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The authors dedicate this book to the wonderful field or
neuroradiology and head and neck imaging, the great advances
and discoveries in pharmacology, and to a healthy and (illicit)
drug-free world.







Foreword

What you have in front of you is a highly original, different, and useful pub-
lication and the only one of its kind in all of diagnostic radiology. The classic
definition of “pharmacopoeia” is that of a book containing directions for the
identification and preparation of drugs or a list of drugs and their uses. So, in
a classic sense, this book is not a pharmacopoeia but something that goes
beyond one. Each chapter describes one medication or drug and its indica-
tions and action mechanisms, and although in many instances this would suf-
fice to be considered a pharmacopoeia, the authors go further and present a
unique and complete series of high-quality neuroimaging studies that reflect
the side effects and complications of the drugs discussed. It is, in my opinion,
the best and most complete collection of this sort of images that I have even
come across, and there is no question that it will be very helpful to neurora-
diologists, radiologists, emergency physicians, and many others. Although
are shorter than others, all 55 chapters are excellent. Just perusing through the
images is fun, eye opening, and informative.

Dr. Schaefer, Small, and Ginat join many of the great, Avicenna, Galen,
Vesalius and others who in the past have discussed the use of drugs in phar-
macopeias. My recommendations: buy the book- you will not be disap-
pointed, look at the images- you will be entertained, read the book- you will
be a better radiologist, and keep the book handy- you will help your patients.

Mauricio Castillo, MD, FACR

Professor of Radiology and Chief of Neuroradiology
University of North Carolina at Chapel Hill

Editor in Chief, American Journal of Neuroradiology
President, American Society of Neuroradiology
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Preface

Various medicinal and illicit drugs can result in serious complications affecting
the brain, head and neck, and spine. Many of these complications are visible on
imaging. In addition, less serious complications or innocuous effects can result
in diagnostic conundrums for the imaging interpreter unaware of the patient’s
drug exposures or their imaging manifestations, while others may produce
rather characteristic changes on imaging that should be readily recognized as
such. Until now, imaging interpreters have been unable to turn to a dedicated
source of information relating to this subject. In this work, we have compiled a
fairly comprehensive review of the imaging features of the effects of drugs and
pharmaceuticals, from A to Z.

Considering the widespread use of medicinal and illicit drug use through-
out the world, familiarity with this subject is critical for the imaging inter-
preter. Thus, the goal of Neuroimaging Pharmacopoeia is to serve as a
resource for recognizing these effects and formulating an appropriate differ-
ential diagnosis. The term pharmacopoeia is derived from the two Greek
words pharmakon for medicine and poiein to make. As such, a pharmacopeia
is a compilation of medicinal or pharmacological drugs with their formulas,
methods of preparation, effects, and directions of use.

This text represents an adaptation of the classical pharmacopeia, in which
each chapter essentially comprises an illustrated pharmacological vignette
comprising the indications, mechanism of action, discussion, differential
diagnosis, and relevant figures for general classes or specific drugs. Although
pharmacology is a dynamic field with perpetual development of new agents,
this text provides a fundamental approach for understanding and interpreting
neuroimaging studies in patients with drug-induced changes. This knowledge
can in turn be used to help optimize patient management in certain cases.

Chicago, IL, USA Daniel Thomas Ginat, MD, MS
Burlington, MA, USA Juan E. Small, MD
Boston, MA, USA Pamela Whitney Schaefer, MD
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Tobacco

Michael C. Veronesi and Daniel Thomas Ginat

1.1 Uses

Although tobacco use is legal, it is not
recommended or prescribed for any therapeutic
or medicinal purposes. It is smoked or chewed
for recreational use as a potent temporary stimu-
lant and mood elevator.

1.2  Mechanism

Nicotine, the primary active compound in cigarettes,
is considered one of the most addictive of all sub-
stances because of its rapid onset and offset effects
on the brain’s dopamine reward systems. Inhaled
nicotine can distribute in the brain within 10 s of
inhalation but lasts mere seconds, causing a power-
ful urge for more. Of note, the long-term devastating
sequela from smoking as it relates to neurologic dis-
ease are only partially explained by nicotine. Aside
from nicotine, tobacco contains over six thousand
other chemical compounds. In particular, polycyclic
aromatic hydrocarbons and the tobacco-specific
nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone have been implicated as the major

M.C. Veronesi, MD, PhD

Department of Radiology, University of Chicago,
Chicago, IL, USA

D.T. Ginat, MD, MS (X))

Department of Radiology, University of Chicago,
Pritzker Medical School, Chicago, IL, USA
e-mail: ginatd01 @gmail.com

D.T. Ginat et al. (eds.), Neuroimaging Pharmacopoeia,

carcinogens associated with cigarette smoking.
Additional details regarding the mechanisms of
action for specific conditions are discussed in subse-
quent sections.

1.3  Discussion

Tobacco use is the leading cause of preventable
death in the United States. An estimated 400,000
deaths or nearly one of every five deaths in the
United States is associated with adverse condi-
tions caused by smoking each year. Nearly every
organ system is affected by cigarette smoking.
The associated manifestations of cigarette smok-
ing from a neuroimaging standpoint include the
direct link between smoking and large vessels
and lacunar infarcts, chronic small vessel isch-
emic disease, cerebral aneurysms, cerebral
venous thrombosis, head and neck cancer of the
squamous type, lung cancer metastases to the
brain, and Warthin tumors.

1.3.1 Stroke

Compared with nonsmokers, cigarette smoking
is estimated to increase the risk of stroke by 2—4-
fold. Of note, stroke is the third leading cause of
death in the United States with significant comor-
bidity in survivors. Mechanisms by which pri-
mary and second-hand tobacco smoke exposure
increase the risk of stroke and heart disease

DOI 10.1007/978-3-319-12715-6_1, © Springer International Publishing Switzerland 2015
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Fig. 1.1 Embolic infarct. This smoker presented with
acute left hemiplegia. Non-contrast axial CT image (a)
shows a hypoattenuation within the right MCA territory

include carboxyhemoglobinemia, increased
platelet aggregation, increased fibrinogen levels,
reduced HDL cholesterol, and direct toxic effects
of compounds such as 1,3-butadiene, a vapor
phase constituent of environmental tobacco
smoke that has been shown to accelerate athero-
sclerosis. Indeed, atherosclerosis and formation
of both occlusive and embolic thrombi are the
major causes of cerebrovascular accidents.
Smoking is also associated with lacunar infarcts
and chronic small vessel ischemic disease.
Smoking cessation results in a considerable
reduction in stroke risk.

On conventional angiography, CTA or MRA,
atherosclerosis manifests as luminal narrowing
that may be associated with calcifications. Acute
embolic thrombus is suggested by intraluminal
high attenuation on non-contrast CT, such as the
hyperdense MCA sign, and manifests as an
abrupt termination of the artery with absence of
flow distally on CTA, MRA, or conventional
angiography (Figs. 1.1). Hyperacute infarcts are
often unapparent on non-contrast CT, but acute
and early subacute infarcts can appear as areas

(arrow). 3D CTA image (b) shows occlusion of the right
MCA (expected location encircled)

of hypoattenuation with loss of gray white mat-
ter differentiation and swelling. MRI with diffu-
sion-weighted imaging is more sensitive for
detecting early infarcts, which appear as areas
of high T2 signal and restricted diffusion
(Fig. 1.2). Besides smoking, other causes and
risk factors for stroke include hypertension,
hypercholesterolemia, diabetes, use of other
drugs, such as cocaine and amphetamines (refer
to Chaps. 5 and 6), dissection (Fig. 1.3), and
vasculitis, such as lupus or Takayasu arteritis
(Fig. 1.4). In addition to large territorial infarcts,
smokers are prone to more extensive small ves-
sel ischemic disease, which can manifest as
areas of high T2 signal in the cerebral white
matter (Fig. 1.5).

1.3.2 Cerebral Aneurysm

Besides smoking, additional risk factors that predis-
pose to aneurysm formation include fenestrated
arteries (Fig. 1.6), fibromuscular dysplasia, neurofi-
bromatosis, alpha-1-antytripsyn deficiency, and


http://dx.doi.org/10.1007/978-3-319-12715-6_5
http://dx.doi.org/10.1007/978-3-319-12715-6_6
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Fig. 1.2 Lacunar infarct and small vessel ischemic
disease. The patient is a smoker who presented with acute
neurological deficits. Axial FLAIR (a) and DWI (b)
images show a recent right basal ganglia lacunar infarct
(arrows). There is also diffuse, confluent periventricular

white matter T2 hyperintensity as well as mild scattered,
punctate subcortical white matter T2 hyperintense foci
without corresponding restricted diffusion, which is con-
sistent with chronic small vessel ischemic disease

Fig. 1.3 Carotid dissection. Axial DWI (a) shows
restricted diffusion in the left ACA-MCA watershed terri-
tory (arrowheads). The axial fat-suppressed T1 MRA (b)

shows hyperintensity surrounding the narrow left internal
carotid artery flow void, compatible with intramural hem-
orrhage (arrow)
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Fig. 1.4 Takayasu arteritis. Axial DWI (a) shows a focus
of restricted diffusion in the left external capsule (arrows).
MIP MRA (b) shows lack of flow-related enhancement

P'“i

Fig. 1.5 Cerebral aneurysm. A former 20-pack-year
smoker underwent evaluation for a suspected stroke.
Axial (a) and 3D volume rendered (b) CTA images show
a left paraclinoid internal carotid artery saccular aneurysm

connective tissue disorders, such as Ehlers-Danlos
syndrome and Marfan’s syndrome and polycystic
kidney disease. Otherwise, the differential diagno-
sis of a cerebral aneurysm on radiologic imaging

beyond the proximal common carotid arteries bilaterally
(arrows)

(arrow). There is also extensive atherosclerotic narrowing
of the cerebral vasculature noted in both the anterior and
posterior circulation bilaterally

includes an infundibulum (usually manifests as a
triangular dilatation with the vessel arising from the
apex that measures less than 2 mm), pseudoaneu-
rysm, and mycotic aneurysm (Fig. 1.7).
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Fig. 1.6 Arterial fenestration. Frontal projection 3D vol-
ume rendered CTA image (a) shows a fenestration of the
proximal basilar artery (arrow). Lateral projection 3D

1.3.3 Cerebral Venous Thrombosis

Secondary polycythemia due to chronic smok-
ing is a risk factor developing cerebral venous
thrombosis. Refer to the L-asparaginase and
oral contraceptives chapters (Chaps. 21 and
47) for examples of venous thrombosis on
imaging.

1.3.4 Head and Neck Cancer,
Squamous Cell Carcinoma

Tobacco smoking, along with alcohol, is well
established as the dominant risk factor for head
and neck squamous cell carcinoma (HNSCC).
This risk is correlated with the intensity and
duration of tobacco use and is synergistic with
concomitant alcohol consumption. There are
more than sixty recognized compounds in
tobacco that have a specific carcinogenic
potential. In particular, nitrosamines and

volume rendered CTA image (b) shows a dorsally ori-
ented aneurysm arising from the caudal aspect of the fen-
estration (arrowhead)

polycyclic hydrocarbons can alter the molecu-
lar profile of an individual and causes muta-
tions. Nicotine, originally thought only to be
responsible for tobacco addiction, is also
involved in tumor promotion and progression
with antiapoptotic and indirect mitogenic prop-
erties. Other factors that can increase the risk
of HNSCC include HPV infection and certain
occupational exposures. Imaging with contrast-
enhanced CT and MRI allows depiction of the
anatomy of the larynx and submucosal tumor
extension.

Dual-energy CT improves the diagnostic per-
formance and interobserver reproducibility of
evaluations of laryngeal cartilage invasion by
squamous cell carcinoma. CT, MRI, and PET-CT
also provide information regarding cervical nodal
disease, systemic metastases, and synchronous
malignancies.

On CT or MRI, head and neck squamous cell
carcinomas often manifest as ill-defined
enhancing masses. Aggressive features of


http://dx.doi.org/10.1007/978-3-319-12715-6_21
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Fig. 1.7 Mycotic aneurysm. Axial CT image (a) shows left peri-rolandic hemorrhage. Axial MIP CTA image (b)
shows a small outpouching arising from a cortical artery (arrow)

HNSCC include tissue invasion and necrosis
(Fig. 1.8). The most common sites of head and
neck squamous cell cancer are the floor of the
mouth, tongue, soft palate, anterior tonsillar
pillar, and retromolar trigone. In addition to
locoregional spread, HNSCC can metastasize
to distant organs hematogenously, most com-
monly to the lungs and bones. Metastasis to the
brain is an infrequent, but carries a poor prog-
nostic outcome (Fig. 1.9). Besides smoking,
alcohol (refer to Chap. 2), betel nuts (refer to
Chap. 8), and HPV are the other major risk fac-
tors for head and neck squamous cell carci-
noma. Interestingly, HPV-positive squamous
cell carcinomas generally have a more favor-
able prognosis and tend to have tumors that are
relatively well-defined and large cystic nodal
metastases (Fig. 1.10). Otherwise, the differen-
tial for other malignant cancers in the head and
neck include thyroid cancer, lymphoma, sali-
vary gland cancer, and sarcoma. Furthermore,
head and neck abscesses can sometimes resem-
ble necrotic or ulcerated head and neck

squamous cell carcinomas and nodal metasta-
ses (Fig. 1.11).

1.3.5 Brain Metastases

In addition to HNSCC, smoking has been shown
to be a risk factor for the formation of several
other types of cancers, including lung cancer,
acute myeloid leukemia, bladder cancer, cervical
cancer, renal cancer, esophageal cancer, gastric
cancer, pancreatic cancer, and colorectal cancer.
The majority of these cancers have at least some
potential for metastasizing to the brain, which is
the most feared complication of systemic malig-
nancies. If no one smoked, one of every three
cancer deaths in the United States would be
avoided. Lung cancer has the highest association
with smoking, causing an estimated 90 % of all
lung cancer deaths in men and 80 % of all lung
cancer deaths in women, and is the most com-
mon cancer that metastasizes to the brain.
Nicotine-derived nitrosamine ketone (NNK) has


http://dx.doi.org/10.1007/978-3-319-12715-6_2
http://dx.doi.org/10.1007/978-3-319-12715-6_8
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Fig. 1.8 Oral squamous cell carcinoma in a 30-pack-year
male smoker. Axial (a) and coronal (b) post-contrast CT
images show an ulcerating mass in the left floor of the

mouth and oral tongue (arrows) with associated submen-
tal necrotic cervical lymphadenopathy (arrowhead)

Fig. 1.9 Laryngeal squamous cell carcinoma with brain
metastasis. This 25-pack-year smoker had been recently
diagnosed with laryngeal squamous cell carcinoma when he
developed generalized seizures. Axial CT image (a) shows a

left vocal cord mass (arrow) that also involves the paraglot-
tic fat and anterior commissure. Post-contrast T1-weighted
MRI image (b) demonstrates a heterogeneous metastatic
lesion in the right frontal lobe (arrowheads)
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Fig. 1.10 HPV-positive squamous cell carcinoma. Axial
CT (a) and axial fat-suppressed T2-weighted (b), axial
T1-weighted (c), and axial fat-suppressed post-contrast

been identified as a potent procarcinogen specific
to the development of lung cancer. The two cat-
egories of lung cancer metastases to the brain
consist of small cell lung carcinoma (Fig. 1.12)
and non-small cell lung carcinoma (NSCLC),

T1-weighted (d) images show a relative well-demarcated
right palatine tonsil tumor (arrows) and a large metastatic
lymph node with cystic necrosis (arrowheads)

such as adenocarcinoma (Fig. 1.13). MRI with
contrast is the gold standard for evaluation of
brain metastases. Lung cancer metastases to the
brain are typically iso- to hypointense on T1 and
hyperintense on T2-weighted sequences. The
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Fig. 1.11 Floor of mouth abscess. Axial (a) and coronal (b) post-contrast CT images show a fluid collection with
internal air in the right floor of the mouth (arrows) in a patient with mouth pain and fever

Fig. 1.12 Small cell lung carcinoma metastasis to the
brain. The post-contrast T1-weighted MRI in a 40-pack-
year smoker who presented with a 2 weeks history of
aphasia, forgetfulness, and frequent falls shows a hetero-
geneously enhancing mass within the left frontal lobe
with associated subfalcine herniation

Fig.1.13 Non-small cell lung cancer brain metastases. The
patient has a 40-pack-year smoking history, and known small
cell lung cancer metastases to the bone developed altered
mental status and intermittent left-sided weakness. The axial
post-contrast T1-weighted MRI shows ring-enhancing
lesions in the right cerebral hemisphere and a smaller solidly
enhancing lesion in the left frontal lobe (arrow)
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enhancement pattern is usually intense whether
uniform, punctate, or ring enhancing.
Hemorrhagic lung metastases may display high
intrinsic T1 signal. On T2-weighted sequences,
metastatic lesions are typically hyperintense
with hyperintense peritumoral edema. On MR
spectroscopy, there is often an intratumoral cho-
line peak without choline elevation in the peritu-
moral edema and depletion of NAA. CT may be
the initial exam obtained when metastatic dis-
ease is not yet known. On precontrast imaging,
the mass may be iso- to hypoattenuating, sur-
rounded by variable amounts of vasogenic
edema. Similar to MRI, following administra-
tion of contrast in CT, enhancement is variable
and can be intense, punctate, nodular, or ring
enhancing. It is also important to evaluate the
skull, soft tissues, and head and neck lymph
nodes for additional metastases.

The differential diagnosis for brain metastases
includes primary brain tumors (Fig. 1.14), cere-
bral abscess (refer to Chaps. 7, 16, 19, and 46),
focal subacute stroke, and tumefactive demyelin-
ating lesions.

1.3.6 Warthin Tumor

Papillary lymphomatous cystadenoma of the
parotid gland, or Warthin tumor, is significantly
associated with a history of cigarette smoking.
Indeed, over 90 % of Warthin tumors occur in
tobacco smokers. The tumor arises almost
exclusively in the parotid gland and has a predi-
lection for male Caucasians. These lesions most
commonly present as asymptomatic masses, but
may cause facial nerve paralysis or tinnitus.
Warthin tumors consists of oncocytic cells con-
taining numerous mitochondria frequently
showing structural abnormalities and reduced
metabolic function. Smoking can lead to dam-
age to mitochondrial DNA due to the develop-
ment of numerous reactive oxygen species. In
this context, a high rate of deleted mitochondrial
DNA has been detected in the oncocytic cells of
Warthin tumor. Typical imaging features consist

Fig. 1.14 Glioblastoma. Axial post-contrast T1-weighted
MR image shows a ring-enhancing mass centered in the
left posterior cingulate gyrus (arrow)

of well-defined solid and/or cystic masses
usually within the inferior pole (tail) of the
parotid gland, not infrequently multifocal and
bilateral (Fig. 1.15).

The differential diagnosis of Warthin tumor
includes non-neoplastic conditions, such as
benign lymphoepithelial lesions, Sjogren syn-
drome, and sarcoidosis. For example, benign
lymphoepithelial lesions are typically associ-
ated with HIV and classically appear as mul-
tiple bilateral cystic parotid masses that may
contain solid components (Fig. 1.16). Warthin
tumors can also resemble pleomorphic adeno-
mas on imaging. However, pleomorphic adeno-
mas are less likely to occur in the parotid tail
and display a bosselated appearance and high
T2 signal on MRI (Fig. 1.17). While clinical
history may be helpful in differentiating some
of these possibilities, predictive features of
malignancy on imaging include T2 hypointen-
sity of the parotid, ill-defined margins, diffuse
growth, infiltration of subcutaneous tissue,
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Fig. 1.15 Warthin tumor. This smoker with COPD pre-
sented with growing right-sided neck mass. The coronal
post-contrast CT image shows a well-defined hyperatten-
uating mass within the right parotid tail (arrow)

Fig. 1.16 Benign lymphoepithelial lesions in a patient
with HIV. The coronal CT image shows cystic lesions in
the bilateral parotid glands (arrows). The lesion on the left
side contains a solid nodule

lymphadenopathy, and perineural spread
(Fig. 1.18). However, Warthin tumors often
demonstrate T2 hypointense foci and low ADC

Fig. 1.17 Parotid pleomorphic adenoma. Axial fat-
suppressed T2-weighted MRI shows a bosselated T2
hyperintense mass arising from the deep lobe of the right
parotid gland (arrow)

Fig. 1.18 Parotid pleomorphic adenocarcinoma. The
coronal STIR MRI shows a heterogeneous mass arising
from the deep lobe of the parotid gland (*) with perineural
extension along the mandibular nerve across the foramen
ovale (arrow)

values and thus cannot be reliably differenti-
ated from many malignant tumors on diffusion-
weighted imaging. In addition, Warthin tumors
typically display marked hypermetabolism on
BFDG-PET.
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Fig. 1.19 Smoking-induced nasopharyngeal lymphoid
hyperplasia. This is a 40-year-old smoker with obstructive
symptoms. Axial (a) and sagittal (b) post-contrast CT

1.3.7 Smoking-Induced
Nasopharyngeal Lymphoid
Hyperplasia

Heavy tobacco smoking has been linked to the
development of nasopharyngeal lymphoid
hyperplasia, which is characterized by the
presence of cytotoxic lymphocytes in the naso-
pharyngeal mucosa. The adenoids may be
obstructive in up to 30 % of heavy smokers. On
imaging, there is diffuse symmetric enlargement
of the adenoidal tissues (Fig. 1.19). Nevertheless,

images show diffuse marked enlargement of the adenoids
(arrows)

it is important to exclude other conditions, such
as nasopharyngeal carcinoma. In contrast to
benign lesions, the configuration of nasopharyn-
geal carcinoma is often asymmetric, in which
the mass is centered in the fossa of Rosenmuller,
and associated with aggressive features, such as
skull base invasion (Fig. 1.20). Other differen-
tial considerations for smoking-induced naso-
pharyngeal lymphoid hyperplasia include
reactions to other chemical exposures, Epstein-
Barr virus infection, and lymphoproliferative
conditions.
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Fig. 1.20 Nasopharyngeal carcinoma. Post-contrast
T1-weighted MR images (a, b) show a bulky mass cen-
tered in the left fossa of Rosenmuller (arrow). There is
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Alcohol

Michael C. Veronesi and Daniel Thomas Ginat

2.1 Uses

Alcoholic beverages are commonly consumed for
pleasure and a form of stress reduction since at least
the Neolithic period many thousands of years ago.
The beverages are produced through the fermentation
of various fruit juices and grains. Alcohol can pro-
vide an increased sense of self-confidence, disinhibi-
tion, mild euphoria, and decreased anxiety but also
impaired judgment and attention span, even with low
blood levels. There are a few reported health benefits
associated with low to moderate alcohol consump-
tion, such as reduction of cardiovascular disease risk
factors. Nevertheless, alcohol is one of the most com-
monly abused substances, and alcohol dependence is
amajor cause of disease burden. Alcohol in the form
of ethanol can be used for sclerotherapy, but this is
beyond the scope of the chapter.

