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Im portant note: Medicine is an  ever-changing science undergo-
ing cont inual developm ent . Research and clin ical experience are 
cont inually expanding our knowledge, in  par t icular our knowl-
edge of proper t reatm ent  and drug therapy. Insofar as th is book 
m ent ions any dosage or applicat ion , readers m ay rest  assured 
that  the authors, editors, and publishers have m ade every e or t  
to ensure that  such references are in  accordance w ith  the state of 
know ledge at the tim e of production of the book.

Never theless, th is does not  involve, im ply, or express any guar-
antee or responsibilit y on  the part  of the publishers in  respect  to 
any dosage inst ruct ions and form s of applicat ions stated in  the 
book. Every user is requested to  exam ine carefully the m anufac-
turers’ lea ets accom panying each drug and to check, if necessary 
in  consultat ion  w ith  a physician  or specialist , w hether the dosage 
schedules m ent ioned therein  or the contraindicat ions stated by 
the m anufacturers di er from  the statem ents m ade in  the present 
book. Such exam inat ion  is part icularly im portant  w ith  drugs that  
are either rarely used or have been newly released on the m arket . 
Every dosage schedule or every form  of applicat ion  used is en-
t irely at  the user’s ow n risk and responsibilit y. The authors and 
publishers request  every user to repor t  to the publishers any dis-
crepancies or inaccuracies not iced. If errors in  th is work are found 
after publicat ion , errata w ill be posted at  w w w.thiem e.com  on the 
product  descript ion  page.

Som e of the product  nam es, patents, and registered designs 
referred to in  th is book are in  fact  registered t radem arks or pro-
prietary nam es even though speci c reference to th is fact  is not  
always m ade in  the text . Therefore, the appearance of a nam e 
w ithout designat ion  as proprietary is not to be const rued as a rep-
resentat ion  by the publisher that  it  is in  the public dom ain .

This book, including all par ts thereof, is legally protected by copy-
right . Any use, exploitat ion , or com m ercializat ion  outside the 
narrow  lim its set  by copyright  legislat ion  w ithout  the publisher’s 
consent  is illegal and liable to prosecut ion . This applies in  par-
t icular to photostat  reproduct ion , copying, m im eographing or du-
plicat ion  of any kind, t ranslat ing, preparat ion  of m icro lm s, and 
elect ronic data processing and storage.
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RadCases Series Preface

The abilit y to assim ilate detailed inform at ion across the en-
t ire spect rum  of radiology is the Holy Grail sought  by those 
preparing for the Am erican Board of Radiology exam ina-
t ion .  As enthusiast ic par tners in  the Thiem e RadCases Se-
ries w ho form erly took the exam inat ion , we understand 
the exhaust ion and frust rat ion  shared by residents and the 
fam ilies of residents engaged in  th is quest . It  has been our 
observat ion that  despite ongoing e or ts to improve Web-
based in teract ive databases, residents st ill  nd them selves 
searching for m aterial they can review  w hile preparing for 
the radiology board exam inat ions and rem ain  frust rated by 
the fact  that  only a few  prin ted guidebooks are available, 
w hich are lim ited in  both  form at and im age qualit y.  Perhaps 
their greatest  source of frust rat ion  is the inabilit y to easily 
locate groups of cases across all subspecialt ies of radiology 
that  are organized and tailored for their im m ediate study 
needs. Im agine being able to im m ediately access groups of 
h igh-qualit y cases to arrange study sessions, quickly ext ract  
and m aster inform at ion, and prepare for them e-based radi-
ology conferences. Our goal in  creat ing the RadCases Series 
was to com bine the popularit y and por tabilit y of prin ted 
books w ith  the adaptabilit y, except ional qualit y, and in ter-
act ive features of an  elect ronic case-based form at .

The in tent  of the prin ted book is to encourage repeated 
prim ing in  the use of cr it ical inform at ion by providing a 
por table group of except ional core cases that  the resident  
can  m aster.  The best  way to determ ine the form at for these 
cases was to ask residents from  around the country to weigh 
in . Overw helm ingly, the residents said that  they would pre-
fer a concise, point-by-point  presentat ion  of the Essent ial 
Facts of each case in  an  easy-to-read, bulleted form at .  This 
approach is easy on exhausted eyes and provides a quick re-
view  of Pearls and Pitfalls as inform at ion is absorbed during 
repeated study sessions. We worked hard to choose cases 
that  could be presented well in  th is form at , recognizing the 
lim itat ions inherent  in  reproducing high-qualit y im ages 
in  prin t . Unlike the authors of other case-based radiology 

review  books, we rem oved the guesswork by providing clear 
annotat ions and descript ions for all im ages.  In  our opinion, 
there is nothing worse than being unable to locate a subtle 
 nding on a poorly reproduced im age even after one knows 
the  nal diagnosis.  

The elect ronic cases expand on the prin ted book 
and provide a com prehensive review  of the ent ire 
subspecialt y.  Thousands of cases are st rategically designed 
to increase the resident’s knowledge by providing exposure 
to addit ional case exam ples—from  basic to advanced—and 
by exploring “Aunt Minnie’s,” unusual diagnoses, and vari-
abilit y w ith in  a single diagnosis. The search engine gives 
the resident  a  ght ing chance to  nd the Holy Grail by 
creat ing individualized, daily study lists that  are not  lim ited 
by factors such as radiology subsect ion.  For exam ple, tailor 
today’s study list  to cases involving tuberculosis and include 
cases in  every subspecialt y and every system  of the body. 
Or study only thoracic cases, including those w ith  links to 
cardiology, nuclear m edicine, and pediat r ics.  Or study only 
m usculoskeletal cases. The choice is yours.

As enthusiast ic partners in  th is project , we star ted sm all 
and, w ith  the encouragem ent , talent , and guidance of Tim  
Hiscock at  Thiem e, we have cont inued to raise the bar in  
our e or t  to assist  residents in  tackling the daunt ing task 
of assim ilat ing m assive am ounts of inform at ion. We are 
passionate about cont inuing th is journey, hoping to expand 
the cases in  our elect ron ic series, adapt cases based on direct  
feedback from  residents, and increase the features in tended 
for board review  and self-assessm ent . As the Am erican 
Board of Radiology converts its cer t ifying exam inat ions to 
an  elect ronic form at , our series w ill be the one best  suited 
to m eet the needs of the next generat ion  of overworked and 
exhausted residents in  radiology.

Jonathan L orenz, MD
Hector Ferral, MD

Chicago, IL

Yu_Murphy_FM.indd   7 04/11/14   7:59 AM



Yu_Murphy_FM.indd   8 04/11/14   7:59 AM



Preface

Em ergency Radiology is the fron t  line of m edical im aging; it  
is w here we are m ost  relevant , m ost  engaged, and m ost  alive 
as a diagnost ic m edical specialt y. It  is best  pract iced face-to-
face w ith  the radiologist  in  the em ergency room , or one door 
away. It ’s w here we dem onstrate our im pact  and w here we 
get  the m ost  personal reward for our skills and ar t . It ’s w here 
a resident  or sta  develops fr iendship and clin ical t rust  
based on face-to-face service. It’s everything teleradiology 
is not . Teleradiology m ay perhaps be the m ost  cost-e ect ive 
m odel w ith  the leanest  sta ng and the opt im al ut ilizat ion  
of subspecialist  skills, but  the in terpersonal disconnect ion 
from  the point  of care w ill cost  us our specialt y. Radiology 
is not  m ere pat tern  recognit ion , because that , in  isolat ion  of 
clin ical context , can  never achieve the level of clin ical rel-
evance that  our referr ing physician  (or our pat ient) wants. 

Fur ther, our absence from  the em ergency room  creates a 
vacuum  that  w ill be readily  lled by other services.

This book is w rit ten  for the young t rainee radiologist  w ho 
w ill be in  the t renches on call, and the radiologist  w ho is 
taking general call and wants to refresh  their knowledge. 
Rem em ber that  to err is hum an, and we all have and w ill. 
Listen  to the lit t le voice in  your head w hen it  tells you to 
look at  som ething again . Be bothered by th ings, pick up 
the phone and call the em ergency depar tm ent or walk out  
that  door and ask the sta  or resident  w hat’s going on and 
explain  your conundrum . They w ill recognize that  you are 
show ing com m itm ent  and good conscience. Thank you for 
using our book and its accompanying elect ronic version; 
m ay these serve you well.

Kieran Murphy, MB, FRCPC, FSIR
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1

Case 1

 ■ Clinical Presentation

A 54-year-old wom an w ith  sudden onset  of severe headaches and decreased level of consciousness.

 ■ Further Work-up

A B

C D
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 ■ Imaging Findings

 • Prognosis is poor w ith  35% m ortalit y and 45 to 64% risk 
of dependency.

 • Risk of a new  aneurysm al SAH in  survivors is 15 t im es 
h igher than it  is in  the general populat ion .

 ■ Other Imaging Findings

 • Com puted tom ography perfusion (CTP): Increased m ean 
t ransit  t im e (MTT) w ith  norm al cerebral blood volum e 
(CBV) m ay depict  areas at  r isk for delayed brain  ischem ia 
before the onset  of vasospasm .

 • Magnet ic resonance/m agnet ic resonance angiography 
(MR/MRA):
 • Fluid-at tenuated inversion recovery (FLAIR): increased 
signal of the cerebrospinal  uid (CSF) spaces due to 
blood

 • MRA: Tim e of  ight  (TOF) or contrast-enhanced m ag-
net ic resonance angiography (CE-MRA) are also good 
opt ions for detect ing the aneurysm , although less sensi-
t ive for sm aller lesions.

 Pearls &   Pitfalls

Û CTA has a h igh sensit ivit y and speci cit y for detect ing 
aneurysm s.
Û Im aging work-up m ust prove the necessary details for 
t reatm ent decision (locat ion, size, neck, at-risk branches).
Û 3D reform at ted im ages m ay help in  di erent iat ing a 
vessel loop from  a sm all aneurysm .
Û Throm bosed aneurysm s and nonsaccular aneurysm s (i.e., 

blood blister, dissecting) m ay have a false-negative CTA.

 ■  Dif erential Diagnosis

 • Aneur ysm a l suba r a chnoid hem or rha ge (SAH): The 
presence of SAH in the basal cisterns extending laterally to 
the sylvian  ssure, especially if it  is associated w ith early 
hydrocephalus, m ust raise the suspicion for a ruptured 
aneurysm . CTA should be perform ed im m ediately for the 
init ial assessm ent and t reatm ent planning.

 • Nonaneurysm al SAH: Fifteen percent  to 20% of pat ients 
w ith  nontraum at ic SAH w ill have no visible cause on CTA 
or digital subtract ion  angiography (DSA). Around 50% of 
these cases w ill have a classic bleeding pat tern  w ith  a 
m ore benign clin ical course, the so-called perim esence-
phalic SAH.

 • “Pseudo” SAH: Pat ients w ith  di use brain  edem a m ay 
show  increased density of the basal cisterns because 
of crow ding of the m eninges and engorgem ent  of the 
venous st ructures.

 ■ Essential Facts

 • SAH represents 6% of all st rokes, w ith  an  incidence of 
, 9/100 per year.

 • Eighty- ve percent of nontraum at ic SAH hem orrhages 
are secondary to a ruptured aneurysm .

 • The m ost  com m on locat ions for ruptured aneurysm  
are the ACoA (29.0%), posterior com m unicat ing artery 
(19.6%), basilar ar tery (14.7%), and m iddle cerebral ar tery 
(11.8%).

 • Size and locat ion  are the m ain  factors used to predict  the 
risk of rupture.

 • Risk factors include fem ale gender, age, personal or fam ily 
h istory of SAH, sm oking, hyper tension, and alcohol abuse.

 • Treatm ent  opt ions include surgical clipping and 
endovascular coiling. The lat ter has bet ter outcom es for 
aneurysm s suitable for both  st rategies.

(A, B) Non–contrast-enhanced computed tomography (NECT) shows the hyperdensity in the subarachnoid spaces in the supratentorial subarachnoid 
cisterns extending laterally to the sylvian f ssures (arrows). There is mild dilatation of the temporal horns of the lateral ventricles (asterisk), a sign of early 
hydrocephalus. (C, D) Coronal computed tomography angiography (CTA) maximum intensity projection (MIP) reformats show a superiorly oriented ante-
rior communicating artery (ACoA) aneurysm (arrow), bet ter characterized on the three-dimensional (3D) reformat ted image.

A B C D
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Case 2

 ■ Clinical Presentation

A 27-year-old m an w ith  congenital heart  disease on Coum adin  (Bristol-Myers Squibb, New  York, NY) presents w ith  new  
headache and aphasia.

A B

C D
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4 RadCases.thieme.com  RadCases Emergency Radiology

 ■ Imaging Findings

 • Surgical drainage w ith  or w ithout excision is the prim ary 
therapeut ic approach.

 ■ Other Imaging Findings

 • CT: low-density m ass w ith  edem a and m ass e ect , 
peripheral enhancem ent

 • Magnet ic resonance im aging:
 • T1WI: hypointense m ass
 • T2WI: hypointense abscess r im  w ith  surrounding 
edem a; centrally h igh signal

 • TI w ith  contrast: enhancing r im ; irregular m argins
 • DWI: increased signal in tensity, low  ADC

 Pearls &   Pitfalls

Û It  is im portant  to invest igate local causes such as 
sinusit is, ot it is m edia, and m astoidit is.
Û In  pat ients w ho are successfully t reated, the T2 
hypointense abscess rim  resolves before enhancem ent .
Û Assess for com m unicat ion  w ith  the ventr icular system —
increased risk of ventr iculit is and hydrocephalus.
Û Clin ical h istory show ing acute onset  w ith  associated 
m alaise, fever, and elevated w hite cell count are helpful 
clin ical features.

 ■  Dif erential Diagnosis

 • Cer ebr a l a bscess: This is a focal pyogenic infect ion  of 
the brain . The causes are bacterial, fungal, or parasit ic. 
Im aging  ndings vary w ith  the stage of abscess form a-
t ion . Seen as a ring-enhancing lesion w ith  central h igh 
signal (rest r icted di usion) on di usion  weighted im ag-
ing (DWI). T2 im aging m ay show  a hypointense rim  w ith  
surrounding edem a.

 • Prim ary tum or: Radiographically can m im ic an  abscess. 
Has a th ick nodular enhancing wall w ith  surrounding 
edem a. Neoplasm s typically show  low  signal on  DWI. 
More often  a gradual onset  of sym ptom s. Lack of elevated 
w hite cell count and fever.

 • Dem yelinat ion: Tum efact ive demyelinat ion  can present  
as a m ass lesion w ith  irregular enhancem ent . Peripheral 
r ing enhancem ent often  incomplete. Look for other 
characterist ic lesions of m ult iple sclerosis such as 
corpus callosum  involvem ent , foci in  the posterior 
fossa, and “Dawson  ngers” represent ing perivenular 
demyelinat ion.

 ■ Essential Facts

 • Can a ect  any age group
 • Males are a ected tw ice m ore than fem ales.
 • Headache is the m ost  com m on sym ptom ; others include 
seizure and decreased level of consciousness.

 • Peak incidence is in  the th ird and fourth  decades.
 • Com m on causes include hem atogenous seeding from  
a distant infect ive source, m astoidit is, m eningit is, and 
penetrat ing injury.

(A, C) Unenhanced axial computed tomography (CT) shows a large area of low axial T1-weighted, gadolinium-enhanced image at tenuation in the left 
temporal lobe. There is an irregular nodular rim enhancement along the area of slight hyperat tenuation. (B) Axial T2-weighted margins of the lesion. 
(D) Di usion weighted study and image shows the presence of vasogenic edema and an apparent di usion coe cient (ADC) image (not shown) demon-
strates the lesion to be irregularly shaped lesion with a low signal rim restricted.

A B C D
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Case 3

 ■ Clinical Presentation

A 26-year-old wom an involved in  a road t ra c accident  and presents w ith  neck pain  and an  acute right  Horner syndrom e.

A B

C
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6  RadCases.thieme.com  RadCases Emergency Radiology

 ■ Imaging Findings

 ■  Dif erential Diagnosis

 • Tr a um a t ic pseudoa neu r ysm s: These “false” aneurysm s 
appear as a focal outpouching from  the wall of the 
a ected ar tery. A pseudoaneurysm  is a focal hem atom a 
that  is not  contained by the norm al com ponents of the 
vessel wall.

 • Fibrom uscular dysplasia (FMD): FMD lesions appear as a 
characterist ic beading of the carot id ar ter ies. In  the in ter-
nal carot id ar ter ies, FMD usually a ects the ext racranial 
por t ion  at  the C1–C2 levels.

 • Mycot ic pseudoaneurysm : Mycot ic aneurysm s are m ore 
likely to be saccular, eccentric, or m ult ilobulated. There 
m ay also be accom panying in  am m ation around the 
vessel. A clin ical h istory of sepsis or the presence of a 
sept ic source is contr ibutory to the diagnosis.

 ■ Essential Facts

 • Usually caused by blunt or penet rat ing t raum a that  dis-
rupts the ar terial wall and allows blood to leak in to the 
surrounding t issue

 • Traum at ic pseudoaneurysm s occur due to penet rat ing 
and nonpenetrat ing injuries and are responsible for less 
than 1% of all aneurysm s.

 • Pseudoaneurysm s can also arise secondary to deep neck 
space infect ion , atherosclerosis, collagen vascular disor-
ders, radiat ion therapy, and tum or invasion.

 • The r isk of hem orrhage in  post t raum at ic 
pseudoaneurysm s is , 20% w ith  a peak incidence of 
rupture at  2 to 3 weeks after injury result ing in  30 to 50% 
m ortalit y.

 • Horner syndrom e indicates an  associated disrupt ion of 
the sym pathet ic nerves, w hich t ravel w ith  the carot id 
ar tery.

 ■ Other Imaging Findings

 • CT:
 • “Blister-like” bulge in  the vessel wall on  CTA

 • Magnet ic resonance im aging (MRI):
 • Focal outpouching from  the vessel wall
 • May see a throm bosed surrounding “wall” that  contains 
the pseudoaneurysm

 • Wall m ay enhance
 • Gradien t-recalled echo (GRE) im aging w ill show  
in tense low  signal corresponding to clot  w ith in  the 
pseudoaneurysm .

 Pearls &   Pitfalls

Û Delayed onset  of cranial nerve palsy m ay be a sign of 
pseudoaneurysm  form at ion follow ing neck t raum a.
Û Evaluate the brain  for evidence of st roke and m ult iple 
em boli.

A B C

(A) Axial contrast-enhanced computed tomography (CT) scan demonstrates a medial bulge arising from the right internal carotid artery (arrow). 
(B, C) Coronal maximum intensity projection (MIP) image and three-dimensional (3D) computed tomography angiography (CTA) reconstruction demon-
strate two medial areas of focal outpouching arising from the right internal carotid artery (ICA) (arrows).
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Case 4

 ■ Clinical Presentation

A 52-year-old wom an w ith  r igh t-sided headache, r ight-sided ptosis diplopia, and fever. Blood cultures posit ive for 
Staphylococcus aureus. Elevated leukocyte count in  cerebrospinal  u id (CSF).

A B

C
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8  RadCases.thieme.com  RadCases Emergency Radiology

 ■ Imaging Findings

 ■  Dif erential Diagnosis

 • Ca ver nous sinus thrombosis: Complication of m idface 
infection (including sinusitis, orbital or skin infection, 
tonsillit is) or traum a. Most cases are secondary to bacterial 
infection (m ost com m only S. aureus). Presents w ith  
expansion and convexity of the cavernous sinus/ lling 
defects w ithin the cavernous sinus. Dilatation/ lling defects 
w ithin the superior ophthalm ic vein m ay be present. 

 • Cavernous sinus neoplasm : Most  frequently m eningiom as 
but  other lesions such as m etastases, lym phom a, 
leukem ia, hem angiom a, or nerve sheath  tum ors m ay 
occur in  th is locat ion . 

 • Cavernous sinus inf am m ation: Either secondary to 
system ic disease (such as Wegener granulom atosis 
or sarcoidosis) or idiopath ic (Tolosa-Hunt syndrom e). 
Look for the presence of sinonasal or lung involve-
m ent  in  Wegener granulom atosis. In  addit ion  to t ypical 
chest   ndings in  sarcoidosis, in t racranial and/or orbital 
involvem ent  m ust  be sought . Any part  of the orbits 
can  be involved in  sarcoidosis; however, lacrim al gland 
involvem ent  is m ore frequent .

 ■ Essential Facts

 • The cavernous sinuses receive blood from  m ult iple 
valveless veins. In fect ion from  anatom ical st ructures 
w ith  venous drainage to the cavernous sinus (e.g., the 
sphenoid sinus) is the m ajor r isk factor for cavernous 
sinus throm bophlebit is.

 • Pat ients w ill t ypically present  w ith  proptosis, cranial 
nerve palsy, and headache. 

 ■ Other Imaging Findings

 • CT:
 • On postcontrast  CT, the norm al cavernous sinus has 
a  at  or concave lateral m argin . The in ternal carot id 

ar tery norm ally cannot be di erent iated from  the 
norm al, opaci ed, cavernous venous sinus.

 • With  throm bosis, the lateral m argin  of the cavernous 
sinus becom es convex. The ICA can be ident i ed from  
the throm bosed, nonopaci ed, cavernous sinus.

 • CTA m ay allow  for ident i cat ion  of ICA involvem ent  
(stenosis, occlusion, or pseudoaneurysm  form at ion).

 • Look for sinusit is or signs of m idface or orbital infect ion.
 • MRI:

 • Must use high-resolution MRI to assess cavernous sinuses 
including 1- to 3-m m  thick sections through the orbits 
and cavernous sinuses in the axial and coronal planes

 • T1: May show  T1 hyperin tense subacute venous 
throm bosis in  cavernous sinus and/or superior 
ophthalm ic vein . 

 • T2 with fat saturation or short T1 inversion recovery (STIR): 
Variable but often hyperintense clot signal. May show  
extraocular muscle edema and intraorbital fat stranding.

 • T1 postcontrast with fat saturation: may show  lling defects 
w ith in  the cavernous sinus/superior ophthalm ic vein

 • Magnet ic resonance venography: May show  other sites 
of dural venous sinus throm bosis

 • Di usion  weighted im aging (DWI): m ay be useful in  
ident ifying throm bosis and/or abscess form at ion

 Pearls &   Pitfalls

Û Beware of cavernous sinus throm bosis in  the set t ing 
of m idface, orbital, or sinonasal infect ion  especially in  
pat ients present ing w ith  cranial nerve palsy and/or 
proptosis.
Û Perform  appropriate h igh-resolut ion MRI of the orbits 
and cavernous sinuses before excluding the possibilit y 
of th is diagnosis.
Û Search for secondary ICA and in t racranial 
com plicat ions.
Û Pat ients w ho have diabetes and are 
im m unocom prom ised are at  r isk of developing invasive 
fungal infect ion .

A B C

(A, B) Axial T2 image with fat saturation and coronal T1 postgadolinium with fat saturation show expansion of the right cavernous sinus (arrows in A and B). 
The right lateral rectus muscle is also slightly T2 hyperintense, consistent with extraocular muscle edema. Filling defects are seen within the right cavernous 
sinus (arrowheads in B). There is total opaci cation of the bordering right sphenoid sinus with T1 hypo- and T2 heterogeneous signals as well as peripheral 
enhancement consistent with sinusitis. The left sphenoid sinus and some ethmoidal air cells also show mucosal in ammatory changes (asterisk in A). 
(C) There is expansion of the right superior ophthalmic vein as well as a  lling defect within this vein (dashed arrow).
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Case 5

 ■ Clinical Presentation

A 44-year-old wom an w ith  a h istory of previously t reated breast  carcinom a presents w ith  new  left  L2–L3 num bness and 
back pain .

A B

C
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 ■ Imaging Findings

 • Lateral: dest royed posterior cor t ical line on lateral view
 • Look for areas of lucency or sclerosis.

 • Computed tom ography (CT): Locat ion proport ional to red 
m arrows (lum bar [L] > thoracic [T] > cervical [C] spine). 
Posterior ver tebral body involved in  alm ost  all cases/
paraspinous/epidural soft  t issue m ass. May see lyt ic and/
or sclerot ic foci of disease.

 • Nuclear m edicine: Technet ium -99m  (Tc-99m ) single-
photon em ission computed tom ography (SPECT) bone 
scan has h igh sensit ivit y for vertebral m etastases. Di use 
dissem inated disease can give rise to a “super scan.”

 Pearls &   Pitfalls

Û MR scan should cover en t ire spinal axis w hen 
m etastasis is suspected.
Û Persistence of low  T1 m arrow  signal after radiat ion 

therapy m ay be either residual act ive tum or or  brosis.
Û Gadolin ium  adm inist rat ion  is used to assess for 
leptom eningeal m etastases.
Û Use of gadolin ium  w ill also cause enhancem ent of 

ver tebral lesions; th is can m ake these lesion less 
conspicuous as they m ay becom e isoin tense w ith  
norm al ver tebral yellow  m arrow. Consider obtain ing 
postcontrast  T1 sequences w ith  fat  saturat ion  to avoid 
th is potent ial pit fall. Alternat ively, precont rast  T1 
im ages would also help in  th is regard.

 ■  Dif erential Diagnosis

 • Ver tebr a l colum n  m eta sta ses fr om  br ea st  ca r cinom a : 
Generalized ver tebral hypointensity on T1WI and T2WI 
are in  keeping w ith  di use sclerot ic m etastases; m ay 
di usely enhance w ith  gadolin ium . May cause pathologic 
fracture w ith  epidural ret ropulsion.

 • Mult iple m yelom a: Most  often  occurs in  spine, skull, r ibs, 
and pelvis. Mult iple well-circum scribed lyt ic lesions on 
radiography. Mult ifocal, d i use, or heterogeneous T1 
hypointensit y. Bone scin t igraphy typically negat ive.

 • Lym phom a: Bone dest ruct ion w ith  soft  t issue extension 
seen on radiography. Most  lesions are hom ogeneous 
and hypointense on T1 and enhance un iform ly w ith  
gadolin ium .

 ■ Essential Facts

 • Vertebral colum n m etastases occur in  60% of pat ients 
w ith  breast  cancer. Epidural spinal cord compression 
occurs in  4% of pat ients w ith  breast  cancer.

 • Myelopathy can occur in  the form  of lim b weakness, 
num bness, paresthesia, and alterat ions in  bladder and 
bowel funct ion .

 • Once spinal cord com pression is diagnosed, steroids 
should be adm inistered im m ediately along w ith  
em ergency radiat ion  therapy and/or surgical 
decom pression.

 ■ Other Imaging Findings

 • Plain  spine radiographs: require 50 to 70% bone dest ruc-
t ion  for detect ion
 • Anteroposterior (AP): “absent  pedicle sign”

(A) Sagit tal T1-weighted image (T1WI) magnetic resonance (MR) shows di use hypointensity throughout the vertebral column and posterior elements 
due to metastatic disease. Epidural extension causes cord compression at T12 (arrow). (B) Sagit tal T2-weighted image (T2WI) MR shows heterogeneous 
hypointensity in the vertebral column and posterior elements with moderate collapse of T12 and L3 and mild collapse of L4. Again, cord compression is 
seen at T12. (C) Axial T2-weighted image (T2WI) MR shows heterogeneous hypointensity within the body and posterior elements of T12. Epidural exten-
sion of tumor causes cord compression (arrow).

A B C
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Case 6

 ■ Clinical Presentation

An 86-year-old wom an presents w ith  fever, neck pain , and confusion. The pat ient  was t reated recently for sinusit is.

A B

C
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 ■ Imaging Findings

 • Risk factors: in t ravenous (IV) drug users, im m unocom -
prom ised individuals, recent invasive (spine) procedures 
(surgery, diskography, myelography)

 • Diskit is can also arise from  the cont iguous spread of 
infect ion  from  adjacent areas of in  am m at ion, such as 
diver t iculit is and appendicit is.

 ■ Other Imaging Findings

 • Convent ional radiography: Can be norm al early in  disease. 
Endplate erosions, disk height loss, paraspinal opacity 
(represent ing possible paraspinal edem a, abscess).

 • Com puted tom ography (CT): Sim ilar features as w ith  
plain   lm  im aging. Loss of disk height  and endplate ero-
sion. Also m ay see disk and vertebral body enhancem ent . 
Will bet ter depict  paraspinal abscess.
 • Magnet ic resonance im aging (MRI): Edem a w ith in  the 
ver tebral bodies and disk w ill m anifest  at  low  T1 and 
bright  T2 signal. Disks and vertebrae w ill often  enhance 
w ith  gadolin ium . Fat  saturat ion  or short  T1 inversion 
recovery (STIR) im aging w ill best  show  the presence of 
edem a and  u id.

 • Nuclear m edicine im aging: Three-phase technetium  99m  
(Tc-99m ) diphosphonate bone scan, gallium  scan, and 
w hite blood cell scan w ill show areas of elevated uptake.

 Pearls &   Pitfalls

Ú Plane  lm  radiography can be falsely negative if completed 
too early; it m ay be 2 to 6 weeks before  ndings are 
evident.
Ú MRI is the im aging m odalit y of choice.
Ú Earliest  im aging sign  is the loss of disk space height .
Ú Always assess for paraver tebral and epidural extension 
of in  am m at ion. The presence of an  abscess m ay neces-
sitate surgical drainage.
Ú Tuberculous spinal infect ion is characterized by 
m ult ilevel involvem ent , paraspinal abscess form at ion, 
vertebral collapse, and kyphot ic deform ity.

 ■  Dif erential Diagnosis

 • Diskit is: This is a bacterial infect ion of an  in terver tebral 
disk and adjacent ver tebral bodies. Characterist ic im aging 
features include disk height  loss, endplate erosion, and 
irregularit y. Marrow  edem a w ith in  the ver tebral bodies is 
evident . The disk and endplates often  enhance and show  
a bright  T2 signal. Com plicat ions include the presence of 
epidural and prever tebral phlegm on (as seen in  th is case) 
as well as frank abscess form at ion.

 • Degenerat ive disk disease: This includes spondylosis 
deform ans (degenerat ive changes to the annulus  brosus 
and r ing apophysis w ith  the form at ion of osteophytes) 
and in terver tebral osteochondrosis (degenerat ive 
changes to the nucleus pulposus and adjacent  ver tebral 
endplates). Results in  characterist ic progression of Modic-
type changes (I, II, III) in  the ver tebral endplates. Im aging 
features include the presence of signal change in  the disk 
(can be T2 bright  or low  depending on the stage of dis-
ease), endplate sclerosis and irregularit y, disk herniat ion, 
and r im  osteophyte form at ion.

 • Neuropathic spine: Arises in  pat ients w ith  decreased pro-
priocept ion and pain  percept ion (pat ients w ith  diabetes 
and spinal cord t raum a). Prone to repet it ive st ress on the 
spine, leading to injury to the  disks and facets. Most  com -
m only in  the lum bar spine. Features include disk height  
loss, m arked vertebral and endplate sclerosis, osteophyte 
form at ion and deform ity, fracture, and pseudoarthrosis.

 ■ Essential Facts

 • Most com m only secondary to hem atogenous seeding 
from  a bacterem ia such as upper respiratory t ract  or 
genitourinary t ract  infect ions

 • Diskit is is m ost  com m on in  the lum bar spine.
 • Staphylococcus aureus is the m ost  com m on invading 
pathogen; Salm onella is com m on in  pat ients w ith  sickle 
cell anem ia.

Sagit tal T1 (A), T1 postgadolinium contrast  (B), and T2 (C) images of the cervical spine show irregularity along the vertebral body endplates bordering the 
C6–C7 disk. There is abnormal enhancement along the endplate margins and there is also abnormal enhancing soft tissue protruding anteriorly into the 
prevertebral space (solid arrow). Posteriorly, there is also thick enhancing tissue running up and down along the anterior epidural space (dashed arrows). 
Note the mass ef ect on the cervical cord that demonstrates high parenchymal signal on the T2-weighted image.

A B C
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Case 7

 ■ Clinical Presentation

A 29-year-old wom an, 3 m onths postpar tum , w ith  a left  frontal headache. Pat ient  was star ted on oral contracept ive pill 
2 m onths postpar tum .

A B

C D
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 ■ Imaging Findings

 • In  the set t ing of renal insu ciency or other contrain-
dicat ions to in t ravenous (IV) contrast , a t im e-of- ight  
MR angiography can be perform ed, w hich ut ilizes a 
“ ow -related enhancem ent” phenom enon technique to 
determ ine vascular patency.

 • Treatm ent is usually w ith  ant icoagulat ion; endovascular 
recanalizat ion  is reserved for m ore severe cases.

 ■ Other Imaging Findings

 • Com m on CT and MRI features:
 • Filling defect  on  contrast-enhanced im aging
 • The appearance of clot  varies w ith  age.
 • Empty delta sign— lling defect  in  the venous sinus sur-
rounded by enhancing dura

 • Num erous enlarged collateral veins adjacent to the 
throm bosed sinus

 • Addit ional CT features:
 • Acute throm bus can appear hyperdense on noncont rast  
im aging.

 • Addit ional MR features:
 • T2: loss of the norm al  ow  void

 Pearls &   Pitfalls

Û Consider dural sinus thrombosis in the setting of hemorrhagic 
or atypical cortical or subcortical infarcts in a distribution that  
does not correspond to any major arterial territory.
Û On noncontrast im aging, the dural sinus will appear 

hyperdense in the setting of acute throm bus, which can 
mimic a subdural hematoma, meningioma, leptomeningeal 
carcinomatosis, and arteriovenous malformation (AVM).
Û In the acute set t ing, throm bus w ill be hypointense on T1 

and T2 to the brain, which can give the false impression of 
a preserved  ow  void. An associated bloom ing art ifact can  
be seen on gradient and susceptibility weighted im aging.
Û New born infan ts have h igher hem atocrit  levels, m aking 
the dural sinuses appear hyperdense on noncontrast  CT 
head im aging.

 ■  Dif erential Diagnosis

 • Dur a l venous sinus thr om bosis: This is caused by 
occlusion  of the dural venous sinus. Associated cor t ical 
vein  throm bosis is not  uncom m on. Throm bosis of the 
venous sinus has a varied appearance on both  com puted 
tom ography (CT) and m agnet ic resonance im aging (MRI) 
depending on the age of the clot . CT and MR venography 
are considered the m ainstay for diagnosis and typical 
im aging features include a  lling defect  in  the a ected 
sinus on venography and absence of the expected  ow  
void on MRI.

 • Arachnoid granulation: Arachnoid granulations are 
aggregates of t issue that are contiguous w ith the 
subarachnoid space and are the passageway through 
which cerebrospinal  uid (CSF) circulates. These st ructures 
protrude into the lum en of the dural venous sinus, 
creating ovoid  lling defects, which can m im ic a dural 
venous throm bus. They do not enhance and the m ain  
dist inguishing characterist ic is that they follow  CSF density 
and signal on all CT and MR sequences, respectively.

 • Dural venous sinus aplasia/hypoplasia: This congenital 
anatom ic variant is m ost com m only associated w ith the 
transverse sinus. A hypoplast ic sinus w ill appear sm all but  
sm oothly patent on CT and MR w ith an associated sm all 
ipsilateral bony groove in the calvarium , best seen on  
CT. Angiography w ill dem onstrate an absent sinus in the 
set t ing of aplasia, which can m im ic dural sinus throm bosis.

 ■ Essential Facts

 • Dural sinus throm bosis is m ost comm only seen in the setting 
of dehydration (particularly in infants), trauma, malignancy, 
coagulopathy, infection, and with certain medications (such 
as oral contraceptives and chemotherapy).

 • There is a varied clinical presentat ion of headaches, visual 
disturbances, seizures, and focal neurologic de cits, which 
can develop over the course of a few hours to several weeks.

 • The superior sagit tal and t ransverse sinuses are m ost  
com m only involved.

(A) Sagit tal T1-weighted image (WI) with contrast demonstrates a  lling defect in the transverse sinus with surrounding dural enhancement (“empty 
delta” sign, white arrow). (B) Axial T2WI demonstrates loss of the normal  ow void in the left transverse sinus (white arrows). (C) Axial T1WI with contrast 
demonstrates a large  lling defect in a distended left transverse sinus (white arrows). (D) Frontal three-dimensional maximum intensity projection from a 
magnetic resonance (MR) venogram demonstrates absence of  ow-related enhancement in the left transverse sinus (white arrow) as compared with the 
normal right transverse sinus (white arrowhead).

A B C D
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Case 8

 ■ Clinical Presentation

A 68-year-old m an w ith  a 2-week history of aphasia.

A B

C D

Case_08_015-016.indd   15 10/10/14   8:51 am



16  RadCases.thieme.com  RadCases Emergency Radiology

 ■ Imaging Findings

 ■ Other Imaging Findings

 • Com puted tom ography (CT): hypoat tenuat ion, m ild m ass 
effect  in  m edial temporal lobes and insula
 • Cont rast-enhanced com puted tom ography (CECT): 
patchy or gyriform  contrast  enhancem ent in  the tempo-
roparietal regions in  late acute/subacute stage

 • Magnet ic resonance im aging (MRI):
 • T1: low  signal w ith  loss of gray–w hite junct ion  and 
m ass effect

 • Increased signal corresponds to petechial hem orrhage, 
if present

 • T2: hyperin tense edem atous cortex/subcortex, w ith  
relat ive sparing of the subcort ical w hite m at ter

 • T1 w ith  cont rast: cor t ical gyriform  and occasional lep-
tom eningeal enhancem ent

 • FLAIR: hyperin tense edem atous cor tex/subcortex, w ith  
relat ive sparing of subcort ical w hite m at ter

 • T2*: Gradien t-recalled echo (GRE) can show  hypoin-
tense hem orrhagic bloom ing.

 • Diffusion weighted im aging (DWI): early rest ricted dif-
fusion in  lim bic system

 Pearls &   Pitfalls

Û MRI, specifically T2W FLAIR sequences and DWI, is 
h ighly sensit ive for HSE.
Û Characterist ic involvem ent of m edial tem poral lobe(s) 
different iates HSE from  other m ore diffuse infect ive 
encephalit ides.
Û The radiologist  should have a low  threshold in  diagnosis 
of HSE for any T2 bright  tem poral lesion in  a pat ient  
w ith  fever, seizure, and/or altered m ental status.
Û MRI can rem ain  negat ive for at  least  48 hours from  

onset  of symptom s.

 ■ Differential Diagnosis

 • Her pes encepha lit is: This necrot izing m eningoencephali-
t is causes a characterist ic dist r ibut ion  of abnorm al signal 
and enhancem ent  in  the m edial tem poral lobes, infram e-
dial frontal lobes, insular cor tex, and angular gyrus, often  
w ith  sparing of basal ganglia. Involvem ent is t ypically 
bilateral but  asym m etric. A subacute petechial hem or-
rhage m ay be presen t . Frequent ly caused by react ivat ion  
of herpes simplex virus t ype 1 (HSV-1) in  an  im m uno-
competent  pat ient , w ith  acute-onset  febrile headache/
seizure and nonspecific neurologic deficit s.

 • Anoxia/ischem ia: Anoxic or ischem ic injury can cause 
hyperacute-onset  T2 hyperin tense edem a w ith in  cor t ical 
w hite and gray m at ter. Affected regions follow  typical 
vascular dist r ibut ions. Cort ical, gyriform  enhancem ent  
m ay be present  if subacute.

 • Infilt rat ing neoplasm : Infilt rat ive glial neoplasm s includ-
ing gliom atosis cerebri, anaplast ic ast rocytom as, and 
anaplast ic oligodendrogliom a can appear as T2 hyper-
in tense lesions w ith  infilt rat ive m argins. These lesions 
can vary in  size and m orphology but  often  involve the 
tem poral and frontal lobe cor tex and subcort ical w hite 
m at ter. The degree of enhancem ents is variable. Clin ical 
course is frequent ly prot racted.

 ■ Essential Facts

 • HSV is the m ost  com m on cause of sporadic, acute fatal 
encephalit is in  the Western  world.

 • Ninety-five percent of herpes sim plex encephalit is (HSE) 
is caused by HSV-1 in  an  im m unocom petent  pat ient .

 • Patients typically present w ith nonspecific 
symptom s: acute onset of febrile headache and/or seizures.

 • Prompt therapy w ith  acyclovir is essent ial and should be 
in it iated at  the first  suspicion of HSE.

 • High m ortality (50 to 75%) in untreated or delayed therapy

(A) Axial fluid-at tenuated inversion recovery (FLAIR) image demonstrates an irregular area of T2-weighted (T2W) hyperintensity involving the left inferior 
frontal lobe, anterior temporal lobe, and parahippocampal gyrus. This is associated with mild local mass effect and sulcal effacement (arrowheads). (B) A sec-
ond FLAIR image shows extension of hyperintensity into the peri-insular region, with sparing of the deep gray nuclei. (C, D) Axial T1-weighted images post-
gadolinium administration shows patchy enhancement peripherally along the left insular gyri (arrowheads) and within the medial temporal lobe (arrow). 

A B C D
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Case 9

 ■ Clinical Presentation

A 54-year-old m an w ith  a long-standing history of hypertension presents w ith  a sudden onset  of r ight-sided headache and 
m oderate left-sided neurologic de cits.

 ■ Further Work-up

A B
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • CT: h igh-density parenchym al lesion characterist ically in  
the basal ganglia

 • Magnet ic resonance im aging:
 • T1: hyper tensive to brain
 • T2: hypointense to brain
 • T2* gradient-recalled echo (GRE) or suscept ibilit y 
weighted im aging: hypointense lesions

 • Gadolin ium  contrast: No enhancem ent; subacute stage 
m ay see rim  enhancem ent .

 Pearls &   Pitfalls

Û Hem atom a in  the putam en and external capsule in  a 
hypertensive pat ient  is characterist ic of a hypertensive 
bleed.
Û Non–cont rast-enhanced com puted tom ography (NECT) 
is recom m ended for older pat ien ts w ith  hypertension 
and high suspicion for hyper tensive bleed.
Û Features suggest ive of an  underlying m ass lesion  in  
a parenchym al hem atom a include the presence of 
m ixed stages of blood product , delayed evolut ion  of the 
hem atom a, persisten t  surrounding edem a, and m ass 
e ect .
Û Consider reimaging of hematoma with contrast/follow-up 
im aging to ru le out  the possibilit y of an  underlying 
m ass or vascular m alform at ion, w hich m ay in it ially be 
“m asked” by parenchym al blood.

 ■  Dif erential Diagnosis

 • Hyper tensive bleed: The m ost  com m on locat ion is 
between the putam en and insular cor tex. The size 
of the bleeds can vary from  m icrobleed(s) to several 
cent i m eters. The st riatocapsular region, including the 
putam en and external capsule, is m ost  often  involved. 
Hypertension is the m ost  com m on cause of prim ary 
in t racranial bleed between 45 and 70 years of age.

 • Tum or hem orrhage/vascular m alform at ion: Can arise 
secondary to underlying lesions such as a prim ary 
or secondary neoplasm  and vascular m alform at ion 
(ar teriovenous m alform at ion [AVM], dural  stu la). 
Presence of abnorm al or prom inent vessels suggests 
the possibilit y of an  underlying vascular m alform at ion. 
Underlying tum or m ass m ay show  areas of enhancing 
t issue and/or a m ore complex, m ixed signal hem atom a.

 • Am yloid angiopathy: Typically lobar in  dist ribut ion. A ects 
elderly pat ient populat ion, w hich is norm otensive. Often  
m ult iple foci located at the cort icom edullary junct ion.

 ■ Essential Facts

 • Arises at  sites supplied by penetrat ing vessels from  the 
m iddle cerebral and basilar ar teries

 • Hypertensive bleeds account  for 10 to 15% of all st rokes.
 • Males are a ected m ore than fem ales.
 • Hypertensive bleeds account for 50% of prim ary 
nontraum at ic in t racranial hem orrhage.

 • Be wary of subsequent rebleed if the patient is still hypertensive.

(A) Axial unenhanced computed tomography (CT) image shows a large area of high at tenuation (arrow) within the right basal ganglia and external capsule 
in keeping with acute hemorrhage. (B–D) Sagit tal T1-weighted, axial T2-weighted, and axial T1 post–gadolinium-enhanced images conf rm the presence 
of a large hematoma. The mild T1 hyperintensity and low T2 signal are in keeping with the presence of intracellular methemoglobin. Mild rim enhance-
ment is also present. (E) Axial gradient-recalled image shows marked low signal of the hematoma.
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Case 10

 ■ Clinical Presentation

A 72-year-old m an w ith  swallow ing di cult y. Pat ient  fell 2 weeks prior.

 ■ Further Work-up
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 ■ Imaging Findings

 • Vertebral dissect ions are m ost  com m on in  pat ients 30 to 
45 years of age.

 ■ Other Imaging Findings

 • Convent ional radiography: A Je erson fracture m ay be 
very subt le and m anifest  as a lateral displacem ent  of the 
lateral m asses of C1 on the open m outh  view. Widening 
of the predental space (. 2.5 m m ) secondary to t rans-
verse ligam ent  injury.

 • CT: A C1 fracture is usually easily seen on axial im aging 
as areas of lucency and diastasis. Lateral displacem ent  of 
the lateral m ass(es) of C1. Prevertebral soft  t issue swelling.

