECD can be used in both dementia imaging and for seizure focus localization.

These studies are typically performed with SPECT. The idea behind brain SPECT is that you
can look at brain blood flow, which should mimic metabolism. These two agents are neutral
and lipophilic, which lets them cross the blood brain barrier and accumulate in the brain.
Where and how much they accumulate should follow flow (and metabolism).

As | mentioned previously, the two tracers have similarities and differences, and the contras
between them lends well to multiple choice tests.

HMPAO - ECD
Meutral and Lipgphiliu - Neulml zmd L1p0ph1|!£‘
Accumulate 1nlhr: cortex proportional to :Accumu]am in the cortex proportional to
blood flow (Gray Matter > White Matter) |blood flow (Gray Matter > White Matter)
Wash_mlt_ is fast - Washuut is slow (more rapid clearance

| from blood panl }

Uptake favors the fruntal lobe, thalamus, and ' Uptake favors the parietal and mcnpnla] Iobaﬂ

cerebellum * Makes comparison between HMPAQ and
|ECD difficult
Key poinis:

*  Both agents pass blood brain barrier and stick to gray matter proportional to CBF

*  HMPAOQO washes out faster

* ECD washout is slower, has better background clearance, and does not demonstrate
intracerebral redistribution.

The Other Guy - Tc- DTPA

Unlike HMPAO or ECD, this agent is lipoPHOBIC - and is best thought of as an
“angiographic tracer” because it stays in the blood (or CSF if you put it there).

Key Poinis:
*  DTPA does NOT cross the blood brain barrier and therefore cannot be used for brain
parenchymal imaging. *You can NOT do SPECT
Has the Hd'-’dn'hl y. over HMPAQO and ECD in that it can be repeated without delay
v ice, NPH, and Brain Death.

-
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Seizure Focus:

The goal of nuclear imaging regarding
seizures is o attempt to localize a
seizure focus (sometimes they do ok if
they cut it out).

The idea 15 that a seizure focus will
be hot (hypermetabolic and ICTAL INTER-ICTAL
hyperperfusion) during the seizure
“jetal.,”™ Then cold between seizures
“interictal.” You need to inject tracer
(HMPAQO or ECD) within 30 seconds
of the seizure to get a good study.
PET can be used, but is less practical.

Thallium 201 ]

Thallium is produced in a cyclotron, decays via electron capture, and has a half life of
around 3 days (73 hours). The major emissions are via the characteristic x-rays of its
daughter product Mercury 201 - at 69 keV and 81 keV. The tracer is normally given as a
chloride and will therefore rapidly be removed from the blood

Thallium behaves like potassium, crossing the cell membrane by active transport (Na+/
K pump). Tumors and inflammatory conditions will increase the uptake of this tracer.
The higher the grade tumor, the more uptake you get. As Thallium requires active
transport, it can be thought of as a viability marker - you need a living cell to transport it.

Normal Distribution: Thyroid, salivary glands, lungs, heart, skeletal muscle, liver, spleen,
bowel, kidneys, and bladder. Any muscle twitching will turn hot.

If you are going to use it with Gallium, you must use the Thallium first as the Gallium
will scatter all over the Thallium peaks.

High Yield Generalizations / Uses:
= Toxoplasma Infection is Thallium Negative
= Lymphoma is Thallium Positive
= Kaposi Sarcoma is Thallium Positive (Gallium Negative)
= Tumor is Thallium Positive
= Necrosis is Thallium Negative
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Tumor vs Necrosis:

The tracers used for SPECT tumor studies are different than
those used for dementia or seizures. The tumaor tracers are
21T {more common) and #mTe Sestamibi (less common).
WIT] is a potassium analog, that enters the cell via the Na/K
pump. Inflammatory conditions will increase the uptake of this
tracer, but not as much as tumors. The higher the tumor grade,
the more intense the uptake. Thallium can be thought of as a
marker of viability, as it will localize in living tumor cells, and
not necrosis. The control is the scalp (abnormalities will have
greater uptake than the sealp). You can use Thallium in
combination with perfusion tracers (HMPAQO).

CNS Lymphoma vs Toxoplasmosis:

Tumor vs Necrosis

Thallium Hot,

HMPAO Cold | Homor

Thallium Cold
HMPAQ Cold

| Mecrosis

As discussed in the neuro chapter CNS lymphoma
vs CNS Toxoplasmosis can be a diagnostic
dilemma. Thallium has a role in helping to
distinguish the two (Toxo Cold, Lymphoma
Hot). Please refer to the newro chapter for
additional discussion.

Typically CNS lymphoma, toxoplasmosis,
bacterial abscess, cryplococcus infection,
and wherculosis are all positive on Ga-67
scintigraphy.

CMNS lymphoma will be positive on TI-20,

Brain Death

You are looking for the absence of intracerebral perfusion to confirm brain death. So that
you don’t keep Grandma around as a piece of broccoli, you need to have a tourniquet on the
scalp — otherwise you might think scalp perfusion is brain perfusion and say she's still alive,
You have to identify tracer in the common carotid — otherwise the study must be
repeated. In the setting of brain death, tracer should stop at the skull base. The hot
nose sign, is seen secondary to perfusion through the external carotid to the maxillary
branches. As a point of trivia — the hot nose sign cannot be used to call brain death , it is a

“Secondary Sign.”

Brain
Death -
Hot Nose
Sign
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Stroke

There is no reason, ever, under any circumsiances known to man, women, or beast to ever, ever
use SPECT to diagnose siroke. Having said that, you can look at stroke with SPECT and will
therefore likely be asked questions about it.

The blg take home points are this:
Acute Stroke is Cold

Subacute Stroke can be warm — from luxury perfusion (blood flow is more than dead

cells need)
= Chronic Stroke is Cold

-

Ischemia (TIAs)

You can evaluate for cerebrovascular reserve by first giving acetazolamide (Diamox) — which
is a vasodilator , followed by a perfusion tracer. Normally you should get a 3-4x increase in
perfusion. However, in areas which have already maxed out their auto regulatory
vasodilation (those at risk for ischemia) you will see them as relatively hypointense. These
areas of worsening tracer uptake may benefit from some revascularization therapy.

PRE-DIAMOX POST-DIAMOX

Worsening Uptake = Ischemia
This might beneafit from
revascularization. Next Step = Angio

Bottom Line = Ischemic Tissue Looks WORSE (relatively) compared to surrounding tissue,
after vasodilation (Diamox / Acetazolamide)

Gamesmanship = Diamox = Acctazolamide. .. don’t just remember one.
You don’t know which one they will use,
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FDG-PET

PET can assess perfusion (130-H20) but typically it uses '$FDG to assess metabolism (which
is analogous to perfusion). Renal clearance of BFDG is excellent, giving good target to
background pictures. Resolution of PET is superior to SPECT.

It’s important to remember that external factors can affect the results; bright lights
stimulating the occipital lobes, high glucose (>200) causes more competition for the tracer

and therefore less uptake, eic. ..

The most common indication for FDG Brain PET is dementia imaging. Because blood flow
mimics metabolism HMPAO, and ECD can also be used for dementia imaging and the

patterns of pathology are the same.

Dementia is discussed in detail in the newroradiofogy chapter. Please refer to the
masterpiece that is the newro chapter for additional details (page 61),
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CSF Imaging

The principle involved in imaging the CSF consists of intrathecal administration that will
safely follow CSF and remains in the CSF compartment until it is absorbed through the

conventional pathways. The most common tracer used is '"'In — labeled DTPA. So, you

have to do an LP on the dude (it"s intrathecal).

nination
*  Time Zero - You do the LP
*  2-4 hours it ascends and reaches the basal cisterns
4 hours - 24 hours it flows around the sylvian fissures and interhemispheric cistern
* At 24 hours it should clear from the basilar cisterns and be over the cerebral
convexities

1 Hr [ 5 Hr ' 24 Hr

T — il

Tracer in the lateral ventricles
Failure to clear from the cisterns and localize over the convexities by 24 hours

AGhE

24 Hr
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Communicating Hydrocephalus:

Mormal pressure hydrocephalus is wet, wacky, and wobbly (incontinent, confused. and ataxic)
clinically, and demonstrates “ventricular enlargement out of proporiion to atrophy™ on CT.

On scimtigraphy you are looking for:

Early entry (4-6 hours) of tracer into the lateral ventricles
Persistence of iracer in the lareral vemricle = 24 hours
Delav in Assent to the parasagivial region = 24 hours

-

NPH -
Persistent
Tracer in the
Ventricles

= 24 Hours

Sinee radiotracer shouldn’t normally enter the ventricles, a radionuclide cisternogram cannot be used
to distinguish communicating from noncommunicating hydrocephalus. Historically (1930s) you could
tell by injecting the material directly into the lateral ventricles.

THIS vs THAT: NPH vs Non Obsiructive (Communicating) Hydrocephalus.
NPH will have a normal opening pressure on LI

CSF Leak:

You can use CSF tracers to localize a leak. The most common sites of CSF leak (fistulas) are between
the cribriform plate and ethmoid sinuses, from the sella urcica into the sphenoid sinus and from the
ridge of the sphenoid to the ear. The study is like a bleeding scan, in that the leak must be active
during the test for you 1o pick it up.

How iz it done? You image around the time the CSF is at the basilar cisterns (1-3 hours) and also

image pledgets (jammed up the nose prior to the exam). You compare tracer in the pledgets to serum
{ratio greater than 1.5 is positive).

Shunt Patency:

There are a bunch of ways to do this, Most commonly, Te labeled DTPA is used (''In - labeled DTPA
could also be used). Usually, the tracer is injected straight into the tubing.

Mormal Test will show tracer in the peritoneum — shows distal end is patent,

You can manually ccclude the distal limb 1o force tracer into the ventricles — shows proximal end
i5 patent.

T the tracer fails 1o refux into the ventricles, or it does but then doesn’t clear, you can think
proximal obstruction

Il there is delayed tracer flow into the peritoneum (> 10 minutes = delayed), this can mean partial
distal obstruction,
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k- SECTION 7:
"Gl Nukes

Gastric Emptying : Believe it or not, this study is Standard Meal
actually considered the “gold standard™ 10 evaluate gastric - 4oz of Ezg Whites
motoer function. The primary indication is typically = 2 Slices of White Bread

gastroparesis (usually in a diabetic). The exam should be 3
performed fasting (at least 4 hours). Some texts say that it
should be done in the first 10 days of the menstrual cycle o
prevent hormones from interfering (1"m sure this
recommendation is evidence based). Most commonly Tc
labeled sulfur colloid is used on a standardized liquid meal,
solid meal (egg whites), or both. Solids are more sensitive, but you can have emptying
problems from liquids only and normal emptying from solids.

Strawberry Jam
= Water
= Te Sulfur Colloid

Gamesmanship: One sneaky way Solid Phase Liquid Phase
to test this would be related to the :

differences between solid food
and liquid food curves. The main
point is that solids have a “lag
phase™ in which the stomach
helps grind up the food into
smaller parts (liquids don’t have
this). Lag Time can be increased
in diabetic patients.

R B B i e o

Time Time

Gamesmanship: Another possible question is that “attenuation correction™ plays a role in
calculation of emptying times, as movement from the back of the stomach to the front can
increase counts due to attenuation.

Pharmacology Trivia:

«» Prokinetic drugs (which enhance gastric emptying) metoclopramide (Reglan), tegaserod
(Zelnorm), erythromycin, and domperidone (Motilium) are stopped at least 2 days prior
to the test. - this can cause a false negative exam,

« Opiates (which delay gastric emptying) are stopped 2 days prior 1o the test. These can
cause a false positive exam,

« Anticholinergic/ Antispasmodic drugs such as Donnatal, Bentyl, Robinul, and Levsin, are
stopped for 2 days prior to the test

« Serotonin receplor antagonists - the classic one being Ondansetron (Zofran) are fine and can
be given prior to the exam.

Esophageal Transit: Uscd (rarely) in the evaluation of esophageal motility disorders.
The supposed advantage is the ability to give quantitative information. The patient is made to
fast overnight, then fed Te-99 sulfur colloid. Dynamic imaging is performed and transit time
and /or residual esophageal activity is measured.
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Gl Bleeding: Gl bleed scan sensitivity

The goal of a Gl bleeding scan is to localize the bleed (not to say there = (1§ mifmin
is one). Bleeding scan is sensitive to G blecd rates as low as at 0.1

ml/min (Mesenteric angiography requires 1-1.5 ml/min bleeding). AngIOgram SensIitvity =

L maddmring

Fivst Seme Techmical Stuff (Very Boring and High Yield)

Before the Te-99 can be tagged to a RBC (beta chain of the hemeglobin); it must first be reduced.
This is accomplished with stannous ion (tin). This is referred to as “tinning.”  There are 3 methods.

I Vive

1. Tin (stannous ion) is injected into the patient
2. Then Te-99m pertechnetate is injected
3. Tin binds to the hemoglobin then reduces the Te (which then binds)

Although the process is super simple, you only get about 60-80% of it bound. So you have
a lot of free Tc and a dirty image (poor target to background). Sometimes it fails miserably
{via drug interaction — heparinized tubing, or recent I'V contrast). The images are too
crappy for cardiac wall motion studies, but can work for Gl bleeding,

In Vive — In Vitro (Modified Method)

1. Tin (stannous ion) is injected into the patient
2. After 15-30 mins, you pull 3-5 cc of blood out of an IV line into a syringe with both

Te-99m pertechnetate and an anticoagulant
3. It’s then re-injected 10 mins later

This one does a little better, binding close to 85%. Drug interactions (like heparin) are the
most common cause of failure.

In Vitro

Blood 1s withdrawn and added to a kit with both Tin (stannous ion) and Te. 1t's then re-
injected. This method works the best (98% binding), but is the most expensive.

Image Acquisition: Gl bleeding scan is acquired with DYNAMIC imaging (as opposed to 5
min static, transmission, SPECT, or dual tracer protocol). This allows the detection of
intermittent bleeds and better localization of the origin of the bleed.
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Reading the Study: You are looking for;

(1} Tracer outside the vascular distribution

(2} Tracer that Moves like bowel
(can be antegrade or retrograde)

{3) Tracer that Increases Intensity over time

g g g

You can get faked out by a lot of stuff; renal
or bladder excretion (possibly with hydro),
transplant kidney (classic trick — but again it
won't move), varices or angiodysplasia (these
shouldn’t move), a penis with blood in it (this
will look like a penis), hemangioma (this will
be over the liver or spleen — and not move),
and the last trick — Free Te in the stomach.

It you see gastric nplake® next look at the
salivary glands and thyroid to confirm it's
free Te, and not an actual bleed.

| ¢ | 4

S min. 30 min. 45 min
Normal Scan - No Abnormal Tracer
Accumulation. Normal Uptake in Blood
Pool, Liver, & Heart.

S min. 30 min. 45 min

Abnormal Scan - Abnormal Tracer
accumulation at the Hepatic Flexure,
increases over time. SMA territory.

Rapid Review of Vascular Territories (localization on GI bleed exam helps direct
angiographic therapy to the specific vascular territory — plus it’s an easy way to ask a

multiple choice question).

* Celiac: Distal Esophagus, Stomach, Ist part of the Duodenum

= SMA: 2nd - 4th Parts of the Duodenum, the rest of the small and large bowel to the
transverse colon at the level of the splenic flexure.

= IMA: Distal 1/3 of the Transverse Colon to the Proximal Rectum

Alternative (Stone Age) Way of Doing A Bleeding Scan: Back when dinosaurs roamed the
earth, they used to do bleeding scans with Te Sulfur Colloid. This had a variety of
disadvantages: fast clearance (had to do scan in 30 mins), multiple blind spots (the stomach,

splenic flexure, and hepatic flexures - as sulfur colloid goes to the liver and spleen normally).
The only possible advantages are that it requires less prep and has good target to background.
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Meckel Scan:

The Meckel Diverticulum is a remnant of the
omphalomesenteric duct located near the
distal ileum. These things can have ectopic
gastric mucosa and present with painless
bleeding in the pediatric population.
Pertechnetate is used because it is taken up
by gastric mucosal cells. So you are looking
for tracer uptake in the pelvis (usually RLQ)
around the same time as the stomach.

Only about 10- kels diverticuinm

will have gastric mucasa (these are the ones
most likely to Bleed).

{2/1 Here are the Tricks:

/

Meckel Scan

* You need to do the study when the patient is NOT bleeding (if they are bleeding -

then do a bleeding scan).

Pre-Treatment: You can use a bunch of different stuff to make the exam better:

o Pentagastrin — enhances uptake of pertechnetate by gastric mucosa (also

stimulated GI activity)

0 H2 Blockers (Cimetidine and Ranitidine) block secretion of the pertechnetate
out of the gastric cells making it stick around longer.

0 Glucagon - slows gastric motility.

*  [False Positive: Can occur from bowel irritation (recent scope, laxative use)

*  False Negative: Recent In vivo labeling of RBCs , Recent Barium Study

{attenuated)
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HIDA Scan:

Function and integrity of the biliary system can be evaluated by using Te-99m labeled tracers that mimic
bilirubin’s uptake, transport, and excretion. All the tracers are basically analogs of this iminodiacetic acid
stuff. Trivia: You reed higher doses of iracer if the patient has hyperbilivubinemia

Frep for the test is diet control. You need to have not caten within four hours (so your gallbladder is ready
to fill), and have eaten within 24 hours (so your gallbladder isn't so full, it can’t let any tracers in). If you

haven’t eaten for over 24 hours, then CCK can be given.

Mormally, the liver will have prompt tracer uptake (within 5 minutes), then you will have exerction into
the ducts, then the bowel - pretty much the same time you sec the gallbladder. 1T the gallbladder is sick
{obstructed), it will still not have filled within 60 min, This 15 the basic idea.

g

1 min 10 min 20 min

Ié':l:'n'l-'-:"i.

60 min

Acute Cholecystitis: Almost always (95%) patients with acute choleeystitis have an obstructed cystic
duct. IF you can’t get tracer in the gallbladder within 4 hours, this suggests obstruction.

<4

1 min 10 min 20 min

A curved area of increased activity
along the gallbladder fossa (hot
rim, or pericholecystic hepatic
activity sign) suggests a more
angry gallbladder - (supposcdly

cholecystitis). ﬁ

seen in 20% of gangrenous

Mechanism of the Rim Sign: The mechanism is the result
of inflammation causing regional hepatic hvperemia, with
more radiopharmacenticel being delivered ro this area of
hepatic parenchyvma;

Cystic Duct Sign:

This sign is scen with acute
cholecystitis. The sign describes a
nub of activity in the cystic duct, with
the
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Chronic Cholecystitis: This can be shown two ways; (1) delayed filling of the GB (not
seen at | hour, but seen at 4 hours), or (2) with a low EF (< 30%) with CCK stimulation. A
reduced EF can also be seen in acute acalculous cholecystitis.

Testable Trivia
& - The Dose of CCK: 0.02 microgram/kg over 60 mins
- The Dose of Morphine 0.02-0.04 mg/kg over 30-60 mins

Biliary Obstruction: The classic way to show this is a lack of visualization of the
biliary tree - sometimes call a “Liver Scan Sign.” It's caused by back pressure in an
obstructed CBD.

1 min 10 min 20 min B0 min

Prompt Uptake - With Delayed Excretion (Medication)

Cholestatic jaundice can be drug induced. The classic offenders:

Chlorpromazine, Erythromycin, Birth Control (Estrogens), Anabolic

Steroids, and sometimes Statins. This can mimic biliary obstruction.

THIS vs THAT: Biliary Atresia vs Neonatal Hepatitis

If you see a hepatobiliary scan (HIDA) in a kid, for sure this is the indication. Apparently,
these two things are hard to tell apart clinically. 1f you see tracer in the bowel it’s hepatitis,
but just remember that it might be slow so you need super delays (24 hours if necessary). If
you don't see it in the bowel, you might still need to repeat the study if you didn’t charge up
those hepatocytes with some phenobarb (up regulates the cytochrome system). In other
waords, a lot of places pre-medicate with phenobarbital to increase the utility of the test. If
you operate early (Kasai procedure) they do a lot better, so it’s important not o screw this up.

Trivia: Dose of Phenobarb to prime the liver = 5 mg/kg x 5 days | Techmically it’s 2.5 mgikg

“5 for 5 keeps the liver alive” | iwice a day - but that
doesn t rivme
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Bile Leak

You can use HIDA tracer after

trauma or surgery to look for bile =

leak. The trick is that you need ’

delayed images, and look in the right -
~ b 4

paracolic gutter / pelvis. You can get

tracer in the gallbladder fossa,
mimicking a gallbladder.

Reappearing Liver Sign - Labeled

bile may track superiorly into the

peri-hepatic space and coat the
surface of the liver. This can give the ’ e

appearance of paradoxically 3 r"‘;j

increasing activity in the liver after
an initial decrease in activity from
liver emptying into the bowel.

HIDA Scan - Rapid Path Summary:

Mo Bowel Activity, Persistent Blood Pool = Hepatocyte Dysfunction (Hepatitis)
Mo Bowel Activity, Blood Pool Goes Away NMormally = Common Duct Obstruction
No Gallbladder Activity x 4 hours (or | hour + morphing) = Acute Cholecystitis
Abnormal GB emptying (EF < 30%) = Chronic Cholecystitis
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Sulfur Colloid Liver Scan

Mot frequently done because of the modem invention of CT. Sulfur Colloid tagged with Te is quickly
caten by the liver's reticuloendothelial system, I can be used 1o see *hot”™ and “cold" arcas in the liver.

Classically, the multiple choice question is Focal Nodular Hyperplasia is Hot on sulfur colloid
(although in reality it’s only hot 30-40% of the time).

Sulfur Colloid Liver Scan

Hepatic Adenoma COLD

FMH 40% HOT, 30% COLD, 30% Neutral

Cavernous Hemangioma COLD (RBC Scan HOT)

HCC COLD {Gallizum HOT)

Cholangiocarcinoma COLD

Mets COLD

Abscess COLD (Gallizm HOT)

Focal Fat COLD (Xe HOT)
Particle size is worth discussing briefly. Particles for this scan need to be 0.1 — 1.0 micrometers. This
is the right size for the liver to eat them. 1T they are too big the spleen will eat them, and if they arc loo
small the bone marrow will cat them. Also, realize that if they were too big they would get stuck in the

lungs like a VIO on the first pass through.

Colloid Shift — In a normal sulfur colloid scan, 85% of the colloid is taken up by the liver (10%
spleen, 5% bone marrow). In the setting of diffuse hepatic dysfunction, portal hypertension,
hypersplenism, or bone marrow activation you can scc change in uptake = shift to the splecn and bone
marrow. The most specific causes of colloid shift are cirrhosis, diffuse liver mets, diabetes, and blunt
trauma Lo the spleen,

Diffuse Pulmonary Activity — This is not normal localization of sulfur colloid. This is non-specific
and can be scen with a ton of things (most commonly diffusc liver disease), but the first thing you
should think (on multiple choice) is excess aluminum in the colloid. It can also be seen in primary
pulmonary issucs (reflecting phagocytosis by pulmonary macrophages).

Renal Activity on Salfir Colloid = The most common cause is CHF (mavbe due to decreased renal
baad flaw and filtration pressure). Allernatively, in the sciting of renal transplant — this can
indicate rejection (due to colloid entrapment within the fibrin thrombi of the microvasculature).
Other more rare causcs include coxsackic B viral infection, disseminated intravascular coagulopathy,
and thrombotic thrombocylopenic purpura.
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Hemangioma Scan

You can “prove™ a liver lesion is a hemangioma with a Tc Labeled REC scan.
Why would you do that instead of using MRI or CT 7 Well... lots of reasons.

(1) Maybe you got sucked into an interdimensional vortex and landed in an alternate reality
where Taco Bell makes better French Fries than McDonalds, Adolf Hitler cured cancer,
MRI and CT were never invented, and only scintigraphy is available for the
characterization of hemangiomas,

(2) Or... or.. uhhh maybe you uhhh had a stroke and lost access to the part of your brain that
remembers how to read MR or CT.

{3) Or.. maybe you are trying to win a bet.

S0, you can see why it would be reasonable to ask about this on an intermediate level exam.

How is this study done ? Using Te labeled RBCs with anterior and posterior projection
images . Delayed blood pool is typically done (30 mins - 3 hours).

What if it is small ? “Small” is actually the most common reason for a false negative exam,
You need the thing to be at least 1.5cm, otherwise your sensitivity really drops off. You
could try SPECT but first you seriously need to consider what you are doing with your life.

What is the classic look ?  You want to see marked HOT on delays, with no real hot spot

on immediate flow or immediate pool. Angiosarcoma could be HOT on delays but would
also be hot on flow. A partially fibrosed hemangioma may be a false negative.

Spleen Scan

You can use Tc Sulfur Colloid or heat damaged Tc labeled RBCs to localize to the spleen. A
possible indication might be hunting ectopic spleen.

Fatty Changes
A fatty liver can alter the distribution of several tracer. Examples:

» Reduced uptake in the Liver on Te Sulfur Colloid - including the possible reversal of
normal liver > spleen uptake pattern (Colloid Shitt).

* There will be increased uptake in a fatty liver with Xenon 133.

* Trivia - FDG-PET uptake in the liver is not altered by background steatosis.
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“SECTION 8:
'GU Nukes

Imaging of GU system in nuclear medicine can evaluate function {primary role), or it can
evaluate structure.

Function (Dynamic):

Mormal kidney function is 80% secretion and 20% filtration. Tracer choice is based on which
of these parameters you want to look at,

Te-DTP4: Almost all filtered and therefore a great agent for determining GFR, A piece of
trivia is that since a small (5%) portion of DTPA is protein bound (and not filtered) you are
slightly underestimating GFR. Critical organ is the bladder.

Te-MAG 3: This agent 15 almost exclusively secreted and therefore estimates effective renal
plasma flow (ERPF). It is cleared by the proximal tubules. Critical organ is the bladder.

Te-GH (elucohepronaie): This agent can be used for structural imaging (discussed later in this
section), or functional imaging as it is filtered. Critical argan is the bladder.

Te DTPA Te MAG 3 Te GH
Filtered (GFR) Secreted (ERPF) Filtered
Good For Native Kidneys with |Concentrated betier by kidneys |Good for dynamic and cortical
Normal Renal Function with poor renal function limaging.
Critical Organ Bladder Critical Organ Bladder Critical Organ Bladder

There are essentially 5 indications for dynamic ( functional) scanning: (1) Differential
Function (2) Suspected Obstruction, (3) Suspected Renal Artery Stenosis, (4) Suspected
Complication from Rental Transplant, (5) Suspected Urine Leak.

Some basics:

Images are obtained posteriorly (anterior if patient has a transplant or horseshoe).

Typically dynamic exams have 3 phases: blood flow phase, cortical phase, and clearance
phase,
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Differential Function
This is a basic exam with the standard flow, cortical, and clearance phases.

Flow: Begins within 20 seconds of injection. Flow will first be seen in the aorta. Then as it
reaches the renal arteries, the kidneys should enhance symmetrically and about equal to the
aorta (at that time).

— e e e ———— ———

Flow

———— e e —— = === e 3

Decreased (symmetric) ;Technical Error — poor bolus

Renal Artery Thrombosis

! Renal Vein Thrombosis ;
Decreased (asymmetric) Chronic High Grade Obstruction
Acute Rejection

Acute Pyelonephritis

e ——— a1 e e e

'Increased {asymmetric) | Renal Artery Aneurysm .

An important piece of trivia is that ATN, Interstitial Nephritis, and Cyclosporin toxicity
will all have normal perfusion/flow.

Ceortical (parenchymal): This is the most important portion of the exam (with regard to
differential function). An area of interest in drawn around the kidneys and a background area
of interest is also drawn (to correct for the background). This can be screwed up by drawing
your background against the liver or spleen (which is not true background since they will take
up some tracer). You want to measure this at a time when the kidney is really drinking that
contrast, but not so late that it is putting it in the collection system. Most places use around |
min. A steep slope is good.

Clearance {excretory): Radiotracer will begin to enter the renal pelvis, collecting system, and
bladder. In a normal patient, you will be down to half peak counts at around 7-10 mins. It
you wanted to quantify retention of tracer you could look at a 20/3 or 2(/peak ratio.

2043 e 20/peak ratio: This is a method of quantifying retention of radiotracer by comparing
the peak count at 20 minutes with the peak count at 3 mins (normal < 0.8) or the peak count
(normal 0.3).



Suspected Obstruction (“The Lasix Renogram”)

The exam is performed the same as a standard dynamic exam (blood flow, cortical, and
clearance), with a 30 minute wait after clearance. If there is still activity in the collecting
system, a challenge is performed with Lasix. The idea is that a true obstruction will NOT
respond to Lasix, whereas a dilated system will empty when overloaded by Lasix. The study
can be done with MAG-3 or DTPA. MAG-3 does better with patients with poor renal

function, and thus is used more commonly.

The exam is interpreted as follows:
*  No obstruction = tracer clears from

collecting system without need for
Lasix
*  No obstruction = Washout of 50% of
the tracer within 10 minutes of Lasix
administration
*  Indeterminate = Washout of 50% of
the tracer within 10-20 minutes of
Lasix administration
2 The most common cause for
this indeterminate result is a
very dilated pelvis and
subsequent “reservoir effect.”
*  Obstructed = Washout taking longer

than 20 mins after Lasix administration

Source of False Positive for Obstruction:

Lasix Given

Obstructed

[

Dilated But Mot Obstructed

Mormal

* Poor response to Lasix — secondary to bad renal function, or dehydration at bascline

®  "Reservoir Effect” — very dilated renal pelvis, delaying transit time
©  Back Pressure Effects — Full or Neurogenic Bladder can generate back pressure and

not let the kidneys empty (can be resolved with a foley catheter).
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Suspected Renal Artery Stenosis

The study can be performed in one
of two ways (both using MAG 3 FRE POST-ACE

as the typical tracer). The first is .

a standard dynamic study, /k%\b’__ N
followed by ACE inhibitor. The

gecond is a baseline study with %

dose, followed by a full dose of . . . . O 0 . . . ' 0 0
ACE inhibitor. A “normal

study™ will occur if there is no o - - _G I= ._ﬁ = ._?__

difference between the baseline
and the captopril studics.

MNormal Exam - No Difference Between Pre and Post

The appearance of RAS will vary depending on the tracer given:

* DTPA - Remember PRE POST-
this 15 a GFR tracer. A
sick kidney will have
decreased uptake
and flow, because of
loss of perfusion

pressure. — © *® < © e
PRE POST-
® MAG 3 - Remember " LY

this is a Secreted tracer.
A sick kidney will have

marked tracer ' . 0 . O 0 .—. OHi O .

retention, with a curve

similar to obstruction. ®) o ® o o ®
MAG 3 - The Sick Kidney Holds onio the Tracer

[f it’s bilateral up or bilateral down, it’s not RAS. If the baseline study has asymmetrically
poor function, that isn’t positive for RAS, you need to see it worsen (> 10%).

Trivia related to ACE inhibitor administration: they need to stop their ACE inhibitor prior to
the renal study (3-5 days if captopril). They should be NPO for 6 hours prior to the test (for
PO ACE inhibitors).
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Suspected Complication from Renal Transplant

ATN vs Rejection: The most common indication for nuclear medicine in the setting of renal
transplant is to differentiate rejection from ATN. ATN is usually in the first week after
transplant, and is more common in cadaveric donors. There will be preserved renal perfusion
with delayed excretion in the renal parenchyma (elevated 20/3 ratio, delayed time to peak).
ATN usually gets better. There is an exception to this rule, but it will confuse the issue with
respect to multiple choice, so I'm not going to mention it. Cyclosporin toxicity can also look
like ATN (normal perfusion, with retained tracer) but will NOT be seen in the immediate post
op period. Rejection will have poor perfusion, and delayed excretion. A chronically rejected
kidney won't really take up the tracer.

[Immediate Post . . :
Perfusion Excretion
I a Normal DMSA or ATN ATN OP (3-ddays |0 Delayed
fwirth MAG 3 tracer), the - -:;E':-m op) ‘
nephrographic appearance is  |Cyclosporin | . Perfusion Excretion
the same. Tracer in the Toxicity ELong Standing | Mormal Delayed
cortex, and thats it. — | ) = i T '
Acute | Immediate Post |£ﬂﬂ Excretion
Rejection jop | Perfusion Delayed

FEyY L .a@oﬂ‘wilii

Rejection
(flow sucks)
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Suspected Complication from Renal Transplant Cont...

Fluid Collections: Fluid collections seen after a transplant include urinomas, hematomas,
and lymphoceles. All 3 can cause photopenic areas on blood pool imaging,

*  Urinoma: Usually found in the first 2 weeks post op. Delayed imaging will show
tracer between the bladder and transplanted kidney. The primary differential in this
time period is the hematoma. A hematoma is not going to have tracer in it.

0 Urinoma = Hot with Tracer
0 Hematoma = No Tracer

* Lymphocele: Usually found 4-8 weeks after surgery. The cause is a disruption of

normal lymphatic channels during perivascular dissection. Most are incidental and
don’t need intervention. If they get huge, they can cause mass effect. This will look

like a photopenic area on the scan,

Hematoma Urinoma Lymphocele
Timing Early (< Month) Early (< Month) Late (> Maonth)
Blood Pool COLD - No Tracer GCOLD - Mo Tracer GOLD - Mo Tracer
Delay COLD - Mo Tracer HOT with Tracer COLD - No Tracer

Vascular Complications: Both arterial and venous thrombosis will result in no flow or

function. If you suspect renal artery stenosis (most common at the anastomosis), you can do

a captopril study, with results similar to RAS if there is a stricture.
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Structure

If vou want to look at the renal cortex, you will want to use an agent that binds to the renal
cortex (via a sulfhydryl group). You have two main options with regard to tracer.

*Te-DMSA: This is the more commonly used tracer. It binds to the renal cortex and is
cleared very slowly. Critical organ is the kidney (notice other renal tracers have the

bladder as their critical organ).

*Te GH (glucoheptonate): This is less commonly used and although it binds to the
cortex, it is also filtered and therefore can be used to assess renal flow, the collecting
system, and the bladder. Critical organ is the bladder,

DMSA is the preferred cortical imaging agent in pediatrics, because it has a lower dose to the
gonads {even though its renal dose is higher than TeGH).

Indications for the exam:

* Acute Pyelonephritis: Can appear as (a) focal ill-defined area of decreased uptake,
i(b) multifocal areas of decreased uptake, (o) diffise decreased upiake — in an

atherwise normal kidney.

o Scarring and Masses can also appear as focal areas of decreased uptake —
although scarring usually has volume loss.

*  Column of Bertin vs Mass: Simply put, the mass will be cold. The Column of Bertin
(normal tissue) will be take up tracer.

The trick on DMSA is just like reading CXR or Chest CT — you need to know if it is acute
or chronic. The clinical history changes your DDx.

* Defects on DMSA with acute renal problems = pyelo.
* Defecrs on DMSA with chronic renal problems = scar (or mass).
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Testicular

This hasn’t been done in the United States since 1968, therefore it is very likely to be on the

test. The study is basically a blood flow study, The primary clinical question is testicular
torsion vs other causes of pain (epididymitis). The tracer used is sodium pertechnetate
(Na®mTcOQs). Oh, don’t forget to tape the penis out of the way - tape it up, not down like is
required for the male residents on mammography rotations.

*  Normal - Symmetric low level flow to the testicles.

Acute (early) Torsion — Focal absence of flow to the affected side (“nubbin sign™).

Delayed (late) Torsion — Sometimes called a missed torsion. The appearance is a
halo of increased activity, with central photopenia.

Testicular Abscess — Identical to delayed torsion - halo of increased activity, with
central photopenia.