2.2  Mechanism

The alcohol found in beverages is ethanol or ethyl
alcohol (C,H4O). Alcohol metabolism is a complex
process with large variations between individuals
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that are mainly related to genetic factors. Direct
absorption of alcohol into the bloodstream occurs
in the stomach and small intestine. The liver metab-
olizes nearly 90 % of alcohol. Alcohol dehydroge-
nase oxidizes ethanol into acetaldehyde, which is
then further oxidized into acetic acid by acetalde-
hyde dehydrogenase, and finally into carbon diox-
ide and water through the citric acid cycle. The
effects of alcohol upon the central nervous system
can be either direct or indirect. The main direct
effect of alcohol is volume loss due to neurotoxic-
ity, often mediated by a compromise of neurotrans-
mitters and/or receptors and electrolytes. On the
other hand, indirect effects are related to liver cir-
rhosis, such as hepatic encephalopathy and coagu-
lopathies, and impaired vitamin absorption. In
some conditions, it is unclear whether direct or
indirect effects or a combination is responsible,
such as Wernicke encephalopathy, osmotic myelin-
olysis, and Marchiafava-Bignami disease.

2.3  Discussion

Marchiafava-Bignami  disease. Marchiafava-
Bignami disease is a rare condition that mainly
affects chronic alcoholics, particularly middle-
aged males, and results in progressive demy-
elination and necrosis of the corpus callosum.
Patients present acutely with mental confusion,
disorientation, neurocognitive deficits, and
seizures, generally ensued by coma and death.
On CT, diffuse periventricular hypoattenuation
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Fig. 2.1 Marchiafava-Bignami disease depicted on
CT. Axial non-contrast CT shows hypoattenuation in the
genu of the corpus callosum (arrow) and adjacent periven-
tricular white matter (arrowheads)

associated with focal areas of hypoattenuation
in the splenium and sometimes the genu of the
corpus callosum can be observed (Fig. 2.1). On
MRI, the affected areas display T2 hyperinten-
sity and variable degrees of restricted diffusion
and enhancement depending on the severity and
acuity of the disease (Fig. 2.2). In fact, apparent
diffusion coefficient restriction of the corpus cal-
losum and cortical lesions were associated with a
higher mortality rate and a more severe cognitive
impact. MR spectroscopy may reveal decreased
NAA-Cr ratio and elevated lactate during the
first few months of the disease process. Chronic
lesions appear cystic and well marginated.
Lesions of the corpus callosum that may have
a similar appearance to Marchiafava-Bignami
disease include other demyelinating processes,
infarction, viral encephalitis, metronidazole
(refer to Chap. 25), antiseizure medications (refer
to Chap. 27), and shearing injuries (Fig. 2.3).
Traumatic brain injury and hemorrhage
related to alcohol. Traumatic brain injury (TBI)
is a serious public health problem in the United

States. Each year, at least 1.7 million traumatic
brain injuries occur and contribute to substantial
morbidity and mortality. Preexisting alcohol
abuse is common among persons who incur TBI,
with as many as 58 % reporting a history of alco-
hol abuse or dependence and as much as 25 %
reporting previous treatment for substance abuse
in one study. In a separate study analyzing 2,657
trauma patients experiencing TBI, 58 % had a
heavy drinking history, 46 % had a positive blood
alcohol level at the time of injury, and 36 % were
intoxicated. Alcohol intoxication resulted in a
greater likelihood of intubation, intracranial pres-
sure monitoring, respiratory distress, and pneu-
monia. Timely management of TBI can
significantly alter the clinical course if detected
with neuroimaging within 48 h of the injury.
Clinical manifestations that suggest major injury
such as worsening level of consciousness, loss of
consciousness for more than 5 min, focal neuro-
logical findings, seizure, failure of the mental sta-
tus to improve over time, signs of a basal or
depressed skull fracture, or confusion on exami-
nation almost always merit imaging. On the other
hand, even patients with absence of clinical find-
ings and high-risk circumstances can have intra-
cerebral hemorrhage on imaging. Neuroimaging
also plays an important role in the diagnostic
workup of TBI. MRI is superior to CT in detect-
ing axonal injury and cerebral contusions.
However, conventional CT generally remains the
initial imaging modality of choice during the first
24 h following injury. Alcohol intoxication can
lead to severe injuries related to high-speed motor
vehicle collisions while driving intoxicated or
falls related to drunkenness, resulting in skull
fractures, intracranial hemorrhage, cerebral con-
tusions, and shear injury (Figs. 2.3 and 2.4).
Alcoholism may also predispose to large and
recurrent intracranial hemorrhage with relatively
minor trauma due to underlying coagulopathy
related to hepatic dysfunction (Fig. 2.5). Alcohol
abusers also have a tendency to engage in violent
behavior when drunk and may present with max-
illofacial fractures, for which CT may be obtained
(Fig. 2.6). Incidentally, these individuals often
have a high burden of dental disease that may
also be encountered on imaging.
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Fig. 2.2 Marchiafava-Bignami disease depicted on MRI. Axial FLAIR MRI (a), post-contrast T1-weighted MRI (b),
DWI (¢), and ADC map (d) show non-enhancing T2 hyperintensity in the splenium of the corpus callosum (arrows)

Hepatic encephalopathy (also refer to Chaps.
28, 41, and 49). Hepatic encephalopathy (HE)
may occur as an acute, potentially reversible dis-
order, or it may occur as a chronic, progressive
disorder that is associated with chronic liver dis-
ease. Depending on the duration and extent of
hepatic dysfunction, HE may be classified into
fulminant hepatic failure (acute) or portosystemic

encephalopathy (chronic). Clinical manifesta-
tions of HE can range from mild confusion to
coma. Cerebral edema and raised intracranial
pressure can result from fulminant hepatic failure
and contribute to encephalopathy, but some
degree of cerebral edema has been shown in
patients with all grades of hepatic encephalopathy.
Patients with the portosystemic encephalopathy
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Fig. 2.3 Shear injury. The patient has a recent history of
severe trauma to the head. Axial FLAIR MRI (a), T2*
GRE (b), DWI (c¢), and ADC map (d) show edema and

frequently have pairs and triplets of abnormal
astrocytes with a characteristic structure known
as Alzheimer type II astrocytosis, in which the
astrocytes exhibit physiological and functional
abnormalities. When the liver is damaged, either
acutely or over time, it can no longer remove
neurotoxic substances such as ammonia and

hemorrhage within the corpus callosum with associated
restricted diffusion in the splenium of the corpus callosum
(arrows)

manganese from the blood. High levels of ammo-
nia can have deleterious effects on neurotrans-
mitter  activity, impairment of cerebral
metabolism, and altered neuronal gene expres-
sion. Manganese can deposit directly in the basal
ganglia and induce extrapyramidal symptomatol-
ogy. Manganese can also act synergistically with
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Fig. 2.4 Alcohol-related traumatic brain injury. Axial CT  intraparenchymal hemorrhage, including a right cerebral con-
images in the bone (a) and brain (b) windows show a nonde-  vexity subdural hematoma, subarachnoid hemorrhage, and
pressed right occipital bone fracture (arrow) and scattered acute  hemorrhagic contusions in a patient who fell while drunk

Fig. 2.5 Acute upon chronic intracranial hemorrhage in a  right cerebral convexity subdural hematoma and a left frontal
patient with alcohol-induced hepatic coagulopathy. Axial lobe hemorrhagic contusion and areas of subarachnoid hemor-
(a) and coronal (b) show a heterogeneous acute upon chronic  rhage in a patient with alcohol-induced liver failure and trauma
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Fig. 2.6 Alcohol-related violence with maxillofacial trauma. Axial maxillofacial CT images (a, b) show a fracture of
the left frontal process of the maxilla (arrow) and extensive dental disease (arrowheads) in a relatively young patient

ammonia to activate peripheral-type benzodiaze-
pine receptors and the gamma-aminobutyric acid
(GABA)-ergic neuroinhibitory system. In acute
HE, T2 and DWI abnormalities are present in the
cerebral cortex, particularly in the frontal, tempo-
ral, and insular lobes, which correspond to edema
(Fig. 2.7). MRS often demonstrates an elevated
glutamine peak and diminished myoinositol and
choline peaks. The differential diagnosis of acute
hepatic encephalopathy includes other toxic-met-
abolic derangements, viral encephalitis, status
epilepticus, and Creutzfeldt-Jakob disease. In
chronic hepatic encephalopathy, there can be
patchy high signal intensity on TI1-weighted
images in the bilateral globi pallidi, cerebral
peduncles, and anterior pituitary (Fig. 2.8), sec-
ondary to manganese deposition. The differential
diagnosis of hepatic encephalopathy includes
total parenteral nutrition also secondary to excess
manganese.

Osmotic demyelination (also refer to Chap.
35). Osmotic demyelination consists of vacuol-
ization and intramyelinitic splitting with eventual
rupture of the myelin sheaths and most com-
monly occurs in the setting of rapid correction of
hyponatremia in patients with chronic alcohol
abuse and malnutrition. The resultant pathologic
changes include symmetric myelin disruption in
areas with admixed gray and white matter,

particularly the basis pontis and basal ganglia but
also on occasion the thalamus, and neocortical
and cerebellar gray-white junctions with corre-
sponding T2 hyperintensity on MRI (Fig. 2.9).
On DWI, corresponding restricted diffusion can
be detected within 24 h after onset of symptoms
and can serve as an early indication of this dis-
ease. The differential diagnosis for osmotic
demyelination includes infarcts and microangi-
opathy, other types of demyelinating processes,
neoplasms, and metabolic syndromes, such as
Leigh disease and Wilson disease.

Wernicke encephalopathy. Wernicke encepha-
lopathy is an acute neurological syndrome that
results from thiamine (vitamin B1) deficiency,
which can occur in alcoholics as well as nonalco-
holics with nutritional deficiency. Thiamine defi-
ciency impairs enzymes resulting in glutamate
accumulation and cell damage with disruption
of the cell membrane osmotic gradient, leading
to edema. This condition was initially described
by Carl Wernicke in 1881 as ‘“superior acute
hemorrhagic poliencephalitis.” The classic triad
of ataxia, oculomotor abnormalities, and confu-
sion is present in only 16-38 % of patients with
Wernicke encephalopathy. Consequently, the new
diagnostic criteria include 2 out of 4 of the fol-
lowing findings: oculomotor abnormalities, cer-
ebellar dysfunction, and altered mental status or
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mild memory impairment. Characteristic imaging
findings in alcoholic Wernicke encephalopathy
include T2 hyperintensity and variable degrees
of enhancement in the medial thalami, mammil-
lary bodies, tectal plate, and periaqueductal gray

matter (Fig. 2.10). Diffusion-weighted imaging
findings in Wernicke encephalopathy ranges from
decreased, normal, or increased ADC values.
In contrast to alcoholic Wernicke encephalopa-
thy, involvement of the cerebellum, cerebellar

Fig. 2.7 Acute hepatic encephalopathy. Axial FLAIR predominantly affecting the bilateral frontal, insular, and

MR images (a, b), DWI (¢, d), and ADC maps (e, f) show
diffuse gyriform hyperintensity and restricted diffusion

temporal lobes
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Fig. 2.7 (continued)

vermis, red nuclei, dentate nuclei, splenium of
corpus callosum, fornix, cerebral cortex, cranial
nerve nuclei, and basal ganglia has been identi-
fied only in nonalcoholic and pediatric patients
with Wernicke encephalopathy (Fig. 2.11). The
differential diagnosis of symmetric lesions of
the medial thalami should include artery of
Percheron infarct, deep cerebral vein thrombosis,
virus encephalitis, acute disseminated encephalo-
myelitis, CNS lymphoma, and Creutzfeldt-Jakob
disease variant (refer to Chap. 49).

Cerebral atrophy. Several studies on
alcoholics have demonstrated significant volume
loss in cortical and subcortical brain regions.
Although there can be diffuse cerebral volume
loss with chronic alcoholism, the frontal lobes,
hippocampi, and cerebellar vermis are dispropor-
tionately affected (Fig. 2.12). Since the frontal
lobes help regulate judgment, risk taking, motiva-
tion, mood, and wanting, the degeneration that
occurs here is contributory to continued drinking
despite awareness of these negative consequences.
In addition to morphologic volume loss and resul-
tant ex vacuo ventricular dilatation that can be
demonstrated on both CT and MRI, 'H MRS
generally demonstrates lower concentrations of

NAA and choline-containing compounds, most
notably in the frontal lobes, medial temporal
lobes, and cerebellum. Cross-sectional diffusion
tensor imaging studies in alcohol-dependent indi-
viduals have indicated decreased fractional
anisotropy and increased mean diffusivity in the
genu, body and splenium of the corpus callosum,
as well as in the centrum semiovale, which sug-
gest compromised axonal/myelin integrity.
Several other conditions can cause brain atrophy
that resembles the effects of chronic alcoholism,
including frontotemporal dementia and the
effects of antiepileptic medications, such as
dilantin (refer to Chap. 27).

Bilateral symmetric lipomatosis (Madelung dis-
ease, multiple symmetric lipomatosis, cephalotho-
racic lipodystrophy, Launois-Bensaude syndrome).
It was originally called “fat neck” (Fetthals) by
Madelung in 1888. Launois and Bensaude also
characterized this condition in 1898, which
accounts for the multiple eponyms. The disorder is
characterized by painless symmetrical diffuse
hypertrophy of brown adipose tissue. This condi-
tion has a propensity to affect alcoholic males, ages
30-60 years. The etiology is believed to be an
abnormality in the synthesis of intracellular cyclic
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Fig. 2.8 Chronic hepatic encephalopathy. Sagittal T1
MRI (a) shows hyperintensity within the anterior pituitary
(arrow). Axial T1 MR images (b—d) show hyperintensity

adenosine monophosphate (cAMP) induced by the
stimulation of noradrenaline. The defect in adren-
ergic-stimulation lipolysis generates the autonomy
of fat cells in bilateral symmetric lipomatosis. The
main defect is in the catalytic unit of adenyl cyclase,
and alcoholism seems to decrease beta-adrenergic

within the bilateral basal ganglia and cerebral peduncles
(arrows)

receptors and to induce a disturbance in the mito-
chondrial NA in the adipose tissue, peripheral
nerve, muscle, and central nervous system. CT can
demonstrate nonencapsulated bilateral fat-attenua-
tion masses in multiple compartments of the neck
bilaterally, including the supraclavicular regions,
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Fig.2.9 Osmotic demyelination. Axial FLAIR MR images (a, b) show signal abnormality within the bilateral external
capsules (arrows) and central pons

subcutaneous tissues, and anterior and posterior tri-
angle of the neck (Fig. 2.13). Alcohol cessation
may halt the progression of bilateral symmetric
lipomatosis, but the condition does not regress.
Rather, the fatty masses are amenable to surgical
excision and liposuction. The differential diagnosis
for bilateral symmetric lipomatosis includes obe-
sity, the buffalo hump related to steroid use (refer to
Chap. 46), and lipoma (Fig. 2.14).

Sialosis. Sialosis (sialadenosis) is a disorder
of altered secretory and parenchymal function of
the major salivary glands, most commonly the
parotid. This condition is caused by autonomic
neuropathy. On histology, there is adipose infil-
tration and edema. The condition presents as an
indolent, bilateral, noninflammatory, nonneo-
plastic, soft, symmetrical, painless, and persistent
enlargement of the salivary glands, most often
associated with alcoholism, diabetes mellitus,
and malnutrition. On imaging, there is bilateral
diffuse homogenous enlargement of the affected
salivary glands with soft tissue or fat attenuation
or signal characteristics (Fig. 2.15). Differential
considerations for sialosis include normal

variants and Sjogren disease (Fig. 2.16). Imaging
may be obtained in patients with sialosis in order
to exclude the presence of a tumor.
Alcohol-related cancers. Ethanol in alcoholic
beverages is considered a carcinogen. Although
its metabolite acetaldehyde has not been shown
to be directly carcinogenic in humans, animal
studies indicate that it contributes to the increased
risk of cancer in chronic alcohol drinkers, since it
is known to damage DNA. There is a direct link
between prolonged alcohol use and a risk of
acquiring certain malignancies, including the
oral cavity, pharynx, and larynx, esophageal
squamous cell carcinomas, esophageal and
gastric adenocarcinomas, hepatocellular carci-
noma, and breast adenocarcinomas, among oth-
ers. Compared to nondrinkers, those who
regularly consume 3.5 or more drinks per day
have two-to three-fold greater risk of developing
head and neck squamous cell carcinoma. The
risks are additive if a person smokes tobacco and
drinks alcohol chronically (refer to Chap. 1).
Squamous cell carcinomas of the head and neck
can appear as enhancing or necrotic infiltrative
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masses on CT and MRI (Fig. 2.17). ®FDG-PET/ and laryngeal squamous cell carcinomas, which
CT is useful for detecting pathological lymph- typically appear markedly hypermetabolic
adenopathy associated with oral cavity, pharyngeal, (Fig. 2.18). Endoscopic ultrasound is useful for

Fig. 2.10 Alcoholic Wernicke encephalopathy. The involving the periaqueductal gray, tectal plate, medial
patient was found confused with whiskey bottles scattered  thalami, hypothalamus, and mammillary bodies with mild
throughout the home. Symmetric, abnormal T2 signal associated enhancement (arrows)




26 M.C. Veronesi and D.T. Ginat

Fig.2.10 (continued)
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Fig.2.11 Nonalcoholic Wernicke encephalopathy. Axial ~ vermis, and periaqueductal gray matter in a symmetric
FLAIR MR images (a—c) show hyperintensity in the distribution (arrows)
mammillary bodies, hypothalamus, thalamus, cerebellar
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Fig.2.12 Alcohol brain atrophy. (a) Sagittal T1-weighted MRI shows substantial volume loss of the cerebellar vemis.
Coronal T2-weighted MRI (b) shows volume loss in the frontal lobes and hippocampi

staging esophageal carcinomas in conjunction
with CT (Fig. 2.19). MRl is useful for evaluating
the presence of intracranial metastases (Figs. 2.20
and 2.21).

Fetal alcohol syndrome (fetal alcohol spectrum
disorder). Prenatal callosum alcohol exposure can
have a wide spectrum of devastating effects upon
the developing fetus. The main diagnostic criteria
for fetal alcohol syndrome include maternal expo-
sure to alcohol in utero; characteristic dysmorphic

facial features, such as short palpebral fissures and
smooth filtrum; growth retardation; and central
nervous system malformations. The main struc-
tural abnormality that can be encountered on neu-
roimaging is partial or complete agenesis of the
corpus callosum (Fig. 2.22). Neuroimaging may
also be obtained to evaluate cleft palate and cho-
anal atresia in patients with fetal alcohol
syndrome.
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Fig. 2.13 Multiple symmetric lipomatosis. The patient is
a middle-aged male with progressive increase in size of the
neck and a history of abundant alcohol consumption. Axial
(a—c) and sagittal (d) CT images show extensive fat attenu-

ation deposits within the bilateral superficial and deep
compartments of the neck in a symmetric distribution that
essentially corresponds to the expected location of brown
fat
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Fig.2.14 Lipoma. Axial (a) and sagittal (b) CT images show a homogeneous fat-attenuation mass in the left posterior
neck subcutaneous tissues (arrows)

Fig. 2.15 Alcohol-induced sialosis. Axial CT image
shows homogeneous diffuse enlargement of the bilateral
parotid glands

Fig. 2.16 Sjogren disease. Axial CT image shows bilat-
eral enlarged parotid glands with nodular consistency
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Fig. 2.17 Oral cavity squamous cell carcinoma presum-
ably related to alcohol abuse. Coronal fat-suppressed T2
(a), coronal T1 (b), and coronal fat-suppressed post-con-
trast T1 (c) show an infiltrative ulcerated heterogeneously

enhancing mass that occupies the right floor of the
mouth (arrows). Postoperative follow-up post-contrast
CT (d) shows a large necrotic recurrent tumor (arrows),
adjacent to the graft
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Fig. 2.18 Oropharynx squamous cell carcinoma presumably related to alcohol abuse. Axial (a) and coronal (b) fusion
FDG-PET/CT shows a hypermetabolic left tongue base mass (arrow) and extensive bilateral cervical lymphadenopathy

TUMOR

* 4
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Fig. 2.19 Esophageal squamous cell carcinoma presum-  (arrow). Transverse endoscopic ultrasound image (b)
ably related to alcohol abuse. Axial CT image (a) shows shows that the infiltrative hypoechoic tumor extends
bulky right esophageal mass that involves the party wall  beyond the esophageal wall
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o

Fig.2.20 Esophageal squamous cell carcinoma metasta-
ses presumably related to alcohol abuse. Coronal post-
contrast T1-weighted MRI shows multiple ring-enhancing  Fig. 2.21 Hepatocellular carcinoma metastases presum-
brain metastases with surrounding vasogenic edemainthe  ably related to alcohol abuse. Axial post-contrast
left hemisphere (arrows) T1-weighted MRI shows multiple dural-based enhancing
tumor deposits (arrows). There is an associated right cere-
bral convexity subdural collection (malignant effusion)

al

Fig.2.22 Fetal alcohol syndrome. Coronal T2-weighted MRI (a) and sagittal T1-weighted MRI (b) show agenesis of
the corpus callosum
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Methanol

Allan Lee, Dee Nandurkar, and Ronil V. Chandra

3.1 Uses

Methanol has many uses in industry and automo-
tives, including fuels and antifreeze. Methanol
can serve as a denaturant for ethanol, producing
“methylated spirit.” This was commonly used
during the Prohibition to discourage consump-
tion of bootlegged liquor. More recently, abuse of
methanol-containing products through inhala-
tion, such as sniffing glue or carburetor cleaner,
has been of clinical concern. Methanol intoxica-
tion may also occur after suicidal or accidental
ingestion of industrial solvents, antifreeze, or
fraudulently altered alcoholic beverages.

3.2 Mechanism

Alcohol dehydrogenase metabolizes methanol to
formaldehyde, which is then converted to formic
acid. Formic acid causes metabolic acidosis and
inhibits mitochondrial ¢ oxidase, leading to tis-
sue hypoxia.
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3.3  Discussion

There is typically a latent period between 8 and
48 h after initial exposure prior to onset of symp-
toms. The hallmark initial visual disturbance is
due to toxic optic nerve demyelination or necro-
sis. Associated gastrointestinal symptoms such
as nausea, vomiting, and abdominal pain are
common. As intoxication ensues, progressive
neurological deterioration occurs, ultimately
leading to coma.

The characteristic pathological finding is
bilateral putaminal hemorrhagic necrosis, which
may be evident on both CT and MRI. There may
also be extensive focal or confluent subcortical
white matter edema or necrosis (Fig. 3.1). Optic
nerve, pontine tegmental, and cerebellar edema
or necrosis may also occur. The affected areas are
typically hyperintense on FLAIR with diffusion
restriction, and areas of susceptibility may be
evident in the putamina from hemorrhagic necro-
sis (Fig. 3.2). There may be associated contrast
enhancement. If the patient survives, cystic cavi-
ties may develop in the putamina.