 • MR:
 • T1 and T2: hem atom a in  the epidural space; loss of  ow  
voids in  dissected vessels

 • T1: Fat-saturated T1 series m ay show  characterist ic 
bright  signal m ural hem atom a in  the vessel wall.

 • Short T1 inversion recovery (STIR) im aging: high signal 
edem a in  the prevertebral soft t issues, fracture fragm ents

 • Computed tom ography angiography (CTA) and MRA: 
features of vessel dissect ion—abrupt and irregular 
vessel narrow ing or tapering, vessel occlusion; “st ring 
sign”; pseudoaneurysm

 Pearls &   Pitfalls

Ú Atherosclerot ic disease can resem ble cervical ar ter ial 
dissect ion.
Ú Neck, ear, and face pain  or discom fort  accom pany over 
60% of VA dissect ions.
Ú An absence of blunt  t raum a on history does not  exclude 
th is possibilit y; pat ients m ay discount the severit y of a 
fall or accident .
Ú Most  pat ients w ill have no obvious neurologic de cit .

 ■  Dif erential Diagnosis

 • Je er son  fr a ct u r e a nd VA dissect ion : There is an  obvious 
fracture involving the r ing of C1. Sagit tal m agnet ic 
resonance im aging (MRI) shows a subacute anterior 
epidural hem atom a at  the level of the C1 ver tebra. 
Com plete lack of  ow  w ithin  the left  VA on contrast  MRA 
is characterist ic of dissect ion . As the dissect ion  proceeds 
inward involving the m edia and in t im a, the vessel 
becom es occluded. The in t radural VA is m ore suscept ible 
to rupture than the ext radural VA.

 • Ischem ic stroke: Mean age at  presentat ion  is 73 years. 
Loss of  ow  on MRA and T2 im aging is possible but  
com plete occlusion is unlikely. St roke favors the carot id 
circulat ion. Ischem ic penum bra is often  visible on CT. 
Hem atom a after ischem ic st roke is uncom m on.

 • Vertebrobasilar atherothrom botic disease: Occurs between 
the ages of 70 and 80 years. Half of patients report t ran-
sient ischem ic at tacks (TIAs) prior to acute presentat ion. 
Sm all ischem ic changes secondary to branch occlusion are 
visible on m agnet ic resonance (MR). MRA m ay show  either 
stenosis or occlusion of the vertebrobasilar circulat ion.

 ■ Essential Facts

 • Je erson fractures are often  the result  of a compressive 
force to the top of the head.

 • Motor vehicle accidents account for over 50% of blunt  VA 
injuries.

 • The speci c t raum at ic insult  usually involves the in t im a.
 • Risk factors for dissect ion  include hypertension, Marfan  
syndrom e, and  brom uscular dysplasia.

 • Grow ing hem atom a is the causat ive lesion in  vertebral 
ar tery dissect ion  (VAD).

(A) Axial computed tomography (CT) show fractures to the C1 ring with 
mild diastasis (arrows). (B) Time-of- ight magnetic resonance angiogra-
phy (MRA) shows a lack of  ow in the left  vertebral artery (VA) (arrow). 
(C) Sagit tal T2 image of the spine shows a large hematoma in the anterior 
epidural space at the level of C1 (arrow). (D) Axial T2 image shows loss of 
the normal  ow void in the left VA (arrow). (E) Coronal image from a con-
trast  MRA shows a lack of opaci cation and  ow within a large segment 
of the left VA (arrows).
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Case 11

 ■ Clinical Presentation

A 27-year-old m an w ith  sore throat , odynophagia, m alaise, and swollen  right  neck.
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 ■ Imaging Findings

pneum onia, empyem a; 2) Neurologic: m eningit is, 
epi- and subdural abscess; 3) Cardiac: tamponade, 
pericardit is, endocardit is; 4) Musculoskeletal: sept ic 
ar thrit is, osteomyelit is; 5) Abdom inal: infarctsm  
abscesses to liver, spleen, kidneys.

 • Treatm ent  consists of prolonged (3–6 weeks) ant ibiot ics 
1 /2  ant icoagulat ion . Metronidazole is considered the 
ant ibiot ic of choice.

 ■ Other Imaging Findings

 • Duplex ult rasonography:
 • Findings suggestive of throm bophlebit is include an  
engorged, noncompressible vein containing an echogenic 
throm bus. However, an acute throm bus m ay be anechoic 
and di cult to dist inguish from   ow ing blood. 

 • Chest  radiography:
 • parenchym al airspace disease, m ass lesions, cavitary 
m ass

 • Contrast-enhanced chest  CT:
 • Sept ic pulm onary em boli: m ult iple peripheral round, 
wedged-shaped areas that  progress to cavitat ion; air-
space in  lt rates

 • Contrast-enhanced neck CT:
 • In ternal jugular vein  throm bosis: low  at tenuat ion  lling 
defect  and adjacent fat  st randing

 • In  am m atory changes and com plicat ions related to the 
oropharyngeal infect ion  including peritonsillar abscess-
es, soft  t issue swelling, and lym phadenopathy

 Pearls &   Pitfalls

Û Keep in  m ind the possibilit y of nonpulm onary com -
plicat ions related to sept ic em boli such as cerebral 
subdural and epidural em pyem a, and sept ic ar thrit is 
involving the join ts.
Û Early ant ibiot ic use m ay prevent the developm ent  of the 
full spect rum  of the syndrom e.
Û Approxim ately 45% of cases w ill not  have signi cant  
neck  ndings.

 ■  Dif erential Diagnosis

 • Lem ier r e syndr om e: Refers to a syndrom e character-
ized by pharyngotonsillar infect ion  w ith  parapharyngeal 
space involvem ent and secondary in ternal jugular vein  
throm bophlebit is and sept ic em boli. In ternal jugular vein  
throm bosis associated w ith  sept ic pulm onary em boli and 
infarcts are the m ost  com m on radiographic  ndings. 

 • Jugular vein throm bosis: May occur spontaneously, but  it  
can  also arise secondary to central venous catheteriza-
t ion , head and neck m alignancy, t raum a, in t ravenous 
drug abuse, and other hypercoagulable states. Duplex 
ult rasound is the test  of choice, show ing iso-echogenic, 
noncompressible lum inal contents.

 • Lung m etastases: Metastat ic pulm onary nodules from  
solid organ tum ors vary in  size and locat ion .  nd-
ings include m ult iple, peripherally located, round, 
variable-sized nodules (hem atogenous spread), as well 
as di use th ickening of the in terst it ium  (lym phangit ic 
carcinom atosis). 

 ■ Essential Facts

 • This is a rare syndrom e characterized by a prim ary 
pharyngotonsillar or odontogenic infect ion  w ith  lateral 
pharyngeal space invasion leading to in ternal jugular vein  
throm bophlebit is and sept ic em boli.

 • Causat ive agent  is Fusobacterium  necrophorum ; other 
Fusobacterium  species are also com m on o ending 
m icroorganism s.

 • Present ing symptom s include pharyngit is (w hich does 
not  resolve in  3 to 5 days), fever, chills, r igors, abdom inal 
pain , nausea, vom it ing, dysphagia, dyspnea, hem optysis, 
cervical neck discom fort , ar thralgia, m alaise, and night  
sweats.

 • The m ajorit y of cases present  in  the second and th ird 
decades of life.

 • Mortalit y rate of , 5%
 • Associated w ith  complicat ions related to sept ic 
em boli: 1) Thoracic: m ediast in it is, pulm ionary em boli, 

(A–C) Computed tomography (CT) scans with intravenous contrast enhancement; two axial images—at the level of the suprahyoid neck—and one sagit tal 
image demonstrate marked swelling of the right lateral oropharyngeal wall with extensive edema and fat stranding (solid arrow in A). Fluid is present within 
the retropharynx (dashed arrow) and there is obliteration of the right parapharyngeal space. A  lling defect is present in the right internal jugular vein (arrow 
in C) consistent with suppurative thrombosis. (D) Axial CT scan of the chest shows peripheral cavitary lesions in the left and right lower lobes (arrows).
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Case 12

 ■ Clinical Presentation

A 67-year-old wom an w ith  a 3-week h istory of dizziness and confusion.
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 ■ Imaging Findings

 • Increased in t racranial pressure and hydrocephalus m ay 
develop due to impaired CSF drainage.

 • LC is present  in  5 to 15% of leukem ias and 1 to 5% of solid 
cancers.

 • Incidence increases w ith  prim ary disease durat ion .

 ■ Other Imaging Findings

 • CT: sulcal enhancem ent and cor t ical edem a
 • MR:

 • T1: nodular or nonnodular enhancem ent covering 
the basal cisterns, cerebellar folia, and cor t ical su lci; 
spinal nerve root  and cauda equina enhancem ent and 
th ickening

 • Fluid-at tenuated inversion recovery: Subarachnoid 
space shows a “dir ty signal,” w hich is greater than CSF.

 • Ir idium -111 diethylenet riam ine cisternogram : poor 
di usion/ ow  at  6 and 24 hours indicat ive of obst ruc-
t ive hydrocephalus

 Pearls &   Pitfalls

Û Leptom eningeal enhancem ent  is greater w ith  solid 
prim ary tum ors than w ith  lym phom a and leukem ia.
Û It  is crucial to assess for obst ruct ive hydrocephalus in  
pat ients w ith  LC.
Û Contrast  MR is the best  noninvasive test  to accurately 
detect ing leptom eningeal disease involving the brain .
Û LC involving the spine m ay appear radiologically as 
areas of clum ping, nodularit y, or th ickening along the 
roots of the cauda equina.

 ■  Dif erential Diagnosis

 • Leptom en ingea l ca r cinom a tosis (LC): Di use m etastat ic 
seeding of the leptom eninges along the pial surface of 
the brain  and spinal cord. The pat tern  of enhancem ent 
is described as a “zuckerguss” or sugar-icing pat tern  on 
com puted tom ography (CT) or m agnet ic resonance (MR) 
and can occur in  cent ral nervous system  (CNS) invasion 
of m etastasis. Mult iple anatom ical elem ents of the CNS 
are usually a ected. Can be seen w ith  prim ary brain  
neoplasm s or as a m anifestat ion  of distant  m etastases 
from  gast roin test inal (GI), lung, and breast  prim aries.

 • Meningit is: Thick basilar m eningit is can be seen w ith  
tuberculosis (TB) and fungal infect ion . Cisterns m ay 
appear obliterated on CT and m agnet ic resonance im ag-
ing (MRI). Acute, febrile presentat ion  is an  im portant  
di erent iator. TB m ay also dem onst rate parenchym al 
brain  lesions—“tuberculom a.” Both  TB and fungal infec-
t ion  m ay also have associated parenchym al lung disease.

 • Neurosarcoidosis: Enhancem ent of the infundibulum  
is com m on. Base of the brain  is m ost  often  a ected, 
including the leptom eninges and basal cisterns. 
Parenchym al brain  lesions can be seen. Elevated serum  
angiotensin-convert ing enzym e (ACE) level, adenopa-
thy, and in terst it ial disease on chest  im aging studies are 
support ive  ndings.

 ■ Essential Facts

 • Most cases are diagnosed by cerebrospinal  u id (CSF) 
cytology or leptom eningeal biopsy.

 • Natural h istory of LC a ords a m ean life expectancy of 4 
to 6 weeks.

(A) Axial enhanced T1-weighted imaging shows curvilinear enhancement on the cerebellar surface (arrows). (B) Enlarged fourth ventricle (asterisk), indica-
tive of obstructive hydrocephalus. Abnormal enhancement is present within the right (arrow) and left  internal auditory canals. (C) Enhancement along the 
 fth cranial nerves bilaterally (solid arrows), as well as along the cerebellar folia (dashed arrow). (D) Thick enhancement along the surface of the midbrain. 
Note the prominent temporal horns, secondary to hydrocephalus.
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Case 13

 ■ Clinical Presentation

A 74-year-old wom an w ith  sudden onset  of left  dense hem iplegia and facial droop 5 hours ago.

 ■ Further Work-up
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 ■ Imaging Findings

 • Depending on the technique, m echanical throm bectomy 
dem onstrates recanalizat ion  rates greater than 80% for 
large ar ter ies.

 ■ Other Imaging Findings

 • CT:
 • CTP: m ay di erent iate the infarct  core (low  CBF, low  
CBV, increased MTT) from  the t issue at  r isk or penum -
bra (norm al or low  CBF, norm al or m ildly decreased 
CBV, increased MTT)

 • CTA: Depending on the technique, the source CTA 
im ages m ay be  ow  weighted (CTA  rst , then CTP) or 
volum e weighted (CTP  rst , then CTA).

 • MR:
 • Di usion weighted im aging (DWI): Most  sensit ive 
im aging technique. Rest r icted di usion (h igh DWI, low  
apparent  di usion coe cient  [ADC] values) can be seen 
as early as 30 m inute of sym ptom s onset .

 • Fluid-at tenuated inversion recovery (FLAIR): Increased sig-
nal can be seen after 4 hours of onset, which may be help-
ful in cases of unknown tim e onset (i.e., wake-up stroke).

 • Dynam ic suscept ibilit y cont rast  (DSC) perfusion: DSC 
perfusion m ay di erent iate the infarct  core (DWI 
rest ricted) from  the t issue at  r isk, w hich w ill show  pro-
longed MTT or t im e to peak (TTP).

 • Dynam ic cont rast  enhanced (DCE) perfusion: DCE 
perfusion w ill show  areas of blood–brain  barrier dis-
rupt ion, w hich m ay be helpful in  predict ing the risk of 
hem orrhagic t ransform at ion.

 Pearls &   Pitfalls

Û The m ain  role of im aging is to rule out  a hem orrhagic 
st roke or a st roke m im ic.
Û Early recanalizat ion  can im prove prognosis in  ischem ic 
st roke.
Û New  stent  ret riever devices show  recanalizat ion  rates 
above 85%, com pared w ith  prior devices w ith  rates 
below  70%.
Û In  spite of h igh recanalizat ion rates, good clin ical outco-
m es are seen in  ~45% of pat ients (fut ile recanalizat ion).

 ■  Dif erential Diagnosis

 • MCA st r oke: The NECT shows early signs of brain  infarct  
(insular cort ical r ibbon sign) w ith  a hyperdense MCA 
sign. The CTA con rm s the r ight  MCA occlusion. CTP 
color m aps reveal a m atched perfusion defect , in  keeping 
w ith  a large infarct  core w ith  no salvageable brain  
parenchym a. Aggressive revascularizat ion  st rategies 
are not  indicated, given the h igh r isk of hem orrhagic 
t ransform at ion and low  probabilit y of good outcom e.

 • Herpes encephalitis: Herpes simplex virus (HSV) encephalitis 
presents usually with di use neurologic de cits and 
seizures. It occurs m ore often in younger population. Im aging 
 ndings m ay be sim ilar, w ith loss of gray–white m atter 
di erentiation characteristically seen in the temporal poles 
(unilateral or bilateral but asymmetric) involves more than  
one vascular territory (MCA and posterior cerebral artery 
[PCA]). Empirical antiretroviral therapy and lumbar puncture 
are m andatory in case HSV encephalitis is suspected.

 • Status epilepticus: Patients in status epilepticus m ay present  
w ith temporal lobe edem a, usually involving m ore than one 
arterial territory. CTA w ill show patent intracranial arteries 
and CTP w ill show increased cerebral blood volum e (CBV) 
and MTT (hyperperfusion) as opposed to brain infarcts, 
which show decreased CBV. Clinical history is by far the 
m ost important elem ent for di erentiating both entit ies.

 ■ Essential Facts

 • Stroke is one of the leading causes of dementia and disability.
 • More than 85% are ischem ic.

 • Thir ty percent  to 35% large artery atherosclerosis; 20 to 
25% cardioem bolic; 15 to 20% sm all vessel disease

 • Mortalit y is alm ost  10% and 50% of the surviving pat ients 
are disabled.

 • In t ravenous (IV) throm bolyt ic therapy (recom binant  t is-
sue plasm inogen act ivator [r-tPA]) adm inistered w ith in  
4.5 hours after st roke onset  increases the chances of a 
good outcom e by 30%, at  the expense of increased rate of 
symptom at ic in t racranial hem orrhage (0.6 vs. 6.4%)

 • Large ar ter ies w ith  a large clot  burden have less than 30% 
recanalizat ion  rates w ith  IV r-tPA only.

(A, B) Axial non–contrast-enhanced computed tomography (NECT) shows a hyperdense middle cerebral artery (MCA) on the right (arrow), with loss of 
the gray–white mat ter di erentiation of the insula. (C) Computed tomography angiography (CTA) coronal maximum intensity projection (MIP) reformat 
shows an occluded proximal right MCA. (D) Computed tomography perfusion (CTP) color maps reveal a large matched perfusion defect (low cerebral 
blood  ow [CBF], increased mean transit  t ime [MTT]) involving the deep and super cial right MCA territory.
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Case 14

 ■ Clinical Presentation

A 67-year-old m an w ith  leukem ia and extensive left  facial swelling.
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • CT: Thickening of EAC walls, fat  st randing surrounding 
the EAC (phlegm on), r im -enhancing abscesses. CT bet ter 
dem onstrates bony erosion along EAC and cor t ical ero-
sion of the skull base or temporom andibular join t .

 • Magnet ic resonance im aging:
 • Bet ter dem onstrat ion  of bone m arrow  involvem ent 
w ith in  the skull base and in t racranial complicat ions

 • T2 and T1 postcontrast should be done w ith fat saturation.
 • T1: Loss of norm al fat t y bone m arrow  signal w ith  skull 
base osteomyelit is. 

 • T2 w ith  fat  saturat ion  or short  T1 inversion recovery 
(STIR): dem onst rates bone m arrow  edem a and otom as-
toid and temporom andibular join t  (TMJ) e usion

 • T1 postcontrast  w ith  fat  saturat ion: allows dist inct ion  
of phlegm on from  abscess form at ion

 • Magnet ic resonance venography: allows evaluat ion of 
dural venous sinus throm bosis

 • DWI: May be useful in  di erent iat ing skull base osteo-
myelit is from  tum or in  lt rat ion . 

 • Nuclear medicine: Bone scan (technetium 99mm-methylene 
diphosphonate [MDP] and gallium scan usually done together) 
may be useful in con rming the diagnosis and in treatment 
monitoring. Typical  nding in necrotizing otitis externa is a 
larger area of gallium uptake compared with technetium.

 Pearls &   Pitfalls

Û Look for erosion along EAC, subtem poral soft  t issue 
in  lt rat ion , or skull base changes w hen pat ients present  
w ith  ot it is externa.
Û A thorough search should be m ade to evaluate for in t ra-
cran ial com plicat ions.
Û CT and m agnet ic resonance (MR) are com plem entary. 
Nuclear m edicine m ay be useful in  equivocal situat ions.
Û Requires clin ical correlat ion  to exclude neoplast ic (EAC 
squam ous cell carcinom a) or other nonneoplast ic in-
 am m atory condit ions.

 ■  Dif erential Diagnosis

 • Necr ot izing ot it is m edia : Invasive infect ion of the EAC 
w ith  involvem ent of the skull base and surrounding 
soft  t issue. This is t ypically seen in  elderly diabet ic 
pat ients often  secondary to Pseudom onas aeruginosa. 
The infect ion  t ypically spreads from  the EAC to the 
subtemporal soft  t issues through the  ssures of 
Santorin i. Involvem ent  of the skull base m ay lead to 
cranial nerve involvem ent . In t racranial complicat ions 
include abscesses, em pyem as, and dural venous sinus 
throm boses. 

 • EAC squam ous cell carcinom a: May have ident ical im aging 
features. EAC squam ous cell carcinom as are usually sec-
ondary to chronic infect ion , are m ore frequent in  fem ales, 
and have a worse prognosis. Extension to the m iddle ear 
fur ther decreases survival.

 • Tem poral bone osteoradionecrosis: May occur sev-
eral years after radiat ion  therapy. This condit ion  has a 
m ore indolent  course. EAC is m ost  at  r isk of develop-
ing osteoradionecrosis, especially in  com binat ion  w ith  
m astoidectomy.

 ■ Essential Facts

 • Severe invasive infect ion  of the EAC w ith  secondary in-
volvem ent of the skull base and subtem poral soft  t issues.

 • Most frequently encountered in  elderly diabet ic pat ients 
and typically secondary to P. aeruginosa

 • Clin ical correlat ion  is important  as EAC squam ous cell 
carcinom a and other nonneoplast ic condit ions m ay have 
sim ilar im aging  ndings.

 • The prim ary t reatm ent  involves surgical debridem ent 
and drainage of abscesses along w ith  ant ibiot ics.

 • HIV or im m unocomprom ised pat ients m ay have a m ore 
fu lm inant  course w ith  h igher m ortalit y. Fungal infect ion , 
especially Aspergillus fum igatus, m ay be encountered in  
th is set t ing.

(A–C) Axial contrast-enhanced computed tomography (CT) images show the presence of in ammatory changes (including fat stranding, skin thickening, 
and soft tissue swelling) within the left periauricular soft  t issues. This also involves the soft tissues around the temporomandibular joint and the external 
auditory canal (EAC) (arrows). There is e usion within the left  mastoid and tympanic cavity (asterisk). There are no areas of bony erosion associated with 
the left  petrous temporal bone. There is thickening and ill-de ned margin of the left  sternocleidomastoid muscle consistent with myositis (arrowheads). 
The left-sided sigmoid sinus is incompletely opaci ed (circle), concerning for dural venous sinus thrombosis.
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Case 15

 ■ Clinical Presentation

A 47-year-old wom an presents to the em ergency room  w ith  seizures, an  altered level of consciousness, vision  disturbance, 
and headaches. Blood pressure was noted to be 170/100 m m  Hg.
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 ■ Imaging Findings

 • Posterior circulat ion  involvem ent is usually seen but  
can also involve frontal, inferior temporal–occipital 
area, basal ganglia, capsular regions, brainstem , and 
cerebellum .

 ■ Other Imaging Findings

 • Im aging  ndings on CT and MRI:
 • Bilateral subcort ical areas of parenchym al abnorm alit y
 • Posterior dist r ibut ion—occipital parietal and tem poral
 • Subtle m arginal gyral enhancem ent

 • Brain  MRI:
 • Di usion (DWI) is usually norm al but  m ay be posit ive 
in  up to 26% cases.

 • Suscept ibilit y weighted im aging: 17% cases posit ive, 
compat ible w ith  presence of hem orrhage

 • Post-gadolin ium  T1 im aging m ay show  patchy paren-
chym al or leptom eningeal enhancem ent (37% cases).

 Pearls &   Pitfalls

Û Necessary to rule out  venous throm bosis, as th is can  
also show  bilateral sym m etric parenchym al signal 
change.
Û Leptom eningeal enhancem ent  can be seen w ith  PRES.
Û There are 2.6% of pat ients w ho can have unilateral 
features.
Û Brainstem  and cerebellar as well as frontal involvem ent 
does not  rule out  PRES.

 ■  Dif erential Diagnosis

 • Poster ior  r ever sible encepha lopa thy syndr om e (PRES): 
bilateral posterior cort ical–subcort ical vasogenic edem a; 
usually sym m etric, no m ass e ect , di usion negat ive

 • Acute cerebral ischem ia/infarct ion: Watershed-type 
infarcts can  show  a sim ilar dist ribut ion  of bilateral 
parenchym al signal change; w ill show  rest r icted 
di usion (“bright” on di usion weighted im aging [DWI], 
“dark” on ADC).

 • Dural sinus throm bosis: Throm bosis of the venous sinus 
can result  in  secondary venous infarct ion . A nonar terial 
dist r ibut ion of parenchym al signal abnorm alit y can 
develop. Com puted tom ography (CT) or m agnet ic 
resonance venography w ill show  absence of  ow  w ith in  
the a ected sinuses. May see the classic “em pt y delta” 
sign on contrast  CT or MRI corresponding to clot  in  the 
sagit tal sinus viewed in  the axial plane.

 ■ Essential Facts

 • Posterior reversible encephalopathy syndrom e (PRES) 
refers to a neurologic syndrom e of reversible vasogenic 
edem a in  the brain  seen in  the set t ing of neurotoxicit y.

 • PRES is related to the presence of endothelial dysfunct ion  
and disrupt ion of cerebral autoregulat ion/blood–brain  
barr ier.

 • Associated w ith  m any condit ions/toxicit ies such as 
preeclam psia, hyper tension, im m unosuppressive drugs 
(e.g., cyclosporine, tacrolim us), autoim m une diseases, 
and renal failure

 • Clin ically characterized by headache, visual symptom s, 
seizures, and altered m ental status

(A–C) Axial  uid-at tenuated inversion recovery (FLAIR) magnetic resonance imaging (MRI) of the brain reveals the presence of bilateral high signal within 
the subcortical white mat ter of the cerebral hemispheres. The locations involve the frontal, temporal, and parietal white mat ter. (D) Di usion weighted 
image and apparent di usion coe cient (ADC) map (not shown) shows no evidence of restricted di usion.
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Case 16

 ■ Clinical Presentation

A 29-year-old wom an w ith  severe odynophagia after eat ing  sh .
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • Plain  radiography:
 • Prever tebral soft  t issue swelling
 • May see radio-opaque foreign bodies

 • CT:
 • Axial and sagit tal im aging w ith  contrast  w ill show  the 
presence of  uid w ith in  the ret ropharyngeal space.

 • Assesses status of airway and the jugular and carot id 
vessels for throm bosis or in  am m at ion

 • Assesses for presence of suppurat ive adenopathy or 
diskit is

 Pearls &   Pitfalls

Û Cross-sect ional im aging is necessary to dist inguish  
ret ropharyngeal from  prever tebral infect ion .
Û Im portant  to evaluate the full extent  of the abscess, be-
cause it  m ay extend inferiorly to m ediast inum  through 
danger space of neck. Be sure to im age at  least  to the 
level of the carina.
Û Check the status of the airway and aler t  clin ician  in  
cases of com prom ise.
Û Plain   lm s m ay be used as  rst-line screening tool 
but  cannot  dist inguish  between prevertebral and 
ret ropharyngeal swelling.
Û Look for potent ial causes such as cervical spine diskit is 
and a penet rat ing foreign body.

 ■  Dif erential Diagnosis

 • Ret r opha r yngea l spa ce (RPS) a bscess: Widened 
prevertebral distance on plain  X-ray. Tense  uid collect ion  
in  RPS w ith  wall enhancem ent m ay be seen on CT.

 • Nonabscess f uid: Seen w ith  radiotherapy for head and 
neck m alignancies, in ternal jugular vein  (IJV) throm bosis, 
pharyngit is, and longus colli tendinit is. Im aging shows 
RPS  uid w ithout  wall enhancem ent or m ass e ect .

 • Suppurat ive nodes: Cyst ic-appearing nodes in  lateral RPS 
w ith  adjacent cellulit is in  sept ic pat ients. May progress to 
an  RPS abscess w ithout  proper m edical m anagem ent .

 ■ Essential Facts

 • RPS is located between the pharyngeal const rictor 
m uscle and the prever tebral fascia.

 • Typically a ects the pediat r ic populat ion; elderly and im -
m unocomprom ised pat ients are also at  r isk.

 • RPS abscess m ay originate from  a pharyngeal penet rat ing 
foreign body, ventral spread of infect ive processes in  the 
cervical spine, or head and neck infect ions, w hich lead to 
suppurat ive ret ropharyngeal lymphadenopathy.

 • Pat ients com m only present  w ith  odynophagia and sepsis.
 • Rim -enhancem ent on  cross-sect ional im aging suggests 
abscess form at ion but is not  always present .

(A) A lateral neck X-ray shows marked increase in thickness of prevertebral soft tissues (asterisk). Note the one small focus of air lucency also present 
within the prevertebral tissues (arrow). (B) An axial contrast-enhanced computed tomography (CT) shows retropharyngeal space  uid (arrow). (C) An 
axial contrast-enhanced CT shows the cross-section of a hyperdense foreign body within the wall of the esophagus compatible with a  sh bone (arrow). 
(D) A sagit tal contrast-enhanced CT shows the vertical extent of the retropharyngeal space  uid (asterisk), which extends from the level of the C1 arch 
down to the level of C6.
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Case 17

 ■ Clinical Presentation

Two separate pat ients both  involved in  a m otor vehicle accident , present ing w ith  paralysis. Pat ient  1, an  18-year-old m an. 
Pat ient  2, a 22-year-old m an.
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • CT: Best m odalit y to assess for fractures and subluxat ions. 
Reform ats in  the sagit tal and coronal planes are needed 
for a com plete evaluat ion. Important  to recognize abnor-
m al w idening of disk spaces, facet  com plexes, and in ter-
spinous spaces because they are indirect  findings of soft  
t issue injury (ligam ent , join t  capsule). Most severe injury 
occurs after hyperflexion/com pression injuries, producing 
a flexion teardrop fracture fragm ent and dislocat ion .

 • Magnet ic resonance im aging (MRI):
 • T1: Possible hyperin tensit y in  the cord due to hem or-
rhage. Traum at ic disk herniat ions and fracture lines m ay 
be bet ter visualized than on T2-weighted sequences.

 • T2: assesses for abnorm ally increased cord signal in ten-
sit y and m orphology

 • STIR: ligam entous injury denoted by hyperin tensit y 
(norm ally low  signal in tensit y), displacem ent , or com -
plete disrupt ion

 • GRE: Low  signal in tensity in  the cord due to blood prod-
ucts. It  can  also be used to assess ligam entous in tegrit y.

 • Acute epidural hem orrhage: heterogeneous hyperin ten-
sit y on T2-weighted im aging and isoin tensity (com -
pared w ith  cord) on  T1-weighted im age

 Pearls &   Pitfalls

Û Key prognost ic factors for nontransect ion  injuries are 
an  absence of cord hem orrhage and cord edem a lim ited 
to single rather than m ult ilevel.
Û Must  ident ify ligam entous injury along w ith  fractures 
for appropriate stabilizat ion
Û T2-weighted sagit tal im ages are m ost  im portant  for the 
evaluat ion of cord injury.
Û Negat ive CT exam  does not  exclude spinal cord injury or 
dynam ic instabilit y part icularly in  children .
Û MRI should be done if neurologic sym ptom s are present .

 ■ Differential Diagnosis

 • Spina l cor d t r a nsect ion : Com plete t ransect ion above 
the C4 level leads to respiratory m uscle involvem ent , 
w hereas lower cervical to upper thoracic (T6) t ransect ion  
w ill lead to autonom ic dysfunct ion (neurogenic shock). 
Part ial t ransect ion includes hem it ransect ion m ost  com -
m only due to penetrat ing t raum a; cen tral cord syndrom e 
due to hyperextension injury and anterior cord syndrom e 
result ing from  vascular com prom ise.

 • Spinal cord contusion/edem a: Swelling of the cord char-
acterized by increased T2 signal in tensit y. Single level 
edem a generally resolves in  3 weeks; however, m ult ilevel 
edem a can persist  beyond th is t im e fram e.

 • Spinal cord hem orrhage: Indicat ive of a h igher grade 
injury w ith  poor prognosis for recovery of funct ion . 
In it ially, the hem orrhage is hypointense on T2-weighted 
im aging; however, it  can  becom e hyperin tense as blood 
products evolve in to early subacute stage. Hem orrhage is 
hypointense on suscept ibilit y weighted sequences.

 ■ Essential Facts

 • Traum at ic spinal cord injury m ost  com m only involves 
m ales younger than the age of 40 years. Approxim ately 
50% of the cases are secondary to m otor vehicle accidents.

 • Diagnosis of com plete anatom ical t ransect ion of the 
spinal cord is st raightforward. However, funct ional cord 
t ransect ion  can  exist  even w hen the cord is st ill physi-
cally in tact , result ing in  a sim ilar clin ical outcom e.

 • Syndrom es of neurologic injury are m ore com m only due 
to contusion and hem orrhage than t rue cord disrupt ion.

 • Poor prognosis w ith  lit t le to no recovery after t ransec-
t ion . Greatest  recovery occurs in  the first  6 m onths after 
a cord injury.

(A) Patient 1: Sagit tal short T1 inversion recovery (STIR) image shows distraction and complete transection (arrow) of the spinal cord at C3–C4 secondary 
to cervical spine fracture-dislocation. (B) Patient 1: Sagit tal gradient-recalled echo (GRE) image on the same patient shows blooming at the transection site 
consistent with hemorrhage (arrow). (C) Patient 2: Different patient demonstrates complete transection of the spinal column and functional cord transection. 
Computed tomography (CT) demonstrates an oblique fracture through a thoracic vertebral body with a small retropulsed fragment (arrow) and ventral sublux-
ation. (D) Patient 2: Sagit tal T2-weighted image demonstrates stretching of the spinal cord, resulting in abnormal cord signal and caliber. There is disruption 
of the anterior longitudinal ligament (long arrow), stripping of the posterior longitudinal ligament (short arrow), and a ligamentum flavum tear (arrowhead).
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Case 18

 ■ Clinical Presentation

A 53-year-old m an w ith lower back pain, progressive bilateral lower lim b weakness, and recent bladder and bowel dysfunct ion.
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • Contrast-enhanced computed tomography (CT): may show  
enlarged distal spinal cord and enlarged perimedullary vessels

 • Mult idetector CT angiography: can be used to determ ine 
the locat ion of the  stu la and drain ing veins

 • Magnet ic resonance im aging (MRI):
 • T1: di usely enlarged, hypointense spinal cord
 • T2: Ill-de ned cent ral hyperin tensity w ith  peripheral 
sparing. Mult iple perim edullary  ow  voids.

 • T1 w ith  contrast: Enhancem ent of m ult iple, enlarged 
perim edullary vessels. Patchy in t ram edullary 
enhancem ent from  blood–spinal cord barr ier 
breakdow n follow ing venous congest ion .

 • Contrast-enhanced MRA: determ ines level of  stula, 
de nes dilated veins, guides planning for DSA

 • DSA: Select ive inject ion  of spinal or in tercostal ar teries 
to determ ine locat ion  of  stula and con  gurat ion  of 
involved vessels for t reatm ent  planning. Delayed washout 
of ar ter ial cont rast  suggest ive of venous congest ion. 
Norm al venous return  after inject ion  of the an terior 
spinal ar tery e ect ively excludes spinal dAVF.

 Pearls &   Pitfalls

Ú Presentat ion  of dAVF is nonspeci c, insidious, and 
includes m ixed upper and lower m otor neuron signs. 
Im aging m ay be the  rst  opportunity to m ake the 
diagnosis.
Ú The presence of cord edem a w ith  en larged perim edul-
lary veins and w ithout an  in t ram edullary n idus is t ypi-
cal for spinal dAVF.
Ú Cord edem a alm ost  invariably involves the conus.
Ú Post–contrast  im aging m ay reveal abnorm al vessels not  
appreciated on T2WI.
Ú The locat ion of pathologic vessels and level of cord signal 

abnorm ality is not related to the level of the  stula.

 ■  Dif erential Diagnosis

 • Spina l du r a l a r ter iovenous f st u la  (dAVF): These are 
abnorm al connect ions between a radicular feeding ar tery 
and venous plexus of the spine w ithout an  in tervening 
capillary bed. dAVFs result  in  venous hypertension and 
congest ion , spinal hypoxia, and progressive myelopathy.

 • Spinal cord tum or: An in t ram edullary m ass can present  
w ith  di use expansion of the cord, T2 hyperin tensity, 
and enhancem ent . The length  of cord expansion is usu-
ally relat ively short  and the m ass m ay be associated w ith  
a syrinx. The absence of enlarged dorsal perim edullary 
veins on im aging does not  exclude a spinal dAVF. How-
ever, the presence of these m akes a tum or less likely.

 • Spinal cord arteriovenous malformation (AVM): The 
presentation is often acute rather than insidious. On imaging, 
an AVM is also associated w ith cord edem a and enlarged 
draining veins. An intramedullary nidus may be seen as 
enhancement or  ow voids. A spinal AVM is m ore likely to 
result in intram edullary or subarachnoid hem orrhage.

 ■ Essential Facts

 • Spinal dAVFs (type I spinal ar ter iovenous  stula [AVF]) 
are the m ost  com m on vascular m alform at ion of the spine 
(70% of spinal vascular lesions).

 • Eighty percent  are located between T6 and L2.
 • They are shunts that  form  in  the lateral epidural space 
between a radiculom eningeal ar tery and a radicular vein .

 • An increase in  spinal venous pressure leads to spinal cord 
venous congest ion or reversal and myelopathy.

 • Cont rast-enhanced MRA is useful to con rm  the diagno-
sis by dem onstrat ing early venous  lling and to locate the 
level of the lesion.

 • DSA is essent ial to plan  t reatm ent .
 • Prompt t reatm ent of spinal dAVFs can lim it  the 
progression of symptom s.

(A) A sagit tal T2-weighted image (T2WI) shows di use, ill-de ned hyperintensity extending from the conus to the midthoracic level (arrowheads). Multiple 
 ow voids are present in the extramedullary intradural space consistent with enlarged perimedullary veins (arrow). (B) Sagit tal T1 with contrast shows ill-
de ned intramedullary contrast enhancement in the lower cord (arrowheads) and enhancing perimedullary veins (arrow). (C) Arterial phase of a dynamic 
sagit tal T1-weighted image (T1WI) with contrast  (magnetic resonance angiography [MRA]) demonstrates the abnormal vessels (arrows). (D) Digital sub-
traction angiography (DSA) image with a catheter within an intercostal artery at the T8 level demonstrates an abnormal direct communication (asterisk) 
between the feeding artery (arrowhead) and a dilated, tortuous draining vein (arrow).
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Case 19

 ■ Clinical Presentation

A 61-year-old m an w ith  a 5-day history of headache, confusion, and right-sided weakness.

 ■ Further Work-up
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • CT:
 • Hyperdense, crescent-shaped collect ion overlying the 
cerebral convexit y

 • SDH m ay also extend along the falx and tentorium .
 • Heterogeneity of the SDH m ay indicate acute or chronic 
hem orrhage—“sw irl” sign  of act ive bleeding.

 • In  lt rat ion  of cerebrospinal  uid (CSF) in to hem atom a 
w ill also give a m ixed appearance to the SDH.

 • A hem atocrit  level m ay be present , w hich indicates 
chronicit y.

 • May get  peripheral enhancem ent in  subacute SDH that  
can  arise anyw here from  3 days to 3 weeks after onset .

 • MRI:
 • Blood w ill be of variable signal in tensit y depending on 
the age and type of blood product .

 • Acute blood is t ypically isoin tense on T1WI and hyper-
in tense on T2WI.

 • Suscept ibilit y or gradien t  im aging: Blood is of low  sig-
nal di usion weighted im aging (DWI).

 • Di usion imaging: Blood will be of variable signal intensity.

 Pearls &   Pitfalls

Û CT is the  rst-line im aging m odalit y for assessm ent of 
acute in t racranial hem orrhage.
Û Acute hem orrhage on CT is alm ost  always hyperdense.
Û Certain  condit ions that  m ay give rise to lower at tenua-
t ion  acute hem atom a includes a very low  hem atocrit /
anem ia or the presence of CSF in term ixing w ith  blood.
Û Always look for secondary e ects: m idline shift , hydro-
cephalus, and infarct ion .
Û CT m ay fail to ident ify very sm all hem atom as: Wid-
ening the w indow  level on  the picture archiving and 
com m unicat ion system  (PACS) viewer w ill help increase 
conspicuity of blood and aid in  detect ion .
Û Clin ical presentat ion  can vary from  asymptom at ic to 
the loss of consciousness; m ay also include a lucid 
in terval.
Û Hem atom a th ickness of a m idline shift  . 20 m m  m ay 
indicate poor outcom es.

 ■  Dif erential Diagnosis

 • Subdur a l hem a tom a  (SDH): Extra-axial hem orrhage that  
collects between the dural and arachnoid layers of the 
m eninges. SDH can com press and displace the underlying 
brain . These are t ypically crescent  shaped and hyper-
dense on CT. These hem atom as can cross sutures and 
they tend to di usely spread over the a ected hem i-
sphere. The hem atom a does not  cross over dural at tach-
m ents but  m ay t ravel along the falx or tentorium .

 • Epidural hem atom a (EDH): Accum ulat ion of blood found 
between the dura m ater and the skull. CT w ill depict  a 
biconvex/rounded shape unlike the crescent  shape of 
the subdural hem atom a and w ill be m ore localized. The 
hem atom a can cross dural at tachm ents but  is rest ricted 
by sutures. Usually has an  associated calvarial fracture.

 • Subdural em pyem a: Collection of pus in  the subdural 
space. Com m only secondary to a frontal sinusit is. Has a 
crescentic shape. Subsequent contrast injection dem on-
strates intense rim  enhancem ent surrounding the collec-
t ion. Di usion m agnet ic resonance im aging (MRI) shows 
restricted di usion. Clinical history is also helpful, as the 
pat ients w ill often be system ically ill, febrile, and w ith  
elevated white cell counts. Be sure to evaluate the scan for 
precipitat ing causes such as frontal sinusit is or m astoidit is.

 ■ Essential Facts

 • Im aging  ndings necessitate urgent  verbal com m unica-
t ion  of  ndings to the clin ician .

 • SDH is m ost  com m only due to t raum a, w hich injures 
bridging cort ical veins in  the subdural space.

 • Risk factors include elderly pat ients on  ant icoagulat ion .
 • Mixed density w ith in  an  SDH signi es the presence of 
acute or chronic hem orrhage.

 • Mixed densit y SDH in  a child m ay be a sign  of nonacci-
dental t raum a.

(A–D) Axial unenhanced computed tomography (CT) images of the brain demonstrate a large heterogeneous mixed density collection overlying the left  
cerebral convexity. Note the presence of subfalcine midline shift toward the right as evidenced by the displacement of the lateral ventricles across midline 
(dashed line in B). The enlargement of the right lateral ventricle (arrow) signi es “trapping” of its out ow due to compression of the right foramen of Monro.
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Case 20

 ■ Clinical Presentation

A 35-year-old m an w ho presen ts w ith  a know n history of dissem inated tuberculosis (TB) is brought  to the hospital after being 
found unconscious.
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • CT: e acem ent  of basal cisterns by iso- to hyperdense 
exudates
 • Hypo- to hyperdense round or lobulated parenchym al 
nodules w ith  surrounding edem a m ay be present , 
corresponding to tuberculom as.

 • Com m unicat ing hydrocephalus m ay be present .
 • With  contrast: in tense basilar m eningeal enhancem ent 
w ith  solid or rim -enhancing nodules

 • Magnet ic resonance im aging (MRI):
 • T1: iso- to hyperintense m eninges/variable intensity nod-
ules; caseating granulom as m ay have hyperintense rim

 • T2: iso- to hyperin tense m eninges/variable in tensit y 
nodules w ith  hypointense rim  and surrounding edem a

 • Fluid-at tenuated inversion recovery (FLAIR): hyperin-
tense exudates in  basal cisterns and sulci

 • Di usion weighted im aging (DWI): can detect  ischem ic 
com plicat ions, if present

 • T1 w ith  contrast: m arked m eningeal enhancem ent/
nodular, hom ogeneously enhancing or rim -enhancing 
granulom as

 • Angiography: can  detect  narrow ing of supraclinoid in-
ternal carot id ar tery (ICA), M1, A1, sm all/m edium -sized 
arter ies if ar terit is is present

 Pearls &   Pitfalls

Û Basilar leptom eningit is w ith  parenchym al involvem ent 
is h ighly suggest ive of CNS TB.
Û MRI is the m ost  sensit ive m odalit y for delineat ing ex-
tent  and com plicat ions.
Û Im aging of the spine should be done to ru le out  con-
com itant  spinal lesions in  cases of CNS TB.
Û CT and MRI characterist ics of tuberculous granulom as 
vary depending on if the granulom a is caseat ing w ith  a 
liquid center or solid  center, or noncaseat ing.
Û Radiologic response to ant ituberculous therapy usually 
takes 4 to 6 weeks.
Û Basilar leptom eningit is in  the absence of parenchy-
m al lesions is nonspeci c and has a w ide di erent ial 
diagnosis.

 ■  Dif erential Diagnosis

 • Tuber cu lous m en ingit is: Cent ral nervous system  (CNS) 
infect ion  w ith  TB m ost com m only causes a basal lepto-
m eningit is. Involved m eninges show  di use cont rast  en-
hancem ent  w ith  obliterat ion  of basal cisterns. Meningeal, 
parenchym al, and ependym al tuberculom a form at ion 
can accompany m eningit is. Parenchym al involvem ent 
is predom inant ly supratentorial in  adults, com m only 
m arked by cerebral edem a surrounding one or m ore solid 
or r im -enhancing granulom as at  the cor t icom edullary 
junct ion . Im aging propert ies of granulom as vary depend-
ing on presence of caseous necrosis and liquefact ion .

 • Abscess: Racem ous cysticercosis, a rare presentation of 
neurocysticercosis, is characterized by proliferat ive lobu-
lated m eningeal cysts m ostly in the basal m eninges. Im ag-
ing m ay show characterist ic scolices (intracystic parasite) 
w ithin som e cysts. It  occurs predom inantly in young adults 
due to fecal–oral contam ination from  a tapeworm  carrier. 
Toxoplasm osis and fungal infections can cause m ult iple 
rim -enhancing lesions in im m unocomprom ised patients.