*  Acute Epididymitis- Increased flow and blood pool to the affected side.
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SECTION 9:
" PET FOR CANCER

As mentioned before, 18-FDG is cyclotron produced and decays via beta positive emission to
18-0. The positron gets emitted, travels a short distance, then collides with an electron
producing two 511 keV photons which go off in opposite directions. The scanner is a ring
and when the two photons land 180 degrees apart at the same time the computer does math
{which computers are good at) to localize the origin.

A CT component is fused over the PET portion. This is done for two reasons:
(1) Anatomy — so you can see what the hell you are looking at.

(2) Attenuation Correction — Dense stuff will slow down the photons, and the CT
allows for correction of that. It also leads to errors, the classic one being a metallic
pacemaker looks bright hot on the corrected image (the computer overcorrected). This

is a classic question, The answer is look at the source images (uncorrected).

Some other technical trivia is that FDG enters the cell via a GLUT 1 transporter and is then
phosphorylated by hexokinase to FDG-6-Phosphate. This locks it in the cell. Normal bio
distribution is brain, heart, liver, spleen, G, blood pool, salivary glands, and testes, The
collecting system and bladder (critical organ) will also be full of it, because that's where it’s
getting excreted.

Variable areas of nprake: Muscles (classic forearm muscle uptake in the nervous chair
squeezing patient). Breast and ovaries in females at certain stages of the menstrual eyele.
Thymus in younger patients. Lastly, brown fat around the neck, thorax, and adrenals
{especially in a cold room).

Ways to minimize brown fat uptake: Keep the room warm. Medications like
benzodiazepines or beta blockers.

Insulin and Blood Glucose:

* High Blood Glucese (> 150-200): The more glucose the patient has, the more
competition is created for the FDG and you will have artificially low SUVs.

Insulin: So why not just give the patient some insulin??? It will drive it all into the
muscles. This is a classic trick. PET with diffuse muscle uptake = Insulin
Administration
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Consequences of being fat:

Fat people will have HIGHER SUV values, because the fat takes up less glucose

*  You leave the house in high heels... and come back home in flip flops

When do you image? Following therapy; an interval of 2-3 weeks for chemotherapy and 8-12
weeks for radiation is the way to go. This avoids “stunning™ — false negatives, and
inflammatory induced false positive,

Whe de you image? The main utility is extent of disease, and distal metastatic spread. Local
invasion is tricky with a lot of things. Usually straight up CT or MRI is better for local
invasion and characterization.

What if you see the right ventricle ? The RV is not typically seen on PET unless it’s enlarged.

If you see the RV think about RVH.

FDG Concentration at time “T"

(Dose / Body Weight)

Tumors that are PET COLD Mot Cancer but PET HOT
BAC (Adeno In Situ) - Lung Cancer Infection
Carcinoid Inflammation
RCC Ovaries in Follicular Phase
Peritoneal Bowel/Liver Implants Muscles
Anything Mucinous Brown Fat
Prostate Thymus
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Special Situations - FDG PET Cancer Trivia

Foeal Thyroid Uptake - Requires Further Workup — might be cancer, might be nothing

Diffuse Thyroid Uptake — Most often Autoimmune {Hashimoto) Thyroiditis

RCC are COLD (usually), Oncocytomas are HOT
COLD Ground Glass Nodule = Cancer, HOT Glass Nodule = Infection

The Reason HCC is often cold (60%) is that it has variable glucose-6- phosphatase and
can't trap the FDG

Testicular cancers skip right to the retroperitoneum. The trivia is the seminomatous CA
is FDG hot, whereas non-seminematous tends to be FDG COLD (or Luke Warm).

While it’s OK for ovaries to be hot in functional (ovulating) young people, Grandma
should NOT have FDG up-take in her dried-up raisin ovaries. This is suspicious - next
step Ultrasound.

Metformin is classic for causing false positive bowel uptake. The uptake is typically
intense and diffuse. It tends to favor the colon (small bowel to a lesser extent).

Adrenal Glands - mild uptake is normal. In general, an adrenal pathology is typically
considered malignant if the uptake is higher than the liver (used as an internal control).
Although this does not really hold up that well in my experience (especially since liver
uptake is variable). For example, Advenal Adenomas can have moderate uprake (still

usually not super hot).

Lymphoma
* Most Lymphoma is Super Hot

« Thyvmic Rebound vs Recurrent Lymphoma: Thymic Hyperplasia (or Rebound) can be
“Warm™ on PET, but recurrent Lymphoma should be HOT. Also, Rebound tends to
maintain the normal thymus look (it sorta drapes over the heart). Lymphoma is round
like a ball. A hot ball of death, or a “great ball of fire”

= Extranodal marginal zone lymphomas, including the mucosa-associated lymphoid
tissue (MALT) marginal zone lymphoma, have been shown to have LOW Avidity for
FDG.

L
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Special Situations - FDG PET Cancer Trivia
Osteosarcoma and Bone Misc...

* Remember secondary osteosarcomas (the ones from Pagets, Radiation, Multiple
Chondromas, etc....) are the bad mother fuckers. They have by far the worst outeome,

Back in the stone ages - if you got diagnosed with an osteosarcoma they assumed that
80% of the time you had distal mets. This was prior to effective chemotherapy for
osteosarcoma. .. it was basically a death sentence. They do better now (little bit).

Typically mets go to (a) second bone sites, and (b) the lungs. Remember the classic
vignette of a spontaneous pneumothorax in an osteosarcoma patient = lung met.

= With the modern addition of effective chemo, accurate staging and restaging actually
matters - and this is why ['m rambling on about osteosarcoma. PET may/could
actually play a key role in treatment and is therefore testable.

L

Average SUV is used at some institutions for describing tumor metabolism. Most
literature says you should use the SUV Max for describing osteosarcoma - because it's
a very heterogenous tumor.

Multiple papers have shown a correlation between tumor grade and FDG uptake (SUV
values). Higher SUY Max = Higher Tumor Grade.

Baseline SUV Max is an independent and significant predictor of overall survival
{more = bad). Having said that PET is not typically used for baseline staging.

An important point is that especially with bone stuff, nukes is highly non-specific.
Remember earlier in the chapter | said several B9 bones lesions are hot on Te-MDP?
Same thing with PET. Gianr Cell is the classic example. Lots of cases of GCTs have
higher SUV than sarcomas. Fibrous dyvsplasia is another classic that can be hot on
PET.

* There is no cutoff to tell the difference between a BY bone lesion and a bone sarcoma.
Same deal with infection. Osteomyelitis can have very high FDG uptake.

Important point = Because PET is so nonspecific, it is NOT used clinically to avoid
biopsy.... but can sometimes guide biopsy.

The most important prognostic factor = response to preoperative (neoadjuvant)
chemotherapy.

There is a proven positive correlation of FDG uptake and viable tumor tissue. In other
words, FI5-FDG PET can be used to evaluate the effectiveness of neoadjuvant
chemotherapy.
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In1'11. ODctreoscan

Indium!!!

Indium is produced in a cyclotron and decays with a 67 hour half life via electron capture.
It produces two photopeaks at 173 keV and 247 keV. Just like Gallium, In» in a liquid

will carry a +3 valence and behaves like Fess, with the capability of forming strong bonds
with transferrin.

The most common application is to bind it to WBC,
although it can also be hooked to octreotide, or DTPA
for CNS imaging (cisternography). Basically, you can
hook indium to almost anything if you hook it first to
a strong chelator like DTPA. As a point of trivia, you
need to isolate the WBCs prior to labeling because the
transferrin in the blood binds with greater affinity and
will out-compete them.

172 247

111[n Pentetreotide is the most commonly used agent for somatostatin receptor imaging. The
classic use is for carcinoid tumors, gastrinomas, paragangliomas, merkel cell tumors,
lymphoma, small cell lung cancer, medullary thyroid cancer, and meningiomas.

Trivia: Meningiomas take up Octreotide (and Tc MDP),

As a point of trivia, there are 5 somatostatin receptors but '''In Pentetreotide can only bind to

two of them. The scan works because 80% of neurcendocrine tumors express these two
receplors.

Mormal uptake is in the thyroid, liver, ‘ \
gallbladder, spleen, kidneys, bladder, and Gl -

tract. Imaging is done in carly and delayed 3 E

phase. The advantage of the early phase (4 %

hours) is that the bowel activity is absent. - - = -
The delayed is done to clarify that the ' . '

abdominal tracer is of GI origin. Meningioma - Hot on Octreotide and Tc M

DF
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MIBG is an analog of noradrenalin and is therefore taken up by adrenergic tissue. MIBG is
first line for tumors like pheochromocytoma, paraganglioma, and neuroblastoma. You can
have MIBG with either I-123 or I -131. 1-123 is better because it has better imaging quality.
1-131 is cheaper, and the long half life allows for delayed imaging.

Blocking the Thyroid Gland: The thyroid gland should be blocked, to prevent unintended
radiation to the gland from unbound I-123 or I-131. This is accomplished with Lugol’s lodine
or Perchlorate. Sometimes you'll see “SSKT which is Super Saturated Potassium fodine

Riodistribution: Normal in liver, spleen, colon, salivary glands. The adrenals may be faintly
visible. Note the kidneys are NOT seen.

Trivia: MIBG is superior to MDP bone scan for neuroblastoma bone mets. *If you see a
skeletorn on MIBG the answer is diffuse bone mets.

Trivia: MIBG is better for Pheo than In-111 Octreotide. MIBG is better than CT or MR for the

extra-adenral Pheos.

Medication Interaction with MIBG - High Yield Trivia

Certain medications interfere with the workings of MIBG and must be held.
Medications include calcium-channel blockers, labetalol {other beta-blockers have no
cffect), reserpine, tricyclic antidepressants and sympathomimetics.

THIS vs THAT: MIBG Scans

What's Different Between
Fatient “A” and “B" - who
both recently got MIBG
Scans?

Patient B - Forgot to take
her Lugol's !

So, she just cooked her
thyroid.
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@l Gamesmanship - MIBG

Brown Fat = Just like you can see it on FDG PET (around the shoulders / traps) you can also see
it with MIBG. [In fact, it’s the MOST COMMOMN variant in ['2 MIBG bio distribution.

Mechanism? Apparently brown fat has sympathetic innervation.

Utility: The classic use for MIBG is Neuroblastoma. But. ... if someone wanted to get sneaky
they could also show you a pheochromocytoma, paraganglioma, or carcinoid on MIBG.
Essentially any catecholamine producing tumor:. See the chart on the next page for specifics.

% Gamesmanship - Octreotide:

Octreotide Mechanism Nitty Gritty: Octreotide works as an analog to somatostatin and will
bind to the same receptors as somastostain. Well... sorta. Technically, there are 5 subtypes of
somatostatin receptors and Octreotide will only bind to 2 of them. As you can imagine, the
sensitivity of the agent is going to depend on which receptors are expressed by the tumor,
Fortunately, most tumors express those 2 receptors.

Suspected Insulinoma: Some sources will say that Octreotide can trigger hypoglycemia in the
setting of an insulinoma. What to do about this seems to vary a lot on who you ask and what you
read. Some places will say to give them some 1V solution with glucose before and during the
administration of Octreotide. Other places will just say have D50 ready just in case,

What showld you do if both of those options are choices on the exam? Simply read the mind of
the person who wrote the question and choose the correct answer,

Already on Octreotide Therapy: You will need to stop the treatment for 3 days prior to giving
the labeled agent.
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Carcinoid

Insulinoma

Gastrinoma

Mon-Functional
Islet Cell Tumor

Pheo

Paraganglioma

Medullary
Thyroid CA

Meuroblastoma

MIBG

Infarior
[Sensitivity 50-70%)

Crap
(Mo Function,
No Receptors)

Superior For Non-
Malignant (Adrenal)
Types (which is like
90%: of them)

Less Sensitive and
Less Specific ("only
conceantrates in the
funclional sublypes)

Inferior
{Sensitivity 30 %)

Superior
(Sensitivity ~ 95%)

Octreotide

Superior
{Sensitivity 80-90%:)

SHIT
(Sensilivity ~ 30%)

Good
(Sensitivity ~ B5%)

Crap
(o Function,
No Receptors)

Superior For Malignant
{Extra-Adrenal) Types

{which is a minarity of
them 109%)

Superior
(Sensitivity — 95%)

Superior -
{Sensitivity 50-80%)

Inferior
(Sensitivity ~ 64%)

Octreatide and MIBG are
similar for detection of Liver
Mets

Insulinoma is usually B9

Gastrinoma is usually
Malignant

FDG PET is the test of choice.

FDG is also good - but
QOctractide is cheaper - so
people go that route first when
malignancy is suspected

Octreotide is still the first line
as a nukes agent. Ifit’s
negative (in the satting of
rising calcitonin) the next step
is FDG-PET.
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Gallium can be used for tumors. Remember, it's very nonspecific with regard to infection,
inflammation, or tumor.

Trivia: During the Cretaceous Period (when many of your attendings trained); Gallium was
used to differentiate residual tumor vs fibrosis, scarring, necrosis etc. .. in patients with
Hodgkin’s disease and Malignant Lymphoma

Trivia: If you are going to use Gallium for treatment monitoring it’s important to have a pre-
treatment exam (to ensure that the tumor site is actually Gallium - avid).

ProstaScint

]n can be labeled to the antibody Capromab Pendetide (ProstaScint). Capromab is a
monoclonal antibody which recognizes PSA membrane antigen “PSMA™ - which is slightly
different that PSA. Pendetide is the chelating agent. In my opinion, the exam is shit and
doesn’t work well.

When do vou do the test? If you have a rising PSA and negative bone scan. The purpose of the

study is to look for mets outside the prostate bed (soft tissue mets). 1f they do not have distal
mets, they can be offered salvage therapy (radiation to the surgical bed). It’s important to not
obsess over the surgical bed, the real question is distal mets. Having said that, the prostate bed
is best seen on the lateral between the bladder and penis.

Testable Trivia: ProstaScint will localize to soft tissue mets, NOT bone mets.
Testable Trivia: ProstaScint’s critical organ is the LIVER,

This confuses some people. Avoid this trap: Indium = WBC. It’s slang to say “Indium Scan”
and people in Nukes just think tagged WBC with Indium. But.... Not all Indium is WBC.
Remember that Octreotide is actually labeled with Indium, and so is a bunch of other stuff.
[¥] g For Critical O Fivi
Indium ProstaScint = Liver
Indium WBC = Spleen
Indium Octreotide = Spleen

358



Sentinel Node Detection

A sentinel node is the node which receives afferent drainage directly from a primary cancer,
Surgeons want to know where these are at; especially with melanoma and breast cancer. The
agent used for lymphoscintigraphy is 10-50 nm Te99m sulfur colloid.

Melanoma: Sentinel node mapping is done when you have a lesion between 1 mm-4 mm deep.
Less than 1 mm you are typically safe. More than 4 mm you are totally screwed and it makes
no difference. The utility of the test is to go after the ones in that middle zone (between

1-4 mm). Intradermal injection in 4 spots around the lesion / excision scar and imaging is done.

Breasi Cancer: Cancer drains to the internal mammary chain nodes about 3% of the time,
Knowing this, and which axillary node to go for first, can help avoid aggressive lymph node
dissection. Injections can be done superficial or deep (into the pectoral muscle).

Size Matters

Does particle size marter for sentinel node detection? Yes and No.

The idea is that particles have to be small enough to travel through the lymphatics. A
particle that is 300 nm will not go anywhere. So any answer choice with 500 nm or larger
for a lymph node study is universally incorrect. Mow this is where you will read different
stuff (and send me nasty emails). Some sources say < 200 nm. This will probably work,
but you will be waiting all day for the study. The larger the particles the slower the study.
More sources will say < 100 nm. This this will work, but again slow study. There is at
least one paper out that advocates for using a .22 mm filter (available in most hospital
pharmacies because it is commonly used for sterilization of hyperalimentation solutions).
If you do that you end up with particles that are 10-100 nm. If you use this 0.22 mm filter
method you can routinely visualize lymphatic channels and sentinel nodes within 30 mins
after administration,

Gamesmanship - How do you know what the question writer does at hisfher institution?

If it was me - [ would pick a choice less than 100 nm. If forced to choose between 100 and
50 - 1 would pick 50, and there is literature to back you up (not that you’d have a chance to
defend yourself), but practically most places do filter the particles and use small ones.

Test Particle Size

Lymphoscintigraphy < 0.2 microns (< 200 nm)

V) 10-100 microns (10,000 - 100,000 nm)

Liver Spleen “Unfileered” — so all sizes big and small
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Breast Specific Gamma Imaging

Tc99 Sestamibi will concentrate in a breast cancer 6 times more than normal background
breast tissue. It does pretty well, with the sensitivity supposedly near 90%. The technique is
to give 20-30 mCi of Te99 Sestamibi in the contralateral arm then image 20 mins later. A
foot injection is often done if you are going to image both breasts. You are supposed to use a
dedicated gamyma camera that can mimic a mammogram and provide compression.

Does Breast Density Affect Uptake / Distribution ?

MNope. The distribution is homogeneous regardless of density. Having said that, hormonal Muctuation
can increase the background uptake.

When will background acrivity be lowes?

Around mid-cycle in premenopausal women,

What are some causes of false positive studies ?

Fibroadenoma, fibrocystic change, or inflammation can give a false positive

What are some causes of folse negative studies?

Lesions that are small (< | cm), or deep. Lesions located in the medial breast, andfor those

overlapping with heart activity,

What about lymph nodes?

You see lymph nodes on a “MIBI" scan - this is NOT normal, it is concerning for mets.
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“SECTION 1t
" Cardiac

Myocardial Perfusion /| SPECT:

Te Sestamibi and Te Tetrofosmin are the most common tracers. They work by crossing the cell
membrane and localizing in mitochondria (passive diffusion). They don’t redistribute (like
Thallium), giving better flexibiliry.

Sestamibi vs Tetrofosmin — Tetrofosmin is cleared from the liver more rapidly and decreases the
chance of a hepatic uptake artifact.

Thallivem — This is historical with regard to cardiac imaging. It mimics potassium and crosses
the cell membrane first by distribution related to blood flow - second by delayed redistribution
{washout). Washout is delayed in areas with poor perfusion.

Imaging Timing:

Te studies (sestamibi and tetrofosmin) are done 30-90 mins after injection — allowing for
clearance from background

Thallium Sestamibi and Tetrofosmin

od | Newer
(':‘rﬂssescc_ll via Na/K pump Crosses cell wa_pasawg dlﬂusmn '[|DC'I Iizes.
in mitochondria)

Redistributes

Imaging must be done immediately after Imaging typically done 30-90 mins after
injection injection to allow for background to ¢lear

Lung/ Heart Ratio: Only done with Thallium. If there is more uptake in the lungs, this
correlates with multi-vessel disease or high grade LAD or LCX lesions.

General Principal: You will see less perfusion distal to an area of vascular obstruction
(compared to normal myocardium). To improve sensitivity, the heart is stressed. Under stress
you need about 50% stenosis to see a defect (it needs to be like 90% without stress).
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Preparation: Paticnt shouldn’t cat for 4 hours prior to imaging (decreases Gl blood flow). Patients
should (ideally) stop beta-blockers, calcium channel blockers, and long-acting nitrates for 24 hours
prior to the exam — as these meds mess with the sensitivity of the stress portion, There are reasons to
keep people on these meds (they might be getting risk stratification on medical therapy) — but 1'd say
for the purpose of multiple choice just know that those medication classes mess with stress imaging

sensitivity.

Protocols: There are multiple ways to skin this particular cat, People will do two day exams; rest then
stress. People will do one day exams stress then rest. The advantage to doing stress first is that you can

stop ili's normal. Typically the dosing is low for the rest and high for the stress.

Chemical Stress: 1f you ean’t exercise, the madem trend is to give you Regadenoson {coronary
vasodilator) — which is a specific adenosine receptor agonist. It's specific to a certain receptor having
less bronchospasm than conventional adenosine or dipyridamaole. If they get bronchospasm anyway you
need o give them albuterol.

Known Left Bundle Branch Block: A known LBBB will make ECG stress testing non-diagnostic. 5o
diagnostic imaging (radionuclide myocardial perfusion) is typically the way o go.  The important trivia
is:

LBBE Classic Artifact = False Positive Reversible Perfusion Defect at the Septum (antcroseptal
region). Supposedly this has something to do with the septum not relaxing correctly during diastolic
coronary filling (because the rhythm is not totally coordinated with the lefi sided block).

Pharmacentic Choice = Adenosine or Dipyridamole is supposedly better for LEEB patienis than
Dobutamine. The reason is Dobutamine increases the HR more, and the more rapid the HR, the worse
the septal relaxation stuff is. Dobutamine = More False Positives.

Findings:
Fixed Defect (seen on stress and rest) Scar (prior infarct)
Reversible Defect (seen on stress, better on lschemia
rest)

Fixed Defect wnh R.wermbie Defect armtnd 1t !nl‘arct w-th pen—ml“arct ischemia

Transient Ischemic Dilation From diffuse subendocardial hypoperfusum

(LV cavity is larger on stress) producing an apparent cavity dilation.
Correlated with high risk disease (left main
or 3 vessel).

Fixed Cavity Dilation Dilated r:ardmmyopathy

Right Ventricular Activity on Rest If has intensity similar to L"u-' then thlnk

right ventricular hypanmphy

L“"' of splanchnic [Iwur and bowel) activity Means you aren’t exercising Imrcl enough —
not shifting enough blood out of the gut.
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THIS vs THAT: Stunned vs Hibernating Myocardium:

Stunned: This is the result of ischemia and reperfusion injury. It is an acute siwation. The perfusion
will be normal, but contractility will be crap. [t will get betier after a few weeks.

Hibernating: This is a more chronic process, and the result of severe CAD causing chronic
hypoperfusion. You will have areas of decreased perfusion and decreased contractility cven when
resting (just like scar). Don't get it twisted, this is not an infarct. This tissue will take up FDG more
intensely than normal myocardium, and will also demonstrate redistribution of thallium.

Rapid Review

Ischemia = Will take up less tracer (relative to other areas) on stress, and the same amount of tracer
(relative to other arcas) on rest. 10's not normal heart so it won't contract well.

Scar = Won't take up tracer on rest or stress (it's dead Jim). It's scar not muscle, 5o it won’t
contract normally cither.

Stunned = The perfusion will be normal on both stress and rest, but the contractility is not normal.

Hibernating = Won't take up tracer on rest or stress (it’s not dead, just asleep - like a bad soap
opera plot). The difference between hibernating muscle and scar is that the hibernating muscle will
take up FDG and redistribute thallium, The defeet at rest will resolve / “redistribute™ on delayed
thallium imaging. Remember thallium works with the Na/K pump - s ¢ells need 1o be alive o
pump it in, A truly dead eell won't have a functioning Na/'K pump and therefore won't be able to
redistribute / resolve the defeet.

MUGA (Multigated Acquisition Scan):

This is an equilibrivm radionucleotide angiogram with cardiac pool images taken after the tracer has
equilibrated o the intravascular space.

Huh? - IU's an angiogram using lagged RBCs. You time (gate) the exam to gel pictures that ¢an be used
to estimate the EF {and evaluate motion ete...)

These studics requires gating (the *G” in MUGA). The study is done using Te 99 labeled RBCs, and

the objective is to calculate an EF. Photopenic halo around the cardiac bloed peol is a classic look for
pericardial cffusion, Regional wall motion abnormality on a resting MUGA is usually infarct (could be
stunned or hibernating as well).

The easiest way fo ask a question about MUGA is also probably the most important praclical pear!
fwen... [ oan t believe [ sald that):

*  False Low EF: Screwed up LAO view can cause overlap of LV with LA or BV or even great
vessels — causing a false low EF.

*  False High EF: Wrong background ROI (over the spleen), will cause over subtraction of
background and clevate the EF.



Misc Trivia:

Rubidinm 82: This is a potassium analog (mechanism is Na/K. pump). This is similar to T1-201,
and can be used as a similar agent. You can use it for PET myocardial perfusion, although 1t's
not used in most places because of cost limitations. Also, because of the very short half life ( 75

seconds) it tends to give a dirtier image compared to PET of NHa.

I say made with a generator | you say Te99 and Rubidinm. *Rubidium is the only PET agent

made like this, so that instantly makes it a testable fact.

Short Axis Anatomy Review - [ always found this confusing:

“Anterior”

“L ateral”

l’fseptal.ﬂl

“Inferior”
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Artifacts

| Decreased activity in

| anterior wall (may also

| affect septal and lateral —

| depending on body habitus)

Breast Tissue
“*Soft Tissue Attenuation”

| Check for ECG changes and
| wall motion. If normal, then
| call it artifact. If not sure

| can repeat in prone position.

' Decreased activity in
| inferior wall

Left Hemidiaphragm
“Soft Tissue Attenuation”

| wall, can mask true defect.
| Can also mess with

| “normalization™ of the

| ventricle and make the rest
| of the LV look low.

Subdiaphragmatic
Radiotracer Activity

Patient Motion
(usually respiration)

Misregistration

|
E Reversible or Fixed Septal

Left Bundle Branch Block | Defects:, sparing the apex

Normal Apical Thinning Normal variant

| Increased activity in inferior |

| Causes all kinds of problems | tracer is fixed for around 2

| Causes all kinds of problems

| Check for ECG changes and
| wall motion. If normal, then
, call it artifact.

| Liver Excretes Tc, s0 you

| see it in the liver and bowel.
Little bit of exercise can be
| used to reduce Gl blood

| flow.

You can repeat because

hours

Seen more in exercise or
dobutamine stress compared
to vasodilators

Look for matching stress
and rest perfusion patterns
with preserved wall function
to show you this is normal
{and not infarct)
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Medication Trivia:

Mechanism Trivia
Inhibits the breakdown of
Dipyridsmiols adenosu_w ~_\_ar!nc:h builds up. No caffeine
Adenosine 15 a potent
vasodilator.
No caffeine
Side effects are worse than
; with dipyridamole, Rare
Adenosine P .

" Vasodilator side effect is AV block -
which will get better when
adenosine short half life
runs out.

Selective Aaa - es fewer ’
Regadenoson A il o0 Mo caffeine
side effects
Patient Can NOT be on a
beta blocker.
. . B in patients
Beta | agonist - acts like SEEUESLAC Da : who
e cannot have Adenosine or
Dobutamine exterms; m}r nar ditall B Dipyridamole. Better in
let‘r‘;‘miﬁ;’“ o patients with COPD or
) Asthma, or who have taken
caffemne in the last 12 hours.
Avoid with LEBB
Half life is shorter than
Aminophylline Antidote for Adenosine Dipyridamole - 50 must

continue to monitor,
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"SECTION 12:
“Therapy

Treatment for Bone Pain:

There are currently three approved agents for bone pain associated with metastatic disease
from breast and prostate cancer: (1) Sr¥®-Chloride, (2) Sm!5* EDTMP, and (3) Ra***-dichloride.

Why does cancer cause bone pain / bone problems?

Metastatic disease leads to a tumor derived factor that increases osteolytic activity. You end up
with increased fracture risk, osteopenia, and hypercalcemia of malignancy.

Can the patient get external radiation treatment with the therapy?
Yes, External radiation is not a contraindication and can be used with the therapy.

Absolute contraindications (for Sr and Sm) include: Pregnancy, Breastfeeding, and renal
Failure (GFR < 30). Patients with extensive bony mets (superscan) mavhe shouldn t be treated
either * controversial - and therefore not likely tested,

Strontium - Sr® (Metastron): It works by complexing with the hydroxyapatite in areas where
bone turnover is the highest. 1t’s the oldest, and worst of the three agents. It is a pure beta
emitter. It has a high myelotoxicitiy, relative to newer agents and therefore isn’t really used.

Samarium - Sm'5? (Quadramet): This is probably the second best of the three agents:
“Samarium is a good Samaritan. " It works by complexing with the hydroxyapatite in areas
where bone turnover is the highest. [t is a beta decayer. The primary method of excretion is
renal. Unlike Sr89, about 28% of the decay is via gamma rays (103 kev) which can be used for
imaging. Does have some transient bone marrow suppression (mainly thrombocytopenia and
leukopenia), but recovers faster than Sr.

Sr3? {Metastmn} Sm 153 (Quadramet)

| 5-30% drops in platelet and WBC from pre- | 40-50% drops in platelet and WBC from pre-
injection injection

8-12 weeks needed for full recovery 6-8 weeks needed for full recovery
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Radium - Ra22*(Xofigo): This is the most recent of the three agents, and probably the best.
The idea is that Ra223 behaves in a similar way to calcium. It is absorbed into the bone matrix
at the sites of active bone mineralization. lts primary mechanism is the emission of 4 alpha
particles, causing some serious double stranded DNA breaks,

Why is it the best?

(1) It’s an alpha emitter with a range shorter than Sr and Sm. This means less hematologic
toxicity.

(2) At least one trial actually showed a survival benefit in prostate CA.
{3) It has a long half life (11.4 days), allowing for easy shipping.
What are the side effects?

Non-hematologic toxicities are generally more common than hematologic ones; diarrhea,
fatigue, nausea, vomiting, and bone pain make the list.

Trivia: The general population is safe, as the gamma effects are low. Soiled clothing and
bodily fluids should be handled with gloves, and clothes should be laundered separately. A G
month period of contraception is recommended although none of this is evidence based (as per

usual).

Srae Smis Ra 11

Beta Emitter, with some
imageable gamma rays

Pure Beta Emitter Alpha Emitter

—_ = — = — = —a

Mpst Bonc Mersow Toxiciby Less Bone Marrow Toxicity | Least Bone Marrow Toxicity
(longest recovery),

Fenal excretion

Gl excretion

Renal excretion
Improves Survival (prostate
mets)
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Yttrium-90

This can be used as a radioembolization method for unresectable liver tumors. This is a pure Beta
emitier that sparcs most of the adjacent normal liver parenchyma (as the maximum tissue penctration is
about 10 mm),

Prior to treatment with Y-90 the standard is to do a 99mTe MAA hepatic arterial injection. The primary
purpose of this injection is to look for a lung shunt fraction. This fraction needs to be < 10% under
ideal circumstances. You can still use Y-90 for 10-20% shunts but vou need to decrease the dose.
Above 20% the risk of radiation pnecumonitis is too large.

Particle Size: The optimal particle size is between 20-40 um, as this allows particles to trap in the
wmor nadules, but large enough to get stuck without totally obstructing. I you ereate a true
embolization the process actually doesn’t work as well because you need blood flow as a free radical
generation source.,

Radiation Dose: The dose is typically 100-1000 Gy delivered. The current thinking is that lesions
require at least 70 Gy for monotherapy success.

Tmaging: There are 175 Kev and 185 keV emissions you can use to image,

Trivia: The average half life is 2.67 days.

Radioimmune Therapy (RIT):

Monoclonal antibodies can be used with Indium!! | such as ibritumomab Guxetan (Zevalin) for
refractory non-Hodgkin lymphoma treatment or as a first line treatment,

The idea is that you can give the antibody labeled with Indium!! for diagnoestic evaluation of the tumor
burden and then if the biodistribution is ok you can give the antibody labeled with Y-90 for treatment.

Trivig: The antibody binds to the CD-20 receplors on B-cells,

Whar is considered altered distribution?

(1) Uptake in the lungs is more intense than the heart day one, or more intense than liver on day 2 & 3.
(2} Uptake in the kidneys more than the liver on day 3.

(3) Uptake in the bowel that is fixed, and/or more than the liver

(4) Uptake in the bone marrow > 25%

Trivia: Don't give o paticnts with platelets less than 100K

Muast Common Side Effect? Thrombocytopenia and neutropenia (about 90% of cases).

Can you send them home post treatment? Dose to carctakers or persons near the patient is low, and they
can be released to the general population after treatment. Although some things like sleeping apart, no
kissing, ete... for about a week are still usually handed out.

Protacol: You need to first give rituximab to block the CD20 receptors on the circulating B cells and
those in the spleen o optimize biodistribution. Then you can give the In'! labeled antibody to assess for
altered biodistribution. 11 you suspect altered distribution you should get delayed full body imaging at
90-120 hours., If altered you shouldn't treat. 1F ok, then blast’em.
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SECTION 13:
High Yield

THIS vs THAT: - Critical Organ vs Target Organ:

“Critical Organ® — An organ that limiis the dose of the
radiopharmaceutical due to the inereased susceptibility of the
critical organ for cancer. This may or may not be the “Target
Organ.”

“Target Organ"- This is the organ you want the tracer to
accumulate in. It's your organ of interest,

A few generalizations on Critical Organs: 1f you are trying to
figure it out, it’s the organ that the tracer is going to spend the
most time in. For example, Gallium ends up in the bowel. Tec
RBC scans are going to end up passing through the heart a lot,
unless they are heat treated then the spleen eats them. Te-
MAG3s and DTPA is going to be the bladder, but DMSA (which
sticks to the kidney) is going to be the kidney.

Gallbladder Wall:
« HIDA

Renal Cortex:
= Thallium
- DMSA

Proximal Colon
= Sulfur Colloid (oral)
« Sestamibi

Bladder:

- MAG 3

« 123 MIBG

« MDP “sorne source
say bone

! You will read conflictin
i information for many of these.
i Apparcnily, there is a fair

{ amount of bickering among

: PhDs on how / when 1o

! caleulate the dose 1o come up
¢ with these numbers.,

Wity alf the Controversy ?

g

i To know which organ to pick
i on the test simply read the

i mind of the person who wrote
i the question,

Spleen:

« -Octreotide
» -Damaged
« =In-WBC

Distal Colon:
« Gallium
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Tracer Analog Energy

e

Tec = 99m | [“Low™ — 140 6 hours

lodine -123 Hodine :“Low“—- 159 13 hours

A e I e I —
Xenon - 133 i “Low" — 81 | 125 hours

hiolagic 11/2 30 seconds)
! E“L:uw" = 135 (2%), 167

Thallium - 201 'Potassium  |(8%), use 71 2" Hg 73 hours
' | dawghter x-rays

L S .
| LY 3 Mo i
(“Medium™ — 173 (B9%4), g T

Indium -
sl 1247 (94%)
; iMultiple; 93 (40%), 184 |
Gallium - 67 [ lron 1(20%), 300 (20%), 393 |78 hours
- |(5%)
lodine -131 | lodine i“High“ - 365 8 days
Fluorine -18 IESug:zn‘ !“High" - 511 [ 110 mins
Cardiac Radionuclides
Treatment Radionuclides Half Life Half Life
- 50.5 DAYS e
Strontium 89 (14 dee in boiia) Rubidium §2 75 seconds
Samarium 153 46 Hours Mitrogen 13 10 mins
Radium - 223 11 Days
Yitrium 90 64 Hours
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Mammo

PROMETHEUS LIONHMARI, M.D.
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A Brief Overview - For the complete novice:

Many foreign graduates have had little or no experience with mammography, 'l try and give youa
very brief overview before 1 get into the testable trivia.

In America, women are told they need 1o have screening mammograms done once a year, Because
breast cancer is common {and scary), most women will get this done, and will continue to get it
done into their 90s. They will literally take people from the ICU who are in cardiogenic shock
down 1o x-ray 1o keep them up o date on their screening mammograms (usually at the patient’s
request).

I want you 1o think about mammograms in two categories: (a) the screener - these are the people
who are coming in once a year, and have no symptoms other than being female, and (b) ifre

diagnostic - these people have a symptom (palpable lump, nipple discharge, breast pain, etc..).
These two are handled totally different.

MNomenclature is rigidly controlled with regard to reporting, “BI-RADS" is a book of approved
vocabulary words for describing the findings, and a system for reporiing results based on a
percentage of risk. The basic idea is that you use scary words like “spiculated™ 1o descnbe things
vou think are cancer, and benign words like “fat density” to describe things you think are not cancer.