Emergent management of acute methanol
ingestion involves initial resuscitation, enhanced
elimination via dialysis, competitive inhibition of
alcohol dehydrogenase using enteral or intrave-
nous ethanol or fomepizole, and treatment of the
metabolic acidosis. In spite of treatment, mortal-
ity rates are extremely high, particularly for
patients with seizure or coma on presentation.
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Fig. 3.1 Methanol intoxication. Axial non-contrast CT
image (a) demonstrates bilateral symmetrical putaminal
and subcortical white matter hypoattenuation. Axial
FLAIR (b), DWI (¢), and T2*-weighted (d) MRI
sequences performed 4 days later show symmetrical

putaminal and subcortical white matter FLAIR hyperin-
tensity with diffusion restriction. T2* imaging confirms
the presence of associated putaminal hemorrhage. The
patient did not survive
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Fig. 3.2 A 60-year-old man with cerebral hypoxic injury
from cardiac arrest. Axial FLAIR (a) and DWI (b) MR
images show bilateral symmetrical basal ganglia and

3.4 Differential Diagnosis
Bilateral putaminal necrosis can be seen in other
conditions. However, when a patient presents
with initial visual disturbance with imaging
revealing bilateral putaminal and subcortical
white matter abnormalities, methanol intoxica-
tion should be strongly considered.

e Hypoxic injury: Brain injury patterns are vari-
able depending on the severity and duration of
hypoxia. Symmetrical basal ganglia T2 hyper-
intensities with diffusion restriction typically
occur in severe hypoxic injury. However, this
is often accompanied by loss of gray-white
differentiation of the cerebral cortex on CT
and/or cortical T2 hyperintensities and diffu-
sion restriction on MRI; such cortical changes
are not typically associated with methanol
intoxication (Fig. 3.2).

e Viral encephalitis: Flavivirus infections such
as Japanese encephalitis, West Nile fever, and
Murray Valley fever typically demonstrate

thalamic and occipital lobe cortical T2 hyperintensity and
diffusion restriction

symmetric involvement of the deep gray
matter structures. On MRI, this appears as
swelling and T2 hyperintensity of these struc-
tures (Fig. 3.3). Restricted diffusion and intra-
lesional hemorrhage may also be observed.
Other sites that may be involved include the
substantia nigra, red nucleus, pons, hippo-
campi, cerebral cortex, and cerebellum,
depending upon the particular virus.

e Wilson’s disease: An uncommon autosomal
recessive inborn defect in copper metabo-
lism resulting in abnormal copper deposition
particularly in the brain, liver, and cornea
(Kayser-Fleischer ring). Patients usually pres-
ent in childhood or early adulthood with
neurological or hepatic dysfunction and psy-
chiatric disorder. Signal abnormalities on MRI
are commonly present in the putamen, cau-
date nuclei, thalami, and midbrain with less
frequent involvement of the white matter and
posterior fossa (Fig. 3.4). These may be hyper-
intense or hypointense on T1- and T2-weighted
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sequences depending on the underlying
pathology of edema, gliosis, necrosis, cavi-
tation, paramagnetic effects of copper, and
superimposed hepatic disease.

e Leigh’s disease: A progressive neurodegener-
ative disorder that usually presents in infancy
or early childhood. The characteristic MRI
findings are bilateral symmetrical areas of T2
hyperintensity in the basal ganglia, thalamus,
brainstem, cerebellar white matter, and gray
matter of the spinal cord (Fig. 3.5).

Fig. 3.3 Viral encephalitis. Axial FLAIR MRI shows
extensive diffuse hyperintensity and swelling of the cere-
bral cortex, basal ganglia, and posterior thalami (arrows)

Fig. 3.4 Wilson’s disease. Axial FLAIR MR images (a, b) show abnormal hyperintensity in the bilateral basal ganglia
and midbrain (arrows)
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Fig. 3.5 Leigh’s disease. Axial T2-weighted MR images (a, b) show symmetric hyperintensity in the bilateral basal
ganglia and midbrain (arrows)
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4.1 Uses

Cannabis products (marijuana, weed, hashish) are
psychoactive drugs that have euphorigenic and anx-
iolytic properties. Medical use of cannabis is contro-
versial and illegal in most countries. Cannabis is not
approved as a medication by the United States Food
and Drug Administration. However, some states
permit medical treatment with low-dose synthetic
cannabinoids for management of pain and nausea in
chronically ill patients. Methods for administration
include ingestion of extracts or oral capsules, smok-
ing, or inhalation of vaporized fumes.

4.2 Mechanism

Two species of cannabis produce useful amounts
of psychoactive cannabinoids. The principal
active component in recreational cannabis is
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A°- tetrahydrocannabinol (THC), extracted from
the plant Cannabis sativa. THC exerts its central
effects by interacting with cannabinoid-1 (CB1)
receptors found primarily in the limbic system,
frontal cortex, basal ganglia, and cerebellum. In
medical cannabis, the principal active ingredient
is cannabidiol (CBD), which is found in high
concentration in Cannabis indica. CBD binds to
cannabinoid-2 (CB2) receptors, which are pre-
dominantly found in gastrointestinal and immune
tissues.

4.3  Discussion

A potential consequence of consumption of can-
nabis is reversible cerebral vasoconstriction syn-
drome (RCVS). Indeed, cannabis may represent
the most common cause of RCVS in some coun-
tries. Cannabis is a vasoactive agent that can alter
cerebral vasomotor tone, resulting in multifocal
vascular narrowing. Other neurological/psycho-
logical effects of cannabis include euphoria,
relaxation, and increased appetite, as well as
impaired motor skills and speech, reduced short-
term memory, lethargy, psychosis, dizziness, and
paranoia.

The main clinical presentation of RCVS is
sudden-onset severe thunderclap headache
associated with photophobia, nausea, and vomit-
ing. The primary radiological CN'S manifestation

a1
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Fig. 4.1 RCVS in the setting of marijuana use. The
patient presented with acute thunderclap headache after
smoking cannabis. Coronal MIP MRA (a) performed
24 h after symptom onset demonstrates multifocal areas

is the presence of alternating multifocal large to
medium arterial constriction and dilation, result-
ing in the characteristic “sausage on a string”
appearance on cerebral angiography (Fig. 4.1).
A key diagnostic feature is the reversibility
upon withdrawal of the stimulus, with spontane-
ous resolution occurring within 1-3 months.
Notably, angiography performed very early in
the clinical course may be normal, with vessel
narrowing often most marked in the second and
third weeks after exposure. Major complica-
tions of cannabis-related RCVS include sub-
arachnoid hemorrhage, ischemic stroke, and
less commonly, intraparenchymal hemorrhage.
The typical patient demographic is a young
adult with chronic use of tobacco and cannabis
with high levels of consumption just prior to
stroke. Although hemorrhagic stroke is not
uncommon in RCVS, it has been rarely reported
with cannabis use (Fig. 4.2). Individuals who
start using marijuana before age 17 have smaller
whole-brain and percent cortical gray matter
and larger percent white matter volumes than
those who begin using marijuana after age 17.
In addition, functional imaging studies suggest
that resting global and prefrontal blood flow is

circulation cerebral vasoconstriction

of posterior
(arrows). Coronal MIP MRA of the vertebrobasilar sys-
tem performed 4 months later (b) shows resolution of
changes

in cannabis users than in controls.
Treatment involves cessation of cannabis, sup-
portive care, and management of ischemic and
hemorrhagic complications.

Smoking of marijuana using devices such as a
narrow outlet bong can result in barotrauma
associated with repeated deep inspiration with
airflow resistance that is equivalent to performing
Miiller’s maneuver. Successive inhalation
through high resistance can result in extreme
negative intrathoracic pressure, which causes a
transmural pressure gradient inducing baro-
trauma and release of extra-respiratory air. Air
can enter multiple compartments, including the
epidural space of the spine, deep neck spaces,
subcutaneous tissues, and mediastinum, which
can be readily depicted on CT (Fig. 4.3).

lower

4.4 Differential Diagnosis

An important diagnostic consideration for
cannabis-induced RCVS is vasospasm second-
ary to aneurysmal subarachnoid hemorrhage.
Other differential considerations include other
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Fig. 4.2 Hemorrhagic stroke due to marijuana. Axial CT
on admission (a) with corresponding axial FLAIR MRI
(b) and axial susceptibility-weighted image (SWI) (c)

drug-induced cerebral vasculopathy and other
causes of reversible vasoconstriction syndrome
such as migrainous angiitis and central nervous
system (CNS) vasculitis. Differentiation
between the various diagnostic possibilities is

reveals left parietal subarachnoid hemorrhage (arrows).
The acute subarachnoid hemorrhage is more conspicuous
on the FLAIR image than the SWI

aided by the clinical presentation, relevant per-

sonal history, and patient demographics.

* Aneurysmal rupture and secondary vaso-
spasm: A difficult diagnostic dilemma may
arise when an intracranial aneurysm is
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Fig.4.3 Barotrauma due to marijuana smoking. Axial (a)
and sagittal (b) CT image show extensive air attenuation
within the spinal canal, deep spaces of the neck, and upper
mediastinum (Courtesy of Alaa Jaly, Chris Coutinho, and
Sachin Mathur)

identified on angiography, despite the
changes being attributable to RCVS. In this
situation, the distribution and extent of sub-
arachnoid blood and the location of cerebral
vasospasm is invaluable in ascertaining the
diagnosis (Fig. 4.4). In general, cortical sub-
arachnoid hemorrhage is associated with
RCVS and basal subarachnoid hemorrhage

with aneurysmal rupture. Cortical subarach-
noid hemorrhage could be associated with
ruptured distal mycotic aneurysm; however,
there is usually a history of intravenous drug
use or infective endocarditis that predisposes
to septic emboli.

Other drug-induced RCVS: A wide range of
compounds have been associated with the
drug-induced form of RCVS. These include
phenylpropanolamine, pseudoephedrine, ergot-
amine tartrate, methylergonovine, bromocrip-
tine, lisuride, selective serotonin reuptake
inhibitors (SSRIs), sumatriptan, isomethep-
tene, cocaine (refer to Chap. 5), amphetamine
derivatives (refer to Chap. 6), lysergic acid
diethylamide, tacrolimus (FK-506), cyclophos-
phamide, erythropoietin, intravenous immune
globulin (IVIg), interferon alpha, nicotine
patches, red blood cell transfusions, licorice
(refer to Chap. 9), and oral contraceptives. The
radiological features are identical to other
causes of RCVS, and the history is invaluable
in identifying the offending agent.
Migrainous angiitis: This is radiologically
indistinguishable from other causes of
RCVS. Often a history of migraines and/or
response to treatment may be the only indica-
tion that this is the underlying etiology.

CNS vasculitis: This may be primary in etiol-
ogy, in which the arteritis is confined to the
CNS vessels without systemic involvement,
or secondary, where there is a history of sys-
temic vasculitis, most often systemic lupus
erythematosus (SLE). In the latter situation,
CNS involvement is unlikely to be the first
manifestation of the disease, as there is
almost always a history of systemic vasculi-
tis. While the radiological features of pri-
mary CNS vasculitis can overlap with RCVS,
the clinical onset of CNS vasculitis is more
insidious, the headache is chronic and pro-
gressive, and there are usually accompanying
cerebrospinal fluid abnormalities. MRI is
sensitive for detecting CNS abnormalities in
patients with vasculitis. Infarcts are the most
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Fig. 4.4 Aneurysmal intracranial hemorrhage. Non-
contrast axial CT on admission (a) reveals subarachnoid,
intraventricular, and left temporal intraparenchymal hem-
orrhage. Lateral DSA (b) performed on the day of admis-
sion reveals the normal large cerebral vascular caliber and

common finding, and there is a predilection

for the MCA territory (Fig. 4.5).

Subcutaneous and deep neck space emphy-
sema, pneumomediastinum, and pneumorachis
can all result from several other factors, such
as barotrauma related to paraquat toxicity,

4 mm right posterior communicating artery aneurysm.
Lateral DSA (c) performed for neurological deterioration
10 days later shows marked new focal stenoses of the
internal carotid artery and proximal middle cerebral arter-
ies (arrows)

penetrating trauma, infections, surgery, and
intubation (Fig. 4.6). Pneumorachis, for exam-
ple, is typically in itself benign and resolves
with conservative treatment, but may be a sign
of more ominous-associated processes depend-
ing upon the clinical scenario.
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Fig. 4.5 Lupus vasculitis. Axial FLAIR (a) and post-contrast T1-weighted (b) MR images show subacute infarcts in

the bilateral frontal lobes (arrows)

Fig. 4.6 Cervical emphysema after intubation. Axial CT
image shows extensive gas within multiple compartments
of the neck. An endotracheal tube is present (arrow)
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Crack and Cocaine

Rania Hito and Daniel Thomas Ginat

5.1 Uses

In small quantities, cocaine has been used for
local anesthesia, predominantly in nasal and lacri-
mal duct surgery. Until 1903, cocaine was widely
available and promoted as a “brain tonic” and
“Coca-Cola” in the form of the caffeinated bever-
age. Otherwise, cocaine in its hydrochloride and
alkaloid forms is currently an illicit recreational
drug used for stimulant effects and euphoria.

5.2  Mechanism

Cocaine (benzoylmethylecgonine) is derived from
the Erythroxylon coca plant. The drug can be for-
mulated as the hydrochloride form, which is typi-
cally injected intravenously or insufflated (snorted)
and absorbed via the mucous membranes, or the
alkaloid form (crack), which is volatile when
heated and can be smoked. Local anesthetic effects
are due to the alteration of sodium and potassium
flux in the nerve cell membrane and prevention
of the propagation of action potentials, while sys-
temic effects of cocaine are due to activation of
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the sympathetic nervous system by inhibition of
the presynaptic uptake of dopamine and norepi-
nephrine. Sympathetic effects include tachycar-
dia, increased systolic blood pressure, increased
cardiac output, and mydriasis. Cocaine-induced
vasospasm is believed to be related to the sym-
pathomimetic effect as well as a direct effect on
calcium channels. Cocaine also promotes platelet
aggregation and decreases antithrombin III and
protein C levels. Furthermore, levamisole is a
cocaine adulterant that acts as an immunomodula-
tor that can cause neutropenia, skin necrosis, and
demyelinating lesions in the brain.

5.3  Discussion
The most common neurological complications
of cocaine use are hemorrhagic and ischemic
stroke. The hemorrhage is typically in a central
location, most commonly in the basal ganglia,
followed by the thalamus, brainstem, and cer-
ebellum (Fig. 5.1). There can also be associated
intraventricular and subarachnoid hemorrhage.
Furthermore, there is an unusual proclivity for
bilateral hypothalamic perivascular hemor-
rhage and edema with subarachnoid hemorrhage
(Fig. 5.2), and involvement of this region may be
associated with sympathetic overactivity.
Cocaine-induced ischemic strokes can involve
both anterior and posterior arterial territories, but
most commonly affect the middle cerebral artery
territory. Cerebral infarcts from cocaine use are
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Fig. 5.1 Cocaine-induced hypertensive hemorrhage.
There is a large acute hematoma centered within the left
basal ganglia (arrow). There is also intraventricular hem-
orrhage (arrowheads)

typically subcortical, although the cortex can be
involved (Fig. 5.3). Ischemia can be due to vascu-
litis and vasospasm or secondary to cocaine’s
effects on other organ systems, such as myocardial
infarctions, respiratory arrest, or embolic events
from additives such as talc. In approximately half
the cases of cocaine infarcts, angiography does not
reveal abnormalities. However, occasionally, intra-
luminal clot is observed in the intracranial circular
due to stasis related to arterial spasm.

Levamisole-tainted cocaine can incite a multi-
focal demyelinating leukoencephalopathy that
can manifest are round or oval lesions in white
matter that are hypoattenuating on CT and hyper-
intense on T2-weighted MRI sequences and there
can be diffuse white matter involvement with
sparing of the U-fibers (Fig. 5.4). The lesions can
also display peripheral ring-enhancement.

Brain parenchymal volume loss has been
reported in the setting of chronic cocaine use,
predominantly in a frontotemporoparietal distri-
bution, likely related to chronic ischemia. Spinal

cord infarction can also result from cocaine use,
but is relatively uncommon.

There are a variety of neurovascular changes
associated with cocaine use. Cocaine-associated
vasculitis syndrome is a hypersensitivity response
characterized by nonnecrotizing leukocytoclastic
angiitis of the small vessels. Angiography can show
multifocal bead of the cerebral arteries (Fig. 5.5),
although some cases may not have any appreciable
vascular findings. There can be associated hemor-
rhage and/or ischemia. Cocaine can also result in
vasospasm, particularly if there has been subarach-
noid hemorrhage, although the drug itself is an
independent risk factor for vasospasm. Some
patients may develop a moyamoya type of vascu-
lopathy secondary to chronic alkaloidal cocaine
use. Finally, cerebral aneurysms, particularly in the
anterior circulation, are observed more frequently
in cocaine users than in the general population.

Nasal septal perforation is a complication of
snorting cocaine, which results from a combina-
tion of chemical irritation, ischemic necrosis from
intense vasoconstriction, and direct trauma. Nasal
septal perforation is preceded by mucosal atro-
phy and followed by chronic osteolysis that can
also affect the hard palate (Fig. 5.6), which can
lead to oronasal fistulas. The sinonasal destructive
changes that result from cocaine use can also lead
to dacryocystitis and orbital cellulitis. Diagnostic
imaging is useful for evaluating the orbital com-
plications related to cocaine use, which may man-
ifest as dacryocystitis. Dacryocystitis appears as
enlargement of the lacrimal sac with surrounding
stranding of the orbital fat (Fig. 5.7). Other com-
plications related to snorting cocaine in the head
and neck region include enamel erosion, gingival
erosion, and midline granuloma.

Crack cocaine is commonly smoked in a pipe
with a metallic filter made from a steel wool scour-
ing pad, such as Brillo. Occasionally, smokers
accidentally aspirate and ingest the filter, which
can result in a burn injury to the hypopharynx. In
such cases, imaging can be obtained in order to
assess the degree of burn injury, which can mani-
fest as edema in the hypopharynx, and to localize
the foreign body, which is radiopaque (Fig. 5.8).

Maternal cocaine use can result in fetal intraven-
tricular hemorrhage, intraparenchymal hemorrhage,
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Fig. 5.2 Cocaine-induced hypothalamic hemorrhage.
Axial (a) and coronal (b) CT images show hemorrhage
involving the bilateral hypothalamic (arrows) with intra-
ventricular hemorrhage. Axial FLAIR (c¢) and SWI (d)

periventricular leukomalacia, deep brain cysts, and
perinatal infarction, likely related to decreased cere-
bral blood flow from cocaine’s effect on the uterine
artery. Additionally, studies have shown that fetal
skull malformations, encephalocele, and pachygyria
can result from prenatal cocaine exposure (Fig. 5.9).

show the hemorrhage and edema in the bilateral thalami
(arrow). There are multiple other scattered foci of paren-
chymal susceptibility effect, which are compatible with
microhemorrhages

As with any type of intravenous drug use,
patients are at risk of acquiring a variety of infec-
tions, including HIV and septic brain and spine
abscesses from the use of contaminated needles
and other unsanitary conditions (also refer to the
Chap. 7).
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Fig. 5.3 Cocaine-induced ischemia. Axial FLAIR (a),
DWI (b), and ADC map (c) show acute infarcts in the
right frontal lobe (arrows) and chronic encephalomalacia
in the left frontal lobe (arrowhead). Frontal time-of-flight
MRA MIP image (d) shows absence of flow-related

enhancement in the left supraclinoid internal carotid
artery and left middle cerebral artery (circle). There is also
absent flow-related enhancement within the right anterior
cerebral artery
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Fig. 5.4 Leukoencephalopathy presumably due to levam-
isole-tainted cocaine. Axial CT image (a) shows diffuse
cerebral white matter hypoattenuation and sulcal efface-
ment with scattered areas of more focal hypoattenuation in

\ y|

Fig.5.5 Cocaine-induced vasculitis. Axial image from a
CT angiogram demonstrates irregularity of the middle
cerebral arteries with a beaded appearance

the centrum semiovale bilaterally. The corresponding axial
FLAIR MRI (b) shows scattered ovoid areas of high signal
superimposed upon a background of fainter and more dif-
fuse white matter hyperintensity

Fig. 5.6 Nasal septal perforation. Coronal CT image
show nasal septal perforation as well as destruction of the
right middle turbinate, nasal antral wall, and hard palate
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5.4 Differential Diagnosis

Ischemia (also refer to Chaps. 6, 19, 31-34,and
39): The ischemic changes that result from
cocaine use can be indistinguishable from other
etiologies including thromboembolic stroke and
stroke related to dissection and other drug expo-
sures, for example. Likewise, watershed infarc-
tions related to cocaine use can resemble other
causes of hypoperfusion, such as a critical ICA
stenosis, profound asphyxia, or systemic
hypotension.

L d

®

Fig. 5.7 Dacryocystitis in a cocaine user. Coronal con-
trast-enhanced CT shows enlargement and enhancement
of the right lacrimal sac (arrow)

Intracranial hemorrhage (also refer to Chaps.
31-34): There is an extensive differential con-
siderations for a spontaneous intracranial hem-
orrhage, including underlying  vascular
malformations and aneurysms, underlying neo-
plasm, venous infarction, vasculitis (besides
cocaine-induced  vasculitis),  coagulopathy,
moyamoya disease, and other forms of drug-
induced hypertension. Although patient history
and urine toxicology screen may reveal cocaine
as the likely causative factor, imaging is essen-
tial for excluding some of the other potential
etiologies.

Vasculitis (also refer to Chaps. 4, 6, and 10):
Differential considerations for cocaine-induced
vasculitis include vasospasm or atherosclerosis,
which can also be related to cocaine use. In addi-
tion, primary CNS angiitis, lupus, and other sub-
stances, such as amphetamine, heroin, and
Centella asiatica, can also have similar imaging
findings.

Perforated nasal septum: Trauma, surgery,
vasoconstrictive or steroid nasal medication,
Wegener’s granulomatosis, invasive fungal sinus-
itis, sarcoidosis, and sinonasal neoplasms can
cause nasal septal perforation (Figs. 5.10, 5.11,

Fig. 5.8 Burn injury from crack paraphernalia ingestion.
The patient presents with a sore throat after accidentally
ingesting a crack pipe Brillo pad filter. Axial CT image

(a) shows edema of the right aryepiglottic fold (arrow).
Frontal radiograph (b) shows a metallic structure that is
presumed to represent the ingested Brillo pad (arrow)
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Fig. 5.9 Fetal cocaine exposure. 3D fetal ultrasound represents an encephalocele. There is associated ventricu-
image of the face (a) shows a perioral mass (arrow). lomegaly (*) (Courtesy of Jenny Hoang)
Sagittal T2-weighted MRI (b) shows that the mass (arrow)

Fig. 5.11 Iatrogenic septal perforation. Axial CT image
show s cartilaginous nasal septal defect in a patient who
underwent endoscopic sinus surgery and septoplasty for
sinusitis

Fig. 5.10 Sinonasal Wegener’s granulomatosis. Coronal

CT image shows a defect in the nasal septum and mucosal

thickening within the paranasal sinuses
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Fig. 5.12 Retropharyngeal abscess. Axial CT image
shows left hypopharyngeal swelling and a more discrete
fluid collection, suggestive of abscess (arrow)

Fig. 5.13 Hypopharyngeal squamous cell carcinoma.
Axial CT image shows a heterogeneously enhancing,
infiltrative mass in the right hypopharynx (arrow)

and 5.12). Involvement of the palatal area can
help distinguish patients with cocaine-induced
midline destructive lesions from those with sino-
nasal Wegener’s granulomatosis.

Dacryocystitis: Nasolacrimal duct stenosis,
dacryocystocele, and dacryocystitis can occur

spontaneously, result from various chemothera-
peutic agents, radiation therapy, surgery, mass
lesions, and fractures. Alternatively, an enlarged
lacrimal sac may mimic the presence of a neo-
plasm or orbital inflammatory syndrome.