 • Neurosarcoidosis: Sarcoid involvem ent of the CNS m ost  
com m only causes a di use or nodular th ickening and 
enhancem ent of the leptom eninges of the basal cisterns. 
With  leptom eningeal involvem ent , the pituitary stalk, 
opt ic chiasm , and nerve are often  involved. Parenchym al 
granulom atous m ass lesions are rarely found associated 
w ith  leptom eningeal disease, and are usually noncaseat-
ing, hypointense on T2-weighted im aging (T2WI) and 
show  nodular enhancem ent . Usually, concurrent  sys-
tem ic disease is present .

 ■ Essential Facts

 • Alm ost  always secondary to hem atogenous spread from  
pulm onary prim ary TB

 • Com m unicating hydrocephalus and ischem ic basal gan-
glia/internal capsule infarct ion are com m on complications.

 • Cranial nerves II, III, IV, and VII are often involved clinically.
 • Acid-fast  bacillus sm ear posit ivit y is low  (, 40%) on in i-
t ial lum bar puncture (LP).

 • Twenty- ve to 30% m ortalit y; 80% long-term  m orbidity

(A) Axial contrast-enhanced computed tomography (CT) image demonstrates numerous rim-enhancing lesions along the basal pial surfaces within the right 
sylvian f ssure (arrow) and suprasellar region (arrowheads). Marked edema is shown in the right frontal and temporal operculum (asterisk). (B–D) Axial and cor-
onal T1-weighted images postgadolinium show numerous clustered rim-enhancing lesions in the sylvian f ssures bilaterally (arrows), with associated edema.
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Case 21

 ■ Clinical Presentation

A 17-year-old girl developed sudden onset  sharp pain  and paresthesia in  the left  shoulder w hile on  a  ight . Later, paresthesia 
progressed to involve the bilateral arm s, t runk, and bilateral lower ext rem it ies. She noted weakness alm ost  im m ediately after 
the onset  of the paresthesia, w ith  rapid progression to quadriparesis. Im ages A, B, and C are from  in it ial presentat ion .  
Im ages D, E, and F are from  3 weeks later.
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 ■ Imaging Findings

connect ive t issue diseases, infarct ion , ar ter iovenous 
m alform at ions [AVMs], and infect ions) w ith  sim ilar 
clin ical presentat ion  need to be excluded.

 • Onset  m ay be acute or subacute.
 • Thoracic spinal cord is m ost  com m only a ected, followed 
by the cervical spine.

 • All ages can be a ected, w ith  two peaks at  10 to 
20 years old and 30 to 40 years old.

 • TM results in necrosis, w hich involves both gray and w hite 
m at ter, w ith destruct ion of neurons, axons, and myelin .

 ■ Other Imaging Findings

 • Computed tom ography (CT) is of lim ited value but  can  
ident ify spinal cord expansion. CT myelography can ex-
clude ext ra-axial compressive causes and dem onstrates 
blockage of cerebrospinal  uid (CSF)  ow  secondary to 
cord swelling.

 • Magnetic resonance imaging (MRI) is the modality of choice:
 • T1: sm ooth  cord expansion w ith  isoin tense to hypoin-
tense signal abnorm alit y

 • T2: Hyperintense lesion involving a long cord segm ent  
(m ore than three or four vertebral segm ents), w ith  
central predom inance and relat ive sparing of the 
periphery. “Central dot sign” refers to isointensity of 
spinal cord core w ith peripheral T2 hyperintensity. This is 
thought to represent gray m atter surrounded by edem a.

 • T1 postcontrast: Variable enhancem ent pat tern  ranging 
from  none to m ult iple lesions. It  is m ore com m on in  
subacute stage w hen cord en largem ent is present  and 
resolves over t im e.

 Pearls &   Pitfalls

Û Idiopathic t ransverse myelit is is a diagnosis of exclusion 
w ith  m ult iple di erent ial considerat ions.
Û It  is im portant  to evaluate the brain  and opt ic nerves 
to exclude in t racranial lesions that  point  to alternat ive 
diagnosis of m ult iple sclerosis or neurom yelit is opt ica.

 ■  Dif erential Diagnosis

 • Tra nsver se myelit is: Typically involves the central cord 
a ecting m ore than two-thirds of cross-sectional area of the 
cord. The lesion spans m ore than two vertebral body levels 
and causes sm ooth spinal cord expansion. Enhancem ent 
characteristics are variable, ranging from  no enhancement 
to solitary and m ultifocal disease. It is m ore com m only seen 
when cord expansion is present and in the subacute stage.

 • Multiple sclerosis: Prim ary demyelinating disease of central 
nervous system  w ith m ultiple lesions dissem inated over 
t im e and space. Ninety percent of the t im e, concom itant  
intracranial lesions are seen. When isolated spinal cord 
disease is present, the cervical spine is m ost frequently 
a ected. In contrary to transverse myelit is, m ultiple 
sclerosis predom inantly involves the peripheral dorsolateral 
aspect of the cord, spanning less than two vertebral body 
levels and less than half of the cross-sectional area of the 
cord. Lesions typically are oval w ith peripheral distribution.

 • Spinal cord infarction: Cord infarction secondary to vessel 
occlusion typically involves the anterior radicular artery 
(artery of Adam kiew icz) and, therefore, the anterior two-
thirds of the distal half of the thoracic cord. This presents as 
hyperintense central gray m atter w ithin the cord on  
T2-weighted im aging (T2WI), giving an “owl’s eye” 
appearance and slight cord expansion in acute phase. Its 
onset is abrupt, w ith weakness m ore pronounced than loss 
of sensation and rapid progression to m axim um  de cit  
w ithin hours.

 ■ Essential Facts

 • Transverse myelit is (TM) refers to an  idiopath ic form  of 
in  am m atory condit ion  in terrupt ing both  m otor and 
sensory t racts at  one level, result ing in  bilateral m otor, 
sensory, and autonom ic dysfunct ion.

 • TM is a diagnosis of exclusion. Et iology is unknow n, 
but  possible associat ion  includes prior viral infect ion  or 
vaccinat ion. Alternat ive diagnoses (com pressive et iology, 

(A) Sagit tal T2-weighted magnetic resonance (MR) image demonstrates mild cervical cord expansion with central intramedullary hyperintensity span-
ning seven vertebral segments from C2 to T1/T2 (white arrows). (B) Sagit tal T1-weighted MR image exhibits mild cervical cord expansion (white arrow-
heads) with subtle hypointensity. (C) Sagit tal T1-weighted image postcontrast demonstrates no signi cant enhancement (white arrows). (D) Three-week 
follow-up imaging shows interval progression of patchy intramedullary T2 hyperintensit y (white arrows). (E) Sagit tal T1-weighted MR image shows interval 
increase of cord expansion (white arrowheads). (F) Sagit tal T1-weighted image postcontrast demonstrates a con uent area of enhancement from C3 to C6 
(white arrows). Patchy enhancement in the lower cervical and upper thoracic spinal cord (not shown here) was also seen.
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Case 22

 ■ Clinical Presentation

A 34-year-old wom an w ith  subacute onset  of left  arm  weakness.
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 ■ Imaging Findings

dem yelinat ing disease, and hyperin tense on  di usion 
WI. Cont inuous ring enhancem ent  pat tern  is seen in  the 
im m unocom prom ised pat ient  populat ion  secondary to 
central necrosis.

 ■ Essential Facts

 • Clin ically, pat ients w ill present  w ith  neurologic de cits, 
w hich are related to the size and locat ion  of the lesion.

 • In  the absence of a know n history of m ult iple sclerosis, 
these lesions m ay result  in  surgical biopsy or excision.

 • Treatm ent w ith corticosteroids often results in m arked re-
duction in size and or resolution of the lesions, thus helping 
to di erentiate them  from  other m ore m alignant processes.

 ■ Other Imaging Findings

 • CT im aging: nonspeci c area of hypoat tenuat ion  w ith  
m inim al or no m ass e ect  and sparing of overlying cortex

 • MRI:
 • Circum scribed, supratentorial w hite m at ter lesion
 • Lit t le or no associated m ass e ect  or vasogenic edem a
 • Discont inuous, sm ooth  (“arclike”) peripheral 
enhancem ent , t ypically w ith  the open por t ion  of the 
r ing directed to the gray m at ter

 • T2: can occasionally see a central dilated intralesional vein
 • Perfusion im aging: usually decreased perfusion, unlike 
the increased perfusion seen w ith  h igh-grade prim ary 
and m etastat ic in t ra-axial neoplasm s

 Pearls &   Pitfalls

Û Corpus callosal involvem ent is nonspeci c for 
tum efact ive MS and can be seen w ith  CNS lym phom a 
and glioblastom a m ult iform e.
Û Ident ifying the st igm ata of MS can help con rm  the 
diagnosis.
Û Incom plete ring enhancem ent is a speci c  nding of 
dem yelinat ing disease; however, rarely, it  can  be seen 
w ith  cerebral abscess and neoplasm .  

 ■  Dif erential Diagnosis

 • Tum efa ct ive m ult iple scler osis (MS): This demyelinat-
ing lesion can be a diagnost ic dilem m a in the absence 
of a know n diagnosis of MS. Magnet ic resonance im ag-
ing (MRI) often dem onstrates a single tum orlike m ass 
centered w ithin the w hite m at ter, w hich usually m easures 
greater than 2 cm . Unlike other m alignant processes, there 
is lit t le or no m ass e ect or surrounding vasogenic edem a. 
Sm ooth, discontinuous rim  of peripheral enhancem ent  
is considered the hallm ark of tum efact ive MS; however, 
ident ifying typical pat terns of MS such as linear and ovoid 
periventricular high T2 w hite m at ter lesions (know n as 
“Dawson  ngers”) are also helpful in  arriving at the cor-
rect diagnosis.

 • Mult ifocal glioblastom a m ult iform e: These grade 
4 ast rocyt ic tum ors can occur in  any age. They are rapidly 
grow ing, aggressive tum ors, w hich appear irregular on  
CT and MRI. Typically, extensive surrounding vasogenic 
edem a and m ass e ect  is seen. They com m only enhance 
solidly; however, in  the set t ing of central necrosis, they 
can dem onstrate th ick, irregular, cont inuous peripheral 
enhancem ent . Involvem ent of the supratentorial w hite 
m at ter and corpus callosum  is com m on. On MRI, these 
lesions often  appear T2 hyperin tense w ithout associated 
rest r icted di usion. In  the set t ing of in t ralesional 
hem orrhage, a bloom ing art ifact  can  be seen on gradient  
or suscept ibilit y weighted im aging (WI).

 • CNS lym phom a: Prim ary CNS lym phom a is a non-
Hodgkin  lym phom a, w hich preferent ially occurs in  the 
supratentorial brain . The prevalence is signi cant ly 
h igher in  im m unocom prom ised pat ients, as com pared 
w ith  im m unocompetent  pat ients. These lesions t ypically 
arise in  the perivent ricular region. Perivascular and 
corpus callosal extension are not  uncom m on. On 
unenhanced CT im aging, these cellular lesions appear 
hyperdense; however, a negat ive study does not  
exclude the diagnosis. MRI is considered the m odalit y 
of choice. Due to its h igh cellular nature, these tum ors 
often  appear hypointense on T2, unlike gliom as and 

(A) Noncontrast computed tomography (CT) image of the head demonstrates a large mildly heterogenous hypodensity in the right parietal lobe with 
mild mass e ect and sparing of the overlying cortex (white arrow). (B) Axial T2-weighted magnetic resonance (MR) image of the brain demonstrates cor-
responding abnormal high T2 signal in the right parietal lobe (white arrow). (C) Axial  uid-at tenuated inversion recovery (FLAIR) MR image of the brain 
demonstrates corresponding abnormal FLAIR signal in the right parietal lobe (solid white arrow) and additional rounded, ovoid, and linear foci of increased 
FLAIR signal in the periventricular and subcortical white mat ter (dotted white arrows). (D) Axial T1-weighted MR image of the brain with contrast  demon-
strates associated thick, peripheral, discontinuous enhancement surrounding the right parietal focus (solid white arrow). Additional nodular and ringlike 
enhancing foci are present in both cerebral hemispheres (dotted white arrows). Note the lack of vasogenic edema.
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Case 23

 ■ Clinical Presentation

A 30-year-old m an presen ts w ith  decreased level of consciousness 3 days post–posterior fossa surgery for benign disease.

A B
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 ■ Imaging Findings

 • Com m on organism s include Staphylococcus and 
Enterobacter species.

 ■ Other Imaging Findings

 • CT: Di use enhancem ent  of ventr icular walls. Ventr iculo-
m egaly w ith  debris levels.

 • Magnet ic resonance im aging (MRI):
 • T1: vent riculom egaly w ith  hyperin tense debris; epen-
dym al enhancem ent

 • T2: periventr icular hyperin tensit y
 • Choroid plexit is m ay be seen—enhancem ent and en-
largem ent  of the choroid.

 • Di usion weighted im aging (DWI): di usion rest r ict ion  
of debris

 • Ult rasonography: In  infants, ventr iculom egaly, peri-
ventricular echogenicit y. Echogenic debris layering in  
ventricle.

 Pearls &   Pitfalls

Û MRI is the best  diagnost ic tool in  adults.
Û Ultrasound is the best  diagnost ic tool in  infants.
Û Presence of ventr icular debris and hydrocephalus are 
am ong the m ost  com m on im aging  ndings.
Û Pyogenic ventriculit is can be clin ically indolent; im ag-
ing and a h igh index of suspicion are required to ensure 
a prompt diagnosis.
Û Diagnosis is m ade by a com binat ion  of CSF analysis and 
neuroim aging.

 ■  Dif erential Diagnosis

 • Ven t r icu lit is: This is an  infect ion of the ventr icular ep-
endym a that  can  be related to a ruptured brain  abscess, 
m eningit is, neurosurgical procedures, or as  a com plica-
t ion  of ventr icular catheter placem ent . Im aging reveals 
ventr iculom egaly and debris w ith in  the vent ricles and 
enhancem ent of the ependym al lin ing of the ventr icle. 
Impairm ent of cerebrospinal  u id (CSF) drainage and 
 ow  hydrocephalus. Periventricular low  at tenuat ion  
is secondary to t ransependym al CSF t ransudat ion . An 
ext ra-axial em pyem a is also present  in  th is case as 
evidenced by the rim -enhancing collect ion  overlying the 
right  frontal lobe.

 • Ependym al tum or spread: This m ay cause vent riculo-
m egaly and ependym al enhancem ent . Prim ary brain  
tum ors that  spread in  th is m anner include glioblastom a 
m ult iform e and m edulloblastom a. Metastat ic disease 
from  lung and breast  prim aries m ay also m etastasize in to 
the ependym a.

 • Lym phom a: Lym phom a m ay also involve the ependym a. 
Associated parenchym al disease is usually present  as 
evidenced by enhancing lesions in  the basal ganglia.

 ■ Essential Facts

 • Ventriculit is is an  infect ion  of the ventr icular lin ing.
 • Males are a ected m ore com m only than fem ales.
 • Can a ect  infants as a com plicat ion  of m eningit is
 • The m ortalit y rate is h igh, ranging from  40 to 80%.
 • The prim ary t reatm ent involves surgical irr igat ion  and 
drainage along w ith  ant ibiot ics.

(A–C) Axial contrast-enhanced computed tomography (CT) images show the presence of a ventricular catheter placed through a left  frontal approach with 
the tip in the region of the third ventricle. There is hydrocephalus as well as abnormal rim enhancement along the ventricular lining (arrows). Abnormal 
haziness is also present within the fourth ventricle and the dependent portions of the lateral ventricles (dashed arrow in B). Low at tenuation along the 
periventricular white mat ter is also noted.
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Case 24

 ■ Clinical Presentation

A 37-year-old wom an walking to work developed sudden upper abdom inal pain  and collapsed on the sidewalk. An abdom inal 
u lt rasound (US) was perform ed to exclude cholecyst it is. This was followed by a contrast-enhanced computed tom ography 
(CT) of the abdom en.

 ■ Further Work-up
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 ■ Imaging Findings

 • Associated w ith  hem orrhage, rupture, and m alignant 
t ransform at ion

 • Often  detected w hen pat ients undergo im aging for unre-
lated or nonspecif c sym ptom s

 ■ Other Imaging Findings

 • Magnet ic resonance (MR):
 • T1: hyperin tensit y often  due to presence of hem orrhage 
or fat

 • T2: predom inantly hyperin tense, can also be heteroge-
neous due to presence of hem orrhage and necrosis

 • Dynam ic gadolin ium -enhanced gradient  echo shows 
early enhancem ent . On delayed im ages, becom es 
isoin tense relat ive to liver.

 Pearls &   Pitfalls

Û Arterial phase contrast  CTs often  dem onst rate subtle 
hypervascular enhancem ent of the adenom a, w hereas 
venous phase can  be hypodense or isodense w ith  the 
background enhancem ent the liver.
Û Magnet ic resonance im aging (MRI) scans enhance early 
after gadolin ium  inject ion .
Û Adenom as are “cold” on nuclear m edicine im aging in  
contrast  to focal nodular hyperplasia.
Û Adenom as usually have sharply def ned borders and 
can be confused w ith  m etastat ic tum ors on CT scans.
Û Adenom as are benign tum ors, w hich at  no t im e require 
surgical in tervent ion.

 ■  Dif erential Diagnosis

 • Hepa tocellu la r  a denom a  (HA) w ith  non t r a um a t ic in -
t r a per itonea l hem or r ha ge: US of HA w ith  in t ratum oral 
bleeding appears heterogeneous in  echogenicit y. On 
portal venous phase and delayed CT scans, HA appears 
isoat tenuate relat ive to healthy liver t issue and well 
dem arcated. On unenhanced CT scan, HA m ay display 
hypoat tenuat ion . Areas of in t ratum oral bleeding are 
hyperat tenuat ing and hyperdense foci unless act ively 
bleeding. Angiography shows hypervascular m asses w ith  
vascular supply arising peripherally. Areas corresponding 
to hem orrhage appear hypovascular.

 • Hepatocellular carcinom a (HCC): HCC often  appear poorly 
dem arcated w ith  irregular, coarse in ternal echoes on  US. 
At tenuat ion  pat tern  on CT is variable, the m ost  com m on 
being iso-hyper-isoat tenuat ion  on the prophase, ar terial 
phase, and venous phase.

 • Liver abscess: Liver abscess appears w ith poorly def ned 
boundaries on US. Echogenicity is variable (from hypoechoic 
to hyperechoic). CT appearance of liver abscess is variable 
but low-density lesions can be seen in the center of abscess.

 ■ Essential Facts

 • Rare, benign tum or of the liver
 • Present  predom inantly in  20- to 44-year-old wom en
 • Strongly associated w ith  prolonged oral cont racept ive 
use, anabolic androgen use, and glycogen storage diseases

 • Solitary in  70 to 80% of cases

(A) The initial US demonstrates a well-de ned heterogeneous mass with-
in the right hepatic lobe (arrowheads represent the border of the mass). 
(B) Doppler imaging does not demonstrate the mass to be vascular. 
(C) Axial image of an enhanced CT demonstrates normal enhancing liver 
parenchyma with most of the right lobe replaced with mildly enhancing 
mass. Peripheral to the liver,  uid of di ering densities is present repre-
senting acute hemorrhage of di ering ages (asterisk represents acute 
blood and x represents older blood). (D) A subselective hepatic angiogram 
demonstrates the dominant feeding vessel to the right hepatic mass. 
(E) Postembolization. Vascular feeding to the mass has been eradicated.
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Case 25

 ■ Clinical Presentation

A 41-year-old otherw ise healthy Asian  wom an suddenly passed out  at  work and was brought to the em ergency room . She 
was found to be hypotensive and tachycardiac w ith  abdom inal guarding. An in it ial anteroposterior (AP) radiograph of the 
abdom en was obtained followed by a contrast-enhanced com puted tom ography (CT) of the abdom en.

 ■ Further Work-up
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 ■ Imaging Findings

 • Eight y percent of cases are sporadic.
 • Fem ales are m ore suscept ible than m ales (F:M 5  4:1).
 • A 4-cm  size is considered the accepted cuto  size for r isk 
of m ajor spontaneous bleeding.

 ■ Other Imaging Findings

 • Magnet ic resonance:
 • T1: Presence of fat  is observed w ith high signal in tensity.
 • T2: Signal is of sim ilar in tensit y as perinephric fat .

 • Ult rasound:
 • Echogenicity is in tense and acoust ic shadow ing m ay be 
present .

 • Hem orrhagic, necrot ic areas appear hypoechoic.
 • Less echogenic areas of angiomyolipom a associated 
w ith  bleeds, necrosis, or calyxes

 Pearls &   Pitfalls

Û Unenhanced CT w ill provide a bet ter di erent iat ion  of 
fat  as contrast-enhanced CTs w ill potent ially average 
out  the fat .
Û Angiomyolipom as that  are fat  poor and are di cult  
to di erent iate w ith  renal cell carcinom a (5% of 
pat ients are false negat ive for angiomyolipom a); th is is 
part icularly t rue for angiomyolipom as that  present  w ith  
tuberous sclerosis.

 ■  Dif erential Diagnosis

 • Ruptured aneur ysm in a  rena l angiomyolipoma (AML): 
Angiogram of a renal AML shows hypervascularity with  
interlobar and interlobular arteries. Intratumoral arteries are 
tortuous, irregular, and could be aneurysmal. On CT scans, 
AMLs are often well demarcated, with a heterogeneous 
attenuation due to areas of fat (attenuation of , 2 20 HU) and 
necrosis. Lesions usually involve the cortex of the kidney. 
The area of intratumoral bleeding has the appearance of 
hyperattenuation and a hyperdense foci unless actively 
bleeding.

 • Renal cell carcinom a: Lesions appear to have soft  t is-
sue at tenuat ion on noncont rast  CT. With  larger lesions, 
necrosis m ay be observed. On cont rast  CT, sm all lesions 
appear to be hom ogeneous, but  heterogeneity can be 
appreciated w ith  larger lesions due to areas of necrosis. 
Angiomyolipom as are usually di erent iated w ith  renal 
cell carcinom a by the presence of m acroscopic fat .

 • Retroperitoneal liposarcom a: This is a cancer of m esen-
chym al t issue that  m ay arise in  a fat-contain ing organ. 
CT w ill show  heterogenous at tenuat ion dem onstrat ing 
varying areas of fat  and soft  t issue. Soft  t issue w ill be 
enhanced and m ult iple septae can be seen. The kidney 
w ill be dist inct  from  the m ass.

 ■ Essential Facts

 • Angiomyolipom a is a benign neoplasm  consist ing of 
vascular, sm ooth  m uscle and fat  elem ents.

 • Highly associated w ith  tuberous sclerosis

(A) Abdominal X-ray shows increased opacity in the abdomen on the left 
(black ring) with bowel loops pushed to the right indicating substantial 
mass e ect. (B) Axial contrast-enhanced CT demonstrates a large fat ty 
mass on the left interspersed with blood vessels. The white arrows indicate 
renal parenchyma. Black arrows represent active arterial bleeding/
extravasation. (B), blood surrounding the fat ty mass (F ); (P), pancreas 
displaced to the right. (C) Selective left renal angiogram shows multiple 
aneurysms (arrows). (D) Subselective injection opaci es a single arterial 
branch (white arrows), which is actively bleeding (black arrow). (E) A 
single spot image following glue embolization demonstrates glue casting 
through the arteries and the bleeding vessel occluded at the point of 
extravasation (arrowhead). Note contrast  within the remnant collection 
system of the kidney (arrow).
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Case 26

 ■ Clinical Presentation

A 54-year-old fem ale pat ient  w ith  deep vein  throm bosis had an  uneventful placem ent  of an  inferior vena cava (IVC)  lter for 
prophylaxis prior to h ip surgery. (B) Three m onths later, the pat ient  com plains of m ild back pain . (C) Another three m onths 
later, the pat ient  re-presents w ith  worsening back pain .

 ■ Further Work-up
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 ■ Imaging Findings

 • Bim odal age dist ribut ion; pediat r ic and late m iddle age/
older pat ients (, 50 years of age)

 • Staphylococcus aureus is the m ost  com m on cause of 
osteomyelit is.

 • A ects , 0.1 to 1.8% of adult  healthy populat ion
 • Diabetes is the greatest  r isk factor for developing 
osteomyelit is.

 • Disease usually form s secondary to an  adjacent  infect ion .

 ■ Other Imaging Findings

 • Magnet ic resonance:
 • T2-weighted MRI shows hyperin tensity at  a ected area.

 • Bone scan:
 • Increased signal can be observed at  site a ected.
 • More sensit ive test  than CT

 Pearls &   Pitfalls

Û CT m ay not  be good for a di erent ial diagnosis but  
useful for guided join t  aspirat ion  to ident ify the 
causat ive organism  of infect ion .
Û MRI is the m ost  sensit ive and speci c radiographic 
diagnost ic tool for infect ions.

 ■  Dif erential Diagnosis

 • Diskit is/osteom yelit is (in fect ive spondylit is): Early-stage 
changes are not evident on X-rays; however, disk space 
narrow ing could be present in  later stages, accompanied 
by irregular anterior m etaphyseal regions of a ected 
bones. CT shows sim ilar  ndings as X-ray but has higher 
sensit ivity to early-stage m anifestat ions. T1-weighted MRI 
shows hypointense, extensive in  am m atory changes at  
a ected vertebral level in  pat ients w ith  diskit is. Vertebrae 
a ected by osteomyelit is m ay show  periosteal react ion, 
cloaca, sequestrat ion, and paravertebral abscesses.

 • Spinal m etastasis: X-rays m ay show  hypodense lyt ic or 
hyperdense sclerot ic lesions in  the ver tebrae. Bone scin-
t igraphy w ill show  m etastat ic lesions as “hot  zones.” CT 
and MRI w ill show  well-delineated cor t ical dest ruct ion 
of ver tebrae and is t ypically m ore di use than focused on 
one or two ver tebral body levels.

 • Osteoarthrit is: X-ray should show  narrow ing of the join t  
space, sclerosis, and osteophyte form at ion. No bony 
dest ruct ion as seen in  infect ions.

 ■ Essential Facts

 • Osteomyelit is usually a ects nontubular bones  
(e.g., h ip, ver tebrae).

(A, B) An anteroposterior (AP) abdominal X-ray obtained for back pain 
demonstrates good positioning of the IVC  lter a few months after 
placement. However, with close inspection, sclerosis of the vertebral 
body endplate anteriorly (arrow) is evident. (C) Enhanced computed 
tomography (CT) obtained on re-presentation demonstrates three legs 
have perforated the IVC into the duodenum and aorta (white arrows) 
and the vertebral body (black arrow) with a reactive bony exostosis. (D) 
A sagit tal CT reconstruction shows destruction of the bony endplates at 
L2/3 with loss of the disk space. (E) A magnetic resonance imaging (MRI) 
sagit tal image demonstrates enhancing tissue abut ting the destroyed disk 
space (arrows).
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Case 27

 ■ Clinical Presentation

A 57-year-old fem ale pat ient  arrives at  the clin ic for rem oval of chem otherapy port  placed a year earlier but  not  in  use for 
4 m onths. At  the t im e of rem oval, the catheter was not  found. The pat ient  was asym ptom at ic. A radiograph, a venogram , and 
unenhanced computed tom ography (CT) chest  was perform ed.

 ■ Further Work-up
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 ■ Imaging Findings

 Pearls &   Pitfalls

Û The  rst  diagnost ic im aging study of choice is chest  
radiography.
Û Percutaneous ret r ieval should be at tem pted  rst  prior 
to considering surgical ret r ieval.
Û The catheter fragm ent  being left  in  is clin ically 
inconsequent ial.
Û The radiologist  does not  have a duty to acutely and 
directly inform  the referring physician  beyond a w rit ten  
report .

 ■  Dif erential Diagnosis

 • Em boliza t ion  of chem opor t  ca theter  thr ough a  pa ten t  
for a m en  ova le

 ■ Essential Facts

 • The prevalence of patent  foram en ovale is 25 to 30% of 
the general populat ion.

 • The autopsy incidence is 6% for a large defect  (0.6 to 
1.0 cm ). A large defect  has a signi cantly larger rest ing 
shunt , although m ost  are asymptom at ic.

A B C

D E

(A) Initial chest X-ray reveals a catheter fragment partially embolized to the heart (arrowheads). (B) During at tempted retrieval via the right internal jugular 
vein, a venogram was performed. AR, aortic root; RA, right atrium. (C) Plain chest CT shows the catheter passing from the superior vena cava (SVC) and the 
left atrium (LA). (D) Intravascular ultrasound (IVUS) demonstrates the catheter fragment (arrows) in both the right (RA) and left atriums (LA). Long arrow 
indicates a large hole between the right and left atrium. (E) Plain chest radiograph obtained 4 months before port removal demonstrates embolization of 
catheter to the heart had already occurred (arrowheads). Although reported, the radiologist had not informed anyone of this  nding beyond his typed report.
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Case 28

 ■ Clinical Presentation

An 88-year-old wom an presents to the em ergency room  syncopal and hypotensive w ith  a pulsat ile abdom inal m ass. An 
enhanced com puted tom ography (CT) of the abdom en and pelvis was obtained.
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 ■ Imaging Findings

 • Annual risk of aneurysm  rupture increases w ith  increas-
ing aneurysm  size.

 • Most endografts require a m inim al nonaneurysm al 
infrarenal aor t ic neck length  of 10 m m  and iliac 
diam eters for delivery of the grafts of 7 m m  or larger  
(in  general).

 • Ret roperitoneal hem orrhage unrelated to AAA is m ost  
often  a spontaneous com plicat ion  of ant icoagulat ion .

 ■ Other Imaging Findings

 • Magnet ic resonance (MR):
 • Has no defined role for diagnosis in  th is acute condit ion .
 • If the pat ient  cannot undergo com puted tom ography 
angiography (CTA) for sizing of an  endograft , m agnet ic 
resonance angiography (MRA) allows for appropri-
ate sizing of the aneurysm  to determ ine suitabilit y for 
endograft  placem ent .

 Pearls &   Pitfalls

Û Arterial phase contrast  CTs are m ore sensit ive for 
ar terial ext ravasat ion  than catheter angiography.
Û If a fat  plane is m aintained between the aor ta and 
ret roperitoneal hem orrhage, another source of bleeding 
should be considered.
Û CT im aging at  1-m m  intervals w ith  coronal and sagit tal 
reconst ruct ions provides m ore diagnost ic inform a-
t ion  and also assists in  assessing pat ients for endograft  
su itabilit y.
Û Unenhanced CTs provide sufficient  anatom ical inform a-
t ion  in  assessing the pat ient  for endograft  placem ent .
Û Open surgical repair is associated w ith  sim ilar m ortalit y 
and m orbidity as endovascular repair.

 ■ Differential Diagnosis

 • Acute r upture of a n  a bdomina l a or t ic a neur ysm (AAA): 
Ultrasound of the abdom en dem onstrates the aort ic 
aneurysm , and free fluid and/or poorly m arginated soft  
t issue density in the retroperitoneum  indicates acute 
rupture. Occasionally, a hem atocrit level m ay be seen. 
Enhanced CT also dem onstrates the aneurysm  but allows 
for determ ination if there is a disruption in the arterial wall 
and active extravasation from  the AAA m ay be identified. In  
addition, isointense soft t issue density in the retroperitone-
um  indicates recent bleeding. An enhanced CT also allows 
for determ ination of suitability for endograft placem ent by 
determ ining neck size and length and size of the iliac arter-
ies, which partially determ ine suitability. In addition, the 
iliac arteries can be assessed for aneurism al dilat ion as well.

 • Retroperitoneal hem orrhage: Enhanced CT w ill often  
dem onstrate a norm al caliber abdom inal aorta and active 
extravasation from  a retroperitoneal blood vessel. If an AAA 
is coincidentally present, a fat plane is usually m aintained 
between the aorta and retroperitoneal hem atom a.

 • Renal colic: Ultrasound m ay show hydronephrosis and/or 
hydroureter. The stone itself m ay be seen. A norm al aort ic 
size is typically seen. With an unenhanced CT of the abdo-
m en, stones can often be identified as well. Enhanced CT 
w ith subsequent renal excretion of contrast often obscures 
the stone(s). If there is som e conflict as to diagnosis, an un-
enhanced CT followed by an enhanced CT m ay be obtained.

 ■ Essential Facts

 • AAAs are m ost  com m on am ong m ale sm okers older than 
the age of 65 years.

 • In tervent ion is recom m ended w hen aneurysm  size 
exceeds 5.5 cm  w ith  an  annual r isk of rupture of 3% or 
m ore beyond th is size.

(A) The enhanced CT demonstrates an enlarged abdominal aorta 
(7-cm diameter) with disruption of aortic wall calcification (arrowheads) 
and extension of contrast  beyond the aortic lumen (arrow) into the 
retroperitoneum. In addition, on the left, there is extensive soft  tissue 
density restricted to the retroperitoneal space displacing the left  kidney 
laterally. (B) Coronal reconstruction demonstrates the distance between 
the left  renal artery (arrow) and the origin of the aneurysm to be 1.4 cm. 
(C, D) Successful exclusion of the aortic aneurysm with a bifurcated 
abdominal aortic endograft .
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Case 29

 ■ Clinical Presentation

A 30-year-old m an w ith  foot  pain  follow ing a fall from  height .

A B

C D
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • Radiographs: Disrupt ion of norm al alignm ent of m edial 
base of second m etatarsal w ith  m edial cor tex of m iddle 
cuneiform  on AP view  and the m edial base of th ird 
m etatarsal w ith  m edial cor tex of lateral cuneiform  on 
oblique view. Divergent ( rst  m etatarsal m edially and 
all other m etatarsals laterally displaced) or hom olateral 
(all m etatarsal bases displaced in  one direct ion , usually 
laterally). Sm all fracture fragm ents.

 • Com puted tom ography (CT): Sm all fracture fragm ents. 
Malalignm ent .

 • Magnetic resonance im aging (MRI): Bone m arrow edem a 
in m idfoot. Disruption or signal change in Lisfranc ligam ent.

 Pearls &   Pitfalls

Û Midfoot  edem a m ay be the only sign  on a non–weight-
bearing view.
Û Weight-bearing views m ay be the only im aging study to 
show  m alalignm ent .

 ■  Dif erential Diagnosis

 • Lisfr a nc fr a ct u r e disloca t ion : Malalignm ent  at  the 
second and th ird tarsom etatarsal join ts w ith  a sm all 
fracture fragm ent . The fracture fragm ents are often  
subtle and sm all but  signify signi cant  forces across the 
m idfoot .

 • Fracture base of second (or third) m etatarsal: Isolated 
fracture m ay occur par t icularly due to direct  localized 
t raum a but  should not be associated w ith  m alalignm ent .

 ■ Essential Facts

 • There are com plex set  of ligam ents across the tarsom eta-
tarsal join ts to m aintain  stabilit y. The Lisfranc ligam ent 
connects the m edial cuneiform  to the base of the second 
m etatarsal and consists of m ult iple bands.

 • Lisfranc injuries m ay occur as a result  of low-energy axial 
loading par t icularly w ith  plantar exion or h igh-energy 
t raum a.

 • Lisfranc fracture dislocat ions are often  m issed at   rst  
presentat ion and can lead to chronic disabilit y and 
osteoar thrit is.

(A) Anteroposterior (AP) radiograph of the right foot shows no fracture or dislocation. (B) Oblique radiograph of the right foot demonstrates a small 
osseous fragment between the bases of the second and third metatarsals (arrowhead) with malalignment at  the medial aspect of the second and third 
tarsometatarsal joints (arrow). (C) Lateral radiograph of the foot shows di use dorsal soft  tissue swelling but no bony injury. (D) Follow-up weight-bearing 
AP radiograph of the foot shows a signi cant step deformity at the second tarsometatarsal joint.
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Case 30

 ■ Clinical Presentation

A 47-year-old m an w ith  bilateral knee pain  and inabilit y to bear weight follow ing m inor t raum a.

A B

C
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 ■ Imaging Findings

 • The m ost  com m on locat ion  for t raum at ic ruptures is at  
the enthesis at  the superior or inferior pole of the patella.

 • Depending on the extent of the tear, there m ay be a 
complete loss of extension or there m ay be an extensor lag.

 ■ Other Imaging Findings

 • Radiographic assessm ent of patellar posit ioning: Multiple 
m ethods described. Insall-Salvati rat io is com m only used. 
Rat io of patellar tendon length to length of patella (from  
posterosuperior corner to anteroinferior corner). Rat io of 
. 1.2 is typically taken to re ect patella alta (. 1.5 on MRI).

 • Ultrasound is highly accurate in assessing severity and 
locat ion of the tear. Tendon discont inuity w ith intervening 
hem atom a.

 • MRI is also h ighly accurate in  assessing the tear. Com plete 
disrupt ion w ith  m ixed signal hem atom a.

 Pearls &   Pitfalls

Û A tear of the patellar tendon causes upward displacem ent  
of the patella (patella alta), whereas a tear of the 
quadriceps tendon causes the reverse to occur (patella 
baja).
Û Minor t raum a that  causes a signi cant  injury should be 
exam ined for an  underlying pathology.
Û A long delay between injury and repair is associated 
w ith  poorer outcom e.

 ■  Dif erential Diagnosis

 • Concom ita n t  qua dr iceps a nd pa tella r  t endon  r upt u r es 
in  chr on ic r ena l fa ilu r e: High-riding patella (patella alta) 
w ith  associated soft  t issue swelling suggests patellar 
tendon rupture. Tilt ing of the patella w ith  suprapatellar 
soft  t issue swelling is indicat ive of quadriceps tendon 
rupture. Bilateral involvem ent after m inor t raum a is 
suggest ive of an  underlying abnorm alit y (chronic renal 
failure in  th is case).

 • Part ial tears of the extensor m echanism : Typically, the 
posit ion  of the patella rem ains norm al. The quadriceps 
tendon has contr ibut ions from  the rectus fem oris and 
vastus m edialis, in term edius, and lateralis. Each of these 
com ponents m ay be injured in  isolat ion  or w ith  other 
tendons.

 ■ Essential Facts

 • Quadriceps ruptures are m ore com m on than patellar 
tendon rupture.

 • Rupture typically occurs as a result  of eccentric quadriceps 
contract ion w ith the knee  exed and the foot planted.

 • Predisposing factors include chronic tendinopathy, prior 
surgery (anterior cruciate ligam ent [ACL] graft harvest, total 
knee arthroplasty), chronic steroid therapy, chronic renal 
disease, diabetes, and chronic in am m atory condit ions 
(rheum atoid arthrit is, system ic lupus erythem atosus [SLE]).

(A) Bilateral anteroposterior and lateral radiographs demonstrate abnormal patellar positioning bilaterally with patella alta on the left  (B) and rotation 
and tilting of the patella on the right (white arrow in C). There is infrapatellar soft tissue swelling on the left  (white arrow in B) and suprapatellar soft tissue 
swelling on the right (black arrow in C) and (white arrow in D) conf rmed on three-dimensional (3D) computed tomography (CT).
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Case 31

 ■ Clinical Presentation

A 36-year-old m an after a fall from  a bike.

A B
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 ■ Imaging Findings

(greater arc injuries). Greater arc injuries are m ore 
com m on w ith  the t ransscaphoid perilunate dislocat ion 
being m ost  com m on.

 • The in it ial reduct ion  m ay be closed or open. Open  
reduct ion  is indicated for open  injuries or w ith  m edian 
nerve dysfunct ion. Without  w rist  stabilizat ion , 
signi cant  ar thrit is m ay ensue.

 ■ Other Imaging Findings

 • Computed tom ography (CT) m ay be of value postreduct ion 
for assessm ent of fracture pat terns. Magnetic resonance 
im aging (MRI) is typically not indicated.

 Pearls &   Pitfalls

Û The lateral view  is m ost  useful for dist inguishing 
between the various t ypes of carpal dislocat ions.
Û If neither the capitate nor the lunate is aligned w ith  the 
distal radius, a m idcarpal dislocat ion is present .
Û Up to 25% of perilunate dislocat ions m ay be m issed at  
in it ial presentat ion .

 ■  Dif erential Diagnosis

 • Tr a nssca phoid , per iluna te fr a ct u r e disloca t ion : A t rans-
scaphoid fracture is evident  w ith  dorsal dislocat ion  of 
the capitate and the distal carpal row. Injury occurs as a 
result  of hyperdorsi exion.

 • Midcarpal dislocat ion: With  m idcarpal dislocat ions, the 
AP view  is sim ilar to a perilunate dislocat ion  but  the 
lateral view  dem onstrates volar t ilt ing and subluxat ion  
of the lunate. In  th is case, there is no volar subluxat ion of 
the lunate.

 ■ Essential Facts

 • Perilunate injuries are a four-stage process. The injury 
begins radially w ith  a tear of the scapholunate ligam ent 
and/or fracture of the scaphoid. In  stage II, the capitate 
and scaphoid displace dorsally w ith  dist ract ion  and 
opening of the space of Poirier, a relat ively weak area 
volarly. The forces are then t ransm it ted th rough the 
lunotriquet ral ligam ent causing a tear or a t r iquet ral 
fracture. In  stage IV, the lunate dislocates volarly. The 
forces m ay also be t ransm it ted through the radial and 
ulnar styloids.

 • Perilunate dislocat ions m ay be purely ligam entous 
injuries (lesser arc injuries) or fracture dislocat ions 

Lateral (A) and anteroposterior (AP) (B) radiographs of the wrist  demonstrate loss of the articulation between the proximal pole of the capitate and 
the distal articular surface of the lunate (arrowheads in B). The scaphoid has fractured through the waist  (arrow in A) and the distal component has also 
dislocated dorsally with the distal carpal row, whereas the proximal pole is articulating with the lunate (arrowhead in A). The AP demonstrates a more 
triangular appearance to the lunate and Gilula arcs are disrupted. The lunate is articulating with the distal radius, although volarly tilted.
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Case 32

 ■ Clinical Presentation

A 24-year-old m ale hockey player w ith  an  ankle injury.

A B
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • Radiography: Soft t issue swelling 1 to 2 cm  above 
the plafond and typically m ore superiorly than seen 
w ith lateral ligam entous injuries. Tibio bular clear 
space (distance between incisura  bularis of t ibia and 
the m edial border of the  bula) 1 cm  above m ort ise 
is norm ally , 5 m m  on anteroposterior (AP) view. 
Tibio bular overlap is norm ally . 1 cm  on AP view. 
Widening of m edial clear space on m ort ise view  (norm al 
, 4 m m ). Stress views m ay show  w idening if rout ine 
views were norm al. May be associated w ith avulsion 
fractures. Avulsions m ay occur at  the t ibial at tachm ent 
(Tillaux-Chaput fracture) or the  bular at tachm ent  
(Wagsta e-Lefort  fracture). Chronic cases m ay exhibit  
heterotopic m ineralizat ion at the level of the syndesm osis.

 Pearls &   Pitfalls

Û Isolated posterior or m edial m alleolar fractures raise 
the possibilit y of a syndesm ot ic injury.
Û The AITFL is m ore com m only injured than the PITFL in  
syndesm ot ic injuries.

 ■  Dif erential Diagnosis

 • Complete AITFL tea r : The AITFL is the anterior component 
of the syndesmotic ligam ents. Dem onstration of complete 
discontinuity and abnorm al signal w ith no clear at tachm ent 
to the t ibia or  bula indicates a full-thickness tear.

 • Lateral ligam entous injury: Anterior talo bular tears 
in it ially, followed by the calcaneo bular ligam ent and 
least  com m only the posterior talo bular ligam ents. In  
th is case, the anterior and posterior talo bular ligam ents 
are in tact .

 ■ Essential Facts

 • Syndesm ot ic injuries (also called high ankle sprains) are 
less com m on than lateral ligam entous sprains.

 • The syndesm ot ic stabilizers consist  of the in terosse-
ous m em brane, AITFL, PITFL, and the inferior t ransverse 
t ibio bular ligam ent .

 • Injuries com m only occur w ith  hyperdorsi exion or 
external rotat ion .

 • Syndesm ot ic injuries m ay occur w ith  lateral ligam entous 
injuries or m ay be isolated. The lat ter is t ypically seen 
w ith  hyperdorsi exion in  skates or boots.

 • They usually take longer to heal and m ay lead to long-
standing instabilit y and osteoar thrit is.

(A, B) Axial fat-suppressed T2- and intermediate-weighted magnetic resonance images at  the level of the ankle mortise demonstrate complete discontinuity 
of the anterior inferior tibio bular ligament (AITFL) (arrowheads). The posterior inferior t ibio bular ligament (PITFL) is intact. (C, D) Axial intermediate-
weighted magnetic resonance imaging (MRI) more inferiorly demonstrates an intact anterior talo bular ligament (arrowhead in C). Sagit tal fat-suppressed 
T2-weighted MRI demonstrates signi cant thickening and edema along the expected course of the AITFL (arrowhead in D).
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Case 33

 ■ Clinical Presentation

A 56-year-old m an w ith  heel and foot  pain .

A B
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 ■ Imaging Findings

 • Fractures m ay involve the w hole at tachm ent (t reated 
w ith  surgical  xat ion), the super cial at tachm ent only 
(surgical  xat ion), or the deep at tachm ent  (conservat ive 
t reatm ent m ay be used).