Here are some basic scenarios - "1l explain all the stuff in the chapter and we can revisit some more
scenarios at the end of the chapter. This is just for you to get a feel for how this works if vou have
never been around it before. Don't spaz if you are lost, it will be clear by the end of the chapter and
then we will do them again with some quizzing.

{1a) A 50 year old women comes in for a normal annual screening mammogram. She has no
symptoms, and is just following the recommendation. She gets two standard views - a cranial caudal
view “CC” and a medial lateral oblique view “MLO.” The Radiclogist is in a hurry because he has
200 of them to read, so he just calls it normal (Bi-Rads 1). The patient retums to the screening pool
- and will get imaged again in 1 year. She is relieved to know she doesn't have cancer.

(1b) The same 50 year old returns 1 month later after she feels a lump. This is no longer a screening
study but instead a “diagnostic™ because she has a symptom. She gets another mammogram - this
time with a palpable marker on the image. She also gets compression spot views (smaller paddle)
over the palpable area. In the area of the palpable finding, there is a cluster of calcifications. They
were present in retrospect on the mammogram performed 1 month prior, but are new from the year
before. Because they are calcifications you need magnification views to fully characterize them. On
the mag views you describe them as "coarse heterogeneous." Because they are new from the prior
year they muslt be biopsied, but you aren’t done yet. Diagnostic mammogram usually includes an
ultrasound - not because of the calcifications but because there was a palpable finding. Just
remember no FEMALE with a palpable gets out the door without an ultrasound. You ultrasound the
area and find no mass. The next step is to biopsy the calcs (which are BR-4, for intermediate
suspicion). You recommend stereo to biopsy them (NOT ultrasound) because you couldn’t see them
with ultrasound. The results yield fibrocystic change, which you agree is a possibility given the
BR-4. When you agree that the biopsy results make sense with the imaging / clinical scenario you
use the word “concordant.” “The results were concordant” said the Resident to his Attending. You
inform the patient of the resulls. She is relieved 1o know she doesn’t have cancer.
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(2) A 60 year old women comes in for a normal annual screening mammogram. She has no
symptoms, and is just following the recommendation. She gets two standard views - a cranial
caudal view “CC" and a medial lateral oblique view “MLO.” The Radiologist is in a hurry
because he has 200 of them to read, but still manages to see a new mass in the medial breast on
the CC view. The breasts are pretty dense and it’s hard to find it in on the MLO. So the
Radiologist calls it an “asymmetry” and BR-0 (BR-0 because more work up is needed). The
patient returns in a week for a diagnostic study - she is convinced that she's gonna die of breast
cancer. You ¢an hear her crying in the waiting room, She gets a diagnostic study with spot
compression over the mass on the CC view, as well as ML and MLO views. You do manage to
see the mass on the CC and in the superior breast on the ML view. The mass is well
circumscribed, round, and equal density. Because she is getting a diagnostic work up, she gets an
ultrasound too. Before you go in the ultrasound room you guess about where the mass is going to
be. Since it's medial and superior on the right breast you guess 2 o’clock. You locate it quickly,
and find it to be an anechoic cyst - common in women going into menopause. You tell her it's
consistent with a benign cyst. She cries with joy and thanks you repeatedly for “saving her life."
She sends you cookies and brownies every year at Chrostmas with very long letters about how you
saved her. She uses a lot of religious references that make you uncomfortable. Some years you
throw the food away without eating it, other years you give it to the techs. The simple cyst was
reported as a BR-2 (essentially 0% chance of cancer).

(3) A 45 year old woman comes in for a normal annual screening mammogram. She has no
symptoms and is just following the recommendation. She gets the two standard views - “CC” and
“MLO.” The Radiologist is in a huwry because he has 200 of them to read, but still manages to see
a new mass in both the MLO and CC views. Because this is a screener he still has to give ita
BR-0 (you never BR-4 or BR-5 off a screener). She returns for additional imaging as a diagnostic
patient with spot compression views. A spiculated, irregular, high density mass is seen. She is
placed in an ultrasound room for further characterization. The ultrasound shows an irregular,
circumscribed, anti-parallel, hypoechoic mass, with posterior shadowing and an echogenic halo
{all the scary bad words). You are certain the mass is a cancer based on these features so you scan
the rest of her breast looking for other tumors, and you look in her axilla for abnormal nodes. You
find several enlarged lymph nodes in her axilla. You recommend ultrasound guided biopsy of
both the mass and the most suspicious lymph node. You give her a BR-5 (=95% chance of
cancer). The biopsy results come back as fibrocystic change. This result is not “concordant’™ with
the findings you made on mammography and ultrasound so you instead use the word

“discordant ' and recommend surgical excision. “The results were discordant”™ said the Resident
to his Attending. Gross path shows a high grade invasive lesion.
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SECTIONT:
Anatomy

Nipple: The nipple is a circular smooth muscle that overlies the 4t intercostal space. There
are typically 5-10 ductal openings. fnversion is when the nipple invaginates into the breast.
Retraction is when the nipple is pulled back slightly. They can both be normal if chronic. 1f
they are new, it should make you think about underlying cancers causing distortion. The
nipple is supposed to be in profile so you don’t call it a mass. The areola will darken
normally with puberty and parity. MNipple enhancement on contrast enhanced breast MR is
normal | don @ call it Pagers!

Fibroglandular Tissue: The breast mound is fibrous
tissue with fat, ducts, and glands laying on top of the
anterior chest wall. The axillary extension is called the
“tail of Spence.” The upper outer quadrant is more
densely populated with fibroglandular tissue, which is
why most breast cancers start there. There is usually no
dense tissue in the medial/ inferior breast and
retroglandular regions. These are considered “danger
zones” and are often where the cancer hides,

Danger Zones - where there is
usually no dense fibroglandular
tissue

Cooper’s Ligaments: These are thin sheets of fascia that hold the breasts up. They are the
tiny white lines on mammography and the echogenie lines on US. Straightening and
tethering of the ligaments manifests as “architectural distortion™ which occurs in the setting
of surgical scars, radial scars, and IDC.

Breast Asymmetry: This is common and normal (usually), as long as there are no other
findings (lumps, bumps, skin thickening, ete..). For multiple choice, an asymmetric breast
should make vou think abour the “shrinking breast” of invasive lobular breast cancer: 1f the
size difference is new or the parenchyma looks asymmetrically dense, think cancer.
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Lobules: The lobules are the flower shaped milk makers of the breast. The terminal duct
and lobule are referred to as a “terminal duct lobular unit™ or TDLU. This is where most
breast cancers start.

Lactiferous Sinus
Major Duct

Lobules

Ducts: The ductal system branches like the roots or branches of a tree. The branches overlap
wide areas and are not cleanly segmented like slices of pie. The calcifications that appear to
follow ducts (“linear or segmental™) are the ones where you should worry about cancer.

Lactiferous Sinus: Milk from the lobules draing into the major duct under the nipple. The
dilated portion of the major duct is sometimes called the lactiferous sinus. This thing is
normal (not a mass).

Blood Supply / Lymphatic Drainage: The majority (60%) of blood flow to the breast is via
the internal mammary. The rest is via the lateral thoracic and intercostal perforators. Mearly
all (97%) of lymph drains to the axilla. The remaining 3% goes to the intemal mammary
nodes.
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Axillary Lymph Node Levels

Level 1: Lateral to Pec Minor

Level 2: Deep to the Pec Minor

Level 3: Medial and Above Pec Minor

Rotter Node: Between the Pec Minor and Major

Axillary Node Levels: The axilla is sub-divided into three separate levels using the
pectoralis minor muscle as a landmark. Supposedly drainage progresses in a step wise
fashion - from level 1 -> level 2 -> level 3 and finally into the thorax.

Rotter Nodes: These are the nodes between the pec minor and major. They have a fancy
name which usually makes them high yield. However, Rotter was German and test writers
tend to prefer French sounding trivia. The only exception to this is Nazis. German sounding
medical vocab words named after Nazis are fair game. To save you the trouble of looking it
up - Rotter died before Hitler took power so he wasn’t a Nazi (probably). Since they
probably aren’t gonna ask the vocab word, the only other conceivable piece of trivia | can
imagine being asked would be that these are at the same level as level 2.

Metastasis to the Internal Mammary Nodes: If you can see them on ultrasound they are
abnormal. Isolated mets to these nodes is not a common situation (maybe 3%). When you
do see it happen, it’s from a medial cancer. More commonly, mets in this location occur after
discase has already spread into the axilla (in other words - it's spreading everywhere).
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Sternalis Muscle: This is an Aunt Minnie. [t's a non-functional muscle next to the sternum
that can simulate a mass. About 5% of people have one and it’s usually umlateral.

Sternalis - Only on CC, Never on MLO

The mamn testable tnivia 1s:

|. WTF is that ?- Recognize the Aunt Minnie, and don’t get tricked into doing a biopsy on
it, ete...
2. How You See [1? 1t is ONLY SEEN ON THE CC VIEW.

Handling this in real life is all about the old gold. Find that thing on the priors (even better is
a CT), CC only, never on the MLO.
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Breast Development:

The “milk streak™ is the embryologic buzzword to explain the location of the normal breast
and location of ectopic breast tissue. Just know that the most common location for ectopic
breast tissue is in the axilla (second most common is the inframammary fold). Extra
nipples are most commonly in the same locations (but can be anywhere along the “milk
streak™). At birth, both males and females can have breast enlargement and produce milk
(maternal hormones). As girls enter puberty, their ducts elongate and branch (estrogen
effects), then their lobules proliferate (progesterone effects). If you biopsy a breast bud
(why would you do that?) you could damage it and potentially fuck up breast
development.... and then get sued.

Follicular Phase (day 7-14): Estrogen Dominates. Best time to have both
mammogram and MREL

Luteal Phase (day 13-30): Progesterone Dominates. This is when you gel some
breast tenderness (max at day 28-30). Breast density increases slightly.

Pregnancy: Tubes and Duct Proliferate. The breast gets a lot denser (more
hypoechoic on US), and ultrasound may be your best bet if you have a mass.

Perimenopausal: Shortening of the follicular phase means the breast gets more
progesterone exposure. More progesterone exposure means more breast pain, more
fibrocystic change, more breast cyst formation.

Menopause (“The Floppy Stage”): Lobules go down. Duets stay but may become
ectatic. Fibroadenomas will degenerate (they like estrogen), and get their “popcorn”
calcifications. Secretory calcifications will develop (*but not for 15-20 years post
menopause).

Hormone Replacement Therapy: Breasts get more dense (especially estrogen-
progesterone combos). Breast pain can occur, typically peaking in the first year.
Fibroadenoma (who like to drink estrogen) can grow.
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High Yield Trivia Regarding Breast Anatomy / Physiology

= The nipple can enhance with contrast on MRL This is normal {not Pagets).

*  Most cancers oceur in the upper outer quadrant.

*  Most cancers start in the terminal duct lobular unit (TDLU).

= Majority (60%) of blood flow is via the internal mammary.

= Mets to the Internal Mammary Nodes are uncommon (3%) — seen in medial cancers,

= Axillary Node Levels (1, 2, 3 - lateral to medial)

= Sternalis is usually unilateral, and only on the CC, NEVER on MLO,

= Breast Tenderness is max around day 27-30.

= Mammography and MRI are best performed in the follicular phase (days 7-14).

*  Don’t Biopsy a prepubescent breast — you can affect breast development

*  Perimenopause (50's) is the peak time for breast pain, cyst formation

= Fibroadenomas will degenerate (buzzword popecom calcification) in menopause

*  Secretory Calcifications (buzzword “rod-like) will develop 10-20 years post
menopause

Whatcha You Know About Lactation?
Loaded fo-fo an the low where the cheese ai?

Densiry: As mentioned above, the breast gets a lot denser in the 3rd trimester.
Mammograms might be worthless, and ultrasound could be your only hope. In other
words, ultrasound has greater sensitivity than mammo in lactating patients.

Dengity Trick: Pituitary Prolactinoma, or meds (classically antipsychotics) can create a
similar bilateral increased density.

Biopsy: You can biopsy a breast that is getting ready to lactate / lactating - you just need
to know there is the risk of creating a milk fistula. If you make one, they will have to
stop breast feeding to stop the fistula. The fistula can get infected, but that’s not very
common.

Galaciocele: This is one of those “benign fat containing lesions™ that you can BR-2.
This is typically seen on cessation of lactation. The location is typically sub-areolar. The
appearance is variable, but can have an Aunt Minnie look with a fat-fluid level. It's
possible to breast abscess these things up.

Lactating Adenoma: These things look like fibroadenomas, and may actually be a
charged up fibroadenoma (they like to drink estrogen). Usually these are multiple. 1F
you get pressed on follow up recommendation for these | would say 4-6 months
postpartum, post delivery or after cessation of lactation -via ultrasound. They usually
rapidly regress after you stop lactation.
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'SECTION 2:
Technique, Artifacts

Basics: As | mentioned in the introduction, a screening mammogram starts with two standard
views; a cranial caudal view and a medial lateral oblique view.

Cranial Caudal View “CC” Medial Lateral Obligue View "MLO"

Technically Adequate?

The first step in reading a
mammogram 15 verifying that the
technique is satisfactory. For the
purpose of multiple choice there are a
few easy ways 1o test this.

The Posterior Nipple Line — this is
drawn on the MLO from the nipple to
the chest wall. You need to touch
pectoralis muscle o be adequate,

Then on CC, you draw a line from the
nipple back towards the chest wall.
To be adequate you must be within 1
em of the length of the posterior
nipple line.

a2



Technically Adequate Cont.

So other points and irivia:
" Ideally, the inframammary fold should be visualized

“Camel Nose” is the buzzword used to describe a breast on MLO that has not be pulled
“up and out” by the tech

The nipple should be in profile in one of two views (to avoid missing the subareolar
cancer).

Relaxed pectoralis muscles are preferred (convex, instead of concave) — showing maore
breast tissue.

Positioning Trivia:

When do yvou get a EMO view ? The MLO is the standard, but sometimes you need a LMO.
The answer is women with kyphosis or pectus excavatum. Or to aveid a medial
pacemaker / central line.

MLC View Trivia: The MLO view contains the most breast tissue of all the possible views

When using Spot Compression Views: A big point is the recommendation to leave the
collimator open, giving you a larger field of view, and helping to ensure that you got what
you wanted to get. Small paddles give you better focal compression. Large paddles allow
for good visualization of land marks.

When using Magnification Views: A CC and ML (true lateral) are obtained. You get a ML
(as opposed to a MLO) to help catch milk of calcium.

When using a True Lateral View ML vs LM: Using a true lateral is useful for localizing things

seen on a single view only (the CC). A trick 1 use is whatever | said on the screener, is the

last letter I'd use on the call backs. In other words, it it’s Lateral on the screener you want an

ML on the diagnostic. If it's Medial on the screener then you want a LM on the diagnostic.

The reason is that you are moving it closer to the receptor. If you see the area of interest on
the MLO only (not the CC), you should pick ML — because most (70%) breast cancers

occur laterally. --- This would make a good multiple choice question.
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Pectoral Motion Artifacts Predominates at the

+ Primary Image

Viaw Muscle should  Inferior Part of the Breast (especially in
be seen to the wrinkly floppy stinky saggy ones)
+ Maximized Level of the secondary to a lack of comprassion,
Visualization of Nipple
Mediolateral the Axillary and The "sweep
Obligue View Posterior Tissue  + Pectoral up and out”
(MLO) Muscle should technique is
be Relaxeg ~ USed by techs
(convex to reduce
anterior artifact in this
bordar) location.
+ Primary Image + Should have a small amount of  If you lack adequate
View skin at the most medial aspect coverage at the
to confirm adequate coverage  posterior lateral edge or
« Ideally axillary tail the next
Craniocaudal maximizes the = Chest wall to nipple should be  appropriate step is an
View (CC) posterior medial within 1 cm of the chest wall to  exaggerated lateral CC
tissue (the spot pectoral muscle on the MLO. view [XCCL).
that can be
missed on the
MLO)
90 degree view a0 degree view

Can be used to
triangulate (medial to
the nipple lesions will
rise on the true lateral -

Mediolateral Lateromedial “muffins rise”)
{MLI- Shows the lateral breast [liha one [LM]

closest to the detector) in better detail Shows the medial breast
in better detail,

Can be used to triangulate (medial to
the nipple lesions will rise on the true
lateral - “muffins rise")

Remember the posterior
medial breast is the
toughest is image.

@: Conan! What is Best in Life ? A: To crush your enemies, and see them driven before you

Q: Conan! What is Best ... View Given the Following Circumsiances *

“Module™ seen only in CC View Rolled CC
“MNodule™ favored 1o be in the skin Tangential (TAN)
“MNodule” favored 1o be milk of calcium True Lateral
"Module™ in the far posierior medial breast Cleavage View (CV)

“Cklund Views"™ or
Implant Displaced (MLOID, CCID)

Caleilications Magnification View

Breast Implants

"l:t.'-s. I m using the term “nodule” deliberately 1w annoy academic breast imagers who hate that word.
Mever pick the word “wodile ™ on the exam !
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Basic Artifacts:

Blur: Can be from breathing or inadequate compression (typically along the inferior breast
on the MLO). It can be tricky to pick up. The strategy 1 like to use is to look at Cooper's
Ligaments — they should be thin white lines in the fat. 1f they are thick or fuzzy - it is
probably blur {or edema). If there is skin thickening, think edema.

You see blur in 3 scenarios
(1) patient moved,

(2) exposure was too long,
(3) exposure was too short.

Bilur: “Coopers are too thick™ for normal skin

Grid Lines: Basically mammograms always use a grid (unless it’s a mag view). That
would make a good multiple choice question actually. No grid on mag views. So, the grid
works by moving really fast, and only keeping x-rays that move straight in.

Grid Lines: 3 Examples - "Horizonfal Lines”
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“SECTION 3:
" Localization

You are trying to find around 3-8
cancers per 1000 mammograms.
Another way 1o ask this is to say that
vou are supposed to have a Positive
Predictive Value (PPV)) of around
4% (in other words anything other than
a BR1 or BR2 on a screener). This is
demanded by the various regulating
bodies.

Be aware thal cerfain areas can
sometimes only be seen on a single
view. For example, the medial breast

on a CC may not be seen on MLO, Medial Breast &=

and the Inferior Posterior Breast on - Can be excluded on  Inferior Posterior
MLO may be excluded from the CC, the MLO View Breast

That makes these areas “high risk™ for - Can be excluded on
missing a cancer. the CC View

I’s recommended to look at mammeograms from 2 years prior (if available) for comparison.
Makes it a little easier to see early changes,

Localizing a lesion (only seen in the MLO view): This is a very basic skill, but if vou had
absolutely no interest in mammography or just terrible training, a refresher might be useful as
this is applicable to multiple choice tests. A lesion that is seen in the MLO only will rise on the
true lateral (ML) if it is medial on the CC film. A lesion that is seen on the MLO only will fall
on the true lateral (ML) if it is lateral on the CC film, The popular mnemonic is " Lead Sinks,
and Muffins Rise” — L for lateral, and M for medial.

“Muffins
,Rige”
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Localizing a lesion (only seen in the CC view): Sometimes you can only see the finding in
the CC view. If you want to further characterize it with ultrasound, figuring out if it"s in the
superior or inferior breast could be very helpful. One method for doing this is a “rolled CC
view.”

Rolled CC View: This works by positioning the breast for a CC view, but prior to placing the
breast in compression you rotate the breast either medial or lateral along the axis of the
nipple. Your reference point is the top of the breast.

® [ you roll the breast medial; a superior tumor will move medial, an inferior tumor will
move lateral.

e [f you roll the breast lateral; a superior tumor will move lateral, an inferior tumor will
move medial.

In other words, superior tumors move in the direction you roll and inferior tumors move
in the opposite direction you roll. The “superior™ vs “inferior” is inferred based on how it
moves when you (the tech) roll the boob.

* *

® '

|
Rolled Laterally CC view,
movas the cancer laterally

Cancer in superior breast
only seen in CC view

Rolled Medially CC view,
maoves the cancer medial

¥*) < N
¢
[ !’ &

Cancer in inferior breast
only seen in CC view

Rolled Medially CC view,
moves the cancer lateral

Rolled Laterally CC view,
mowves the cancer medially
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"SECTION 4:
BI-RADS

BI-RADS is an acronym for Breast Imaging-Reporting and Data System. It was developed
by the ACR to keep everyone on the same page, in a similar way the DSM was developed for
psych. You can’t have people just calling stuff “breast nodules™.
* BI-RADS Assessment Calegories:
0: Incomplete
1: Negative
2: Bemign finding(s)
3: Probably benign — < 2% Chance of CA
4: Suspicious abnormality — 2 - 95% Chance of CA
*  Some people use 4a (low suspicion), 4b (intermediate suspicion), and 4c
(moderate suspicion).
: Highly suggestive of malignancy — = 95% Chance of CA
6: Known biopsy — proven malignancy

Lh

BI-RADS 0: This is your incomplete workup. They come in for a screener, you find
something suspicious. You give it a BI-RADS 0, and bring them back for spots, mags, or
ultrasound. You would also BI-RADS 0 anything that required a technical repeat (blur,
inadequate posterior nipple line, camel nose, ete....).

BI-RADS 1: It's normal.

BI-RADS 2: Benign findings. Examples would be cysts, seeretory caleifications, fat
containing lesions such as oil eysts, lipomas, galactoceles and mixed-density hamartomas.

* Multiple bilateral well circumscribed, similar appearing masses - This is BR-2
unless one is growing or different than the rest. The general rule is to not ultrasound

these things unless one is palpable,

Multiple Foei — This MRI finding is also a classic BR2.
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BI-RADS 3: A key point is that BR-3 by definition means it has less than 2% chance of
being cancer. This is often a confusing topic. You can only use BR3 on a baseline. You
can’t call anything BR3 that 15 new. The typical BR3 scenario: 45 year old comes in for
screening and has a focal asymmetry. She gets called back for diagnostic work up with spots
and ultrasound. She is found to have mass with imaging features classic for fibroadenoma.
This can get a BR-3, and be followed (some places follow for 2 years, in & month intervals).
Any change over that time ups it to BR-4 and it gets a biopsy.

Things you can BR-3:

*  Finding consistent with fibroadenoma

*  Focal asymmetry that looks like breast tissue (becomes less dense on compression).
*  Grouped Round Calcifications

Whar if it s palpable? This is a controversial topic. Classic teaching is that palpable lesions can
not be BR3. However, recent papers have shown that a palpable lesion consistent with a
fibroadenoma has less than 2% chance of cancer. Some people think the new BI-RADS will
change this rule. [ really doubt they will paint you into a corner on this one - given the
controversy.

BI-RADS 4: This is defined as having a 2-95% chance of malignancy. Some people will
subdivide this into 44, 4B, 4C depending on the level of suspicion. Ultimately you are going to
biopsy it, and be prepared to accept a benign result.

BI-RADS 5: This is defined as > 95% chance of malignancy. When you give a BR-5, you are
saying to the pathologist “if you give me a benign result, I'll have to recommend surgical

biopsy.” In other words, you can’t accept benign with a BR-5.

BI-RADS 6: This is path proven cancer.
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Basic Flow - These are essentially your choices in a work up.

BR 0 - You made a suspicious finding
and they need a diagnostic workup

BR 0 - Technical Repeat for Blur,
inadequate positioning etc...

BR 1 - Totally Normal
Screening Mammogram

(no symptoms) ? BR 2 - Multiple bilateral, well circumseribed, similar

appearing masses

BR 2 - Redemonstration of an unchanged previously
worked up thing - a cyst ete. .

BR 2 - You work it up and it's a benign thing - fat
containing lesion, cyst, etc... This returns to

screening
Diagnostic Mammogram
(either a call back, BR 3 - Very specific situation where you
or someone with are dealing with a baseline screener, now
a symplom) called back. Findings meet one of the

three things described above;
(fibroadenoma, fat with breast tissue,
group of round calcs). This gets 2 years
of follow up.

BR 4 - Suspicious finding, but you aren’t
convinced it’s cancer. In other words,
you would accept a benign result. - This
gets a biopsy,

BR 5 - Suspicious finding, that you are
convinced is cancer. In other words, you
would NOT accept a benign result. - This
gets a biopsy.
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BI-RADS Terminology

In addition to the “0-6" babysitting, the various regulatory bodies have decided there are only
a few words they will trust you with, depending on what modality you are using,

Plain Mammography:
“Mass™ — This is a space occupying lesion seen in two different projections

Describing the mass: You need to cover (1) Shape, (2) Margin, (3) Density
(1) Shape: Round, Oval, Irregular - “ROS™
(2) Margin: Circumscribed, Obscured, Microlobulated, Indistinet, Spiculated - “COMIS™
(3) Density (relative to breast parenchyma: Fat Density (radiolucent), Low Density, Equal
Density, High Density

Trivia: Of all the possible descriptors - margin is the most reliable feature for determining
benign vs malignant.

"’Asymmr:try" — Unilateral deposition of tissue that doesn't quite look like a mass.
Asymmetry — This is a density (only seen in one view) that may or may not be a mass,
and 15 often a term used in screeners for BR-0 prior to call back.

Global Asymmetry — “greater volume of breast tissue than the contralateral side”,
around one quadrants worth (or more). [t's gonna get a call back, and then BR-2'd on
a baseline.

Focal Asymmetry - This is seen in two projections, might be a mass - needs a spot
COmMpression.

* Developing Asymmetry — Wasn't there before, now is... or bigger than prior.

Ultrasound:

Describing the mass: You need to cover : (1) Shape, (2) Orientation, (3) Margin, (4) Echo
pattern, (5) Posterior acoustic features

(1) Shape: Round, Oval, Irregular (not round or oval)

(2) Orientation: Parallel (wider than tall), Not-Parallel (taller than wide)

(3} Margin: Circumscribed, Indistinct, Angular, Microlobulated, Spiculated

(4) Eche Pattern: Anechoic, Hyperechoic, Hypoechoic, lsoechoic, or Complex (eystic/
solid)

(5) Posterior Fearres: Mone, Enhancement, Shadowing
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There has recently been a vocabulary change in the Lexicon, and I"'m going to briefly cover
the changes.

Background Parenchymal Enhancement:
e This is a newly added BI-RADS “feature.” In the literature, they specify that this

description is based off the first post contrast sequence (sounds testable to me). The

= Categories are : none, minimal, mild, moderate, and marked.

Lesion Analysis: There are 3 basic categories for this:
= Foci (<5 mm): You don't need to describe shape and margin on these. They are too
small.
e Mass (> 5 mm): This will have shape, margin, internal enhancement characteristics, &
2
® Mon-Mass Enhancement: Distribution, Internal Enhancement, T2

Describing Masses:

» Shape: Round, Oval, and Irregular. The word “lobulated”™ has been removed from the
lexicon, so expect that to be a distractor,

= Margin: Circumscribed, lrregular, and Spiculated. The word “smooth™ has been removed
from the lexicon, so expect that to be a distractor.

» Internal Enhancement Patterns: Homogenous, Heterogenous, Rim, and Dark Intermnal
Septations. “Enhancing Internal Septations™ and “Central Enhancement™ are NOT terms in
the new vocab - and will likely be distractors.

T2 Signal - This is a new “feature™ of the lexicon
« Hyperintense:
» Greater than parenchyma (on T2)
o Greater than or equal to fat (on T2)
« Gireater than or equal to water (on T2 Fat Sat)

NME = “Distribution "
e Focal, Linear, Segmental (triangle shaped pointing towards nipple - suggestive of a duct),
Regional (large area - not a duct), Multiple Regions (two or more regions) and Diffuse.

NME - Internal Enhancement

= Homogenous, Heterogenous, Clumped (looks like cobblestone), Clustered Ring (#his is a
buzzword for DCIS or IDC). “Reticular” and *Dendritic” have been removed and will
likely be distractors,
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MRI BIRADS Cont..
Kineric Curves are also described. "1 talk about this more in the Breast MR Section.

Associated Findings: You are allowed to talk aboul nipple retraction, skin thickening, edema,
invasion of the pec muscles, pre contrast signal, and artifacts,

Implants: When you talk about implants you have to deseribe the type (silicone vs saline),
location (retroglandular vs retropectoral), and luminal features like radial folds, keyhole,
linguine, ete... I'll cover this more in the Breast MRI section.
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E SECTION 5:
" Calcifications

Calcifications can be an early sign of breast cancer. “The carliest sign,” actually, according
ta some, Calcifications basically come in three flavors: (1) artifact, (2) benign, and (3)
suspicious.

Artifacts Simulating Calcifications:

Depdorant: High density material seen in the
axilla is the typical appearance. Another trick
is to show a speck of high density material
that doesn't change position on different
views (inferring that it’s on the image
receptor).

Deodorant Artifact

Zince Oxide: This is in an ointment old ladies like to put on their floppy sweaty breasts. It
can collect on moles and mimic calcifications. 1f it disappears on the follow up it was
probably this (or another dermal artifact).

Metallic Artifact: 1t's possible for the electrocautery device to leave small metallic

fragments in the breast. These will be very dense (metal is denser than caleium). It will also
be adjacent to a scar.
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Benign vs Suspicious:

The distinction between benign and suspicious is made based on morphology and distribution
(those BI-RADS descriptors). Since most breast cancers start in the ducts (a single duet in most
cases), a linear or segmental distribution is the most concerning. The opposite of this would be
bilateral scattered calcifications,

Segmental Linear Grouped Regional Scattered/ Diffuse

Maore Evil than Ursula ,
{villainous sea witch) Benign
from the Little Mermaid

Dermal Calcifications: These are found anywhere women sweat (folds, cleavage,
axilla). Just think folds. They are often grouped like the paw of a bear, or the foot of a baby.
The trick here is that these stay in the same place on CC, and MLO views. This is the so
called “tattoo sign. ™ If you are asked to confirm these are dermal calcs, I'd ask for a
“tangential view.”

Tangential

=

395



Benign - Continued

Vascular Calcifications: Thesec are parallel linear calcifications. It’s usually obvious,
but not always.

Popcorn Calcifications: This is an immediate buzeword for degenerating fibroadenoma.
The typical look is they begin around the periphery and slowly coalesce over subsequent images.

Secretory (Rod-Like) Calcifications: These are
big, easily seen, and point toward the nipple. They are
typically bilateral. The buzzword is “cigar shaped with a
frcent center. ™ Another buzzword 15 “dashes but no dors. ™
The buzz age is “/0-20 years after menopause.” Don’t be
an idiot and call these in a premenopausal patient, they
happen because the duct has involuted.

Secretory Calcifications

Eggshell Calcifications: “Fat necrosis™ [ call them. It can be from any kind of trauma
(surgical, or accidental - play ground related). If they are really massive you may see the word
“liponecrosis macrocystica.” As I've mentioned many times in this book, anything that sound
Latin or French is high vield for multiple choice. “Lucent Centered"” is a buzzword,

Dystrophic Calcifications: These are also seen afier radiation, trauma, or surgery. These
are usually big. The buzzword is “irregular in shape.” They can also have a lucent center.

Round: The idea is that these things develop in lobules, are usually scattered, il
bilateral. and benign. When benign (which is most of the time) they are going to e
be de 1o fibrocystic change (most of the time). The best way 1"ve heard to think T

about these is the same as a mass.

When masses are bilateral, multiple, and similar they are considered benign (BR-2). When a
mass is by itself or different it's considered suspicious. Round calcifications are the same
way. They are usually bilateral and symmetric (and benign). If they are clustered together,
by themselves, or new, they may need worked up (just like a mass). Remember that if
grouped round cales are on the first mammogram you can BR-3 them.
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Milk of Calcium:

This has a very characteristic look, and because of
that, questions can only be asked in one of two

ways: (1) what is it? - shown as CC then ML, -
{2} what 1s it due to ? - -
- -
{1} On the CC view the caleifications look powdery - e
and spread out, on the MLO view they may - -
layer. | suspect they will show you a ML view -

because they should layer into a more linear
appearance, with a curved bottom “tea-cupped.
For the purpose of gamesmanship if they show
you a ML view on a cales question - look hard
Jor anyvthing that resembles lea-cupping.

(2) It’s fluid-fluid in a lobule - due to fibrocystic
change.

= “tea-cupped”
appearance on

true lateral view.

Fluid-Fluid in
a lobule

Milk of Calcium - Tea Cups on ML

No Calcifications on the Biopsy?

This is a common trick. Apparently Milk of Calcium needs to be viewed with polarized
light to assess birefringence. Otherwise, you can’t see it. | imagine there are several ways to
get at that via multiple choice.
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Suspicious

Amorphous - These things look like powdered sugar, and you should

not be able to count each individual calcification,.

Distribution is key with amorphous calcs (like many other types before). 1f

X the cales are scattered and bilateral they arve probably benign, if they are
segmental they are probably concerning,

Coarse Heterogeneous - These calcifications are countable, but
l l their tips are dull. If you picked one up it would not be poke you.

A< A They are usually bigger than (.5 mm. Distribution and comparison to

priors is always important. They can be associated with a mass
(fibroadenoma, or papilloma).

e Fine Pleomorphic - These calcifications are countable, and their tips

B g e appear sharp. If you picked one up it would poke you. They are usually

£ = smaller than 0.5 mm. This pattern has the second highest likelihood of

malignancy... probably — see discussion on the following page.

h
= v )

% :' Fine Linear / Fine Linear Branching - This is a distribution

. %\ that makes fine pleomorphic calcifications even more suspicious. The
S 111 DDx narrows to basically DCIS or an atypical look for secretory cales or
vascular calcs. This pattern has the highest i

f malignancy.

DDx Amorphous Cat?

Fibrocystic Change
(maost fikely)
Sclerosing Adenosis
Columnar Cell Change
DCIS (low grade)

DDx Coarse Heterogeneous Ca*?

Fibroadenoma
Papilloma
Fibrocystic Change
DCIS flow - intermediate grade)

DDx Fine
Pleomorphic Cat?

Fibroadenoma (fess fikefy)

Papilloma (fess [ikedy)
Fibrocystic Change
DCIS thigh grade)
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Suspicious - Continued

Calcifications Associated with Focal Asymmetry/Mass:

When you see increased tissue density around suspicious calcifications, the chance of an
actual cancer goes up. This is sometimes called a “puff of smoke™ sign , or a “waming
shot.” This is a situation where ultrasound is useful, for extent of disease.

Gamesmanship - Next Step:

Ultrasound is NOT typically used to evaluated pure calcification findings. Exceptions
would be (a) if the patient had a mass associated with the calcifications, or (b) if the patient
had a palpable finding - then they would get additional evaluation with ultrasound.

Q/l Gamesmanship “Highest Suspicion for Malignancy” Q/)

Depending on what you read and who you ask, Fine Linear Branching and Fine Pleomorphic
Caleifications have the Highest Suspicion for Malignancy. So which one is it?

For sure fine linear branching is the worst. Morphologically it mimics the ductal
proliferation of suspicious calcifications (DCIS). The confusion is that some people use
fine pleomorphic as an umbrella term under which linear and branching forms exist.

So how to handle this on multiple choice?

» [f the answer choices include fine linear branching then that is the correct answer.

» If the answer choices do NOT include fine linear branching but instead have you pick fine

pleomorphic vs coarse heterogenous or some other obviously benign cales (egg shell,
etc...) then for sure pick fine pleomorphic.
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“SECTION 6:
Benign Path

Mondor Disease: This is a thrombosed vein that presents as a tender palpable cord. It
looks exactly like you'd expect it to with ultrasound. You don’t anticoagulate for it (it’s not
a DVT). Treatment is just NSAIDS and warm compresses,

Fat Containing Lesions: There are five classic fat containing lesions, all of which
are benign: oil eyst / fat necrosis, hamartoma, galactocele, lymph nodes. and lipoma. Of
these 5, only oil cyst/fat necrosis and lipoma are considered “pure fat containing” masses.