Hypopharyngeal burn injury: Burn injury to
the hypopharynx from accidental aspiration or
ingestion of paraphernalia related to smoking
crack cocaine can mimic an infectious process,
such as phlegmon or abscess (Fig. 5.12) and
malignancy (Fig. 5.13). The clinical history is
key for differentiating these conditions.
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Amphetamines

Ronil V. Chandra, Daniel Thomas Ginat,

and Juan E. Small

6.1 Uses

Amphetamines are a class of central nervous
system stimulants. Amphetamine (alphamethyl-
phenethylamine or o-methylphenethylamine)
and methylphenidate are used to treat attention-
deficit hyperactivity disorder. Amphetamine and
dextroamphetamine can also be used to treat nar-
colepsy. Furthermore, amphetamines have been
used as dietary supplements for weight loss and
physical performance enhancement. MDMA (3,
4-methylenedioxymethamphetamine or Ecstasy)
and methamphetamine are illicit empathogenic
recreational drugs of abuse that can produce
euphoria, enhanced mental and emotional clar-
ity, sensations of lightness and floating, and other
hallucinations.
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6.2  Mechanism

Amphetamines act as indirect serotonergic
agonists by promoting the release of serotonin
through the serotonin transporter by a process of
transporter-mediated exchange. Consequently,
stimulation of 5-HT2A small vessel receptors
leads to prolonged vasospasm. Furthermore,
these drugs can interfere with the storage of
serotonin within the vesicles and thus increases
the amount of serotonin available to be released.
Amphetamines also enhance the release of dopa-
mine and noradrenaline. In particular, MDMA
can also inhibit monoamine reuptake and delay
metabolism by inhibition of monoamine oxidase.

6.3  Discussion

Complications related to amphetamines and
methamphetamines are primarily cardiac and
neurotoxic, including vasospasm, arteritis, isch-
emic and hemorrhagic stroke, hemorrhage, glio-
sis, and neuronal loss. Therefore, ischemia,
hemorrhage, leukomalacia, encephalomalacia,
and vasospasm are the typical sequela evident on
imaging. Acute complications most often result
immediately or shortly after administration. As
noted previously, Ecstasy or MDMA leads to
rapid release of serotonin/5-hydroxytryptamine
(5-HT) and potent vasoconstriction. As the
occipital cortex and the globus pallidus have high
levels of 5-HT and 5-HT2A receptors, these sites
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Fig. 6.1 Acute Ecstasy toxicity. Axial FLAIR (a, b), DWI (¢, d), and ADC map (e, f) show multiple supratentorial and
infratentorial acute infarcts. Courtesy of Alisa Gean
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Fig.6.1 (continued)

Fig. 6.2 Ecstasy-induced hemorrhage. The patient pre-
sented with acute severe headache immediately after “two
hits” of Ecstasy. Axial CT image demonstrates a large left
frontal lobe intraparenchymal hematoma (arrow)

are the most vulnerable to ischemia. The abuse of
amphetamines has therefore been linked to vaso-
spasm, arteritis, and cerebrovascular accidents
(Figs. 6.1, 6.2, and 6.3). Less commonly, amphet-
amines can result in leukoencephalopathy, which
may be associated with abnormalities in the
demethylation of debrisoquine hydroxylase. This
condition can manifest as extensive cerebral
white matter T2 hyperintensity on MRI.

6.4 Differential Diagnosis

* Reversible cerebral vasoconstriction syndrome
(RCVS): RCVS encompasses a diverse group
of conditions characterized by the acute onset
of severe headaches associated with reversible
segmental constriction of multiple cerebral
arteries. Importantly, the underlying patho-
physiology is reversible vasoconstriction rather
than vasculitis. Of note, it is not possible to
distinguish between RCVS and CNS vasculitis
based on imaging. However, several clinical
features are helpful in making the diagnosis.
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Fig.6.3 Methamphetamine-induced hemorrhage, infarct,
and vasospasm. Sagittal T1 MRI of the spine (a) reveals
intradural spinal hemorrhage (arrow). No intracranial
subarachnoid hemorrhage was evident. Axial diffusion-
weighted image (c) reveals a left occipital lobe infarct

(arrow). MRA MIP image (b) reveals multiple areas of
vasoconstriction, most pronounced in the left PCA
(arrow). The patient was treated with supportive care, and
angiography performed 10 weeks later (not shown) con-
firmed resolution of vasoconstriction
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This is essential, as treatment and prognosis of
RCVS and CNS vasculitis are quite different.
The onset of RCVS is acute with thunderclap
headache. However, the severe pain is short
lived, lasting from a few minutes to a few hours.
Attacks can be single, but patients have a mean
of four attacks during a period of approxi-
mately 1-4 weeks. A self-limiting, benign out-
come is the norm, and resolution is generally
within 3 months. CSF analysis is usual normal
or near normal. The neuroimaging hallmark of
RCVS is vasoconstriction evident as segmen-
tal narrowing and dilatation (string of beads)
of one or more arteries (Fig. 6.4). The appear-
ance is similar to that of other forms of vas-
culitis, except the abnormalities resolve within
a few months. Bilateral and diffuse anterior
and posterior circulation changes are seen in
the majority of patients. Although concomi-
tant changes need not be present, subarachnoid
hemorrhage, parenchymal edema, parenchy-
mal hemorrhage, and infarction may occur. Of
note, RCVS may be accompanied by posterior
reversible encephalopathy syndrome (PRES),
as these are not mutually exclusive. RCVS
patients are treated with nimodipine or vera-
pamil until resolution of angiographic findings.
Primary CNS angiitis: Central nervous sys-
tem (CNS) vasculitis can be classified as pri-
mary when isolated to the CNS and secondary
when associated with a systemic condition.
Therefore, the diagnosis of primary CNS angi-
itis requires the absence of a systemic disorder
to explain the inflammatory response. Primary
CNS angiitis is a rare disorder with a male
predominance, characterized by a chronic and
insidious onset and frequent headaches (not
thunderclap type) with stepwise deteriora-
tion typified by transient neurologic deficits,
infarcts, and cognitive decline. Neuroimaging
generally reveals several infarcts of differing
ages, and angiograms may demonstrate irregu-
lar, eccentric, and asymmetric arterial narrow-
ing and occlusion of medium- and small-sized
vessels (Fig. 6.5). The angiographic abnormali-

ties are frequently irreversible. CSF analysis is
abnormal with elevated acute phase reactants
such as sedimentation rate and C-reactive pro-
tein. Ultimately, this is a diagnosis of exclusion.
Secondary CNS vasculitis: Inflammatory CNS
vasculitis can also occur in the context of an
underlying systemic condition. An extensive and
heterogeneous group of diseases may represent
the underlying cause including infections, con-
nective tissue disorders, sarcoidosis, and lym-
phoproliferative disorders. Infectious etiologies
include human immunodeficiency virus (HIV),
varicella zoster virus (VZV), hepatitis C virus
(HCV) tuberculosis, and syphilis. Systemic vas-
culitides include polyarteritis nodosa (PAN),
Wegener’s granulomatosis, and Churg-Strauss
syndrome. Connective tissue disorders include
systemic lupus erythematosus (SLE), Sjogren’s
syndrome, rheumatoid arthritis, and mixed
connective tissue disorders. The neuroimaging
findings in these conditions may be identical to
those found with primary CNS angiitis.

e Acute hypertensive encephalopathy/posterior

reversible encephalopathy syndrome (PRES):
The classic neuroimaging findings are bilater-
ally predominant parieto-occipital lobe and
arterial border zone edema associated with
posterior circulation predominant multifocal
arterial vasoconstriction (Fig. 6.6; also refer to
Chaps. 4, 6, 9, 10, and 16). These findings
usually resolve in a few days although cere-
bral infarction or hemorrhage may be seen. In
addition, atypical patterns of PRES on neuro-
imaging have been extensively reported in the
literature. Although generally described in the
setting of severe hypertension, up to a quarter
of patients are normotensive. PRES is associ-
ated with systemic conditions such as eclamp-
sia, transplantation, sepsis, chemotherapy, and
autoimmune disease. Although the mecha-
nism of PRES remains controversial, endothe-
lial dysfunction (from a variety of etiologies)
preferentially, but not exclusively involving
the posterior circulation has been postulated
as the inciting cause.
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Fig. 6.4 Reversible cerebral vasoconstriction syndrome
(RCVS). The patient presented with acute onset of thun-
derclap headache in the setting of Prozac and Cannabis
use. Axial DWI (a, b) images demonstrate acute areas of
infarction (arrows). Coronal (c¢) and sagittal (d) CTA

reconstructions demonstrate multifocal areas of arterial
narrowing and irregularity involving the anterior, middle,
and posterior cerebral arteries (arrows). CSF analysis was
normal and symptoms resolved within 3 months
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Fig. 6.5 Primary CNS angiitis. DWI (a—¢) shows multi-
focal acute infarcts (arrows). MRA MIP (d) image recon-
struction demonstrates narrowing of the left M1 segment
(arrows). AP (e) and lateral oblique (f) left carotid angio-
gram images demonstratemultifocal areas of arterial

narrowing and irregularity (arrowheads). CSF analysis
demonstrated acute phase reactants, and over the course
of months to years, the patient gradually deteriorated with
several more episode of infarction
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Fig. 6.5 (continued)
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Fig. 6.6 Acute hypertensive encephalopathy (posterior and occipital lobe edema. Sagittal CTA MIP image (c) of
reversible encephalopathy syndrome). Axial FLAIR MR  the left posterior cerebral artery reveals multifocal areas of
images (a, b) demonstrate bilateral predominantly parietal  arterial narrowing (arrows)
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Opioids

Daniel Thomas Ginat

7.1 Uses

Opioids can be addictive and prone to depen-
dence and abuse. However, there are many forms
of opioids available for clinical use. The main
clinical indications for opioids in the United
States include the moderate to severe pain related
to surgery and induction and maintenance of
anesthesia, often in conjunction with other drugs,
cough, diarrhea, anxiety due to shortness of
breath, and opioid dependence.

7.2  Mechanism

Opioids interact with mu, delta, or kappa opioid
receptors, which are coupled to G1 proteins. They
close N-type voltage-operated calcium channels
and open calcium-dependent inwardly rectifying
potassium channels. This results in hyperpolariza-
tion and reduction in neuronal excitability. The
drugs also decrease intracellular cAMP which mod-
ulates the release of nociceptive neurotransmitters.
Mu-opioid agonists can also directly increase Ca*
entry and cellular Ca** concentrations. Changes in
cAMP may underlie opioid-induced modulation of
the release of neurotransmitters such as substance
P. There is a particularly high density of mu-opioid
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receptors in the periaqueductal gray matter, cerebel-
lum, and limbic systems.

7.3  Discussion
Neurotoxicity related to opioids generally presents
in the adult population, but may occur in children
due to accidental ingestion. Since patients may not
be forthcoming with their drug abuse habits, pres-
ent comatose, or may truly not know what hap-
pened, a toxic-metabolic workup and neuroimaging
are important for establishing the diagnosis.
Heroin-induced  leukoencephalopathy  or
“chasing the dragon” syndrome is a toxic spongi-
form encephalopathy that results from heroin
vapor inhalation. “Chasing the dragon” is spe-
cific to black-market heroin and involves heating
heroin powder on aluminum foil over a flame and
inhaling the vapor produced through a straw or
pipe. The syndrome may be attributable to an
additive or contaminant in street heroin, activated
by the heating process. Patients with heroin-
induced leukoencephalopathy can present with
apathy, cerebellar syndrome, soft (pseudobulbar)
speech, and motor restlessness, which can prog-
ress to pyramidal tract and pseudobulbar signs,
tremor and choreo-athetoid movements, followed
by stretching spasms, akinetic mutism, hypotonic
paresis, central pyrexia, and death, with a mortal-
ity rate of 23 %. Therapy consists of administering
antioxidant drug regimens in the form of co-
enzyme Q, vitamin C, and vitamin E.
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The typical manifestation of heroin-induced There is often corresponding restricted diffusion in
leukoencephalopathy on MRI is confluent bilat- the acute setting. On MR spectroscopy, decreased
eral and symmetric white matter T2 hyperintensity NAA and Cho and the presence of Lac are a consis-
with relative sparing of the subcortical U-fiber, tent finding. More uncommonly, heroin inhalation
producing a “dragon’s claw” appearance (Fig. 7.1). can result in unilateral or bilateral hippocampal

Fig. 7.1 Heroin-induced leukoencephalopathy (chasing abnormality with restricted diffusion that spares the sub-
the dragon). Axial FLAIR images (a—d) and ADC maps cortical white matter, producing a “dragon’s claw” appear-
(e-h) show diffuse confluent cerebral white matter signal  ance (arrows)
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Fig.7.1 (continued)

infarction, which can occur in isolation of other
abnormality. The affected area can initially dem-
onstrate restricted diffusion and subsequently
progress toward extensive cortical laminar necrosis
with intrinsic T1 hyperintensity on MRI (Fig. 7.2).

Other opioids, such as methadone, can produce
toxic leukoencephalopathy with imaging findings
that are similar, but not identical to those of heroin

inhalation. In addition, other opioids, such as oxy-
codone, which have a predilection of kappa recep-
tors, can cause acute neurotoxicity with predominant
cerebellar and globi pallidi lesions (Fig. 7.3).
Delayed posthypoxic leukoencephalopathy
can be caused by opioid overdoses that result
in respiratory failure and prolonged cerebral
hypo-oxygenation. This condition has a classic
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Fig. 7.2 Heroin induced hippocampal infarct. Axial (a)
and coronal (b) CT images show hypoattenuation within
the bilateral hippocampi (arrows). The corresponding
axial FLAIR (c) and coronal ADC map (d) show signal

abnormality with restricted diffusion in the bilateral hip-
pocampi (arrows). Axial T1-weighted MRI (e) obtained
at follow-up shows bilateral hippocampal cortical laminar
necrosis (arrows)
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biphasic presentation, in which there is full recovery
from an obtunded or comatose state followed days
or weeks later by an acute onset of neuropsychiatric
findings including disorientation, amnesia, hyperre-
flexia, frontal release signs, parkinsonism, akinetic
mutism, or psychosis. MRI demonstrates diffuse
demyelination involving white matter of the cere-
bral hemispheres, usually sparing the posterior fossa
with corresponding severe diffuse hypometabolism
on ®FDG-PET (Fig. 7.4).

Infections of the central nervous system are
potentially devastating consequences of administering
heroin and many other illicit drugs via injection. In
particular, unsanitary practices such as neglecting
to cleanse the skin prior to injection and using con-
taminated needles can introduce pathogens that
cause skin infections and infective endocarditis,
which can then lead to the formation of brain
abscess. Staphylococcus aureus is a common
organism found in intravenous drug-use-associated

Fig. 7.3 Acute oxycodone intoxication. Axial FLAIR (a) and ADC map (b) show abnormal signal and restricted dif-
fusion within the bilateral globi pallidi (arrows)
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Fig. 7.4 Delayed posthypoxic leukoencephalopathy. global hypometabolism with relative sparing of the occip-
Axial FLAIR MR images (a—c) show extensive bilateral ital lobes on *FDG-PET (d)
cerebral white matter hyperintensity with corresponding
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Fig. 7.5 Intravenous drug-use-associated brain abscess.
The patient has a history of snorting cocaine and recent
intravenous heroin use. Axial FLAIR (a), post-contrast

abscess and typically appears as a ring-enhancing
lesion with restricted diffusion and surrounding

edema (Fig. 7.5). Central nervous system

T1-weighted (b), DWI (¢), and ADC map (d) show a ring-
enhancing lesion with restricted diffusion and surround-
ing edema in the left frontal lobe (arrows)

infections can also occur in the absence of infec-
tive endocarditis, resulting from bacteremia. This
can result in discitis-osteomyelitis and facet joint
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Fig. 7.6 Intravenous drug-use-associated septic arthritis.
The patient has a history of recent intravenous heroin use.
Axial T2-weighted (a), T1-weighted (b), and post-
contrast T1-weighted (¢) MR images show septic arthritis

septic arthritis in the spine (Fig. 7.6) and septic
thrombophlebitis in the neck (Fig. 7.7). Contrast-
enhanced MRI is useful for evaluating these infec-
tions and associated spinal canal compromise.
Antimicrobial therapy often combined with surgi-
cal intervention is necessary to treat these neuro-
logic complications. Individuals that practice
injection drug use are also at risk of acquiring HIV,

of bilateral lumbar facet joints (arrows). Sagittal post-
contrast T1-weighted MRI (d) shows extension of the
inflammatory changes into the epidural space
(arrowheads)

which can also have neurological manifestations,
including encephalitis and associated opportunis-
tic infections, such as fungal abscesses, toxoplas-
mosis, and PML due to immune system
compromise (refer to Chap. 26). Furthermore, cer-
tain drugs, including marijuana and opioids and
cocaine, may have effects on the immune system
mediated indirectly by drug interactions in the
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central nervous system or directly through activa-
tion of cognate receptors on various immune cells,
which may predispose to infections.

7.4  Differential Diagnosis

Toxic leukoencephalopathy has been associated
with a variety of deleterious substances, includ-
ing carbon monoxide, solvents, chemotherapeu-
tic agents, cranial radiation, and substances of

Fig.7.7 Axial post-contrast CT image shows thrombosis
of the right external jugular vein branch (arrow) with
associated surrounding cellulitis and myositis

abuse, such as alcohol and cocaine. However, the
combined involvement of the bilateral cerebellar
white matter, posterior limb of the internal cap-
sule, with sparing of the anterior limb, and pre-
dominantly posterior cerebral white matter with
sparing of subcortical U-fibers appears to be
highly suggestive of heroin-induced leukoen-
cephalopathy. On the other hand, there is a
broader differential diagnosis for heroin-induced
hippocampal stroke, including atheroembolic
stroke, herpes encephalitis, transient global
amnesia (Fig. 7.8), and limbic encephalitis
(Fig. 7.9). Acute neurotoxicity affecting the globi
pallidi and cerebellum caused by certain opioids
such as oxycodone can resemble certain cases of
hyperammonemia (refer to Chap. 49), hypoxic
ischemic injury, acute Ecstasy toxicity (refer to
Chap. 6), mitochondrial disorders, carbon mon-
oxide poisoning (refer to Chap. 40), and metha-
nol toxicity (refer to Chap. 3). Similarly, delayed
posthypoxic leukoencephalopathy can result
from other of prolonged hypoxia, such as CO
poisoning. The imaging findings of delayed
posthypoxic leukoencephalopathy are essentially
pathognomonic in the appropriate clinical
setting.

Fig. 7.8 Limbic encephalitis. Axial (a) and coronal (b) FLAIR MR images show diffuse hyperintensity involving the
bilateral hippocampi (arrows)
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Fig.7.9 Transient global amnesia. Coronal diffusion-weighted images (a, b) show punctate foci of restricted diffusion
in the bilateral hippocampi (arrows)
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Betel Nuts

Grayson W. Hooper, Timothy Biega,
and Daniel Thomas Ginat

8.1 Uses

Areca nut (Areca catechu) is an ancient cultural
and pharmacologic staple that is commonly
chewed with the betel leaf (Piper betle) and is thus
often referred to as the betel nut. If it is chewed
with additional ingredients, which can include
tobacco, slaked lime, catechu, and a number of fla-
vorants, it is referred to as betel quid or paan in
South Asia. The use of betel nut dates back as far
as 2,000 years and is now estimated to be chewed
by up to 10 % of the world’s population. The US
FDA maintains an import alert for betel nuts, which
are considered unacceptable as a non-medicinal
ingredient in oral use products. There are innumer-
able preparations of betel nut with different names
and different biochemical effects. Betel nut is pri-
marily masticated for its mild stimulant effect, but
it is also used as a palate cleanser, breath freshener,
and a simple sweet. In India, for example, popular
betel nut preparations known as Guthka (with
tobacco) and pan masala (without tobacco) com-
bine betel nut, slaked lime, and various sweeteners
in order to be successfully marketed to the younger
demographic as innocuous sweets.
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8.2 Mechanism

Chewing areca nut liberates four precursor areca-
specific alkaloids into the saliva: arecoline, guva-
coline, guvacine, and arecaidine, with arecoline
accounting for up to 1 % of the dry weight of
the nut. These are in addition to tobacco-specific
alkaloids if betel quid is chewed. The areca-
specific alkaloids undergo nitrosation to form
multiple areca-specific nitrosamines, including
3-(methylnitrosamino) propionitrile (MNPN)
and 3-(Methylnitrosamino) propionaldehyde
(MNPA)—both of which have been shown to
be carcinogenic in rat models. Arecoline and
arecaidine, without further chemical alteration,
have been shown to stimulate fibroblast prolif-
eration, which is implicated in the development
of oral submucous fibrosis. In addition, the use
of slaked lime (calcium hydroxide) decreases
oral pH and facilitates the auto-oxidation of
areca polyphenols to produce the reactive oxy-
gen species superoxide and hydrogen peroxide,
which directly damage DNA. In Papua New
Guinea, users will often add extra lime in the
corners of their mouths. Consequently, contrary
to the common observation that most oral squa-
mous cell carcinomas arise in the floor of the
mouth, those users in Papua New Guinea more
often develop the disease in the corners of their
mouths. Of note, the use of areca nut is asso-
ciated with a strong, systemic inflammatory
response in humans as measured by CRP. This
could be mediated through areca extract-induced
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inflammatory cytokines, as areca extract has
been shown to stimulate tumor necrosis factor
alpha (TNF-a) and interleukin-1b (IL-1b).

8.3  Discussion

Betel nut and its myriad preparations are a
known cause of oral squamous cell carcinoma,
as well as esophageal, gastric, hepatic, and pan-
creatic carcinomas. In the case of oral squa-
mous cell carcinoma, there is a betel nut
dose-dependent relationship and a synergistic
relationship with alcohol and tobacco usage.
Betel nut usage has also been implicated in the
development of multiple debilitating and pre-
malignant conditions, including leukoplakia,
malakoplakia, and oral submucosal fibrosis
(OSF). Betel nut-associated oral squamous cell
carcinomas generally appear as heterogeneous,
diffusely enhancing masses on CT (Fig. 8.1).

There is often discordance between the SFDG-
PET-CT features of the cervical lymph nodes
and their pathologic specimens due to an
inflammatory response related to betel nut use
(Fig. 8.2). Enlarged and hypermetabolic are
often free of tumor on pathologic examination,
even in the setting of large primary tumors.