 ■ Other Imaging Findings

 • X-ray: The Achilles tendon at taches to the m iddle th ird 
of the posterior tuberosit y of the calcaneus, so avulsion 
fractures m ay involve th is par t  only or extend to the 
bursal project ion .

 • Computed tom ography (CT): usually not  required but 
w ill accurately show  the size of the avulsed fragm ent

 • Magnet ic resonance im aging (MRI): The osseous frag-
m ent is best  seen on T1-weighted im ages. Som e edem a 
is t ypically seen on T2-weighted im ages at  the donor site 
and in  the fragm ent .

 Pearls &   Pitfalls

Û If m ineralizat ion is present , look for a m atching defect  
in  the calcaneus and w hether it  represents calci cat ion  
or ossi cat ion .
Û Look for underlying lesions in  the calcaneus.

 ■  Dif erential Diagnosis

 • Osseous a vu lsion  of the Achilles tendon : The sliver of 
bone m atches the cor t ical defect  of the calcaneus and is 
ret racted along the line of the Achilles tendon. The ult ra-
sound shows that  the tendon at taches onto the fragm ent , 
not  directly onto the calcaneus.

 • Chronic calcif c Achilles tendinosis: The calci cat ion  seen 
on X-ray in  calci c tendinosis would be globular and 
am orphous, w ithout a cor t ical m argin , and w ithout the 
defect  seen in  the calcaneus. The ult rasound would show  
a th ickened Achilles tendon w ithout discont inuity.

 • Achilles tendon rupture: Calci cat ion  is not  a feature of an  
acute tear although it  m ay be seen in  the set t ing of prior 
par t ial tears or at  sites of previous surgery. With  an  acute 
rupture, there is a defect   lled w ith  either echogenic 
or hypoechoic m aterial (hem atom a, in  various stages of 
evolut ion). The acute hem atom a does not  dem onstrate 
shadow ing.

 ■ Essential Facts

 • Avulsion of the Achilles tendon can occur due to sudden 
m uscle contract ion w ith  the foot  planted or during a 
hyperdorsi exion injury.

 • It  is less com m on than Achilles rupture.
 • Posterior process fractures are m ore com m on in  diabet ic 
pat ients and those w ith  underlying bone lesions.

 • This is an  im portant  injury to recognize because the 
t reatm ent is di erent  to and often  m ore successful than 
t reatm ent for a tendon rupture.

(A) Longitudinal ultrasound image of the Achilles tendon shows a large echogenic focus with posterior shadowing in the distal Achilles tendon consistent 
with a calci c/ossi c density. The Achilles tendon inserts onto this calci c density and there is a gap between the calci c density and the calcaneus. 
(B) Lateral ankle radiograph. There is a thin sliver of cortical bone in the expected location of the distal Achilles tendon. There is a corresponding cortical 
defect of the posterior calcaneus.

A B
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Case 34

 ■ Clinical Presentation

A 30-year-old wom an w ith  severe pain  in  her right  knee after being kicked in  the knee during soccer.

A B
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 ■ Imaging Findings

at tachm ent  of the conjoin t  tendon ( bular collateral 
ligam ent  and biceps fem oris).

 • Highly associated w ith  cruciate ligam ent tears
 • Untreated posterolateral corner injuries lead to 
posterolateral knee instabilit y and failure of cruciate 
ligam ent reconst ruct ions.

 ■ Other Imaging Findings

 • MRI is indicated for ident i cat ion  of associated injuries:
 • Posterior cruciate ligam ent (PCL) and ACL
 • Medial collateral ligam ent (MCL)
 • Posterior capsule
 • Chondral and m eniscal injuries

 Pearls &   Pitfalls

Û Although the “arcuate sign” appears innocuous 
radiographically, it  is often  associated w ith  severe 
ligam entous injuries.
Û An in ternal oblique radiograph is useful for ident i ca-
t ion  of the avulsed fragm ent .

 ■  Dif erential Diagnosis

 • Fibu la r  hea d/st yloid pr ocess a vu lsion : Injury can  occur 
as a result  of direct  force to the anterom edial aspect  of 
the knee or w ith  rotat ion  of the fem ur upon a planted 
leg. When the avulsion just  involves the st yloid process, 
it  is know n as the arcuate sign .

 • Segond fracture: This is an  avulsion fracture of lateral cor-
tex of the lateral t ibial r im . This is com m only seen w ith  a 
rotat ional injury and has a h igh associat ion  w ith  an  ACL 
tear. It  is an  avulsion of the lateral capsular ligam ent and 
the posterior  bers of the iliot ibial band and is t ypically 
ver t ically oriented in  contrast  to the arcuate sign w here 
the fragm ent is horizontally oriented.

 ■ Essential Facts

 • Posterolateral stabilizers of the knee include the 
 bular collateral ligam ent , biceps fem oris, popliteus, 
popliteo bular ligam ent , arcuate ligam ent , fabello bular 
ligam ent , and lateral head of gast rocnem ius.

 • Clin ical exam inat ion  m ay be di cult  in  the acute set t ing.
 • Arcuate fracture involves the at tachm ent of the 
popliteo bular, fabello bular, and arcuate ligam ents, 
w hich at tach  m ore superiorly and m edially than the 

(A, B) Anteroposterior (AP) and lateral radiographs of the knee show an avulsion fracture of the  bular styloid process (arrow). This is obscured by the t ibia 
on the lateral view. (C) Coronal intermediate-weighted image magnetic resonance imaging (MRI) demonstrates the avulsed fragment with the conjoint 
tendon consisting of the  bular collateral ligament (arrowhead) and biceps femoris (arrow) at tached to the bony fragment. (D) Sagit tal fat-suppressed 
T2-weighted MRI revealing a complete midsubstance tear of the anterior cruciate ligament (ACL) (arrow) and extensive edema along the posterior capsule 
with disruption of the capsule (arrowhead).
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Case 35

 ■ Clinical Presentation

A 65-year-old m an w ith  chronic back pain  exacerbated by m inor t raum a 5 m onths ago.
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 ■ Imaging Findings

 • Pseudoarthrosis is a com m on com plicat ion  of such 
fractures in  AS, because often , adjacent segm ents are 
ankylosed and m ot ion occurs at  the injured segm ent .

 • Can be associated w ith  neurologic de cit , par t icularly in  
the cervical spine

 ■ Other Imaging Findings

 • Magnetic resonance im aging (MRI): Mild compression 
of the vertebral body. Rupture of the supraspinous 
and interspinous ligam ents. Pedicle fractures. Epidural 
hematoma. Cord edem a or hem atom a depending on 
severity of injury. In AS, the anterior longitudinal ligament 
is typically disrupted in contrast to a classic Chance fracture.

 Pearls &   Pitfalls

Û If a Chance fracture is due to signi cant  t raum a, there 
is a h igh associat ion  w ith  in t ra-abdom inal injuries that  
are the m ain  cause of m orbidity and m ortalit y.
Û Bony injuries have a bet ter potent ial for healing.

 ■  Dif erential Diagnosis

 • AS w ith  a ssocia ted Cha nce-t ype fr a ct u r e: The in terspi-
nous ossi cat ion  and syndesm ophytes are in  keeping 
w ith  long-standing AS. There is injury through the disk 
space and the posterior elem ents involving all three 
colum ns. The new  bone form at ion and sclerosis suggests 
a subacute to chronic fracture.

 • Seronegat ive spondyloarthropathy w ith previous diskit is: 
The presence of the posterior elem ent fractures are m ore 
in  keeping w ith  a t raum at ic injury rather than  infect ion .

 ■ Essential Facts

 • AS pat ients have a rigid spine, and as such, m inor t raum a 
can lead to signi cant  fractures.

 • Presentat ion  m ay be delayed.
 • Vertebral injury in  AS is m ost  com m on at  the thoraco-
lum bar junct ion  followed by the cervical spine.

 • Classic Chance fracture is a  exion dist ract ion  injury seen  
w ith  lap belt  or falls w ith  a fracture of the vertebral bod-
ies and t ransverse fracture of the posterior elem ents.

 • Chance fractures m ay be bony, purely ligam entous/soft  
t issue, or a com binat ion  (m ost  com m on). All three col-
um ns are involved.

Anteroposterior (AP) radiograph of the thoracic spine (A) demonstrates ossi cation of the interspinous ligaments (arrow). Lateral view of the thoracic 
spine (B) demonstrates extensive syndesmophyte formation anteriorly in the upper to midthoracic spine (black arrow). The appearances are those of 
ankylosing spondylitis (AS). The lateral view also demonstrates a step deformity in the lower thoracic spine (white arrow) with anterior new bone formation 
and sclerosis. Sagit tal computed tomography (CT) reformat (C) con rms the above  ndings as well as fractures of the articular process at the facet joint 
at  the same level (arrows).
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Case 36

 ■ Clinical Presentation

A 15-year-old boy w ith  pain  in  h is left  knee follow ing a soccer gam e.
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 ■ Imaging Findings

 • Radiographs are insensit ive to the early stage of 
m alignant t ransform at ion. Possible signs include 
progressive enlargem ent  in  adults, irregular surface, 
bony erosions and lucencies w ith in  the bony com ponent , 
scat tered calci cat ion  in  the cap, or progressive loss of 
areas of m ineralizat ion .

 • Childhood radiat ion  therapy m ay result  in  the 
developm ent  of osteochondrom as.

 ■ Other Imaging Findings

 • Plain  radiography: sessile or pedunculated excrescence 
project ing away from  the epiphysis, bony deform ity 
(especially in  hereditary m ult iple exostoses [HME] and if 
large num ber of sessile osteochondrom as), w idening of 
m etaphysis

 • Com puted tom ography (CT) dem onst rates the cort ical 
and m edullary cont inuity, noncalci ed car t ilage cap, and 
lower at tenuat ion  than m uscle.

 • MRI: The car t ilage cap m ay be heterogeneous (calci ed 
and noncalci ed cap).

 Pearls &   Pitfalls

Û In  the absence of cort ical and m edullary cont inuity, an  
alternat ive diagnosis is likely.
Û Com plicat ions involving osteochondrom as are m ore fre-
quent  in  pat ients w ith  HME.

 ■  Dif erential Diagnosis

 • Fr a ct u r e of osteochondr om a : Osseous excrescence 
arising from  the m etaphysis w ith  a cleft  through the base 
consistent  w ith  a fracture. This is t ypically due to direct  
t raum a. Perilesional edem a is due to the fracture.

 • Bursit is surrounding osteochondrom a: Asymptom at ic bur-
sae are com m on but m ay undergo in  am m atory changes. 
On m agnet ic resonance im aging (MRI), the bursa appears 
as  u id signal in tensit y w ith  r im  enhancem ent on postg-
adolin ium  im ages in  contrast  to th is lesion w here there is 
di use enhancem ent . There is a sm all bursa in  th is case.

 • Malignant t ransform at ion of osteochondrom a: A hallm ark 
of m alignant  t ransform at ion is th ickening of the car t i-
lage cap, t ypically exceeding 1.5 to 2 cm  in  adults. The 
car t ilage cap dem onstrates heterogeneous septal and r im  
enhancem ent . The edem a and enhancem ent  in  th is case 
is secondary to the fracture extending along the stalk of 
the osteochondrom a and the fem oral m etaphysis beyond 
the expected locat ion of the car t ilage cap.

 ■ Essential Facts

 • Most solitary osteochondrom as are asym ptom at ic. Osteo-
chondrom as const itute 10 to 15% of all bone tum ors.

 • Pain  m ay be a feature of m alignant t ransform at ion, but  it  
is m ost  com m only due to benign causes such as bursit is, 
im pingem ent on  soft  t issue, or neurovascular st ructures, 
causes unrelated to the osteochondrom a or fracture.

(A–D) Coronal T1-weighted, coronal fat-suppressed T2-weighted, coronal fat-suppressed T1-weighted postgadolinium, and axial fat-suppressed T1-
weighted postgadolinium images of the left  knee showing an osteochondroma arising from the medial femoral metaphysis with edema and enhancement 
within and surrounding the osseous component. There is a cleft  at the base of the osteochondroma (arrows). There is a thin crescent of nonenhancement 
at the tip of the osteochondroma (arrowhead in C).
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Case 37

 ■ Clinical Presentation

A 68-year-old wom an w ith  acute chronic left  h ip pain .

A B
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 ■ Imaging Findings

 • Sm all par t icle disease takes several years to develop and 
is rare w ith in  the  rst  3 years. It  is often  asymptom at ic in  
its in it ial stages.

 ■ Other Imaging Findings

 • Plain  radiographs: Lobulated lucency w ith  endosteal scal-
loping. In  m ost  cases, th is progresses slowly. Mechanical 
loosening in  comparison tends to produce m ore linear 
areas of lucency.

 • Com puted tom ography (CT): Degree of periprosthet ic 
bone loss can  be accurately assessed on CT preoperat ive 
planning.

 • Magnet ic resonance im aging (MRI): MRI w ith  m etal ar t i-
fact  reduct ion sequences can also dem onst rate the extent  
of periprosthet ic bone loss as well as soft  t issue exten-
sion of the in  am m atory t issue. The in  am m atory t issue 
is usually of m ixed signal in tensit y and dem onstrates 
heterogeneous enhancem ent .

 Pearls &   Pitfalls

Ú Sm all par t icle disease is t ypically not  associated 
w ith  periosteal react ion  in  the absence of pathologic 
fracturing.
Ú Rapid developm ent of periprosthet ic lucency is unusual 
for sm all par t icle disease and should be viewed w ith  
suspicion . Infect ion  would need to be excluded in  such 
cases.

 ■  Dif erential Diagnosis

 • Tota l hip a r thropla st y for  a nkylosing spondylit is w ith  
polyethylene wea r  a nd sma ll pa r t icle disea se of the 
proxima l femur  w ith a n  a ssocia ted fr a ctur e of the 
gr ea ter  t r ocha nter : Eccentric posit ioning of the fem oral 
head suggests asym m etric polyethylene wear. The rounded 
lucency in the intertrochanteric region is in keeping w ith  
sm all part icle disease w ith pathologic fracturing.

 • Infect ion: Infect ion  m ay also present  as lyt ic areas 
radiographically but  w ith  an  acute t im e course. It  m ay 
be associated w ith  periosteal react ion . Most  com m only, 
however, the radiographs are norm al or nonspeci c.

 • Dislocat ion of the polyethylene liner: Asym m etric posit ion  
of the fem oral head m ay also be seen w ith  fracture or 
dislocat ion of the polyethylene liner but  th is would result  
in  rapid change in  posit ion  of the fem oral head. It  is not  
associated w ith  lyt ic change.

 ■ Essential Facts

 • Sm all par t icle disease is one of the leading causes of 
failure of h ip ar throplasty and leads to loosening of the 
prosthesis.

 • Sm all par t icle disease is an  in  am m atory react ion  to 
wear debris. Polyethylene is the m ain  cause of sm all 
par t icle disease.

 • Arthroplast ies w ith  ceram ic ar t icular surfaces have lower 
incidences of sm all part icle disease.

(A, B) Anteroposterior and lateral radiographs of the pelvis and left hip showing a previous noncemented total hip arthroplasty with asymmetric position-
ing of the femoral head. There is a rounded lucency involving the greater trochanter with a fracture cleft  through the greater trochanter (arrow). There is 
no periosteal reaction. There is ankylosis of the sacroiliac joints and uniform joint space loss in the right hip.
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Case 38

 ■ Clinical Presentation

A 25-year-old m an presents to the em ergency room  (ER) w ith  w rist  pain  and st i ness after a fr iend landed direct ly on  h is 
w rist .
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C
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • AP view  of the w rist in a volar dislocation can show overlap 
of the radius and ulna at the DRUJ in neutral position  
because of the convergent pull of pronator quadrates.

 • Conversely, the AP view  in  a dorsal DRUJ dislocat ion  can 
show  w idening of the join t .

 • Ulnar styloid fracture
 • In  cases of DRUJ instabilit y, CT scans of both  w rists can  be 
perform ed in  pronat ion , neutral posit ion , and supinat ion  
to assess the radioulnar relat ionship through the range of 
m ot ion.

 Pearls &   Pitfalls

Û Radiographs in  acute dislocat ion can be di cult  to in-
terpret , as a standard posteroanterior view  m ay not  be 
possible due to block to pronat ion/supinat ion .
Û To determ ine reduct ion  of a dislocat ion , a t rue lat-
eral radiograph should be obtained. On a t rue lateral 
radiograph, the volar cor tex of the pisiform  overlies the 
central th ird of the in terval between the volar cor t ices 
of the distal pole of the scaphoid and capitate.

 ■  Dif erential Diagnosis

 • Dista l r a diou lna r  join t  (DRUJ) vola r  disloca t ion : An 
uncom m on isolated injury that  results in  volar displace-
m ent of the ulna relat ive to the radius. The m echanism  
t ypically involves a force on the w rist  w ith  hypersupina-
t ion  of the forearm .

 • Galeazzi fracture-dislocat ion: A fracture of the radial 
diaphysis w ith  dislocat ion of the DRUJ. This case shows 
no associated radius or ulnar fractures.

 • Essex-Loprest i fracture-dislocat ion: Injury consist ing of a 
com m inuted fracture of the radial head associated w ith  
dislocat ion of the DRUJ and disrupt ion of the in teros-
seous m em brane. The radius can m igrate proxim ally. 
The radial head was in tact  in  th is case and there is no 
evidence of radial shor tening.

 ■ Essential Facts

 • Distal radioulnar join t  stabilit y is m aintained through 
the bony st ructure, t r iangular  brocar t ilaginous com -
plex (m ainly the dorsal and palm ar radioulnar ligam ent 
com ponents), pronator quadratus, and the in terosseous 
m em brane.

 • Most DRUJ dislocat ions occur w ith  the u lna located volar 
to the radius.

 • Volar and dorsal dislocat ion  result  in  lim ited pronat ion  
and supinat ion, respect ively.

(A) Anteroposterior (AP) radiograph of the left wrist. Position of the ulnar styloid indicates the position of the wrist is not in neutral. The carpal, metacarpal, 
and phalanges are intact. (B) Lateral view of the wrist shows volar positioning of the ulna relative to the distal radius even allowing for the degree of obliquity. 
(C) Axial computed tomography (CT) with bone reconstruction shows the head of the ulna has displaced from the sigmoid notch of the radius to lie volarly.

A B C

Case_038_075-076.indd   76 31/10/14   9:10 am



77

Case 39

 ■ Clinical Presentation

A 49-year-old wom an w ith  forced dorsi exion injury of the ankle.

A B
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 ■ Imaging Findings

 • Tears of the superior peroneal ret inaculum  m ay be as-
sociated w ith  tendon dislocat ion .

 • Peroneal ret inacular avulsions are com m only associated 
w ith  calcaneal fractures.

 ■ Other Imaging Findings

 • CT: Can assess the m orphology of the peroneal groove. 
A convex posterior surface m ay predispose to tendon 
subluxat ion.

 • Magnet ic resonance im aging (MRI): Axial MRI is the 
im aging plane of choice. Can assess for tears of the ret i-
naculum  as well as avulsions. In  st ripping injuries, the 
ret inaculum  m ay be elevated from  the  bular perios-
teum . Ret inacular tears are seen as areas of ill de n it ion  
and th ickening. May be associated w ith  peroneal tendon 
tears.

 • Ult rasound: The peroneal ret inaculum  m ay be visualized 
on ult rasound. Dynam ic exam inat ion m ay show  sublux-
at ion  of the peroneal tendons.

 Pearls &   Pitfalls

Û Chronic subluxat ion m ay predispose to peroneal tendon 
tears.
Û Ret inacular tears are often  clin ically m istaken for lateral 
ligam ent  tears.

 ■  Dif erential Diagnosis

 • Per onea l r et ina cu lum  a vu lsion  w ith  disloca t ion  of 
the per onea l tendons: The posit ion  of the avulsion is 
very characterist ic of the dislodgm ent of a fragm ent of 
 bular bone subsequent to the rupture of the peroneal 
ret inaculum .

 • Anterior talo bular avulsion fracture: Also causes an  
avulsion fracture of the distal  bula. The bony fragm ent 
is related to the t ip  of the lateral m alleolus.

 • Wagsta -Lefort fracture: This is an  avulsion fracture of 
the  bular at tachm ent of the anterior inferior t ibio bular 
ligam ent . This is located along the anterom edial aspect  of 
the  bula at  the site of at tachm ent of the ligam ent .

 ■ Essential Facts

 • May result  from  m otor vehicle accidents, fall from  height , 
or spor t  injuries. It  m ay be seen w ith  forced dorsi exion 
and sim ultaneous contract ion  of the peroneals.

 • The peroneal ret inaculum  extends from  the distal lateral 
 bula to either the calcaneus or Achilles tendon (vari-
able). This  brous band creates the lateral border of the 
peroneal tunnel through w hich the peroneal tendons 
pass.

 • Peroneal ret inacular injuries are classi ed from  I to 
IV. Type I: st r ipping injury from  the lateral m alleolus. 
Type II: tear at  the  bular insert ion . Type III: osseous 
avulsion. Type IV: tear of the posterior  bers.

Anteroposterior (AP) view of the ankle (A) shows a small osseous fragment lateral to the lateral malleolus (arrow). The osseous density does not involve 
the  bular tip. The posit ion of the fragment is con rmed on the axial computed tomography (CT) images with bone (B) and soft  tissue (C) windows (arrow 
in B). There is soft  tissue between the osseous fragment and the lateral malleolus (arrow in C). The peroneal tendons are not seen in their normal location 
in the retromalleolar groove.
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Case 40

 ■ Clinical Presentation

A 50-year-old m an w ith  a 2-week history of pain  in  h is left  calf and recent  h istory of cellu lit is in  h is r ight  leg.
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C
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 ■ Imaging Findings

vessel lum en. Seeding can occur as either direct  t raum a, 
cont iguous spread, or em bolic seeding.

 • The m ost  com m on cause of pseudoaneurysm  in  
the lower lim b is iat rogenic (fem oral puncture for 
angiography).

 • Sept ic aneurysm s occurring in  peripheral vessels m ay be 
seen w ith  in t ravenous drug abuse.

 ■ Other Imaging Findings

 • Im aging appearances are dependent  on  w hether the 
pseudoaneurysm  is patent  or throm bosed.

 • Grayscale ult rasound: neck com m unicat ing w ith  the 
ar tery, direct  visualizat ion  of  ow, layers of hem atom a

 • Doppler: bidirect ional  ow  in  the neck on color Doppler 
ult rasound (yin-yang sign), “to and fro” pulsed Doppler

 • Mycot ic pseudoaneurysm s m ay dem onstrate a th ick wall.

 Pearls &   Pitfalls

Û Clinically, pulsat ions m ay not be evident due to sur-
rounding hem atom a.
Û Power Doppler assessm ent  should rout inely be per-
form ed on any soft  t issue m ass prior to biopsy.

 ■  Dif erential Diagnosis

 • Mycot ic pseudoa neu r ysm : The heterogeneous enhancing 
central com ponent and the st r iking pulsat ion  ar t ifact  are 
in  keeping w ith  a vascular lesion. The surrounding  uid 
collect ion  could represent  hem atom a or, as in  th is case, 
an  abscess. Osseous erosion can either occur as a result  of 
osteomyelit is or pressure erosion.

 • Hem atom a: Hem atom as can have a variable appearance 
on m agnet ic resonance im aging (MRI) from  com pletely 
cyst ic to m ore com plex and heterogeneous signal charac-
terist ics depending on  the age of the lesion. They should 
not  exhibit  pulsat ion  ar t ifact .

 • Soft t issue sarcom a: Most  soft  t issue sarcom as have a 
som ew hat  nonspeci c MRI appearance but  the deep 
locat ion , t ranscom partm ental spread, and osseous ero-
sion would be concerning. As w ith  a hem atom a, pulsa-
t ion  ar t ifacts should not  be seen w ith  the lesion.

 ■ Essential Facts

 • Most com m on infect ious agents are st reptococci and 
staphylococci. Fungal infect ion  is less com m on.

 • There is weakening in  the arter ial wall due to the seeding 
of m icroorganism s. Com m unicat ion  rem ains w ith  the 

(A) Lateral radiograph of the left leg shows an ill-de ned cortical erosion of the mid-diaphysis of the  bula (arrow). (B, C) Axial T1-weighted and fat-
suppressed T1-weighted postgadolinium magnetic resonance (MR) images through the midcalf demonstrate a mixed signal intensity lesion with central 
low T1 signal that demonstrates heterogeneous enhancement surrounded by a relatively T1 hyperintense area, which exhibits rim enhancement. The 
central enhancing region shows a pulsation artifact (arrows in C). There is signal change in the  bula. The lesion has breached through the interosseous 
membrane. (D) Power Doppler ultrasound image demonstrating evidence of arterial  ow within the central component of the lesion.

A B C

D

Case_040_079-080.indd   80 03/11/14   9:10 AM



81

Case 41

 ■ Clinical Presentation

A 29-year-old wom an w ith  a 2-week history of severe pain  in  her left  groin .

A B

C
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 ■ Imaging Findings

 • Migrat ion  (regional m igratory osteoporosis) usually oc-
curs in  the  rst  year and extends from  proxim al to distal 
w ith  the knee the m ost  com m on secondary site followed 
by the ankle.

 • Treatm ent  is conservat ive. The condit ion  typically re-
solves over 6 to 12 m onths.

 ■ Other Imaging Findings

 • Plain  radiographs show  di use unilateral osteopenia of 
the proxim al fem ur in  later stages and well-m aintained 
join t  space.

 • Magnet ic resonance im aging (MRI). Subchondral insuf-
 ciency fractures: linear low  T1 and T2 signal paralleling 
the ar t icular surface. With  or w ithout an  e usion. Spar-
ing of subchondral bone useful to dist inguish  from  AVN.

 Pearls &   Pitfalls

Û Evidence of bone m arrow  edem a can be detected on 
MRI w ith in  days of onset .
Û Absence of osteopenia on plain  radiographs does not  
exclude the diagnosis, as dem ineralizat ion is often  
delayed.

 ■  Dif erential Diagnosis

 • Tr a nsien t  osteopor osis of the h ip (TOH) in  pr egna ncy: 
Characterized by bone m arrow  edem a of the fem oral 
head extending in to the neck. TOH is characterized by 
unilateral groin  pain .

 • Avascular necrosis (AVN): In  it s early stages, AVN can 
present  w ith  di use edem a, like TOH. Avascular necrosis 
t ypically involves the subar t icular region and is m ore 
focal. Edem a of the fem oral neck m ay be seen especially 
if there is subchondral collapse.

 • Subchondral fracture: This m ay accom pany TOH or m ay 
be t raum at ic.

 ■ Essential Facts

 • Variably referred to as t ransient osteoporosis, regional 
m igratory osteoporosis, and t ransient bone m arrow  edem a 
syndrom e depending on locat ion, presence of osteopenia, 
t im e course, and num ber of join ts involved

 • Most cases occur in  m iddle-aged m en or wom en in  their 
th ird t r im ester of pregnancy.

 • There is cont roversy as to w hether th is represents an  
early reversible stage of AVN.

 • Com plicat ions include recurrence, m igrat ion  to other 
join ts, and insu ciency fractures.

(A, B) Coronal T1 and fat-suppressed T2-weighted images showing di use low T1 signal and high T2 intensity a ecting the left femoral head and neck. No 
evidence of fracture clefts, serpiginous areas, or focal lesions. (C) Coronal image showing evidence of a fetus in a gravid uterus (arrow).
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Case 42

 ■ Clinical Presentation

A 56-year-old m an brought in to the em ergency depar tm ent  was found unconscious. He has a know n history of alcohol and 
drug abuse. He is found to have generalized weakness, renal im pairm ent , and elevated creat ine kinase (CK).
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 ■ Imaging Findings

 • Rhabdomyolysis is also associated w ith  the detect ion  of 
myoglobin  in  the urine.

 • Early diagnosis is essent ial, as it  can  be a potent ially life-
th reatening condit ion  due to hyperkalem ia and m etabolic 
acidosis that  can  develop.

 ■ Other Imaging Findings

 • MR  ndings can be di use, sym m etric, asym m etric, or 
unilateral. Magnet ic resonance im aging is very sensit ive 
but  not  speci c and should be in terpreted w ith  clin ical 
inform at ion.

 • Nonint ravenous (IV) contrast  computed tom ography 
(CT) im aging m ay dem onst rate m uscle enlargem ent  and 
discrete  uid at tenuat ion  areas w ith  established myone-
crosis, but  m agnet ic resonance im aging is m ore sensit ive.

 Pearls &   Pitfalls

Û An IV cont rast  study should be avoided given the h igh 
r isk of renal im pairm ent w ith  the condit ion .

 ■  Dif erential Diagnosis

 • Rha bdom yolysis: This is m uscle injury w ith  disrupt ion 
of the skeletal m uscle cell m em branes and release of 
myoglobin  and toxic in t racellular m etabolites in to the 
circulat ion . A ected individuals are at  h igh r isk of acute 
renal failure. It  can  occur w ith  com partm ent syndrom e, 
t raum a, crush injury, excessive m uscle act ivit y, ischem ia, 
drugs, toxins, and infect ion . Classically, there is a t r iad of 
weakness, m uscle pain , and passage of dark brow n urine. 
In  th is case, the CK levels were. 25,000.

 • Inf am m atory m yosit is: Condit ions such as polymyosit is, 
derm atom yosit is, and inclusion body myosit is m ay pres-
ent  w ith  m uscle edem a and, in  som e cases, subcutaneous 
edem a. The hyperacute presentat ion  would be unusual.

 • Pyom yosit is: Pyogenic or bacterial infect ion of skeletal 
m uscle. Most  com m on organism  is Staphylococcus aureus. 
Risk factors include im m unosuppression (including HIV), 
diabetes, and t raum a. With  suppurat ion, it  can  rapidly 
form  an abscess. Focal m uscle edem a m ay be the earliest  
 nding on  uid sensit ive sequences. Bilateral changes 
that  would be unusual for pyomyosit is.

 ■ Essential Facts

 • Serum  CK level is a sensit ive m arker for m uscle cell 
breakdow n but its concentrat ion  is variable and does not  
necessarily correlate w ith  the degree of m uscle dam age.

(A, B) Axial fat-suppressed T2-weighted and T1 magnetic resonance (MR) images of the thighs show patchy areas of signal abnormality in the deep muscle 
compartments of the anterior, posterior, and adductor compartments. The signal characteristics follow that of  uid/edema. Intercompartmental  uid 
signal particularly between the hamstrings and adductor muscles is also present. There is thickening and extensive reticular signal abnormalit y in the 
anteromedial and lateral aspects of the super cial subcutaneous layer consistent with edema. (C) Coronal short  T1 inversion recovery (STIR) image shows 
the extent of patchy signal changes throughout all the muscles of the thigh and extent of subcutaneous edema and perifascial  uid.
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Case 43

 ■ Clinical Presentation

A 45-year-old m an w ith  pain  and swelling in  the forearm  after a fall.

A B
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 ■ Imaging Findings

 • Anterior dislocat ion  of the radial head accounts for 
65% of all cases. Lateral dislocat ion  is the second m ost  
com m on type.

 • There m ay be a neuropraxia of the posterior in terosseous 
branch of the radial nerve as it  passes around the radial 
neck, part icularly w ith  t ype II fractures.

 • Closed reduct ion  of the radial head m ay fail due to 
in terposit ion  of the annular ligam ent  at  the proxim al 
radioulnar join t , par t icularly w ith  t ype III fractures.

 ■ Other Imaging Findings

 • Other m odalit ies o er lit t le addit ional inform at ion, 
w hich would potent ially alter end point  t reatm ent in  an  
acute set t ing.

 Pearls &   Pitfalls

Û The radial head dislocat ion  can be subtle and there 
needs to be a h igh index of suspicion w ith  any ulnar 
fractures. To determ ine the presence of a radial head 
dislocat ion, a line paralleling the proxim al radial 
diam etaphysis should pass through the center of the 
capitellum  on any view.
Û In  injuries of forearm  bones, the elbow  and w rist  should 
be included in  radiographs.

 ■  Dif erential Diagnosis

 • Mon teggia  fr a ct u r e: Proxim al u lnar fracture w ith  
d islocat ion  of the radial head. A disp laced fracture 
of the u lna leads to a d islocat ion  of the radial head 
because the u lna and radius are bound by the 
in terosseus m em brane and ligam ents resu lt ing in  a 
closed loop . In  addit ion , the annular ligam ent  is injured.

 ■ Essential Facts

 • A Monteggia fracture represents a fracture of the ulna 
(t ypically proxim al to m iddle th ird) w ith  dislocat ion of 
the radioulnar join t .

 • This injury is usually as a result  of fall on  an  outst retched 
hand w ith  forced pronat ion or hyperextension.

 • Monteggia fractures are classi ed in to four t ypes (Bado 
classi cat ion): (1) anterior dislocat ion  of the radial head 
w ith  apex anterior angulat ion  of ulna, (2) posterior 
dislocat ion of the radial head w ith  apex posterior 
angulat ion of ulna, (3) lateral dislocat ion of the radial 
head, and (4) anterior dislocat ion  of the radial head w ith  
fractures of the proxim al radius and ulna.

 • The apex of the ulnar fracture usually points in  the direc-
t ion  of the radial head dislocat ion .

 • In  children , an  u lnar fracture m ay be a greenst ick 
fracture.

(A) Lateral radiograph showing a transverse fracture through the proximal ulnar diametaphysis with slight angulation, apex posteriorly, and posterior 
dislocation of the radial head at the radiocapitellar joint and the proximal radioulnar joint. There is gas within the soft t issues consistent with an open 
fracture. (B) Anteroposterior view of the elbow showing lateral subluxation of the radial head with respect to the capitellum.
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Case 44

 ■ Clinical Presentation

A 23-year-old w ho su ered an  injury on the ski  elds.

A B
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 ■ Imaging Findings

 • Snow boarder’s fracture: Occurs w hen the foot  is forcefully 
dorsi exed and inverted/external rotat ion . Can also occur 
in  a fall from  height .

 • The anterior talo bular ligam ent  and several im portan t  
talocalcaneal ligam ents arise from  the lateral process.

 • Malunion or nonunion can result in m alalignm ent and in-
stability of the posterior subtalar joint, leading to persistent  
pain and rapidly progressive secondary osteoarthrit is.

 • Classi ed in to three t ypes: fractures through the t ip , 
through the base, or com m inuted fractures

 • If the fragm ent is large and int ra-ar t icular, open reduct ion  
and in ternal  xat ion (ORIF) m ay be necessary.

 ■ Other Imaging Findings

 • Radiographs: fracture cleft , loss of visualizat ion  of lateral 
process on  lateral

 • CT scan is a valuable adjunct  to de ne the size of the 
fracture, ident ify associated fractures, and evaluate for 
degree of com m inut ion and in t ra-ar t icular extension.

 Pearls &   Pitfalls

Û Infram alleolar soft  t issue swelling on AP view  should 
raise concern  for lateral process talus or anterior 
calcaneus fractures.
Û Radiographs often  underest im ate severit y of the injury.

 ■  Dif erential Diagnosis

 • La ter a l pr ocess of ta lu s fr a ct u r e: Careful at tent ion to the 
cor tex of each of the h indfoot  bones reveals the cor t ical 
discont inuity is of the talus. This fracture is of the lateral 
process, w hich is a wedge-shaped project ion  of the 
lateral talar body. Com m only know n as a snow boarder’s 
fracture. The soft  t issue swelling is t ypically m ore 
infram alleolar than seen w ith  lateral m alleolar fractures.

 • Fracture lateral w all calcaneus: On the AP view  of the 
ankle, fractures of the lateral cor tex of the calcaneus m ay 
be seen in  the infram alleolar region but are m ore inferior 
than lateral process talus fractures. These fractures are 
t ypically along the anterior calcaneus and m ay represent  
extensor digitorum  brevis avulsions or m ay be along the 
lateral r im  of the calcaneocuboid join t  and be associated 
w ith  cuboid and dorsal navicular fractures. A com bina-
t ion  of AP and m ort ise views com bined w ith  AP view  of 
the foot  w ill show  the correct  localizat ion of these lateral 
wall fractures.

 ■ Essential Facts

 • The lateral process has a lateral ar t icular surface, w hich 
ar t iculates w ith  the lateral m alleolus, and an  inferior 
ar t icular surface, w hich form s par t  of the posterior facet  
of the subtalar join t .

(A) Anteroposterior (AP) radiograph of the ankle demonstrates a fracture of the lateral aspect of the hindfoot involving the talus (arrow). (B) Lateral radio-
graph of the ankle demonstrates minimal deformity of the lateral process of the talus (arrow). (C) Coronal reformat ted computed tomography (CT) of the 
ankle shows a minimally comminuted fracture through the lateral process of the talus (arrow).
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Case 45

 ■ Clinical Presentation

A 30-year-old wom an in  a  m otor vehicle accident  (MVA) 1 m onth  ago com plain ing of knee pain .

A B C
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 ■ Imaging Findings

 • The in t ravascular signal is h ighly variable on  rout ine 
knee MR pulse sequences. Ancillary  ndings such as 
distension and edem a should be evaluated for. The accu-
racy of rout ine knee pulse sequences for the detect ion  of 
DVT is not  know n but is likely to be lower than m agnet ic 
resonance venography.

 ■ Other Imaging Findings

 • Doppler ult rasound (US): This is the m ost  com m only 
ut ilized m odalit y for assessm ent of DVT. Distension of 
the vein , lack of com pressibilit y, altered in t ralum inal 
echogenicity, loss of norm al augm entat ion , absent  or 
decrease  ow  on Doppler US, and nonphasic  ow.

 Pearls &   Pitfalls

Û Vessels should be carefully evaluated on knee MRI fol-
low ing t raum a, par t icularly follow ing knee dislocat ion .

 ■  Dif erential Diagnosis

 • Deep venous thrombosis (DVT) poplitea l vein  (w ith  
pulmona r y embolism ): The perivascular edem a is 
suspicious for a vascular et iology and this is further 
supported by the venous distension and focal altered signal.

 • Shearing injury through popliteal fossa: In term uscular 
edem a of the popliteal fossa is com m only encountered 
as par t  of a rotat ional knee injury such  as a pivot  shift  
injury. There are no support ive  ndings of such an  injury, 
such as anterior cruciate ligam ent (ACL) tear or bone 
m arrow  contusions, in  th is case.

 • Direct t raum a to popliteal fossa w ith edem a/hem atom a: In  
cases of direct  t raum a, som e in t ram uscular and subcuta-
neous changes would also be expected.

 ■ Essential Facts

 • Magnet ic resonance im aging (MRI) has been used for 
the detect ion  of lower lim b DVT w ith  variable success. 
Overall sensit ivit ies and speci cit ies of >90% have been 
reported especially for above knee DVT. However, these 
results relate to dedicated m agnet ic resonance venogra-
phy or direct  throm bus im aging techniques.

(A–C) Sagit tal proton density, sagit tal fat-suppressed T2-weighted, and axial fat-suppressed T2-weighted magnetic resonance (MR) images demonstrate 
di use intermuscular edema in the popliteal fossa. The edema has a predominantly perivascular distribution on the axial images. The sagit tal images 
demonstrate focal distension of the popliteal vein with altered intraluminal signal changes through the region of expansion (arrowheads). No joint e usion, 
bone, or ligamentous injury is seen. (D) Subsequent axial computed tomography (CT) pulmonary angiogram demonstrated a saddle embolus.
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Case 46

 ■ Clinical Presentation

A 28-year-old m an w ith  foot  pain  after running.

A B

C
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 ■ Imaging Findings

 • The norm al plan tar fascia is of low  signal in tensit y on all 
pulse sequences and m easures up to 4 m m  in  th ickness 
on MRI and ult rasound.

 • Plantar fascia rupture is t ypically preceded by plantar 
fasciit is.

 ■ Other Imaging Findings

 • Ult rasound: Ult rasound m ay also be used for evaluat ion 
of the plantar fascia dem onstrat ing th ickening in  cases 
of plan tar fasciit is and discont inuity w ith  variable 
hem atom a, seen as hypoechoic changes, in  cases of 
plantar fascia rupture.

 • MRI: There m ay be an  associated tear of  exor digitorum  
brevis.

 Pearls &   Pitfalls

Ú Heel spurs occur at  the at tachm ent of  exor digitorum  
brevis and are not  the cause of plantar fasciit is.
Ú Plantar fascia rupture m ay be associated w ith  local 
steroid inject ions.
Ú Chronic tears m ay be seen as areas of fusiform  th icken-
ing of low  signal in tensit y.

 ■  Dif erential Diagnosis

 • Rupt u r e of the m edia l ba nd of the pla n ta r  fa scia : focal 
com plete disrupt ion  of the plantar fascia

 • Plantar fasciit is: Consists of m icrotears of the plantar fascia. 
It  m ay be predisposed to by overuse, m echanical factors, 
or by in am m atory arthrit ides part icularly seronegative 
arthropathies. This is usually seen as increased thickness 
of the plantar fascia w ith or w ithout increased signal 
intensity but w ithout discontinuity of the plantar fascia. 
Most com m only seen at the origin of the plantar fascia. 
May be associated w ith edem a w ithin the calcaneus.

 • Plantar f brom atosis: Causes fusiform  th ickening of the 
plantar fascia t ypically of low  T1 and T2 signal w ithout 
discont inuity. More cellular and aggressive plantar 
 brom atosis m ay show  increased T2 signal but  th is is not  
of  u id signal.

 ■ Essential Facts

 • The plantar fascia helps to support  the longitudinal arch  
of the foot  and consists of m edial, cent ral, and lateral 
bands and originates from  the m edial tuberosity of the 
calcaneus.

Sagit tal T1-weighted magnetic resonance imaging (MRI) (A) demonstrates focal loss of the normal low signal intensity of the plantar fascia (arrow). 
Sagit tal fat-suppressed T2-weighted MRI (B) shows focal discontinuity of the plantar fascia with intervening high T2 signal intensity (arrow) as well as 
edema within the adjacent f exor digitorum brevis. Coronal intermediate-weighted image (C) shows lack of the normal low signal intensity of the plantar 
fascia (arrowhead).
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Case 47

 ■ Clinical Presentation

A 41-year-old fem ale recreat ional tennis player w ith  w rist  pain .

A B C

Case_047_093-094.indd   93 03/11/14   9:31 AM



94  RadCases.thieme.com  RadCases Emergency Radiology

 ■ Imaging Findings

 • Com plicat ions include nonunion, u lnar nerve palsy, car-
pal tunnel syndrom e, and ulnar ar tery com prom ise.

 • Nonunited fractures have been associated w ith  tears of 
the th ird to  fth   exor tendons.

 • Treatm ent opt ions include cast  im m obilizat ion , in ternal 
 xat ion , or excision of the hook.

 ■ Other Imaging Findings

 • Plain  radiography: Di cult  to visualize. Look for loss of 
cor t ical r ing on anteroposterior (AP). Carpal tunnel views 
w ill dem onstrate a hook fracture.

 • Com puted tom ography (CT): im aging m odalit y of choice 
for detect ion  of fracture and assessm ent of union

 Pearls &   Pitfalls

Û Hook of ham ate has an  in t im ate relat ion  to the ulnar 
ar tery and nerve and also to the carpal tunnel. It  is 
im portant  to evaluate for their in tegrit y.
Û A fracture nonunion m ay have to be t reated by resec-
t ion  of the hook.

 ■  Dif erential Diagnosis

 • Hook of ha m a te fr a ct u r e: Di use edem a in  the ham ate 
w ith  a cleft  at  the base of the hook is consistent  w ith  a 
fracture. Com m only associated w ith  racquet  sports that  
cause chronic, repet it ive injury such as tennis, baseball, 
and golf. Also occurs w ith  fall on  outst retched hand 
(FOOSH) injuries.

 • Fracture of ham ate body: Less com m on. Usually 
dem onst rates a dorsally displaced fragm ent . May be 
associated w ith  fracture dislocat ions of the four th  and 
 fth  carpom etacarpal join ts.

 • Accessory ossicle (os ham ulus proprium ): May resem ble 
a nonunited hook of ham ate fracture; however, the 
m argins tend to be sm ooth .

 ■ Essential Facts

 • Ham ate fractures account for less than 2% of all of carpal 
fractures.

 • More frequent ly involves the hook than the body
 • Site of at tachm ent of t ransverse carpal ligam ent
 • The m otor branch of the u lnar nerve passes along the 
ulnar m argin  of the hook of ham ate, w hereas the sensory 
branch passes m ore super cially.

Coronal fat-suppressed T2-weighted image (A) demon-
strates increased signal within the body of hamate (ar-
rowhead). Corresponding coronal proton density image 
(B) demonstrates vague low signal intensit y in the same 
area (arrow). Sagit tal proton density image (C) shows a 
fracture cleft  through the base of the hook of hamate 
(arrowhead). (D) Axial fat-suppressed T2-weighted 
image con rms di use edema of the body and hook of 
hamate and the undisplaced fracture cleft  (arrowhead).
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Case 48

 ■ Clinical Presentation

A 74-year-old m an w ith  a h istory of hepatocellular carcinom a present ing w ith  a painful shoulder w ith  decreased range of 
m ot ion.
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C
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • Soft  t issue swelling and osteopenia are am ongst  the 
earliest  radiographic  ndings.