Hamartoma — The buzzword 15 “breast within a
breast.” They have an Aunt Minnie appearance on
mammography, although they are difficult to see on
ultrasound (they blend into the background).

Galactocele — Seen in young lactating women,
This is typically seen on cessation of lactation. The
location is typically sub-areolar. The appearance is
variable, but can have an Aunt Minnie look with a
fat-fluid level. It's possible to breast abscess these
things up.

“Breast within a Breast®

0Oil Cyst / Fat Necrosis — These are areas of fat necrosis walled off by fibrous tissue.
You see this (1) randomly, (2) post trauma, (3) post surgery. The peripheral
calcification pattern is typically “egg shell.” If vou see a ton of them vou might think
about steatocysioma multiplex (some zebra with hamartomas).

Lipoma — These are typically radiolucent with no calcifications. Enlargement of a
lipoma is criteria for a biopsy.

Intramammary Lymph node: These are normal and typically located in the tissue
along the pectoral muscle, often close to blood vessels. They are NOT seen in the
fibroglandular tissue.

Practice Point: Does she need an wltrasonnd if it s palpable? Usually a palpable finding
IS going to get an ultrasound. If you are under 30, most people will skip the mammo and
go straight to ultrasound. One of the exceptions is a fatl containing lesion definite benign
BR-2er on diagnostic mammography.
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Pseudoangiomatous Stromal Hyperplasia (PASH): This is a benign
myofibroblastic hyperplastic process (hopefully that clears things up). It's usually big (4-6
cm), solid, oval shaped, with well defined borders. Age range is wide they can be seen
between 18-50 years old. Follow up in 12 months (annual) is the typical recommendation.

Pseudoangiomatous Stromal Hyperplasia = Benign thing with a scary sounding name

Fibroadenoma — This is the most common palpable mass in young women. The typical
appearance is an oval, circumseribed mass with homogeneous hypoechoic echotexture, and a
central hyperechoic band. 1f it’s shown in an older patient, it’s more likely to have coarse
“popeomn’ calcifications — which is a buzzword. On MRI, it’s T2 bright with a type 1
enhancement {progressive enhancement}.

Phyllodes: Although | clumped this in benign disease, this thing has a malignant
degeneration risk of about 10%. They can metastasize - usually hematogenous to the lungs
and bone. This is a fast growing breast mass. They need wide margins on resection, as they
are associated with a higher recurrence rate if the margin is <2 cm. [t occurs in an older age
group than the fibroadenoma (40s-50s). Biopsy of the sentinel node is not needed, because
mets via the lymphatics are so incredibly rare (if it does met - it’s hematogenous).

Distinguishing Feanwes of Phyllodes Tumor
*  Rapid Growth

Hemeatogenous Mets

*  Middle-Age to Older Women

*  Mimics a Fibroadenoma
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- SECTION 7:
Cancer

IDC - Invasive Ductal Carcinoma

IDC - Invasive Ductal Carcinoma is by far the most commeon invasive breast cancer, making
up about 80-85% of the cases. This cancer is ductal in origin (duh), but unlike DCIS is not
confined to the duct. Instead it “invades™ through the duct and if not found by the heroic
actions of Mammographers it will progress to distal mets and certain death, Clinically, the
most common story is a hard, non-mobile, painless mass. On imaging, the most common
look is an irregular, high density mass, with indistinct or spiculated margins, associated
pleomorphic calcifications, and an anti-parallel shadowing mass with an echogenic halo on
ultrasound.

Invasive Ductal NOS - By far the most common type of breast cancer is the one that is
undifferentiated and has no distinguishing histological features. “Not Otherwise Specified”
or NOS they call it. These guys make up about 65% of invasive breast cancer.

Less Common (but still testable) IDC Subtypes

IDC Types — (Other than NOS)

Small spiculated slow Often conspicuous on ultrasound. Associated
Tubular growing mass with a with a Radial Sear. Contralateral breast will
favorable prognosis. | have cancer 10-15% of the time.

Round (or lobulated) and 5

Mucinous ; _ Uncommon. Better outcomes than 1DC-NOS
circumscribed mass
Round or Oval Axillary nodes can be large even in the
Medullary circumscribed mass, absence of mets. Typically younger patient
: without calcifications. (40s-508). Better outcome than IDC-NOS
-25% have BRCA | mutation
Axillary nodes are NOT common. Typically
Papillary benplux cystic and seen inI-::idc:rI;,r I}':Icup]c, favors people who are
solid. not white, and is the 27 most common (behind
IDC-NOS).
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Multifocal Breast Cancer Multicentric Breast Cancer

Multiple primaries in the same quadrant Multiple primaries in different quadrants
(classically same duct system) i
Think of this like “multi-center ™ clinical
Less than 4-3 cm apart from one another |trial; mulriple discrete un-related sites.

Synchronous Bilateral Breast Cancer — This is seen in 2-3% of women on
mammography, with another 3-6% found with MRI. The risk of bilateral discase is increased
in infiltrating lobular types, and multi-centric disease.

DCIS - This is the “earliest form of breast cancer.” In this situation the “cancer” is confined
to the duct. Histologists grade it as low, intermediate, or high. Histologists also use the terms
"comedo”, and “non-comedo” to subdivide the disease. [f anyone would ask, the comedo
type is more aggressive than than the non-comedo types,

Testable Trivia:
*  10% of DCIS on imaging may have an invasive component at the time biopsy is done
+  25% of DCIS on core biopsy may have an invasive component on surgical excision.
= 8% of DCIS will present as a mass without calcifications
*  Most common ultrasound appearance = microlobulated mildly hypoechoic mass with
ductal extension, and normal acoustic transmission

If a test writer wants you to come down on this they will show it in 1 of 3 classic ways:
(1) suspicious calcifications (fine linear branching or fine pleomorphic - as discussed above),
{2) non mass enhancement on MRI, or (3) multiple intraductal masses on galactography.

Pagets - Paget's disease of the breast is a high yield topic. It is basically a carcinoma in
situ of the nipple epidermis. About 50% of the time the patient will have a palpable finding
associated with the skin changes.

T‘hmgs fo know about Breast Pagels:
Associated with high grade DCIS (96 %)
*  Wedge biopsy should be done on any skin lesion that affect the nipple-areolar
complex that doesn’t resolve with topical therapy.
*  Pagets is NOT considered T4. The skin involvement does not up the stage in this
setting,




Lobular - ILC

Lobular (ILC) : This is the second most commaon type of breast cancer (IDC-NOS being the
most commeon). 1t makes up about 5-10%% of the breast CA cases,

This pathophysiology lends itself well to multiple choice questions:

Cell decides to be cancer -= Cells lose “e-cadherin™ -> Cells no longer stick 1o one another and
begin to infiltrate the breast “like the web of a spider” => This infiltrative pattern does not cause
a desmoplastic reaction so it gets missed on multiple mammograms -> Finally someone (you)
notices some architectural distortion without a central mass, on the CC view only. You get
fancy and call it a “dark star.”

On Ulirasound: The typical look is an ill-defined
area of shadowing without a mass.

ILC - Shadewing without discrete mass

“Shrinking Breast" —This is a
burzword for ILC. The breast isn't
actually smaller, it just doesn't
compress as much, So when you
compare it to a normal breast, it
appears to be getting smaller. On
physical exam, this breast may
actually look the same size as the
other one.

“Shrinking Breast”
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Lobular - ILC - Continued

m THIS vs THAT: ILC vg IDC: ILC is more often multifocal. ILC less often mets to
the axilla. Instead, it likes to go to strange places like peritoneal surfaces. [LC more often has
positive margins, and is more often treated with mastectomy although the prognosis is similar to
IDC.

Things to know about ILC:

It presents later than [DC

Tends to occur in an older population

It often is only seen on one view (the CC - as it compresses better)
Calcifications are less common than with ductal cancers

Mammo Buzzword = Dark Star

Mammo Buzzword = Shrinking Breast

Ultrasound Buzzword = Shadowing without mass

On MRI = washout is less common than with [DC

Axillary mets are less common
*  Prognosis of IDC and ILC is similar (inless it5 a pleomorphic fILC - which is bad)
®  More often multifocal and bilateral (compared to 1DC) - up to 1/3 are bilateral

Dark Star

“Dark Star"” - Distortion without a central mass

Architectural distortion without a central mass.
The DDx includes: lobular carcinoma, radial scar, surgical scar, and IDC-NOS,

405



Inflammatory Breast Cancer:

The prognosis is usually terrible. They will try and do chemotherapy prior to surgery
because the chance of a positive margin is so high. The mastectomy is done for “local
control” , which just sounds awful. A swollen red breast is what you are going to see, and as

I'll discuss below under the “symptomatic breast” section your differential is mastitis vs this.

“Skin thickening" is a mammography buzzword (non-specific) — CHF can also cause skin
thickening.
The inflammation associated with inflammatory breast cancer can actually improve with

antibiotics, but does NOT resolve. So, don’t be fooled (in the real world or on a multiple
choice test). A dermal biopsy is sometimes needed if you can’t find an underlying mass.
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High Risk Lesions:

There are 5 classic high risk lesions that must come out after a biopsy; Radial Scar, Atypical
Ductal Hyperplasia, Atypical Lobular Hyperplasia, LCIS, and Papilloma.

Radial Scar: This is not actually a scar, but does look like one on histology. Instead you
have a bunch of dense fibrosis around the ducts giving the appearance of architectural
distortion (dark scar).

Things to know:
*  This is high risk and has to come out
* Itk associated with DCIS andlor IDC [0%6-30%
* Ity associated with Tubuwlar Carcinoma®

Atypical Ductal Hyperplasia (ADH): This is basically DCIS but lacks the
quantitative definition by histology (< 2 ducis involved). It comes out (a) because it’s high risk
and (b} because DCIS burden is often underestimated when this is present. In other words,
about 30% of the time the surgical path will get upgraded 10 DCIS,

Lobular Carcinoma in Situ (LCIS): This is classically occult on mammogram. “An
incidental finding” is sometimes a buzzword. The best way to think about LCIS is that it can
be a precursor to ILC, but isn"t obligated to be. The risk of conversion to an invasive cancer is
less when comparing DCIS to IDC. Just like pleomorphic ILC is worse than regular ILC, a
pleomorphic LCIS is mo’ badder than regular LCIS.

Atypical Lobular Hyperplasia (ALH): This is very similar to LCIS, but histologists
separate the two based on if the lobule is distended or not (no with ALH, yes with LCIS). It's
considered milder than LCIS (risk of subsequent breast CA is 4-6x higher with ALH, and Llx
higher with LCIS). For the CORE, the answer is excision. In the real world, some people do
not cul these out, and it's controversial.

Papilloma: A few most commons come to mind with this one. Most common intraductal
mass lesion, Most common cause of blood discharge. You typically see these in women in
their late reproductive years / early menopausal years (average around 50). The classic
location is the subareolar region (1em from the nipple in 90% of cases).

—Mammaogram: Often normal - occasionally just showing calcifications.
—US: Well-defined smooth walled hypo-echoic mass. Maybe cystic with solid components.

Also, tends to have associaled duct dilation.
—Galactography: Solitary filling defect, with dilated duct.

Multiple Papillomas: These tend to be more peripheral. On mammography it’s gonna be a
mass(es) or a cluster of calcifications without a mass.
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Phyllodes: Yes... | mentioned this already under benign disease. | just wanted to bring it
up again to make sure you remember that this thing has a malignant degeneration risk of
about 10% (some texts say up to 25%). This is a fast growing breast mass. [t occurs inan
older age group than the fibroadenoma (40s-50s).

Multiple Masses: Sounds Bad But Actually BR-2

To call multiple masses you need to
have multiple (at least 3) bilateral well
circumseribed masses without
suspicious features. This gives you a
BR-2.

One common trick is to show multiple
unilateral masses, that doesn’t fly —
they have to be bilateral,

408



-SECTION 8
" Symptomatic Dirty Pillows

Breast Pain: This is super common and typically cyclic (worse during the luteal phase of
the menstrual cycle). Pain in both breasts that is cyclical does not need evaluation. Instead it
needs a family medicine referral for some “therapeutic communication.” Focal non-cyclic
breast pain may warrant an evaluation,

Trivia: The negative predictive value of combined mammogram and US for “foeal pain™ is
right around 100%. When breast cancer is found it"s usually elsewhere in the breast
(asymptomatic).

Symptoms that are actually worrisome for cancer include: skin dimpling, focal skin
thickening, and nipple retraction.

MNon-Focal Skin Thickening / Breast Edema: This is usually the result of
benign conditions (congestive heart failure, renal failure). For multiple choice tests it will
always be bilateral (in the real world you can sleep on one side and have asymmetric edemay).
As long as the breast isn't red, you can feel confident that it will be benign. On
mammography you will see trabecular thickening (diffuse, and favoring the dependent
portions of the breast).

Breast Inflammation: The swollen red breast. This finding has a differential of two
things: (1) mastitis / abscess, (2) inflammatory breast cancer.

*  Mastitis / Abscess: This is a swollen red breast which is painful (Inflammatory breast CA
is often painless). Patients are usually sick as a dog. Obviously it’s associated with
breast feeding, and is more common in smokers and diabetics. Abscess can develop
{usually Staph A.).

* Inflammatory Breast Cancer: As discussed above, this has a terrible prognosis. The
general rule is that a breast that doesn’t respond to antibiotics gets a skin biopsy to
exclude this. The typical age is 40s-50s. You are going to have an enlarged, red breast
with a “peau d’orange” appearance. The breast is often NOT painful, despite its
appearance. Mammogram might show a mass (or masses), but the big finding is diffuse
skin and trabecular thickening. The treatment is fair game for multiple choice because it
is different than normal breast cancer. Instead of going to surgery first, inflammatory
breast cancer gets “cooled down” with chemo and/or radiation — then surgery.
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Women present with nipple discharge all the time, it"s usually benign Multiple Ducts
(90%). The highest yield information on the subject is that: (Benign)
spontancous, bloody, discharge from a single duct is your most Single Ducts
suspicious feature combo. Serous discharge is also suspicious. The (Maybe Malignant)
risk of discharge being cancer is directly related to age (very - Papilloma
uncommon under 40, and more common over 60). - DCIS

*Discharge is Bad when it’s - Spontancous, Bloody, and from a Single Duct

Milky Discharge: Milky discharge is NOT suspicious for breast cancer but can be
secondary to thyroid issues or a pituitary adenoma (prolactinoma). Any medication that messes
with dopamine can stimulate prolactin production - (antidepressants, neuroleptics, reglan).

Causes of Discharge (Not Mlllqr]n

Benign Causes | L S din s SO

! Intraductal Papilloma (90%%) — single minduclal
I mass near nipple

Pre-Menopausal Woman = Fibrocystic Change

Post Menopausal Women = Duetal Ectasia DCIS {10%) — multiple intraductal masses

Ductal Ectasia — The most common benign cause of nipple discharge in a post menopausal
woman. On galactography you will see dilated ducts near the subareolar region, with
progressive attenuation more posteriorly,

Papilloma - Discussed previously (page 407) - this is the most common cause of bloody
discharge. As before they can be single or multiple, and carry a small malignant risk (5%).

Galactography

+ Ugh... you take a 27 or 30 gauge blunt tipped needle and attempt to cannulate the duct
which is leaking. To determine which duct you want - you’ll need to have the patient
squeeze the breast to demonstrate where it's coming from.

« If you manage to cannulate the duct - gently inject 0.2 - 0.3 cc contrast (rare to need more
than | cc). You then do mammograms (magnification CC and ML). Filling defect(s) get
wire localization,

» Contraindications: Active infection (mastitis), inability to express discharge at the time of
galactogram, contrast allergy, or prior surgery to the nipple arcola complex.
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-~ SECTION 9:
Architectural Distortion

AD: We're talking about unchecked aggression here, Dude. We are talking about distortion
of the normal architecture without a visible mass. This manifests in a few ways, including
focal retraction, distortion of the edge of the parenchyma, or radiation of the normal thin
lines into a focal point,

Architectural Distortion vy Summation Artiface: This is the primary differential
consideration, with summation of normal vessels, ducts, and ligaments being much more
common. The difference is summation should NOT radiate to a central point (AD will).

AD - All lines radiate to a point Summation - Lines continue past each ather

Surgical Scar vs Something Bad: Scars should progressively get lighter and harder to see.
Some people say that in 5-10 years a benign surgical scar is often difficult to see.
Lumpectomy scars tend to stick around longer than a benign biopsy. Basically, look at the
priors; if it is a surgical scar, it better be getting less dense. If it’s increasing, you gotta stick
a needle in it.

Work Up of AD: 1f you see it on a screener you will want to BR-0 it, and bring it back for
spot compression views, [f it persists just know you are either going to BR-4 or BR-5 it
{unless you know it's a surgical scar). You should still ultrasound it for further
characterization (may help you decide between a 4 and a 5).
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Llrasound Trivia: The use of harmonic tissue imaging can make it easier to see some
lesions. Be aware that compound imaging can make you lose your posterior features,
especially when they are soft to start with — like the shadowing of an ILC. Remember, even
if vou see nothing, this gets a biopsy. Harmonics can also make not so simple cysts look

simple by reducing superficial reverberation.
Things to Know for AD:

"Radiating lines to a single point = AD

*AD + Calcifications = IDC + DCIS

*AD without Calcifications = ILC

*Even with no ultrasound or MRI correlate, AD gets a biopsy.
"Mever ever ever ever ever BR-3 an area of AD,

*Even if it has been there a while, it still needs to be worked up.
*Remember ILC can grow slowly.

*Surgical scars should get less dense with time... not more dense.

2222
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-SECTION 10:
" lymph Nodes

You found a breast cancer = now what? Before you make the patient cry, it's time to stage the
disease. Ulirasound her arm pit. About | in 3 times you are going to find abnormal nodes.

Uinilateral vs Bilateral: This can help you if you are thinking this could be systemic. Unilateral
adenopathy should make you worry about a cancer (especially if they have a cancer on that
side).

Biopsy It? Some people will recommend biopsy if you have the following abnormal features.

Cortical Thickness greater than 2.3 mm (some people say 3 mm)
Loss of Central Fatty Hilum - “most specific sign”
Irregular Outer Margins.

Staging Trivia: Level | and Level 2 nodes are treated the same. Rotter nodes are treated as
Level 2. Level 3 and supraclavicular nodes are treated the same.

Special "Sneaky " Situations:!

Gold Therapy: Long ago, when the pyramids were still young, rheumatoid arthritis was
treated with “chrysotherapy.” What they can do is show you an “Aunt Minnie™ type picture
with very dense calcifications within the node.

Snow Storm Nodes: Another Aunt Minnie look is the silicone infiltration of a node from either
silicone leaking or rupture.

Gold - High Density Specs in the Node Silicone Adenopathy - “Snow Storm™
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- SECTION 11:
" Male Breast

There is no more humiliating way to die for a man than breast cancer. The good news is male
breast cancer is uncommon. The bad news is that when it occurs it is often advanced and
invasive at the time of diagnosis - Valar Morghulis.

The male breast does NOT have the elongated and branching ducts, or the proliferated lobules
that women have. This is key because men do NOT get lobule associated pathology (lobular
carcinoma, fibroadenoma, or cysts).

Gynecomastia: This is a non-neoplastic enlargement of the epithelial and stromal elements
in a man's breast. It occurs “physiologically™ in adolescents, affecting about 50% of adolescent
boys, and men over 65. If you aren’t 13 or 65 it’s considered embarrassing and you should hit the
gym. If you are between 13-65 it’s considered pathology and associated with a variety of
conditions (spironolactone, psych meds, marijuana, alcoholic cirrhosis, testicular cancer). There
are three patterns (nodular is the most common). Just think flame shaped, behind nipple,
bilateral but asymmeitric, and can be painful. Things that make you worry that it’s not
gynecomastia include not being behind the nipple, eccentric location, and calcification.

Patterns of Gynecomastia

“Flame Shaped” centered behind
‘the nipple, radiating posterior as it
blends into the fat. Breast is often
tender. Usually lasts less than |
year.

Modular
(most common)

Resembles a branching tree. This
Dendritic is a chronic fibrotic pattern.
Usually not tender.

Mammographic pattern looks like

& a wol i = 1
Diffuse a woman's Emas'[ (diffuse _
IMcrease 1 : 3
Glandulis ] SE 1N _cf'::.u:,r}. You see this
n men receving estrogen
treatment.

Gynecomastia
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Pseudogynecomastia “Bitch Tits” —This is an Intrease |
(not glandular tissue). There will NOT be a discrete palpable ; e fat tissue

; of the bre
tissue will not be concentric to the nipple. nding, =

and the moung of
Lipoma - After gynecomastia, lipoma is the second most commeon, seabiali
Pable mass in 3 m.
= AT,

Male Breast Cancer: It's uncommon in men, and very uncommeon i +

(average age is around 70). About 1 in 4 males with breast cancer have 3 Bégu:'g“ e
(BRCA 2 is the more common). Other risk factors include Klinefelter e ns.'f:;“\”_‘_
and chronic alcoholism. The classic description is eccentric but near the sipple -1:‘!-: aL::h.'
always an IDC-NOS type. DCIS can occur but is very rare in isolation. On ma’mm;:grap‘;-:.t- 5
looks like a breast cancer, if it was a woman’s mammogram you'd BR-5 it. On ultrasound
it’s the same thing, it looks like a BR-5. Having said that, nodular gynecomastia can look
suspicious on ultrasound.

Things that make you think it s breast cancer:
*  Eccentric to Nipple
*  Unilateral
*  Abnormal Lymph nodes
Calcifications
Looks like breast cancer

L]

Male Breast CA

Some irivia on caleifications: Micro-calcifications alone are uncommon in men. When you
see them they are less numerous, coarser, and associated with a mass (25% of male breast
cancers have calcifications).

Should men get screening mammograms? Honestly, women shouldn’t even get 1hun*f
(according to the New England Journal of Medicine). This remains controversial, with the
bottom line being this: only Klinefelter patients approach the screening range with regards to
risk.

As a point of trivia: males with gynecomastia from gender reassignment on hormone

therapy are not high enough risk for screening mammograms. Obviously, if they have a
palpable finding, they can get a diagnostic work up.
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"SECTION 12:
Implants

Basic Overview: There are two types , saline and silicone. They both can rupture, bul no
one really gives a shit if saline ruptures. Saline does not form a capsule, so you can't have
intracapsular rupture with saline. There is no additional imaging past mammo for saline
rupture, and you just follow up with primary care / plastic surgeon. You can tell it’s saline
because you can see through it. For silicone you can have both intra and extra capsular rupture.
You can only see extra on a mammogram (can't see intra). Extra creales a dense “snow siorin
appearance on US. Intra creates a “siep ladder™ appearance on US and a “linguine sign” on
MREI. MRI is done with FS T2 1o look at implants.

Big Points:
*  You CAN have isolated intracapsular rupture.
You CAN NOT have isolated extra (it's always with intra).
If you see silicone in a lymph node you need to recommend MRI to evaluate for
intracapsular rupiure

Implant Location: There are two subtypes:

*  Subglandular (retromammary): Implant behind breast tissue, anterior to pectoral
muscle
Subpectoral (retropectoral): Implant between pectoralis major and minor muscles

Silicone Implants

The body will form a shell around the foreign body (implant), which allows for both
intracapsular and extracapsular rupture (an important distinction from saline). About 25% of
the time you will see calcifications around the fibrous capsule.

Things to know:
*  Implants are NOT a contraindication for a core needle biopsy
Implanis do NOT increase the risk for cancer.

Saline Implants

There are also subglandular and subpectoral subtypes. You can tell the implant is saline
because you can see through it. Implant folds and valves can also be scen, If it ruptures no one
really cares (other than the cosmetic look). The saline is absorbed by the body, and you have a
collapsed implant. A practical point of caution, be careful when performing a biopsy in these
patients - even a 25g FNA needle can burst a saline implant,

Trivia: Some sources say that “physical exam™ is the test of choice for diagnosing saline
implant rupture - this is variable depending on what you read / who you ask.

416



Generally speaking, MRI is the most accurate modality for evaluating an implant.

Capsular Contracture: This is the most common complication of implants. It
occurs secondary to contraction of the fibrous capsule, and can result in a terrible cosmetic
deformity. You see it in both silicone and saline implants, but is most common in
subglandular silicone implants. On mammo it looks like rounding or distortion of the
implant (comparisons will show progression).

Gel Bleed: Silicone molecules can (and do) pass through the semi-permeable implant
shell coating the exterior of the surface. This does NOT mean the implant is ruptured. The
classic look is to show you silicone in the axillary lymph nodes (remember [ showed a case
af this under the lymph node section). Even with axillary lymph nodes, this does NOT mean
it has ruptured.

Rupture: As a point of testable trivia, the number one risk factor for rupture is age of the
implant. Rupture does not have to be post traumatic, it can occur spontaneously. Rupture
with compression mammography is actually rare.

* Saline: Saline rupture is usually very obvious (deflated boob). It doesn’t matter all
that much (except cosmetically), as the saline is just absorbed. On mammo, you will
see the “wadded up™ plastic wrapper. They could easily wrire a question asking vou
what modality you need to see a saline rupture. The answer would be plain mammo
(vou don t need ultrasound or MRI),

Silicone: This is a more complicated matter. You have two subtypes: isolated
intracapsular and intracapsular with extracapsular.

o Isolated Intracapsular: This will be occult on physical exam, mammography
and possibly ultrasound. You might see a stepladder on Ultrasound. MRI is
way more sensifive,

o Intracapsular with Extracapsular Rupture: This is usually obvious on
mammogram with dense silicone seen outside the capsule. The contour of a
normal intact implant is smooth. Silicone outside the implant can go to lymph
nodes. On ultrasound you want to know the buzzword *snow storm™ pattern
— which is really echogenic with no pesterior shadowing. A sneaky trick is
to show a lymph node with a snow storm appearance on ultrasound. On MRI
extracapsular silicon is T1 dark, and T2 bright. Lastly, a very important
concept is that you cannot have isolated extracapsular rupture. [firs
extracapsular, then it s also intracapsular.
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Radial Folds - The Mimic of Rupture:

Radial folds are the normal in-foldings of the elastomer shell. They are the primary mimic
for the linguine sign of intracapsular rupture. To tell them apart ask yourself “do the folds
connect with the peviphery of the implane? * Radial folds should always do this (linguine
does not).

Silicone Implant Rupture Summary

Intracapsular Rupture:

- Remember the “capsule” is not part
of the implant. 1t's the fibrous coat
your body makes around the implant
{the outer black ling in my diagram].

= Silicone can rupture through the
shell of the implant, but stays
confined inside the fibrous coat - this
15 intra-capsular rupiure.

= The classic sign is the floating

Linguine “linguine” - as in this case.

Extra & Intracapsular:

= This is when the rupture goes
through the “capsula” (the thing your
body made).

= You can NOT have isolated extra
capsular silicone. It has to make it
through the implant shell first.

= Silicone outside the capsule can
create a “snow storm” look on
ultrasound. It can also infiltrate lymph
nodes and do the same (snow slorm
nodes). Remember gel bleed can
also give you a node like this.

Snow Storm Mode

Radial Folds

= Guys like squishy boobs. The bigger
and the squishier the better.
Therefore, implants are not bound
tightly - so they can be squishy.
Because they are loosely bound the
shell in-folds creates radial folds
The folds always attach to the
shell*

The folds are thicker than a rupture,
because they represent both layers.
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- SECTION 13:
Post Op / Post Therapy

Reduction Mammoplasty and Mastopexy

Reduction Mammoplasty — Yes, there
1s actually a subpopulation of women
who want SMALLER breasts. | know,
it sounds impossible to believe , but
Mammoplasty 1s actually done to
reduce breast size. I can only pray that
the sadistic bastard who developed this
procedure has received appropriate
punishment (in this life or the next).

Mastopexy — This is a “breast lift,”
Essentially, just a removal of skin.
Women get this done to address floppy,
sagpy, pancake, or “ptotic” boobs,

Typical Changes from Mammaoplasty

Normal Findings Post Mastopexy:
= Swirled Appearance Affecting
Inferior Breast
* Fai Necrosis / Ol Cysis
*  [solated Islands of Breast Tissue

e

Keyhole Incision — This is done for
both mammoplasty and mastopexy,
creating a “swirled” appearance in the
inferior aspect of the MLO.

Mammaoplasty Keyhole Incision  Mastopexy Keyhaole Inclslon
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Surgical Biopsy / Radiation

Terminology:

*  Lumpectomy — Surgical Removal of Cancer (palpable or not)
Excisional Biopsy - Surgical Removal of Entire Lesion
Incisional Biopsy — Surgical Biopsy of a Portion of the Lesion

-

Post Biopsy Changes:

The first post operative mammogram is usually obtained around 6-12 months after biopsy. The
key is that distortion and searring are worst on this film, and should progressively
improve. On ultrasound, scars are supposed to be thin and linear. If they show you a focal
mass like thickening in the scar - you've gotta call that suspicious for local recurrence.

Fat necrosis and benign dystrophic calcifications may evolve over the first year or two, and are

the major mimics of recurrence. Fal necrosis can be shown on MR (T1 /T2 bright, and then far
sat drops it out).

Recurrence [ Residual Disease:

Numerical Trivia: Local recurrence occurs 6-8% of the time when women have breast
conserving therapy. The peak time for recurrence is 4 years (most occur between 1-7).
Without radiation local recurrence is closer to 35%. Tumors that recur early (< 3 years)
typically occur in the original tumor bed. Those that occur later are more likely to be in a
different location than the original primary.

What gets recurrent disease ? Risk of recurrence is highest in the premenopausal woman
{think about them having an underlying genetic issue). Other risks include: having an
extensive inarticulate component, a tumor with vascular invasion, multi centric tumors,
positive surgical margins, or a tumor that was not adequately treated the first go around.

Residual Cales: Residual calcifications are not good. Supposedly, residual calcifications near
or in the lumpectomy bed correlates with a local recurrence rate of 60%.,

New Calcs: When it does reoccur, something like 75% of DCIS will come back as
caleifications (no surprise). The testable pearl is the benign caleifications tend to occur early
(around 2 years), vs the cancer ones which come back around 4 years.

Sentinel Node Failure: Sentinel node biopsy works about 95% of the time (doesn’t work 5% of
the time). So about 5 times in 100 you are going to have a negative node biopsy that presents
later with an abnormal armpitl node,

Tissue Flap: The cancer is not going to start in the belly fat / muscle. The cancer is going to
come from either the residual breast tissue or along the skin scar line. Screening of the flaps is
controversial - with some saying it’s not necessary. The need for screening of tissue flaps is not

Eﬂ‘;'-:_.:,} lo be asked. If you get asked anything it"s “where the recurrence is coming from / going
1o be?
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Specimen Radiography

If the path report says “close margins” or “positive
margins,” there is a very high chance you are
going to have cancer still in the breast. 1f you are
shown a specimen radiograph, there are two things
you need to look at in real life and on multiple
choice: (1) 15 the mass / calcifications on the
sample, and (2) is the mass / calcifications near
the edge or touching the edge. If the mass is af the
edge, the chance of incomplete excision is going to
be near 80%. The “next step” would be to call the

strgeon in the OR and tell him/her that, Speciman Radiograph - Cancer at the Margin
-High chance of pasilive margin

Post Radiation Changes:

Practical Point (the before picture): The pre-radiation mammogram is very important. [f
you can identify residual disease on it, the patient has many more treatment options. [f you
discover the residual disease after the radiation therapy has been given, you've forced the
patient to undergo mastectomy.

Radiation Changes: You are going to see skin thickening and trabecular thickening. This 15
normal post radiation, and should peak on the first post-RT mammogram.

This would be a classic restable scenario:
*  Film | Post RT: You see skin thickening / trabecular thickening
*  Film 2: Skin thickening / trabecular thickening is better
*  Film 3: Skin thickening / trabecular thickening is worse * - this is recurrent disease
{maybe inflammatory breast CA).

Secondary Angiosarcoma

The primary type is so rare | won’t even mention it. The secondary type is seen after
breast conservation therapy / radiation therapy. It takes around 6 years post radiation
therapy to develop one of these things. Clinically the classic presentation is “red plaques
or skin nodules.” The challenge with these is that the skin thickening due to the cancer is

often confused with post therapy skin thickening.
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Staging/ Surgical Planning

Breast Cancer Staging: The staging is based on size from T1-T3, then invasion for T4.

* Tl=<2em.

* T2=235cm

* Ti==35cm

* T4 ="Any size” with chest wall fixation, skin involvement, or inflammatory breast CA.

*Remember that Pageis is NOT T4.
Trivia: Axillary Status is the most imporiant predictor of overall survival in breast cancer

Tvivia: Melanoma is the most common fumor fo met to the breasr,

The contraindications for breast conservation are high yield.

Contraindications for Breast Conservation

Inflammatory Cancer,

Large Cancer Size Relative to Breast

Multi-centric (multiple quadrants)

Prior Radiation Therapy, to the same breast

Contraindication to Radiation Therapy (collagen-vascular disease).

422



- SECTION 14:
Breast MRI

Breast MRI can be used for several reasons: High risk screening,
extent of disease (known cancer), axillary mets with unknown primary, diagnostic dilemmas,
and possible silicone implant rupture. The big reason is for high risk screening.

I'll just briefly go over how it’s done, and how it’s read.

You need a special breast coil and table set up to make it work. The patient lies belly down
with her breasts hanging through holes in the table. You have to position them correctly
otherwise they get artifact from their breasts rubbing on the coil. Basic sequences are going
to include a T2, and pre and post dynamic (post contrast) fat saturated T1. Remember the
breast is a bag of fat - so fat sat is very important. Dynamic imaging is done to generate
wash out curves (similar to prostate MRI),

My basic algorithm for reading them is fo:

{1) Look at the background uptake. 1 use this to set my sensitivity when | compare it to prior
studies. Ideally you used the same kind of contrast, and imaged at the same time of the
month. As ['1l mention below, hormone changes with female cycles cause changes in
how much contrast gets taken up (less early, and more later).

(2) 1 look for masses or little dots (foci). MIPS (maximum intensity projections) are helpful
just like looking for a lung nodule. 1f [ see a mass or dot | try and characterize it - first by
seeing if | can make it T2 bright. Most T2 bright things are benign (lymph nodes, cysts,
fibroadenoma). Ifit’s not T2 bright, [ look at the features - is it a mass? is it spiculated,
etc? These features are more important than anything else. Is it new? Nipple
enhancement is ok - don’t be a dumb ass and call it Pagets.

(3) Finally I'll look at the wash out curve, but honestly 1've made up my mind before | even
look at that. [ will never let a benign curve back me off suspicious morphology.

(4) 1 deal with the findings similar to mammo. Mew masses get BR-4 or BR-5. NMLE (non-
mass enhancement) gets BR-4'd if new. T2 bright stuff for the most part (there is one
exeeption of mucinous cancer) gets BR-2'd. Anything with a 4 or a 5 gets biopsy - via
MR guided stereo. | never pussy foot out and BR-0 something on MRI - unless it’s a
technical problem (example inadequate fat sat).
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Who geis a screening MRI ?

= Peaple with a lifetime risk grearer than 20-25%
= Includes people who got 20 Gy of radiation to the chest as a child

How do you estimate this risk, to decide who is 20-25%?