8.4 Differential Diagnosis

Oral region squamous cell carcinomas can be
predisposed by other factors besides betel nuts,
including tobacco, alcohol, and HPV (refer to
Chaps. 1 and 2). The imaging features of squa-
mous cell associated with betel nut use generally
appear similar to other squamous cell carcinomas
on imaging. However, HPV positive squamous
cell carcinomas tend to be well defined with cys-
tic metastatic lymph nodes. In addition, betel
nut-induced squamous cell carcinomas are

Fig. 8.1 Betel nut-induced oral cavity squamous cell carcinoma. Axial (a) and coronal (b) contrast-enhanced CT
images show an enhancing mass in the right oral tongue (arrows)
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Fig.8.2 Inflammatory lymph nodes associated with betel nut-
induced squamous cell carcinoma. Axial PET-CT fusion image
shows an exophytic hypermetabolic lower lip squamous cell
carcinoma (arrowheads) and bilateral hypermetabolic level 1
lymph nodes (arrows) that did not contain malignant cells

Fig. 8.3 Metastatic lymph nodes. Axial PET-CT fused
image shows a hypermetabolic left tongue base squamous
cell carcinoma (arrowheads) and bilateral hypermetabolic
metastatic lymphadenopathy (arrows)

particularly frequently associated with enlarged,
hypermetabolic inflammatory lymph nodes. The
false-positive inflammatory lymph nodes have
been shown to have maximum standard uptake
values (mSUV) on ®FDG-PET that are indistin-
guishable from metastatic lymph nodes (Fig. 8.3).
Lymph nodes may also exhibit hypermetabolism
on PET in the weeks following radiation therapy,
but the SUV tends not to be as elevated.
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Licorice

Juan E. Small and Daniel Thomas Ginat

9.1 Uses

Licorice has been used as a sweetener and a thirst
quencher. In certain countries, derivatives of lico-
rice are used for the treatment and control of
chronic viral hepatitis due to its presumed hepa-
toprotective effects. In addition, licorice is used
as part of certain alternative medicine therapies
for its presumed anticancer, adaptogen, and
cough reliever properties. However, the benefits
of chronic consumption of licorice generally may
not outweigh the potential risks.

9.2 Mechanism

The active ingredient in licorice is glycyrrhizic
acid, which inhibits 11B-hydroxysteroid dehy-
drogenase (1168-HSD), leading to sodium reab-
sorption and potassium secretion. Excessive
licorice ingestion therefore results in hypervol-
emic hypertension, hypokalemia, and metabolic
alkalosis. Of note, the pseudohyperaldosteronism
induced by excessive licorice ingestion is readily
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distinguished from primary and secondary hyper-
aldosteronism by the presence of low plasma
renin and aldosterone activity.

9.3  Discussion

The two main categories of documented licorice-
induced complications include hypertension and
hypokalemic myopathy. With regard to neuroim-
aging, the glucocorticoid and functional mineral
corticoid excess induced by excessive licorice
ingestion has been shown to result in hyperten-
sion, vasoconstriction, impaired vasorelaxation,
and endothelial damage. As such, acute hyper-
tensive encephalopathy or posterior reversible
encephalopathy syndrome (PRES) and reversible
cerebral vasoconstriction syndrome (RCVS) have
been documented in several patients following
excessive licorice ingestion. PRES is character-
ized predominantly by parieto-occipital and other
border-zone vasogenic edema with hemorrhagic
conversion in up to 20 % of cases. Areas of hem-
orrhage can also be apparent on imaging. RCVS is
characterized by vasoconstriction involving proxi-
mal and distal vessels that may lead to border-zone
infarctions in 39 % of cases. Small subarachnoid
and intraparenchymal hemorrhages can also occur
in 22 and 6 % of cases, respectively. There is an
overlap between RCVS and PRES, and features
of both can be seen in the same patient. Indeed,
approximately 10 % of RCVS cases are associated
with PRES, regardless of the cause. Conventional
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MRI sequences are suitable for depicting focal hemispheres related to licorice-induced PRES,
areas of vasogenic edema that are primarily dis- and susceptibility-weighted sequences can depict
tributed in the posterior regions of the cerebral the presence of associated hemorrhage (Fig. 9.1).

Fig.9.1 Licorice-induced PRES. Axial T1-weighted (a), axial GRE (b), and axial FLAIR (¢, d) MR images ofthe brain
demonstrate bilateral parieto-occipital edema with superimposed hemorrhage in the right parietal lobe
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Fig.9.1 (continued)

Perfusion MRI can be useful for demonstrating
hypoperfusion in the deep watershed regions of
the ipsilateral cerebral arteries with relative spar-
ing of the superficial cortical regions in cases of
RCVS. In addition, angiography can be useful
to depict the segmental narrowing and dilatation
of multiple cerebral arteries found in licorice-
induced RCVS. Predictors of a worse outcome are
the presence of cerebral infarction and parenchy-
mal hemorrhage.

9.4 Differential Diagnosis

e PRES due to other causes (refer to Chaps.
6 and 23 for additional details)

* RCVS due to other causes (refer to Chaps.
4,5, 6, and 10 for additional details)

* Venous sinus thrombosis (refer to Chaps.
21 and 47 for additional details)
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10.1 Uses

Centella asiatica is a perennial herbaceous
creeper native to India and parts of Asia that
is consumed in the plant form. It is integrated
into Ayurvedic and Chinese herbal remedies
and used for treatment of a variety of ailments,
most notably affecting the skin and female geni-
tourinary tract, and to improve memory and
concentration. There are also various pharmaceu-
tical formulations aimed at exploiting intrinsic
wound-healing, anticonvulsive, antinociceptive,
anti-inflammatory, and antioxidative properties.

10.2 Mechanism

The primary active constituent is triterpenoids. In
animal models, triterpenoids have been proven to
increase collagen and glycosaminoglycan syn-
thesis, promote angiogenesis, and act on the con-
nective tissue of vascular walls.
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10.3 Discussion

A rare effect of excessive consumption of
Centella asiatica is reversible cerebral vasocon-
striction syndrome (RVCS). The postulated
mechanism is related to the vasoactive effects of
triterpenoids, which are known to result in vas-
cular remodeling by interfering with collagen
synthesis regulation.

The main clinical presentation of RCVS is
sudden onset of severe thunderclap headache
associated with photophobia, nausea, and vom-
iting. The primary radiological CNS manifes-
tation is the presence of alternating multifocal
large to medium arterial constriction and dila-
tion, resulting in the characteristic “sausage
on a string” appearance on cerebral angiog-
raphy (Fig. 10.1). A key diagnostic feature is
the spontaneous reversibility, upon withdrawal
of the stimulus, occurring within 1-3 months.
Notably, angiography performed very early in
the clinical course can be normal, with vessel
narrowing often most marked in the second
and third weeks after exposure. Major com-
plications include subarachnoid hemorrhage,
ischemic stroke, and, much less commonly,
intraparenchymal hemorrhage.

Treatment involves identification and with-
drawal of the vasoactive stimulus, supportive
care, and management of ischemic and hemor-
rhagic complications.
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Fig. 10.1 RCVS associated with Centella asiatica. Fifty-
eight-year-old female presenting 10 days after initial acute
thunderclap headache. Symptoms began 48 h after inges-
tion of a large quantity of Centella asiatica. Neurological
deterioration 5 days after DSA prompted MRI (a, b), which
shows T2 hyperintensity and restricted diffusion in the

10.4 Differential Diagnosis

An important diagnostic consideration is vaso-
spasm secondary to aneurysmal subarachnoid
hemorrhage. Other differential considerations

splenium of the corpus callosum, consistent with infarction
(arrows). MIP time-of-flight MRA (c) performed in the
third week after initial ingestion demonstrates extensive
multifocal areas of cerebral vasoconstriction (arrowheads).
MIP time-of-flight MRA performed 6 weeks after initial
ingestion (d) shows resolution of the abnormalities

include central nervous system (CNS) vasculitis,
postpartum cerebral angiopathy (PPA), and other
causes of reversible vasoconstriction syndrome,
such as migrainous angiitis and other drug-
induced cerebral vasculopathies. Differentiation
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Fig.10.2 Vasospasm associated with subarachnoid hem-
orrhage. Axial CT image (a) shows anterior communicat-
ing artery aneurysm clipping and associated hemorrhage

between the various diagnostic possibilities is

aided by the clinical presentation, relevant per-

sonal history, and patient demographics.

* Aneurysmal rupture and secondary vasospasm:
A difficult diagnostic dilemma may arise when
an intracranial aneurysm is identified on angi-
ography, despite the changes being attributable
to RCVS. In this situation, the distribution and
extent of subarachnoid hemorrhage and the
location of cerebral vasospasm are invaluable in
ascertaining the diagnosis. In general, subarach-
noid hemorrhage is associated with RCVS and
basal subarachnoid hemorrhage with aneurys-
mal rupture. Subarachnoid hemorrhage could
be associated with ruptured distal mycotic aneu-
rysm; however, there is usually a history of
intravenous drug use or infective endocarditis
that predisposes to septic emboli.

e CNS vasculitis: This may be primary in etiol-
ogy, in which the arteritis is confined to the
CNS vessels, or secondary, where there is a his-
tory of systemic vasculitis, most often systemic
lupus erythematosus (SLE). In the latter situa-
tion, CNS involvement is unlikely to be the first
manifestation of the disease, as there is almost
always a history of systemic vasculitis. While the
radiological features of primary CNS vasculitis

from recent rupture (arrow). Lateral 3D CTA (b) shows
multiple high-grade stenoses of the anterior cerebral arter-
ies (arrowheads)

can overlap with RCVS, the clinical onset of
CNS vasculitis is more insidious, the headache
is chronic and progressive, and there are usu-
ally accompanying cerebrospinal fluid abnor-
malities. Multiple ischemic lesions can be
encountered on MRI (Figs. 10.2 and 10.3).
Postpartum cerebral angiopathy: Perhaps a
manifestation of RCVS, the underlying mech-
anism is thought to relate to hormonal changes
that affect vascular smooth muscle or result in
endothelial dysfunction that in turn may result
in vasogenic edema, vasoconstriction, intra-
cranial hemorrhage, and/or infarction.

*  Migrainous angiitis: This is radiologically indis-

tinguishable from other causes of RCVS. Often
a history of migraines may be the only indication
that this is the underlying etiology.

Other drug-induced RCVS: A wide range of
compounds have been associated with the
drug-induced form of RCVS. These include
phenylpropanolamine, pseudoephedrine, ergot-
amine tartrate, methylergonovine, bromocrip-
tine, lisuride, selective serotonin reuptake
inhibitors (SSRIs), sumatriptan, isomethep-
tene, cocaine (refer to Chap. 5), amphetamine
derivatives (refer to Chap. 6), marijuana (refer
to Chap. 4), lysergic acid diethylamide,
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Fig. 10.3 Lupus vasculitis. Axial FLAIR MRI (a) shows
multifocal areas of cortical and subcortical hyperintense
signal abnormality (arrows). The corresponding axial

tacrolimus  (FK-506), cyclophosphamide,
erythropoietin, intravenous immune globulin
(IVIg), interferon alpha, nicotine patches, red
blood cell transfusions, licorice (refer to Chap.
9), and oral contraceptives (refer to Chap. 47).
The radiological features are identical to other
causes of RCVS, and the history is invaluable
in identifying the offending agent.
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Nitrous Oxide (N,O)

Daniel Thomas Ginat

11

11.1 Uses

Nitrous oxide is used as an inhaled anesthetic and
as a propellant in the food industry, such as in
whipped cream bulbs. Intentional abuse of or
excess occupational exposure to nitrous oxide can
result in neurotoxicity.

11.2 Mechanism

Nitrous oxide toxicity results from inactivation of
vitamin B12-dependent enzymes. Nitrous oxide
irreversibly oxidizes the cobalt ion of vitamin
B12 from the +1 to the +3 valence state. Nitrous
oxide oxidation of the cobalt ion prevents meth-
ylcobalamin from acting as a coenzyme in the
production of methionine and subsequently
S-adenosylmethionine. S-adenosylmethionine is
necessary for methylation of myelin sheath phos-
pholipids. Conversion of methylmalonyl to suc-
cinyl coenzyme A is also inhibited by cobalamin
oxidation. Accumulation of methylmalonate and
propionate may promote abnormal fatty acid syn-
thesis, which can become incorporated into the
myelin sheath.
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11.3 Discussion

Nitrous oxide toxicity can lead to subacute com-
bined degeneration of the spinal cord, analogous to
classic vitamin B12 deficiency. The abnormality
leads to progressive demyelination of the spinal cord
and demyelination and axonal injury of the periph-
eral nerves. The posterior columns are predomi-
nantly involved with loss of position and vibration
senses, ataxia, broad-based gait, and, occasionally,
Lhermitte sign. The anterolateral columns can also
be affected and swelling of the spinal cord can also
be observed. Myelopathy usually develops 26
weeks after nitrous oxide exposure, but can occur
within hours. Affected patients usually have vitamin
B12 deficiency. On MR, there is typically long-seg-
ment high T2 signal along the dorsal columns, with-
out associated enhancement (Fig. 11.1). Treatment
consists of ceasing exposure to nitrous oxide and
supplementing methionine and vitamin B12. The
signal abnormalities encountered on MRI are often
reversible following appropriate treatment.

11.4 Differential Diagnosis

The differential diagnosis for T2 hyperintensity
selectively involving the dorsal columns mainly
includes the following conditions:

e Vitamin BI2 deficiency: As stated previously,
vitamin B12 deficiency has an identical imaging
appearance as nitrous oxide toxicity, since it is
the endpoint of nitrous oxide toxicity (Fig. 11.2).
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Fig. 11.1 Nitrous oxide myelopathy. The patient pre-
sented with progressive sensory changes in the extremities
after nitrous oxide use. Sagittal (a) T2-weighted MRI
shows diffuse high signal within the dorsal columns of the
cervical spine. The corresponding axial (b) fat-suppressed
post-contrast T1-weighted MRI shows no corresponding
abnormal enhancement

e Spinal cord infarction: Long-segment T2
hyperintensity and swelling in a spinal artery
vascular territory, often involving the central
gray matter, are characteristic (Fig. 11.3).

Fig. 11.2 Subacute combined degeneration due to vita-
min B12 deficiency. Axial (a) and sagittal (b) MR images
show high signal through much of the bilateral cervical
spine dorsal columns
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Diffusion-weighted imaging is helpful for
confirming acute spinal cord infarction by
depicting the presence of restricted diffusion
in the affected region.

Vacuolar myelopathy due to HIV infec-
tion: This condition can resemble subacute

Fig. 11.3 Spinal cord infarction. Axial (a) and sagittal (b) T2-weighted MR images show high signal in the central
spinal cord. There is corresponding restricted diffusion shown on the sagittal DWI (¢) and ADC map (d)

combined degeneration on imaging as well as
pathology, and the patient’s history of HIV is
necessary for the diagnosis.

Intrathecal chemotherapy-related myelopathy:
Patients receiving intrathecal chemotherapy
can present with ascending numbness and
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weakness with corresponding widespread
symmetric hyperintensity in the posterior
columns of the spinal cord (refer to Chap. 19).
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lodinated Contrast Agents
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12

12.1 Uses

In neuroimaging, iodine-based contrast agents
are administered intravenously when acquiring
CT images mainly for evaluating infectious and
inflammatory conditions and tumors. Intravenous
administration of iodine-based contrast agents
are also an essential part of CT and conventional
catheter angiography and CT perfusion studies.
Iodine contrast agents can also be administered at
different concentrations intrathecally into the
subarachnoid space for performing myelography
or cisternography and into the ventricular system
for performing ventriculography.

12.2 Mechanism

Iodine-based contrast agents consist of various
modifications of a 2,4,6-triiodinated benzene
ring. lodine-based contrast has relatively high
X-ray attenuation coefficients, particularly near
the iodine k-edge of approximately 33 keV, which
makes the contrast material appears radio-opaque.
Intravenously administered iodinated contrast

H. Haroyan, MD
Department of Radiology, University of Chicago,
Chicago, IL, USA

D.T. Ginat, MD, MS (P<)

Department of Radiology, University of Chicago,
Pritzker Medical School, Chicago, IL, USA
e-mail: ginatd01 @gmail.com

D.T. Ginat et al. (eds.), Neuroimaging Pharmacopoeia,

agents are predominantly excreted through the
kidneys (99 % percent where there is normal renal
function), with a half-life of approximately 2 h.

12.3 Discussion

Iodine is a chemical element of the halogen group
with atomic number 53. Iodine contrasts agents
can be oil-based and water soluble. Oil-based
contrast agents are not currently used in neuroim-
aging, and this text focuses on water-soluble
iodinated contrast agents, which were actually
first developed for urography by Dr. Moses Swick
in 1928. Current iodinated contrast agents consist
of iodine bound to an organic molecule com-
prised of one (monomeric) or two (dimeric) ben-
zene rings. Based on whether there is an ionic or
covalent bond, iodinated contrast agents can be
described as ionic versus nonionic. Ionic contrast
agents (i.e., diatrizoate, metrizoate, and ioxa-
glate) contain carboxyl group, which dissociates
in solution, as opposed to nonionic agents (i.e.,
iopamidol, iohexol, and iopromide), which do
not dissociate, but are rendered water soluble due
to the presence of hydrophilic hydroxyl groups.
In addition, low and high osmolar agents are
available, which refers to the amount of iodine
yielded per molecule of contrast agent with
osmolality that can range from 290 to 1,550 Osm/
kg, depending upon the particular agent.

The normal biodistribution of intravenously
administered iodine contrast agents on

95

DOI 10.1007/978-3-319-12715-6_12, © Springer International Publishing Switzerland 2015


mailto: ginatd01@gmail.com

96 H. Haroyan and D.T. Ginat

Fig. 12.1 Normal iodinated contrast material distribu- sinuses (black arrow), internal cerebral veins (white
tion. Axial non-contrast CT (a) and corresponding post-  arrow), choroid plexus (blue arrow), and cortical arteries
contrast CT (b) show expected enhancement of the dural  (red arrow)

Fig. 12.2 Pre- and post-contrast CT showing a cerebral abscess. Axial pre- (a) and post-contrast CT (b) images show
a thin rim-enhancing fluid collection with surrounding vasogenic edema in the left parietal lobe (arrow)

neuroimaging is throughout the cerebrovascu- that disrupt the blood-brain barrier are hypervas-
lar system, choroid plexus, pituitary gland and cular, such as abscess, and certain tumors can
stalk, muscles, and mucosa (Fig. 12.1). Lesions also demonstrate enhancement (Figs. 12.2 and
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Fig. 12.3 Pre- and post-contrast CT showing a meningioma. Coronal pre- (a) and post-contrast (b) CT images show a
homogeneously enhancing mass in the left parafalcine parietal convexity (arrow)

Fig. 12.4 CTA showing an arteriovenous malformation. Coronal CTA MIP (a) and 3D CTA volume rendered (b)
images show a large nidus in the left cerebral hemisphere with associated high-glow aneurysm (arrow)

12.3). The degree of enhancement can be quan-
tified by measuring the Hounsfield units on the
corresponding pre- and post-contrast images.
CTA is performed by acquiring images during
the arterial phase (approximately 30 s after intra-
venous injection of contrast) and is useful for
delineating steno-occlusive lesions, aneurysms,
and vascular malformations (Fig. 12.4). CT per-
fusion consists of serial scanning of a limited

region at short time intervals during the early
phase of contrast administration in order to deter-
mine various hemodynamic parameters such as
CBYV, CBF, and MTT, which can be useful for
evaluating ischemic disease and the characteris-
tics of certain tumors (Fig. 12.5). CTV consists
of acquiring images during the venous phase
(approximately 120 s after intravenous injection
of contrast) and is useful for the evaluation of venous
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CBV (ml/100g)

Fig. 12.5 CT perfusion showing acute ischemia. Frontal
projection 3D volume rendered CTA image (a) shows
absent opacification of the left MCA (circle). Axial CTA
image (b) shows hypoattenuation within the left basal
ganglia, which corresponds to an acute infarct (arrows).

thrombosis and extrinsic compression or inva-
sion of the venous sinus by tumors (Fig. 12.6).
CT myelography consists of injecting contrast
into the subarachnoid space, usually via a lumbar
puncture, and using the contrast material to out-
line critical structures, such as the spinal cord or
nerve roots that may be compressed (Fig. 12.7).

MIT (sec)

The corresponding CBV map (c¢) shows a perfusion defect
in the left basal ganglia (arrows). However, the MTT map
(d) shows a much larger area of prolonged transit time,
indicating tissue at risk, but potentially salvageable
(arrowheads)

Similarly CT cisternography consists of injecting
contrast into the subarachnoid space usually via
lumbar puncture and can be used to confirm and
localized CSF leaks (Fig. 12.8). CT ventriculog-
raphy consists of injecting contrast material into
the ventricular system, usually via pre-existing
ventricular catheter in order to assess for patency
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Fig. 12.6 CTV showing venous sinus thrombosis. Axial
non-contrast CT images (a, b) show hyperattenuation
within the straight and right transverse venous sinuses

of the catheter or localizing the site of obstructive
hydrocephalus (Fig. 12.9).

In general, nonionic low osmolar agents are
preferred for intravenous use due to better safety
profile. Contrast reactions are uncommon and

(arrows). Lateral (c) and frontal (d) projection 3D CTV
volume rendered images show lack of opacification in the
corresponding venous sinuses (arrows)

range from 5 to 12 % for high osmolarity con-
trast media and 1-3 % for low osmolarity con-
trast media overall. Contrast reactions can be
anaphylactoid (urticaria, bronchospasm, laryn-
geal edema, hypotension and tachycardia, and



100

H. Haroyan and D.T. Ginat

Fig. 12.7 CT myelogram. Axial (a) and sagittal (b) CT images show contrast material outlining a posterior disc-
osteophyte complex (arrows) that impinges upon the cervical spinal cord

Fig. 12.8 CT cisternogram. The patient has a history of
an invasive pituitary adenoma and presents with intermit-
tent clear rhinorrhea. Coronal (a) and sagittal (b) CT

hypotension and bradycardia) versus nonana-
phylactoid (cardiac arrhythmia, hypertension,
seizures, and pulmonary edema). Management
of these contrast reactions is beyond the scope

images show the presence of contrast within the sphenoid
sinus (arrows), extending through a defect in the enlarged
sella

of this text. Contrast agent-related nephropathy
is defined as an elevation of the serum creati-
nine level by more than 0.5 mg/dL or more than
50 % of the baseline within 1-3 days following
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Fig. 12.9 CT ventriculogram. Axial (a) and sagittal (b)
CT images show the lateral and third ventricles filling
with contrast administered through a ventricular shunt
catheter (arrow), but lack of contrast filling the cerebral
aqueduct and fourth ventricle (arrowheads), indicating
the presence of aqueductal stenosis

contrast injection and occurs in 2-7 % of
patients. Risk factors include pre-existing
renal disease and kidney transplant, diabetes
mellitus, collagen vascular diseases, certain
antibiotics and chemotherapy agents, among
others. Prevention and management of contrast-
induced nephropathy is also beyond the scope
of this text. Contrast-induced encephalopathy
is a rare complication related to large doses of
contrast administered during procedures, such
as cardiac catheterization and neurovascular
procedures. Patients can present with confusion,
cortical blindness, focal neurological deficits,
and seizures. Most cases of contrast-induced
encephalopathy are transient, although perma-
nent deficits result in most severe cases. On CT
in the acute setting, focal or diffuse swelling
and contrast staining in the brain parenchyma
can be observed, which often resolves, although
encephalomalacia can ensue in more severe
cases (Fig. 12.10).

12.4 Differential Diagnosis

Certain materials besides iodinated contrast
appear hyperattenuating on CT, including acute
hemorrhage, calcifications, and certain foreign
bodies. It is possible to differentiate between
intrinsically hyperattenuating materials and con-
trast enhancement by comparing non-contrast
images with corresponding post-contrast images.
However, pre-contrast images are not always
obtained or may have ambiguous findings, such
as the presence of a hyperattenuating area follow-
ing intra-arterial TPA. In such cases, spectral CT
can be helpful for distinguishing between con-
trast staining and hemorrhage (Fig. 12.11).