 • Ult rasound for detect ion  of an  e usion and aspirat ion
 • Computed tom ography (CT) and m agnetic resonance 
im aging (MRI) are ut ilized if there is concern for an  
abscess, if there is no response to t reatm ent , or for 
preoperat ive assessm ent. Increased T2 signal w ithout 
corresponding T1 signal change in bone m ay be seen 
w ith osteit is. Low  T1 signal changes add speci city for 
osteomyelit is. MRI w ill show  areas of di use enhancem ent 
w ith abscesses exhibit ing rim  enhancem ent .

 • Nuclear scin t igraphy w ith  bone and gallium  or w hite cell 
scans w ill show  increased act ivit y and are very sensit ive.

 Pearls &   Pitfalls

Û The loss of subchondral cor t ical bone/subar t icular 
w hite line on a radiograph is indicat ive of sept ic 
ar thrit is unt il proven otherw ise.
Û Fever and an increased w hite cell count are both  present  

in  sept ic ar thrit is and crystal deposit ion  disease.
Û Joint  aspirate should be sent  for culture and sensit ivit y, 
cell count , and crystals.

 ■  Dif erential Diagnosis

 • Sept ic a r thr it is a nd osteom yelit is of the shou lder : 
Dest ruct ive changes involving both  sides of the join t  
w ith  e usion, synovit is, and periar t icular in  am m atory 
changes are consistent  w ith  infect ion .

 • Crystal disease: Crystal deposit ion  disease w ith  calcium  
pyrophosphate dihydrate can have clin ical sim ilarit ies 
to sept ic ar thrit is and can produce dest ruct ive changes 
at  the join t . However, the dest ruct ive changes of the 
hum eral head are very ill de ned and infect ion  rem ains 
the diagnosis of exclusion.

 • Act ive inf am m atory arthrit is: Erosions and dest ruct ive 
changes w ith  synovit is and periar t icular in  am m at ion 
m ay be seen. However, usually there is join t  space loss 
and the dest ruct ive changes are not  so con uent .

 ■ Essential Facts

 • Staphylococcus aureus and Neisseria gonorrhoeae are 
am ongst  the m ost  com m on causat ive organism s of 
pyogenic infect ion .

 • Risk factors: diabetes m ellitus, im m unosuppression, 
in t ravenous (IV) drug use, open fractures, or thopedic 
hardware, and sickle cell disease

 • Sept ic ar thrit is is an  em ergency. Unchecked join t  de-
st ruct ion can occur w ith in  24 to 48 hours.

 • Plain  radiographs can be insensit ive to early changes and 
norm al radiographs do not  exclude sept ic ar thrit is.

Anteroposterior radiograph of the shoulder (A) illustrates destruction of the humeral head and glenoid with widening of the glenohumeral joint space. 
Coronal oblique fat-suppressed T2 and proton density magnetic resonance (MR) images (B, C) demonstrate destruction of the articular surfaces of the glenoid 
and humeral head (arrow in C) with joint e usion and synovitis (arrowhead in B), extensive periarticular edema, and a f uid collection in the subacromial bursa 
(arrow in B). There is edema of the proximal humerus with low signal osseous changes on proton density images. The supraspinatus is torn.
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Case 49

 ■ Clinical Presentation

A 35-year-old w ith  di culty bearing weight  follow ing a tw ist ing injury to the knee.

 ■ Further Work-up

A B C
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • MRI: m ult iligam entous injuries, altered signal in ten-
sit y in  relat ion  to the popliteal ar tery or the com m on 
peroneal nerve, capsular tears, m eniscal tears, and biceps 
fem oris and popliteus tears

 • CT: fractures including arcuate fractures and cruciate 
avulsion fractures

 • Convent ional or com puted tom ography angiography: 
occluded popliteal ar tery

 Pearls &   Pitfalls

Û Due to the h igh incidence of neurovascular injuries, the 
neurovascular st ructures should be carefully evaluated.
Û A knee dislocat ion  should be considered in  all individu-
als w ith  tears of three or m ore ligam ents.

 ■  Dif erential Diagnosis

 • Knee disloca t ion : Com plete tears of the cruciates and 
collaterals as well as the patellar tendon  w ith  associated 
popliteal ar tery injury.

 • O’Donoghue terrible t riad: This consists of tears of the 
ACL, MCL, and m edial m eniscus. In  th is case, the PCL and 
 bular collateral ligam ent and the patellar tendon are 
also injured.

 ■ Essential Facts

 • Knee dislocat ions m ay be seen in  the set t ing of sport ing 
act ivit ies, a fall from  height , or m otor vehicle accident .

 • Many knee dislocat ions m ay reduce spontaneously.
 • The m ajorit y of pat ien ts w ith  knee dislocat ions have 
tears of at  least  three ligam ents. Som e pat ients w ith  knee 
dislocat ions m ay have tears of only two ligam ents. These 
pat ien ts are m ore likely to have an  associated fracture.

 • ACL and PCL are torn  in  alm ost  all cases. Patellar tendon 
injuries are relat ively uncom m on.

 • Popliteal ar tery injuries m ay be seen  in  up to 40% of 
pat ients and com m on peroneal nerve injuries m ay 
be present  in  up to 33% of pat ients depending on the 
m echanism  of injury. Most pat ients w ith  com m on 
peroneal nerve injury have an  injury of both  cruciates 
and the  bular collateral ligam ent .

Sagit tal fat-suppressed T2-weighted magnetic resonance imaging (MRI) (A) shows a complete tear of the proximal to mid anterior cruciate ligament (ACL) 
(arrow). There is also a tear of the distal insertion of the patellar tendon (arrowhead) as well as edema and focal discontinuity of the inferior aspect of the 
posterior capsule. (B) Sagit tal proton density MRI demonstrates an osseous avulsion of the distal posterior cruciate ligament (PCL) (arrow). (C) Coronal 
intermediate-weighted image shows complete tears of the medial collateral ligament (MCL) (arrow) and distal f bular collateral ligament (arrowhead). 
(D) Image from a computed tomography (CT) arteriogram shows a popliteal artery injury with a segmental occlusion (arrowhead).
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Case 50

 ■ Clinical Presentation

A 14-year-old boy present ing after ankle t raum a.

A B
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 ■ Imaging Findings

 • The fracture com m only occurs in  adolescents (11 to 
15 years) after the central and m edial par ts of the physis 
have fused but  before fusion of the lateral physis.

 • As the fracture t ypically occurs once fusion of par t  of the 
physis has already com m enced, the potent ial for defor-
m ity due to physeal injury is relat ively m inor.

 • Although undisplaced fractures m ay be t reated 
conservat ively, displaced fractures (. 5 m m  displacem ent 
and in  som e cases w ith  2 to 5 m m  of displacem ent) are 
t reated w ith  in ternal  xat ion .

 • The Tillaux fracture in  adults represents a fracture of the 
distal t ibial tubercle caused by the anterior inferior 
t ibio bular ligam ent .

 ■ Other Imaging Findings

 • CT: As in  th is case, CT dem onstrates anterolateral rota-
t ion  of the fracture fragm ent .

 Pearls &   Pitfalls

Û CT is the m odalit y of choice for the detect ion  of ar t icu-
lar step deform ity.

 ■  Dif erential Diagnosis

 • Tilla u x fr a ct u r e (juven ile): The fracture has a ver t ical 
com ponent through the epiphysis and a horizontal com -
ponent  through the physis represent ing a Salter-Harris III 
fracture.

 • Triplanar fracture: The t r iplanar fracture is a fracture, 
w hich  in  addit ion  to the ver t ical epiphyseal and t rans-
verse physeal fracture com ponents of a juvenile Tillaux 
fracture, has a m etaphyseal fracture best  seen on the 
lateral view. There are several t ypes represent ing either a 
Salter-Harris t ype IV fracture or a com binat ion  of t ype II 
and type III fractures.

 • Pilon fracture: This is a m ore severe injury t ypically w ith  
a poorer outcom e. These are fractures of the epiphysis 
(and physis in  adolescents) that  are t ypically com m i-
nuted w ith  . 5 m m  displacem ent and variable presence 
of talar and  bular fractures.

 ■ Essential Facts

 • Usually occurs as a result  of an  external rotat ion  injury. 
There is avulsion of the anterolateral t ibial epiphysis by 
the anterior inferior t ibio bular ligam ent .

(A, B) Anteroposterior (AP) and lateral radiographs of the ankle demonstrate a fracture through the distal tibial epiphysis in the sagit tal plane (arrow). 
The physis remains open on these radiographs and the superior border of the fracture curves laterally along the physeal plate. (C, D) Axial and coronal 
computed tomographies (CT) of the ankle show an intra-articular fracture of the distal tibial epiphysis involving the anterolateral aspect of the articular 
surface. The fracture is vertically oriented in the epiphysis and has a transverse component through the physis. The coronal CT demonstrates some fusion 
across the medial aspect of the physis.
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Case 51

 ■ Clinical Presentation

A 23-year-old m an w ith  3-day history of diarrhea and 1-day history of fever and m ild abdom inal tenderness.

A
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • Flexible sigm oidoscopy would show the typical findings of 
colit is depending on the type. Ulcerative colit is: superficial 
ulcerat ion; infectious colit is: ulcerat ive m em branes.

 • Colonic dim ension (cecum  . 9 cm , transverse colon . 7 cm ) 
or progressive dilatat ion w ith toxic symptom s are om inous 
signs.

 • CT can be used to diagnose and evaluate disease 
progression and assess complicat ions such as perforat ion; 
also helpful in  dist inguishing ulcerat ive colit is from  Crohn 
disease (especially if skip areas and sm all bowel [SB] 
involvem ent).

 Pearls &   Pitfalls

Û Sigm oidoscopy m ay help evaluate the severit y of an  
acute at tack.
Û Plain  film s of the abdom en are essent ial in  evaluat ing 
t reatm ent  effect iveness.
Û If SB becom es progressively dilated, then t reatm ent is 
failing.
Û Rectal contrast  exam inat ion  is contraindicated.

 ■ Differential Diagnosis

 • Acu te u lcer a t ive colit is: This inflam m atory disease pres-
ents in  m ost  pat ients by the age of 30 years and can range 
from  a proct it is to pancolit is. A plain  abdom inal X-ray 
can est im ate disease extent  and exclude toxic m egacolon.

 • Infect ious diarrhea: Can occur in  any age group and 
m ay be associated w ith recent t ravel or ant ibiot ic use. 
Symptom s include watery or bloody diarrhea, abdom inal 
cram ps, weight loss, and fever. It  is diagnosed by stool 
m icroscopy and cultures. The disease m ay be self-lim it ing.

 • Divert iculit is: Prevalence of th is disease is age depen-
dent and m ore com m on in  the elderly: 65% of pat ients 
have diver t iculosis by age 80 years. Symptom s include 
abdom inal tenderness, chronic const ipat ion, diarrhea, 
and act ive bleeding. Com puted tom ography (CT) is the 
im aging of choice to assess severit y and prognosis.

 ■ Essential Facts

 • A plain  abdom inal X-ray is essent ial.
 • Daily abdom inal X-rays should be perform ed in  pat ients 
w ith  m egacolon  unt il a m anagem ent decision  is m ade.

(A) Supine radiographs: dilated colon (10 cm) with thumbprinting (mucosal edema) of the colon, especially the ascending colon. Cecum measures 7 cm.

A
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Case 52

 ■ Clinical Presentation

A 35-year-old m an presents w ith  r ight  lower quadrant  (RLQ) pain , nausea, and vom it ing.

 ■ Further Work-up
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • US: The m axim al appendiceal diam eter (outside wall 
diam eter) is greater than 6 m m . A target  appearance on 
t ransverse im aging is observed if  u id is present  in  the 
lum en. Other  ndings include pericecal/periappendiceal 
 uid, increased periappendiceal echogenicity, and enlarged 
m esenteric lymph nodes.

 • Com puted tom ography (CT): Distended appendix 
greater than 7 m m  in  m axim al diam eter, appendiceal 
wall th ickening and enhancem ent , appendicolith iasis, 
adjacent bowel wall th ickening, pericecal fat  st randing, 
in t raperitoneal free  uid or abscess, and large m esenteric 
lym ph nodes.

 Pearls &   Pitfalls

Û A rim  calci cat ion  in  RLQ on plain  abdom inal  lm s in  
the correct  clin ical set t ing suggests appendicolith  w ith  
appendicit is.
Û Graded-compression US and/or helical CT are the best  
im aging m odalit ies to evaluate suspected appendicit is, 
as plain   lm s are often  unrem arkable.
Û It is crucial to obtain a transvaginal US to visualize the 
appendix when it is not fully visualized transabdom inally.
Û Not all calci cat ion  in  the RLQ are appendicoliths.

 ■  Dif erential Diagnosis

 • Appendicit is w ith a ppendicolith: An appendicolith  is a 
calci ed deposit  w ithin the appendix. Although it  is one 
cause of appendiceal lum en obstruct ion that can lead to 
acute appendicit is, the presence of an appendicolith  in  the 
absence of clinical symptom s or other signs of appendiceal 
in  am m ation is not diagnost ic of acute appendicit is. 
An appendicolith  can occasionally appear as a calci ed 
m ass in  the right iliac fossa on abdom inal X-ray. On US, it  
appears as an echogenic focus w ith acoust ic shadow ing.

 • Mucocele of the appendix: This is a dilated appendiceal 
lum en secondary to abnorm al accum ulat ion  of m ucus. 
Mucocele of the appendix can appear as a round RLQ 
m ass w ith  curvilinear calci cat ions on abdom inal X-ray. 
On US, m ucoceles appear as elongated cyst-like m asses 
w ith  in ternal echoes and an  indist inct  wall.

 • Ureteral calculi: An appendicolith  that  is close to the 
m idline can m im ic a ureteral calculi. Most  ureteral 
calculi are impacted at  the narrowest  points of the ureter 
including the ureteropelvic junct ion , the ureterovesicular 
junct ion , and the crossing of the iliac vessels.

 ■ Essential Facts

 • Thir ty percent of pat ients w ith  acute appendicit is dem -
onst rate an  appendicolith .

 • Appendicolith iasis in  associat ion  w ith  abdom inal pain  is 
90% speci c for acute appendicit is.

 • Appendicolith iasis is associated w ith  a 50% greater r isk of 
appendiceal perforat ion.

 • The presence of an  appendicolith  has signi cant  
therapeut ic considerat ions: dropped appendicoliths can 
result  in  the developm ent of pelvic abscesses.

(A) A supine abdominal radiograph shows a well-circumscribed round rim calci cation in right iliac fossa (arrow). (B) Supine  lm of the abdomen showing 
the immobile calci cation in the right iliac fossa. (C) An ultrasound (US) scan of the RLQ shows the longitudinal view of a noncompressible,  uid- lled, 
blind-ending tubular structure (short arrow) representing a distended appendix measured 13 mm in diameter. (D) A transverse US scan through the tubu-
lar structure shown in (C), an echogenic foci (arrow) with acoustic shadowing (asterisk in images C and D), representing an appendicolith.
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Case 53

 ■ Clinical Presentation

A 51-year-old wom an presented w ith  abdom inal distension of several weeks durat ion . She drinks several bot t les of w ine 
per day.

 ■ Further Work-up
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • Plain  film : ground glass; cent ral locat ion of bowel loops, 
loss of posterior liver edge (Morrison pouch sign); colon ic 
gut ter flu id (colonic displacem ent from  properitoneal fat , 
bulging flank sign); supravesicular fluid (Mickey Mouse 
ears sign)

 • Abdom inal US w ith  Doppler: Confirm s presence of 
ascites. Determ ines the patency of por tal vein  and 
presence of ovarian  tum or or liver pathology.

 • CT scan useful in  cases of:
 • Suspected serosal m etastasis or m alignancy (pancreat ic, 
ovarian  cancer)

 • Suspected por tal vein  throm bosis (due to hepatocellular 
carcinom a; bland or sept ic throm bus)

 • Pat ien ts w ith  ruptured m ucocele of the appendix 
(pseudomyxom a peritonei)

 Pearls &   Pitfalls

Û Manage refractory ascites w ith  large volum e 
paracentesis and album in replacem ent .
Û Spontaneous bacterial peritonit is (SBP) is a m edical 
em ergency, w ith  a m ortalit y rate between 10 and 40%. 
Therefore, culture and sensit ivit y (C/S) of aspirated 
ascit ic flu id is essent ial.
Û Im aging characterist ics of ascites are not  always reliable.

 ■ Differential Diagnosis

 • Tr a nsuda t ive a scites: Ascites is a pathologic collect ion  
of fluid in  the peritoneal cavity. Pat ients present  w ith  
abdom inal distension and sh ift ing dullness can be 
elicited on exam .

 • Constipation: Abdom inal X-ray w ill show fecal impaction, 
usually throughout the colon. Severe prolonged constipation  
can cause a “functional” sm all bowel obstruction.

 • Bow el obstruct ion: Present w ith abdom inal pain, vom it ing, 
and failure to pass stool or gas. Plain abdom inal X-ray m ay 
show  air fluid levels and dilated intest inal loops.

 ■ Essential Facts

 • Com m on causes of ascites include cirrhosis (75 to 80%), 
m alignancy (10%), hear t  failure, peritoneal tuberculosis, 
por tal venous throm bosis, and pancreat it is.

 • New-onset  ascites:
 • Urgent evaluat ion is required, including an  abdom inal 
ult rasound (US) and portal vein  Doppler US.

 • Diagnost ic paracentesis should be done; fluid analysis 
should include cell count  and different ial, album in, total 
protein , cultures, glucose, lactate dehydrogenase (LDH), 
am ylase, and Gram  stain .

 • Fluid should be sent  for cytology and culture to rule out  
m alignancy and bacterial peritonit is.

(A) Supine plain film shows ground-glass appearance of the abdomen. (B) Coronal computed tomography (CT) scan shows fluid in the paracolic gut ters 
and around the liver and central peritoneal spaces.
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Case 54

 ■ Clinical Presentation

A 72-year-old pat ient  presents w ith  watery diarrhea, m oderate abdom inal cram ping, low-grade fever, and leukocytosis on  
day 7 of their hospitalizat ion  and day 3 of clindamycin  course.

 ■ Further Work-up

A

B
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 ■ Imaging Findings

 • Com plicat ions of C. difficile colit is include toxic m egaco-
lon, colonic perforat ion , and ileus. System ic complica-
t ions include dehydrat ion , hypokalem ia, renal failure, 
and gast roin test inal (GI) bleeding.

 • Treatm ent  includes support ive therapy and vancom ycin  
or m etronidazole to eradicate the  C. difficile.

 ■ Other Imaging Findings

 • Abdom inal plain  film  findings include thum bprin t ing and 
colonic dilatat ion; colonic wall th inning and sm all bowel 
ileus are om inous signs of t reatm ent failure requiring 
urgent  colectomy in  the correct  clin ical set t ing of toxicit y.

 • Abdom inal CT (w ith  in t ravenous [IV] contrast):
 • Dem onstrates focal or pancolonic low-at tenuat ion 
m ural th ickening, m ucosal enhancem ent (accordion 
sign), pericolonic st randing, and peritoneal free fluid

 • CT should not  be the first-line im aging:
 • Effor ts should be m ade to avoid unnecessary 
radiat ion  exposure

 • Ut ilized w hen  com plicat ions are suspected (localized 
peritonit is) or t reatm ent fails

 Pearls &   Pitfalls

Û Abdom inal plain  film s should be in it ial invest igat ions.
Û Serial abdom inal pain  film s are done to assess t reat-
m ent .
Û CT im aging of choice w hen t reatm ent fails
Û Thum bprin t ing and m ucosal th ickening are nonspecific 
signs of inflam m at ion.

 ■ Differential Diagnosis

 • Clost r idium  difficile colit is: C. difficile colit is is a com m on 
nosocom ial infect ion  that  often  occurs in  the elderly after 
ant ibiot ic therapy. The m ain  clues on plain  film  include 
polypoid m ucosal th ickening, colonic thum bprin t ing, or 
gaseous pancolonic distension (ileus).

 • Ischem ic colit is: Ischem ic colit is has sim ilar radiographic 
findings but  confined to the “watershed” areas of the 
splenic flexure and rectosigm oid junct ion. Predisposing 
factors include elderly pat ients w ith  vasculopathy, 
h istory of at rial fibrillat ion , or hypercoagulopathy.

 • Acute ulcerat ive colit is: Presents w ith  acute sym ptom s 
of bloody diarrhea; plain  abdom inal film s show  m ural 
th ickening and thum bprint ing; colonic dilatat ion  w ith  
clin ical sepsis results in  toxic m egacolon, w hich m ay 
result  in  colectomy. Contrast  studies of the colon are 
cont raindicated in  the acute set t ing.

 ■ Essential Facts

 • The prevalence of C. difficile is 1.3 per 100 inpat ients, a 
m ajor cause of nosocom ial infect ious diarrhea. It  is usu-
ally preceded by ant ibiot ic use in  elderly hospitalized 
pat ients.

 • The typical clin ical picture of C. difficile colit is includes 
watery diarrhea (up to 10 to 15 t im es daily), abdom inal 
cram ping, low-grade fever, and leukocytosis.

 • The best  diagnost ic m olecular test  is polym erase chain  
react ion  (PCR) perform ed w ith  fresh  diluted stool 
sam ple; result  is obtained w ith in  1 hour.

(A) A supine film of the abdomen shows a dilated transverse colon and thickened haustra “thumbprinting” from the cecum to the splenic flexure suggestive 
of edema. (B) The axial computed tomography (CT) scan of the abdomen shows pancolonic mural thickening and intense mucosal thickening (accordion 
sign) and ascites.
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Case 55

 ■ Clinical Presentation

A 59-year-old wom an presents w ith  vom it ing and epigast ric pain .

 ■ Further Work-up

C

B

D E
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 ■ Imaging Findings

The upright (A) and supine (B) abdominal plain films show 
bubbles of gas outlining the top of the right kidney (arrow). 
(C) Computed tomography (CT) scan showing loculated 
bubbles of gas in the right anterior pararenal space (arrow). 
(D, E) CT scan showing oral contrast  in duodenum (red arrow) 
with no leak into the retroperitoneum.

 ■ Differential Diagnosis

 • Per for a t ion  of duodena l diver t icu lum : Duodenal 
perforat ion results in  ret roperitoneal free air seen 
on plain  film  im ages. The CT scan w ith  oral contrast  
w ill show  the contrast  m aterial leaking in to the 
ret roperitoneal space. Pept ic ulcer disease is the m ost  
com m on cause of ret roduodenal perforat ion .

 • Carcinom a of hepat ic f lexure w ith perforat ion: Colorectal 
carcinom a is the th ird m ost  com m on m alignancy. As 
the hepat ic flexure is par t  of the right  colon, these 
m alignancies can  grow  large w ith  obst ruct ion  and m ay 
result  in  perforat ion .

 • Postcolonoscopy perforat ion: The risk of a perforat ion after 
a colonoscopy is less than 1% and sym ptom s w ill usually 
show  after the bowel contents have leaked in to the 
peritoneum  and have caused infect ion. The m ost  likely 
locat ion  would be the ret roperitoneal hepat ic flexure.

 ■ Essential Facts

 • A diver t iculum  is an  outpouching of the gut  wall, usually 
occurring w here supplying ar ter ies perforate the gut .

 • Clin ical features can be nonexistent  but  m ay consist  of 
leukocytosis, raised serum  amylase act ivit y, and upper 
abdom inal pain .

 • The m ain  clues to duodenal perforat ions are ret roperi-
toneal collect ions of gas or contrast  m aterial and lack of 
cont inuity in  the duodenal wall.

 Pearls &   Pitfalls

Û It  is important  to dist inguish  between duodenal 
contusions, duodenal hem atom as, and duodenal 
perforat ions, as the t reatm ents, w hether surgical or not , 
w ill vary for each diagnosis.
Û Pept ic ulcer disease is the m ost  com m on cause of 
ret roduodenal perforat ion .
Û A CT scan w ill not  always show  the site of perforat ion  

(the perforat ion  m ay seal off due to surrounding 
inflam m at ion).
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Case 56

 ■ Clinical Presentation

A 56-year-old fem ale pat ien t  presents obst ruct ive sym ptom s and a h istory of m etastat ic carcinom a.

 ■ Further Work-up

A B

C D E

Case_056_111-112.indd   111 05/11/14   2:34 PM



112  RadCases.thieme.com  RadCases Emergency Radiology

 ■ Imaging Findings

 ■ Essential Facts

 • Approxim ately 15 to 20% of pat ients w ill experience 
sm all bowel obst ruct ion  as a complicat ion  of pancreat ic 
cancer. Bypass surgery and stent  placem ent are two 
m ethods to help w ith  th is com plicat ion .

 • Approxim ately 42,000 Am ericans develop pancreat ic 
cancer each year, w ith  surgical resect ion  being the only 
curat ive t reatm ent .

 Pearls &   Pitfalls

Û Due to the usual late presentat ion  of the disease, 
only 15 to 20% of pat ients are candidates for a 
pancreatectomy.
Û Unfortunately, the 5-year survival rate after a pancreat i-
coduodenectomy is only 25 to 30%.

 ■ Differential Diagnosis

 • Duodenojejuna l obst r uct ion: Sm all bowel obstruction due 
to m etastatic carcinom a of the pancreas w ith subsequent 
dilatat ion of the proxim al sm all bowel and stom ach. 
Diagnosis of pancreatic cancer is usually done by a 
m ultidetector volum etric CT, w ith the tum or usually clearly 
seen against the pancreatic parenchym a. Ten percent  
of the tum or’s at tenuation is sim ilar to the pancreatic 
parenchym a, and secondary signs such as pancreatic/biliary 
dilatat ion or vascular occlusion help w ith the diagnosis.

 • Gastric outlet obstruct ion: Gast ric outlet  obst ruct ion 
can occur due to hypert rophy of the pylorus or due 
to neoplasm s obst ruct ing the passage in to the sm all 
in test ine. It  can  be diagnosed radiologically using 
ult rasonography and upper gast r ic im aging.

 • Gastroparesis: Gast roparesis refers to a form  of gast r ic 
paralysis, w ith  poor gast r ic m ot ilit y and delayed gast r ic 
emptying. Scint igraphy, isotope breath  tests, and 
ult rasonography are the m ethods to diagnose the disease.

Plain films supine (A) and upright (B) and ultrasound of right lower quadrant (C & D) are provided. (A) Plain film showing dilated stomach with metallic 
stent at the duodenojejunal (DJ) flexure. (B, C) Axial computed tomography (CT) showing dilated stomach with tumor around the DJ flexure (arrow). (D, E) 
Coronal images showing dilated stomach and obstruction at the DJ flexure where the stent is located (arrow).
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Case 57

 ■ Clinical Presentation

A 25-year-old wom an w ith  lower abdom inal pain  and 6 weeks of am enorrhea.

A
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 ■ Imaging Findings

 • If no in t rauterine or ectopic pregnancy is visualized w ith  
b-HCG levels of . 2,000 m IU/m L, the pat ient  m ust  be 
m onitored w ith  regular US and b-HCG.

 ■ Other Imaging Findings

 • The m ost  com m on finding of a tubal ectopic pregnancy 
is an  adnexal m ass separate from  the ovary; if it  is not  
separate, it  is m ore likely a corpus luteum  cyst .

 • “Tubal r ing sign” refers to a hyperechoic ring surrounding 
an  ext rauterine gestat ional sac.

 • Ext rauterine findings such as free fluid in  the pelvis, 
hem atosalpinx, and hem atoperitoneum  m ay be seen.

 • If echogenic flu id is seen in  the Morrison pouch and 
w ith in  the cul-de-sac, a ruptured ectopic pregnancy 
should be suspected.

 Pearls &   Pitfalls

Û In  a young fem ale pat ient  w ith  abdom inal pain  and 
am enorrhea, an  ectopic pregnancy m ust  be ruled out 
first .
Û An ectopic pregnancy m ay coexist  w ith  an  in t rauterine 
pregnancy.
Û Thir ty percent of ectopics present  before a period is 
m issed.
Û Up to 50% of pat ients are asym ptom at ic or have nonspe-
cific sym ptom s; therefore, a h igh index of suspicion is 
needed.

 ■ Differential Diagnosis

 • Ectopic pr egna ncy: Ectopic pregnancy occurs w hen the 
gestat ional sac im plants outside the endom etrium . Risk 
factors include pelvic inflam m atory disease, previous 
ectopic pregnancy, and previous tubal surgery. The 
classic t r iad of sym ptom s is pelvic pain , vaginal bleeding, 
and a h istory of am enorrhea. Shoulder t ip pain  from  
diaphragm at ic irritat ion  is an  indirect  sign  of a ruptured 
ectopic pregnancy. In it ial evaluat ion  should include 
serum  beta hum an chorionic gonadotropin  (b-HCG) and 
a t ransvaginal u lt rasound (US).

 • Appendicit is: Inflam m at ion of the appendix classically 
presents w ith  perium bilical abdom inal pain  localizing 
to the left  iliac fossa and anorexia, nausea, and vom it ing. 
Evaluat ion  by US or computed tom ography (CT) scan is 
useful to rule out  gynecologic causes. US is 90 to 94% ac-
curate but  cannot rule out  appendicit is.

 • Ruptured ovarian cyst: Ovarian cysts are com m only found 
in prem enopausal wom en. Rupture usually occurs w ith  
corpus luteum  cysts; patients present w ith acute severe ab-
dom inal pain. Free fluid or hem atom a m ay be seen on US.

 ■ Essential Facts

 • Four percent of m aternal m ortalit y in  Canada is caused 
by ectopic pregnancies.

 • Ectopic pregnancy is m ost  com m only seen in  the am pulla 
of the fallopian  tube.

 • Managem ent can be conservat ive, m edical, or surgical 
depending on the size and occurrence of free fluid or 
cardiac act ivit y.

(A) Transverse image of the pelvis showing an empty uterus and fetus in the pelvis.A
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Case 58

 ■ Clinical Presentation

A 51-year-old wom an presents w ith  r ight  upper and epigast r ic pain . Alkaline phosphatase is elevated.

 ■ Further Work-up

A

B C D
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 ■ Imaging Findings

 • Fift y percent  of pat ients w ith  pancreat it is have coexist ing 
gallstones, as the gallstones obst ruct  the am pulla of Vater 
in  the distal com m on bile duct .

 ■ Other Imaging Findings

 • Ult rasound: m ay or m ay not show  bile duct  stones
 • Magnet ic resonance cholangiopancreatography (MRCP): 
has been show n to have a h igh  sensit ivit y and specificit y 
for detect ion  of bile duct  abnorm alit ies

 • CT: m ay show  choledocholith iasis and changes of 
secondary pancreat it is

 Pearls &   Pitfalls

Û Endoscopic ret rograde cholangiopancreatography 
(ERCP) is used m ostly as a therapeut ic in tervent ion 
for bile duct  stone ret rieval in  a pat ient  w ith  gallstone 
pancreat it is.
Û Pat ients w ith  undetected bile duct  stones can progress 
to severe pancreat it is.
Û Sludge in  the bile ducts can obscure the ult rasound 
findings for bile duct  stones.

 ■ Differential Diagnosis

 • Choledocholith ia sis/m ild a cu te pa ncr ea t it is: The clas-
sic radiologic finding is bile duct  dilatat ion  greater than 
8 m m , bile duct  stone(s), and changes of pancreat it is.

 • Acute cholecyst it is: Is the second m ost  com m on cause 
of right  upper quadrant  pain . A com plicat ion  of acute 
cholecyst it is is perforat ion  of the gallbladder. The 
m ost  com m on radiologic finding is the presence of 
cholecystolith iasis in  com binat ion  w ith  tenderness in  a 
sonographically localized gallbladder (Murphy sign).

 • Acute pyelonephrit is: An uncom plicated ascending uri-
nary t ract  infect ion  can usually be diagnosed and t reated 
w ithout help of im aging. However, im ages are used for 
atypical cases or w hen com plicat ions have arose such 
as abscesses or obst ruct ions. Findings can  include renal 
enlargem ent , st r iated or delayed nephrogram s, and dila-
tat ion  of the collect ing system .

 ■ Essential Facts

 • Gallstones m ay be asymptom at ic for m any years.
 • Five Fs r isk factors: fem ale, 40, fair skinned, fer t ile, fat
 • Murphy sign, although posit ive in  cholecyst it is, is t ypi-
cally negat ive in  choledocholith iasis.

(A) Transverse view of the ultrasound showing mild decrease echogenicity suggesting pancreatitis. (B) Axial computed tomography (CT) showing fluid 
around the tail of the pancreas. (C) Axial CT scan shows peripancreatic fluid around the tail and dilated common bile duct. (D) Coronal CT showing dilated 
biliary tree and a small choledocholithiasis (arrow).
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Case 59

 ■ Clinical Presentation

A 37-year-old m ale const ruct ion  worker w ith  a 1-hour h istory of shortness of breath  and pleurit ic chest  pain  after being 
st ruck in  the left  posterior hem ithorax by a wood beam . A chest  X-ray (CXR) was done (show n) in  the em ergency depar tm ent . 

 ■ Further Work-up

A B
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 ■ Imaging Findings

 • A focused assessm ent w ith  sonography in  t raum a (FAST) 
ult rasound of the abdom en should be used as a screening 
for organ injury (assess hem orrhagic ascites).

 ■ Other Imaging Findings

 • CT scan im aging of choice:
 • Subcapsular hem atom a: regular, crescent ic, 
hypoat tenuat ing collect ions around the spleen

 • Intraparenchym al hem atom a: ir regular, 
hyperat tenuat ing collect ion  w ith in  the spleen w ith  
m ass effect  and enlargem ent of the spleen

 • Lacerat ion: ir regular hypodense area of nonenhance-
m ent w ith  indist inct  borders

 • Act ive bleeding: ext ravasat ion  of vascular contrast  m ate-
rial from  splen ic parenchym a or the ar tery

 • Fragm entat ion w ith autosplenectom y: separat ion  of a 
fragm ent  or ent irety of the spleen from  splenic h ilum

 Pearls &   Pitfalls

Û Ultrasound good screening im aging in  pat ients w ith  
blunt  t raum a to detect  unsuspected organ injury
Û Delayed splen ic rupture can  occur days and even weeks 
after t raum a.
Û Fractures causing splenic rupture are not  always visible 
on radiographs.
Û Associated injuries to solid organs should be considered 
w ith  chest  and abdom inal t raum a, liver on  the r ight  
side, and kidneys w ith  flank t raum a.

 ■ Differential Diagnosis

 • Pneum othor a x: A w hite visceral pleural line, separated 
from  the parietal pleura by gas. Usually no pulm onary 
vessels are visible beyond the visceral pleural line (no 
vasculature in  the gas collect ion). A pneum othorax can 
be ident ified on  upright  (gas in  apicolateral space) and 
supine (deep sulcus sign: gas in  subpulm onic spaces). 
In  the t raum a pat ien t , pulm onary contusions m ay be 
seen both  on CXR and CT scans as focal consolidat ion  or 
atelectasis. Severe injuries and rib fractures can result  in  
subcutaneous em physem a.

 • Rib fracture: In  m ost  cases, r ib fractures can be diagnosed 
based on plain  radiographs and clin ical findings (point  
tenderness over fractured ribs). If there is a st rong clin ical 
suspicion w ith  no evidence of rib fracture on  plain  X-ray, 
a r ib series w ith  bone exposure and oblique views of the 
chest  wall offers greater sensit ivit y. In  t raum a pat ients, if 
in t rathoracic injury is suspected, a chest  CT is warranted.

 • Splenic injury: Due to the proxim ity of the spleen to the 
left  hem ithorax and the t ype of injury, im aging of such a 
pat ient  should include ult rasound of spleen first  and then 
CT scan (see im age D).

 ■ Essential Facts

 • The spleen is the m ost  com m only injured in t ra-abdom i-
nal organ in  blun t  abdom inal t raum a.

 • Fractured r ibs, ver tebrae, or pelvic fractures can lacerate 
in t ra-abdom inal organs.

 • A benign clin ical presentat ion  does not  preclude signifi-
cant  in t ra-abdom inal injury.

(A, B) Posteroanterior (PA) CXR shows a left pneumothorax (arrow). (C, D) Computed tomography (CT) shows splenic rupture with subcapsular hematoma 
(short arrow) and laceration (long arrow) and intraperitoneal fluid (next to the liver).
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Case 60

 ■ Clinical Presentation

A 38-year-old wom an presents w ith  pain  in  both  the r ight  and left  iliac regions w ith  guarding and rebound tenderness in  the 
right  lower abdom en.

A

C

B
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 ■ Imaging Findings

w hereas the lower at tenuat ion  unclot ted blood is far ther 
away from  the source of bleeding.

 • Splenic t raum a, ruptured hepatocellular carcinom a, 
and a ruptured ovarian  cyst  are som e of the causes of 
hem operitoneum .

 ■ Other Imaging Findings

 • Ult rasound: the m ost  sensit ive test  for detect ing ascites 
(sm all quant it y of fluid in  the pelvis, paracolic gut ter, and 
Morrison pouch)

 • Plain  film s: the bulging flanks sign, hazy abdom en, and 
float ing sm all bowel loops

 • CT scan: Usually detects the et iology of the ascites. All 
signs in  above im aging m odalit ies can be found in  the CT.

 Pearls &   Pitfalls

Û High-attenuation ascites is suggestive of hem operitoneum.
Û Ascites usually collect  in  the m ost  dependent areas of 
the body—the hepatorenal recess (Morrison pouch) in  
the abdom en and the rectouterine/rectovesical space 
(cul-de-sac) in  the pelvis.

 ■ Differential Diagnosis

 • Hem oper itoneum : “Blood in  the belly” can occur due to 
t raum a, a tum or-associated hem orrhage, a gynecologic 
lesion, or an  aor t ic aneurysm . Im aging such as biphasic 
ar terial venous CT scan of the abdom en is essent ial in  
detect ing the site and cause of the bleed.

 • Ectopic pregnancy: An ectopic pregnancy accounts for 
, 2% of all pregnancies and occurs w hen the blastocyst  
im plants it self outside of the endom etrium . An ult ra-
sound is the m ost  specific and sensit ive test  to determ ine 
w hether the pregnancy is ectopic, and the absence of the 
in t rauterine gestat ional sac during the first  t r im ester is a 
clue for ectopic pregnancy.

 ■ Essential Facts

 • Diagnosis in  above im ages: ruptured ovarian  cyst
 • CT is im portant , as it  different iates between low-
at tenuat ion  flu id (ascites) and higher at tenuat ion  blood 
(hem operitoneum ).

 • The h ighest  at tenuat ion  area of the CT is know n as the 
sent inel clot  and is the closest  to the site of bleeding, 

(A) Axial computed tomography (CT) scan on the upper abdomen shows ascites around the liver and the left  hemidiaphragm. (B) Ascites in the Morrison 
pouch (arrow). (C) High-density ascites—hemoperitoneum in the rectovaginal space (arrow).
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Case 61

 ■ Clinical Presentation

A 72-year-old m an presents w ith  sudden onset  of m ild abdom inal pain  and hem atochezia.

 ■ Further Work-up

A

B
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 ■ Imaging Findings

 • Two “watershed” areas, the splenic flexure and rectosig-
m oid junct ion, are m ore vulnerable to ischem ia due to 
poorer supply by the collaterals.

 • Causes of colonic ischem ia include system ic hypoperfu-
sion, m esenteric venous throm bosis, sm all vessel disease, 
m echanical obst ruct ion, and drugs.

 ■ Other Imaging Findings

 • Abdom inal plain  film s: distension of bowel loops, thum b-
prin t ing along bowel walls, and linear air st reaks in  bowel 
walls suggest ing pneum atosis

 • Abdom inal computed tom ography (CT): th ickening of the 
bowel walls

 • Colonoscopy: Subm ucosal hem orrhages seen w ith  u lcers 
on  an  erythem atous m ucosa. In  early colonic ischem ia, 
petechiae on pale m ucosa w ith  a posit ive “single-st r ipe” 
sign (single longitudinal u lcer) m ay be seen.

 Pearls &   Pitfalls

Û Large bowel ischem ia m ost  often  affects the left  colon; 
however, it  tends to be m ore severe w hen it  occurs in  
the r igh t  colon.
Û Causes are often  not  ident ified.
Û Colonic ischem ia is often  t ransient; therefore, angiogra-
phy has lim ited use.

 ■ Differential Diagnosis

 • La r ge bow el ischem ia : This occurs w hen there is de-
creased blood supply to the bowel, result ing in  m ucosal 
edem a (“thum bprint ing”), and leads to st ricturing if 
unt reated. These features can be seen on plain  film s.

 • Inflam m atory bow el disease: Both  Crohn disease and 
ulcerat ive colit is can  presen t  w ith  sim ilar thum bprin t-
ing. Crohn disease can also cause st ricturing but  differs 
in  that  it  can  have fistulas, cobblestoning, and skipped 
lesions. Ulcerat ive colit is can  present  w ith  pseudopolyps, 
a “lead pipe” colon (absent  haust ral m arkings), and only 
affects the large bowel.

 • Divert iculit is: Along w ith  m ucosal th ickening, diver t icu-
lit is can  present  w ith  inflam ed divert icula, fat  st randing, 
abscesses, fistulas, and free air.

 ■ Essential Facts

 • Colonic ischem ia is the m ost  com m on type of in test inal 
ischem ia and tends to occur in  the elderly.

 • It  can  lead to bowel necrosis and even death .
 • The colon is supplied by superior and inferior m esenteric 
ar ter ies (SMAs and IMAs) w ith  m any collaterals, w hich 
includes the arc of Riolan  and the m arginal ar tery of 
Drum m ond from  the IMA and the m iddle colic ar tery 
from  the SMA.

(A) Abdominal plain film shows dilatation of the hepatic flexure (asterisk), thumbprinting of the transverse colon wall (arrowhead), and narrowing of 
the lumen of the descending colon with thumbprinting (arrow). The rectum is normal. (B) A Hypaque (Amersham Health, Inc., Princeton, NJ) enema 
delineating thumbprinting of the transverse colonic wall (arrowhead) and the descending colon (arrow).

A B
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Case 62

 ■ Clinical Presentation

A 34-year-old pat ient  presents w ith  perium bilical pain  radiat ing to the r ight  lower quadrant .

 ■ Further Work-up

A

C

B
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 ■ Imaging Findings

 • CT findings specific for appendicit is are an  enlarged ap-
pendix and apical cecal changes show ing a cont inuous 
inflam m atory spread.

 ■ Other Image Findings

 • US is the im aging of choice in  young children  and wom en. 
The findings include dilated fluid-filled appendix greater 
than 6 m m , periappendiceal inflam m at ion and abscess, 
and som et im es appendicolith .

 • CT scan findings are sim ilar to US except  for m ore graphic 
changes of m icroperforat ion , abscesses, and appendico-
lith . Retrocecal and unusual locat ions of the appendix are 
best  detected by the CT.

 Pearls &   Pitfalls

Û US is the first  im aging of choice for appendicit is.
Û CT is useful in  obese pat ients and in  planning for percu-
taneous drainage of abscesses.
Û Retrocecal appendicit is m ay not present  w ith  the classic 
clin ical signs.

 ■ Differential Diagnosis

 • Acu te a ppendicit is w ith  loca lized per for a t ion : Acute ap-
pendicit is is the m ost  com m on surgical em ergency w ith  
50 to 80% of the cases associated w ith  obst ruct ion . Muco-
sal inflam m at ion and ulcerat ion  m ay lead to perforat ion  
w ith  peritonit is.

 • Ectopic pregnancy: An ectopic pregnancy accounts for 
, 2% of all pregnancies. An ult rasound (US) is the m ost  
specific and sensit ive test  to determ ine w hether the 
pregnancy is ectopic, w hich m ay present  as a com plex 
m ass outside the uterine cavity w ith  hem operitoneum .

 • Ruptured ovarian cyst: This m ay result  in  a significant  
hem orrhage. It  m ay be life-threatening, as it  is associated 
w ith  hem operitoneum  and hypotension. A US and com -
puted tom ography (CT) scan are the prim ary radiologic 
m odalit ies used and, if correct ly diagnosed, pat ien ts usu-
ally require only support ive therapy.

 ■ Essential Facts

 • Appendiceal obst ruct ion  can be caused by a fecalith , 
gallstones, tum ors, foreign bodies, or diffuse lym phoid 
hyperplasia.

 • Acute appendicit is can  be graded in to stages: acute focal, 
acute suppurat ive, gangrenous, and perforat ive.

(A) Extraluminal air anterior to the right psoas muscle (free air). (B) Tubular fluid appendix in the right lower quadrant (arrow). (C) Ascites in the cul-de-sac 
suggestive of perforation.

A B C
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Case 63

 ■ Clinical Presentation

A 39-year-old pat ient  presents w ith  recurrent  left  lower quadrant  pain  along w ith  fever and chills.

 ■ Further Work-up

A B

C D
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 ■ Image Findings

 • CT can detect  com plicat ions associated w ith  divert iculit is 
such  as diver t icular abscesses, colovesicular fistula, and 
perforat ions.

 • An underlying neoplasm  can m im ic or complicate di-
ver t iculit is or be obscured by severe diver t icular disease 
(therefore, colonoscopy is perform ed after t reatm ent).