« You use one of the risk models that includes family history (NOT the Gail model). {f the
guestion is which of the following is Not one to use ? The answer is Gail. If the
question is which of the following do you pick? I'd chose Tyrer-Cuzick, it 5 probably the

E’-‘E‘.’S‘F ane ont oW
Parenchyma Enhancement:

= Iz it normal 7 - Yes
« Where is it most common ? — Posterior Breast in the upper outer quadrant, during the later
part of the menstrual cycle (luteal phase - day 14-28)

« How do vou reduce it? — Do the MRI during the first part of the menstrual eycle (day 7-14).

* What does Tamoxifen do? — Tamoxifen will decrease background parenchyma uptake.
Then it causes a rebound.

Foci:

« How is ir defined? Round or oval, circumscribed, and less than Smm,
* Are they high risk? Usually not. Usually they are benign (2-3% have a chance of being
a bad boy).

* What would make you biopsy one? Seemed different than the rest, ill-defined borders,
or suspicious enhancement.

+ Can you BI-RADs 3 one? If you have a solitary focus (< 5Smm) with persistent kinetics
on a baseline exam - you can BI-RADS 3 it.

MNME (Non-Mass Enhancement):

= What is NME ? 1t's not a mass - but more like a cloud or clump of tissue enhancement.

* What are the distributions ? Segmental (triangular blob pointing at the nipple, indicates a

single branch), Regional (a bigger triangle), and Diffuse (sorta all over the place).

« Which one is more suspicious - homogenous or heterogeneous enhancement of NME 7
Heterogeneous is much more suspicious,
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Masses:

« These are defined as being 5 mm or larger. They have definable vocabulary for their
features (round, oval, indistinct, etc...)

* When are these bad? They are bad when you call them bad words. Irregular shape,
speculated margins, heterogeneous enhancement, or rim enhancement. Once you say
those words you are going to have to biopsy them, because morphology trumps
kinetics. It doesn’t matter what the kinetics shows, you must biopsy suspicious
marphology.

* When is kinetics helpful? When you are on the fence. If you have benign morphology
and you have suspicious kinetics — you probably are going to need to biopsy that also.

Kinetics:

Breast kinetics are performed in two portions:

@ (1) Initial upslope phase that occurs over the first 2 minutes. This is graded as
slow, medium, or rapid (fast).

©  (2) The washout portion which is recorded sometime between 2 minutes and 6
minutes (around about). These are graded as either continued rise “type 1",
plateau “type 2", or rapid washout “type 3",

*  Risk of Cancer; Baradeieit =
ersislent =17
'..q.-ﬂ'

-
-

@ Type | Curve: 6%
© Type 2 Curve: 7%-28%

o Type 3: 29% or more.

dl""'--. -
E::_--_.--l-—-“- Plateau "2

~emma
=== Washout "3
*High Risk
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Who gets a screening MRI ?

= People with a lifetime risk greater than 20-25%
« Includes people who got 20 Gy of radiation 1o the chest as a child

Heow do you estimare this risk, to decide who is 20-25%7?

« You use one of the risk models that inciudes family history (NOT the Gail maodel). if the
guestion is which af the following is Not one to use ? The answer is Gail. If the
question is which of the following do vou pick? 1'd chose Tyrer-Cuzick, it 5 probably the
hesr one onf now,

Parenchyma Enhancement:

* I it mormal 7 = Yes
» Where is it most common ? — Posterior Breast in the upper outer quadrant, during the later
part of the menstrual cycle (luteal phase - day 14-28)

» How do vou reduce it? — Do the MRI during the first part of the menstrual cycle (day 7-14).

* What does Tamoxifen do? — Tamoxifen will decrease background parenchyma uptake.
Then it causes a rebound.

Foci:

« How is it defined? Round or oval, circumscribed, and less than Smm,
* Are they high risk? Usually not. Usually they are benign (2-3% have a chance of being
a bad boy).

* What would make vou biopsy one? Seemed different than the rest, ill-defined borders,
or suspicious enhancement,

« Can you BI-RADs 3 one? 1f you have a solitary focus (< Smm) with persistent kinetics
on a baseline exam - you can BI-RADS 3 it

NME (Non-Mass Enhancement):

* What is NME ? It's not a mass - but more like a cloud or clump of tissue enhancement.

» What are the distributions ? Segmental (triangular blob pointing at the nipple, indicates a

single branch), Regional {a bigger triangle), and Diffuse (sorta all over the place).

= Which ene is more suspicious - homogenous or heterogeneous enhancement of NME 7
Heterogeneous 1s much more suspicious.
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Masses:

+ These are defined as being 5 mm or larger. They have definable vocabulary for their

features (round, oval, indistinet, ete...)

* When are these bad? They are bad when you call them bad words. Trregular shape,
speculated margins, heterogencous enhancement, or rim enhancement. Once you say
those words you are going to have to biopsy them, because morphology trumps
kinetics. It doesn’t matter what the kinetics shows, you must biopsy suspicious

morphology.

* When is kinetics helpfuf? When you are on the fence. If you have benign morphology
and you have suspicious kinetics — you probably are going to need to biopsy that also.

Kinetics:

Breast kinetics are performed in two portions:

© (1) Initial upslope phase that occurs over the first 2 minutes. This is graded as

slow, medium, or rapid (fast).

© (2) The washout portion which is recorded sometime between 2 minutes and 6
minutes (around about). These are graded as either continued rise “type 17,
plateau “type 2", or rapid washout “type 3".

*  Risk of Cancer:

o Type | Curve: 6%
o Type 2 Curve: 7%-28%
o Type 3: 20% or more.

== Persistent "17
‘#"-
—
E=:::'“'""‘"""" Plateau *2°

-y

== Washout “3"
*High sk
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Classic Looks:

Fibroadenoma: These things are classically T2 bright, round, with “non-enhancing
septa”, and a type | curve,

DCIS: Clumped, ductal, linear, or segmental non-mass enhancement. Kinetics are
typically not helpful for DCIS,

IDC: Spiculated, irregular shaped masses, with heterogeneous enhancement and a
type 3 curve.

ILC: Doesn't always show enhancement.

Fibroadenoma DCIS IDC
-Non-enhancing Septations || -Segmental NME -Spiculated. with Type 3 Curve

T2 Bright Things:

Usually T2 Bright = Benign. Things that are T2 Bright include: Cysts, Lymph nodes,
fat necrosis, Fibroadenoma.

The exceptions fanytime { say the word “except " vou need to think high yield!):
Colloid Cancer, and Mucinous Cancer can be T2 bright.
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* I vou have a patient with known breast CA, how often do you find a contralateral breast
CA? - Answer is 0.1-2% by mammogram, and 3-5% by MRIL

*  Never BR-0 an MRI case. This is as much weorkup as you are going to get, so just call it
benign or biopsy it. You can actually BR-0 something if you really want to prevent a
biopsy — possible lymph node - US and mammo to confirm benign sorta situation. This
is still kinda weak. For the purpose of multiple choice, think twice before you BR-0 a

MRI case.

*  Spiculated margins = 80% malignancy. This is the single most predictive feature of

malignancy.
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- SECTION 15:

Esfrogen: The more exposure to estrogen, the higher your

risk of breast cancer. Anything that prolongs this exposure is | Estrogen Related Risks
said to increase risk. For example, an early age to begin :
menstruating or a late age to have menopause. Hormone Early Menstruation

replacement therapy with estrogen alone obviously increases

Late Menopause
Late age of first

exposure, Early maturation of lobules, which can be achieved pregnancy [ or no kids,
by getting pregnant young, reduces your risk. Being fat Being Fat
increases estrogen exposure (more aromatase = more Being a Drunk

estrogen). Being a drunk increases estrogen exposure — via
messing with its normal breakdown in the liver.

Hormone Replacement
{with estrogen)

High Risk Lesions: Any of the high risk lesions (ADH, ALH, LCIS, Radial Scar, Papilloma)
are associated with an increased risk. These are discussed more in detail later in the chapter,

Dengity: Density 1s considered a “medium risk,” and is “dose dependent™ with the denser you

are the more risk you have.

Chest Wall Radiation: Chest wall radiation {(usually seen in lymphoma patients) is a big risk
factor, especially at a young age. The risk is supposed to peak around |5 years post treatment.
If the child had more than 20 Gy to the chest she is going to qualify for an annual
screening MRI — at age 25 or 8 years post exposure (whichever is later).

Relarives with Cancer: A first degree relative with breast cancer increases your lifetime risk
from 8% to 13%. Two first degree relatives increases yvour risk to 21%.

Actual Mutations:

BRCA 1
BRCA 2
Li Fraumeni

Cowden Syndrome

Bannayan-Riley Ruvalcaba
NF-1

for breast, ovary, and various GI cancers.

Chromosome 17. More common than type 2. Increased risk

Chromosome 13. Male carriers have a fle__|:1L,r risk with 2.
Increased risk for breast, ovary, and various Gl cancers.

Their p53 does NOT work, and they are high risk for aII

kinds of rare cancers.

Risk for breast cancer, follicular thyroid cancer, endometrial
cancer, and Lhermitte-Duclos (a brain hamartoma).

Associated with developmental disorders at a young age.

“Moderate Risk™ of breast cancer
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Breast Cancer Risk Models:

There are several risk models, which have pros/cons and differences. | apologize in advance
for even suggesting you learn about these. ... but it just seems testable to me. I'm SOITY. ..

: | Focuses on personal ! Doesn't use gencti
| Oldest and most P : : . ERNEDGS
Cail | vali I risk factors, biopsy of | (it"s oo old schoaol),
AN Mods] validated breast cancer | ApH, and family | Only validated in
I | history | African Amcricans.

| | Do NOT include

Cl
aus, BODICEA, and | Focus on genetics | personal risk or breast

B
HcApne | related risk factors.
| | Fﬁcus on personal i
| g, .. | risk, biopsy with | Does NOT include
Tyrer-Cuzick | “Most Comprehensive | ADH or LCIS, family  breast density.
! | history

High Yield Take Home Points Regarding Risk:

* Anything that gets you more estrogen increases your risk

* BRCA | is more common than BRCA 2 (in women).

*  Men with BRCA 2 get more cancer than men with BRCA 1.

®  Breast Density is an independent risk factor (denser the breast, the more the nisk)

* 20 Gy of Radiation to your chest as a kid buys you a screening MRI —at 25 or 8
years after exposure (*whichever is later)

* Cowden Syndrome — Bowel Hamartoma, Follicular Thyroid Cancer, Lhermitte-
Duclos, and Breast Cancer

*  All current risk models underestimate life time risk.

*  Tyrer Cuzick is the most comprehensive risk model, but does not include breast
density,

* Exercise (probably more like not being fat) reduces the risk of breast cancer

*  Tamoxifen and Raloxifene (SERMS) reduce incidence of ER/PR positive cancers.
Mortality may not actual be reduced (sound familiar?).
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Screening Controversy

A red glow burst suddenly across the enchanted sky as the dark lord of statistics Gilbert
Welch published his now infamous and devious work - "Effect of three decades of

sereening mammography on breast-cancer incidence,” in the unscrupulous New England
Joumnal of Medicine.

“I can make things move without touching them. | can make animals do wheat [ wemnt
without training them. I can make bad things happen to people who are mean to me. [ can

make them hurt, if f want... " - Gilbert Welch when asked about his thoughts on screening
mammaography.

This loathsome, maleficent, and repugnant study (along with several other large heavily
powered studies) have brought into question the practice of screening mammograms. |
highly recommend you read these “despicable™ papers, but please wait till afier the exam,
because the people who write multiple choice questions about mammography are
definitely not the same people who wrote these papers.

For the purpose of multiple choice tests, screening mammography saves lots of lives, you
should buy pink ribbons, and low grade DCIS in a 95 year old needs a surgical consult,

Blever, Archie, and H. Gilbert Welch. "Ejffect of three decades of screening

mammography on breast-cancer incidence.” New England Jowrnal of Medicine 367.21
(2012): 1998-2005.

Miller, Anthony B., et al. "Twenty five vear follow-up for breast cancer incidence and
mortality of the Canadian National Breast Screening Study: randomised screening trial.”
BMI: British Medical Journal 348 (2014).
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"SECTION 16:
ACR Appropriateness

These all make great “next step questions.”

Remember scoring is 1-9, with 9 being the most appropriate and 1 being the least.

Breast Cancer Screening:

Variant 1: High Risk Women. BRCA (plus untested first degree relatives), History of Chest
Radiation, Risk Model Showing 20% or greater lifetime risk

* Mammo (Highly Appropriate “9”):

« Beginning at age 25-30 or 10 years before age of first-degree relative with breast cancer

+ & years after radiation therapy, but not before age of 25,

+ Mammography + MRI ? They are complementary cxaminations, both should be performed.
» Tomosynthesis (Highly Appropriate “97):

- Beginning at age 25-30 or 10 years before age of first-degree relative with breast cancer

« & years afier radiation therapy, but not before age of 25.

» Mammography + MRI 7 They are complementary examinations, both should be performed,
= MRI (Highly Appropriate “9™):

+ Mammography + MRI ? They are complementary examinations, both should be performed.

Variant 2: Medium Risk Women. Women with person history of Breast CA, lobular

hyperplasia, Atypical Ductal Hyperplasia, or Risk Model Showing 15-20% life time risk

« Mammo and Tome are “95™

« MRIis a 7. Mammography + MRI 7 They arc complementary examinations, MRI should NOT replace
mammagraphy,

Variant 3: Average Risk Women. Women with < 15 % Lifetime Risk
« Mammo and Tomo are “9s™

= MRI is a “3" which mcans its NOT appropriate,
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Screening for Transgender Women

Screening Annual Mammogram IF:
= Past or Current Hormones (Estrogen & Progestin for = 5 years)
= =350 years old

Trivia: BMI > 35 = increases Risk

Screening for Transgender Men

Screening Annual Mammogram IF:
» They still have breast tissue (even if they had a reduction mammoplasty)

Breast Pain:

Variant I: Cyclical, Unilateral or Bilateral. Age < 4(.

« Mo imaging js appropriate.

« Ultrasound is the least inapproprate and 10°s rated at a *2"

Variant 2: Cyclical, Unilateral or Bilateral. Age = 4(.

« Mo imaging is appropriale.

« Ultrasound, Mammo, and Tomo are the least inappropriate and all rated at a 2"
Variant 3: NON-Cyclical, Unilateral or Bilateral. Age < 40.
« Ultrasound Might Be Appropoate and is rated asa *5."

Stage 1 Breast CA - Initial Workup and Surveillance (No Symptoms)

Newly Diagnosed - rule out mets to the bones, chest, liver, and/or brain

« No imaging is appropriate. (CT, MRL, PET etc... not indicated with initial stage 1)

Surveillance / Rule Qut Local Recurrence

- Diggnostic Mammo or Tomo is Appropriaie and is rated as a “9.”
. Ultrasound might be appropriate and is rated as a <5."

. MRI might be appropriate and is rated asa *5."
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Symptomatic Male Breast:

Variant I: Any Age with Physical Exam and History Consistent with
Gynecomastia or Pseudogynecomastia (bitch tits).

. imaging is a riate.

Variant 2: Younger than 25 years old with indeterminate palpable.

» Ultrasound is Appropriate and is rated as an 8.

* Mammo is in the “May Be Appropriate” catcgory asa 5. | would only do this if the ultrasound

doesn’t answer your question. ** Page 441, Scenario 44 - has suggested multiple choice straregy.

Variant 3: Older than 25 years old with indeterminate palpable.

» Mammo is Appropriaic and is rated as an “8"

* Ultrasound is in the “May Be Appropriate” category as a “5."

Variant 4: Older than 25 years old with indeterminate palpable. The
mammogram was indeterminate or suspicious.

» Ulirasound is Appropriate and is rated ag a “9.”

Variant 5: Physical exam is highly concerning for cancer. Dude has an
ulcerative mass, axillary nodes, nipple retraction, etc...

- Mammo is Appropriate and is rated as an “9"

+ Ultrasound is Appropriate and is rated as an 8" - to stage the breast and axilla just like a female breast

Ca workup.
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Random Situations - First/Next Step:

Women > 40 with Palpable
« Mammo is Appropriate and is rated as a <9."
Women > 40 with Mammo Suspicious for CA

» Ultrasound is Appropriate and is rated as a “9."

Women > 40 with Mammo findings of a Lipoma at the Site of a Palpable.

. \ditional imaging | i
Women > 40 with Palpable Findings and a Negative Mammo
« Ulirasound is Appropriate and is rated as a “9."

Women < 30 Initial Evaluation

- Ultrasound is Appropriate and is raled as a “9.”

Women 30-39 Initial Evaluation

« Ultrasound is Appropriate and is rated as a “8,"

« Mammo iz Appropriate and is rated as a “8.”

Women < 30 Ultrasound is Suspicious for CA

- Core Biopsy is Appropriatg and is rated as a “9."

« Mammo is Appropriate and is rated as a “8.”

Women < 30 Ultrasound is Negative

M HQ Ilm'ﬂi'i[lﬂ is uppmp[ialgt

Women < 30 Ultrasound has a B9 finding (like a cyst)

+ No imaging is appropriate.

Women < 30 Ultrasound is BR3 able - example fibroadenoma

+ Short interval followup - usually Q6 months x 2 years.
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I SECTION 17:
Procedures

The most common procedures are going to be ultrasound guided and stereotactic biopsy of
masses and calcification. I'll try and touch on the testable points.

Ultrasound:

Owerall ultrasound is faster and easier than stereo. If you can see the mass under US - you
should do the biopsy under US.

= Usually a 14 gauge automatic spring loaded device is used for masses

= You should put the mass on the far side of the US screen - lets you see the length of the
needle better

» Ideally 4 things should line up during the biopsy: the lesion, the transducer, the skin nick,
and the biopsy needle

+ The needle angle should be parallel to the chest wall (pneumothorax is an embarrassing
complication of a breast biopsy)

+ Anesthetic should be placed right up to but not into the lesion (especially when the lesions
is small).

» You should try and biopsy the deeper part of a lesion first. If you obscure it from bleeding
at least you can still get the superficial part. s

+ If you have two lesions to biopsy, try and hit the smaller one first. 1f the bigger one bleeds
it may obscure the smaller one — it's less likely the other way around.

= If you have a solid and cystic lesion - you should biopsy the solid part.

« About 90% of the time you can make a diagnosis off | or 2 passes (though most texis still
recomimend doing 5).

Next Step Scenario - Like an idiot you injected a bunch of air around the mass, while you were
trying to give lidocaine. Now you can’t see the mass. What do you do? You have to reschedule.

Don’t try to biopsy it blind.
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Axilla:
= When you biopsy an axillary lymph node you should target the node’s cortex.

= Core biopsy is preferred over FNA if you have no clue what it is. If you have known breast
cancer and you are nearly certain you are dealing with a met - FNA works fine.

Special Scenario - The Cyst Aspiration
« Indications - Anxiety, pain, uncertain diagnosis.
= Size 1s NOT an indication for aspiration

« Cysts recur about 70% of the time (this drops to around 15% if you inject air after you
aspirate).

The Hypoechoic Mass vs Dirty Cyst Scenario
-Classic "Next Steps” -

Nexr Step Scenario #1 - You suspect a hypoechoic mass is a debris filled cyst rather than
a solid mass... but you aren’t totally sure. What shonld you do first ? Aspirate it.

Next Step Scenario #2 - Same hypoechoic mass vs cyst - you aspirate it and you get non-
bloody fluid. You also notice the lesion disappeared. What do you do ? You should pitch

it, no need for cytology. You are done.

Next Step Scenario #3 - Same hypoechoic mass vs cyst - you aspirate it and you get
bloody fluid. You also notice the lesion disappeared. What do you do 7 Send it to
cytology and then place a clip.

Next Step Scenario #4 - Same hypoechoic mass vs cyst - you aspirate it and you get
purulent “poop like” fluid. The fluid smells like a zombie farted. You also notice the
lesion disappeared. What do you do 7 Send it to the microbiology lab for culture and
sensitivity.

Next Step Scenario #5 - Same hypoechoic mass vs cyst - you aspirate it and you get fluid.
You also notice the lesion does NOT disappear. What do you do ? Proceed to core biopsy
of the residual solid mass.
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Stereotactic Biopsy (using a mammogram to localize and target the lesion).

= This is the preferred move for caleifications. Typically the specimen e

: Gauge Size vs |

is x-rayed after the sample to confirm there are calcifications within :  Samples:

the biopsied tissue. ;
i= 10-11 Gauge

+ Vacuum assisted devices are typically used for calcifications. i Needle = 12
:  Samples
* The biopsy is performed in compression - with slightly less pressure
than a normal mammogram. Compressibility of the breast tissue can |~ :;9 ;jlﬂufi
NOT be less than 2-3cm (some texts say 28 mm). Otherwise you risk ngp;r;

throwing the needle through the other side of the breast into the
digital receptor. This is called a “negative stroke margin.”

« Next Step Scenario: What if the breast compresses (oo small (< 20 mm) ? You should do a

wire localization for excisional biopsy.

+ A marker (tiny piece of metal) should be placed after each biopsy. Clip migration can occur
(accordion effect). You will need a mammogram in the orthogonal view to evaluate for this

post placement.

. QC “Localization and Accuracy Test” to verify system alignment and performance is

performed Daily before patient exams.

437



- SECTION 18:
MOSA

The U.S. Food and Drug Administration Mammography Quality Standards Act (MQSA) - yes that
is a real thing — demands a medical audit and outcome analysis be performed once a year. You are
forced to follow up patients with positive mammos, and correlate with biopsy pathology results {so
you can see how much benign disease you biopsy and how much fear [ anxiety you generate). You
have to grade the biopsy with the risk category (you can’t accept benign results with a BR-5).

MOSA and Other Crap they could ask!

3 months of mammography is required during residency training

The recall rate should be less than 10%

Mammography facilities are required to provide patients with written resulis of their
mammograms in language thai is easy to understand. Also known as a "lay report,” and
must be given within 30 days of the study.

A consumer complaint mechanism is required to be established in mammography
facilities to provide patients with a process for addressing their concemns,

Patients can obtain their original mammograms, not copies, when they are needed.

For cases in which a facility’s mammograms are determined to be substandard and a
risk 1o public health, facilities will notify the patients and their doctors and suggest an
appropriate plan of action.

The “Interpreting Physician™ is ultimately responsible for the Quality Control program.
The required resolution of line pairs is 13 lp/mm in the anode to cathode direction and
11 line pair / mm in the left right direction

To make it pass image quality; must show 4 fibers, 3 microcalcification clusters, and 3
masses, plus “acceptable artifacts™,

The dose phantom is 50% glandularity, 4.2 cm thick, and is supposed to have a dose
less than 3 mGy per image (+ grid).

Don’t get it twisted; there are no patient dose limits in mammography, only a phantom
dose. A dense breast can result in a higher patient dose, which could easily exceed 3
mGy/view.

Typical patient and phantom doses are about 2 mGy per view, or 8 mGy for a bilateral
two view (Left CC + MLO, Right CC + MLO) screening examination,

The typical (average) compressed breast is 6 cm, glandularity of 15 to 20%,

Digital systems generally uses higher beam qualities which results in lower doses;
Digital mammography does not use fixed dose (screen-film); can use as much (or little)
radiation as deemed appropriate.

Male Residents must urinale in the sitting position while on the mammography service
{standing urination is not allowed per MQSA).
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chss - - Daily
Darkroom Cleanliness Daily

Viewbox Conditions Weekly
Phantom Evaluation Weekly

Repeat Analysis Quarterly
Compression Test Semi-Annually
Darkroom Fog Semi-Annually
Screen-Film Contrast Semi-Annually
Evil Overlord behind MQSA 7 FDA

ceall Rate

bﬁncs:rsf

During thlt &ars of training you have to read 240
E:;nm'l_Training Requirement 3 months
- B e

Documented Hours of Education

Male residents may urinate in the following f.Seawd only. Standing urination is prohibited.

position(s) while on the mammo service ?

The penis of the male resident should be in Tucked posterior and secured with tape*

what orientation while on the mammo (Glue - if petforming a 3 month facus time)
service 7
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- SECTION 19:
Scenario / Review

As | promised in the first pages of the chapter, | want to finish by rolling through some
scenarios. This is mainly to demonstrate the work flow process and how you handle “next
step” type questions,

Scenario 1: A 40 year old woman presents for her baseline serecning mammaogram, You have the

great pleasure of reading it. While conducting your normal reading pattern you notice the posterior
nipple line is 9cm on the MLO, but only & em on the CC,

What do you do 7 - The would be a technical call back

Whar BR 7 - This iz a BR-0

Scenario 2a: A 50 year old woman presents for her annual screcning mammaogram. You have the
great pleasure of reading it. You notice a mass on two views in the lateral left breast,

Whar BR 7 - This 1s also BR-0.

MNext Step ? Retumn for diagnostic mammogram, including spot compression views and likely an
ultrasound.

Scenario 2Zb: Same patient retums for the diagnostic mammogram. You can clearly sec the mass in
WO Views.

Nexi Step ? Ultrasound to further characterize

Scenario 2e: You pul her in ultrasound and see an obvious shadowing angry, pissed off, mass that is
ulecerating through the skin ete.... It 100% for sure cancer.

Next Step? You need to stage. Scan the rest of the breast for multi-focal masses, AND scan the axilla
for pathologic nodes.

Scenario 3a: A 50 year old woman presents for her annual sercening mammogram. You have the
great pleasure of reading it. You notice what looks like a mass in the CC view only (can’t find it in
the MLO). You call it an “asymmetry™ because you can only see it in one view.

Next Step ? BR-0, and bring it back with spol compression vicws
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Scenario 3b: Same patient retumns for the diagnostic mammogram. After the paddie is applicd there
does not appear to be any mass. It just looks like normal breast tissue. You look at prior imaging and
it looks pretty similar to the priors now.

Nexr Step? BR-1, and retum to screening. This is the classic scenario of a “docs not persist” callback.

But Prometheus!? ACR Criteria says....

A common source of confusion is the distinction is between variant | and variant 2 ACR eriteria for
male breasts. The overwhelming majority of male breast path is gynecomastia which will look like
4 BR-5 mass on ultrasound. The ACR actually says you necd no imaging to work it up.

This is how | would handle multiple choice on this:

(Scenario A) If the question specifically says “ACR eriteria” and describes a palpable lesion in a
miale, less than 25, with no other information in the question header to make you believe its gyno:

You need to pick Ultrasound.

{Scenario B) if the question does MOT say “ACR criteria™ and dt:m?rihcs a palpable lesion in
someone with risk factors for gyno (anabolic steroid use, pot smoking, etc....)

Then you should either do no imaging, (if physical exam is a choice pick that), or start with a plain
film (mammogram).

{Seenario C) The third possible scenario, which would be the sneakicst way to do :h.is.' wnuld_hc to
show you a study obtained at another hospital of a breast ultrasound showing a suspicious lesion in
a male around this age and ask you what to do next.

The answer here is always going to be x-ray (mammogram). A work up for cancer on a male
breast is NEVER EVER EVER complete without a mammogram (“man” o gram) — with the
teaching point being that gynecomastia looks like cancer on ultrasound, but is casily idenufied as
benign on a mammogram
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Scenario 4a: A 24 year old MALE presents as with a palpable mass in his left breast,
Nexr Step * Mammogram (never ultrasound a male breast before you get a mammaogram).

Scenario 4b: A mammogram is obtained, and shows a flame shaped density under the nipple,
correlating with the palpable marker,

Next Step ? Interview the patient to see if you can come up for a reason for his gynecomastia (psych
meds, marijuana use, eic...). You don't want to miss a pituitary wmor. He tells you he smokes pot

every day. You tell him that he is a very bad boy - even though there is no evidence that marijuana
causes real harm and it’s criminalization was based on false propaganda from the hemp industry.

Scenario 4e: Afier you tell him he is a bad boy for smoking the sticky icky, he still scems worried.
He tells you that he got an ultrasound at the outside hospital and they told him he had breast cancer,
He pulls a CD out of his pocket and asks you to look at it. You look at the outside images and surc
enough there is a shadowing mass in the arca of the palpable linding,

Next Step ? BR-2 Gynecomastia. This is the oldest trick in the book - gynecomastia looks like a scary
mass on US - that"s why you always start with the mammogram.

Scenario 5a: Screening mammogram is performed on a 70 vear old woman, who has a history of
prior lumpectomy 4 years ago. You read in her chart that she refused radiation therapy. She
heard on the news that radiation was bad, so she decided on a more holistic approach (bananas)
— she also gets yearly thermograms. The area of scarring in the resection bed looks more dense.

Next Step 7 BR-0, and recall for spot compressions.

Scenario Sb: The spot compressions show small calcifications in the area of the lumpectomy
bed, and the scar is definitely more dense.

Next Srep 7 Mag views to further characterize the caleifications. You decide they look pointy so
you call them fine pleomorphic.

Scenario Sc: You stick her in ultrasound to be complete - it looks like a small mass. You stage
the remainder of the breast and axilla - and it looks pretty clean,

Diagnosis ? BR-5 - local recurrence.
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STTEGY
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- SECTION t:
Player vs Environment

The 3 Kinds of Questions

[

The ones you know — you want to get 100% of these right

2. The ones you dont know — you want to get 25% of these right (same as a monkey
ouessing)

3. The ones you can figure out with some deep thought — you want to get 60-70% of

these right.

If you can do that you will pass the test, especially if you've read my books.

My recommendations:

= For the ones you know, just get them nght.

= For the ones you don’t know — just say to yourself “this ix one [ don ¥ know,
Prometheus says just iry and narrow i down and guess, ™

= For the ones you think you can figure out, mark them, and go through the entire exam.
If you follow my suggestion on the first two types of questions you will have ample
time left over for head scratching., Other reasons to go ahead and do the whole exam
before trying to figure them out is (a) you don’t want to rush on the questions you can
get right, and (b) sometimes you will see a case that reminds you of what the answer
is. In fact it’s not impossible that the stem of another question flat out tells you the
answer to a previous question.

Let your plans be dark, and impenetrable as night, and when you move, fail like o thunderboll.
=Sun Tzu
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Studying for a C-

For many of you this is the first time you truly do not need an A on the exam. [ can
remember in undergrad and medical school fecling like | needed to get every question
right on the exam to maintain my total and complete dominance.

| felt like if I missed a single question that | wouldn't honor the class, | wouldn’t match
radiology, and 1'd end up in rural West Virginia checking diabetic feet for ulcers in my
family medicine clinic. The very thought of a career in family medicine was so horrible
that I'd begin to panic.

Panic doesn t help!

Truly this exam is not like that. You can miss questions. You will miss questions. You
can miss a lot of questions. You just need to miss less than about 10% of the room. No

matter what they tell you, no matter what you read all standardized exams are curved. If
they passed 100% - the exam would be called a joke. If they failed 50% the program
directors would riot (after first punishing the residents with extra call). The exam will
maintain a failure rate around 10-15%. What that means is that you only need to beat
10-15% of the room. You don’t need 99th percentile. There is no reward for that. You
need 16th percentile. 16th percentile is a C-, that is the goal.

The reason 1’'m perseverating on this is that you need to avoid panic. It you mark
20-30% of the questions as “not sure” - or Promethean category 2 or 3 - you might begin
to freak out. Especially if the inner gunner medical student in you thinks you won't get
honors. Chill Out! It's ok to miss questions. Look around the room and know that you

studied harder and are smarter than 15% of the room.

Do not flee the exam in tears !

Fate rarely calls upon us at a moment of our choosing.

-Optimus Prime
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Exploiting the “Genius Neuron” /%

Have you ever heard someone in case conference take a case and lead with “It’s NOT this,” when
clearly “this™ is what the case was? It happens all the time. Often the first thing out of people’s
mouths is actually the right answer, but many times you hear people say “it"s not™ first. Ever
wondered why?

1 have this idea of a “Genius Neuron.” You have one neuron that is superior to the rest, This guy

fires faster and is more reliable than his peers and because of this he is hated by them. He is the
guy in the front row waving his hand shouting *1 know the answer!™ You know that guy, that guy

is a notorious asshole.  So, in your mind he shouts out the answer first, and then the rest of the
neurons gang up on him and try and talk him out of it. So the end product is “1t's NOT this.”

For the purpose of taking cases in conference, this is why you should always lead with “this
comes to mind,” instead of “it's not.” Mow, the practical picce of advice | want 1o give you is to
trust your genius neuron. Sericusly, there is a lot of material on this west. But il you read this
book, there will be enough knowledge to pass the test existing somewhere between your ears, You
just have to trust that genius neuron.

How?? - Do it like this:
(1) Read the entire question. Look at all the pictures.
(2) Read ALL the answer choices. Mever stop at A thinking that is the answer.
(3) Look again at ALL the pictures — now that you see the choices.

(4) Choose the first answer your mind tells you is correct — the one your genius neuron thinks
it correct.

(5) After you have finished the test, and you are re-reviewing your answers, MEVER change
the genius neuron’s answer except for two criteria. (A) You read the question wrong. (B)
You are 100% sure that it is another choice, and you can give a reason why. MNever change
based on your gut feelings. Those secondary gut feelings are the stupid neurons trying to
gang up on the smart one. Just like in the real world, the stupid people significantly
outnumber the smart ones.

I know this sounds silly, but I really believe in this. This is a real thing. 1 encourage you to try it
with some practice questions.

Your either believe in yourself or vou don't

-Caprain James T. Kirk,
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Dealing with the Linked Question

It is a modern trend for multiple choice tests to have “linked” questions. You may remember

that USMLE Step 3 had them, and it is rumored that the CORE Exam has them as well.

These are the questions that prompt you with “this is your final answer, you can’t change
your answer,” When you see this STOP!

If you are 100% sure you are right, then go on. If you had it narrowed down to two choices,
think about which one would be easier to write a follow up question about. This might seem

obvious, but in the heat of the battle you might get too aggressive. Slow down and think
twice on these.

The second point | want to make about these questions is finding some Zen if you miss it.
There are a lot of questions on this test, it's ok to miss some. You will still pass (probably).
Peaple like you have always studied for the A+, not the C-. So when you miss a question it
makes you freak out because you think you blew it. Calm the fuck down. You don’t need an
A+ this time. You don't need a B. You just need to pass so they don’t get any more money
from you. Believe me they have taken enough from you already. [ just want you to
understand that you will miss questions and it's ok. If the second part reveals that you
dropped one, don’t let it phase you. Just do your best. The most important fight is always

your next one,

It isn 't the mountains ahead to climb that wears you out: it s the pebble in your shoe

~Mufiemmrad Al
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It’s Possible to Know Too Much

If you were to begin studying and begin taking multiple choice practice questions and you plotted
your progress as you gained more knowledge you would notice something funny. At first you
would begin to get more and more questions right... and then you would start to miss them,

Answers Correct on Multiple Choice

Knowledge

Well lhow can thar be? 1 will tell you that once you know enough all choices on the exam become
correcl. Which of the following can oceur?... well actually they can all oceur - I've read casc
reports of blah blah blah. That is what happens.

The trick is to not over think things. Once you ve achieved a certain level of knowledge, if they
give you a gift — take it 1t's usually not a trick (usually). Don’t look for obscure situations

when things are true, Yes... it's possible for you o know more than the person wriling the
questions, Yes... I said it and it"s fucking true. These people don’t know everything. You can oul

knowledge them if you study enough - and that is when you get yourself into trouble.

Take home point - once you've reached the peak (arrow on chart) - be careful over thinking
questions past thal point.

“dlways remember: Your focus determines your reality”

~Jedi Master Qui-Gon Jinn
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el
8 Promethean Laws For Multiple Choice Im

#1 - If you have a gut feeling - go for it ! (trust the genius neuron)

#2 - Don’t over think to the extent that you veer from a reflexive answer -
especially if choices seem equally plausible (you can know too much).