102 H. Haroyan and D.T. Ginat

Fig. 12.10 Contrast-induced encephalopathy. The attenuation along the cortex with diffuse brain edema.
patient presented with altered mental status following car-  Follow-up non-contrast CT image (b) demonstrates dif-
diac catheterization. Axial CT image (a) shows increased  fuse volume loss and cortical laminar necrosis
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Fig.12.11 Hemorrhage versus contrast staining resolved  hyperattenuating focus within the right basal ganglia
using dual energy CT. The patient has a right basal ganglia  (arrow). The water-density (b) and iodine-density (c)
infarct for which a neurointerventional procedure was images indicate the presence of both contrast staining and
performed. Standard axial CT image (a) shows a hemorrhage (arrows)
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13.1 Uses

In neuroimaging, MRI sequences are obtained fol-
lowing intravenous administration of gadolinium-
based contrast agents (GBCA) most commonly
for the assessment of tumors, inflammatory condi-
tions, and infectious processes. Contrast can also
be used for MR angiography and perfusion imag-
ing, although these studies can also be performed
without contrast using different techniques.

13.2 Mechanism

Gadolinium-based contrast agents can consider-
ably shorten T1 relaxation time of surrounding
protons, resulting in high T1 signal, even if only
very small concentrations are present in the
blood. Gadolinium-based contrast agents consist
of gadolinium incorporated into a chelating
agent, which modifies the biodistribution and
minimizes toxicity. There are three main catego-
ries of FDA-approved GBCA available for clini-
cal use based on the biodistribution: extracellular
fluid agents, blood pool agents, and combined
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extracellular and liver agents. Extracellular
agents are most commonly used in practice, dis-
tribute mostly in the extracellular space, and do
not cross the intact blood-brain barrier. These
agents are excreted almost exclusively by kid-
neys with a half-life of approximately 1.5 h in
patients with normal renal function.

13.3 Discussion

Gadolinium (Gd) is a rare earth metal that belongs
to the lanthanide family of elements. It has
seven unpaired electrons with symmetric S-state
that results in a slow electronic relaxation rate.
Gadolinium-based contrast agents consist of organic
molecules attached to gadolinium. Currently, nine
GBCA are approved by FDA for clinical use in the
USA. Two groups are recognized based on the type
of gadolinium—chelate bond. In one group consist-
ing of Gd-DOTA (Dotarem), Gd-DO3A-butrol
(Gadovist), and Gd-HPDO3A (ProHance), gado-
linium is in the center of the macrocyclic ring. In the
other group consisting of Gd-DTPA (Magnevist),
Gd-DTPA-BMA (Omniscan), Gd-DTPA-BMEA
(OptiMARK), Gd-BOPTA (MultiHance), Gd-EOB-
DTPA (Eovist), and Gadofosveset (Ablavar), gado-
linium is attached to a linear chelate. The chelate
portion of the molecule affects the biodistribution,
excretion, and potential toxicity of the agents.
GBCA increase both 1/T1 and 1/T2 to varying
degrees depending on the applied magnetic field,
which results in significant T1 shortening (bright
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Fig. 13.1 Biodistribution of extracellular gadolinium- show expected enhancement within the venous structures
based contrast agents. Normal non-contrast T1 image (a) (green arrow), basilar artery (red arrow), pituitary stalk
and corresponding post-contrast fat-suppressed T1 image  (black arrow), mucosa (white arrow), extraocular muscles
(b) obtained with intravenous administration of MultiHance  (yellow arrow), and lacrimal gland (blue arrow)

Fig. 13.2 Metastatic disease. Axial post-contrast CT (a)  obtained shortly thereafter clearly shows the presence of a
shows a very faintly enhancing lesion in the left perirolan-  metastasis (arrow)
dic region (arrow-?). Post-contrast T1-weighted MRI (b)
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Fig. 13.3 Meningioma. Lateral digital subtraction angio-
gram images in early (a) and late (b) phases show a hyper-
vascular mass in the frontal region (arrowheads). Axial

signal). Of note, there is no significant effect on
T2-weighted images, since the effect is minimal in
concentrations used for neuroimaging. Extracellular
GBCAs do not cross the intact blood—brain barrier
and are normally distributed in vascular structures,
choroid plexus, pituitary gland and stalk, pineal
gland, area postrema, muscles, and mucosal surfaces
(Fig. 13.1). MRI with GCBA is sensitive for the

T1 (c) and post-contrast T1 (d) images show a large ante-
rior parafalcine mass (arrows) with delicate central flow
voids (black arrows)

detection of pathological processes associated with
blood-brain barrier breakdown, such as abscess,
multiple sclerosis, certain primary brain tumors, and
metastases. In fact, MRI with contrast is generally
more sensitive than CT with contrast for depicting
enhancing metastases (Fig. 13.2). MRI with contrast
is also useful for depicting hypervascular lesions,
such as meningiomas (Fig. 13.3).
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In general, GBCA are better tolerated than
iodine-based contrast agents used in CT examina-
tions, which can be explained by much smaller
doses and biochemical characteristics. The inci-
dence of adverse reactions ranged from 0.07 to
2.4 % when used in doses not exceeding 0.2 mmol/
kg. The most common adverse reactions include
nausea, headaches, dizziness, paresthesias, and
coldness or itching at the injection site. True aller-
gic type reactions are rare, with reported incidence
of 0.004-0.7 %, and usually limited to urticaria or
hives. Severe allergic reactions are extremely rare.

Fig. 13.4 Nephrogenic systemic fibrosis. Photograph
show epidermal atrophy and hairlessness of the affected
regions in the legs (Courtesy of Vesna Petronic-Rosic
MD, University of Chicago)

Fig.13.5 Chronic gadolinium accumulation in the brain.
The patient underwent 24 prior contrast-enhanced MRI
exams. Sagittal T1 MRI shows patchy hyperintensity in
the dentate nucleus and globus pallidus (arrows)

Management of anaphylaxis and other contrast
reaction is beyond the scope of this text.

A rare delayed complication of GBCA
administration is nephrogenic systemic fibrosis
(NSF). NSF occurs in patients with end-stage
renal disease or severe acute renal failure in
association with specific contrast agents
(Omniscan, Magnevist, and OptiMARK) and is
believed to be dose dependent. Development of
NSF is related to in vivo release of gadolinium
from chelating agents. The dissociation rate of
macrocyclic agents is much lower than linear
agents, and they are a safer alternative in
patients with impaired renal function. NSF pre-
dominantly affects the liver, lungs, heart, and
skin. In particular, the skin involvement in NSF
typically manifests as bilateral symmetric epi-
dermal atrophy and hair loss in the legs
(Fig. 13.4). There can also be hyperpigmenta-
tion as well as skin hardening or wrinkling. No
new cases have been reported in literature in
recent years, likely due to increased awareness
of the condition, leading to restricted use of
GBCA in patients with low GFR.

Even in patients without renal failure, repeated
contrast-enhanced MRI scans can lead to accu-
mulation of gadolinium ions in the brain. This
can manifest as high signal intensity in the
dentate nucleus and globus pallidus on unen-
hanced T1-weighted images (Fig. 13.5).

13.4 Differential Diagnosis

Differential considerations for hyperintensity on
post-contrast T1-weighted MRI include substances
that are intrinsically T1 hyperintense, such as sub-
acute blood products (methemoglobin), lipid, pro-
teins, melanin, and certain minerals. Implementation
of subtraction maps can be used to discern whether
or not there is indeed enhancement in lesions that
appear hyperintense on T1 (Fig. 13.6). In addition,
the presence of chemical shift artifact or loss of sig-
nal with fat-suppression techniques can confirm the
presence of lipid in lesions suspected of containing
fat. Alternatively, CT can readily depict fat attenua-
tion in lipomatous lesions (Fig. 13.7).
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Fig. 13.6 Blood products. The patient underwent recent
resection of a left cerebellar tumor. The non-contrast T1
weighted (a) and post-contrast T1 weighted (b) images
show hyperintensity in the resection bed. It is difficult to
determinate whether there is indeed a residual enhancing

mass amidst subacute blood products with intrinsic T1
hyperintensity. However, the subtraction image (c) shows
absence of nodular enhancement in the resection bed. A
peripheral rim of high signal on subtraction images may
result from slight misregistration artifact
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N

Fig. 13.7 Lipid. Axial post-contrast T1-weighted MRI
(a) shows a T1 hyperintense lesion in the right cerebello-
medullary angle (arrow). The corresponding CT image
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Pantopaque (Myodil,
lodophenylundecylic Acid)

14

Daniel Thomas Ginat

14.1 Uses

Pantopaque is an oil-based contrast agent that
was mainly used for myelography in the past, but
it is now obsolete.

14.2 Mechanism

Pantopaque contains iodine, which renders the
contrast agent radio-opaque. The contrast
medium is an oil ester, which imparts T1 shorten-
ing effects on MRI. Residual Pantopaque drop-
lets are irritating and can cause arachnoiditis and
meningitis.

14.3 Discussion

Pantopaque was first used as a contrast agent in
1944 for myelography. The material is radio-
opaque on radiography and hyperattenuating on
CT. On MRI, Pantopaque is hyperintense on
T1-weighted sequences and displays intermedi-
ate signal on T2-weighted images. In addition, on
T2-weighted images, chemical shift artifact can
be observed in the frequency encoding direction
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(Fig. 14.1). Spinal arachnoiditis frequently
occurs in association with Pantopaque years later
due to chronic nerve root irritation. The material
can also migrate into the intracranial compart-
ment, where it may be encountered incidentally
(Fig. 14.2).

14.4 Differential Diagnosis

In the spine, the differential diagnosis for sub-
arachnoid T1 hyperintense lesions on MRI
includes fibrolipomas, lipomas, epidural lipoma-
tosis, dermoid, hemorrhage, and melanoma.
Without an appropriate clinical history, CT can
help differentiate among some of these possibili-
ties; fat is typically very hypoattenuating on CT,
while subacute hemorrhage and melanoma have
intermediate attenuation. The differential diagno-
sis for leptomeningeal dissemination of
Pantopaque into the intracranial compartment
with hyperattenuation on CT mainly includes
meningoangiomatosis and subarachnoid hemor-
rhage. On MRI, ruptured dermoid, leptomenin-
geal melanoma and/or hemorrhagic metastases,
and subacute subarachnoid hemorrhage are
potential differential diagnostic considerations.

» Fibrolipoma: Filum terminale fibrolipomas
typically appear as elongated masses with fat
signal characteristics (T1 and T2 hyperintense
with loss of signal on fat-suppressed
sequences) on MRI (Fig. 14.3).
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Fig. 14.1 Intraspinal Pantopaque. Axial and sagittal artifact within the spinal canal (arrows). Lateral radiograph
T1-weighted and T2-weighted MR images (a—d) show high  of the lumbar spine (e) shows a high attenuation material in
T1 and intermediate T2 signal with associated chemical shift  the spinal canal at the level of L5-S1 (arrows)
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* Ruptured dermoid: Dermoids typically dis-
play properties of fat on CT and MRI. The
presence of multiple subarachnoid foci with
CT hypoattenuation or T1 hyperintensity sug-
gests rupture (Fig. 14.4).

* Leptomeningeal metastases: Metastases may
appear intrinsically T1 hyperintense if they
are melanotic or if they are characterized by
subacute hemorrhage (Fig. 14.5). Unlike
Pantopaque, metastases typically enhance.

* Bullet and bone fragments: These may enter
the intracranial and intraspinal compartments
and are hyperattenuating (Fig. 14.6). The
presence of entry and/or exit sites, distribution
and morphology of the fragments, and clinical
history can readily differentiate these from
residual Pantopaque.

Fig.14.1 (continued)
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Fig. 14.2 Intracranial Pantopaque. Axial CT images (a—d) show numerous scattered punctate hyperattenuating foci of
residual Pantopaque in the subarachnoid spaces
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Fig.14.3 Fibrolipoma of the filum terminale. Sagittal T1-weighted (a), T2-weighted (b), and fat-suppressed T2-weighted
(c) MR images show a fusiform mass associated with the filum terminale with signal characteristics of fat (arrows)
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Fig. 14.4 Ruptured dermoid. Axial CT image (a) shows
a fat-attenuation foci in the bilateral posterior cerebral
hemisphere sulci. Axial T1-weighted MR images (b, ¢)
show scattered foci of T1 hyperintensity within the sulci

and ventricular system. Axial fat-suppressed post-contrast
T1-weighted MR image (d) shows corresponding loss of
signal in the lesions



14 Pantopaque (Myodil, lodophenylundecylic Acid) 17

Fig. 14.5 Leptomeningeal melanoma metastases. equina nerve roots. The metastases display low signal on
Sagittal TI MRI (a) of the spine shows intrinsically —T2-weighted MRI (b) and enhancement on the post-con-
hyperintense melanoma metastases along the cauda trast fat-suppressed T1-weighted MRI (c)
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4,

Fig. 14.6 Bullet and bone fragments. Axial CT images (a, b) show intracranial bullet and bone fragments scattered in

the left frontal lobe near the left frontal entry site (arrow)
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Thorium Dioxide (Thorotrast)

Daniel Thomas Ginat

15.1 Uses

Radioactive contrast agent introduced in 1928
and mainly used for cerebral angiography until
the 1950s.

15.2 Mechanism

Thorotrast granules can be phagocytosed by
macrophages and retained by the reticuloendo-
thelial system Th-203 emits alpha particles and
has a biological half-life of several hundred
years, so that such patients incur lifetime expo-
sure to internal radiation. In addition, Thorotrast
can induce an intense foreign body reaction with
a marked cell-deficient fibrosis.

15.3 Discussion

Although obsolete, patients may still present with
the sequela of Thorotrast exposure. Extravasated
Thorotrast can be retained for many years along
the carotid sheath if a transcervical approach was
used for the injection. The extravasated Thorotrast
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15

can form granulomas (thorotrastomas), which can
be complicated by persistent open draining neck
wounds. Thorotrast is also carcinogenic and has
been implicated in inducing neoplasms, such as
hepatic angiosarcoma, cholangiocarcinoma, and
hepatocellular carcinoma. Thorotrast is mark-
edly hyperattenuating and readily depicted
on CT (Fig. 15.1). Indeed, CT is useful for the
delineation of the extent of the deposits and the
relationships of the larynx and carotid vessels for
treatment planning. Neck dissection and applica-
tion of doxycycline sclerosis have been used to
treat thorotrastomas.

15.4 Differential Diagnosis

The findings in cervical Thorotrast extravasation
are rather characteristic and unusual. Conditions
that can potentially resemble Thorotrast deposits
in the neck on CT are heterotopic ossification,
osteosarcoma metastases (Fig. 15.2), treated
lymphoma with calcified lymph nodes, and other
tumors that have a propensity to calcify, such as
papillary thyroid carcinoma (Fig. 15.3), and
metal clips (Fig. 15.4).
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Fig. 15.1 Thorotrastoma. The patient is an 82-year-old
female with right vocal cord paralysis and a history of
Thorotrast extravasation during an angiogram performed
in the 1950s. Axial (a, b), sagittal (c), and coronal (d) CT

images demonstrate hyperattenuating material surround-
ing the right carotid sheath, extending superiorly into the
retropharyngeal space to the level of C1 and extending
inferiorly to the mediastinum
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Fig. 15.2 Osteosarcoma metastases. Axial CT image
shows an osteoblastic mass arising from a cervical verte-
bra in a previously operated site. There are also hyperat-
tenuating right cervical lymph node metastases (arrows)

Fig. 15.3 Papillary thyroid carcinoma. Axial CT image (a) shows a calcified mass in the left thyroid lobe (arrow).
Axial CT image at another level (b) shows a calcified nodal metastasis (arrow)



122

D.T. Ginat

Fig. 15.4 Surgical clips. Axial CT images in soft tissue (a) and bone (b) windows show numerous metallic clips
(arrows) in the surgical bed in a patient who underwent laryngopharyngectomy
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16.1 Uses

Bevacizumab is used for the treatment of meta-
static colorectal cancer, non-squamous cell lung
cancer, metastatic renal cell cancer, prostate can-
cer, and recurrent glioblastoma.

16.2 Mechanism

Bevacizumab is a monoclonal antiangiogenic endo-
thelial growth factor (VEGF) antibody that inhibits
the VEGF-A tyrosine kinase receptor. Anti-VEGF
agents result in regression of existing microvessels,
normalization of surviving mature vasculature, and
inhibition of vessel growth and neovascularization.
In addition, VEGF inhibition may prevent tumor
growth and even result in tumor size reduction.

16.3 Discussion

Certain tumors, such as glioblastoma, have an
elevated expression of VEGF. Consequently,
glioblastoma patients treated with bevacizumab
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have achieved response rates of 30-60 % as well
as 6 months of progression-free survival rates of
30-50 %. However, there is commonly a tran-
sient early apparent response to bevacizumab
without a true cytotoxic effect. This is attribut-
able to normalization of a leaky blood—brain bar-
rier in tumor vessels resulting in decreased tumor
enhancement and edema. This phenomenon is
known as “pseudoresponse” and manifests as
decreased enhancement and edema within the
tumor and associated clinical improvement that
occurs within days to weeks of initiating bevaci-
zumab therapy. On MRI, enlargement of the non-
enhancing FLAIR hyperintense signal or new
areas of restricted diffusion are signs of tumor
progression (Fig. 16.1). Conversely, rebound
enhancement and edema can result when bevaci-
zumab is withdrawn.

Stroke-like lesions with diffusion restriction
can also result from bevacizumab administration
to glioblastoma and metastases (Figs. 16.2 and
16.3). In addition, there is commensurate suppres-
sion of abnormal enhancement and normalization
of perfusion in the areas of restricted diffusion.
These lesions can manifest as early as 4 weeks
after initiation of therapy and can persist for at
least up to 80 weeks. The histopathology of such
lesions consists of atypical necrosis and nuclear
hypoxia-inducible factor 1-alpha upregulation,
but no tumor recurrence. The cause of these
alterations is still uncertain, but may entail atypi-
cal necrosis and chronic hypoxia. Other possible
neuroimaging findings related to bevacizumab
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Fig. 16.1 Pseudoresponse. The patient has a history of
recurrent glioblastoma in the splenium of the corpus callo-
sum, treated with bevacizumab. Axial FLAIR (a) and
T1-weighted post-contrast (b) MR images show a hetero-
geneous enhancing mass involving the splenium of the cor-

pus callosum. Axial FLAIR (¢) and TI-weighted

post-contrast (d) MR images show marked interval decrease
in the degree of enhancement and edema associated with
the tumor shortly after bevacizumab administration. Axial
FLAIR (e) and T1-weighted post-contrast (f) MR images
show a new area of enhancement and T2 hyperintensity on
follow-up imaging obtained 2 months later (arrows)
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Fig.16.1 (continued)

administration include nasal septal perforation
and posterior reversible encephalopathy syn-
drome (Fig. 16.4). Although tumor hemorrhage
has been reported with bevacizumab use, beva-
cizumab may not necessarily carry an increased
risk for this complication since many tumors
have a propensity to hemorrhage spontaneously.

16.4 Differential Diagnosis

The imaging findings related to pseudoresponse
related to bevacizumab administration can occur
with other anti-VEGF agents, such as cediranib.
These findings are analogous to the effects of ste-
roids on brain tumors, in which there can be

dramatic reductions of edema and enhancement
(refer to Chap. 46). The main differential consid-
erations for bevacizumab-induced stroke-like
lesions include true stoke, abscess, and tumor
progression or recurrence (Fig. 16.5). These pos-
sibilities are less likely, if the clinical condition of
the patient improves during therapy, signs of
inflammation are absent, and there is no
significant enhancement in the lesion with
reduced ADC values. Furthermore, stable to
slight increase in ADC values suggests nonpro-
gression, while continuous decrease in ADC val-
ues suggests tumor progression in cases of
glioblastoma treated with bevacizumab. The
presence of hypermetabolism on SFDG-PET and
other radiotracers also favors tumor progression
or recurrence.
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Fig. 16.2 Bevacizumab-induced stroke-like lesions in
glioblastoma. The patient has a history of recurrent right
frontoparietal glioblastoma treated with bevacizumab
monotherapy. Axial post-contrast T1 (a), DWI (b), ADC

map (c), and CBV map (d) images show hyperintense
DWI signal within the previously contrast-enhancing
tumor area and corresponding ADC reduction and hypo-
perfusion (arrows)
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Fig. 16.3 Bevacizumab-induced stroke-like lesions in  restricted diffusion in the bilateral frontal lobe metastases
renal cell carcinoma metastases. Axial DWI (a), ADC  with negligible associated enhancement
map (b), FLAIR (c), and post-contrast T1 (d) show
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Fig. 16.4 Bevacizumab-induced posterior reversible predominantly in the posterior cerebral hemispheres, but
encephalopathy syndrome. Axial FLAIR images (a—d) also in atypical locations, including the cerebellum, and
show bilateral symmetric cortical and subcortical edema  pons
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Fig. 16.5 Tumor recurrence. The patient has a history of ~ with restricted diffusion (arrows) arising in a prior resec-
metastatic lung cancer. Axial post-contrast T1 MRI (a), tion cavity. The corresponding FDG-PET (d) shows
DWI (b), and ADC map (c) demonstrate tumor recurrence  hypermetabolism within the lesion (arrow)
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Temozolamide (Temodar)
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17.1 Uses

Temozolamide with concurrent radiation is the
standard therapy for the treatment of glioblasto-
mas following surgical resection and for relaps-
ing grade III astrocytomas.

17.2 Mechanism

Temozolamide is an alkylating agent prodrug that
delivers a methyl group to purine bases of DNA,
which ultimately inhibits DNS and cell replication.
The primary cytotoxic lesion O6-methylguanine
(06-MeG) can be eliminated by methylguanine
methyltransferase (MGMT) in tumors that express
this protein or tolerated in mismatch repair (MMR)-
deficient tumors. Consequently, MGMT or MMR
deficiency confers resistance to TMZ.

17.3 Discussion

Temozolamide with concurrent radiation therapy
is associated with pseudoprogression in approxi-
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mately 10—40 % cases of treated glioblastomas
overall and 90 % of cases with MGMT promoter
methylation. Pseudoprogression is defined as an
increase in size of the enhancing component of
high-grade gliomas within 3 months of radiation
and temozolamide (Fig. 17.1). Pseudoprogression
is believed to be an inflammatory response to the
tumor and may portend a better prognosis. Indeed,
patients with pseudoprogression had a median
survival time of 28 months, compared with 12
months for patients without pseudoprogression.