 ■ Other Imaging Findings

 • Ult rasound: shows th ickened bowel wall, m esenteric 
inflam m at ion, and som et im es a diver t iculum  is ident ified

 • CT scan: long segm ent  of th ickened colon w ith  num er-
ous adjacent  diver t icula w ith  m esenteric inflam m at ion, 
m icroperforat ion, abscesses, and fistula

 Pearls &   Pitfalls

Û There usually is a diver t iculum  near the inflam m atory 
changes.
Û CT scan is the im aging of choice to assess for complica-
t ions such as m icroperforat ions and abscesses, w hich 
can be drained radiologically.
Û Right colonic divert iculit is m ay m im ic appendicit is, and 
a careful search  for the actual inflam ed diver t icula is 
required for an  accurate diagnosis.

 ■ Differential Diagnosis

 • Sigm oid diver t icu lit is: A diver t iculum  is an  outpouching 
of the gut , usually w here m esenteric ar teries perforate 
the gut  wall. Diver t iculit is refers to inflam m at ion of a 
diver t iculum . On a computed tom ography (CT) scan, di-
ver t iculit is appears as a sm all air-filled outpouching w ith  
segm ental wall th ickening and inflam m atory changes in  
the pericolic fat .

 • Epiploic appendagit is: The epiploic appendices are sm all 
fat-filled pouches of the peritoneum  that  can becom e 
inflam ed due to torsion  or throm bosis. Radiologically, 
epiploic appendagit is can  be m istaken for om ental infarc-
t ion  and sclerosing m esenterit is. The CT scan shows an  
oval fat  at tenuat ion  lesion less than 5 cm  in  diam eter 
w ith  a central dot  represent ing the vessel w ith  surround-
ing inflam m atory changes.

 ■ Essential Facts

 • Diver t iculit is is a com m on condit ion  affect ing 5 to 10% of 
the populat ion  older than 45 years and 80% of the popu-
lat ion  older than 85 years.

 • CT is the im aging of choice w ith  rectal contrast  (either 
posit ive to check for fistula w hen clin ically suspected or 
negat ive to assess m ucosal detail and detect  underlying 
neoplasm ).

(A, B) X-ray image of sigmoid colon shows inflamed 
diverticulum with subtle mesenteric inflamma-
tion. (C, D) X-ray images of the rectosigmoid colon 
with negative contrast showing few diverticula but 
normal bowel.

A

C D

B

Case_063_125-126.indd   126 05/11/14   2:40 PM



127

Case 64

 ■ Clinical Presentation

A 57-year-old m ale pat ient  adm it ted to the in tensive care unit  (ICU) w ith  acute respiratory dist ress syndrom e (ARDS) second-
ary to pneum onia developed progressive abdom inal distension over 5 days. Plain  film s were done as show n.

A
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • Abdom inal radiograph: Im aging m odalit y of choice. 
Colonic dilatat ion  w ith  or the w ithout the presence of 
air fluid levels. Pneum atosis is an  om inous sign , w hich 
som et im es is m issed.

 • Com puted tom ography (CT): Dem onstrates colonic dila-
tat ion  in  the absence of a t ransit ion  point  or obst ruct ing 
lesion. CT is m ore sensit ive in  detect ing early pneum ato-
sis than plain  film .

 Pearls &   Pitfalls

Û Ogilvie syndrom e is t ypically seen in  ICU pat ients w ith  
sepsis.
Û No t ransit ion  point  is seen on radiography.
Û Conservat ive t reatm ent is appropriate if cecal disten-
sion is , 12 cm .
Û Serial abdom inal exam s m ust  be perform ed if con-
servat ive m anagem ent is the t reatm ent of choice, as 
increased colonic distension leading to perforat ion  can 
be m issed.
Û Contrast  enem a is contraindicated if m egacolon is 
suspected.

 ■ Differential Diagnosis

 • Ogilvie syndr om e w ith  ceca l ischem ia : Acute colonic 
pseudo-obst ruct ion  (no m echanical cause present) t ypi-
cally due to underlying m edical or surgical condit ion . 
Pneum atosis is a m ajor complicat ion .

 • Large bow el obstruct ion: Frequent causes include fecal 
im pact ion , obst ruct ing m alignancy, and volvulus. A 
par t ial obst ruct ing in t ralum inal lesion is m ore likely to 
m im ic pseudo-obst ruct ion  radiographically.

 • Megacolon: Causes include m edicat ion, in fect ion 
(Clostridium  difficile), inflam m at ion (ulcerat ive colit is), 
and system ic sepsis. In  addit ion  to colonic dilatat ion , 
thum bprint ing and loss of haust ral m arkings m ay be 
present .

 ■ Essential Facts

 • Etiology: sympathet ic and/or parasympathet ic dysfunct ion
 • Epidem iology: Ogilvie syndrom e affects elderly pat ients 
(average age: 60 years) w ith  underlying m edical or surgi-
cal condit ions.

 • Clin ical presentat ion: May present  as abdom inal pain  
and distension, nausea, vom it ing, obst ipat ion, and fever. 
Forty percent to 50% of pat ients cont inue to pass flatus 
(in  contrast  to pat ients w ith  t rue obst ruct ion).

 • Com plicat ions: bowel ischem ia and cecal perforat ion 
(prevalence of 1 to 3% and associated w ith  a m ortalit y 
rate of 50 to 70%)

 • Treatm ent: Modes of t reatm ent include support ive care, 
parasympathom im et ic (i.e., neost igm ine), endoscopy, and 
surgery (i.e., cecostomy).

(A) Supine films of the abdomen performed over 5 days. Day 1: There is significant distension of the colon from cecum to the descending colon. Day 3: The 
cecum is less distended with sigmoid distension. Day 5: The cecum is less distended but there is now pneumatosis of cecal wall.

A
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Case 65

 ■ Clinical Presentation

A postoperat ive m ale pat ient  com plains of diffuse abdom inal discom fort  and distension.

A
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • Supine radiograph: Classic signs of free in t raperitoneal 
air include Rigler/double-wall sign , t r iangle sign  (air 
between two loops of bowel), football/dom e sign (oval 
radiolucency in  central abdom en, “football laces” repre-
sented by the falciform  ligam ent), crescent  sign  (lucency 
of liver), visible gallbladder, falciform  ligam ent  sign , 
cupola sign (accum ulat ion of free air beneath  the cent ral 
tendon; looks like an  inver ted cup), and inverted V sign.

 • Upright  radiograph: Free air under the diaphragm  
(seen on upright  posteroanterior [PA] and lateral chest  
radiograph), cont inuous diaphragm  sign (air below  each 
diaphragm ). Note the lateral radiograph is m ore sensit ive 
to detect  pneum operitoneum  versus PA.

 • Left  lateral decubitus radiograph: Free air is seen between 
the abdom inal wall and liver.

 • CT: Criterion standard to ident ify pneum operitoneum  
but  not  always necessary due to cost  and radiat ion  
burden. In t raperitoneal air is visualized as areas of low  
at tenuat ion  (i.e., Hounsfield units toward ] 1,000). CT can  
help ident ify origin  of free air.

 • Ult rasound (US): Typically first  im aging m odalit y in  
em ergency situat ions. Enhancem ent of the peritoneal 
st r ipe w ith  or w ithout reflect ion art ifacts is a sign of 
pneum operitoneum .

 Pearls &   Pitfalls

Û There are m any radiographic signs of pneum operitoneum . 
Fam iliarity w ith each sign w ill help to detect free air.
Û Most  signs of free air on  supine radiographs are located 
in  the r ight  upper quadrant .
Û Lateral film  is m ore sensit ive than PA to detect  free air.
Û With abnorm al posit ioning of the bowel, in t ralum inal 
air can  be m istaken for pneum operitoneum .
Û Two loops of bowel in  contact  w ith  one another can  be 
m istaken for pneum operitoneum .

 ■ Differential Diagnosis

 • Pneum oper itoneum : Expected finding postoperat ively. 
Other com m on causes include perforated viscus and 
t raum a.

 • Subhepat ic abscess: A localized collect ion of free gas and 
fluid. Look for associated findings, w hich include local-
ized ileus, air–fluid level, displacem ent  of viscera, pleural 
effusion, and elevated hem idiaphragm . Im portant  to 
correlate radiographic findings w ith  clin ical presentat ion  
(i.e., presence of fever and leukocytosis).

 • Chilaidit i syndrom e: Sym ptom at ic hepatodiaphragm at ic 
in terposit ion  of the in test ine. Com m on causes include 
increased colonic m obilit y, reduced liver size, decreased 
tension  of the suspensory ligam ent , phrenic nerve palsy, 
and obesit y. Air w ith in  the bowel lum en can be m istaken  
for pneum operitoneum .

 ■ Essential Facts

 • Prevalence: Peritoneal air is detected in  over 50 and 90% 
of pat ients 3 days postoperat ively by radiographs and 
com puted tom ography (CT), respect ively.

 • Com m on causes: iat rogenic (i.e., laparoscopy, diagnos-
t ic peritoneal lavage), perforated viscus, postoperat ive 
com plicat ion  (i.e., infect ion , anastom ot ic leak), in flam m a-
t ion  (i.e., perforated diver t iculit is, appendicit is, and toxic 
m egacolon), infect ion  (i.e., perforated abscess), perforated 
neoplasm , Ogilvie syndrom e, collagen vascular disease 
(i.e., scleroderm a), and t raum a.

 • Clin ical significance: Postsurgical pneum operitoneum  is 
t ypically benign and w ill resolve. Potent ial com plicat ions 
include hypercarbia (due to laparoscopic procedure), air 
em bolism , cardiopulm onary com prom ise, and temporary 
hypotension.

(A) Supine abdominal radiograph demon-
strating Rigler sign (black box) and visible 
gallbladder (arrow) consistent with pneu-
moperitoneum. A postoperative ileus is 
also seen (note that surgical staples are 
visualized in the midline). (B) A magnified 
image obtained from image A (within 
black box) demonstrating Rigler sign (arrow 
demonstrates visualization of mucosal and 
peritoneal bowel walls) and triangle sign 
(asterisk demonstrates free air between 
loops of bowel).A B
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Case 66

 ■ Clinical Presentation

A 67-year-old fem ale pat ien t  w ith  a 4-day history of left  flank pain  and fever, now  sept ic.

 ■ Further Work-up

A

C D

E

B
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 ■ Imaging Findings

contrast  and abscess fluid w ith  pyonephrosis on  the CT 
urogram  studies. The cause of the obst ruct ion  m ay be 
ident ified.

 • Ult rasound (US): Dilatat ion  of the pelvic-caliceal system , 
echogenic collect ing system  debris, and fluid–flu id levels 
w ith in  the collect ing system . US cannot  easily show  the 
norm al ureter or ureteric calculi other than at  the vesico-
ureteric junct ion  (VUJ).

 • Magnet ic resonance (MR): Offers lit tle over CT. Findings in-
clude decreased signal intensity on T1 and increased signal 
intensity on T2, w ith  dependent debris occasionally seen.

 • Diffusion weighted MR: prelim inary prom ising results to 
dist inguish  pyonephrosis from  different  renal diseases, 
like decreased diffusion in  pyonephrosis com pared w ith  
hydronephrosis

 Pearls &   Pitfalls

Û CT is the im aging m odalit y of choice in  adult  pyone-
phrosis.
Û Gas in  the collect ing system  on CT is the m ost  accurate 
indicator of the presence of infected fluid.
Û It  is crucial to recognize pyonephrosis, as a delay in  
t reatm ent  m ay result  in  irreversible renal failure and 
shock.
Û Pyonephrosis is difficult  to dist inguish  from  uninfected 
hydronephrosis w ith  CT im aging.
Û So far, MR has not  show n a significant  advantage over 
CT for the diagnosis of pyonephrosis.

 ■ Differential Diagnosis

 • Pyonephr osis: in fected purulent  urine in  an  obst ructed 
collect ing system  (“pus under pressure”)

 • Hydronephrosis: Important  to recognize in  the context  
of urinary t ract  infect ion  (UTI), as it  predisposes pyo-
nephrosis. Sim ilar findings on CT, w ith  less pelvic wall 
th ickening and perirenal fat  changes.

 • Renal abscess: Subcapsular or perinephric extension is ac-
curately depicted by CT. Abscesses in it ially appear as pe-
ripheral cort ical lesions and are sm all wedge or rounded 
areas of hypoat tenuat ion on CT.

 ■ Essential Facts

 • If left  unt reated, a rapid and often  irreversible renal fail-
ure m ay result . Sept ic shock m ay also develop.

 • Pat ients m ay som et im es present  w ith  subt le clin ical 
signs like weight  loss and dull pain .

 • Fifteen  percent  of cases are asym ptom at ic.
 • Managem ent includes im m ediate broad-spect rum  ant i-
m icrobials and percutaneous drainage of the collect ing 
system . It  rarely requires nephrectomy.

 • Once t reated, addit ional im aging evaluat ion is required to 
ident ify the cause of the urinary obst ruct ion .

 ■ Other Imaging Findings

 • CT: Pelvic wall th ickening, perirenal fat  changes, dilated 
collect ing system . Fluid–fluid levels and gas w ith in  the 
collect ing system  m ay be seen. There is layering of urine, 

(A, B) Enhanced axial computed tomography (CT) images showing the 
left kidney with an air–fluid level within the calice (arrow). (C) Enhanced 
axial CT image showing thickening of the left  perirenal septa and fascia 
(perirenal fat ty stranding, arrow). (D, E) Enhanced coronal CT images 
showing increased left  pelvic wall thickness (arrow), dilatation of the left  
collecting system, and left  renal enlargement.

A B

D E

C
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Case 67

 ■ Clinical Presentation

A 60-year-old fem ale pat ient  presents w ith  acute onset  of perium bilical pain  w ith  bright  red bleeding per rectum .

 ■ Further Work-up

A B

C
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 ■ Image Findings

 ■ Other Imaging Findings

 • CT scan: in tense or decreased m ucosal enhancem ent , 
m ural edem a, m esenteric and vascular engorgem ent , 
pneum atosis, m esenteric and portal venous gas, occlu-
sion of IMA, and ascites

 • Plain  film : distension  of the left  colon w ith  thum bprint-
ing suggest ing m ucosal edem a and, less often , pneum ato-
sis, free air, and por tal venous gas

 Pearls &   Pitfalls

Û The m ost com m on CT finding is bowel wall th ickening 
due to subm ucosal edem a or hem orrhage.
Û The m ost com m on area of ischem ia is at  the watershed 
area at  the splenic flexure.
Û Pneum atosis appearing as a st reaky linear finding indi-
cates bowel infarct ion  in  the correct  clin ical set t ing.
Û Plain  film s are usually noncont ributory in  left  colonic 
ischem ia.

 ■ Differential Diagnosis

 • Sigm oid ischem ia : Ischem ic bowel disease is caused by 
insufficient  blood flow  to the colon from  various causes 
w ith  the com m on ones being atherosclerot ic stenosis 
of the inferior m esenteric ar tery (IMA) or hypovolem ia. 
Regardless of cause, com m on computed tom ography (CT) 
findings include bowel dilatat ion , bowel wall th ickening, 
m ucosal enhancem ent , and less com m only, occlusion of 
the IMA.

 • Sigm oid divert iculit is: The incidence varies w ith  the 
pat ient’s age occurring predom inately in  elderly pat ients. 
The findings would include m ural th ickening, m esenteric 
edem a, and num erous sigm oid diver t icula, w ith  the 
offending divert iculum  show ing the m ost  m esenteric 
changes.

 • Rectal/sigm oid cancer: Colorectal cancers can be polyp-
oid, sessile, or annular const r ict ing. They differ from  the 
above two diagnoses w ith  findings that  are focal and m ay 
have regional adenopathy as a clue to the diagnosis.

 ■ Essential Facts

 • The IMA has two collateral channels to the superior m es-
en teric ar tery (SMA) via the m arginal ar tery of Drum -
m ond and arc of Riolan .

 • In  a sm all percentage of cases, the arc of Riolan  is absent , 
w hich  m ay result  in  sigm oid ischem ia.

(A) Axial scan of the descending colon shows mural edema. (B, C) Shows mural edema and mucosal enhancement.

A B C
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Case 68

 ■ Clinical Presentation

A 75-year-old m an from  a nursing hom e w ith  8-m onth  h istory of const ipat ion  presents w ith  abdom inal distension and pain . 
He has not  had bowel m ovem ent in  2 days.

A
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 ■ Imaging Findings

 • Com puted tom ography (CT) can rule out  ischem ia, an  
infrequent complicat ion , and other causes of obst ruct ion . 
Whirl sign  on CT represents tw isted m esenteric vessels.

 • Contrast  enem a: Bird’s beak sign is seen w hen the 
barium  colum n stops at  the site of the tw ist  result ing in  a 
point  resem bling a bird’s beak.

 Pearls &   Pitfalls

Û Sigm oidoscopy w ith  inser t ion  of rectal tube com prises 
defin it ive m anagem ent .
Û Coffee bean sign is the classic plain  film  diagnosis for 
sigm oid volvulus.
Û Expectant  m anagem ent is not  recom m ended: Sponta-
neous reduct ion only occurs in  2% of pat ients.
Û Contrast  enem a reduces 5% of cases but  is not  defin it ive 
m anagem ent: Recurrence of volvulus is 80 to 90%.

 ■ Differential Diagnosis

 • Sigm oid volvu lus: The rotat ion  of the sigm oid colon 
along it s m esenteric axis causing a closed-loop obst ruc-
t ion . A long sigm oid m esentery and chronic const ipat ion  
are predisposing factors. Usually seen in  pat ients w ho are 
elderly, from  nursing hom es, or from  psychiat ric facilit ies.

 • Low  rectal obstruct ion due to rectal cancer: About 15 
to 20% of pat ients w ith  colorectal cancer present  w ith  
acute large bowel obst ruct ion; som e m ay present  w ith  
progressive const ipat ion, change in  stool caliber, or rectal 
bleeding.

 ■ Essential Facts

 • Accounts for 5 to 7% of large bowel obst ruct ion
 • Prior to reduct ion  of the volvulus, pat ients should be 
fluid resuscitated.

 • Decom pression w ith  sigm oidoscopy carries a risk of 
perforat ion.

 ■ Other Imaging Findings

 • Abdom inal X-ray: Distended sigm oid colon w ith  the loop 
point ing toward the upper r ight  quadran t , w hich often  
lacks haust ral m arkings. The “coffee bean” sign describes 
the dilated and apposed loops of bowel w ith  a cent ral 
cleft  represen t ing the sigm oid m esentery.

A supine film of the abdomen shows a dilated sigmoid colon with a central cleft  of sigmoid mesentery. The colon proximally shows a large volume of stool. 
There is a rectal tube in place and a nasogastric (NG) tube for decompression.

A
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Case 69

 ■ Clinical Presentation

A 70-year-old pat ient  presents w ith  nausea, vom it ing, and abdom inal pain . Pat ient  has had an  ileostomy and colectomy w ith  
a past  h istory of ulcerat ive colit is.

 ■ Further Work-up

A

B
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 ■ Image Findings

 ■ Other Imaging Findings

 • Mim ic ileus, norm al or slightly dilated SB, bowel gas seen  
beyond the obst ructed point , air–fluid levels at  sam e 
level, clin ical h istory, and physical exam inat ion  of SBO 
are m ore im portant .

 Pearls &   Pitfalls

Û Etiology of SBO are not  detected on plain  film s except  in  
gallstone ileus (Rigler t r iad) and inguinal hernias.
Û Require com puted tom ography (CT) im aging for a de-
fin it ive diagnosis of et iology of SBO.
Û Unresolving SBO w ith  conservat ive prescript ion (Rx) 
requires further im aging to rule out  om inous diagnosis 
of st rangulat ion .
Û Gasless abdom en (fluid-filled loops of bowel), a rare 
sign  of SBO, can be m isleading (usually in terpreted as 
norm al study).

 ■ Differential Diagnosis

 • Sm a ll bow el obst r uct ion  (SBO): Presents w ith  dilated 
SB, m ult iple different ial air–fluid levels, and m inim al or 
no air beyond obst ructed segm ent . In  the elderly pat ient , 
look for Rigler t r iad—gallstone, SO, and bile duct  air—as 
the cause.

 • Ileus: Most  often  during postoperat ive period, the find-
ings defer from  classic SBO, air throughout  the gast ro-
in test inal (GI) t ract  w ith  norm al air–fluid levels, and 
nondilated SB.

 ■ Essential Facts

 • Et iology of SBO is adhesions; other causes include distal 
SB lesions (tum or, inflam m atory bowel disease, appendi-
cit is w ith  abscess).

 • There are two types of bowel obst ruct ions.
 • High-grade SBO: im aging findings
 • Include dilatat ion  .  3 cm ; different ial air–fluid levels, 
st r ing of pearls sign (bubbles of gas t rapped at  corners of 
plicae sem icircularis), and m inim al or no gas beyond the 
obst ructed point

(A) Upright plain film shows markedly dilated small bowel (SB) with differential air–fluid levels and minimal gas distally near the stoma. (B) Supine plain 
film shows dilated SB >3 cm.

A B
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Case 70

 ■ Clinical Presentation

A 35-year-old m ale pat ient  w ith  long history of ulcerat ive colit is (UC) presented w ith  abdom inal pain , bloody diarrhea, 
dehydrat ion, and fever w ith  leukocytosis. Plain   lm s were done for 2 consecut ive days (a previous abdom inal  lm  done few  
m onths before is also show n).

A
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 ■ Imaging Findings

complicat ions undetected clin ically or on  plain  
abdom inal  lm s

 • Com plicat ions: Pancolonic in  am m at ion and dilatat ion  
w ith  prom inence of cecum  and/or t ransverse colon; 
colonic distension leads to vascular comprise and 
ischem ia ult im ately w ith  pneum atosis and perforat ion .

 • Treatment: Toxic megacolon if not am enable to medical 
therapy (steroids etc.) then surgery is m andated to prevent 
catastrophic complications such as perforation and death.

 ■ Other Imaging Findings

 • Abdom inal plain  lm s: colonic dilatat ion (cecum  . 9 cm , 
t ransverse colon . 7 cm ), thum bprint ing, and pneum atosis

 • Contrast-enhanced CT: all of the above and pericolonic 
in  am m at ion, ascites, and sm all bowel (SB) ileus

 Pearls &   Pitfalls

Û Toxic m egacolon is t ypically seen in  pat ients w ith  UC 
and rarely in  Crohn .
Û It  can  be the  rst  presentat ion  of IBD in  a young pat ien t .
Û Plain   lm s are the best  im aging for both  diagnosis and 
assessm ent for com plicat ions and t reatm ent response.
Û Progressive colonic distension and SB ileus are om inous 
signs that  m ay require surgery (urgent  pancolectomy) 
in  the correct  clin ical context .
Û Contrast  enem a is contraindicated if m egacolon is 
suspected.
Û CT is not  always necessary to detect  complicat ions 
(worsening of clin ical and abdom inal plain   lm  changes 
are m ore im portant).

 ■  Dif erential Diagnosis

 • Toxic m ega colon : Causes include in  am m atory bowel 
disease (IBD) (UC m ore than Crohn) and infect ious colit is 
(t ypically Clostridium  dif cile). In  addit ion  to colonic 
dilatat ion , thum bprin t ing and loss of haust ral m arkings 
are usually present .

 • Ogilvie syndrom e: acute colonic pseudo-obst ruct ion (no 
m echanical cause present) t ypically due to underlying 
m edical or surgical condit ion

 • Large bow el obstruct ion: Frequent causes include fecal 
im pact ion , obst ruct ing m alignancy, and volvulus. In t ra-
lum inal gas distal to the site of obst ruct ion  is not  seen in  
com plete obst ruct ion . A par t ial obst ruct ing in t ralum inal 
lesion  is m ore likely to m im ic pseudo-obst ruct ion  radio-
graphically.

 ■ Essential Facts

 • Et iology: t ransm ural in  am m at ion m ore com m only in  
pat ients w ith  UC

 • Clin ical presentat ion: Presents w ith  bloody diarrhea, 
abdom inal pain , fever, and elect rolyte im balance. Toxic 
m egacolon is a com binat ion of dilated in  am ed colon 
w ith  const itut ional sym ptom s of sepsis.

 • Im aging:
 • Abdom inal radiograph: Three views of the abdom en is 
the im aging of choice. Serial follow  up abdom inal  lm s 
every 24 hours to assess colonic changes as response of 
t reatm ent . If clin ical state changes (i.e., m ore sept ic) or 
localized periton it is or t reatm ent fails, repeat  abdom i-
nal  lm s are done m ore frequent ly.

 • Com puted tom ography (CT): m ay be done in  
relat ively stable pat ients w ho have developed severe 

(A) Supine abdominal radiographs on three separate t imes demonstrating distension of 
transverse colon and thumbprinting of the haustra. One day later, the transverse colon is 
further dilated, measuring 12 cm. The radiograph done in January is shown.A
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Case 71

 ■ Clinical Presentation

A 45-year-old m ale pat ient  w ith  4-day history of bloody diarrhea, sudden-onset  abdom inal pain , and distension, w ith  guard-
ing, fever, or thostat ic hypotension, and tachycardia.

A
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 ■ Imaging Findings

 • Perforat ion is an  absolute indicat ion for surgery, as m or-
talit y increases fivefold after perforat ion . The surgery of 
choice is subtotal colectomy w ith  end ileostomy.

 ■ Other Imaging Findings

 • Flexible sigm oidoscopy would show  the typical findings of 
colit is depending on the type. Ulcerative colit is—superficial 
ulcerat ion; infectious colit is—ulcerative m em branes.

 • Colonic dim ension (cecum  . 9 cm , t ransverse colon 
. 7 cm ) or progressive dilatat ion  w ith  toxic sym ptom s 
and a competent  ileocecal valve are om inous signs for 
perforat ion .

 • Com puted tom ography (CT) can  be used to diagnose and 
evaluate disease progression  and assess complicat ions 
such as perforat ion  and is also helpful in  dist inguishing 
ulcerat ive colit is from  Crohn.

 Pearls &   Pitfalls

Û Plain  film s of the abdom en are essent ial in  evaluat ing 
t reatm ent effect iveness.
Û Perforat ion  is an  absolute indicat ion  for surgery.
Û Endoscopic evaluat ion  m ay com plicate the course of 

disease if colonic distension is perform ed.

 ■ Differential Diagnosis

 • Toxic m ega colon  w ith  per for a t ion : Colonic dilatat ion , 
thum bprin t ing, t ransm ural inflam m at ion, and loss of 
haust ral m arkings are com m on plain  film  findings, along 
w ith  free in t raperitoneal air.

 • Large bow el obstruct ion w ith perforat ion: Perforat ion 
w hen obst ruct ion  progresses w ith  a com petent  ileocecal 
valve leading to colonic dilatat ion  and ischem ia. Colonic 
distension is seen proxim al to obst ruct ion w ith  collapsed 
colon distally.

 • Infect ious colit is w ith perforat ion: Colit is caused by 
Shigella, rotavirus, Salm onella, Cam pylobacter, and other 
infect ious species. Perforat ion  is rare only w hen t reat-
m ent fails.

 ■ Essential Facts

 • Toxic m egacolon is a com m on m anifestat ion  of in flam -
m atory bowel disease (IBD) or u lcerat ive colit is, preced-
ing h istory of bloody diarrhea.

 • Severe t ransm ural inflam m at ion paralyzes colonic 
sm ooth  m uscle, causing dilatat ion . A competent  ileocecal 
valve is a r isk factor for perforat ion.

 • Pat ients w ill present  w ith  clin ical signs of sepsis along 
w ith  peritoneal signs indicat ive of perforat ion .

 • Daily abdom inal X-rays should be perform ed in  pat ients 
w ith  m egacolon to assess if colon is dilat ing or not .

(A) Left  lateral decubitus abdominal film shows dilated transverse colon 15 cm with thumbprinting and an 
air–fluid level; a large amount of intraperitoneal air (free air) is seen near the right hemidiaphragm outlining 
the liver.A
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Case 72

 ■ Clinical Presentation

An elderly pat ient  was adm it ted to the em ergency depar tm ent w ith  fever and r ight  lower quadrant  pain . He had been on 
chem otherapy for lung cancer. Plain  film  of the abdom en was noncontr ibutory. A computed tom ography (CT) scan of the 
abdom en w ith  oral and in t ravenous (IV) contrast  was given. What  are your findings and diagnosis?

A
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 ■ Imaging Findings

 • Treatm ent:
 • Medical: consists of bowel rest , total parenteral nut r i-
t ion , ant ibiot ics, and aggressive fluid and elect rolyte 
replacem ent

 • Surgery is indicated in  pat ients w ith  uncont rollable 
gast roin test inal bleeding, abscess, t ransm ural necrosis, 
free in t ram ural perforat ion, or uncontrolled sepsis.

 ■ Other Imaging Findings

 • Abdom inal radiograph: Im aging study perform ed in i-
t ially. Right colonic ileus; thum bprin t ing and pneum ato-
sis usually of the cecum  and or right  colon.

 • CT: Im aging of choice. Cecal distension and circum feren-
t ial th ickening (low  at tenuat ion  due to edem a). Inflam -
m atory st randing of the adjacent  m esenteric fat , ascites, 
and secondary inflam m at ion of adjacent  sm all bowel.

 • Com plicat ions include pneum atosis, pneum operitoneum , 
and pericolic fluid collect ions.

 Pearls &   Pitfalls

Û CT is the im aging of choice to detect  early changes 
before ischem ia and perforat ion  ensues.
Û Transm ural th ickening, pneum atosis, and m esenteric 
inflam m at ion  are im portant  im aging findings.
Û In  the correct  clin ical context , im aging findings of t yph-
lit is are im portant  indicators for surgical in tervent ion .
Û Sim ilar changes are seen in  appendicit is, Crohn, and 

vascular ischem ia.

 ■ Differential Diagnosis

 • Typhlit is (neu t r open ic en ter ocolit is): characterized by 
edem a and inflam m at ion of the cecum , the ascending 
colon, and som et im es the term inal ileum ; m ay result  in  
t ransm ural necrosis, perforat ion , and death

 • Ogilvie syndrom e w ith cecal ischem ia: Acute colonic 
pseudo-obst ruct ion (no m echanical cause present) t ypi-
cally due to underlying m edical or surgical condit ion . 
Pneum atosis is a m ajor com plicat ion .

 • Megacolon: Causes include infect ion (Clostridium  dif-
ficile), inflam m at ion (ulcerat ive colit is), and system ic 
sepsis. In  addit ion  to colon ic dilatat ion , thum bprint ing 
and loss of haust ral m arkings m ay be present .

 ■ Essential Facts

 • Et iology: occurs in  neutropenic pat ients undergoing 
t reatm ent for m alignancy (acute leukem ia, aplast ic ane-
m ia, or lymphom a), AIDS, or kidney t ransplan tat ion

 • Clin ical presentat ion: presents w ith  fever, watery or 
bloody diarrhea, and abdom inal pain  localized to the 
right  lower quadrant

 • Pathophysiology:
 • Changes due to a com binat ion  of ischem ia, infect ion  
(especially w ith  cytom egalovirus), m ucosal hem or-
rhage, and t ransm ural tum oral infilt rat ion

 • Colonic changes include edem a and inflam m at ion of 
cecum  and ascending colon.

 • Transm ural necrosis, perforat ion , and death  can result  if 
diagnosis is not  suspected clin ically or diagnosed early 
on im aging.

(A) The CT scan shows pneumatosis of the cecum with pericolonic inflammation. There 
is also small-volume ascites in Morrison pouch and left upper paracolic peritoneal space.A
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Case 73

 ■ Clinical Presentation

A 27-year-old wom an w ith  a long history of a seizure disorder presents w ith  sudden-onset  left  flank pain .

A B

C
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 ■ Imaging Findings

 • Mult iple, bilateral renal AMLs are present  in  the m ajorit y 
of pat ients w ith  TS.

 • Com plicat ions from  renal AMLs in  TS include hem or-
rhage and renal failure.

 ■ Other Imaging Findings

 • Ult rasound (US) can be used to m onitor the size of renal 
AMLs in  TS.

 • The presence of m acroscopic fat  in  a renal m ass is diag-
nost ic of AML.

 Pearls &   Pitfalls

Û Mult iple bilateral AMLs are com m on in  TS.
Û The larger the AML, the m ore likely it  is to bleed.
Û Larger AMLs (. 4 cm ) or ruptured AMLs can be t reated 
w ith  percutaneous select ive renal ar tery em bolizat ion .
Û Noncont rast  CT alone w ill not  be able to diagnose the 

aneurysm  w ithin  a large AML.

 ■ Differential Diagnosis

 • Rupt u r ed a neu r ysm  fr om  a  r ena l a ngiom yolipom a  
(AML) in  a  pa t ien t  w ith  t uber ous scler osis (TS): There 
are m ult iple fat-contain ing lesions in  both  kidneys diag-
nost ic of AMLs. The dom inant abnorm alit y in  the upper 
pole of the left  kidney has a focal hom ogeneous area of 
enhancem ent , sim ilar to the aor ta represent ing the aneu-
rysm  w ith  surrounding lower at tenuat ion hem atom a.

 • Enhancing renal m ass such as renal cell cancer: Renal cell 
cancers tend to be m ore heterogeneous.

 ■ Essential Facts

 • TS is a rare genet ic disorder characterized by ham ar-
tom as involving m ult iple organs including the central 
nervous system  (CNS), kidneys, and skin .

 • Manifestat ions of TS in  the abdom en/pelvis m ay include 
renal AMLs and cysts, liver AMLs, lym phangioleiomyo-
m as, and rectal polyps.

 • Renal AMLs are ham artom as com posed of abnorm al 
blood vessels, sm ooth  m uscle, and fat .

(A) Axial noncontrast computed tomography (CT) shows a heterogeneous left renal mass with areas of high at tenuation and bilateral fat-containing renal 
masses. (B, C) Axial and coronal contrast-enhanced CT shows an aneurysm with surrounding hematoma in the left  kidney and bilateral fat-containing renal 
masses.

A B C
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Case 74

 ■ Clinical Presentation

A 66-year-old m an presents w ith  a 5-day history of scrotal swelling, r ight  test icular pain , and fever.

A B
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 ■ Imaging Findings

 • Color Doppler US can  be used to assess the vascular sup-
ply to the test is, im portant  in  the evaluat ion of suspected 
test icular torsion, and to the epididym is, helpful in  the 
diagnosis of epididym it is.

 ■ Other Imaging Findings

 • Epididym it is m ay be accompanied by orchit is—usually 
seen as increased flow  to the test is.

 Pearls &   Pitfalls

Û US is the m odalit y of choice for the invest igat ion of 
scrotal disorders.
Û Com parison w ith  Doppler US of the contralateral test is 
and epididym is can be helpful to assess blood flow  
w hen there is a quest ion  of test icular torsion .
Û Clinically, test icular tum ors m ay occasionally be m is-

taken for epididym it is/orchit is.

 ■ Differential Diagnosis

 • Epididym it is, test icu la r  tor sion , a nd test icu la r  
neopla sm : The short  clin ical course and presence of 
fever m akes infect ion  or possibly torsion m ore likely than 
test icular neoplasm .  US shows that  the abnorm alit y 
is w ith in  the epididym is, there is no test icular m ass 
(excluding test icular neoplasm ), and there is flow  in  the 
test is (excluding test icular torsion).

 ■ Essential Facts

 • Epididym it is is the m ost  com m on cause of acute scrotal 
pain .

 • In  younger m en, the m ost  com m on organism s are 
Neisseria gonorrhoeae and Chlam ydia trachom at is; in  
older m en, Escherichia coli is m ore com m on.

 • Test icular US is the prim ary im aging m odalit y for the 
invest igat ion  of scrotal disorders.

 • US allows classificat ion  of scrotal disorders as test icular 
or ext ratest icular.

(A, B) Ultrasound (US) images show a thickened, heterogeneous right epididymis. Color Doppler US shows increased flow to the right epididymis.

A B
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Case 75

 ■ Clinical Presentation

A 64-year-old m an w ith  3-day history of right  flank pain  and fever.

A B
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 ■ Imaging Findings

 ■ Other Imaging Findings

 • On CT, focal pyelonephrit is m ay show  renal enlargem ent , 
st r iated nephrogram , and/or perinephric st randing or 
fluid.

 Pearls &   Pitfalls

Û Im aging is not  usually indicated for the diagnosis of 
uncomplicated UTI.
Û Im aging is reserved for pat ients w ith  UTI that  does not  
respond to therapy and to evaluate for complicat ions 
from  UTI.
Û Focal pyelonephrit is m ay progress to renal abscess.
Û It  is important  not  to m isin terpret  focal pyelonephrit is 

as a renal tum or; the com binat ion of clin ical and im ag-
ing findings should lead to the correct  diagnosis.

 ■ Differential Diagnosis

 • Foca l pyelonephr it is: occurs as a com plicat ion of urinary 
t ract  infect ion  (UTI)

 • Renal abscess: The m ajorit y of the lesion  is usually m ore 
liquefact ive than in  th is case.

 • Renal cell carcinom a: The borders are usually m ore well-
defined and there is usually no st randing of the peri-
nephric fat . Most  renal cell carcinom as are asymptom at ic 
and discovered as incidental findings on im aging. When 
symptom at ic, they can cause pain  and/or hem aturia.

 ■ Essential Facts

 • Pyelonephrit is does not  usually require im aging for 
diagnosis.

 • Im aging m ay be used to confirm  the diagnosis or to 
assess for com plicat ions such as progression to a renal 
abscess.

 • Ult rasound (US) is not  sensit ive for the diagnosis of 
pyelonephrit is.

 • When im aging is indicated, CT is the m odalit y of choice.

(A, B) Axial and coronal contrast-enhanced computed tomography (CT) shows a focal heterogeneous area in the right kidney with ill-defined borders and 
stranding of the surrounding fat .

A B
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Case 76

 ■ Clinical Presentation

A 25-year-old wom an presents w ith  a 3-day history of left  lower quadrant  pain  and fever. Her w hite cell count is elevated 
and hum an chorionic gonadotropin  (HCG) is negat ive.

A B

C
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 ■ Differential Diagnosis

 • Tubo-ova r ia n  a bscess (TOA): The pat ient  was star ted on 
in t ravenous (IV) ant ibiot ics. Using t ransvaginal ult ra-
sound guidance, an  18-gauge needle was inser ted in to 
the left  fallopian  tube and ~20 m L of pus was aspirated.

 • Endom etriosis: involving the fallopian  tube and ovary—
the acute presentat ion , fever, and elevated w hite cell 
count m ake th is less likely

 • Ovarian neoplasm : the tubular shape of the st ructure; 
acute presen tat ion , fever, and elevated w hite cell count  
m ake th is less likely

 ■ Essential Facts

 • Pelvic US is the im aging m odalit y of choice for the inves-
t igat ion  of suspected pelvic inflam m atory disease (PID) 
including TOA.

 • Risk factors for the developm ent of PID and TOA include 
young age, m ult iple sexual par tners, and in t rauterine 
devices (IUD).

 • TOAs are m ost  com m only the result  of infect ion from  
Chlam ydia trachom at is and Neisseria gonorrhoeae.

 • TOA can be m anaged w ith  ant ibiot ics, percutane-
ous im age-guided drainage, or surgery, depending on 
severit y.

 ■ Other Imaging Findings

 • The ipsilateral ovary m ay not be seen separately from  the 
dilated fallopian tube (tubo-ovarian  com plex).

 • Alternat ively, the ipsilateral ovary m ay be enlarged w ith  
increased vascularit y.

 Pearls &   Pitfalls

Û It  is important  to correlate US findings w ith  HCG to 
exclude an  ectopic pregnancy.
Û Fallopian  tubes are not  usually seen w ith  US unless they 
are abnorm al.
Û TOA is associated w ith  a h igher risk of infer t ilit y and 
ectopic pregnancy.
Û The presence of fever and elevated w hite cell count  

m akes TOA a m ore likely diagnosis than endom etriosis 
or ovarian  neoplasm .

(A, B) Longitudinal and transverse ultrasound (US) images show a 6.4-cm dilated tubular structure in the left  adnexa with a thick wall and low-level echoes 
in the lumen. (C) The wall and surrounding tissues are vascular and the patient was focally tender in this area with the US probe. The left  ovary was not 
seen separately from the mass. The right ovary and uterus were normal (not shown).

 ■ Imaging Findings

A B C
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Case 77

 ■ Clinical Presentation

A 66-year-old m an w ith  a h istory of chronic renal insufficiency presents w ith  acute left  flank pain  and hem aturia. (A) Axial 
noncont rast  CT through the kidneys was obtained. (B) Axial noncontrast  CT from  2 m onths earlier is provided for com parison.

A B
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 ■ Imaging Findings

(A) Axial noncontrast  computed tomography (CT) shows a heterogeneous left  renal mass with areas of high at tenuation. There are also multiple bilateral 
renal cysts. (B) Axial noncontrast CT from 2 months earlier is provided for comparison.

 ■ Differential Diagnosis

 • Hem or r ha ge in to a  r ena l cyst  in  a  pa t ien t  w ith  a u toso-
m a l dom ina n t  polycyst ic k idney disea se (ADPKD): The 
high at tenuat ion w ith in  the renal cyst  is t ypical of acute 
hem orrhage.

 • Renal cell cancer: Although renal cell cancer m ay present  
w ith  flank pain  and hem aturia, the presence of a sim ple 
cyst  in  the sam e locat ion  2 m onths earlier m akes th is 
diagnosis unlikely.

 ■ Essential Facts

 • Renal cysts are very com m on in  the general populat ion 
but  bleeding in to a cyst  is uncom m on.

 • In  pat ients w ith  ADPKD, sym ptom at ic bleeding in to a re-
nal cyst  is m ore com m on than in  the general populat ion .

 • Adult  polycyst ic kidney disease (APCKD) usually presents 
w ith  progressive renal insufficiency and hyper tension.

 • Symptom s do not usually appear unt il m iddle age.
 • Approxim ately 50% of pat ients w ith  APCKD w ill develop 
end-stage kidney disease.

 • In  APCKD, other abdom inal organs m ay also contain  cysts 
such as the liver, pancreas, and spleen.

 • APCKD is associated w ith  cerebral ar tery aneurysm s.

 ■ Other Imaging Findings

 • Ult rasound (US) is the m odalit y of choice to screen fam ily 
m em bers of pat ients w ith  APCKD for renal cysts.

 • On CT, blood is h igh-at tenuated due to the protein  con-
tent  in  hem oglobin .

 Pearls &   Pitfalls

Û Diffuse enlargem ent of both  kidneys w ith  m ult iple 
cysts is t ypical of ADPKD.
Û Hem orrhage in to a renal cyst  is a know n com plicat ion  
of APCKD.
Û Cyst  hem orrhage is usually self-lim it ing but  select ive 
renal ar tery em bolizat ion  m ay be required to control 
bleeding.
Û Comparison w ith  previous im aging studies m ay be 

helpful to confirm  the acute findings.

A B

Case_077_153-154.indd   154 05/11/14   2:51 PM



155

Case 78

 ■ Clinical Presentation

A 60-year-old wom an has acute onset  of chest  pain  and m assive hem atem esis.

A B

C D

Case_078_155-156.indd   155 06/11/14   11:25 AM



156 RadCases.thieme.com  RadCases Emergency Radiology

 ■ Imaging Findings

(A–D) Coronal and axial computed tomography (CT) images show a large pseudoaneurysm (large 
arrow), which contains air (small arrows). High-densit y material with distension of the stomach is 
consistent  with blood.

 ■  Dif erential Diagnosis

 • Aor toesopha gea l f st u la : Most  com m only relates to an  
aor t ic aneurysm , w hich erodes in to the esophagus. CT 
w ill show  an aor t ic aneurysm  abut t ing the esophagus, 
w hich is nonspeci c but  air outside the esophagus and in  
the aor ta m akes the diagnosis. An esophageal abnorm al-
it y such as an  esophageal foreign body that  perforates the 
aor ta can  also cause a  stula. In  th is presentat ion , CT w ill 
show  evidence of esophageal perforat ion  and looks for 
any irregularit y of aor ta for site of  stula.

 • Esophageal rupture: can  have air in  m ediast inum  adjacent  
to but  not  in  the aorta

 • Traum at ic pseudoaneurysm : can  have aort ic abnorm alit y 
as well as air in  the m ediast inum  due to t raum a but is in  
a di erent  clin ical presentat ion

 ■ Essential Facts

 • Aortoesophageal  stu la is a rare life-threatening 
condit ion  that  can lead to m assive bleeding and 
exsanguinat ion.

 • It  has h igher risk w ith  prior aort ic reconst ruct ions or 
esophageal surgery.

 • Treatm ent is surgical w ith  allograft  of aorta and esopha-
gectomy but  h igh m ortalit y.

 • Endovascular repair has been done as a tem porary al-
ternat ive but  surgery is usually st ill needed and surgical 
esophageal repair would st ill have to be done.

 • Pat ients are prone to infect ion  and sepsis.

 ■ Other Imaging Findings

 • Esophagram  can  nd esophageal abnorm alit y at  site of 
 stula.

 • Angiography can assess for  stula if there is act ive 
bleeding.

 • Red blood cell (RBC) scan can also assess for slower 
bleeding.