#3 - Read ALL the choices carefully

#4 - If it seems too obvious to be true (trickery), re-read it and then go with it
(even if it seems too easy). Let it happen - it’s usually not a trick. .. usually.

#5 - Add up what you know you know, and compare with what you think you
know. Weight your answers by what you KNOW you KNOW.

#6 - If you are torn between two choices, ask yourself “which of these is
NOT correct ?” - Sometimes making your brain work backwards will
elucidate the solution.

#7 - Do NOT change your answers ! (trust the genius neuron)

#8 - Most Importantly - Don’t Panic

Mavbe I can't win, maybe the only thing [ can do is just take everviliing he s got. Bul to beat me,
he's gomna have to kill me, and to kill me, he 5 gonna have to have the heart o stand in front of
me. and 1o do that, he has to be willing to die himself

- Rocky Balhoa
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- SECTION 2:

Knit the Socks of Death
S a gift for all who dare oppose you

Problem Solving Through MRI

Different programs have variable volume with MRI. Some of you will be excellent at it.
Some of you will suck at it. An important skill to have is to understand how to problem solve
with different sequences. The best way to do this is to have a list of T1 bright things, T2
bright things, dark things, and things that restrict diffusion.

T1 Bright i_ T2 Bright T1 and T2 Restricts Diffus
DARK

|
e e

Fat | Fat Flow Void
Melanin (Melanoma) i Water Fibrosis / Scar

1 i el
Blood (Subacute) | Blood (Extraccllular Metal

I Methemoglobin)

Protein Rich Fluid | Most Tumors Air
Calcification I
{(Hyalinized)

Slow Moving Blood

s T TR e N Y

Laminar Necrosis _

Be able to move through sequences and problem solve,

Think about a Lipoma for example. This will be T1 bright, T2 bright, and fat sat out.
Another example might be something with layers in it. What can layer? Fat could layer,
water could layer, blood could layer, pus could laver. Fat would be bright/ bright, Water
would be dark on T1. Pus would be dark on T2. Blood could do different things depending
on it's age. Fat would sat out. Pus may restrict diffusion (like a subdural empyema). You get
the idea. Run through some scenarios in your mind. The key point is to know your

differentials for this.
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Battle Tactics: Peds Neck

This is my suggested strategy. | typically start with cyst vs solid. Then I consider location,
morphology, and choice of modality (attempted mind reading of the question writer).

Looks Cystic

=

Thyroglossal Duct Cyst

Brachial Cleft Cyst

Necrotic Level 2 Node

Hemangioma of Infancy

Cystic Hygroma

Phlebectasia

*MIDLINE

Ultrasound in Axial Planes
CT / MRI in Sagital Planes
Posterior to Tongue
Anterior to Hyoid

« "LATERAL

« Axial Plane Most Likely
Anterior to the
Sternocleidomastoid (type 2)

- Looks Just like BC Cyst - but
the kid is too old (late teens /
“young adult”)

Thyroid CA, or Nasopharyngeal
HPV related CA

CT axial plane - most likely

-

T2 Bright

Enhances

Will have flow in it on doppler
If you saw it you'd think to
yourself “if that doesn't involute
that kid is never getting a date
to prom”

OB Ultrasound - most likely

modality

T2 Bright

. DOES NOT Enhance

- Will NOT have flow in it on
doppler

« Turners, Downs.

+ Kinda looks like a big dilated
jugular vein (because it is a big
dilated jugular vein)

- Mo stenosis or collaterals
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- Jugular Vein with a clot - they
will have to prove that has a
p— SEP“G Thl"ﬂmhﬂphlﬂbﬂfs clotin it - probabiy with
Doppler US

- Lemierre’s Syndrome
Septic Emboli to the lungs
Recent ENT procedure, or
Infection
Fusobacterium Mecrophorum

« Back of the tongue or in front
Ectopic Thyroid of the hyoid
« Te-MIBI, or 11123

« Ultrasound
Fibromatosis Coli « “Two Heads" of the

Sternccleidomastoid

Looks Solid _g

MRI or CT

Seriously pissed off looking
mass (probably in the orbit -
maybe in the masticator
mass)

+ Enhances helerogenous,

Rhabdomyosarcoma

« MRBlor CT
- Soft Tissue Mass,

~— Metastatic Neuroblastoma Calciflicationg. .
- Restricted Diffusion

- Classic is the orbit




Battle Tactics: Congenital Heart on CXR

(1) What side is the arch on 7

Right

| TOF or Truncus

>
'?:"

&

+ﬁ‘ﬁ

Cyanotic

*They have 1o tell you this,
il they want a single answer

Massive

=

!

[ NOT-Cyanotic

(3) Pulmonary Blood Flow

4

VA

TAPVER (especially type 3)

iy Pﬂmﬂ'

Truncus
Tipes [-3

Ebsteins or
Pulmonary Atresia without VSD

Mon-Cardiac (won't be cyanotic)
Infantile Hemangioendothelioma
=Nein of Galen Malformation

-D-Transposition -Ebsteins
~Truncus (look for R Arch) ~Tricuspid Atresia
-"Tingle Ventricle™
Walk; < ; ’ Cyanotic | Mot Cyanotic
alking through this outline. First ask TOF ~ |ASD
yourself is it cyanotic or not? They will  [TAPVR ~ IvsD i
have to tell you this in the stem. Look  |Transposition  [PDA
for this in the stem every time, then cross T"”m"sui = ;"‘:F V':: i
out = Tricuspi Afresia orlic Coarciation ult t:.rpc -
It answers that are not cyvanotic, | post ductal) |

Example: Patient “X" is a newborn cyanotic, what is the mosi likely Dx?

A-VSD
B- ASD
C- Demonic Possession

D-TOF

Without even looking at a picture (which they will probably show), you know the answer is
D, because that is the only cyanotic one listed. If you were wondering about C - | did a
google scholar search for “Demonic Possession cansing evanosis ", and although there were

a few case reports none come down hard on cyanosis.
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Battle Tactics: Neonatal Chest

Lung Volume
HIGH
Low
Symmetric Pattern
(looks like
pulmonary Less Symmetric Pleural Effusions
edema) Perifilar / Streaky Yup Not Usually
25%
i Meconium
Lt Aspiration Surfactant-
b ity " Beta Deficient
HPE;TIMHW Edema Nu:rGB 2521:::11:1: Disease (SDD)
+ sions” ia e
Neconatal "Diffuse Granular” Diffuse Granufar”
Pneumonia

THIS vs THAT: Meconium Aspiration or Non Group B Strep Pneumonia

This is super tough without any history, and because of that I feel like the test writer has
two options: (1) Stop being an asshole and give you some history, (2) not include both as
answer choices - assuming only one is correct. Now, along those lines if vou saw both as
choices and the question header gives you no history you could eliminate them both as
distractors - because they both can't be correct.

Example: What color is this box -

\
A - Blue \/ o | Don't See a BOX!

o How can | answer the question?!?
B - Looks Red
There can be situations where the picture is not
C - It has a Red Appearance necessary to get the question right. They could
show you a picture of a grilled cheese sandwich
and call it a chest x-ray. It could still be possible
to get the guestion right by eliminating all but one
possible choice. The question header can help
you disqualify (as we discussed with cyanotic
heart disease) or you can try and find choices that
cannot be distinguished from each other. Both
answers can't be right - so they must both be
wrong.
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Battle Tactics: Peds Chest & Misc

”'f—'maturity — Guessing that the kid is premature can be helpful for eliminating
choices (Meconium Aspiration is more of a post term thing), and raising your pretest
probability (SDD, or NEC in a belly film). There are two main clues:

(1) Humeral Head Ossification - This tends to occur closer to term. If the humeral

head is NOT ossified you can assume (in the world of multiple choice) that the kid

is likely premature.

(2) Lack of Subcutaneous Fat - Premature kids tend to be very skinny, although [ think

of this more of a soft sign that is useful when absent more than present. I'll just
say that if the kid appears chubby he is probably NOT premature.

The Thing in the Lung:

Left Upper Lobe:

m==  Think Congenital Lobar Emphysema (CLE) first. But,
ramamber CCAM has no lobar prevalence, so it can be

anywhere

Left Lower Lobe:

.

Think Sequestration First. Congenital Diaphragmatic
Hernia {CDHs) favors this side too

Case 1. Newborn with Case 2. 10 year old with *Intralobar is seen
congenital heart disease recurrent preumonia older kids.
**Cviralabar is seen

A. Intralobar Sequestration  A. Intralobar in infants with co-

B. Extralobar Sequestration P S
Sequestration B. Extralobar Sequestration “* CLE is in the

C. Congenital Lobar C. Congenital Lobar upper lobe
Emphysema Emphysema

N N
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NG Tube Tricks: The presence of an NG
tube (especially if not placed correctly) should
alert you to some form of trickery.

The NG tube stops in the upper thoracic
esophagis: Think esophageal atresia (probably in
the setting of VACTERL).

The NG rube curling into the chest — it's either (1)
in the lung, or (2) it’s in a congenital
diaphragmatic hernia. 1f 1 had to pick between the
two (and it wasn’t obvious), I'd say left side
hernia, right side lung — just because those are the
more common sides,

MG Tube Curls in the upper thoracic
esophagus. First think Esophageal
Atresia. Then think VACTERL

The Classic Congenital Lobar Emphysema Trick: They can show you a
series of CXRs. The first one has an opacity in the lung (the affected lung is fluid filled). The
next x-ray will show the opacity resolved. The following x-ray will show it getting more
lucent, and more lucent. Until it’s actually pushing the heart over. This is the classic way to
show it in case conference, or case books

The School Aged CXR: Things to look for:

« Big Heart - Probably showing you a sickle cell case. Look for bone infarcts in shoulders.
* Lucent Lung - Think foreign Body (air trapping). Remember you put the affected side
down (if it remains lucent- that confirms it).

THIS vs THAT: Cystic Fibrosis vs Primary Ciliary Dyskinesia

CF _ PCD

Ahnu:;ma[ Mucus — Ciha can’t rgl_t_;a__r__it
anchmctas:s (upper lobes)
Normal sperm, obliterated vas deferens

: Numml Mucus — Cilia don’ t wﬂrk

Bronchiectasis (lower lnhcs}
Mormal vas deferens, sperm cannot swnm
normally
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Battle Tactics: Peds Misc

The Mandible: There are only a few things that a mandible will be shown for with
regards to Peds. Think Caffeys first - especially if the picture looks blurry and old (there

h?ﬂn"t been a case of this in 50 years). Ifit’s osteonecrosis think about O.1. on
bisphosphonates. If it's a dwarf case, think wide angled mandible with Pycnodysostosis. A

“floating tooth” could be EG.

The Abdominal Plain Film - on a newborn - Problem Solving Bubbles:

Single Bubble: In a newhborn this is Gastric
(antral or pyloric atresia).
In an older child think
gastric volvulus

Double Bubble Duodenal Atresia

Triple Bubble Jejunal Atresia

Single Bubble + Distal Gas | Concern for Mid Gut Next Step = Upper Gl

+ “Bilious Vomiting Volvulus

Multiple Dilated Loops Concern for lower Next Step = Contrast Enema
obstruction

THIS vs THAT: Duodenal Atresia vs Jejunal Atresia:

Double Bubble Triple Bubble
Vascular Insult * More likely associated with
other atresias

Failure to Canalize (often isolated atresia)

Associated with Downs

457



THIS vs THAT: Intralobar vs Extralobar Sequestration

Mo pleural covering Has its own pleural covering

More Common Less Common

Presents later with recurrent infection Presents early with other bad congenital things
(heart, etc...)

Heterotaxia: This can be inferred or asked several ways.

~__Right Sided e EiiERided =
Two Fissures in Left Lung —|_Dr|e Fissure in Right Lung T=r
Asplenfp lPOI}."S-plﬁm& o i
Increased Cardiac Malformations | Less Cardiac Maifunnatmns
Reversed Aorta/IVC | Azygous Continuation of the [VC

Orbital Calcifications:

Retinoblastoma Toxo

CMV Retinal Astrocytoma

Colobomatous Cyst
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Battle Tactics: Abdominal Masses / Diffuse Pathology

Aszociated:

Infantile Hepatic Endothelial | Progressively High Output CHF
Hema ngiw:,;a Age 0-3 growth factor | Caleify - as they
is elevaied involute Skin Hemangiomas
Risk Factor =
Prematunty
; . : may cause
Hepatoblastoma Age 0-3 AFP is Calcifications Many | precocious
elevated are Commaon Associalion: puberty
Wilms, 5
Beckwith-
Weidemann
Caleification are
RARE
l;':::::::;:u;l:ﬂ Age 0-3 AFP 1'_5 CYSTIC MASS | “Developmental anomaly™
Favors Right
Lobe
AFPi Kids with cirrhosis (biliary
HCC Age> 5 i atresia, Fanconi syndrome,
e glycogen storage disease)
Caleifies more Mo Cirrhosis
Fibrolamellar Subtype AFP is often than
HCe Age =5 negative conventional Central Sear (sear does NOT
HCC enhance, and is T2 dark)
y . Cystic /
E:I'ﬂﬁf:::gﬂ“m‘ Age> 5 AFP is Heterogeneously | Known to rupture
it ey Solid Mass
Fetus - 4
i ltiple Masses in the Setting of Known Pri
{Neuroblastoma, Wilms) | 6 - Early | MUlipie Massesin EOL IR LR
Teens
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Ultrasound CT MR
Hemangioma Hyperechoic Peripheral T2 Bright Rare in
Modular Cirrholics
Disconlinuous
Enhancement
FNH Spoke Wheel | Homogenous “Stealth Central Scor Bright on
Arterial Lesion - lso Delayed Eovist
Enhancement on T1 and (Gd-EOB-
T2" DTPA)
Hepatic Adenoma | Varable WVariable Fat QCP use, Can explode
Containing Glycogen and bleed
on InfChut Slorage
Phase Disease
Hepatic Hyperechoic Gross Fat TUT2 Bright | Unlike renal Tuberous
Angiomyolipoma AML, 50% Sclerosis
don’t have fat
e ] : o
Sulfur Coll - 3 =5

Hepatic Adenoma
40% HOT,
FNH 30% COLD,
30% Warm
Cavernous Hemangioma COLD RBC Scan HOT
HCC COLD Gallium HOT
Cholangiocarcinoma COLD
Mets COLD
Abscess COLD Gallium HOT
Focal Fat COLD Xenon HOT

Contains lron

Contains Fat, Glycoprotein

T1 Dark, T2 Dark

T1 Bright, T2 Dark

T2 Bright

Does NOT Enhance

Usually Does NOT Enhance

Does Enhance




FL HCC

Cimrhosis No Cirrhosis

T2 Bright T2 Dark (usually)
Older (50s-60s) | Young (30s)

a Enhances on Delays Does NOT enhance
Rarcly Calcifies | Calcifies
Sometimes Mass is Sulfur Colloid Mass is Gallium Avid

Elevated AFP Normal AFP Avid (sometimes)

M Think Colon First
o - unless they have a known primary
HCC Does the Liver look Cirrhotic?
Regeneratice Nodules Does the Liver look Cirrhotic 7
Low Density Nodes - Think Mycobacterium
Infections
Hyperenhancing Nodes - Think Bartonella
Spleen Should be Involved Also
Sarcoid Gamesmanship - Probably gets some hints in the form of a CXR, or
Labs (elevated ACE)

v s = -
i "'E‘:.i,‘ : B,
i}:ﬁﬂiﬁpﬁ!&.

Different Size Cysts

Viral Hepatitis

Starry Sky (US)

Cysts (Carali)

Central “dot” Sign

hD:?ﬂgFﬁc {small and big)
Renal Cystic Disease
2 Pyogenic Abscess Double Target (CT)
Von
Small { < 1.5 cm)
o iex® | Will NOT connect with Ducts
(Hamatromas) | Uniform distibution Candida Bull's Eye (US) o
Choledochal | WILL communicate with duct || Amoebic Abscess “Extra Hepatic

Abscess

Bacterial and Fungal =
Multiple, R > L

Amoebic = Single and Sub-
dinphrigmatic

Peripheral Enhancement
Mecratic center will not
enhance

Extension™

Hydatid Disease

Water Lily, Sand Storm

Schistosomiasis

Tortoise Shell
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Primary Hemochromatosis

Genetic - increased absorption

Acquired - chronic illness, and multiple
transfusions

Liver, Pancreas

Liver, Sp!cnn

Heart, Thyroid, Pituitary

Focal Strictures of the extrahepatic duct > 2em

Extrahepatic strictures rarely = 5mim

Absent saccular deformities of the ducts

Has saccular deformities of the ducts

Associated Papillary Stenosis

Intrahepatic

P
E

Extrahepatic ONLY

Primary Sclerosing Cholangitis

Post Cholecystectomy

Infectious Cholangitis

Sphincter of Oddi Dysfunction

Pancreatic Head Mass

Type 1 Choledochocyst

CBD Stone — Late

CBD Stone - Early

Biliary Stricture

Cancer

Dilation is Irregular

Dilation is uniform (wswaliy)

Duct is < 50% of the AP gland diameter

Duct is > 50% of the AP gland diameter
{obstructive atraphy)
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Uncommon Types and

Autoimmune | Associaied with Absence of Attack | Responds to Sausage Shaped
Pancreatitis elevated IpGa Symploms steroids Pancreas. capsule
like delayed rim
enhancement around
gland (like a sear).
MNo duct dilation.
Mo calcifications.
Groove Looks like a Less likely 1o cause | Duodenal stenosis | Soft tissue within the
Pancreatitis pancreatic head ohstructive and for strictures of | panereaticoduodenal
Cancer - but with jaundice (relative the CBD in 50% of | groove, with or
litle or no biliary | to pancreatic CA) | the cases without delayed
abslraclion. enhancement
Tropic Young Age at onset, | Increased risk of Multiple large caleuli
Pancreatitis associated with adenacarcinoma within @ dilated
malnutrilion panereatic duct
Hereditary Young Age al Onset | Increased risk of SPIMK-| gene Similar to Tropic
Pancreatitis adenocarcinoma Pancreatitis
Ascaris Most commonly Worm may be seen
Induced implicated parasite within the bile ducts
in pancreatilis

| Say Autoimmune Pancreatitis

You Say 1gG4

1 Say lgG4

Autoimmune Pancreatitis

Autoimmune Pancreatitis

Retroperitoneal Fibrosis
Sclerosing Cholangitis

Inflammatory Pseudotumor

Riedel’s Thyroiditis

Auntoimmine Pancreatitis ¥s

Chronic Pancreatitis

Mo ductal dilation

Ductal Dilation

No calcifications

Ductal Caleifications
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Main Branch - :
IPMN 40s - 30s Main Duct High Malignant Potential (60%)
Side Branch Typically Benign
IPMN 505 - 60s Favor Head, Uncinate {maybe 5% will develop malignancy)
Communicates with dugt
Daes NOT Communicate with Main Ducl
Grandra Ceniral Calcifications
Serous Cystic F=M Favor Head “Micro-Cystie” - “Honeycomb
> ) Benign
Glycogen Rich
Associated with von Hippel Lindau
Mother Does NOT Communicate with Main Duct
Mucinous F=M Favor Body / Tail Peripheral Caleifications
Cystic 405 4 Larger Cysis {sometimes uni-locular)
Premalignant
Large { 5-10 cms)
Daughter Solid with Cystic Parts
Sng:p’:ﬁ:ur:bh F>M Favor Tail Enhances like a Hemangioma
20s Has a Capsule
Asian or Black Female

Malignant Ulcer Benlgm I'Jlur

Width = Dﬂpth Dcplh = Width

Located within Lumen | Project bch‘“d l'hc

Diirect Hernia

Less common

Medial to inferior

T
Indirect Hernia

Maore Common

Lateral to inferior

Points to the RUQ)

Trimester Pregnancy)
Points to the LUQ

S __|expected lumen Epigastric cpigasiric :
Maodular, lrrcguiar Edgcs Sharp Contour Drefect in Hesselbach | Failure of processes
— — triangle vaginalis to close

Folds adjacent to ulcer | Folds radiate to ulcer s '

= o TR | {NOT covered by ' Covered by internal
Aunt Minnie: Carmen | Aunl Minnie: intemal spermatic | oo atic fascia
Meniscus Sign ' Hampton's Line fascia f

Sigmoid Volvulus  Cecal Volvulus i

Old Person (Constipated) "r'ounger Person (mass, prior surgery, or 3rd
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Crohns W C 5 = e h
; o More Common
Slightly less common in  Slightly more common in Path With
the USA the USA
| Discontinuous “Skips” Continuous Gallstones T R
?_:rm:nal lleum - Siring Rectui
s Primary
'lleocecal Valve ot % | Sclerosing Ulcerative Caoliits
“Stenosed” LRl vl Opea ‘Cholangitis
Mesenteric Fat Increased . i !
“creeping fat” Perirectal fat Increased | Hepatic Sodiias
bse
Lymph nodes are usually Lymph nodes are NOT =~ e
enlarged usually enlarged
Doesn't Usually Make Pancreatitis Crohns

M i ;
akes Fistulae Fistulae
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Peds Cystic Renal Mass
F

&

%,
& Y

Multicystic Dysplastic Kidney AR- Polycystic Kidney Disease
- MNeonate, No Renal Function (MAG 3) = Enlarged, Hyperechoic
- Associated with congenital UPJ cbstruction - Microcystic

- Associated with reflux (VUR) -

Multilocular Cystic Nephroma
- *“Micheal Jackson - Young Boy, Older Woman®
= Multiple Cysts - Herniates into the Renal Pelvis"

Cystic Wilms
0 RFGREe Trighs E |
hﬁ“:;:rgf‘:r “Solid Tumor of Infancy ™ (you can be born with it)

“Mephrogenic Rests™ - left over embryologic erap that didn’t go away
Might turn into wilms (bilateral wilms especially)

“Mext Step” - ffu ultrasound till 7-8 years old

Variable appearance

Mephroblastomalosis

20% + Renal Tumors

Wilms “Solid Tumor of Childhood” - Never born with it
Grows like a solid ball (will invade rather than incase)
Met to the lung (most common)

Clear Cell - Wilms Met to Bone

g i Brain Tumaors
Rhabdoid - Wilms It fucks you up, it takes the money (it believes in nothing Lebowski)

Micheal Jackson Tumor (Young Boys, Middle Age Women)
Multi-Cystic Big cysts that don™ communicate

Nephroma Seplal Enhancement
Can't Tell it is not Cystic Wilms (next step = resection)

“Solid Tumor of Adolescent™

RCC Syndromes - VHL, TS

Mon-Hodgkin

Renal Lymphoma | vy jgifocal




rnl

Wilms

Age: usually less than 2 (can occur in utero)

Age: Usually arou m_:i age 4
{nuvcr hefore 2 mnnths}

_Calciﬁes 0%

IEaI-::nﬁes Rarely lj-f-ll]%}

—— _—

Encases Vessels (doesn’t invade)

| Invadcs Vessels (doesn’t c’ncﬂs-c)

_Pwrty Marginated

| well Clrcumscnbed

Mets to Bones

| Doesn’t usually met o I:-unr:s {unless clear ceii
|W|Ims variant). Prefers lung.

Neuroblastoma

i Adrenal Hemorrhage

Heterngennus and vascular

I-_hgh on T2 , Iso-Low on Tl

|Centrally Hypm-echmc and ﬁwascular

[High on T17 days '? weeks)

Will grow on followup

Should shrink on followup

Adult RCC Associations

Bladder Cancer

Subtype | Syndrome IAssndatiun_ Transitional Cell | The “normal” kind
Elfa_r Cell Von Hippel-Lindau CA | Bladder CA >>> Ureter CA
Papillary | Hereditary papillary renal | | Squamous Cell Calcifications

. carcmnmﬂ CA ' Chronic Catheter
Chromophobe | | Birt Hogg Dube . = Sclustosomiasis (warm)

? Adeno- | Midline
Medislla ! okl & Carcinoma Urachus Association
ry Sickle Cell Trait Biadder Exstrophiy

Renal Cyst Associations

Prostatic Urethra  Transitional Cell

o
ADPCKD Cy:_al:s in | Kidneys are
Liver BIG || - )
VHL Cysts in . Bulbar / PLI'I!'Q Equmnnus Ce!t
) Pancreas | | (Urethew
Acquired | Kidneys are | | Urethral .Adcnncarcmuma
{uremic) | small Diverticulumn
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Think This

Big Kidney with Lots of Cysts

Liver Cysts AD Polycystic Kidney

Mormal Sized Kidneys with Lots of Cysts
Solid Renal Masses (RCCs)

Pancreatic Cysts (simple and serous cystic) von Hippel - Lindau
Pancreatic Masses

Adrenal Masses (paragangliomas)

Renal Cysls

Multiple Fat Containing Renal Masses
(AMLSs) - maybe bleeding

Lungs Cysts (LAM)

Tuberous Sclerosis

Small / Calcified Spleen
Gallstones (or absent GB) Sickle Cell
Bone Infarcts

Severe Pancreatic Fatty Atrophy
Small bowel stool Cystic Fibrosis
Fatty Liver

Big Liver, Big Spleen
Bone Infarcts
Extramedullary Hematopoiesis

Gaucher

Bilateral Adrenal Masses
(Pheochromoeytoma - not adenoma) MEN 2
Thyroid Cancer

Islet Cell Tumors
Pituitary Adenoma MEN 1

Renal Masses (Wilms, AML)
Adrenal Masses (Pheochromocytoma)

Skin Nodules NF-1

Scoliosis

Vascular Malformation in the Liver

Bowel Angiodysplasia

Enlarged Hepatic Artery Osler Weber Rendu L

Pulmonary AVM {Hereditary Hemorrhagic Telangiectasia)
u

Brain Abscess




Battle Tactics: Schematic Thoracic Pathology

2
(D
Y

Mormal Thymus
- ﬁgec:m i Age > 10 - Lymph Nodes
OmMogencus - SVG .= Hodgkin = MHL

= Mo Mass Effect

A
Y

Teratoma NS - Germ Cell Tumor
- Fat - Big - A -
; ggressive
- Cystic = Hemorrhage - Kilinefalter
- Calcifications - MNecrosis

Seminoma

= Straddle Midline
- Bulky

- Lobulated

¢d
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DIP NSIP uip

- Apical Emphysema = Basilar Ground Glass = Honeycombing - basilar
(smoking related) {sub-pleural sparing) predominant

= Basilar Ground Glass = Traction Bronchiectasis

- Peripheral Basilar - Scleroderma Association
Reticulation (dilated esophagus)

- Smoker - Severe end of
RE-ILD

)

LCH IP
= Thin walled cysts - = MNedules with cavitation = Thin walled cysts (less than
distributed evenly {zarly) LAM)

= Tuberous sclerosis = Apical - "Bizarre” Cysts (late) = Ground Glass - clears with
= Smoker -20s-30s treatment
= Sparing of the costophrenic = Sjogrens, RA, HIV

recesses
i ; ‘ : : , V/ _
Ensmnphi! c ) COoP ol Aspergillosis
Pul Consolidation around Halo Sign - Ground Glass
= Reverse Fulmaonary Ground Glass around consolidation

Ederma Pattern
{periphearal}

- Ground glass and
consolidation

= [Patchy, Peripheral = Air Crescent - "invasive”

Consolidation
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Ower Lobe Fredomi 1l

Most inhaled stuff (not asbestosis). Coal Asbestosis
Workers, and Silicosis. This includes
progressive massive fibrosis.

CF Primary Ciliary Dsykinesia

RB-ILD Most Interstitial Lung Diseases
{UIP, NSIP, DIP)

Centrilobular Emphysema Panlobular Emphysema (Alpha 1)

Ankylosing Spondylitis Rheumatoid Lung

Sarcoid Sciemd:rma [assumated with NSIP)

Collage

""'-'1._;14_| lar Disease | Pulmona ¥ Iy |:--_| |_|_| |_.-_1__|-'_|_| [0 ik

I More pleural effusions and | Fibrosis is uncommon. Can
- — | pericardial effusions than | get a “shrinking lung.”
P | with other connective tissue i
| disease i
| Looks like UIP and COP. | Reticulations with g without
| Lower lobes are favored. honeyeombing, and

Rheumatoid Arthritis | consolidative opacitics which

| | are orgamzmg pncunwluﬂ.

Sclerod | NSIP} LI Erm'cr Inbt: | Look for the dilated fluid l'llt:d
PRI i predominant findings. I emphagus
-  LIP | Extensive Lmum.t glass
Sjogrens _ attenuation with scattered thin
| wallcd cysls,
: i Upper lobe fibrobullous Uhuull}f umta!ernl t:n.l.. thcn
Ankylosing Spondylitis | disease progresses to bilateral.
Infections in AIDS by CD4 - GR Appmpnateness Cﬂteria,m T
i 5 : || * First Line for Suspected Metastatic Disease
=200 | Bacterial Infections, TB g
| =CXR
= e A *  Recommendation for patients on
=200 iPl‘.‘l‘, Atypical Mycobacterial mechanical ventilation = Daily CXR
i P _ *  First Line for Chest Pain and High
(CMV, Dusscnunmcd quzal Suspicion for Aortic Dissection = CXR
< 100 |M
yeobacterial
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Cardiac Trivia:

Pathology l_ Which Sequence(s) most useful? —l
Cardiac Myxoma Low T1, High T2 (high myxoid content)
Acute vs Chronic MI Look at T2 — Bright on Acute ; Dark on Chronic
{fibrous scar)
Arrhythmogenic Right Ventricular T1 Bright
Dysplasia (ARVD)
Microvascular Obstruction First Pass Perfusion (25 seconds post Gad)
Infarct Delayed Enhancement (10-12 mins post Gad)

Subendocardial: Infarct Transmural: Infaret  Subendocardial Circumferential:
Amyloidasis “can also be Iransmural

(DO

Midwall: ~ Midwall: Midwall:
HCM Myacardilis, idiopathic Dilated Ch Myacarditis, Sarcaidosis

Epicardial:

Myacardilis, Sarcoidosis
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Cardiac Surgery Types / Indications

Pulmonary Artery Banding

| CHF in Infancy, Single Ventricle

Arterial Switch (Senning and Mustard) | Transposition of the Great Arteries

Rastelli (RY Baffle)

latene (a type of arte}iétl -switch}

| Transposition

|Transpnsilinn, Pulmonary Outflow Obstruction

i Diseased Aortic Valves in Children

Ross
Bentall | Aortic Root / Valve Replacement in Marfan
Additional Cardiac Surgery Pearls
Glenn Blalock Taussig Fontan
: Artery to Artery It's complicated with multiple
Vein to Artery {Subclavien Avtery to Pulmonary  versions - steps are unlikely to

{5V o Pulmronary Avfery)

Primary Purpose: Take
systemic blood directly to the
pulmonary circulation (it
bypasses the right heart).

Most Testable Complications:
=SVC Syndrome
-PA Aneurysms

Arsery)

Primary Purposa: Increase
pulmonary blood flow

Most Testable Complications:
-Stenosis at the shunt’s
pulmonary insertion site

be tested

Primary Purpose: Bypass the
right ventricle / direct systemic
circulation into the PAs.

Maost Testable Complications:

-Enlarged Right Artium causing

arrhythmia
-Plastic Bronchitis
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Vasculitis:

Large Vessel

| Takayasu

Young Asian Female — thickened aneurysmal aorta

[Giant Cell

'Old Person with involvement of the “crutches™ / armpit region
[{Subclavian, axillary, brachial).

-Cngan Syndrome

‘Kid with eye and ear symptoms + Aortitis

s Medium Vessel
IP AN .PﬁfN .is more common ina MAN FM > I-] Renal Microaneurysm
j{smular to speed kidney). Associated with Hep B.
anasnk: o iCmunary Artery P_Ln—curysm -
_ ~ Small Vessel (ANCA +) e
‘Wegeners ;Nasal Septum Erosions, Cavitary Lung Lesions
;Churg ;a;;- ‘Transient peripheral lung conselidations.

'Microscopic Polyangiitis | Diffuse pulmonary hemorrhage

'HSP

Behceets

I

Buergers

S ke e Rl e e

Small Vessel (ANCA -) _1
!

Kids. Intussusception. Massive scrotal edema.

Pulmonary artery aneurysm

Male smoker. Hand angiogram shows finger occlusions.
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Nukes Trivia:

Rubidium 82

Nitrogen 13

Tc — 99m “Low™ — 140 6 hours
lodine =123 lodine “Low™— 1359 I3 hours
“Low” — 81 1125 hours (biologic 11/2
Xenon - 133 | 30 seconds)
Potassium  |“Low” — 135 (2%), 167 |73 hours
(8%), use 71 20! Hyg
Thallium - 201 daughter x-rays |
“Medium” — 173 (89%), |67 hours T
Indium -111 247 (94%)
T Iron Multiple; 93 (40%), 184 |78 hours -
(20%), 300 (20%), 393
Gallium - 67 (5%)
ladine -131 lodine “High“ - 365 8 dﬂ}'s
Fluorine -18 Sugar “High™ - 511 110 mins
. 50.5 DAYS
S (14 daysinbone)
Samarium 153 46 Hours
Radium bes
Yttrium 90 64 Hours

=

| 75 seconds

10 mins
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Bladder (seme sources say bone}

Te - Sulfur Colloid (1V)

Liver

Te - Sulfur Colleid {Oral)

Proximal Colon

Te - Pertechnetate

Stomach > Thyroid (some sources say colon}

Te - Sestamibi

Proximal Colon

Te - Heat Treated RBC

Spleen = Heart

Tagged RBC - MUGA Heart

Te - MAA Lung

Te - DMSA Renal Cortex

Te - MAG 3 Bladder

DTPA Bladder

1-123 MIBG Bladder {some sources say adrenal medulla)
1-131 MIBG Liver (some sources say adrenal medulla)
1-131,1-123 Thyroid

In-111 WBC Spleen

In-111 ProstaScint Liver

In-111 Ocirecoscan Splecn

Thallium 201 Renal Cortex

F18 FDG Bladder

Gallium Distal Colon

HIDA Gallbladder Wall
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Te - Sestamibi

Passive Diffusion

Cross the cell membrane via lipophilic
diffusion

Te - Tetrofosmin

Passive Diffusion

Cross the cell membrane via lipophilic
diffusion

Delivery is flow related - then diffuse imo

Te - HMPAD Passive Diffusion brain
Te - ECD Passive Diffusion ge;::cw-us ow related - then diffuse into
DTPA Filtration
i iated ¢
FI8 - FOG Facilitated Diffusion EI :rgr.:' lTTedmtc ransporn across membrane
AGAINST i

I-123, 1-131 Active Transpon ;icdg:f W e
Thallium Active Transpon (Ma/k Pump)
Rubidium Active Transport (Na'K Pump)
MIBG Active Transpor (Na facilitned

norepinephrine uptake system)
DMSA Active Transport
Pertechnatate Benrylion Active wanspont OUT of a gland or tissue
MAG -3 Secrelion Secreted by periwbular capillaries
Te-99m IDA SR Secreted by hepatocyies
Sulfur Colleid Phagocytosis RES ems the colloid particles
Heat Treated RBCs | Sequestralion
MAA Capillary Blockade Lung Perfusion
MDP Chemisorption Chemical Covalent + Hydrogen Bonding
SM -153 Chemisorption
Indium WBC Cellular Migration Cells migrate 1o the response of stimuli
Ocirectide Receptor Binding
DAT Scan

(I-123 Isoflupane)

Recepior Binding
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Not Cancer but PET HOT

BAC (Adeno In Situ) - Lung Cancer

Infection

Carcinoid Inflammation
RCC Owaries in Follicular Phase
Peritoneal Bowel/Liver Implants Muscles
Anything Mucinous Brown Fat
Prostate Thymus
e FDG PET - Brain
Alzheimer fLuw posterior |de;1;l:‘1f to Parkinson
{temporoparietal cortical | Dementia
activity |
Multi Infarct Scattered areas of decreased |
_____ activity NP, | .
Dementia with Lewy Bodies |Low in lateral -::c-::lpua] Preservation of the mid
cortex |posterior cingulate gyrus

_ (Cingulate Island Sign)

Low frontal lobe

Picks / Fronto!empnra_l

Low activity in caudate
nucleus and putamen

Huntingtons

Tc DTPA - TeMAG 3

.

| Secreted (ERPF)

Te GH 87

Filtered (GFR)

' Filtered

Gmd For Nﬂlwe Kldncys with Conccnlratcd better b}' kldnc}'s
Normal Renal Function with panr renal function

Good for dynamic an-:l cumcal
tmﬂgtng

Critical Drga:n Bluddcr Cnm:al Drgan Blnddcr

Cnln:ai Drgan Blﬂdd{.‘r

Hmmediate Post OP

| {3 4 days post ‘C'I?J' Excrr:tmu Dehyed

Perfusion Normal

Perfusion Normal

Excretmn Delayed

Excretion Delayed

 Immediate Post OP !Pgnr Perfusion
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Localhzation

Te WBC d __ Te WBC -
Indium WBC Spleen 4 Hours
Indium WBC Liver and Bone
tecnal! 1 ek Damaged Marrow | Lung Clear
_ RBC Tagged | Heart Lung | oo
Gl NO GI :
RBEC Damaged Spleen | mrang

Gallilum Gallium is BETTER than Indium
for Evaluating

= Suspected abdominal-pelvic abscess due | « Spine
to the lack of a normal bowel excretory | + Diffuse Pulmonary Processes: Gallium is
pathway probably the agent of choice for the
evaluation of pulmonary inflammatory
abnormalities.