17.4 Differential Diagnosis

The main differential considerations for pseudo-
progression are true tumor progression (Fig. 17.2)
and radiation necrosis (Fig. 17.3). The timing of
the imaging findings and serial imaging can help
differentiate pseudoprogression from true tumor
progression. Unlike tumor progression, there is
stabilization or eventual decrease in tumor
enhancement on follow-up imaging with pseudo-
progression. Furthermore, pseudoprogression is
observed only in the first few months after treat-
ment, much earlier than radiation necrosis.
Various enhancement patterns on MRI have been
described with radiation necrosis, including
advancing wavefront, cut-pepper appearance,
soap bubble appearance, and Swiss cheese appear-
ance. However, the findings are somewhat subjec-
tive and there can be substantial overlap between
treatment changes and true tumor progression.
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Fig. 17.1 Pseudoprogression. A 32-year-old male with
right thalamic glioblastoma treated with surgical debulk-
ing followed by temozolamide (TMZ) and radiation
(XRT). Serial axial FLAIR (a, c, e, g) and T1 post-contrast

(b, d, f, h) MR images show that the right thalamic glio-
blastoma (arrows) responds to initial treatment then
increases in size following TMZ plus XRT with a subse-
quent decrease in size and enhancement on follow-up
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Fig.17.1 (continued)
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Fig. 17.2 True tumor progression. Axial post-contrast interval increase in size of the lesion (arrow). There is cor-
T1-weighted MRI (a) shows an enhancing focus in the left  responding high signal on DWI (¢) and elevated perfusion
paracentral lobular (arrow). Follow-up post-contrast on the rtCBV map (d) (arrows)

T1-weighted MRI (b) obtained 6 months later shows
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Fig. 17.3 Radiation necrosis. Axial post-contrast hyperperfusion on the rCBV map (c). Follow-up post-
T1-weighted MRI (a) shows extensive patchy enhance- contrast T1-weighted MRI shows decrease in the degree
ment in the right frontotemporal region. There is no cor-  of enhancement (d)

responding restricted diffusion on the ADC map (b) or
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Diffusion-weighted imaging may provide addi-
tional insights: true progression tends to display
homogeneous or multifocal high signal intensity
on DWI, while peripheral high signal or no high
signal on DWI is more characteristic of pseudo-
progression. With regards to MR perfusion imag-
ing, it has been found that cases with unmethylated
MGMT promoter have a significant difference of
mean rCBV between pseudoprogression and real
progression, while cases with methylated MGMT
promoter have no significant difference. On MR
spectroscopy, there is a significant increase in the
Cho/NAA and Cho/Cre ratios in areas of recur-
rent tumor compared with areas of treatment-
induced necrosis and normal brain tissue.
Ultimately, currently available imaging tech-
niques are not 100 % sensitive or specific in diag-
nosing progression. Furthermore, the frequent
coexistence of treatment-induced necrosis and
tumor progression can be a confounding factor
when interpreting the imaging studies.
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1,3-Bis(2-Chloroethyl)-1-
Nitrosourea (BCNU; Carmustine)

18

Polymer Wafer (Gliadel)

Daniel Thomas Ginat

18.1 Uses

Carmustine was one of the first systemic chemo-
therapy agents to gain FDA approval for the
treatment of brain tumors. More recently, carmus-
tine-infused polymer wafers (Gliadel) have been
used to deliver locally higher doses of chemother-
apy directly to the surgical tumor bed, while
obviating systemic side effects, such as myelo-
suppression and pulmonary toxicity.

18.2 Mechanism

Carmustine is a dialkylating agent that forms inter-
strand cross-links in DNA, thereby preventing DNA
replication and DNA transcription. Carmustine is
often incorporated into biodegradable discs (Gliadel
wafers) for interstitial chemotherapy. The wafers
gradually dissolve in the surgical cavity, thereby
releasing the chemotherapy agent locally.

18.3 Discussion

Carmustine Gliadel wafers are sometimes
implanted within the surgical cavity after malig-
nant brain neoplasm resection. The wafers are
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used in patients with newly diagnosed high-
grade gliomas as an adjunct to surgery and radi-
ation or in patients with recurrent glioblastoma
as an adjunct to surgery. Initially, the wafers
appear as hypointense thin linear structures on
T1- and T2-weighted MRI sequences, but over
time, they can become isointense to hyperin-
tense on T1- and T2-weighted sequences and
can also display restricted diffusion (Fig. 18.1).
The wafers eventually resorb over the course of
several months.

The presence of wafers does not alter the pat-
tern of tumor recurrence. Perfusion MRI is par-
ticularly useful to monitor treatment effects and
differentiate them from recurrent neoplasm. The
presence of foci with elevated relative cerebral
blood volume (rCBV) suggests tumor recur-
rence (Fig. 18.2). MR spectroscopy can also be
useful for monitoring tumor response to chemo-
therapy wafers. For example, it has been
suggested that increased peritumoral NAA/Cr
and decreased peritumoral Cho/NAA compared
with normal brain tissue by 3-5 weeks suggest
treatment response.

The use of carmustine wafers yields a small,
but statistically significant, improvement in sur-
vival in patients with newly diagnosed high-
grade glial neoplasms. However, the presence of
carmustine wafers is associated with a relatively
higher incidence of cerebrospinal fluid leaks
(5 % vs. 0.8 % in a placebo-treated group) and
intracranial hypertension (9.1 % vs. 1.7 % in the
placebo group).
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Fig.18.1 Carmustine Gliadel wafers. Axial (a) and coro-
nal (b) CT images obtained on the first postoperative day
show the linear hyperattenuating wafers (arrows) lining
the right parietal surgical cavity. Axial T2-weighted (c),
FLAIR (d), T1-weighted (e), and post-contrast axial
T1-weighted (f) MR images obtained at 2 postoperative

days show linear low-signal-intensity wafers (arrows)
along the margins of the resection cavity. Axial
T2-weighted (g) and Tl-weighted (h) MR images
obtained approximately 2 months later show partial
resorption of the wafers
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Fig.18.1 (continued)
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Fig. 18.2 Recurrent tumor. Axial (a) and sagittal (b) Follow-up post-contrast T1-weighted MRI (d) shows
post-contrast T1-weighted MR images show an enhancing interval of the enhancing mass (arrow), compatible with
focus adjacent to the surgical cavity (arrow) with corre-  tumor progression in the same patient treated with the car-
sponding elevated perfusion on the CBV map (c). mustine wafers shown in Fig. 18.1
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18.4 Differential Diagnosis and other implanted materials, such as the

Ommaya reservoir and Gliasite (Figs. 18.3,
The main differential consideration for hyper- 18.4, 18.5, and 18.6). The thin, linear configu-
attenuation in the region of the surgical cavity ration of the wafers is the key to their proper
on CT includes hemorrhage, mineralization, identification.

Fig. 18.3 Postoperative hemorrhage. The patient had a  of the right frontal lobe resection cavity (arrow). The cor-
right frontal metastasis that was recently resected. Axial responding SWI (b) shows susceptibility effect along the
CT image (a) shows hyperattenuation along the margins  margins of the resection cavity (arrow)
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Fig.18.4 Dystrophic mineralization. Axial CT image (a)  corresponding T1 hyperintensity and susceptibility effect
shows parenchymal calcifications along the periphery on the axial T1-weighted (b) and susceptibility-weighted
of the right parietal resection cavity (arrow). There is  (c¢) sequences (arrows)
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Fig. 18.5 Ommaya reservoir. Axial (a) and coronal (b) CT images show the hyperattenuating Ommaya catheter
(arrows) within the left frontal lobe resection cavity

Fig. 18.6 Gliasite device. Axial CT images in soft tissue (a) and bone windows (b) show the markedly hyperattenuat-
ing contents of the inflated Gliasite balloon (arrows)
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Methotrexate
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19.1 Uses

Methotrexate is a folate antagonist that is used to
treat acute leukemia, lymphoma, osteosarcoma,
and leptomeningeal metastases. Methotrexate
can be administered orally, intravenously, or
intrathecally. Methotrexate given intravenously
at high dose has been shown to decrease the inci-
dence of hematologic, testicular, and central ner-
vous system relapse.

19.2 Mechanism

Folate antagonism is the main antiproliferative
effect of methotrexate, whereby metabolic path-
ways that require one-carbon moieties supplied
by the B9 folate vitamins are disrupted. However,
methotrexate also promotes the release of ade-
nosine from fibroblasts, and endothelial cells and
elevated adenosine have been demonstrated in
CSF after methotrexate therapy. High adenosine
levels dilate cerebral blood vessels, modify the
release of pre- and postsynaptic neurotransmit-
ters, and may slow the discharge rate of neurons.
Consequently, adenosine release may play a role
in the pathophysiology of acute methotrexate
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neurotoxicity. Myelopathy caused by methotrex-
ate is believed to result from local alteration in
folate metabolism at the spinal cord level.

19.3 Discussion

Methotrexate can cause acute or chronic enceph-
alopathy, particularly when administered intra-
thecally. Transient acute encephalopathy has
been reported in 3-15 % of cancer patients
after high-dose methotrexate. Risk factors for
methotrexate-induced neurotoxicity include
high-dose treatment, intrathecal treatment,
young age, and association with cranial radia-
tion. Patients with acute methotrexate toxicity
often present with fluctuating neurologic symp-
toms, including hemiparesis that may alternate
from side to side, dysphasia, altered mental sta-
tus, headache, choreoathetosis, and seizure. T2
hyperintensities are typically located in the peri-
ventricular white matter, particularly in the cen-
trum semiovale bilaterally (Fig. 19.1). Initially,
the white matter lesions may not be conspicuous
on T2-weighted sequences and can even appear
hypointense. On the other hand, presence of
restricted diffusion on DWI is a reliable early
sign of acute methotrexate encephalopathy and
resolves as clinical status improves, despite the
persistence of subtle abnormalities on other MRI
sequences. Methotrexate encephalopathy can be
confidently diagnosed when DWI shows areas
of restricted diffusion across multiple vascular
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Fig. 19.1 Methotrexate leukoencephalopathy. Axial
FLAIR (a), axial DWI (b), and ADC maps (¢) show
patchy areas of FLAIR hyperintensity in the bilateral
white matter of the centrum semiovale with correspond-
ing marked restricted diffusion (arrows). Follow up axial

FLAIR (d), axial DWI (e), and ADC maps (f) obtained
one week later show more pronounced FLAIR signal
abnormality, but the restricted diffusion has largely sub-
sided. There was no associated abnormal enhancement
(not shown)
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Fig.19.1 (continued)

beds with involvement of the deep cerebral
white matter, in the clinical setting of waxing and
waning neurological signs and symptoms. The
use of computer-aided detection based on rela-
tive differences in quantitative signal intensity
measures normalized within each examination
can help discern subtle methotrexate-induced
leukoencephalopathy.

A more unusual neurotoxic complication of
methotrexate is focal brain necrosis after intrapa-
renchymal infusion of methotrexate, which may
be caused by catheter disconnection of the
Ommaya device. This can result an area of cyto-
toxic edema adjacent to the catheter track, which
in turn is surrounded by more extensive vaso-
genic edema (Fig. 19.2). Besides halting metho-
trexate administration, treatment options for
methotrexate neurotoxicity include aminophyl-
line, an adenosine antagonist, and dextrometho-
rphan, an antagonist of the NMDA receptor.

Adhesive arachnoiditis that develops after
administration of intrathecal methotrexate can
cause urinary retention or incontinence in severe
cases. The symptoms can begin within hours of
administration and sometime resolve. On MRI,
adhesive arachnoiditis can appear as clumping of
the nerve roots to one another or to the thecal sac

(Fig. 19.3). There may or may not be associated
enhancement.

Compared to encephalopathy, methotrexate-
induced myelopathy is rare. Risk factors for
development of methotrexate myelopathy include
cumulative intrathecal methotrexate doses, sys-
temic methotrexate, concurrent radiotherapy, and
central nervous system involvement of primary
disease. On MRI, the myelopathy appears as
long-segment T2 hyperintensity within the dorsal
columns (Fig. 19.4). The dorsal column signal
changes followed by lateral column changes on
serial MRI and the gradual caudal-to-rostral
extension of lesions are analogous to subacute
combined degeneration due to vitamin B ,—folate
deficiencies. However, a normal spine MRI
does not exclude methotrexate myelopathy.
Methotrexate myelopathy often has a poor prog-
nosis and can occur in conjunction with arach-
noiditis. Treatment with folate metabolites may
improve outcome.

Mineralizing microangiopathy consists of dys-
trophic calcifications in the basal ganglia, subcor-
tical white matter, and dentate nuclei. These are a
relatively common finding at cranial CT in chil-
dren previously treated with radiation therapy and
intrathecal methotrexate. On MRI, high signal on
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Fig. 19.2 Focal brain necrosis. Axial CT image (a) shows  Axial FLAIR MRI (b), DWI (c¢), and ADC map (d) show
extensive confluent hypoattenuation in the right frontal lobe  extensive vasogenic edema surrounding a more focal area
white matter surrounding the Ommaya catheter (arrow). of restricted diffusion surrounding the catheter (arrows)
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Fig.19.2 (continued)

Fig. 19.3 Intrathecal methotrexate-induced adhesive arachnoiditis. Axial (a) and sagittal (b) T2-weighted MR images
show extensive clumping of the cauda equine nerve roots (arrows) (Courtesy of Gregory Christoforidis)
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Fig. 19.4 Methotrexate myelopathy. Axial (a) and sagittal (b) T2-weighted MR images show long-segment hyperin-
tensity affecting the dorsal columns of the thoracic spinal cord (arrows)

T1-weighted images is observed in the putamen
and decreased signal is on T2-weighted images
(Fig. 19.5). These imaging findings appear 2 or
more years after treatment. The presence of min-
eralizing microangiopathy on imaging does not
clearly correlate with clinical symptoms.

19.4 Differential Diagnosis

e Encephalopathy: Methotrexate-induced ence-
phalopathy resembles delayed leukoencepha-
lopathy with a stroke-like presentation observed

with a variety of chemotherapeutic agents.
Other differential considerations include
hypoxic ischemic encephalopathy (Fig. 19.6),
PML, PRES, ADEM, and hereditary demye-
linating neuropathies, such as Charcot—-Marie—
Tooth disease (Fig. 19.7). Restricted diffusion
in the splenium of the corpus callosum can
result from the use of other medications, such
as metronidazole toxicity (refer to Chap. 25).

Focal brain necrosis: The focal nature of the
restricted diffusion and surrounding vaso-
genic edema associated with methotrexate
extravasation causing brain necrosis may
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Fig. 19.5 Mineralizing microangiopathy. Axial CT corresponding low signal in the affected areas. In addi-
images (a—c) show calcifications in the bilateral perirolan-  tion, the axial T1-weighted image (g) shows high signal
dic subcortical white matter, basal ganglia, and dentate  within the basal ganglia

nuclei. The T2* GRE MR images (d—f) show



152 D.T. Ginat

Fig. 19.5 (continued)
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Fig. 19.6 Perinatal hypoxic—ischemic encephalopathy. Axial ADC maps (a, b) at two different levels show restricted
diffusion in the bilateral posterior limbs of the internal capsules and corona radiata (arrows)

resemble infectious cerebritis and abscess
(Fig. 19.7), for which these immunosup-
pressed patients are certainly prone.
Arachnoiditis: Besides intrathecal methotrexate,
adhesive arachnoiditis can be associated with
other chemotherapeutic agents such as cytosine
arabinoside and prednisolone and result from
repeated lumbar punctures and infection, which
can have identical imaging features. Otherwise,
clumping of the nerve roots can potentially
mimic leptomeningeal dissemination of lym-
phoma of leukemia, which can manifest as dis-
crete mass lesions or diffuse thickening and
enhancement of the nerve roots (Fig. 19.8).
Mpyelopathy: The main considerations for dorsal
column predominant signal abnormality include
Wallerian degeneration, subacute combined
degeneration (refer to nitrous oxide chapter),

HIV vacuolar myelopathy, and demyelination.
Spinal cord infarct may also produce long-
segment areas of signal abnormality in the spi-
nal cord but typically involve the grey matter,
more centrally (Fig. 19.9). Leptomeningeal
tumor dissemination in the spine typically dem-
onstrates different features on MRI, including
linear or nodular enhancement and occasionally
intramedullary edema that is not necessarily
limited to the dorsal columns.

e Mineralizing microanagiopathy: The calci-

fications involving the dentate nuclei, basal
ganglia, and cerebral white matter can be
observed in disorders of calcium metabolism,
including hypoparathyroidism or pseudohypo-
parathyroidism, and Fahr disease (Fig. 19.10).
Ischemic and infectious sequelae are other
potential differential considerations.
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Fig. 19.7 Charcot-Marie-Tooth disease. Axial FLAIR MRI (a), DWI (b), and ADC map (c¢) show symmetric signal
abnormality and restricted diffusion involving the centrum semiovale (arrows)



19 Methotrexate

Fig. 19.8 Cerebral abscess. Axial T2-weighted MRI (a), post-contrast T1-weighted MRI (b), DWI (¢), and ADC map
(d) show a rim-enhancing fluid collection with mural T2 hypointensity and restricted diffusion of the contents (arrows)
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Fig. 19.9 Leptomeningeal lymphoma. Axial T2-weighted MRI (a) and sagittal fat-suppressed post-contrast
T1-weighted MRI (b) show extensive and diffuse thickening and enhancement of the cauda equine nerve roots
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Fig. 19.10 Dystrophic intraparenchymal calcifications.
Axial CT image shows mineralization of the bilateral
basal ganglia and thalami
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5-Fluorouracil
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20.1 Uses

5-fluorouracil (5-FU) and its derivatives, includ-
ing carmufor (1-hexycarbamly-5-fluorouracil),
are most commonly used as adjuvant chemother-
apeutic agents for breast and colorectal cancer.

20.2 Mechanism

5-FU is an antimetabolite prodrug. Activation of
5-FU into 5-F-dUMP leads to inhibition of thymi-
dylate synthase and increases dUTP and
5-F-dUTP levels in cells. DNA polymerase-
mediated incorporation of dUTP and 5-F-dUTP
into DNA produces U/A, 5-FU/A, or 5-FU/G base
pairs, which are excised by human uracil excision
repair glycosylases, leading to toxic abasic sites in
DNA that may precipitate cell death.

20.3 Discussion

Leukoencephalopathy related to 5-FU therapy
occurs in less than 5 % of patients treated with
this agent. It is believed that dihydropyrimidine
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dehydrogenase deficiency may predispose to this
complication. The toxic leukoencephalopathy
associated with 5-FU appears as symmetric high
T2 signal in the periventricular and deep white
matter of the bilateral cerebral hemispheres,
including the corpus callosum, and cerebellar
white matter (Fig. 20.1). There can be associated
restricted diffusion, and changes on DWI are often
the initial neuroimaging manifestation of the toxic
leukoencephalopathy. The imaging findings likely
correspond to myelin vacuolization and develop-
ment of intracellular edema. The abnormalities
may resolve with cessation of therapy.

20.4 Differential Diagnosis

Toxic leukoencephalopathy can be caused by other
chemotherapeutic agents, such as methotrexate
(refer to Chap. 19), vincristine, ifosfamide, fludara-
bine, cytarabine, cisplatin, and the interferons. This
condition may also resemble the leukoencephalopa-
thy associated with other pharmaceuticals, such as
methotrexate (refer to Chap. 19), metronidazole
(refer to Chap. 25) and vigabtrin (refer to Chap. 29),
as well as various illicit drugs, such as opioids and
amphetamines (refer to Chaps. 6 and 7). Otherwise,
5-FU toxic leukoencephalopathy may resemble
other demyelinating conditions, such as acute dis-
seminated encephalomyelitis caused, for example,
by vaccines (refer to Chap. 48) and hypoxic-isch-
emic encephalopathy (refer to Chaps. 3, 9, and 40).
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Fig. 20.1 5-FU-induced
patient presented with acute mental status changes during
the course of therapy. Axial (a—c) and coronal (d) FLAIR
MR images show extensive bilateral symmetric confluent
high T2 signal involving the periventricular and deep
cerebral white matter, including the corpus callosum, as

leukoencephalopathy. The

well as the cerebellar white matter. DWI (e) and ADC
map (f) obtained a few days earlier show areas of
restricted diffusion in the cerebral white matter, which
preceded other abnormalities. Treatment was discontin-
ued and the abnormalities resolved on follow-up imaging
(not shown)
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Fig.20.1 (continued)
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21.1 Uses

L-asparaginase is a form of antineoplastic ther-
apy, mainly for acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma in adult and
pediatric patients.

21.2 Mechanism

The amino acid L-asparagine is an essential
nutritional requirement of both normal and can-
cer cells. Unlike normal cells that can synthesize
L-asparagine, certain tumor cells are dependent
on external sources. The enzyme L-asparaginase
(L-Asp) eliminates the free L-asparagine, starv-
ing tumor cells and causing tumor cell death.
L-Asp used for antineoplastic therapy is gener-
ally derived from Escherichia coli or Erwinia
chrysanthemi.
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21.3 Discussion

The overall incidence of cerebral venous sinus
thrombosis in a large meta-analysis of pediatric
patients treated for ALL was 1.5 %. Patients
with cerebral venous thrombosis (CVT) may
present with headache, altered consciousness,
focal neurological deficit, and/or seizures dur-
ing or within 2-3 weeks after treatment with
L-Asp. The risk of L-Asp-associated CVT is
highest during induction and when used in con-
junction with steroids. In a small study,
Escherichia coli-derived L-Asp had higher
rates of thrombosis than Erwinia chrysanthemi—
derived L-Asp.

There are direct and indirect neuroimaging
findings of CVT (Figs. 21.1 and 21.2). Cortical or
subcortical edema or hemorrhage are indirect
signs that can be identified on non-contrast
CT. MRI is more sensitive than CT for these indi-
rect signs. Any area of infarction that does not
correspond to an arterial territory should raise
suspicion for venous infarction. The location of
the lesions can also help guide toward the site of
thrombosis—bilateral parietal lesions suggest
superior sagittal sinus thrombosis, unilateral tem-
poro-occipital lesions suggest transverse-sigmoid
thrombosis, and bilateral thalamic lesions sug-
gest deep venous sinus thrombosis. Thrombus
may also be directly identified as hyperattenua-
tion in venous structures on non-contrast CT or
as the “empty delta sign” on post-contrast CT
where enhancing dura surrounds the thrombus.
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On MR, the thrombus may be difficult to directly
identify in the acute phase, as deoxyhemoglobin
in trapped red blood cells results in T1 isointen-
sity and T2 hypointensity.

The diagnostic test of choice is either CT or
MR venography. Any filling defect should raise

suspicion of CVT; however, this needs to be dis-
tinguished from normal intra-sinus septations,
arachnoid granulations, and congenital hypoplas-
tic/aplastic venous structures.

Treatment of L-Asp-associated thrombo-
sis is anticoagulation and cessation of L-Asp.

Fig. 21.1 Dural sinus thrombosis and hemorrhage associ-
ated with L-Asparaginase. A pediatric patient with newly
diagnosed acute lymphoblastic leukemia presented with
generalized tonic-clonic seizures and hemiparesis 14 days
after treatment with L-Asp. Axial (a) and coronal (b) non-
contrast CT demonstrate bilateral frontal lobe hemorrhages.

T1-weighted sagittal non-contrast (¢) and post-contrast fat-
suppressed (d) images demonstrating thrombus within the
superior sagittal sinus (arrows). Axial T2-weighted (e) and
axial SWI MIP (f) images demonstrate the extensive bifron-
tal hemorrhages with layering blood products in the largest
area of hemorrhage
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Fig.21.1 (continued)

Long-term outcomes remain good, and L-Asp
may be restarted after imaging shows thrombus
stabilization or improvement.

21.4 Differential Diagnosis

A potential drug-induced etiology should be con-
sidered for every patient presenting with cerebral
venous thrombosis. The most common drug
associated with venous thrombosis is the oral
contraceptive pill. Other drugs that have been
reported to cause venous thrombosis include
tamoxifen, androgens, cisplatin, thalidomide,
and MDMA. Neuroimaging manifestations are
similar to non-drug-induced venous thrombosis.
Other conditions that predispose to venous
thrombosis in children and young adults should
also be considered, such as congenital or acquired
prothrombotic conditions, dehydration, infec-
tion, anemia, renal disease, trauma, autoimmune
disorders, congenital heart disease, central
venous line placement, and malignancy.

e Oral contraceptive pills (OCP) (refer to
Chap. 47). In most developed countries, the
most common risk factor for venous thrombo-
sis is OCP use. The use of the estrogen-

containing OCP is significantly associated with
an increased risk of venous thrombosis, partic-
ularly in patients with hereditary prothrombotic
states. OCPs containing drospirenone may be
associated with higher risks of venous throm-
bosis than those with levonorgestrel.