 Pearls &   Pitfalls

Û This is a surgical em ergency w ith  h igh m ortalit y that  
needs im m ediate t reatm ent .
Û Transien t  self-lim ited bleeds m ay precede m assive 
bleed/hem atem esis.
Û Pat ients are prone to infect ion  and sepsis given con-
tam inat ion  of aor ta by esophagus.
Û It  is often  not  diagnosed w ith  m ost ly postm ortem  

diagnosis.
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Case 79

 ■ Clinical Presentation

A 50-year-old m an presen ts w ith  dyspnea and hem optysis.
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 ■ Imaging Findings

(A, B) Posteroanterior (PA) and lateral view shows right lower lobe (RLL) consolidation. (C, D) Com-
puted tomography (CT) scan shows obstruction of the RLL bronchus and a radiopaque density (arrow) 
within the RLL, which represents an aspirated chicken bone.

 ■  Differential Diagnosis

 • For eign  body a spir a t ion  (FBA): FBA into the airways and 
lungs m ay cause a variety of pulm onary appearances. 
Characterist ic im aging findings depend on the density 
of the aspirated object  and the durat ion of sym ptom s. 
Chest  radiographs can be used to visualize characterist ic 
radio-opaque m aterials such as coins, toys, bones, and 
teeth . Often , chest  radiographic findings are nonspecific 
and include obst ruct ive lobar or segm ental overinflat ion  
or atelectasis. Pneum onia, air t rapping, and pneum om e-
diast inum  m ay also suggest  FBA w hen no radio-opaque 
object  is seen. Less com m only, a foreign body can also 
m anifest  as a centrally located m ass w ith  lobar or seg-
m ental collapse on chest  radiograph and CT scan.

 • Neoplasm : Endobronchial tum ors such as carcinoid 
tum ors can resem ble non–radio-opaque foreign 
bodies. Obst ruct ive neoplasm  such  as carcinoid and 
bronchogenic carcinom a can sim ulate non–radio-opaque 
obst ruct ing foreign bodies w ith  postobst ruct ive changes.

 ■ Essential Facts

 • Foreign body aspirat ion  is m ore com m on in  children  than 
in  adults, w ith  the m ajorit y of cases occurring in  pat ients 
younger than 15 years of age.

 • It  is often  clin ically silen t  in  adult  pat ients because the 
foreign body usually is wedged distally in  lower lobe 
bronchi or the bronchus in term edius.

 • Unilateral hyperinflat ion  m ay be noted, but  th is finding is 
m ore com m only associated w ith  pediat r ic FBA.

 • It  m ay becom e a chronic condit ion  w ith  volum e loss of 
affected lobe, recurrent  pneum onia, and the form at ion of 
an  in t rabronchial m ass.

 • The m ost  com m only inhaled foreign bodies are food and 
broken fragm ents of teeth , w hich frequently lodge in  a 
m ain  or lobar bronchus.

 ■ Other Imaging Findings

 • Chest  X-ray (CXR) and CT: Secondary radiographic signs, 
such as obst ruct ive em physem a, atelectasis, pneum onia, 
and a m ediast inal sh ift , help in  diagnosing FBA.

 • For defin it ive diagnosis and t reatm ent , all pat ients in  
w hom  the clin ical suspicion for FBA is h igh should un-
dergo endoscopy due to the lim itat ions of radiographic 
studies.

 Pearls &   Pitfalls

Ú Adult  pat ients do not always volunteer or recall a h is-
tory of choking, m aking FBA difficult  to diagnose in  
th is pat ient  populat ion and the diagnosis is frequently 
overlooked w ithout proper h istory and m istaken for 
other diagnosis such  as m alignancy.
Ú CT is far m ore sensit ive than chest  radiography in  
dem onst rat ing radiolucent foreign bodies. In  som e 
instances, CT m ay provide addit ional diagnost ic 
inform at ion by dem onstrat ing subt le low-at tenuat ion  
in t rabronchial m aterial, w hich is often  the only finding 
that  can help suggest  the diagnosis.
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Case 80

 ■ Clinical Presentation

A 56-year-old m an presents to the em ergency room  (ER) w ith  shortness of breath  (SOB), w ith  severe retching and vom it ing 
followed by excruciat ing ret rosternal chest  and upper abdom inal pain . He had an  elevated w hite blood cell (WBC) count .
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 ■ Imaging Findings

(A) Chest X-ray (CXR) shows subcutaneous emphysema with linear streaks in the mediastinum 
consistent with pneumomediastinum. Opacity is seen in the left  lower lung. Also evident is a 
moderate-sized left-sided pleural effusion and small left  apical pneumothorax. (B–D) Computed 
tomography (CT) scan with oral contrast shows an extraluminal collection (arrow) of contrast  anterior 
and to the left of esophagus consistent with perforation with evidence of a moderate left  and small 
right pleural effusion with concomitant pneumomediastinum and small left pneumothorax.

 ■ Differential  Diagnosis

 • Boer ha a ve syndr om e: The spontaneous t ransm ural 
perforat ion  of the esophagus. In  m ost  cases of Boerhaave 
syndrom e, the tear occurs at  the left  posterolateral aspect  
of the distal esophagus and extends for several cent i-
m eters, w ith  the m ost  com m on radiologic finding being 
a pneum om ediast inum  and left-sided effusion. CT w ill 
show  a m ediast inal flu id and ext ravasat ion  of contrast .

 • Spontaneous pneum om ediast inum : Due to rupture of 
alveoli, w hich dissects back in to the m ediast inum . Air 
is seen w ith in  the m ediast inum  but w ithout the pleural 
fluid or collect ions seen in  Boerhaave.

 ■ Essential Facts

 • Boerhaave syndrom e is often  caused by st rain ing or vom -
it ing result ing in  a sudden increase in  in t raesophageal 
pressure com bined w ith  negat ive in t rathoracic pressure 
leading to esophageal rupture.

 • Usually in  m en, although neonatal esophageal rupture 
occurs prim arily in  girls

 • Tears are m ost  com m only vert ically oriented, ranging 
from  1 to 4 cm  in  length .

 • Alm ost all (90%) occur along the left  posterolateral wall of 
the distal esophagus.

 • Boerhaave syndrom e m ay be com m only m isdiagnosed 
as a myocardial infarct ion , pancreat it is, lung abscess, 
pericardit is, or spontaneous pneum othorax.

 • Boerhaave syndrom e is associated w ith  h igh m orbidity 
and m ortalit y and is fatal in  the absence of therapy.

 ■ Other Imaging Findings

 • The diagnosis of esophageal perforat ion can also be con-
firm ed by perform ing a water-soluble cont rast  esopha-
gram  study to show  extravasat ion of contrast  in to the 
pleural cavity out lin ing the length  of the perforat ion and 
it s locat ion . However, the sensit ivit y of contrast  studies 
depends on the size and locat ion of the perforat ion and 
the technique used for the study.

 Pearls &   Pitfalls

Û The diagnosis of Boerhaave syndrom e is suggested on 
the plain  chest  radiography and confirm ed by a CT scan 
of the chest . The in it ial plain  chest  radiograph is alm ost  
always abnorm al in  pat ients w ith  Boerhaave syndrom e 
and usually reveals m ediast inal or free peritoneal air as 
the in it ial radiologic m anifestat ion .
Û If esophageal perforat ion  is suspected, even in  the ab-
sence of physical findings, contrast  radiographic studies 
of the esophagus and a CT scan should be obtained 
prom ptly.
Û The occasionally nonspecific nature of the symptom s m ay 

contribute to a delay in diagnosis and a poor outcom e.
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Case 81

 ■ Clinical Presentation

A 51-year-old wom an w ith  relapsed chronic myelogenous leukem ia (CML), post–bone m arrow  t ransplantat ion  (BMT), devel-
ops graft-versus-host  disease of the skin  and gast roin test inal t ract  and presents w ith  fever, dyspnea, and cough.
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 ■ Imaging Findings■ Imaging Findings

(A) Scout image has diffuse bilateral air-space opacity. (B–D) Computed tomography (CT) scan of 
the chest shows bilateral diffuse central ground-glass opacities with thickened interlobular septum 
(“crazy-paving” pat tern).

 ■ Differential Diagnosis

 • Cytom ega lovir u s (CMV) pneum on ia : Chest  radiograph 
findings are often  nonspecific and com m only include 
m ixed in terst it ial and air-space opacit ies. On CT, bilateral 
lobar consolidat ion , diffuse and focal ground-glass opaci-
t ies, irregular ret icular opacit ies, and poorly defined cen-
t rilobular sm all nodules can be seen. In terlobular septal 
th ickening and pleural effusion are frequently associated.

 • Pneum ocyst is carinii pneum onia (PCP): An 
atypical bacterial pneum onia t ypically affect ing 
im m unocom prom ised pat ients, w ith  fine ret icular 
in terst it ial pulm onary pat tern , often  w ith  a perih ilar 
dist ribut ion sim ilar in  radiographic appearance to 
CMV. Pleural effusions are norm ally not  a feature. 
High-resolut ion  com puted tom ography (HRCT) features 
differing from  CMV pneum onia include pneum atoceles, 
w hich  are seen in  up to 30% of cases.

 • Pulm onary hem orrhage: Like CMV pneum onia, it  m ay 
be seen in  post-BMT pat ients. On chest  radiograph, it  
m ay appear sim ilar to CMV pneum onia w ith  evidence 
of bilateral diffuse, patchy, or focal infilt rates. In  the 
acute phase, CT scans show  consolidat ion or ground-
glass opacificat ion , w ith  nodules that  are dist ributed 
in  a uniform  fashion. In  later stage, there m ay also be 
evidence of in terlobular septal th ickening.

 ■ Essential Facts

 • DNA virus that  is a m em ber of the Herpesviridae fam ily, 
CMV is able to becom e latent  in  the hum an host , w ith  the 
potent ial for react ivat ion.

 • CMV com m only produces pulm onary disease in  those 
w ith  deficient  im m une system s.

 • It  is a m ajor cause of m orbidity and m ortalit y follow ing 
t ransplantat ions and in  pat ien ts w ith  AIDS in  w hom  CD4 
cells are , 100 cells per cubic m illim eter.

 • CMV pneum onia is one of the m ost  com m on pulm onary 
complicat ions after BMT, occurring in  up to 70% of BMT 
recipients, w ith  approxim ately one-th ird developing CMV 
pneum onia.

 • Treatm ent  of CMV is recom m ended in  the presence of 
sym ptom at ic pulm onary disease, evidence of CMV in  
the lung, and the absence of other t reatable pulm onary 
infect ions.

 Pearls &   Pitfalls

Û Infect ious pneum onia of any cause (e.g., bacterial, 
viral, mycobacterial, fungal, and parasit ic) can cause 
som e ground-glass opacificat ion  to appear on HRCT 
scans, but  a diffuse pat tern  of predom inately ground-
glass opacificat ion  in  the absence of associated CT 
scan findings is a characterist ic presentat ion  for CMV 
pneum onia and PCP.
Û CT is currently the im aging m odalit y of choice for the 
evaluat ion  of pulm onary viral in fect ions.
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Case 82

 ■ Clinical Presentation

A 75-year-old m an was adm it ted to the hospital follow ing chest  t raum a w ith  anterior chest  pain .
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 ■ Imaging Findings■ Imaging Findings

(A) Axial computed tomography (CT) image shows a linear defect (arrow) in the right costicartilage with associated soft  tissue consistent with a hema-
toma. (B) Coronal reconstructions show multiple costicartilage fractures (arrows).

 ■ Differential Diagnosis

 • Costa l ca r t ila ge fr a ct u r e: On CT, a fracture appears as a 
focal discont inuity of the costal car t ilage, w ith  surround-
ing calcificat ions present  near old fractures. A significant  
displacem ent of the adjacent segm ents and swelling of 
the neighboring soft  t issues m ay also be seen. In  som e 
cases, a th in  area w ith  gas density m ay be present  w ith in  
the car t ilaginous cleft .

 • Costochondrit is: inflam m at ion of the cost icar t ilage, w hich 
can cause pain  and tenderness but  no swelling

 • Tietze syndrom e: Inflam m at ion of the costal car t ilage 
w ith  pain  and tenderness. Different iated from  costochon-
drit is by swelling and can have redness and warm th.

 ■ Essential Facts

 • Rib fractures are com m on, occurring in  about half of all 
pat ients w ho have m ajor blunt  chest  t raum a.

 • They are usually related to the osseous r ib com ponent , 
w ith  costal cart ilage fractures being very rare.

 • Costal car t ilages are generally not  visible on plain  radio-
graphs, w ith  the except ion of irregular ossificat ion  foci 
that  appear during adulthood; thus, fractures involving 
the costal cart ilage are best  show n by CT.

 • Costal cart ilage injuries are often  located in  the junct ional 
regions, either sternochondral or costochondral.

 • These injuries t ypically occur in  young pat ients as a 
result  of significant  t raum a that  is often  associated w ith  
contact  sports.

 ■ Other Imaging Findings

 • Sonography: The car t ilage fracture appears as a focal 
in terrupt ion  in  the linear echogenic anterior m argin  of 
the hypoechogenic car t ilages.

 • Magnet ic resonance im aging (MRI): a h igh T2 signal, at  
the site of the fracture, from  the surrounding edem a

 Pearls &   Pitfalls

Û Costal car t ilage fractures are not  visible on radiographs 
unless the fracture involves a st rongly calcified 
car t ilage.
Û Costal car t ilage fractures probably occur m ore 

frequently than is currently recognized because of 
underdiagnosis.
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Case 83

 ■ Clinical Presentation

A 35-year-old m an presents to the em ergency room  (ER) w ith  acute onset  of chest  pain  and shortness of breath  after crack 
cocaine inhalat ion .
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 ■ Imaging Findings■ Imaging Findings

(A) Posteroanterior (PA) view shows dif use bilateral air-space opacities best  seen in the mid to upper lungs. (B) Computed tomography (CT) scan shows 
dif use ground glass with some interstitial thickening.

 ■  Dif erential Diagnosis

 • “Cr a ck lung”: refers to an  acute lung injury w ith  sym p-
tom s of fever, hypoxem ia, and hem optysis w ith  often  
associated di use nonspeci c pulm onary opacit ies of 
consolidat ion  and ground glass

 • Pulm onary edem a: Cocaine can cause edem a but septal 
th ickening and pleural e usion would be expected if 
cardiogenic. Noncardiogenic edem a can look very sim ilar 
to crack lung.

 • Pulm onary hem orrhage: can occur in  cocaine user and 
can also look quite sim ilar w ith  di use lung opacity

 ■ Essential Facts

 • Pathologically, there is di use alveolar dam age and hem -
orrhage and often  associated w ith  eosinophilia.

 • There are m any form s of cocaine but  crack cocaine is 
heated and is inhaled/sm oked.

 • Cocaine is the m ost  com m on illegal drug to cause pulm o-
nary sym ptom s that  require hospital visit .

 • Cocaine acts as a sym pathom im et ic agent .
 • Crack users inhale a large am ount  of par t iculate m at ter.

 ■ Other Imaging Findings

 • Neuro CT or m agnet ic resonance im aging (MRI): Cocaine 
can be associated w ith  neurologic com plicat ions of w hich 
the m ost  com m on are hem orrhage and ischem ia.

 • Peripheral CT or ult rasound (US): can develop abscesses 
or sept ic ar thrit is in  in t ravenous (IV) drug users

 • CT: Chronic cardiopulm onary  ndings include 
in terst it ial lung disease, pulm onary hypertension, and 
cardiomyopathy.

 Pearls &   Pitfalls

Û Cocaine can be associated w ith  num erous other acute 
injuries such as m yocardial infarct ion , pneum othorax, 
pneum om ediast inum , and dissect ions.
Û Cocaine use should be considered w hen a young pat ient  

presents w ith  chest  pain  or myocardial infarct ion.
Û Complicat ions can relate to adulterants, for exam ple, 
talc.
Û Chest  pain  is com m on after crack cocaine sm oking.
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 ■ Clinical Presentation

A 35-year-old in  a m otor veh icle accident  (MVA) was brought  to the em ergency room  (ER) unconscious.

Case 84
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 ■ Imaging Findings

(A) Chest X-ray (CXR) shows marked apparent elevation of the left  diaphragm with distended stomach bubble. Consolidation throughout the left  lung is 
seen and some subcutaneous emphysema on the left. (B, C) Computed tomography (CT) shows the stomach herniating above the diaphragm (arrow) and 
small apical pneumothoraces.

 ■ Differential Diagnosis

 • Dia phr a gm a t ic r upt u r e: A tear in  the diaphragm  m ost 
com m only from  blunt  or penet rat ing t raum a. With  
penet rat ing t raum a, presentat ion can be delayed. CXR 
can show  herniat ion  of the stom ach or bowel in to the 
lower thorax and the m ediast inum  can be shifted. A 
nasogast r ic (NG) tube w ith in  the stom ach above the 
diaphragm  is specific but  not  reliable sign. CT can detect  
discont inuity of the diaphragm .

 • Diaphragm at ic eventrat ion: a broad-based bulge of the 
diaphragm

 • Paralyzed diaphragm : can  cause elevat ion of the dia-
phragm  but stom ach rem ains below  the diaphragm

 ■ Essential Facts

 • Most ruptures occur on the left  and m ost  com m on et iol-
ogy is m otor vehicle accident .

 • Thoracoscopy is the m ost  reliable invest igat ion .
 • Surgery is needed to t reat  ruptures.
 • Herniated contents can st rangulate.

 ■ Other Imaging Findings

 • CT is the m ost  com m on invest igat ion for diaphragm at ic 
injury, as CT w ill often  be done to assess for other injuries.

 • Gast roin test inal (GI) series can  determ ine locat ion  of 
stom ach and ident ify hernia.

 • Ult rasound can detect  rupture of r ight  diaphragm  but 
norm ally poorly visualizes the left  diaphragm  due to 
bowel gas.

 Pearls &   Pitfalls

Ú Diaphragm at ic ruptures are diagnosed preoperat ively in  
less than half the cases and som et im es delayed.
Ú Herniated contents can  st rangulate.
Ú Penetrat ing t raum a can present  years later w ith  hernia-
t ion .
Ú Pat ients w ith  diaphragm at ic rupture com m only have 

other injuries, w hich can m ask the diaphragm at ic 
rupture.
Ú Focal sm all defects of the diaphragm  can be seen in  

healthy pat ien ts par t icularly in  older pat ients.
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Case 85

 ■ Clinical Presentation

A 19-year-old wom an was resuscitated after suffering a ventr icular fibrillat ion  arrest  in  a sw im m ing pool.
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(A) Anteroposterior (AP) chest radiograph shows bilateral diffuse consolidation. (B, C) Computed tomography (CT) of the thorax shows small bilateral 
pleural effusions and extensive lung parenchymal consolidation and ground glass. A pneumomediastinum and small pleural effusions are present.

 ■ Differential Diagnosis

 • Nea r  dr ow n ing: Results in  prim ary respiratory im pair-
m ent from  water inhalat ion  due to subm ersion in  a liquid 
m edium . On chest  radiograph, direct  lung injuries such 
as subm ersion injuries often  result  in  acute respiratory 
dist ress syndrom e (ARDS). Chest  radiographic findings 
of ARDS are generally nonspecific and resem ble those of 
pulm onary edem a or hem orrhage. Bilateral patchy al-
veolar infilt rates m ay be seen after 12 to 24 hours, w hich 
m ay progress to m assive bilateral air-space consolidat ion 
after 24 to 48 hours post–lung injury. On CT scans, asym -
m etrical areas of m ixed consolidat ion and ground-glass 
opacificat ion are t ypically seen.

 • Pulm onary hem orrhage: Like near drow ning, it  is a direct  
lung injury that  often  presents as ARDS. On chest  radio-
graph, bilateral diffuse, patchy, or focal infilt rates in  the 
acute phase m ay be seen w ith  relat ive apical sparing. CT 
scans often  show  consolidat ion  m ixed w ith  ground-glass 
opacificat ion .

 • Pulm onary edem a: can  be cardiogenic or noncardiogenic 
and presents w ith  diffuse bilateral air-space disease

 ■ Essential Facts

 • Drow ning is the fourth  m ost  com m on injury after road 
t raffic accidents, self-inflicted injuries, and violence and 
is an  important  cause of childhood fatalit ies worldw ide.

 • Typically, cases of drow ning involve children  younger 
than 5 years of age and m ales between 15 and 
25 years old.

 • Causes of near drow ning tend to vary w ith  age and m ay 
be a prim ary event or m ay be secondary to events such 

 ■ Imaging Findings

as seizures, head or spine t raum a, cardiac arrhythm ias, 
hypotherm ia, or alcohol and drug ingest ion .

 • Most toddlers drow n in  sw im m ing pools and bathtubs, 
w hereas m ost  adolescents drow n in  natural bodies of 
water.

 • Approxim ately 75% of near-drow ning vict im s survive. Of 
these, , 6% suffer a residual neurologic deficit .

 • Near drow ning results in  varying degrees of hypoxem ia 
due to the aspirat ion  of water, w hich  washes out  surfac-
tant  in  the lungs, often  producing noncardiogenic pulm o-
nary edem a and ARDS.

 • Rescue and im m ediate resuscitat ion  by bystanders im -
proves the outcom e of near-drow ning vict im s.

 ■ Other Imaging Findings

 • CT and m agnet ic resonance im aging (MRI) of brain  can be 
done for associated neurologic deficit , as ischem ic st rokes 
can be associated.

 • X-rays and CT for associated injuries if there was a fall or 
shallow  water injuries, for exam ple, C-spine

 Pearls &   Pitfalls

Û Laryngospasm  is often  seen in  drow ning vict im s and 
can prevent water from  entering the lungs.
Û Pat ient  m ay have had injury prior to and led to drow n-

ing, for exam ple, myocardial infarct ion  (MI), seizure, 
arrhythm ia, or st roke.
Û Pat ients are prone to infect ions throughout the body 

and can have atypical organism s.
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 ■ Clinical Presentation

A 61-year-old m an w ho has previously been t reated w ith  ant ibiot ics for pneum onia by h is fam ily doctor now  presents w ith  
left-sided discom fort  and fever.
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 ■ Imaging Findings

(A–D) Computed tomography (CT) shows loculated left pleural effusion consistent with an empyema. 
There is contiguous fluid collection with some air in the left posterior chest wall consistent with chest wall 
abscess (arrows).

 ■ Differential Diagnosis

 • Em pyem a  necessita ns: Em pyem a necessitans is infec-
t ion  of the pleural space, w hich has extended beyond the 
parietal pleura in to the surrounding chest  wall, m edi-
ast inum , neck, or abdom en. CT w ill best  assess both  the 
em pyem a and direct  chest  wall extension.

 • Sept ic em boli: A pat ient  w ith  a source of sepsis can  lead 
to m ult iple sites of infect ions including the chest  wall.

 • Malignancy: Pleural m alignancy that  could be prim ary, 
for example, m esotheliom a or m etastases, can  spread to 
the chest  wall but  usually h igher densit y and enhancing 
tum or rather than fluid collect ions.

 ■ Essential Facts

 • Rare diagnosis in  the ant ibiot ic era
 • Most com m on organism s are Mycobacterium  tuberculosis 
and  Act inom yces. Aspergillus, Mucorm ycosis, Mycobac-
terium  avium -intracellulare (MAI), Streptococcus, and  
Staphylococcus are other causal organism s.

 • Can spontaneously form  sinus t ract  to skin
 • Treatm ent is ant ibiot ics and drainage by either in terven-
t ional radiology or surgery.

 ■ Other Imaging Findings

 • CT is the invest igat ion of choice but  ult rasound can help 
assess palpable collect ions.

 • Magnet ic resonance im aging (MRI) w ill bet ter assess 
potent ial bony involvem ent .

 Pearls &   Pitfalls

Û Need to consider diagnosis in  pat ient  w ith  em pyem a 
w ho develop superficial m asses
Û Drainage of superficial collect ion  can lead to sinus 
form at ion .
Û M. tuberculosis and Act inom yces can  have a slow  pro-
longed course.
Û Anaerobes can be difficult  to culture.
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 ■ Clinical Presentation

A 40-year-old m an presen ts w ith  vom it ing and chest  pain  postangiography. A com puted tom ography (CT) scan  w ith  noncon-
t rast  and contrast  im ages were perform ed to rule out  aor t ic dissect ion .
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 ■ Imaging Findings

(A–D) CT shows thickening (arrows) surrounding the esophagus, which on noncontrast  images is hyperdense compared with blood. No evidence of pneu-
momediastinum or abnormal density outside the esophagus. No pleural effusion.

 ■ Differential Diagnosis

 • Esopha gea l hem a tom a : accum ulat ion  of blood in  the 
wall of the esophagus; presents as h igh density (blood) in  
the wall of the esophagus

 • Esophagit is: It  can  cause diffuse th ickening related to 
infect ion , radiat ion , or reflux. It  would usually have 
sm oother th ickening.

 • Esophageal cancer: Malignancy of the esophagus usually 
w ill present  as a m ore focal and eccentr ic th ickening and 
different  clin ical presentat ion.

 ■ Essential Facts

 • Can be spontaneous often  w ith  em esis
 • Predisposing factors include ant icoagulat ion  or bleed-
ing disorders, inst rum entat ion , foreign body ingest ion , 
t raum a, and vom it ing.

 • Can present  w ith  only hem atom a or par t  of esophageal 
perforat ion

 • Presents w ith  severe pain  and dysphagia, or odynophagia
 • Eighty percent  occurs in  fem ale.
 • Usually resolves w ith  conservat ive therapy

 ■ Other Imaging Findings

 • Esophagram : To exclude esophageal rupture. In it ially, 
give water-soluble cont rast  and if no gross ext ravasa-
t ion , give barium , w hich w ill bet ter assess for sm all 
perforat ion .

 Pearls &   Pitfalls

Ú Sym ptom s and presentat ion  can m im ic other condit ions 
such as aort ic dissect ion  or myocardial infarct ion  and 
often  CT w ill be done to assess for other condit ions.
Ú Must  dist inguish  from  myocardial infarct ion , as ant ico-
agulat ion  would be contraindicated
Ú Must  dist inguish  isolated esophageal hem atom a from  
ruptured esophagus (Boerhaave)
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 ■ Clinical Presentation

A 49-year-old wom an w ith  osteoar thrit is, postoperat ive right  total h ip ar throplast y, now  has confusion, dyspnea, and tachy-
cardia and is desaturat ing to 70% on room  air. A petechial rash  is noted on her chest .
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 ■ Imaging Findings

(A) Scout shows diffuse bilateral air-space opacities. (B, C) Computed tomography (CT) of the 
chest shows patchy bilateral areas of ground-glass opacities with mild septal thickening involv-
ing all lobes.

 ■ Differential Diagnosis

 • Fa t  em bolism : Chest  radiographs are norm al in  the m a-
jorit y of pat ients. A m inorit y of chest  radiographs reveal 
air-space disease due to edem a or alveolar hem orrhage, 
w hich  tends to be m ost  prom inent in  the periphery 
and bases. CT of the chest  generally shows focal areas 
of ground-glass opacificat ion  w ith  in terlobular septal 
th ickening.

 • Acute respiratory distress syndrom e (ARDS): Chest  radio-
graphic findings are nonspecific and can resem ble those 
of t ypical pulm onary edem a, pulm onary hem orrhage, 
and pulm onary fat  em bolism . Findings include diffuse 
bilateral coalescent consolidat ion  and w idespread hom o-
geneous and heterogeneous areas of increased opacit y.

 ■ Essential Facts

 • It  is m ost  com m only associated w ith  long bone and pel-
vic fractures.

 • Fat  em bolism  syndrom e (FES) t ypically m anifests 24 to 
72 hours after the in it ial insult  but  m ay rarely occur as 
early as 12 hours or as late as 2 weeks after the incit ing 
event .

 • Early im m obilizat ion of fractures reduces the incidence 
of FES.

 • Pat ients w ith  increased age, m ult iple underlying m edical 
problem s, and/or decreased physiologic reserves have 
worse outcom es than other pat ients.

 • Support ive care is the m ainstay of therapy for clin ically 
apparent  FES.

 • Obst ruct ion of pulm onary vessels by fat  globules fol-
lowed by chem ical pneum onit is from  unsaturated 
plasm a fat t y acids produce hem orrhage/edem a.

 ■ Other Imaging Findings

 • Vent ilat ion/perfusion scans can  be used and m ay dem -
onst rate a m ot t led pat tern  of subsegm ental perfusion 
defects w ith  a norm al vent ilatory pat tern .

 Pearls &   Pitfalls

Û Affected pat ients develop a classic t r iad—hypoxem ia, 
neurologic abnorm alit ies, and a petechial rash .
Û There is no diagnost ic test  that  is sufficiently sensit ive 

or specific to be useful for confirm ing or excluding FES.
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 ■ Clinical Presentation 

A 24-year-old m an presents w ith  renal disease and exert ional dyspnea w ith  hem opt ysis.
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 ■ Imaging Findings

(A) Chest X-ray (CXR) shows bilateral air-space opacities best seen within the mid to lower 
lungs. (B, C) Computed tomography (CT) shows bilateral areas of ground glass with inter-
stitial thickening and consolidation.

 ■ Differential Diagnosis

 • Goodpa st u r e syndr om e: This is a rare autoim m une 
disorder characterized by the presence of circulat ing 
ant i–basem ent m em brane (ant i-GBM) ant ibodies. Chest  
radiograph shows extensive bilateral air-space consolida-
t ion . The opacit ies are t ypically w idespread but  m ay be 
m ore prom inent in  the perih ilar areas and in  the m id 
and lower lung zones. The consolidat ion usually resolves 
w ith in  2 or 3 days and is replaced by a ret iculonodular 
pat tern  in  a sim ilar dist ribut ion. Com plete radiographic 
resolut ion  is usually seen ~10 to 12 days after the original 
episode. However, w ith  repeated episodes of hem or-
rhage, progressive fibrosis can be seen. CT findings con-
sist  predom inant ly of areas of ground-glass at tenuat ion 
or consolidat ion , involving m ainly the dependent  lung 
regions.

 • Idiopathic pulm onary hem orrhage: This is radiographi-
cally indist inguishable from  Goodpasture syndrom e. In  
cont rast  to Goodpasture syndrom e, it  m ost  com m only 
occurs in  children , usually younger than 10 years.

 ■ Essential Facts

 • Goodpasture syndrom e is characterized by diffuse 
pulm onary hem orrhage and acute or rapidly progressive 
glom erulonephrit is.

 • It is prim arily a disease of young adults older than 16 years, 
but elderly people can also be affected.

 • It  occurs tw ice as com m on in  m en as in  wom en.
 • Hem optysis is the m ost  com m on present ing sym ptom , 
occurring in  ~80 to 95% of those affected.

 • Treatm ent is w ith  plasm apheresis, steroids, and im m u-
nosuppressive agents.

 • Serologic assays for ant i-GBM ant ibodies are valuable for 
confirm ing the diagnosis and m onitoring the adequacy of 
therapy.

 Pearls &   Pitfalls

Û The chest  radiograph m ay be norm al, in  as m any 
as 18% of pat ients, despite the presence of diffuse 
pulm onary hem orrhage and CT m ay show  parenchym al 
abnorm alit ies in  pat ients w ho have norm al or 
quest ionable radiographic findings.
Û The lung apices and costophrenic angles alm ost  invari-
ably are spared.
Û CT appearances cannot be dist inguished from  other 
cause of diffuse pulm onary hem orrhage.
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 ■ Clinical Presentation

An 84-year-old m an presents w ith  acute tearing chest  pain .
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 ■ Imaging Findings

(A, B) Noncontrast  computed tomography (CT) images show a crescentic area of high density (arrow) peripheral to intimal calcification consistent with 
an intramural hematoma. (C) Contrast images show an outpouching of contrast into the intramural hematoma consistent beyond intimal calcification 
consistent with a penetrating ulcer.

 ■ Differential Diagnosis

 • In t r a m ur a l hem a tom a  w ith  penet r a t ing a ther oscler ot ic 
u lcer  (IMH w ith  PAU): In t ram ural hem atom a is hem or-
rhage in  the wall of the aor ta. Penet rat ing atheroscle-
rot ic ulcer is a deep ulcerated lesion of an  atherom atous 
plaque that  has eroded the inner elast ic layer of the 
aor t ic wall. Characterist ic CT findings of an  IMH w ith  PAU 
include focal contrast-filled, pouch-like collect ion  pro-
t ruding beyond the aor t ic lum en and aor t ic wall th icken-
ing or enhancem ent .

 • Nonpenetrat ing ulcer: Atherosclerot ic throm bus can  
have ulcerat ion , w hich can be seen as focal contrast  but  
the difference from  penet rat ing ulcer is that  it  does not  
extend beyond the in t im a of the aor ta.

 • Intralum inal atherosclerot ic throm bus: can be m istaken 
for IMH but  characterist ically is hypodense on noncon-
t rast  im ages

 ■ Essential Facts

 • IMH w ith  PAU is com m only seen in  the elderly popula-
t ion , w hich has a h istory of severe atherosclerosis, hyper-
tension, and hyperlipidem ia. It  is m ore com m on in  m ales.

 • Eighty percent  of PAU is associated w ith  an  in t ram ural 
hem atom a.

 • Saccular aneurysm  form at ion, dissect ions, com pression 
of nearby st ructures, and rupture are com m on complica-
t ions of IMH w ith  PAU.

 • IMH w ith  PAU can resolve com pletely or stay stable; 
however, surgical in tervent ion is required for PAU that  
show  evidence of an  expanding hem atom a, impending 
rupture, and/or an  inabilit y to control the pat ient’s blood 
pressure.

 • Aggressive m anagem ent  w ith  ant ihypertensive m edica-
t ion  and radiographic follow-up is the first-line therapy 
for u lcers of the descending aorta to prevent and m onitor 
for disease progression.

 ■ Other Imaging Findings

 • Magnet ic resonance im aging (MRI) can  be helpful in  dis-
t inguishing IMH from  atherosclerot ic th ickening.

 • Transesophageal echocardiography (TEE) of a PAU 
includes a craterlike or focal prot rusion in  the atheroscle-
rot ic por t ion  of the aor t ic lum en. Atherosclerosis m ay 
also be evident in  sites other than  the area of ulcerat ion.

 Pearls &   Pitfalls

Ú Clinical presentat ion  is sim ilar to dissect ion .
Ú Pat ients w ith  IMH w ith  PAU m ust be followed up, par-
t icularly during the first  m onth  after onset  to m onitor 
for life-threatening com plicat ions.
Ú PAU of the ascending aor ta is rare and is m ore likely to 
rupture and therefore require em ergent surgical repair, 
unlike PAU of the descending aorta.
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 ■ Clinical Presentation

A 74-year-old m an presents w ith  cough, dyspnea, and low-grade fever.
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 ■ Imaging Findings

(A, B) Posteroanterior (PA) and lateral radiographs show right middle lobe consolidation (arrows). 
(C, D) Computed tomography (CT) shows low-density consolidation in the right middle lobe, 
which measures close to fat density (arrows).

 ■  Dif erential Diagnosis

 • Lipoid pneum on ia : An uncom m on form  of pneum onia 
caused by the aspirat ion  or absorpt ion  of oil-based 
substances in to the lungs, w hich typically m anifests as 
an  adipose-contain ing m ass. Chest  radiographic features 
m ay range from  consolidat ion  to irregular m ass-like 
lesions to a ret iculonodular pat tern . Com m only seen are 
hom ogeneous segm ental air-space consolidat ion  and 
ill-de ned nodular areas of increased radiopacity. On 
CT scan, lipoid pneum onia often  appears as bilateral, 
segm ental, alveolar consolidat ions of low  at tenuat ion 
values in  the dependent  por t ions of the lungs.

 • Pulm onary ham artom a: A benign neoplasm  com m only 
composed of fat  am ongst other t issue types. Chest  
radiographic  ndings m ay be nonspeci c, including 
well-circum scribed m ass w ith either sm ooth or lobulated 
m argins. Som e but not all ham artom as have m acroscopic 
fat  and w ill typically have a Houns eld m easurem ent of 
2 40 to 2 120 HU, sim ilar to that seen in  lipoid pneum onia.

 ■ Essential Facts

 • Lipoid pneum onia is uncom m on and due to the accum u-
lat ion  of lipids in  the alveoli from  either an  exogenous or 
endogenous source.

 • Most com m on et iology is aspirat ion  of m ineral oil used 
for const ipat ion .

 • Other causes include  re eaters and accidental poisoning
 • Exogenous usually occurs follow ing the aspirat ion  or 
inhalat ion  of an im al fat  or vegetable or m ineral oil 

leading to a chronic foreign body react ion  to the inhaled 
exogenous lipid droplets.

 • Endogenous lipoid pneum onia is usually associated w ith  
bronchial obst ruct ion , chronic pulm onary infect ion , 
pulm onary alveolar proteinosis, or fat  storage diseases 
and is a secondary phenom enon caused by the release of 
cholesterol and other lipids from  t issue breakdow n distal 
to an  obst ructed airway.

 • Treatm ent is often  support ive, as m ost  cases w ill resolve 
spontaneously w ith  discont inued exposure.

 ■ Other Imaging Findings

 • CT: Lipoid pneum onia can present  as areas of ground 
glass and presents w ith  a “crazy-paving” appearance.

 Pearls &   Pitfalls

Ú CT can reveal areas of fat  at tenuat ion as low  as 2 30 HU 
w ith in  the consolidat ive opacit ies and nodules, a 
 nding diagnost ic of lipoid pneum onia but  often  
overlooked. When m easuring, it  is crucial to m easure an  
area that  is densely consolidated. Measuring an  area of 
ground glass w ill give a false-low  density.
Ú The radiologic m anifestat ions of chronic exogenous 
lipoid pneum onia can im prove slowly over t im e but 
t ypically rem ain  stable even  if the exposure to lipid 
source is discont inued for m any years.
Ú Given the nonimproving nature of consolidat ion , lipoid 

pneum onia can be m istaken for m alignancy.
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 ■ Clinical Presentation

A 50-year-old m an presen ts w ith  fever and cough, w hich has persisted for 2 weeks.
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 ■ Imaging Findings

(A) Posteroanterior (PA) view shows a large opacity with cavitation within the left lung. (B) Computed tomography (CT) of the lung shows extensive 
opacity of the left  upper lobe with cavitation.

 ■  Dif erential Diagnosis

 • Lung a bscess: Form at ion of cavit ies contain ing necrot ic 
debris or  u id caused by m icrobial infect ion. On chest  ra-
diography, it  is a rounded, irregularly shaped cavity w ith  
an  air– uid level inside. On CT scans, an  abscess is often  
round and can have a th ick wall and ill-de ned irregular 
m argins.

 • Em pyem a: An accum ulat ion of pus in  the pleural space. 
Radiologic  ndings show  loculated lent icular pleural 
e usions often  w ith  pleural th ickening, w hich  form s 
the “split  pleura” sign (pleural  u id between enhancing 
th ickened parietal and visceral pleura). It  has a sm ooth  
border w ith  the adjacent  lung and causes som e adjacent 
atelectasis.

 • Lung carcinom a: It  can  present  w ith  cavity, often  th ick-
walled.

 ■ Essential Facts

 • It  can  result  from  aspirat ion  or pneum onia. Preexist ing 
periodontal disease is a com m on source.

 • Alcoholics, those w ith  seizure disorders, and im m uno-
com prom ised pat ients are at  h igher r isk.

 • Anaerobes are m ost  frequent cause but  often  
polym icrobial.

 • Usually t reated w ith  ant ibiot ics w ith  drainage percutane-
ously or surgery for refractory cases

 • Nosocom ial lung abscesses have h igher m ortalit y.

 ■ Other Imaging Findings

 • CT is the m ain  im aging study to dist inguish  lung abscess 
from  em pyem a, and helpful features include:
 • Shape: Abscess tends to be round, w hereas em pyem a 
are len t icular.

 • Margins: Abscess tends to be irregular-walled, w hereas 
empyem a is sm oother.

 • Displacem ent (atelectasis) of adjacent  lung: absent  in  
abscess, present  in  em pyem a

 • Pulm onary vessels: in terrupted by lung abscess but  
displaced by em pyem a

 Pearls &   Pitfalls

Ú Bronchial obst ruct ion  such as carcinom a w ill increase 
risk of abscess and can be coexist ing.
Ú Need to di erent iate lung abscess from  empyem a due 
to di erence in  t reatm ent and usually CT can di erent i-
ate but  som e cases are indist inguishable
Ú Lung abscess if peripheral can  lead to em pyem a w ith  a 
bronchopleural  stula.
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 ■ Clinical Presentation

A 75-year-old wom an presents w ith  a 10-week history of fat igue, weakness, and a low-grade fever.
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 ■ Imaging Findings

(A) Posteroanterior (PA) view shows di use  ne nodules throughout the lungs. (B) Computed tomography (CT) scan of the thorax shows di use  ne 
nodularity of the lungs in a random/miliary pat tern.

 ■  Dif erential Diagnosis

 • Milia r y t uberculosis (TB): This is the w idespread 
hem atogenous dissem ination of Mycobacterium  
tuberculosis. On chest radiography, m illet-like (m ean, 
2 m m ; range, 1 to 5 m m ) nodules. On CT, these nodules 
are in a random  pat tern som etim es w ith a basilar 
predom inance.

 • Fungal diseases: Histoplasm osis, coccidioidomycosis, and 
cryptococcosis can  present  in  an  ident ical appearance.

 • Metastat ic disease: From  thyroid and renal cell, it  can  also 
cause a m iliary pat tern .

 ■ Essential Facts

 • It  can  present  w ith  nonspeci c sym ptom s such as weak-
ness and weight  loss.

 • Miliary TB can arise as a result  of progressive prim ary 
infect ion  or via react ivat ion  of a latent  focus w ith  subse-
quent spread.

 • Miliary TB m ay infect  any num ber of organs, including 
the lungs, liver, and spleen.

 • Risk factors for m iliary TB involve im m unosuppression 
such as AIDS, hem atopoiet ic disease, and im m unosup-
pressive drugs including steroids.

 • Sputum  has low  sensit ivit y.
 • Em piric t reatm ent should be im m ediate if suspected.

 ■ Other Imaging Findings

 • Magnet ic resonance im aging (MRI) w ill bet ter assess 
brain  and spinal involvem ent .

 • CT or ult rasound (US) w ill assess abdom inal disease.
 • Nuclear m edicine posit ron em ission tom ography (PET), 
gallium , and w hite blood cell (WBC) scan can detect  sites 
of infect ion  but  does not  di erent iate et iology.

 Pearls &   Pitfalls

Û The in terval between dissem inat ion and the 
developm ent of radiographically discernible m iliary TB 
is , 6 weeks or m ore.
Û Im m unosuppressed pat ients have h igher r isk of ext ra-
pulm onary features of TB.
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 ■ Clinical Presentation

A 72-year-old m an presents w ith  fever, chills, and a product ive cough. He is currently being t reated w ith  chem otherapy. He 
has a h istory of left  pleural e usion. At the bot tom  is the pat ient’s chest  X-ray (CXR) from  1 m onth  ago.
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 ■ Imaging Findings

(A–D) Posteroanterior (PA) and lateral chest radiography shows a markedly enlarged cardiac silhouet te with a 
globular contour, new from his baseline CXR. On the lateral view is a “stripe” sign of pericardial  uid between 
epicardial and pericardial fat (arrows).

 ■  Dif erential Diagnosis

 • Per ica r dia l ef u sion : The presence of an  abnorm al 
accum ulat ion of and/or an  abnorm al character to  uid 
in  the pericardial space. On chest  radiography, a globular 
enlarged cardiac shadow, so-called “water-bot t le” heart , 
and a pericardial fat  st r ipe m ay be seen. The fat  st r ipe 
sign is best  seen on lateral view  chest  radiography 
show ing the pericardial  u id between two lucent  st ripes 
represent ing the epicardial and pericardial fat .

 • Hem opericardium : The accum ulat ion  of blood in  the peri-
cardial sac. On com puted tom ography (CT) scan, a h igher 
at tenuat ion  is seen com pared w ith  a pericardial e usion 
indicat ing the presence of blood in  the pericardial sac.

 • Cardiom egaly: It  refers to the enlargem ent of the hear t  
and can som et im es m im ic a pericardial e usion on CXR.

 ■ Essential Fact

 • Most com m only, pericardial e usions result  secondary 
to injury or insult  to the pericardium , such as seen w ith  
pericardit is.

 • Transudat ive pericardial e usions com m only arise due 
to obst ruct ion of  uid drainage, w hich occurs through 
lymphat ic channels.

 • Exudat ive pericardial e usions often  occur secondary 
to in  am m atory, infect ious, m alignant , or autoim m une 
processes w ith in  the pericardium .

 • Treatm ent varies and is directed at  alleviat ing the un-
derlying cause and sym ptom  m anagem ent . Rem oval of 

the pericardial  u id through pericardiocentesis can be 
perform ed for large sym ptom at ic e usions.

 • Cardiac tam ponade is a serious complicat ion  of pericar-
dial e usion .

 ■ Other Imaging Findings

 • Echocardiography is both  speci c and sensit ive for peri-
cardial e usion. Pericardial  u id appears as an  echolu-
cent  space between the pericardium  and the epicardium . 
Echocardiography is the m ethod of choice to con rm  the 
diagnosis, est im ate the volum e of  uid, and assess the 
hem odynam ic im pact  of the e usion.