« Lymphocyte mediated infection

In WBC is BETTER than Tec HMPAO
for Evaluating

Children (lower Dose) » Fever of Unknown Origin
Inflammatory Bowel - *but you have to
image early — like around an hour (or 30
mins — depending on who you ask).

« Osteomyelitis in Extremity
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Neuro Trivia:

Tl Toxo

R R e R ey
Lymphoma

Thallium Cold

ng Enhancing

| Ring Enhancing

_Hemorrhage more common aftcr treatment | Hemorrhage less common after treatment

Thalljum HOT

PET Cold

r[*E.'I' Hot

MR Perfusion: Decreased CBV

. MR Perfusion: Increased [ur Decreased) CBV

! Symmetric T2 Asymmetric T2 : Periventricular  |Ring DiI;h:d
‘Bright Bright i T2 Bright Enhancement Perivascular
| | | _ Spaces

| Ependymal Thallium Cold Basilar

| Enhancement - | Menin__gitif

ﬁwﬂid Basal Cell

o)

ptic Nerve Gliomas

E

SME; Multiple Schwannomas, Meningiomas, Ependymomas

5 Hemangioblastoma (brain and retina)

Subependymal Giant Cell Astrocytoma, Cortical Tubers
Medulloblastoma

Syndrome (Gorlin)

Turcot GBM, Medulloblastoma

@;‘undens Lhermitte-Dulcos (Dysplastic cercbellar gangliocytoma)
e

ACOM

PCOM Ipsilateral Basal Cistern

MCA Trifurcation Sylvian Fissure

Basilar Tip Interpeduncular Cistern, or Intraventricular

PICA Posterior Fossa or Intraventricular
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Lateral nasal wall 40% show ! Cerebriform Paitern
|M=F (4:1) !ccm:md at the middie |"entrapped bone” | May have focal
! meatus, with Cerebriform { hyperostogis on CT
| occasional extension | Paftern |
1 tine Papillo ! inte the antrum 10% Harbora |
e S s P Squamous Cell
! | CA
!
|
|Bimodal 20s & |Dumbbell shaped with ~ TAVID homogeneous
| waist al the cribiform i enhancement
Esthesioneuroblastoma | plate
| |
I I’
Broad Range  |Ethmoid origin more | Larse, typically > | Funguﬁng;ﬁ_
{30s-90s]) common than dem on | Poorly defined
. maxillary presentation | Heterogeneous
| | enhancement with
SNUC | neerosis
95% > 40 years |Maxillary Antrum is | Most Common | Aggressive Antral Sofl
old involved in 80% Malignancy of  Tissue Mass, with
Simo-Masal track  destruction of sinus
| fwalls  Low signal
| ron T2 (highly
1 reellular)
Squamous Cell CA i { Enhances less than
| i some other sinus
| | malignancies
|
| |
S = | = | s, Spmmie e Sl e o
MNearly Origin in the ‘Radiation alone ' Enhancing mass
| Exclusively Spenopalantine cures in 30% ‘arising from the SPF
INA Male |Foramen (5PF)  in adolescent male
fluvenile Rare <8 or > ~| ' Dark Flow Voids on
Nasopharyngeal 25 | Ti
Angiafibroma) | | {Avidly Enhances
| |
?
Lsually vld:r,- 'PE]S]]'E;I'_I;; - __.rl-li_giil}r variable _l-lurnuge.neﬂus mass i |
peak is 605 | Sinuses appearance i masal cavity with bony |
| s destruction i
: . ! : Low Signal on T2
Sinonasal Lymphoma | f ! ((highly cellular)
; |
.' ! .
A R |
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“SECTION 3:

“High Yield Trivia, Best Reviewed While Pooping

When | say “Subglottic Hemangioma,” You Say PHACES Syndrome

When [ say “PHACES Syndrome,” You say Cutaneous Hemangioma

When | say “Ropy Appearance,” You say Meconium Aspiration

When [ say “Post Term Delivery,” You Say Meconium Aspiration

When [ say “Fluid in the Fissures,” You say Transient Tachypnea

When [ say “History of c-section”, You say Transient Tachypnea

When | say “Maternal sedation™, You say Transient Tachypnea

When | say “Granular Opacities + Premature”, You say RDS

When | say “Granular Opacities + Term + High Lung Velume.” You say Pneumonia

When [ say “Granular Opacities + Term + Low Lung Volume,” You say B-Hemolytic
Strep

When | say “Band Like Opacities”, You say Chronic Lung Disease (BPD)
When | say “Linear Lucencies” , You say Pulmonary Interstitial Emphysema
When I say “Pulmonary Hypoplasia,” You say diaphragmatic hernia

When | say “Lung Cysts and Nodules,” You Say LCH or Papillomatosis
When [ say “Lower lobe bronchiectasis,” You Say Primary Ciliary Dyskinesia
When | say “Upper lobe bronchiectasis,” You Say CF

When | say “Posterior mediastinal mass (under 2),” You Say Meuroblastoma
When | say “No air in the stomach”, You say Esophageal Atresia

When | say “Excessive air in the stomach”, You say “H" Type TE fistula
When [ say “Anterior Esophageal Impression,” You say pulmonary sling
When | say “Pulmonary Sling,” You say tracheal stenosis.

When | say “Single Bubble,” You say Gastric (antral or pyloric) atresia

When I say “Double Bubble,” You say duodenal atresia

When | say “Duodenal Atresia”, You say Downs

When | say “Single Bubble with Distal Gas,” You say maybe Mid Gut Volvulus
When | say “Non-bilious vomiting”, You say Hypertrophic Pyloric Stenosis
When | say “Paradoxial aciduria™ You say Hypertrophic Pyloric Stenosis
When | say “Bilious vomiting - in an infant”, You say Mid Gut Volvulus
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When I say “Corkscrew Duodenum™ You say Mid Gut Volvulus

When I say “Reversed SMA and SMV" You say Malrotation

When I say “Absent Gallbladder™ You say biliary atresia

When I say “Triangle Cord Sign” You say biliary atresia

When | say “Asplenia” , You say “cyanotic heart discase™

When [ say “Infarcted Spleen,” You say Sickle Cell

When | say “Gall Stones,” You say Sickle Cell

When I say “Short Microcolon,” You say Colonic Atresia

When | say “Long Microcolon,” You say Meconium ileus or distal ileal atresia
When [ say “Saw tooth colon,” You say Hirschsprung

When 1 say “Calcified mass in the mid abdomen of a newbom™, you say Meconium
Peritonitis

When | say “Meconium ileus equivalent,” you say Distal Intestinal Obstruction
Syndrome (CF).

When | say “Abrupt caliber change of the aorta below the celiac axis™ |, You say Hepatic
Hemangioendothelioma.

When 1 say “Cystic mass in the liver of a newborn,” you say Mesenchymal Hamartoma

When | say “Elevated AFP, with mass in the liver of a newborn,” you say
Hepatoblastoma

When I say “Common Bile Duct measures more than 10 mm”, You say Choledochal Cyst
When 1 say “Lipomatous pseudohypertrophy of the pancreas,” You say CF

When | say “Unilateral Renal Agenesis” You say unicornuate uterus

When | say “Neonatal Renal Vein Thrombosis,” You say matermnal diabetes

When [ say “Meonatal Renal Artery Thrombosis,” You say Misplaced Umbilical Artery
Catheter

When | say “Hydro on Fetal MEL" You say Posterior Urethral Valve

When [ say “Urachus,” You say bladder Adenocarcinoma

When 1 say “Nephroblastomatosis with Necrosis,” you say Wilms

When [ say “Solid Renal Tumor of Infancy,” you say Mesoblastic Nephroma
When [ say “Solid Renal Tumor of Childhood,” you say Wilms

When | say “Midline pelvic mass, in a female,” you say Hydrometrocolpos
When [ say “Right sided varicocele,” you say abdominal pathology

When | say “Blue Dot Sign,” you say Torsion of the Testicular Appendage

When | say “Hand or Foot Pain / Swelling in an Infant™, You say - sickle cell with hand
foot syndrome.

When | say Extratesticular scrotal mass, you say embryonal rhabdomyosarcoma
When [ say “Narrowing of the interpedicular distance,” you say Achondroplasia
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When [ say “Platyspondyly (flat vertebral bodies),” you say Thanatophoric
When [ say “Absent Tonsils afier 6 months” You say “Immune Deficiency”

When 1 say “Enlarged Tonsils well after childhood (like 12-15)" You say “Cancer”...
probably lymphatic

When [ say “Mystery Liver Abscess in Kid, "You say “Chronic Granulomatous Disease™
When | say “narrowed B Ring,” You say Schatzki (Schar "B ki Ring)

When | say “esophageal concentric rings.” You say Eosinophilic Esophagitis

When | say “shaggy” or “plaque like” esophagus, You say Candidiasis

When | say “looks like candida, but an asymptomatic old lady,” you say Glycogen
Acanthosis

When [ say “reticular mucosal pattern,” you say Barretts

When 1 say “high stricture with an associated hiatal hemia,” you say Barreuts
When [ say “abrupt shoulders,” you say cancer

When | say “Killian Dehiscence,” you say Zenker Diverticulum

When [ say “transient, fine transverse folds across the esophagus,” you say Feline
Esophagus.

When [ say “bird’s beak,” you say Achalasia
When [ say “solitary esophageal ulcer,” you say CMV or AIDS

When I say “ulcers at the level of the arch or distal esophagus,” you say Medication
induced

When I say “Breast Cancer + Bowel Hamartomas,” vou say Cowdens

When | say “Desmoid Tumars + Bowel Polyps,” you say Gardners

When [ say “Brain Tumors + Bowel Polyps,” you say Turcots

When [ say “enlarged left supraclavicular node,” you say Virchow Mode (Gl Cancer)
When | say “crosses the pylorus,” you say Gastric Lymphoma

When [ say “isolated gastric varices,” you say splenic vein thrombus

When | say “multiple gastric ulcers,” you say Chronic Aspirin Therapy.

When | say “multiple duodenal (or jejunal) ulcers,” you say Zollinger-Ellsion
When | say “pancreatitis after Billroth 2, you say Afferent Loop Syndrome
When I say “Weight gain years after Roux-en-Y,” you say Gastro-Gastro Fistula
When | say “Clover Leaf Sign - Duodenum,” you say healed peptic ulcer.
When I say “Sand Like Nodules in the Jejunum,” you say Whipples

When I say “Sand Like Nodules in the Jejunum + CD4 <100, you say MAI
When | say “Ribbon-like bowel,” you say Graft vs Host

When I say “Ribbon like Jejunum,” you say Long Standing Celiac

When | say “Moulage Pattern,” you say Celiac (moulage = loss af jejunal folds)
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When | say “Fold Reversal - of jejunum and ileum,” you say Celiac

When [ say “Cavitary (low density) Lymph nodes.” you say Celiac

When | say “hide bound” or “Stack or coins,” you say Scleroderma

When | say “Megaduodenum,” you say Scleroderma

When | say “Duodenal obstruction, with recent weight loss,” you say SMA Syndrome
When [ say “Coned shaped eecum,” you say Amebiasis

When | say “Lead Pipe,” you say Ulcerative Colitis

When [ say “String Sign,” you say Crohns

When | say “Massive circumferential thickening, without obstruction,” you say Lymphoma
When [ say “Multiple small bowel target signs,” you say Melanoma

When | say “Obstructing Old Lady Hernia,” you say Femoral Hernia

When [ say “sac of bowel,” you say Paraduodenal hemia.

When | say “scalloped appearance of the liver,” you say Pseudomyxoma Peritonei
When | say “HCC without cirrhosis,” you say Hepatitis B (or Fibrolamellar HCC)
When [ say “Capsular retraction,” you say Cholangiocarcinoma

When | say “Periportal hypoechoic infiltration + AIDS,” you say Kaposi’s

When | say “sparing of the caudate lobe,” you say Budd Chian

When | say “large T2 bright nodes + Budd Chiari,” you say Hyperplastic nodules
When I say “liver high signal in phase, low signal out phase,” you say fatty liver

When | say “liver low signal in phase, and high signal out phase,” you say
hemochromatosis

When | say “multifocal intrahepatic and extrahepatic biliary stricture,” you say PSC
When | say “multifocal intrahepatic and extrahepatic biliary strictures + papillary stenosis,”
you say AIDS Cholangiopathy.

When I say “bile ducts full of stones,” you say Recurrent Pyogenic Cholangitis

When I say “Gallbladder Comet Tail Artifact,” you say Adenomyomatosis

When [ say “lipomatous pseudohypertrophy of the pancreas,” you say CF

When | say “sausage shaped pancreas,” you say autoimmune pancreatitis

When [ say “autoimmune pancreatitis,” you say lz(id

When 1 say “IgG4” you say RP Fibrosis, Sclerosing Cholangitis, Fibrosing Mediastinitis,
Inflammatory Pseudotumor

When 1 say “Wide duodenal sweep,” you say Pancreatic Cancer

When | say “Grandmother Pancreatic Cyst” you say Serous Cystadenoma

When 1 say “Mother Pancreatic Cyst”™ you say Mucinous

When | say “Daughter Pancreatic Cyst,” you say Solid Pseudopapillary

When | say “bladder stones,” you say neurogenic bladder
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When | say “pine cone appearance,” you say neurogenic bladder

When | say “urethra cancer,” you say squamous cell CA

When [ say “urethra cancer - prostatic portion,” you say transitional cell CA
When | say “urethra cancer - in a diverticulum,” you say adenocarcinoma

When I say “long term supra-pubic catheter,” you say squamous Bladder CA
When [ say “e-coli infection,” you say Malakoplakia

When [ say “vas deferens calcifications,” you say diabetes

When | say “calcifications in a fatty renal mass,” you say RCC

When 1 say “protrude into the renal pelvis,” you say Multilocular cystic nephroma
When [ say “no functional renal tissue,” you say Multicystic Dysplastic Kidney
When | say “Multicystic Dysplastic Kidney,” you say contralateral renal issues (50%)
When | say “Emphysematous Pyelonephritis,” you say diabetic

When | say “Xanthogranulomatous Pyelonephritis,” you say staghom stone
When | say “Papillary Necrosis,” you say diabetes

When [ say “shrunken calcified kidney,” you say TB (“putty kidney™)

When [ say “bilateral medulla nephrocalcinosis,” you say Medullary Sponge Kidney
When | say “big bright kidney with decreased renal function,” you say HIV

When | say “history of lithotripsy,” you say Page Kidney

When | say “cortical rim sign,” you say subacute renal infarct

When 1 say “history of renal biopsy,” you say AVF

When | say “reversed diastolic flow,” you say renal vein thrombosis

When | say “sickle cell trait,” you say medullary RCC

When I say “Young Adult, Renal Mass, + Severe HTN,” you say Juxtaglomerular Cell Tumor

When 1 say “squamous cell bladder CA.” vou say Schistosomiasis

When | say “entire bladder calcified,” you say Schistosomiasis

When | say “urachus,” you say adenocarcinoma of the bladder

When I say “long stricture in urethra,” you say Gonococceal

When [ say “short stricture in urethra,” you say Straddle Injury

When | say “Unicomuate Uterus,” you say Look at the kidneys

When I say “T-Shaped Uterus,” you say DES related or Vaginal Clear Cell CA
When | say “Marked enlargement of the uterus,” you say Adenomyosis

When | say “Adenomyosis,” you say thickening of the junctional zone (> 12 mm)
When | say “Wolffian duct remnant,” you say Gartner Duct Cyst

When | say “Theca Lutein Cysts,” you say moles and multiple gestations

When | say “Theca Lutein Cysts + Pleural Effusions,” you say - Hyperstimulation
Syndrome (paticnt on fertility meds).
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When I say “Low level internal echoes,” you say Endometrioma

When | say “T2 Shortening,” you say - Endometrioma - “Shading Sign”
When [ say “Fishnet appearance,” you say Hemorrhagic Cyst

When | say “Ovarian Fibroma + Pleural Effusion,” you say Meigs Syndrome
When | say “Snow Storm Uterus, " you say Complete Mole - |st Trimester

When | say “Serum B-hCG levels that rise in the 8 to 10 weeks following evacuation of
maolar pregnancy,” you say Choriocarcinoma

When | say “midline cystic structure near the back of the bladder of a man,” you say
Prostatic Utricle

When | say “lateral cystic structure near the back of the bladder of a man.” you say
Seminal Vesicle Cyst

When 1 say “isolated orchitis,” you say mumps
When [ say “onion skin appearance,” you say epidermoid cyst
When I say “multiple hypoechoic masses in the testicle,” you say lymphoma

When | say “cystic elements and macro-caleifications in the testicle,” you say Mixed Germ
Cell Tumor

When | say “homogenous and microcalcifications,” you say seminoma

When [ say “gynecomastia + testicular tumor,” you say Sertoli Leydig

When I say “fetal macrosomia,” yvou say Maternal Diabetes

When [ say “one artery adjacent to the bladder,” you say two vessel cord

When I say “painless vaginal bleeding in the third trimester,” you say placenta previa
When [ say “mom doing cocaine,” you say placenta abruption

When [ say “thinning of the myometrium - with turbulent doppler.” you say placenta creta

When [ say “mass near the cord insertion, with flow pulsating at the fetal heart rate,” you
say placenta chorioangioma

When I say “Cystic mass in the posterior neck -antenatal period,” you say cystic hygroma.

When | say “Pleural effusions, and Ascites on prenatal US,” you say hydrops.

When [ say “Massively enlarged bilateral kidneys,” you say ARPKD

When [ say “Twin peak sign,” you say dichorionic diamniotic

When I say “obliteration of Raider’s Triangle,” you say aberrant right subclavian
When | say “flat waist sign,” you say left lower lobe collapse

When | say “terrorist + mediastinal widening,” you say Anthrax

When | say “bulging fissure,” you say Klebsiella

When | say “dental procedure gone bad, new with jaw osteo and pneumonia,” you say
Actinomycosis.

When I say “culture negative pleural effusion, 3 months later with airspace opacity,” you
say TB

When 1 say “hot-tub,” you say Hypersensitivity Pneumonitis
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When | say “halo sign,” you say Fungal Pneumonia - Invasive Aspergillus

When | say “reverse halo or atoll sign,” you say COP

When 1 say “finger in glove,” you say ABPA

When 1| say “ABPA,” you say Asthma

When | say “septic emboli + jugular vein thrombus,” you say Lemierre

When | say “Lemierre,” you say Fusobacterium Mecrophorum

When I say “Paraneoplatic syndrome with SIADH,” you say Small Cell Lung CA
When I say “Paraneoplatic syndrome with PTH,” you say Squamous Cell CA

When I say “Small Cell Lung CA -+ Proximal Weakness,” you say Lambert Eaton
When I say “Cavity fills with air, post pneumonectomy,” you say Bronchopleural Fistula
When | say “malignant bronchial tumor,” you say carcinoid

‘When I say “malignant tracheal tumor,” you say Adenoid Cystic

When [ say “AIDS patient with lung nodules, pleural effusion, and lymphadenopathy,”
you say Lymphoma

When [ say “Gallium Negative,” you say Kaposi

When 1 say “Thallium MNegative,” you say PCP

When 1 say “Macroscopic fat and popcorn calcifications,” yvou say Hamartoma

When | say “Bizarre shaped cysts,” you say LCH

When | say “Lung Cysts in a TS patient,” you say LAM

When I say “Panlobular Emphysema - NOT Alpha 1,” you say Ritalin Lung

When | say “Honeycombing,” you say UIP

When 1 say “The histology was heterogeneous,” you say UIP

When I say “Ground Glass with Sub pleural Sparing,” vou say NSIP

When | say “UIP Lungs + Parietal Pleural Thickening,” you say Asbestosis

When [ say “Cavitation in the setting of silicosis,” vou say TE

When | say “Air trapping seen 6 months after lung transplant,” you say Chronic
Rejection / Bronchiolitis Obliterans Syndrome

When | say “Crazy Paving,” vou say PAP

When [ say “History of constipation,” you say Lipoid Pneumonia - inferring mineral oil
use / aspiration.

When | say “UIP + Air trapping,” you say Chronic Hypersensitivity Pneumonitis

When [ say “Dilated Esophagus + ILD,” = Scleroderma (with N51P)

When [ say “Shortness of breath when sitting up,” you say Hepatopulmonary syndrome
When [ say “Episodic hypoglycemia,” you say solitary fibrous tumor of the pleura
When [ say “Pulmonary HTN with Normal Wedge Pressure,” you say Pulmonary Veno-
occlusive disease,

When | say “Yellow Nails™ you say Edema and Chylous Pleural Effusions (Yellow Nail
Syndrome).

When | say “persistent fluid collection after pleural drain/tube placement,” you say
Extrapleural Hematoma,

When | say “Displaced extrapleural fat,” you say Extrapleural Hematoma.

When | say “Massive air leak, in the setting of trauma,” you say bronchial or tracheal

injury
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When | say “Hot on PET - around the periphery,” you say pulmonary infarct

When I say “Multi-lobar collapse,” you say sarcoid

When | say “Classic bronchial infection,” you say TB

When I say “Panbronchiolitis,” you say tree in bud (not centrilobular or random nodules)
When I say “Bronchorrhea,” you say Mucinous BAC

When | say “ALCAPA.” you say Steal Syndrome

When | say “Supra-valvular Aortic Stenosis™ you say Williams Syndrome

When I say “Bicuspid Aortic Valve and Coarctation” you say Turners Syndrome

When | say “Isolated right upper lobe edema,” you say Mitral Reguraitation

When I say “Peripheral pulmonary stenosis,” you say Alagille Syndrome

When I say “Box shaped heart”, you say Ebsteins

When 1 say “Right Arch with Mirror Branching,” you say congenital heart.

When [ say “hand/thumb defects + ASD,” you say Holt Oram

When I say “ostium primum ASD (or endocardial cushion defect),” you say Downs
When I say “Right Sided PAPVR,” you say Sinus Venosus ASD

When | say “Calcification in the left atrium wall,” you say Rheumatic Heart Disease
When [ say “difficult to suppress myocardium,” you say Amyloid

When [ say “blood pool suppression on delayed enhancement,” you say Amyloid
When | say “septal bounce,” you say constrictive pericarditis

When [ say “ventricular interdependence,” you say constrictive pericarditis

When [ say “focal thickening of the septum - but not Hypertrophic Cardiomyopathy,” you
say Sarcoid,

When [ say “ballooning of the left ventricular apex,” you say Tako-Tsubo

When [ say “fat in the wall of a dilated right ventricle,” you say Arrhythmogenic Right
Ventricular Cardiomyopathy (ARVC)

When [ say “kid with dilated heart and mid wall enhancement,” you say Muscular
Dystrophy

When [ say “Cardiac Rhabdomyoma,” you say Tuberous Sclerosis

When | say “Bilateral Ventricular Thrombus,” you say Eosinophilic Cardiomyopathy
When | say “Diffuse LV Subendocardial enhancement not restricted to a vascular
distribution,” you say Cardiac Amyloid.

When | say “Glenn Procedure,” you say acquired pulmonary AVMs

When I say “Pulmonary Vein Stenosis,” you say Ablation for A-Fib

When I say “Multiple Cardiac Myxomas,” you say Carney’s Complex

When | say “vessel in the fissure of the ligamentum venosum,” you say replaced left hepatic
artery.

When I say “vessel coursing on the pelvic brim,” you say Corona Mortis

When | say “ascending aorta caleifications,” you say Syphilis and Takayasu

When 1 say “wlip bulb aorta,” you say Marfans

When | say “really shitty Marfan’s variant,” you say Loeys-Dietz

When | say “tortuous vessels,” you say Loeys-Dietz

When 1 say “renal artery stenosis with HTN in a child,” you say NF-1
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When I say “nasty looking saccular aneurysm, without intimal calcifications™ you say
Mycotic.

When [ say “tree bark intimal calcification,” you say Syphilitic { Luetic) aneurysm

When [ say “painful aneurysm in smoker, sparing the posterior wall,” you say Inflammatory
aneurysm.

When | say “Turkish guy with pulmonary artery ancurysm,” you say Beheets

When I say “Gl bleed with early opacification of a dilated draining vein,” you say Colonic
Angiodysplasia

When [ say “spider web appearance of hepatic veins on angiogram,” you say Budd Chiari
When I say “non-decompressible varicocele,” you say look in the belly for badness
When I say “right sided varicocele,” you say look in the belly for badness

When I say “swollen left leg,” you say May Thumer

When | say “popliteal aneurysm,” you say look for the AAA (and the other leg)

When | say “most dreaded complication of popliteal aneurysm,” vou say distal emboli
When | say “Great saphenous vein on the wrong side of the calf - lateral side,” yvou say
Marginal Vein of Servelle - which is supposedly pathognomonic for Klippel-Trenaunay
Syndrome

When | say “Asian,” you say Takayasu

When | say “Involves the aorta,” you say Takayasu

When | say “Kids with vertigo and aortitis,” you say Cogan Syndrome

When | say *Masal perforation + Cavitary Lung Lesions,” you say Wegeners

When | say “diffuse pulmonary hemorrhage,” you say Microscopic Polyangitis

When [ say “Smoker + Hand Angiogram,” you say Buergers

When [ say “Construction worker + Hand Angiogram,” you say Hypothenar Hammer
When 1 say “Unilateral tardus parvus in the carotid,” you say stenosis of the innominate
When [ say “Bilateral tardus parvus in the carotids,” you say aortic stenosis

When [ say “Bilateral reversal of flow in carotids,” you say aortic regurg

When [ say “Lack of diastolic flow on carotid US,” you say Brain Death

When [ say IVC greater than 28 mm, you sat Mega Cava

When | say Mega Cava, you say Birds Nest Filter

When I say “Hairpin turn - during bronchial angiography,” you say anterior medullary
{spinal cord) artery

When [ say “Fever, WBC, Nausea, and Vomiting after Uterine Artery Embolization,” you
say Post Embolization Syndrome (obvicusly could also be infection)

When | say “Most medial vessel in the leg,” you say posterior tibial artery

When I say “the source of 85% of upper GI bleeds,” you say left gastric artery

When | say “the source of bleeding from a duodenal ulcer,” you say GDA

When | say “Pulmonary AVM,” you say HHT

When | say “most feared complication of bronchial artery embolization,” you say spinal
cord infaret

When | say “high risk of bleeding for liver transplant,” you say transjugular approach
When | say “maost feared complication of brachial arterial access,” you say compartment

syndrome
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When [ say “cold painful fingers during dialysis,” you say “Steal syndrome”
When [ say “ulcer on medial ankle,” you say venous stasis
When [ say “ulcer on dorsum of foot,” you say ischemia or infected ulcer
When I say “ulcer on plantar surface of foot,” you say neutropenic ulcer\
When [ say “pulsatile lower limb venous doppler,” you say right heart failure.
When [ say “hot clumps of signal in the lungs on Liver Spleen sulfur colloid,” you say
too much Al in the Te.
When I say “HOT spleen,” you say WBC scan or Octreotide (sulfur colloid will be a
warm spleen,
When | say “Bone Sean with Hot Skull Sutures,” you say renal osteodystrophy
When [ say “Bone Scan with Focal Breast Uptake,” you say breast CA
When | say “Bone Scan with Renal Cortex Activity,” you say hemochromatosis
When [ say “Bone Scan with Liver Activity,” you say either too much Al, Amyloid,
Hepatoma, or Liver Mecrosis
When | say “Bone Scan with Sternal Lesion,” you say breast CA,
When | say “Bone Scan with Diffusely Decreased Bone Uptake,” you say (1) Free Tc, or
(2) Bisphosphonate Therapy.
When [ say “Tramline along periosteum of long bones,” you say lung CA
When I say “Super Hot Mandible in Adult,” you say Fibrous Dysplasia
When I say “Super Hot Mandible in Child,” you say Cafteys
When | say “Periarticular uptake on delayed scan,” you say RSD
When [ say “Focal uptake along the lesser trochanter,” you say Prosthesis loosening
When 1 say “Tracer in the brain on a VIQ study,” you say Shunt
When | say “Tracer over the liver on Ventilation with Xenon,” you say Fatty Liver
When | say “Gallium Negative, Thallium Positive,” you say Kaposi
When I say “High T3, High T4, low TSH, - low thyroid uptake,” you say Quervains
(Granulomatous thyroiditis).
When [ say “persistent tracer in the lateral ventricles > 24 hours,.” you say NPH
When [ say “Renal uptake on sulfur colleid,” you say CHF
When [ say “Renal transplant uptake on sulfur colloid”, you say Rejection
When 1 say “Filtered Renal Agent,” you say DTPA (or GH)
When | say “Secreted Renal Agent,” you say MAG-3
When [ say “PET with increased muscle uptake,” you say insulin
When | say “Diffuse FDG uptake in the thyroid on PET,” you say Hashimoto
When I say “I see the skeleton on MIBG,” you say diffuse neuroblastoma bone mels
When | say “Cardiac tissue taking up FDG more intense than normal myocaridum,” you
say hibernating myocardium
I say “made with a generator” , you say Tc99 and Rubidium
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When 1 say “cervical kyphosis™ , you say NF-1
When 1 say “lateral thoracic meningocele,” you say NF-1

When [ say “bilateral optic nerve gliomas,” you say NF-1

When | say “bilateral vestibular schwannoma,” you say NF-2

When I say “retinal hamartoma,” you say TS

When 1 say “retinal angioma,” you say VHL

When | say “brain tumor with restricted diffusion,” you say lymphoma

When | say “brain tumeor crossing the midline,” you say GBM (or lymphoma)
When | say “Cyst and Nodule in Child,” you say Pilocystic Astrocytoma

When | say “Cyst and Nodule in Adult,” you say Hemangioblastoma

When [ say “multiple hemangioblastoma,” you say Von Hippel Lindau

When 1 say “Swiss cheese tumor in ventricle,” you say central neurocytoma

When [ say “CN3 Palsy,” you say posterior communicating artery ancurysm

When | say “CN6 Palsy,” you say increased ICP

When I say “Ventricles out of size to atrophy,” vou say NPH

When I say “Hemorrhagic putamen,” you say Methanol

When | say “Decreased FDG uptake in the lateral oceipital cortex,” you say Lewy Body
Dementia

When [ say “TORCH with Periventricular Caleification,” you say CMV

When | say “TORCH with hydrocephalus,” you say Toxoplasmosis

When [ say “TORCH with hemorrhagic infarction,” you say HSV

When | say “Neonatal infection with frontal lobe atrophy,” you say HIV

When | say “Rapidly progressing dementia + Rapidly progressing atrophy,” you say CID
When [ say “Expanding the cortex,” Oligodendroglioma

When | say “Tumor acquired after trauma (LP),” you say Epidermoid

When | say “The Palate Separated from the Maxilla / Floating Palate,” vou say LeFort |
When | say “The Maxilla Separated from the Face” or “Pyramidal” you say LeFort 2
When | say “The Face Separated from the Cranium,” you say LeFort 3

When | say “Airless expanded sinus,” you say mucocele

When | say “DVA.” you say cavernous malformation nearby

When | say “Single vascular lesion in the pons,” you say Capillary Telangiectasia
When | say “Elevated NAA peak,” you say Canavans

When | say “Tigroid appearance,” you say Metachromatic Leukodystrophy

When | say “Endolymphatic Sac Tumor.” you say VHL

When I say “T1 Bright in the petrous apex,” you say Cholesterol Granuloma

When 1 say “Restricted diffusion in the petrous apex.” you say Cholesteatoma
When 1 say “Lateral rectus palsy + olomastoiditis.” you say Grandenigo Syndrome
When 1 say “Cochlear and semicircular canal enhancement.” you say Labyrinthitis
When 1 say “Conductive hearing loss in an adultl.” you say Otosclerosis

When | say “Noise induced vertigo.” you say Superior Scmicireular Canal dehiscence
When | say “Widening of the maxillary ostium.” you say Antrochonal Polyp

When | say “Inverting papilloma.” you suy ﬁl|1|:l|.'|ll."lll=* cell CA(10%)

When [ say ~Adenoid eystic,” you say perineural spreid
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When I say “Left sided vocal cord paralysis,” you say look in the AP window

When | say “Bilateral coloboma,” you say CHARGE syndrome

When [ say “Retinal Detachment + Small Eve™ you say PHPV

When | say “Bilateral Small Eye,” you say Retinopathy of Prematurity

When [ say “Calcification in the globe of a child,” you say Retinoblastoma

When | say “Fluid-Fluid levels in the orbit,” you say Lymphangioma

When [ say “Orbital lesion, worse with Valsalva,” you say Varix

When [ say “Pulsatile Exophthalmos,” you say NF-1 and CC Fistula

When [ say “Sphenoid wing dysplasia.” you say NF-1

When I say “Scimitar Sacrum,” you say Currarino Triad

When [ say “bilateral symmetrically increased T2 signal in the dorsal columns,” you say
BI2 {or HIV)

When | say “Owl eye appearance of spinal cord,” you say spinal cord infarct

When | say “Enhancement of the nerve roots of the cauda equina,” you say Guillain
Barre

When | say “Subligamentous spread of infection,” you say TB

When | say, “Posterior elbow dislocation,” you say Capitellum fracture

When [ say “Chondroblastoma in an adult”, you say “Clear Cell Chondrosarcoma™
When [ say “Malignant epiphyseal lesion”, you say “Clear Cell Chondrosarcoma™
When [ say “Permeative lesion in the diaphysis of a child”, you say “Ewings"
When [ say *“T2 bright lesion in the sacrum™ , you say “Chordoma™

When 1 say “Lytic T2 DARK lesion™ , you say “Fibrosarcoma™

When [ say “Sarcomatous transformation of an infarct™, you say “MFH"

When | say, “Epiphyseal Lesion that is NOT T2 Bright” , You say Chondroblastoma
When 1 say, “short 4th metacarpal,” You say pseudopseudohypoparathyroidism and Turner
Syndrome

When [ say, “band like acro-osteolysis,” You say Hajdu-Cheney

When [ say “fat containing tumor in the retroperitoneum,” you say liposarcoma
When [ say “sarcoma in the foot” you say synovial sarcoma,

When | say “avulsion of the lesser trochanter,” you say pathologic fracture

When 1 say “cross over sign.” you say pincher type Femoroacetabular Impingement
When 1 say “Segond Fracture,” you say ACL tear

When | say “Reverse Segond Fracture,” you say PCL

When | say “Arcuate Sign,” you say fibular head avulsion or PCL tear

When | say “Deep Intercondylar Motch,” you say ACL tear

When [ say “Bilateral Patellar Tendon Ruptures,” you say chronic steroids

When | say “Wide ankle mortise,” you say show me the proximal fibula (Maisonneuve).
When | say “Bilateral calcaneal fractures,” you say show me the spinal compression fracture
{(*“lover’s leap™)

When | say “Dancer with lateral foot pain,” you say avulsion of 5th MT

When | say “Old lady with sudden knee pain with standing,” you say SONK

When | say “Looser’s Zones,” you say osteomalacia or rickets (vitamin D)
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When I say “Unilateral RA with preserved Joint spaces,” you say RSD
When [ say “T2 bright tumor in finger,” you say Glomus

:ﬁm;;ﬂﬁ' “Blooming in tumor in finger,” you say Giant Cell Tumor of Tendon Sheath

When [ say “Atrophy of teres minor,” you say Quadrilateral Space syndrome
When | say “Subluxation of the Biceps Tendon,” you say Subscapularis tear

When | say “Too many bow ties,” you say Discoid Meniscus

When [ say “Celery Stalk ACL - T2” you say Mucoid Degeneration

When | say “Drumstick ACL - T1” you say Mucoid Degeneration

When [ say “Acute Flat foot,” you say Posterior Tibial Tendon Tear

When | say “Boomerang shaped peroneus brevis,” you say tear - or split tear

When | say “Meniscoid mass in the lateral gutter of the ankle,” you say Anteriolateral
Impingement Syndrome

When [ say ““Scar between 3rd and 4th metatarsals,” you say Morton's neuroma

When [ say “Osteomyelitis in the spine,” you say IV drug user

When | say “Osteomyelitis in the spine with Kyphesis,” you say TB (Gibbus Deformity)
When I say “Unilateral SI joint lysis,” you say [V Drug User

When | say “Psoas muscle abscess,” you say TB

When I say “Rice bodies in joint,” you say TB - sloughed synovium

When I say “Calcification along the periphery,” you say myositis ossificans

When | say “Calcifications more dense in the center,” you say Osteosarcoma - reverse zoning
When [ say “Permeative lesion in the diaphysis of a child,” you say Ewings

When [ say “Long lesion in a long bone,” you say Fibrous Dysplasia

When | say “Large amount of edema for the size of the lesion,” you say Osteoid Osteama
When | say “Cystic bone lesion, that is NOT T2 bright,” you say Chondroblastoma
When | say “Lesion in the finger of a kid,” you say Periosteal chondroma

When 1 say “looks like NOF in the anterior tibia with anterior bowing,” you say Osteofibrous
Dysplasia.