 • CT and m agnet ic resonance im aging (MRI) can also de-
tect  sm all pericardial e usions and di erent iate between 
cardiom egaly and pericardial e usion.

 Pearls &   Pitfalls

Û Clinical evaluat ion  and elect rocardiographic (ECG)  nd-
ings m ay suggest  the presence of a pericardial e usion, 
but  im aging, usually echocardiography, is required to 
establish  the diagnosis.
Û In  hem odynam ically unstable pat ients w ith  a de n it ive 
diagnosis of pericardial e usion consistent  w ith  cardiac 
tam ponade, urgent drainage of the pericardial e usion  
should be perform ed.
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 ■ Clinical Presentation

An 82-year-old m an w ith  acute pleurit ic chest  pain .
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 ■ Imaging Findings

(A–D) Axial coronal computed tomography (CT) images show a fat-density lesion (arrows) contiguous 
with pericardial fat but having streaks of higher soft  tissue density.

 ■  Dif erential Diagnosis

 • Per ica r dia l fa t  necr osis: An uncom m on, benign condi-
t ion  often  present ing w ith  an  acute onset  of pleurit ic 
chest  pain . Associated  ndings on chest  radiograph 
include an  anteriorly located m ass in  or near the cardio-
phrenic angle on the side of the chest  pain . The m ass is 
also alm ost  always cont iguous w ith  the cardiac silhou-
et te. A paracardiac area of increased opacity occurring 
predom inantly on the left  side is usually seen on a pos-
teroanterior (PA) chest  radiograph. CT scan can be used to 
determ ine the nature and locat ion of the m ass. An encap-
sulated fat t y lesion w ith  in  am m atory changes such as 
dense st rands and th ickening of the adjacent pericardium  
w ith  associated pericardial th ickening are often  seen 
on CT scan. Spontaneous improvem ent  or resolut ion  of 
radiologic  ndings often  appears in  follow-up studies.

 • Pericardial neoplasm s: Such as lipom a and liposarcom a, 
these are uncom m on tum ors in  the cardiophrenic space 
and present  as focal fat t y m asses.

 • Diaphragm at ic hernia (Morgagni hernias): By om ental 
fat  and other abdom inal st ructures, th is can occupy the 
cardiophrenic space im itat ing a tum or on radiographic 
studies.

 ■ Essential Facts

 • Pericardial fat  necrosis is an  uncom m on benign condit ion  
that  can be diagnosed on  the basis of it s characterist ic CT 
 ndings.

 • Pericardial fat  necrosis classically st rikes suddenly as 
excruciat ing, low  anterior pleurit ic chest  pain  w ithout 
fever or cough.

 • In  pat ients present ing w ith  an  acute onset  of pleurit ic 
chest  pain  w ith  no abnorm al laboratory test  or echocar-
diography, a diagnosis of pericardial fat  necrosis should 
be considered.

 • Treatm ent is often  support ive due to its benign, self-
lim it ing nature, unless sym ptom s are unm anageable 
and the diagnosis is not  con rm ed, in  w hich case a 
thoracotomy m ay be necessary.

 ■ Other Imaging Findings

 • Magnet ic resonance im aging can also show  the CT  nd-
ings of fat  w ith  st randing.

 Pearls &   Pitfalls

Ú It  is not  uncom m on to see an  abnorm al am ount of 
pericardial fat , especially if the pat ient  is obese or is on  
steroid therapy or has Cushing syndrom e. The acute 
presentat ion  and the th ickening and st randing in  the fat  
separate pericardial fat  necrosis from  norm al pericar-
dial fat .
Ú It  is sim ilar to epiploic appendagit is in  the abdom en.

A B C

D

Case_095_189-190.indd   190 06/11/14   6:09 AM



191

 ■ Clinical Presentation

A 25-year-old m an presents to the em ergency room  (ER) 1 day post inhalat ion  of cocaine w ith  ret rosternal chest  pain .
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 ■ Imaging Findings

(A, B) Posteroanterior (PA) and lateral radiographs show abnormal linear collections of air throughout the mediastinum extending into the neck with 
some subcutaneous air within the neck consistent with a pneumomediastinum (arrows). (C) Computed tomography (CT) of the chest shows streaks of air 
throughout the mediastinum (arrows).

 ■  Dif erential Diagnosis

 • Spon ta neous pneum om edia st inum : De ned as the 
presence of free air or gas w ith in  the m ediast inal space. 
It  is spontaneous in  origin  related to rupture of alveolus 
as a result  of increased in t raparenchym al pressure. The 
air causes lucent st reaks, w hich m ay outline m ediast inal 
st ructures such as the ascending aor ta and its branches, 
pulm onary artery, airways, and esophagus. The gas m ay 
also extend in to the neck and chest  wall.

 • Spontaneous esophageal perforat ion (Boerhaave syn-
drom e): A swallow  study is indicated for any case of 
suspected pneum om ediast inum  present ing w ith  em esis 
to ru le out  Boerhaave syndrom e. It  is classically associ-
ated w ith  left-sided pleural e usions.

 ■ Essential Facts

 • Pneum om ediast inum  is generally a self-lim it ing condi-
t ion  requiring support ive t reatm ent only.

 • Most com m on in  infants, rare in  adults, and m ore com -
m only spontaneous in  et iology

 • Inhalat ion  of toxic agents or illicit  drugs (e.g., cocaine) or 
asthm a result ing in  bronchial const r ict ion  m ay lead to 
the developm ent of a spontaneous pneum om ediast inum , 
especially in  children and young adults, w hereas 

m echanical vent ilat ion , vom it ing, or Valsalva m aneuver 
m ay result  in  barot raum as result ing in  spontaneous 
pneum om ediast inum .

 • Up to 10% of pat ients w ho have sustained blunt  cervical 
or thoracic t raum a m ay develop a pneum om ediast inum .

 ■ Other Imaging Findings

 • Esophagram  if h istory suggests esophageal perforat ion
 • Chest  X-ray (CXR): “Ring around the ar tery” sign  is the 
accum ulat ion of air (lucency) around the aor ta or pulm o-
nary ar tery. “Cont inuous diaphragm ” sign is the presence 
of air outlin ing the central por t ion  or sternal at tachm ents 
of the diaphragm .

 Pearls &   Pitfalls

Û A pneum om ediast inum  m ay progress to the develop-
m ent of a pneum othorax or pneum opericardium , 
especially in  those infants w ith  respiratory dist ress 
syndrom e or aspirat ion  pneum onit is.
Û Pneum om ediast inum  is frequent ly overinvest igated and 

overt reated due to concern  for m issing an  esophageal 
injury.
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 ■ Clinical Presentation

A 26-year-old m an w ith  hem optysis fell from  15 feet .
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 ■ Imaging Findings

(A) Chest X-ray (CXR) shows bilateral upper lung air-space opacity. (B, C) Computed tomography (CT) shows bilateral apical air-space opacity and left lower 
lobe air-space opacity with focal collection of air and  uid (arrow).

 ■  Dif erential Diagnosis

 • Pu lm ona r y con t usion  a nd la cer a t ion : Pulm onary contu-
sion presents as pulm onary air-space opacity. On CT, th is 
w ill appear as ground glass and consolidat ion . A pulm o-
nary lacerat ion  w ill appear as a rounded density, w hich 
can be completely opaci ed appearing nodular, have an  
air– uid level, or be air  lled.

 • Air-space sim ulat ing pulm onary contusion: It  can  be seen 
w ith  pneum onia, aspirat ion , and atelectasis as well as 
edem a. In  pat ients w ith  fractures, fat  em bolism  is a 
potent ial cause.

 • Nodules/cavit ies sim ulat ing lacerat ion: Include preexist ing 
bulla or cavity such as related to tum or, vasculit is, and 
infect ion . Acute localized pneum othorax can sim ulate 
peripheral lung lacerat ion .

 ■ Essential Facts

 • Pulm onary contusion is the m ost  com m on lung injury 
from  blunt t raum a.

 • Fift y percent  to 60% of pat ients w ith  signi cant  pulm o-
nary contusions w ill develop bilateral acute respiratory 
dist ress syndrom e (ARDS). Other com plicat ions include 
respiratory failure, atelectasis, and pneum onia.

 • Contusion is located posteriorly in  lungs in  m ost  cases 
(60%). It  is usually at  the site of direct  im pact  but  m ay 
occur on side opposite the impact  (contrecoup injury).

 • Pain  cont rol and support ive therapy are the m ainstays of 
t reatm ent  w hile the pulm onary contusion resolves 
(3 to 10 days).

 • Lacerat ion  is usually surrounded by contusion.
 • Four t ypes of lacerat ion: com pression rupture (m ost  
com m on in  deep port ion  of lung), com pression shear 
(paraspinal), r ib penet rat ion  tear, and adhesion tear (pre-
exist ing pleuroparenchym al disease)

 • Lacerat ion  takes m uch longer to heal than contusion and 
m ay take weeks.

 • Conservat ively t reated but  occasionally need surgical 
repair or resect ion .

 ■ Other Imaging Findings

 • CT is m uch m ore sensit ive than CXR in  detect ing con-
tusion or lacerat ion  and bet ter assesses the extent  of 
 ndings. It  is often  perform ed to assess other areas of 
t raum a and m ain  im aging invest igat ion  for contusion and 
lacerat ion .

 Pearls &   Pitfalls

Û CT w ill often  see contusion im m ediately after injury, 
w hereas CXR m ay lag and progress up to 24 hours after 
injury.
Û Supine CXR that  is com m only done in  t raum a w ill 

not  easily detect  the air– uid levels in  pulm onary 
lacerat ion .
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 ■ Clinical Presentation

An 81-year-old wom an w ith  worsening at r ial  brillat ion  and asym m etric blood pressures has a sudden onset  of presyncope 
and shortness of breath  (SOB) w ith  severe ripping chest  pain .
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 ■ Imaging Findings

(A–C) Computed tomography (CT) shows mediastinal hematoma (thin arrows) with an aortic aneurysm (large arrow).

 ■  Dif erential Diagnosis

 • Thor a cic a or t ic a neu r ysm  (TAA) r upt u r e: When a t rans-
m ural tear of the aor ta occurs as a result  of an  expand-
ing aneurysm . Chest  radiograph  ndings of a TAA m ay 
include w idening of the m ediast inal silhouet te, enlarge-
m ent of the aor t ic knob, or displacem ent of the t rachea 
from  m idline. A lateral view  m ay dem onst rate loss of the 
ret rosternal air space. In  addit ion , the aneurysm s m ay 
also be com pletely obscured by the heart  or too sm all to 
be seen on plain  radiographs. TAA rupture  ndings on CT 
include m ediast inal hem atom a, st randing of the periaor-
t ic fat , and hem othorax; a h igh-at tenuat ion  “crescent” 
in  the m ural throm bus of a TAA m ay represent  an  acute 
contained or im pending rupture.

 • Mediast inal hem atom a: It  can occur from  other causes 
including iat rogenic causes such as postsurgery and m is-
placed lines and can occur in  t raum a.

 ■ Essential Facts

 • The m ost  com m on com plicat ions of thoracic aor t ic aneu-
rysm s are acute rupture or dissect ion .

 • Aort ic aneurysm s are two to four t im es m ore com m on in  
m en than in  wom en, occurring in  the sixth  and seventh  
decades of life.

 • The incidence of thoracic aor t ic rupture is 3.5 per 
100,000 person-years.

 • The m ost  im portant  determ inant of rupture is the 
size, rate of expansion, and the locat ion  of the aor t ic 
aneurysm .

 • Rupture of the ascending aor ta m ay occur in to the 
pericardium , result ing in  acute tam ponade.

 • Rupture of the descending thoracic aor ta m ay cause a left  
hem othorax.

 • Pat ients w ith  speci c connect ive t issue diseases such as 
Marfan syndrom e and Ehlers-Danlos are at  increased risk 
for thoracic aor t ic aneurysm s.

 • Treatm ent involves em ergent surgical repair in  pat ients 
w ith  acute rupture.

 • Em ergent surgical repair of a ruptured thoracic aor t ic 
aneurysm  carr ies a 25 to 50% m ortalit y as opposed to a  
5 to 8% m ortalit y w ith  elect ive surgical repair.

 ■ Other Imaging Findings

 • Transesophageal echocardiography can help accurately 
di erent iate aneurysm  and dissect ion.

 • Magnet ic resonance im aging (MRI) and m agnet ic reso-
nance angiography (MRA) can also help accurately dem -
onst rate the locat ion , extent , and size of the aneurysm  
and its relat ionship to branch vessels and surrounding 
organs.

 Pearls &   Pitfalls

Û CT is the im aging m odalit y of choice for ident ifying 
aneurysm  rupture.
Û Fifty percent  of pat ients w ith  a thoracic aor t ic aneu-
rysm  rupture die before reaching the hospital and m ost  
pat ients die w ith in  6 hours post rupture.
Û A ductus diver t iculum  in  the isthm ic port ion  of the 

aor ta can be confused for a focal pseudoaneurysm .
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 ■ Clinical Presentation

A 42-year-old in t ravenous illicit  drug user presents w ith  an  acute onset  of dyspnea, hem optysis, and fever.
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 ■ Imaging Findings

(A) Posteroanterior (PA) radiograph demonstrates multiple cavities, some with air–f uid levels. (B) Computed tomography (CT) shows multiple cavities.

 ■  Dif erential Diagnosis

 • Pu lm ona r y sept ic em boli: They are generated from  
fragm ents of a throm bus that  contain  m icroorganism s, 
w hich  can lead to focal abscesses in  the lungs, com m only 
seen in  the periphery of the lower lobes. Sept ic em boli 
m ay appear as m ult iple round nodules, w hich com m only 
cavitates producing th in-walled lesions. Wedge-shaped 
subpleural lesion w ith  the apex of lesion directed toward 
pulm onary hilum  m ay be evident . “Feeding vessel sign” 
m ay also be seen  on CT scan.

 • Squam ous or t ransit ional cell m ets: Mult iple pulm onary 
nodules or cavit ies. Metastases are generally discreet  and 
do not  coalesce, as m ay be seen w ith  pulm onary sept ic 
em boli.

 • Vasculit is such as Wegener granulom atosis: It  can  appear 
as m ult iple nodules and cavit ies. These lesions m ay be 
poorly or well dem arcated and are frequently associated 
w ith  areas of consolidat ion .

 ■ Essential Facts

 • Pulm onary sept ic em boli are an  uncom m on condit ion , 
often  a ect ing individuals older than 40 years of age.

 • Sept ic pulm onary em boli can  t ravel to the lungs from  
several sources such as  infected cardiac valves due 
to infect ive endocardit is w ith  or w ithout in t ravenous 

(IV) drug use, pelvic or deep vein  throm bophlebit is, 
infected venous catheters, peritonsillar abscesses, and 
osteomyelit is.

 • It  often  involves bacterial organism s such  as Staphylo-
coccus aureus and Streptococcus and occasionally m ay 
involve fungi or parasites.

 • In  addit ion  to the characterist ic radiographic  ndings, 
the diagnosis of sept ic pulm onary em boli is m ade based 
on posit ive blood cultures.

 ■ Other Imaging Findings

 • “Feeding vessel” sign  consists of a pulm onary vessel con-
nect ing direct ly to a nodule or a m ass. This sign  has been  
considered h ighly suggest ive of sept ic em bolism .

 • Echocardiogram : Sept ic pulm onary em boli are 
com m only due to in fect ive endocardit is.

 Pearls &   Pitfalls

Û The screening test  of choice for sept ic pulm onary 
em boli is chest  radiography; however, the extent  of 
disease iden t i ed by CT is greater than that  detected by 
radiography.
Û Clinical and radiologic features at  presentat ion  are usu-

ally nonspeci c, and the diagnosis of th is disorder is 
frequently delayed.
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 ■ Clinical Presentation

A 35-year-old m an is brought by am bulance to the em ergency departm ent follow ing a h igh speed m otor vehicle accident .
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 ■ Imaging Findings

(A) Chest X-ray (CXR) shows a wide mediastinum with indistinct aorta. (B, C) Computed tomog-
raphy (CT) shows a pseudoaneurysm of the aorta (small arrows) with surrounding hematoma 
(large arrows).

 ■  Dif erential Diagnosis

 • Tr a um a t ic a or t ic in ju r y (TAI): This is a serious life-
threatening injury result ing from  m ajor blunt  thoracic 
t raum a. Widening of the superior m ediast inum  (subjec-
t ive evaluat ion  or . 8 cm  at  the aor t ic arch) and irregular-
it y or obscurat ion  of the aor t ic arch  m argin  is frequently 
observed. Other signs, such as deviat ion  of the t rachea, 
depression of the left  m ainstem  bronchus, and rightward 
displacem ent  of a nasogast ric tube can also be seen. On 
a CT scan, m ediast inal hem atom a, an  indirect  sign of 
aor t ic injury, appears as soft  t issue at tenuat ion m aterial 
surrounding the m ediast inal st ructures. However, direct  
signs such as irregularit y of the aor t ic wall, presence of 
an  aor t ic pseudoaneurysm , and abrupt caliber change of 
the aor ta, are needed to conf rm  th is diagnosis.

 • Mediast inal hem atom a: Traum at ic hem atom a from  venous 
bleeding can occur in  t raum a. A preserved fat  plane 
between the hem atom a and the aorta help dist inguish  
th is from  aort ic injury.

 ■ Essential Facts

 • Ninet y percent of thoracic aor t ic injuries occur at  the 
aor t ic isthm us, im m ediately distal to the left  subcla-
vian  ar tery, and tears of the ascending aor ta, the distal 
descending aor ta, or abdom inal aor ta are m uch less 
com m on.

 • Seventy percent  of all thoracic aor t ic injuries are fatal at  
the scene of t raum a.

 • In  , 60% of the cases, the advent it ial layer is in tact  (par-
t ial or contained rupture).

 • Traum at ic aor t ic injury is t reated urgent ly w ith  surgery 
or endovascular repair.

 • The rare pat ient  w ho survives aort ic injury w ithout t reat-
m ent  m ay develop a chronic pseudoaneurysm .

 ■ Other Imaging Findings

 • Aortography: Findings diagnost ic of aor t ic injury include 
an  in t im al tear, ext ravasat ion of contrast  m aterial, dissec-
t ion  w ith  an  in t im al  ap, pseudoaneurysm , and pseudo-
coarctat ion .

 Pearls &   Pitfalls

Ú Mediast inal hem atom a m ay result  from  causes other 
than  aor t ic injury, such as fractures of the lower cervi-
cal or upper thoracic ver tebrae or venous bleeding.
Ú In  cases w ith  equivocal f ndings and stable pat ient , 
cardiac gat ing of CT can be helpful.
Ú Ductus divert iculum , a norm al variant , can  cause a 

sm ooth  bulge in  the proxim al descending thoracic aor ta 
and is a potent ial pitfall.
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Locators refer to case num ber. Locators in  boldface indicate prim ary diagnosis.

A
AAA. See abdom inal aor t ic aneurysm
abdom inal aor t ic aneurysm  (AAA), acute rupture of, 28
abdom inal cram ping, m oderate, 54
abdom inal distent ion , 53, 64, 65, 68, 71
abdom inal guarding, 25
abdom inal m ass, pulsat ile, 28
abdom inal pain , 24, 57, 61, 68, 69, 70, 71, 80
abdom inal tenderness, 51, 60
abscess, 20

cerebral, 2
liver, 24
lung, 92
renal, 66, 75
RPS, 16
subhepat ic, 65
TOA, 76

accessory ossicle, 47
Achilles tendinosis, 33
Achilles tendon

osseous avulsion of, 33
rupture of, 33

act ive in flam m atory ar thrit is, 48
acute appendicit is, w ith  localized perforat ion , 62
acute cerebral ischem ic/infarct ion , 15
acute cholecyst it is, 58
acute pyelonephrit is, 58
acute respiratory dist ress syndrom e (ARDS), 64, 85, 88
acute r ight  Horner syndrom e, 3
acute rupture, of AAA, 28
acute ulcerat ive colit is, 51 , 54, 70
adenom a. See hepatocellu lar adenom a
ADPKD. See autosom al dom inant  polycyst ic kidney disease
air-space sim ulat ing pulm onary contusion, 97
AITFL. See an terior inferior t ibiofibular ligam ent
am enorrhea, 57
AML. See angiomyolipom a
amyloid angiopathy, 9
aneurysm . See also pseudoaneurysm s

AAA, 28
aort ic, 28 , 98
ruptured, 25 , 73
TAA, 98

aneurysm al subarachnoid hem orrhage (SAH), 1
nonaneurysm al, 1
“pseudo,” 1

angiomyolipom a (AML), 25 , 73
angiopathy, amyloid, 9
ankle

injury to, 32, 39
t raum a to, 50

ankylosing spondylit is, 37
anoxia/ischem ia, 8
anterior chest  pain , 82
anterior inferior t ibiofibular ligam ent (AITFL) tear, 

com plete, 32
anterior talofibular avulsion fracture, 39
aort ic aneurysm , 28 , 98
aort ic injury, 100
aortoesophageal fistu la, 78
aphasia, 8
aplasia/hypoplasia, dural venous sinus, 7
appendicit is, 57

w ith  appendicolith , 52
w ith  localized perforat ion , 62

appendicolith , 52
appendix, m ucocele of, 52
arachnoid granulat ion , 7
ARDS. See acute respiratory dist ress syndrom e
arm

pain  of, 43
weakness of, 22

ar tery. See also lum bar ar tery bleed
MCA, 13

ar thrit is. See also osteoar thrit is
act ive in flam m atory, 48
sept ic, 26, 41

ar throplasty, h ip, 37
ascites, t ransudat ive, 53
aspirat ion , foreign  body, 79
asym m etric blood pressure, 98
at r ial fibrillat ion , 98
autosom al dom inant polycyst ic kidney disease  

(ADPKD), 77
avascular necrosis (AVN), 41
AVM. See spinal cord ar teriovenous m alform at ion
AVN. See avascular necrosis
avulsion

anterior talofibular avulsion fracture, 39
fibular head/styloid process, 34
osseous, of Achilles tendon, 33
peroneal ret inaculum , 39

B
back pain , 5, 18, 26, 35
bladder dysfunct ion, 18
bleed

hypertensive, 9
lum bar ar tery, 25

bleeding, rectal, 67
blood pressure, asym m etric, 98
BMT. See post–bone m arrow  t ransplantat ion
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Boerhaave syndrom e, 80 , 87, 96
bowel. See also large bowel ischem ic; obst ruct ion

dysfunct ion of, 18
inflam m atory disease of, 61
SBO, 69

breast  carcinom a, ver tebral colum n m etastases from , 5
bursit is, surrounding osteochondrom a, 36

C
calculi, ureteral, 52
calf pain , 40
cancer

esophageal, 87
rectal, 68
rectal/sigm oid, 67
renal cell, 77

carcinom a
breast , 5
HCC, 24, 48
of hepat ic flexure, 55
of lung, 92
m etastat ic, 56
renal cell, 25, 75
squam ous cell, 14

cardiom egaly, 94
carot id cavernous fistula, 4
cavernous sinus

inflam m at ion of, 4
neoplasm  of, 4

cavernous sinus throm bosis, 4
cecal ischem ia, 64 , 72
cellu lit is, 40
cerebral abscess, 2
cerebral ischem ic/infarct ion , acute, 15
chem otherapy port

em bolizat ion  of, 27
rem oval of, 27

chest
pain  in , 78, 83, 87, 90, 98

anterior, 82
pleurit ic, 59, 95
ret rosternal, 80, 96

t raum a to, 82
Chilaidit i syndrom e, 65
chills, 63, 94
cholecyst it is, 24, 58
choledocholith iasis/m ild acute pancreat it is, 58
chronic calcific Achilles tendinosis, 33
chronic myelogenous leukem ia (CML), 81
chronic renal failure, 30
chronic renal insufficiency, 77 
CK. See creat ine kinase
Clostridium  difficile colit is, 54
CML. See chronic myelogenous leukem ia
CMV. See cytom egalovirus
CNS lym phom a, 22
colic, renal, 28

colit is
Clostridium  difficile, 54
in fect ious, 71
ischem ic, 54
ulcerat ive, 51 , 54, 70

com plete anterior inferior t ibiofibular ligam ent (AITFL) 
tear, 32

concom itan t  quadriceps and patellar tendon ruptures, in  
chronic renal failure, 30

confusion, 6, 12, 19, 88
congenital hear t  disease, 2
consciousness level

altered, 15
decreased, 1, 23

const ipat ion , 53, 68
contusion. See pulm onary contusion; spinal cord 

contusion/edem a
costal car t ilage fracture, 82
costochondrit is, 82
cough, 81, 91, 92, 94
Coum adin , 2
“crack lung,” 83
cram ping, abdom inal, 54
creat ine kinase (CK), elevated, 42
crystal disease, 48
cyst

renal, 77
ruptured ovarian , 57, 62

cytom egalovirus (CMV) pneum onia, 81

D
dAVF. See spinal dural ar teriovenous fistula
deep vein  throm bosis, 26
deep venous throm bosis (DVT) popliteal vein  (w ith  

pulm onary em bolism ), 45
degenerat ive disk disease, 9
dehydrat ion , 70
demyelinat ion, 2
desaturat ion , 88
diaphragm , paralyzed, 84
diaphragm at ic event rat ion , 84
diaphragm at ic hernia, 95
diaphragm at ic rupture, 84
diarrhea, 51, 54, 70, 71
discom fort , left-sided, 86
disease. See specific diseases
disk disease, degenerat ive, 9
diskit is, 6
diskit is/osteomyelit is (infect ive spondylit is), 26
dislocat ion. See also fracture-dislocat ion

DRUJ volar, 38
of knee, 49
Lisfranc fracture, 29
m idcarpal, 31
of peroneal tendon, 39
of polyethylene liner, 37

dissem inated tuberculosis, 20
distal radioulnar join t  (DRUJ) volar dislocat ion, 38
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diver t iculit is, 51, 61
sigm oid, 63 , 67

dizziness, 12
dorsiflexion injury, of ankle, forced, 39
drow ning. See near drow ning
DRUJ. See distal radioulnar join t
duodenal diver t iculum  perforat ion , 55
duodenojejunal obst ruct ion, 56
dural venous sinus aplasia/hypoplasia, 7
dural venous sinus throm bosis, 7 , 15
DVT. See deep venous throm bosis
dysplasia, FMD, 3
dyspnea, 79, 81, 88, 89, 91, 99

E
EAC. See external auditory canal
ectopic pregnancy, 57 , 60, 62
edem a. See also spinal cord contusion/edem a; t raum a

pulm onary, 83, 85
EDH. See epidural hem atom a
effusion, pericardial, 94
em boli, sept ic, 86, 99
em bolism

fat , 88
pulm onary, 45 , 99

em bolizat ion , of chem otherapy port , 27
em physem atous pyelonephrit is, 66
em pyem a, 92
em pyem a necessitans, 86
encephalit is

herpes, 8
lim bic, 8

endom etriosis, 76
enhancing renal m ass, 73
eosinophilic fasciit is, 42
ependym al tum or spread, 23
epididym it is, 74
epidural hem atom a (EDH), 19
epigast r ic pain , 55, 58
epiploic appendagit is, 63
esophageal cancer, 87
esophageal hem atom a, 87
esophageal perforat ion , spontaneous, 96
esophageal rupture, 78
esophagit is, 87
Essex-Loprest i fracture-dislocat ion, 38
external auditory canal (EAC) cholesteatom a, 14
external auditory canal (EAC) squam ous cell carcinom a, 14

F
facial droop, 13
facial swelling, 14
fall, 31
fasciit is

eosinophilic, 42
plantar, 46, 46

fat  em bolism , 88
fat igue, 93

FBA. See foreign body aspirat ion
fem oral neck st ress fracture, 41
fever, 4, 6, 51, 54, 63, 66, 70, 71, 72, 74, 75, 76, 81, 86, 91, 

92, 93, 94, 99
fibrom atosis, plantar, 46
fibrom uscular dysplasia (FMD), 3
fibular head/styloid process avulsion, 34
fistula

aortoesophageal, 78
carot id cavernous, 4
dAVF, 18

flank pain , 66, 73, 75, 77
FMD. See fibrom uscular dysplasia
focal pyelonephrit is, 75
foot  pain , 29, 33, 46
forearm  pain , 43
foreign body aspirat ion  (FBA), 79
fracture base, of second (or th ird) m etatarsal, 29
fracture-dislocat ion

Essex-Loprest i, 38
Galeazzi, 38
perilunate, 31

fractures
anterior talofibular avulsion, 39
costal car t ilage, 82
fem oral neck st ress, 41
of greater t rochanter, 37
of ham ate body, 47
hook of ham ate, 47
Jefferson, 10
lateral wall calcaneus, 44
Lisfranc fracture-dislocat ion, 29
m etatarsal, 29
Monteggia, 43
of osteochondrom a, 36
perilunate fracture-dislocat ion, 31
pilon, 50
rib, 59
Segond, 34
subchondral, 41
talus, 44
Tillaux, 50
t r iplanar, 50
Wagstaff-LeFort , 39

fungal diseases, 93

G
Galeazzi fracture-dislocat ion, 38
gast r ic outlet  obst ruct ion, 56
gast roparesis, 56
Goodpasture syndrom e, 89
graft-versus-host  disease, 81
greater t rochanter fracture, 37
groin  pain , 41

H
HA. See hepatocellular adenom a
ham artom a, pulm onary, 91
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HCC. See hepatocellu lar carcinom a
headaches, 15, 19

left  frontal, 7
right-sided, 4, 9
severe, 1

hear t  disease, congenital, 2
heel pain , 33
hem atem esis, 78
hem atochezia, 61
hem atom a, 40, 45

EDH, 19
esophageal, 87
IMH, 90
m ediast inal, 98, 100
SDH, 19

hem aturia, 77
hem iplegia, left  dense, 13
hem opericardium , 94
hem operitoneum , 60
hem optysis, 79, 89, 97, 99
hem orrhage

int raperitoneal, 24
pulm onary, 81, 83, 85, 89
into renal cyst , w ith  ADPKD, 77
ret roperitoneal, 28
SAH, 1
spinal cord, 17
tum or, 9

hepat ic flexure carcinom a, 55
hepatocellular adenom a (HA), w ith  nontraum at ic 

in t raperitoneal hem orrhage, 24
hepatocellular carcinom a (HCC), 24, 48
hernias, 95
herpes encephalit is, 8
hip

ar throplast y, 37
pain  of, 37
TOH, 41

hook of ham ate fracture, 47
Horner syndrom e, acute r ight , 3
hydronephrosis, 66
hypertension, 9
hypertensive bleed, 9
hypoplasia, dural venous sinus aplasia, 7
hypotension, orthostat ic, 71
hypotensive, 25, 28

I
idiopathic pulm onary hem orrhage, 89
ileus, 69
iliac region pain , 60
IMH. See in t ram ural hem atom a
infarct ion , 15, 21
infect ion , 37
infect ious colit is, w ith  perforat ion , 71
infect ious diarrhea, 51
infect ive spondylit is, 26
infilt rat ing neoplasm , 8

inflam m at ion, cavernous sinus, 4
inflam m atory bowel disease, 61
inflam m atory myosit is, 42
injuries, 44

ankle, 32, 39
to knee, 49
lateral ligam entous, 32
through popliteal fossa, 45
splenic, 59
syndesm ot ic, 32
TAI, 100

in t ralum inal atherosclerot ic throm bus, 90
int ram ural hem atom a (IMH), w ith  PAU, 90
in t raperitoneal hem orrhage, 24
ischem ia. See also anoxia/ischem ia

cecal, 64 , 72
sigm oid, 67

ischem ic colit is, 54
ischem ic/infarct ion , 15
ischem ic st roke, 10

J
Jefferson fracture and VA dissect ion , 10
jugular vein  throm bosis, 11

K
knee

dislocat ion of, 49
injury to, 49
pain  of, 30, 34, 36, 45

L
lacerat ion , 97, 97
large bowel ischem ic, 61
large bowel obst ruct ion, 64, 70

w ith  perforat ion , 71
lateral ligam entous injury, 32
lateral process, of talus fracture, 44
LC. See leptom eningeal carcinom atosis
left  arm  weakness, 22
left  dense hem iplegia, 13
left  facial swelling, 14
left  flank pain , 66, 73, 77
left  frontal headache, 7
left-sided discom fort , 86
left-sided neurologic deficit s, 9
Lem ierre syndrom e, 11
leptom eningeal carcinom atosis (LC), 12
leukem ia, 14, 81
leukocytosis, 54, 70
ligam ent . See com plete anterior inferior t ibiofibular 

ligam ent tear
lim bic encephalit is, 8
lipoid pneum onia, 91
liposarcom a, ret roperitoneal, 25
Lisfranc fracture-dislocat ion, 29
liver abscess, 24
lower lim b weakness, progressive bilateral, 18
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lower quadrant  pain , 52, 63, 72, 76
low  rectal obst ruct ion, due to rectal cancer, 68
lum bar ar tery bleed, 25
lung. See also “crack lung”

abscess of, 92
carcinom a of, 92
m etastases of, 11

lym phom a, 5, 23
CNS, 22

M
m alaise, 11
m alignancy, 86
m alignant  t ransform at ion, of osteochondrom a, 36
m ass

abdom inal, 28
renal, 73

MCA. See m iddle cerebral ar tery
m edial band rupture, 46
m ediast inal hem atom a, 98, 100
m egacolon, 64, 72

toxic, 70
m eningit is, 12, 20
m etastases, 48

lung, 11
spinal, 26
vertebral colum n, 5

m etastat ic carcinom a, 56
m etastat ic disease, 93
m etatarsal fracture, 29
m idcarpal dislocat ion, 31
m iddle cerebral ar tery (MCA) st roke, 13
m iliary tuberculosis, 93
Monteggia fracture, 43
Morgagni hernias, 95
MS. See m ult iple sclerosis
m ucocele, of appendix, 52
m ult ifocal glioblastom a m ult iform e, 22
m ult iple myelom a, 5
m ult iple sclerosis (MS), 21
mycot ic pseudoaneurysm , 3, 40
myelom a, m ult iple, 5
myelopathy, 5
myosit is, inflam m atory, 42

N
nausea, 52, 69
near drow ning, 85
neck

pain  of, 3, 6
st ress fracture, 41
swelling of, 11

necrosis
AVN, 41
nodal, 16
pericardial fat , 95

necrot izing ot it is m edia, 14
neoplasm s, 79

cavernous sinus, 4
infilt rat ing, 8
ovarian , 76
pericardial, 95
test icular, 74

neurologic deficit s, left-sided, 9
neuropathic spine, 6
neurosarcoidosis, 12, 20
neut ropenic enterocolit is, 72
nodal necrosis, 16
nodes, suppurat ive, 16
nodules/cavit ies sim ulat ing lacerat ion , 97
nonabscess fluid, 16
nonaneurysm al SAH, 1
nonpenetrat ing ulcer, 90
num bness, 5

O
obst ruct ion

of bowel, 53
large, 64, 70, 71
SBO, 69

duodenojejunal, 56
gast r ic out let , 56
rectal, 68

O’Donoghue terr ible t r iad, 49
odynophagia, 11, 16
Ogilvie syndrom e, 70

w ith  cecal ischem ia, 64 , 72
orthostat ic hypotension, 71
osseous avulsion, of Achilles tendon, 33
osteoar thrit is, 26, 88
osteochondrom a

bursit is surrounding, 36
fracture of, 36
m alignant  t ransform at ion of, 36

osteomyelit is, 26
of shoulder, 48

osteoporosis. See t ransient osteoporosis of hip, in pregnancy
ot it is m edia, necrot izing, 14
ovarian  cyst  rupture, 57, 62
ovarian  neoplasm , 76

P
pain , 21. See also chest

abdom inal, 24, 57, 61, 68, 69, 70, 71, 80
arm , 43
back, 5, 18, 26, 35
calf, 40
epigast ric, 55, 58
flank

left , 66, 73, 77
right , 75

foot , 29, 33, 46
forearm , 43
groin , 41
heel, 33
hip, 37
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iliac region, 60
knee, 30, 34, 36, 45
lower quadrant , 52, 63, 72, 76
neck, 3, 6
perium bilical, 62, 67
shoulder, 48
test icular, 74
w rist , 38, 47

pancreat it is, 58
paralysis, 17
paralyzed diaphragm , 84
paresthesia, 21
part ial tears, of extensor m echanism , 30
patellar tendon ruptures, 30
PAU. See penet rat ing atherosclerot ic ulcer
PCP. See Pneum ocyst is carinii pneum onia
penetrat ing atherosclerot ic ulcer (PAU), 90
perforat ion

carcinom a of hepat ic flexure w ith , 55
of duodenal diver t iculum , 55, 55
infect ious colit is w ith , 71
large bowel obst ruct ion w ith , 71
localized, 62
spontaneous esophageal, 96
toxic m egacolon w ith , 71

pericardial effusion, 94
pericardial fat  necrosis, 95
pericardial neoplasm s, 95
perilunate fracture-dislocat ion, 31
perium bilical pain , 62, 67
peroneal ret inaculum  avulsion, w ith  dislocat ion of 

peroneal tendon, 39
peroneal tendon dislocat ion, 39
petechial rash , 88
pilon fracture, 50
plantar fasciit is, 46, 46
plantar fibrom atosis, 46
pleurit ic chest  pain , 59, 95
pneum oconiosis, 93
Pneum ocyst is carinii pneum onia (PCP), 81
pneum om ediast inum , spontaneous, 80, 96
pneum onia, 81, 86

CMV, 81
lipoid, 91

pneum operitoneum , 65
pneum othorax, 59
polyethylene liner dislocat ion, 37
popliteal fossa, 45
popliteal vein , 45
post–bone m arrow  t ransplantat ion  (BMT), 81
postcolonoscopy perforat ion , 55
posterior reversible encephalopathy syndrom e (PRES), 15
postpar tum , 7
pregnancy

ectopic, 57 , 60, 62
TOH in , 41

PRES. See posterior reversible encephalopathy syndrom e
presyncope, 98
prim ary tum or, 2
progressive bilateral lower lim b weakness, 18
proxim al fem ur, sm all par t icle disease of, 37
pseudoaneurysm s

mycot ic, 3, 40
t raum at ic, 3 , 78

Pseudom onas aeruginosa, 14
“pseudo” SAH, 1
pulm onary contusion

air-space sim ulat ing, 97
and lacerat ion , 97

pulm onary edem a, 83, 85
pulm onary em bolism , 45
pulm onary ham artom a, 91
pulm onary hem orrhage, 81, 83, 85

idiopathic, 89
pulm onary sept ic em boli, 99
pyelonephrit is

acute, 58
em physem atous, 66
focal, 75

pyomyosit is, 42
pyonephrosis, 66

R
range of m ot ion, decreased, 48
rash , petechial, 88
rectal bleeding, 67
rectal cancer, 68
rectal obst ruct ion , 68
rectal/sigm oid cancer, 67
renal abscess, 66, 75
renal angiomyolipom a, 25 , 73
renal cell cancer, 77
renal cell carcinom a, 25, 75
renal colic, 28
renal cyst , 77
renal disease, 89
renal failure, chronic, 30
renal im pairm ent , 42
renal insufficiency, chronic, 77
renal m ass, enhancing, 73
ret roperitoneal hem orrhage, 28
ret roperitoneal liposarcom a, 25
ret ropharyngeal space (RPS) abscess, 16
ret rosternal chest  pain , 80, 96
rhabdomyolysis, 42
rib fracture, 59
right  flank pain , 75
right-sided headache, 4, 9
right-sided ptosis diplopia, 4
right-sided weakness, 19
RPS. See ret ropharyngeal space abscess
ruptured aneurysm , in  AML, 25 , 73
ruptured ovarian  cyst , 57, 62

pain , 21. See also chest  (cont inued)
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ruptures
of AAA, 28
Achilles tendon, 33
diaphragm at ic, 84
esophageal, 78
of m edial band, of plan tar fascia, 46
patellar tendon, 30
TAA, 98

S
SAH. See aneurysm al subarachnoid hem orrhage
sarcoidosis, 93
sarcom a, soft  t issue, 40
SBO. See sm all bowel obst ruct ion
scrotal swelling, 74
SDH. See subdural hem atom a
Segond fracture, 34
seizure disorder, 73
seizures, 15
sept ic ar thrit is, 26, 41

osteomyelit is of shoulder and, 48
sept ic em boli, 86, 99
shearing injury, through popliteal fossa, 45
shortness of breath  (SOB), 59, 80, 83, 98
shoulder

osteomyelit is of, 48
pain  of, 48

sigm oid cancer, 67
sigm oid divert iculit is, 63 , 67
sigm oid ischem ia, 67
sigm oid volvulus, 68
sinus. See cavernous sinus; dural venous sinus aplasia/

hypoplasia
sinusit is, 6
sinus throm bosis

cavernous, 4
dural venous, 7 , 15

sm all bowel obst ruct ion (SBO), 69
sm all par t icle disease, of proxim al fem ur, 37
SOB. See shortness of breath
soft  t issue sarcom a, 40
spinal cord ar teriovenous m alform at ion (AVM), 18
spinal cord contusion/edem a, 17
spinal cord hem orrhage, 17
spinal cord infarct ion , 21
spinal cord t ransect ion, 17
spinal cord tum or, 18
spinal dural ar teriovenous fistula (dAVF), 18
spinal m etastasis, 26
spine, neuropathic, 6
splenic injury, 59
spondylit is, 26 , 37
spontaneous esophageal perforat ion , 96
spontaneous pneum om ediast inum , 80, 96
squam ous cell carcinom a, EAC, 14
squam ous or t ransit ional cell m ets, 99
Staphylococcus aureus, 4, 6
st iffness, of w rist , 38

st roke
ischem ic, 10
MCA, 13

styloid process avulsion, 34
subarachnoid spaces, 1
subchondral fracture, 41
subdural em pyem a, 19
subdural hem atom a (SDH), 19
subhepat ic abscess, 65
suppurat ive nodes, 16
swallow ing difficulty, 10
swelling

of face, 14
of neck, 11
scrotal, 74

swollen  right  neck, 11
syncopal, 28
syndesm ot ic injuries, 32
syndrom es. See specific syndrom es

T
TAA. See thoracic aor t ic aneurysm
tachycardia, 71, 88
tachycardiac, 25
TAI. See t raum at ic aor t ic injury
talus fracture, lateral process of, 44
TB. See tuberculosis
tem poral bone osteoradionecrosis, 14
tenderness, abdom inal, 51, 60
tendinit is, chronic calcific Achilles, 33
tendinosis, 33
tendon. See Achilles tendon; patellar tendon ruptures; 

peroneal tendon dislocat ion
test icular neoplasm , 74
test icular pain , 74
test icular torsion, 74
thoracic aor t ic aneurysm  (TAA) rupture, 98
throat , soreness of, 11
throm bosis. See also sinus throm bosis

deep vein , 26
DVT, 45
jugular vein , 11

Tietze syndrom e, 82
Tillaux fracture (juvenile), 50
TM. See t ransverse myelit is
TOA. See tubo-ovarian  abscess
TOH. See t ransient  osteoporosis of h ip
total h ip ar throplast y for ankylosing spondylit is w ith  

polyethylene wear and sm all par t icle disease 
of proxim al fem ur w ith  associated fracture of 
greater t rochanter, 37

toxic m egacolon, 70
w ith  perforat ion , 71

t ransect ion, spinal cord, 17
t ransient  osteoporosis of h ip (TOH), in  pregnancy, 41
t ransscaphoid, perilunate fracture-dislocat ion, 31
t ransudat ive ascites, 53
t ransverse myelit is (TM), 21
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t raum a
to ankle, 50
to chest , 82
to popliteal fossa w ith  edem a/hem atom a, 45

t raum at ic aor t ic injury (TAI), 100
t raum at ic pseudoaneurysm s, 3 , 78
t riplanar fracture, 50
TS. See tuberous sclerosis
tuberculosis (TB)

dissem inated, 20
m eningit is, 20
m iliary, 93

tuberous sclerosis (TS), 73
tubo-ovarian  abscess (TOA), 76
tum efact ive m ult iple sclerosis (MS), 22
tum or. See also ependym al tum or spread

prim ary, 2
spinal cord, 18

tum or hem orrhage/vascular m alform at ion, 9
typhlit is (neutropenic enterocolit is), 72

U
ulcer

nonpenetrat ing, 90
PAU, 90

ulcerat ive colit is, 51 , 54, 70

unconsciousness, 84
ureteral calculi, 52

V
VA dissect ion. See Jefferson fracture and VA dissect ion
vascular m alform at ion. See tum or hem orrhage/vascular 

m alform at ion
vasculit is, 99
vein . See also throm bosis

popliteal, 45
ventricular fibrillat ion  arrest , 85
ventr iculit is, 23
vertebral colum n m etastases, from  breast  carcinom a, 5
vertebrobasilar atherothrom bot ic disease, 10
vision disturbance, 15
vom it ing, 52, 55, 69, 80, 87

W
Wagstaff-LeFort  fracture, 39
weakness, 21, 42, 93

left  arm , 22
progressive bilateral lower lim b, 18
right-sided, 19

Wegener granulom atosis, 99
w rist

pain  of, 38, 47
st iffness of, 38
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