When | say “ RA + Pneumoconiosis,” you say Caplan Syndrome

When | say ** RA + Big Spleen + Neutropenia,” you say Felty Syndrome

e <Rt iy of e 30 Y003 Lo

When | say “Reducible deformity of joints - in hand,” you say Lupus.

When I say “destructive mass in a bone of a leukemia patient.” you say Chloroma

When I say "shrinking breast,” you say ILC

When I say “thick Coopers ligaments,” you say edema (CHF)
When | say “thick fuzzy coopers ligaments - with normal skin,” you say blur
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When | say “dashes but no dots,” you say Secretory Calcifications

When 1 say “cigar shaped calcifications,” you say Secretory Caleifications
When | say “popcom calcifications,” you say degenerated fibroadenoma
When [ say “breast within a breast,” you say hamartoma

When [ say “fat-fluid level,” you say galactocele

When [ say “rapid growing fibroadenoma,” you say Phyllodes

When [ say “swollen red breast, not responding to antibiotics,” you say Inflammatory
breast CA

When [ say “lines radiating to a single point,” you say Architectural distortion.
When [ say “Architectural distortion + Calcifications.” you say IDC + DCIS
When [ say “Architectural distortion without Calcifications,” you say ILC
When | say “Stepladder Sign,” you say Intracapsular rupture on US

When | say “Linguine Sign,” you say Intracapsular rupture on MR1

When | say “Residual Cales in the Lumpectomy Bed,” you say local recurrence

When 1 say “MNo Calcs in the core,” you say milk of calcium (requires polarized light 1o
be seen).
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"SECTION 4:
" The Sledgehammer
" -hrute force tactics

+ Pulmonary Interstitial Emphysema (PIE) - put the bad side down

Bronchial Foreign Body - put the lucency side down (if it stays that way, it's positive)
Papillomatosis has a small (2%) risk of squamous cell CA

Pulmonary sling is the only variant that goes between the esophagus and the trachea. Thisis
associated with trachea stenosis.

Thymic Rebound — Seen after stress (chemotherapy) — Can be PET-Avid
Lymphoma — Most common mediastinal mass in child (over 10}

Anterior Mediastinal Mass with Caleification — Either treated lymphoma, or Thymic Lesion
(lymphoma doesn't caleify unless treated).

Neuroblastoma is the most common posterior mediastinal mass in child under 2 (primary
thoracic does better than ahd).

Hypertrophic Pyloric Stenosis - NOT at birth, NOT after 3 months (3 weeks to 3 months is
easiest for me to remember)

Criteria for HPS - 4 mm and 14 mm (4mm single wall, l4mm length).

Annular Pancreas presents as duodenal obstruction in children and pancreatitis in adults.
Most common cause of bowel obstruction in child over 4 = Appendicitis
Intussusception - 3 months to 3 years is ok, earlier or younger think lead point
Gastroschisis is ALWAYS on the right side

Omphalocele has associated anomalies (gastroschisis does not).

Physiologic Gut Hernia normal at 6-8 weeks

AFP is elevated with Hepatoblastoma

Endothelial growth factor is elevated with Hemangioendothelioma

Most Commeon cause of pancreatitis in a kid = Trauma (seatbelt)

Weigert Meyer Rule - Duplicated ureter on top inserts inferior and medial

Most common tumor of the fetus or infant - Sacrococcygeal Teratoma

Most common cause of idiopathic scrotal edema - HSP

Most common cause of acute scrotal pain age 7-14 - Torsion of Testicular Appendages
Bell Clapper Deformity is the etiology for testicular torsion.

SCFE is a Salter Harris Type |

Physiologic Periostitis of the Newbom doesn’t occur in a newbomn - seen around 3 months
Acetabular Angle should be < 30, and Alpha angle should be more than 60.
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Most Common benign mucosal lesion of the esophagus = Papilloma

Esophageal Webs have increased risk for cancer, and Plummer-Vinson Syndrome (anemia +
web)

Dysphagia Lusoria is from compression by a right subclavian artery {most patients with
aberrant rights don’t have symptoms).

Achalasia has an increased risk of squamous cell cancer (20 years later)
Most common mesenchymal tumor of the GI tract = GIST

Most common location for GIST = Stomach

Abscesses are almost exclusively seen in Crohns (rather than UC)
MNodes + UC = Common in the setting of active disease

Nodes (larger than lem) + Crohns = Cancer

Diverticulosis + Nodes = Cancer (maybe) -> next step endoscopy.
Krukenberg Tumor = Stomach (GI) met to the ovary

Menetrier’s involves fundus and spares the antrum

The stomach is the most common location for sarcoid (in the GI tract)
Gastric Remnants have an increased risk of cancer years after Billroth
Most common internal hernia = Left sided paraduodenal

Most common site of peritoneal carcinomatosis = retrovesical space
An injury to the bare area of the liver can cause a retroperitoneal bleed
Primary Sclerosing Cholangitis associated with Uleerative Colitis
Extrahepatic ducts are normal with Primary Biliary Cirrhosis
Anti-mitochondnal Antibodies - positive with primary biliary cirrhosis
Mirizzi Syndrome - the stone in the cystic duct obstructs the CBD
Mirizzi has a 5x increased risk of GB cancer.

Dorsal pancreatic agenesis - associated with diabetes and polysplenia
Hereditary and Tropical Pancreatitis - early age of onset, increased risk of cancer
Felty’s Syndrome - Big Spleen, RA, and Neutropenia

Splenic Artery Aneurysm - more common in women, and more likely to rupture in pregnant
WOITEN.

Insulinoma is the most common islet cell tumor
Gastrinoma 15 the most common islet cell tumor with MEN

Ulcerative Colitis has an increased risk of colon cancer (if it involves colon past the splenic
flexure), UC involving the rectum only does not increase risk of CA.

Calcifications in a renal CA - are associated with an improved survival
RCC bone mets are “always” lytic
There is an increased risk of malignancy with dialysis
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Horseshoe kidneys are more susceptible to trauma

Most common location for TCC is the bladder

Second most common location for TCC is the upper urinary tract

Upper Tract TCC is more commonly multifocal (12%) - as opposed to bladder (4%)

The cysts in acquired renal cystic disease improve after renal transplant, although the risk of
renal CA in the native kidney remains elevated. In fact, the cancers tend to be more aggressive
because of the immunosuppressive therapy needed to not reject a transplant.

Weigert Meyer Rule - Upper Pole inserts medial and inferior

Ectopic Ureters are associated with incontinence in women {not men)
Leukoplakia is pre-malignant; Malakoplakia is not pre-malignant
Extraperitoneal bladder rupture is more common, and managed medically
Intraperitoneal bladder rupture is less common, and managed surgically
Indinavir (HIV medication) stones are the only ones not seen on CT.

Uric Acid stones are not seen on plain film

Endometrial tissue in a rudimentary horn (even one that does NOT communicate) increases
the risk of miscarriage

Arcuate Uterus does NOT have an increased risk of infertility (it's a normal variant)
Fibroids with higher T2 signal respond better to UAE

Hyaline Fibroid Degeneration is the most common subtype

Adenomyosis - favors the posterior wall, spares the cervix

Hereditary Mon-Polyposis Colon Cancer (HNPCC) — have a 30-50x increased risk of
endometrial cancer

Tamoxifen increases the risk of endometrial cancer, and endometrial polyps

Cervical Cancer that has parametrial involvement (2B) - is treated with chemo/radiation.
Cervical Cancer without parametrial involvement (2A) - is treated with surgery

Vaginal cancer in adults is usually squamous cell
Vaginal Rhabdomyosarcoma occurs in children / teenagers

Premenopausal ovaries can be hot on PET (depending on the phase of cycle). Post
menopausal ovaries should Never be hot on PET.

Transformation subtypes: Endometrioma = Clear Cell, Dermoid = Squamous
Postpartum fever can be from ovanan vein thrombophlebitis

Fractured penis = rupture of the corpus cavernosum and the surrounding tunica albuginea.
Prostate Cancer is most commonly in the peripheral zone, - ADC dark

BPH nodules are in the central zone

Hypospadias is the most commaon association with prostatic utricle

Seminal Vesicle cysts are associated with renal agenesis, and ectopic ureters
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Cryptorchidism increases the risk of cancer (in both testicles), and the risk is not reduced by
orchiopexy

Immunosuppressed patients can get testicular lymphoma -hiding behind blood testes barrier
Most common cause of correctable infertility in a man is a varicocele.

Undescended testicles are more common in premature kids.

Membranes disrupted before 10 weeks, increased risk for amniotic bands

The earliest visualization of the embryo is the “double bleb sign”

Hematoma greater than 2/3 the circumference of the chorion has a 2x increased risk of
abortion,

Biparietal Diameter - Recorded at the level of the thalamus from the outermost edge of the
near skull to the inner table of the far skull.

Abdominal Circumference - does not include the subcutaneous soft tissues

Abdominal Circumference is recorded at the the level of the junction of the umbilical vein
and lefi portal vein

Abdominal Circumference is the parameter classically involved with asymmetric [IUGR
Femur Length does NOT include the epiphysis

Umbilical Artery Systolic / Diastolic Ratio should NOT exceed 3 at 34 weeks - makes you
think pre-eclampsia and IUGR

A full bladder can mimic a placenta previa

Nuchal lucency is measured between 9-12 weeks, and should be < 3 mm. More than 3mm is
associated with Downs.

Lemon sign will disappear after 24 weeks

Aquaductal Stenosis is the most common cause of non-communicating hydrocephalus in a
neonate

The tricuspid valve is the most anterior

The pulmonic valve is the most superior

There are 10 lung segments on the right, and 8 lung segments on the left

If it goes above the clavicles, it’s in the posterior mediastinum (cervicothoracic sign)

Azygos Lobe has 4 layers of pleura

Most common pulmonary vein variant is a separate vein draining the right middle lobe
Most common cause of pneumonia in AIDS patient is Strep Pneumonia

Most common opportunistic infection in AIDS = PCP.

Aspergilloma is seen in a normal immune patient

Invasive Aspergillus is seen in an immune compromised patient

Fleischner Society Recommendations do NOT apply to patient’s with known cancers
Eccentric calcifications in a solitary pulmonary nodule pattern is considered the most
suspicious.

A part solid nodule with a ground glass component is the most suspicious morphology you
can have
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Meost common early presentation of lung CA is a solitary nodule (right upper lobe)
Lung Fibrosis patients (UIP, etc...) more commonly have lower lobe CA

Stage 3B lung CA is unresectable (contralateral nodal invelvement ; ipsilateral or
contralateral scalene or supraclavicular nodal involvement, tumor in different lobes).
The most common cause of unilateral lymphangitic carcinomatosis is bronchogenic
carcinoma lung cancer invading the lymphatics

There is a 20 year latency between initial exposure and development of lung cancer or
pleural mesothelioma

Pleural effusion is the earliest and most common finding with asbestosis exposure.
Silicosis actually raises your risk of TB by about 3 fold.

Nitrogen Dioxide exposure is “Silo Filler's Disease,” gives you a pulmonary edema
pattern.

Reticular pattern in the posterior costophrenic angle is supposedly the first finding of UIP
on CXR

Sarcoidosis 15 the most common recurrent primary disease after lung transplant
Pleural plaque of asbestosis typically spares the costophrenic angles.

Pleural effusion is the most common manifestation of mets to the pleura.

There is an association with mature teratomas and Klinefelter Syndrome.

Injury close to the carina 15 going to cause a pneumomediastinum rather than a
pneumothorax

Hodgkin Lymphoma spreads in a contiguous fashion from the mediastinum and is most
often unilateral.

Non-Hodgkin Lymphoma is typically bilateral with associated abdominal
lymphadenopathy

MRI is superior for assessing superior sulcus tumors because you need to look at the
brachial plexus.

Leiomyoma is the most common benign esophageal umor (most common in the distal
third).

Esophageal Leiomyomatosis may be associated with Alport’s Syndrome

Bronchial / Tracheal injury must be evaluated with bronchoscopy

If you say COP also say Eosinophilic Pneumonia

If you say BAC also say lymphoma

Bronchial Atresia is classically in the LUL

Pericardial cysts MUST be simple, Bronchogenic cysts don't have to be simple

PAP follows a rule of 1/3s post treatment; 1/3 gets better, 1/3 doesn’t, 1/3 progresses to
fibrosis

Dysphagia Lusoria presents later in life as atherosclerosis develops

Carcinoid is COLD on PET

Wegener's is now called Granulomatosis with Polyvangiitis — Wegener was a Nazi,
Apparently he was not just a Nazi, he was a rcal asshole. | heard the guy used to take up
two parking spots at the grocery store on Sunday afternoons.

The right atrium is defined by the IVC.

The right ventricle is defined by the moderator band,
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+ The tricuspid papillary muscles insert on the septum (mitral ones do not).

= Lipomatous Hypertrophy of the Intra-Atrial Septum - can be PET Avid (it's brown fat)

= LAD gives off diagonals

= RCA gives off acute marginals

= LCX gives off obtuse marginals

* RCA perfuses SA and AV nodes (most of the time)

= Dominance is decided by which vessel gives off the posterior descending - it's the right
5%

» LCA from the Right Coronary Cusp - always gets repaired

« RCA from the Left Coronary Cusp - repaired if symptoms

= Most common location of myocardial bridging is in the mid portion of the LAD.

= Coronary Artery Aneurysm - most common cause in adult = Atherosclerosis

+ Coronary Artery Aneurysm - most common cause in child = Kawasaki

* Left Sided SVC empties into the coronary sinus

= Rheumatic heart disease is the most common cause of mitral stenosis

= Pulmonary Arterial Hypertension is the most common cause of tricuspid atresia.

» Most common vascular ring is the double aortic arch

» Most common congenital heart disease is a VSD

« Most common ASD is the Secundum

» Infracardiac TAPVR classically shown with pulmonary edema in a newbom

» “L" Transposition type is congenitally corrected (they are "L ucky).

= “D" Transposition type is doomed.

= Truncus is associated with CATCH-22 (DiGeorge)

= Rib Notching from coarctation spares the st and 2nd Ribs

« Infarct with > 50% involvement is unlikely to recover function

+ Microvascular Obstruction is NOT seen in chronic infarct

+ Amyloid is the most common cause of restricted cardiomyopathy

+ Primary amyloid can be seen in multiple myeloma

+ Most common neoplasm to involve the cardiac valves = Fibroelastoma

+ Most commonly the congenital absence of the pericardium is partial and involves the
pericardium over the left atrium and adjacent pulmonary artery (the lefi atrial appendage is
the most at risk to become strangulated).

+ Glenn shunt - SVC to pulmonary artery (vein to artery)

Blalock-Taussig Shunt - Subclavian Artery to Pulmonary Artery (artery - artery)

+ Ross Procedure - Replaces aortic valve with pulmonie, and pulmonic with a graft (done for

kids).

Aliasing is common with Cardiac MRI. You can fix it by: (1) opening your FOV, (2)

oversampling the frequency encoding direction, or (3) switching phase and frequency

encoding directions.

Giant Coronary Artery Aneurysms (> 8mm) don’t regress, and are associated with Mls.

Wet Beriberi (thiamine def) can cause a dilated cardiomyopathy.

« Most common primary cardiac tumor in children = Rhabdomyoma.

+ 2od most common primary cardiac tumor in children = Fibroma

-
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+ Most common complication of Ml is myocardial remodeling.

» Unroofed coronary sinus is associated with Persistent left SVC.

+ Most common source of cardiac mets = Lung Cancer (lymphoma #2).

+ A-Fib is most commeonly associated with left atrial enlargement

= Most common cause of tricuspid insufficiency is RVH (usually from pulmonary HTN / cor
pulmonale).

* Artery of Adamkiewicz comes off on the left side (70%) between T8-L1 (90%)

- Arch of Riolan - middle colic branch of the SMA with the left colic of the IMA.

+ Most common hepatic vascular variant = right hepatic artery replaced off the SMA

The proper right hepatic artery is anterior the right portal vein, whereas the replaced right
hepatic ariery is posterior to the main portal vein,

Accessory right inferior hepatic vein - most common hepatic venous variant.

Anterior tibialis is the first branch off the popliteal

Common Femoral Artery (CFA): Begins at the level of inguinal ligament

Superficial Femoral Artery (SFA): Begins once the CFA gives off the profunda femoris
Popliteal Artery: Begins as the SFA exits the adductor canal

Popliteal Artery terminates as the anterior tibial artery and the tibioperoneal trunk
Axillary Artery: Begins at the first rib

Brachial Artery: Begins as it crosses the teres major

Brachial Artery: Bifurcates to the ulnar and radial artery

Intraosseous Branch: Typically arises from the ulnar artery

Superficial Arch = From the Ulna, Deep Arch = From the Radius

The “coronary vein,” is the left gastric vein

Enlarged splenorenal shunts are associated with hepatic encephalopathy.

+ Aortic Dissection, and intramural hematoma are caused by HTN (70%)

Penetrating Ulcer is from atherosclerosis.

Strongest predictor of progression of dissection in intramural hematoma = Maximum aortic

L]

L

diameter > S5cm.

Leriche Syndrome Triad: Claudication, Absent/ Decreased femoral pulses, Impotence.

= Most common associated defect with aortic coarctation = bicuspid aorta (B0%)

. Neurogenic compression is the most common subtype of thoracic outlet syndrome

+ Splenic artery aneurysm - More common in pregnancy, more likely to rupture in pregnancy.

- Median Arcuate Compression - worse with expiration

« Colonic Angiodysplasia is associated with aortic stenosis

+ Popliteal Ancurysm; 30-50% have AAA, 10% of patient with AAA have popliteal aneurysm,
50-70% of popliteal aneurysms are bilateral.

. Medial deviation of the popliteal artery by the medial head of the gastrocnemius = Popliteal

-

Entrapment
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* Type 3 Takayasu is the most common (arch + abdominal aorta).

* Most common vasculitis in a kid = HSP (Henoch-Schonlein Purpura)

» Tardus Parvus infers stenosis proximal to that vessel

* ICA Peak Systolic Velocity < 125 = “No Significant Stenosis™ or < 50%

* ICA Peak Systolic Velocity 125-230 = 50-69% Stenosis or “Moderate™

* ICA Peak Systolic Velocity > 230 = >70% Stenosis or “Severe”

+ 18G needle will accept a 0.038 inch guidewire,

+ 19G needle will allow a 0,035 inch guidewire.

+ Notice that 0.039, 0.035, 0.018 wires are in INCHES

* 3 French = | mm

« French size is the OUTSIDE of a catheter and the INSIDE of a sheath

» End Hole Only Catheters = Hand Injection Only

+ Side Hole + End Hole = Power Injection OK, Coils NOT ok

Double Flush Technique = For Neuro IR — no bubbles ever

« “Significant lesion™ = A systolic pressure gradient > 10 mm Hg at rest

Things to NOT stick a drain in: Tumors, Acute Hematoma, and those associated with acute

bowel rupture and peritonitis

Eenal Artery Stenting for renal failure - tends to not work if the Cris = 3,

= Persistent sciatic artery is prone to aneurysm

» Even if the cholecystostomy tube instantly resolves all symptoms, you need to leave the
tube in for 2-6 weeks (until the tract matures), otherwise you are going to get a bile leak.

= MELD scores greater than 24 are at risk of early death with TIPS

= The target gradient post TIPS (for esophageal bleeding) is between 9 and 11.

= Absolute contraindication for TIPS - Heart Failure, Severe Hepatic Failure

= Most common side effect of BRTO is gross hematuria

= Sensitivity = GI Bleed Scan = 0.lmL/min , Angiography = 1.0 mL/min

= For Gl Bleed - after performing an embolization of the GDA (for duodenal ulcer), you need
to do a run of the SMA to look at the inferior pancreaticoduodenal

« Most common cause of lower Gl bleed is diverticulosis

= TACE will prolong survival better than systemic chemo

» TACE: Portal Vein Thrombosis is considered a contraindication (sometimes) because of the
risk of infarcting the liver.

« Go above the rib for Thora

= Left Bundle Branch Block needs a pacer before a Thoracic Angiogram

Never inject contrast through a Swan Ganz catheter for a thoracic angiogram

You treat pulmonary AVMs at 3mm

Hemoptysis - Active extravasation is NOT typically seen with the active bleed.

» UAE - Gonadotropin-releasing medications (often prescribed for fibroids) should be stopped

-

Ll

Ll

for 3 months prior to the case
« The general rule for transgluteal is to avoid the sciatic nerves and gluteal arteries by access

through the sacrospinous ligament medially (close to the sacrum, inferior to the piriformis).
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= When to pull an abscess catheter; As a general rule — when the patient is better (no fever,
WBC normal), and output is < 20 cc over 24 hours.

+ If the thyroid biopsy is non-diagnostic, you have to wait 3 months before vou re-biopsy.

« Posterior lateral approach is the move for percutaneous nephrostomy

= You can typically pull a sheath with an ACT < 150-180

*+ Artery calcifications (common in diabetics) make compression difficult, and can lead to a
false elevation of the ABIL

+ Type 2 endoleaks are the most common

= Type | and Type 3 endoleaks are high pressure and need to be fixed stat

Circumaortic left renal vein: the anterior one is superior, the posterior one is inferior, and the

filter should be below the lowest one,

Risk of DVT is increased with [VC filters

Filter with clot = lem? of clot = Filter Stays In

Acute Budd Chianl with fulminant liver failure = Needs a TIPS

+ Pseudoaneurysm of the pancreaticoduodenal artery = “Sandwich technique” - distal and

proximal segments of the artery feeding off the artery must be embolized

Median Arcuate Ligament Syndrome - First line is surgical release of the ligament

Massive Hemoptysis = Bronchial artery - Particles bigger than 325 micrometers

Acalculous Cholecystitis = Percutaneous Cholecystostomy

Hepatic encephalopathy after TIPS = You can either (1) place a new covered stent constricted

in the middle by a loop of suture - deployed in the pre-existing TIPS, (2) place two new stents

- parallel to each other (one covered self expandable, one uncovered balloon expandable).

Recurrent variceal bleeding after placement of a constricted stent - balloon dilation of the

constricted stent

Appendiceal Abscess - Drain placement * just remember that a drain should be used for a

mature (walled off) abscess and no frank pertioneal symptoms

Inadvertent catheterization of the colon (after trying to place a drain in an abscess) - wait 4

weeks for the tract to mature - verify by over the wire tractogram, and then remove tube.

« DVT with severe symptoms and no response to systemic anticoagulation = Catheter Directed
Thrombolysis

« Geiger Mueller - maximum dose it can handle is about 100mR/h

Activity level greater than 100 mCi of Te-99m is considered a major spill.
Activity level greater than 100 mCi of T1-201 is considered a major spill.

-

-

L ]

Activity level greater than 10 mCi of In-111, is considered to represent a major spill.
« Activity level greater than 10 mCi of Ga-67, is considered to represent a major spill.
« An activity level greater than | mCi of I-131 is considered to constitute a major spill.
+ Annual Dose limit of 100 mrem to the public

. Not greater than 2 mrem per hour — in an “unrestricted area”
. Total Body Dose per Year = 5 rem
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Total equivalent organ dose (skin is also an organ) per year = 50 rem
Total equivalent extremity dose per year = 50 rem (500mSv)
Total Dose to Embryo/fetus over entire 9 months — 0.5rem

NRC allows no more than 0.15 micro Ci of Mo per | mili Ci of Te, at the time of
administration.

Chemical purity (Al in Tc) is done with pH paper

The allowable amount of Al is < 10 micrograms

Radiochemical purity (looking for Free Tc) is done with thin layer chromatography
Free Te occurs from - lack of stannous ions or accidental air injection (which oxidizes)

Prostate Cancer bone mets are uncommon with a PSA less than 10 mg/ml

Flair Phenomenon occurs 2 weeks - 3 months after therapy

Skeletal Survey is superior (more sensitive) for lytic mets

AVN - Early and Late is COLD, Middle (repairing) is Hot.

Particle size for VQ scan i1s 10-100 micrometers

Xenon is done first during the VQ scan

Amiodarone - classic thyroid uptake blocker

Hashimotos increases risk for lymphoma

Hot nodule on Te, shouldn't be considered benign until you show that it’s also hot on ['*3.
This is the concept of the discordant nodule.

History of methimazole treatment (even years prior) makes 1-131 treatment more difficult
Methimazole side effect is neutropenia

In pregnancy PTU is the blocker of choice

Sestamibi in the parathyroid depends on blood flow and mitochondria

You want to image with PET - following therapy at interval of 2-3 weeks for
chemotherapy, and 8-12 weeks for radiation is the way to go. This avoids “stunning”™ —
false negatives, and inflammatory induced false positive.

111[n Pentetreotide is the most commonly used agent for somatostatin receptor imaging.
The classic use is for carcinoid tumors

Meningiomas take up octreotide

In 111 binds to neutrophils, lymphocytes, monocytes and even RBCs and platclets
Te99m HMPAO binds to neutrophils

WBCs may accumulate at post op surgical sites for 2-3 weeks

Prior to MIBG you should block the thyroid with Lugols lodine or Perchlorate

Scrotal Scintigraphy: The typical agent is Te-99m Pertechnetate. This agent is used as both
a flow agent and a pool agent.

Left bundle branch block can cause a false positive defect in the ventricular septum (spares
the apex)

Pulmonary uptake of Thallium is an indication of LV dysfunction

MIBG mechanism is that of an Analog of Norepinephrine - actively transported and stored
in the neurosecretory granules .

MDP mechanism is that of a Phosphate analog - which works via Chemisorption
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Sulfur Colloid mechanism = Particles are Phagocytized by RES

The order of tumor prevalence in NF2 is the same as the mnemonic MSME (schwannoma
> meningioma > ependymoma).

Maldeveloped draining veins is the etiology of Sturge Weber

All phakomatosis (NF 1, NF -2, TS, and VHL) EXCEPT Sturge Weber are autosomal
dominant - family screening is a good idea.

Most Commen Primary Brain Tumor in Adult = Astrocytoma

“Calcifies 90% of the time” = Oligodendroglioma

Restricted Diffusion in Ventricle = Watch out for Choroid Plexus Xanthogranuloma (not a
brain tumor, a benign normal variant)

Pituitary - T1 Big and Bright = Pituitary Apoplexy

Pituitary - Mormal T1 Bright = Posterior Part (because of storage of Vasopressin , and other
storage proteins)

Pituitary - T2 Bright = Rathke Cleft Cyst

Pimitary — Calcified = Craniopharyngioma

CP Angle = Invades Internal Auditory Canal = Schwannoma

CP Angle - Invades Both Internal Auditory Canals = Schwannoma with NF2

CP Angle — Restricts on Diffusion = Epidermoid

Peds — Arising from Vermis = Medulloblastoma

Peds - “tooth paste” out of 4th ventricle = Ependymoma

Adult myelination pattern: T1 at | year, T2 at 2 years

Brainstem and posterior limb of the internal capsule are myelinated at birth.

CN2 and CNV3 are not in the cavernous sinus

Persistent trigeminal artery (basilar to carotid) increases the risk of aneurysm

Subfalcine herniation can lead to ACA infarct

ADEM lesions will NOT involve the calloso-septal interface.

Marchiafava-Bignami progresses from body -> genu -> splenium

Post Radiation changes don't start for 2 months (there is a latent period).

Hippocampal atrophy is first with Alzheimer Dementia

Beaked Tectum = Chiari 2

Beaker Anterior Inferior L1 = Hurlers

Sometimes Beaked Pons = Multi-System Atrophy

Most common TORCH is CMV

Toxo abscess does NOT restrict diffusion

Small cortical tumors can be occult without 1V contrast

JPA and Ganglioglioma can enhance and are low prade

Masal Bone is the most common fracture

Zygomaticomaxillary Com plex Fracture (Tripod) is the most common fracture pattern and
involves the zygoma, inferior orbit, and lateral orbit.

Supplemental oxygen can mimic SAH on FLAIR

Putamen is the most commeon location for hypertensive hemorrhage

Restricted diffusion without bright signal on FLAIR should make you think hyperacute (<

6 hours) stroke.
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Enhancement of a stroke: Rule of 3s - starts at day 3, peaks at 3 weeks, gone at 3 months
PAN is the Most Common systemic vasculitis to involve the CNS

Scaphocephaly is the most common type of craniosynostosis

Piriform aperture stenosis is associated with hypothalamic pituitary adrenal axis issues.
Cholesterol Granuloma is the most common primary petrous apex lesion

Large vestibular aqueduct syndrome has absence of the bony modiolus in 90% of cases
Octreotide scan will be positive for esthesioneuroblastoma

The main vascular supply to the posterior nose is the sphenopalatine artery (terminal
internal maxillary artery).

Warthins tumors take up pertechnetate

Sjogrens gets salivary gland lymphoma

Most common intra-occular lesion in an adult = Melanoma

Enhancement of nerve roots for 6 weeks after spine surgery is normal. After that it's
arachnoiditis

Hemorrhage in the cord is the most important factor for outcome in a traumatic cord injury.
Currarino Triad: Anterior Sacral Meningocele, Anorectal malformation. Sarcococeygeal
osseous defect

Type 1 Spinal AVF (dural AVF) is by far the more common,.

Herpes spares the basal ganglia (MCA infarcts do not)

Most common malignant lacrimal gland tumor = adenoid cystic adenocarcinoma
Arthritis at the radioscaphoid compartment is the first sign of a SNAC or SLAC wnst

SLAC wrist has a DISI deformity

The pull of the Abductor pollucis longus tendon is what causes the dorsolateral dislocation
the Bennett Fracture

Carpal tunnel syndrome has an association with dialysis

Degree of femoral head displacement predicts risk of AVIN

Proximal pole of the scaphoid is at risk for AVN with fracture

Most common cause of sacral insufficiency fracture is osteoporosis in old lady
Patella dislocation is nearly always lateral

Tibial plateau fracture is way more commaon laterally

SONK favors the medial knee (area of maximum weight bearing)

Normal Sl joints excludes Ank Spon

Looser Zones are a type of insufficiency fracture

T score of -2.5 marks osteoporosis

First extensor compartment = de Quervains

First and Second compartment = intersection syndrome

Sixth extensor compartment = early RA

Flexor pollicis longus goes through the carpal tunnel, flexor pollicis brevis does not
The pisiform recess and radiocarpal joint normally communicate

n
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« The periosteum is intact with both Perthes and ALPSA lesions. In a true bankart it is

disrupted.

Absent anterior/superior labrum, along with a thickened middle glenohumeral ligament 1s
Buford complex.

Medial meniscus is thicker posteriorly.

Anterior talofibular ligament is the most commonly torn ankle ligament

TB in the spine - spares the disc space (so can brucellosis).

Scoliosis curvature points away from the ostenid osteoma

Osteochondroma is the only benign skeletal wmor associated with radiation,
Mixed Connective Tissue Disease requires serology (Ribonucleoprotein) for Dx
Medullary Bone Infarct will have fat in the middle

Bucket Handle Meniscal tears are longitudinal tears

Anterior Drawer Sign = ACL

Posterior Drawer Sign = PCL

“McMurray” = MCL

Mo grid on mag views.

BR-3 = < 2% chance of cancer

BR-5 = > 95% chance of cancer

Mipple enhancement can be normal on post contrast MRI - don’t call it Pagets.

Upper outer quadrant has the highest density of breast tissue, and therefore the most breast
cancers.

Majority of blood (60%) is via the internal mammary
Majority of lymph (97%) is to the axilla

The sternalis muscle can only be seen on CC view

Most common location for ectopic breast tissue is in the axilla

The follicular phase (day 7-14) is the best time to have a mammogram (and MRI).

Breast Tenderness is max around day 27-30.
Tyrer Cuzick is the most comprehensive risk model, but does not include breast density.

If you had more than 20Gy of chest radiation as a child, you can get a screening MRI
BRCA 2 (more than 1) is seen with male breast cancer

BRCA 1 is more in younger patients, BRCA 2 is more in post menopausal

BRCA | is more often a triple negative CA

Use the LMO for kyphosis, pectus excavatum, and to avoid a pacemaker / line

Use the ML to help catch milk of calcium layering

Fine pleomorphic morphology to calcification has the highest suspicion for malignancy
Intramammary lymph nodes are NOT in the fibroglandular tissue

Surgical scars should get lighter, if they get denser - think about recurrent cancer.

You CAN have isolated intracapsular rupture.
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* You CAN NOT have isolated extra (it’s always with intra).
* If you see silicone in a lymph node, you need to recommend MRI to evaluate for extracapsular

rupture
« The number one risk factor for implant rupture is the age of the implant

« Tamoxifen causes a decrease in parenchymal uptake, then a rebound.
» T2 Bright things - these are usually benign. Don’t forget colloid cancer is T2 bright.
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