* Tamoxifen: A selective estrogen receptor
modulator commonly used in the treatment of
breast cancer. The potential mechanism for a
procoagulant effect is unknown but may relate
to its weak estrogenic effects.

* Androgens: Androgen-induced venous throm-
bosis has been mainly reported in young body
builders. The mechanism is unknown but may
relate to increased platelet activation or an
increase in coagulation factors.

e Cisplatin: Venous thrombosis is a rare com-
plication of patients with germ cell tumors
treated with platinum-based chemotherapy.
The mechanism is unknown, but may relate to
endothelial cell injury.

In addition to various chemotherapy agents,
oncology patients may have additional risk fac-
tors for the development of venous thrombosis,
such as the presence of a central venous catheter.
Catheter-related venous thrombosis can appear
as a filling defect on contrast-enhance CT, usually
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associated with

Fig. 21.2 Cortical vein trombosis
L-Asparaginase. A 6-year-old female with B-cell ALL
presenting with right-sided weakness 1 month after L-Asp

induction chemotherapy. Initial sagittal pre-contrast
T1-weighted MRI (a) shows two foci of hyperintensity in

cortical veins over the right cerebral convexity. Axial
FLAIR image (b) shows hyperintensity in the same two
cortical veins (arrows). MIP image from an MRV (c)
shows absence of flow in corresponding right-sided corti-
cal veins
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Fig. 21.3 Catheter-related venous thrombosis. The
patient has a history of laryngeal cancer treated with che-
motherapy. Coronal contrast-enhanced CT shows a
hypoattenuating filling defect in the inferior right internal
jugular vein (arrow), adjacent to the right internal jugular
venous catheter (arrowhead)

adjacent to the catheter (Fig. 21.3). The vessel
can be expanded in the acute setting and nar-
rowed with chronic thrombosis.
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22.1 Uses

Ipilimumab is a form of Antineoplastic therapy
used in the setting of metastatic or unresectable
melanoma.

22.2 Mechanism

Ipilimumab is monoclonal antibody against cyto-
toxic T lymphocyte antigen-4 (CTLA-4).
Inhibition of CTLA-4 signaling prolongs T-cell
activation and stimulates T-cell proliferation,
which augments T-cell-mediated immunity and
antitumor immune response.

22.3 Discussion

Ipilimumab can cause various inflammatory reac-
tions as a side effect, including autoimmune
hypophysitis. The inflammatory reaction is second-
ary to specific human monoclonal antibodies that
antagonize cytotoxic T-lymphocyte antigen 4 (anti-
CTLA-4 mAbs), thereby inducing unrestrained
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T-cell activation. Ipilimumab-induced hypophysitis
occurs in up to 17 % of patients. The hypophysitis
can manifest as variable degrees of diffuse enlarge-
ment of the pituitary gland and infundibulum
(Fig. 22.1). The enhancement is usually homoge-
neous, but can be heterogeneous. Loss of the hyper-
intense T1 signal in the posterior pituitary can also
be observed. There is often concomitant hypopitu-
itarism. Although the imaging features are rather
nonspecific, the findings are reversible with cessa-
tion of ipilimumab. However, patients may require
long-term hormone replacement therapy.

22.4 Differential Diagnosis

Differential considerations for ipilimumab-induced
hypophysitis include metastatic melanoma to the
sella, other forms of hypophysitis, pituitary ade-
noma, craniopharyngioma, germinoma, and lym-
phoma. Certainly, clinical history and parameters
will be helpful in formulating an appropriate dif-
ferential diagnosis follow-up may be appropriate
and decrease in size of the lesion will have indi-
cated that ipilimumab was indeed the etiology.

o  Metastases: Overall, metastases to the sella are
relatively rare, but can mimic ipilimumab-
induced hypophysitis (Fig. 22.2). However,
intrasellar metastases generally portend wide-
spread systemic disease and are frequently syn-
chronous with leptomeningeal and parenchymal
brain metastases. Furthermore, unlike ipilim-
umab hypophysitis, melanoma metastases are
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frequently hyperintense on T1-weighted
images, are heterogeneous due to intratumoral
hemorrhage, and are parasellar (Fig. 22.3).

*  Other causes of hypophysitis: Lymphocytic and
granulomatous hypophysitis can both be con-
sidered forms of autoimmune hypophysitis that
result from a variety of etiologies besides ipili-
mumab. For example, IgG4-related disease is a

recently recognized systemic inflammatory
condition that can manifest as hypophysitis
(Fig. 22.4). Typically, autoimmune hypophysi-
tis appears as low signal on T2-weighted
images and enhances diffusely with variable
degrees of pituitary and or infundibular enlarge-
ment. In addition, associated loss of the poste-
rior pituitary bright spot is common and favors

Fig. 22.1 Ipilimumab-induced hypophysitis. The patient
has a history of metastatic melanoma treated with ipilim-
umab. Initial sagittal post-contrast T1 MRI (a) shows a nor-
mal pituitary gland and stalk. Sagittal and coronal pre- and
post-contrast T1-weighted MR images (b—e) obtained 4

months later after implementation of ipilimumab show inter-
val diffuse enlargement and homogeneous enhancement of
the pituitary gland and stalk. Sagittal post-contrast MRI (f)
obtained 4 months later after discontinuing ipilimumab shows
interval decrease in size of the pituitary gland and stalk
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Fig.22.1 (continued)

Fig.22.2 Metastasis (lung cancer). Coronal post-contrast
T1-weighted MRI shows a homogeneously enhancing
mass within the sella

the diagnosis of autoimmune hypophysitis over
pituitary microadenomas. Nevertheless, auto-
immune hypophysitis can mimic nonsecreting
pituitary adenomas on MRI. Indeed, approxi-
mately 40 % of patients with hypophysitis are
misdiagnosed as having pituitary macroade-
noma and undergo unnecessary surgery.

Pituitary adenoma: Adenomas are the most
common sellar mass and patients with
melanoma treated with ipilimumab can cer-
tainly present with an underlying pituitary
adenoma. Adenomas can have variable imag-
ing appearances but generally demonstrate
enhancement. In particular, microadenomas
display delayed enhancement with respect to
the normal pituitary gland and can be identi-
fied as a discreet mass. Enhancement tends to
be more heterogeneous in macroadenomas
compared with ipilimumab-induced hypophy-
sitis. While macroadenomas can extend into
the suprasellar cistern, the infundibulum itself
usually does not enlarge as it does with
hypophysitis. Macroadenomas can also occa-
sionally be invasive, extending into the sphe-
noid sinus (Fig. 22.5). Interestingly, the
presence of mucosal swelling in the sphenoid
sinus favors the diagnosis of adenoma over
autoimmune hypophysitis.

Germinoma: Neurohypophyseal germinoma is
an uncommon WHO grade III neoplasm
that tends to occur in children and young
adults. Infundibular thickening, absence of
the posterior pituitary high signal on
T1-weighted MRI, lack of calcification, and
hyperattenuation on CT are common imaging
features of neurohypophyseal germinoma. In
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T1-weighted MRI (b) in a different patient shows perineu-
ral extension of melanoma (arrows) along the left trigemi-
nal nerve in the masticator space across the foramen ovale
into Meckel’s cave and the cavernous sinus

Fig. 22.3 Melanoma metastases in the parasellar region.
Axial post-contrast T1-weighed MRI (a) shows a hetero-
geneously enhancing intraparenchymal melanoma metas-
tasis within the left uncus. Coronal post-contrast

Fig. 22.4 1gG4-related hypophysitis. Coronal T2-weighted (a) and coronal T1-weighted (b) MR images show diffuse
enlargement of the pituitary gland and infundibulum

addition, the presence of concurrent involve-
ment of the pineal gland is suggestive of the
diagnosis (Fig. 22.6).

Meningioma: Although these neoplasms
occasionally arise in the sellar region and
can enhance similarly to the pituitary gland,

meningiomas can usually be demarcated from
the pituitary gland on MRI (Fig. 22.7). In
addition, meningiomas often display a dural
tail and may contain calcifications, which
are not associated with ipilimumab-induced
hypophysitis.
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Fig. 22.5 Pituitary adenoma. Sagittal T1-weighted (a) the sphenoid sinuses in a patient with a history of mela-
and post-contrast sagittal T1-weighted (b) MR images noma. Surgical pathology revealed a pituitary adenoma
show a large, avidly enhancing sellar mass that invades

Fig. 22.6 Germinoma. Coronal (a) and sagittal (b) post-  of the gland with infiltration. In addition, the sagittal T1
contrast T1-weighted MR images show an avidly enhanc- images show a heterogeneously enhancing pineal mass
ing mass centered in the pituitary stalk and central portion  (arrow)

e Lymphoma: Lymphomatous involvement of typically appears a homogenously enhancing
the pituitary gland is rare and may coexist mass (Fig. 22.8). Extension into the cavernous
with hypophysitis. On MRI, lymphoma sinuses may be observed.
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Fig.22.7 Meningioma. Coronal (a) and sagittal (b) post- A dural tail is evident anteriorly. The mass is partially
contrast T1-weighted MR images show an avidly enhanc-  demarcated from the pituitary gland by the hypointense
ing extra-axial dural-based massed centered in the planum  linear diaphragm sella

sphenoidale and extending into the suprasellar cistern.

Fig.22.8 Lymphoma. Coronal (a) and sagittal (b) post-contrast T1-weighted MR images show a relatively homoge-
neously enhancing sellar and suprasellar mass
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23

23.1 Uses

Calcineurin inhibitors (CNI), including cyclospo-
rine, tacrolimus, and sirolimus, are administered
for immunosuppressive therapy usually following
transplantation in order to reduce rejection rates.
These agents are also occasionally used to treat
chronic inflammatory/autoimmune diseases.

23.2 Mechanism

Calcineurin inhibitors inhibit the actions of calci-
neurin, a calcium-dependent protein phosphatase
that results in activation of T cells through the
upregulation of IL2 and related cytokines, which
in turn leads to immunosuppression.

23.3 Discussion

Neurotoxicity from CNI can occur in up to 60 %
of patients and clinically present as tremor,
decreased responsiveness, seizures, stroke-like
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episodes, and cortical blindness. In the most
severe cases, neuroimaging reveals a pattern con-
sistent with posterior reversible encephalopathy
syndrome (PRES). The incidence of PRES in
patients on CNI varies from 0.4 to 0.6 % in solid
organ transplant patients to as high as 7 to 9 % in
allogenic bone marrow transplant patients.
Although the exact etiology of PRES is unknown,
it is thought to be a disorder of cerebral autoregu-
lation that results in disruption of the blood-brain
barrier causing vasogenic edema. PRES has a pro-
pensity to involve the territories supplied by the
posterior circulation due to its relative paucity of
sympathetic innervation, but can also involve
anterior vascular distributions. T2-weighted MR
imaging typically show bilateral, symmetric areas
of hyperintensity in the occipital lobes, posterior
parietal, medial frontal lobes, and watershed
regions. The basal ganglia, brainstem, and cere-
bellum are less frequently involved. Large intra-
parenchymal hemorrhages are rare, although
small microhemorrhages are often depicted on
susceptibility weighted. The affected sites can
display variable degree of enhancement on post-
contrast images. Likewise, the findings on
diffusion-weighting imaging are variable, and the
most severe cases can progress to frank infarction.
CT, while less sensitive, may reveal hypoattenua-
tion within the affected areas. Perfusion imaging
may show increased cerebral blood flow (CBF).
Treatment of CNI toxicity includes decreasing or
discontinuing CNI therapy and maintaining strict
blood pressure control (Fig. 23.1).
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Fig. 23.1 Cyclosporine-induced PRES. Axial FLAIR
(a—c) and SWI (d) MR images show cortical and subcorti-
cal hyperintensity within the posterior frontal lobes, pari-

Posttransplantation lymphoproliferative disor-
der (PTLD) includes various forms of lymphoid
hyperplasia and lymphoid neoplasia that occur in
the setting of chronic immunosuppression,

etal lobes, and occipital lobes. In addition, there is an
associated large right parieto-occipital intraparenchymal
hematoma within the right parieto-occipital region (arrows)

including with the use of calcineurin inhibitors,
after solid organ transplantation. Most cases of
PTLD are of B-cell origin and associated with
Epstein-Barr virus infection. The incidence of
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Fig. 23.2 CNS PTLD. Axial FLAIR (a), T1-weighted
(b), and post-contrast T1-weighted (c) images show
enhancing lesions in the left frontal lobe with surrounding

PTLD ranges from 1 to 10 % of transplant recipi-
ents, depending on the organ transplanted and the
type and duration of immunosuppressive therapy.
PTLD occurs more frequently in children than in
adults, but tends to be more severe in adults.
CNS PTLD most commonly appears as focal
lobar enhancing masses that display restricted

edema (arrows). ADC map (d) shows restricted diffusion
in a portion of the lesion (arrow)

diffusion and surrounding edema (Figs. 23.2 and
23.3). Subdural lesions have also been reported.
Involvement of the head and neck most com-
monly presents as focal masses in the Waldeyer
ring and lymphadenopathy (Fig. 23.4). The
lymphadenopathy can manifest as large nodal
masses or an excessive number of lymph nodes
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Fig. 23.3 PTLD of the head and neck associated with
calcineurin-inhibitor use. The patient received immuno-
suppressive therapy after bone marrow transplantation
and developed neck swelling. Axial CT images (a, b)
show right cervical lymphadenopathy (arrow) and a naso-
pharyngeal mass with central low attenuation. Axial

T2-weighted (c¢) and fat-suppressed post-contrast

T1-weighted (d) MR images show that the abnormal
lymph node demonstrates high T2 signal and enhance-
ment (arrows). Axial T2-weighted (e) and fat-suppressed
post-contrast T1-weighted (f) MR images show heteroge-
neous signal and enhancement of the bulky nasopharyn-
geal mass. DWI (g) and ADC map (h) show diffusion
restriction within portions of the nasopharyngeal lesion
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Fig.23.3 (continued)

that are relatively normal in size. The Waldeyer 23.4 Differential Diagnosis

ring lesions often display central necrosis and

submucosal extension into the parapharyngeal Differential considerations for CNI-related PRES
space. The main treatment for PTLD is reduction include other etiologies of PRES: hypertension,
of the immunosuppressive therapy. other drugs, toxemia of pregnancy, as well as other
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Fig. 23.4 PRES secondary to high-dose combination
chemotherapy. Axial FLAIR MR images (a—c) demon-
strate symmetric areas of hyperintensity involving the cor-
tex and subcortical white matter of the paramedian frontal,
parietal, and occipital lobes as well as the posterior tem-
poral lobes. There is no evidence of associated abnormal

enhancement on the post-contrast T1-weighted MRI (d).
However, there is elevated diffusivity in the affected areas
shown on the ADC map (e). The MRI obtained 4 months
later (f~h) shows marked involution of the edema and a
few residual punctate foci of hemorrhage in the previously
affected sites (encircled)
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Fig.23.4 (continued)

non-PRES cortical/subcortical signal abnormali-
ties. PRES has been associated with several other
conditions including hypertension, preeclampsia/
eclampsia, and other pharmaceuticals and drugs,
such as combination high-dose chemotherapy
(Fig. 23.4), cisplatin, bevacizumab, triple-H

therapy, and cocaine (also refer to Chaps. 6 and 9).
Infarction can be distinguished from PRES where
there is involvement of a discrete vascular terri-
tory and the presence of steno-occlusive lesions
with decreased perfusion. Seizures can present as
areas of cortical and subcortical T2 hyperintensity
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Fig. 23.5 Seizure activity. FLAIR (a), DWI (b), and
ADC map (c) cortical and subcortical signal abnormality
with corresponding restricted diffusion in the right

and there can be associated restricted diffusion
due to cytotoxic edema (Fig. 23.5).

The differential diagnosis for CNS PTLD
includes primary CNS lymphoma, infection, and
infarct. Distinguishing the contrast-enhancing

temporo-occipital region. The abnormality resolved on
subsequent imaging

lesions of CNS PTLDs or PCNSLs from infec-
tion by neuroimaging is not always possible, and
a tissue-based diagnosis may be necessary.
Primary CNS lymphoma in immunocompetent
patients tends to enhance homogeneously and occur
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Fig. 23.6 Primary CNS lymphoma. Axial FLAIR MRI (a), post-contrast axial T1-weighted MRI (b), DWI (c¢), and
ADC map (d) show multiple homogeneously enhancing periventricular lesions with restricted diffusion

in the periventricular region (Fig. 23.6), while CNS
PTLD lesions tend to have a more lobar distribu-
tion and may demonstrate more heterogeneous
enhancement. Both may demonstrate restricted dif-
fusion. Masses with low attenuation on CT scans
or fluid signal intensity on MRI should not be

mistaken for abscesses. However, nasopharyngeal
abscesses are rare entities and often result from
extension of infection that began elsewhere, such
as from petrous apicitis or peritonsillar abscess.
Alternatively, head and neck PTLD can resem-
ble squamous cell carcinoma, lymphoma, and
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Fig. 23.7 Nasopharyngeal carcinoma. Axial CT images (a, b) show a bulky necrotic mass centered in the right naso-
pharynx (arrows) and associated right cervical lymphadenopathy (arrowhead)

nasopharyngeal carcinoma (Fig. 23.7). Ultimately,
the presence of lesions in the Waldeyer ring and/
or cervical lymphadenopathy in patients who have
undergone organ transplantation and immunosup-
pressive therapy should increase the index of suspi-
cion for the diagnosis of PTLD.
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Bromocriptine (Parlodel)
and Cabergoline (Dostinex)
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Daniel Thomas Ginat

24.1 Uses

Bromocriptine and cabergoline are used as treatment
for patients with idiopathic hyperprolactinemia and
prolactinomas.

24.2 Mechanism

Bromocriptine and cabergoline are both ergot
derivatives, which are dopamine receptor ago-
nists and inhibitors of prolactin secretion.
Cabergoline may also inhibit cell viability also
by reducing VEGF secretion via dopamine recep-
tor 2 action in some nonfunctioning adenomas.

24.3 Discussion

Cabergoline and bromocriptine are the most com-
monly used drugs in the treatment of hyperprolac-
tinemia. They are able to normalize prolactin
levels, restore gonadal function, and promote
tumor reduction in the majority of patients.
Dopamine agonist therapy effectively reduces the
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size of tumors, which can be apparent within 1
week and typically continues for several years
(Fig. 24.1). Chiasmal herniation can occur during
the course of therapy, but is not necessarily
associated with visual symptoms (Fig. 24.2).
However, re-enlargement during therapy can occa-
sionally occur. Over time, dopamine agonist ther-
apy typically results in high T2 signal intensity,
indicating increased water content in residual solid
tumor tissue. Signal intensity changes on MRI may
also correspond to the development of cystic cavi-
ties or necrosis and transitions from one pattern to
another are also common (Fig. 24.3). Bromocriptine
significantly increases the incidence of intratu-
moral hemorrhage, mainly in tumors with high ini-
tial serum prolactin levels. Cabergoline appears to
be more efficacious and associated with fewer
adverse events than bromocriptine, but intratu-
moral hemorrhage may nevertheless occur during
treatment. This condition can manifest as T1 hyper-
intensity and fluid-fluid levels within the tumor on
MRI (Fig. 24.4). Patients with intratumoral hemor-
rhage are generally asymptomatic, but some
patients may experience headaches, visual field
cuts, or cranial nerve deficits.
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Fig. 24.1 Tumor shrinkage. Coronal T2-weighted (a)
and coronal post-contrast T1-weighted (b) MR images
show a pituitary prolactinoma (arrows) that compresses
the optic apparatus. Coronal T2-weighted (¢) and coronal

post-contrast T1-weighted (d) MR images obtained sev-
eral months after treatment with bromocriptine show
interval marked decrease in size of the mass (arrows) and
no residual compression of the optic apparatus
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Fig. 24.2 Chiasmal herniation. MR images from a T2-weighted (b), and coronal post-contrast T1-weighted
patient with a history of pituitary adenoma, treated with  (¢) MR images show an expanded empty sella with a dis-
bromocriptine long ago. Of note, the patient never had torted and inferiorly displaced optic chiasm, particularly
pituitary surgery. Sagittal T1-weighted (a), coronal on the left side (arrows)
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Fig. 24.3 Cystic change. Coronal post-contrast Coronal post-contrast T1-weighted (¢) and coronal
T1-weighted (a) and coronal T2-weighted (b) MR images = T2-weighted (d) MR images obtained several months
before cabergoline treatment show an enhancing T2  after cabergoline therapy show interval lack of enhance-
hypointense right pituitary microadenoma (arrows). ment and T2 hyperintensity with in the lesion (arrows)
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Fig. 24.4 Intratumoral hemorrhage. Axial FLAIR (a), level (arrows). Follow-up coronal T1-weighted (e) and
sagittal T1-weighted (b), coronal T1-weighted (c), and coronal T2-weighted (f) MR images obtained several
coronal T2-weighted (d) MR images obtained shortly —months later show resolution of the hemorrhage with
after starting cabergoline treatment shows hemorrhage overall slight interval decrease in size of the lesion
within a left pituitary microadenoma with a fluid-fluid
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Fig. 24.4 (continued)

24.4 Differential Diagnosis glands that do not contain tumors, particularly in
the postpartum period (Sheehan syndrome).
Pituitary tumors, particularly macroadenomas, Other conditions may resemble hemorrhage,
may undergo spontaneous hemorrhage without such as cystic tumors, including Rathke cleft
dopamine agonist therapy (Fig. 24.5). cysts, which may also contain layering debris or
Alternatively, apoplexy may occur in pituitary a T2 hypointense nodule (Fig. 24.6).
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Fig. 24.5 Spontaneous pituitary apoplexy in a pituitary  (arrow). Sagittal T1-weighted (c) and coronal T2-weighted
macroadenoma. Axial CT image (a) shows a heteroge- (d) MR images show heterogeneous signal within the
neously hyperattenuating suprasellar mass (arrow). There — mass (arrows) with areas of intrinsically hyperintense T1
is corresponding susceptibility effect within the mass on  signal consistent with hemorrhage

the susceptibility-weighted image (b) due to hemorrhage
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Fig. 24.6 Rathke cleft cyst. Coronal T1-weighted (a) and coronal T2-weighted (b) MR images show a midline cyst
sellar lesion that contains material with intrinsic T1 shortening and a T2 hypointense nodule (arrow)
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Metronidazole (Flagyl)
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25.1 Uses

Metronidazole is used for the treatment of
anaerobic and protozoan infections and prevention
of clinical recurrence in Crohn’s disease.

25.2 Mechanism

The nitroimidazole antibiotic enters cells as a pro-
drug by passive diffusion and exerts its cytotoxic
effects by production of nitroso free radicals, which
leads to DNA breakage and cell death. Metronidazole
can easily penetrate the CSF and the central nervous
system. The reason for the toxicity is not well eluci-
dated, but is presumably attributable to axonal swell-
ing with increased water content, which may result
from local vasospasm and ischemia (Fig. 25.1).

25.3 Discussion

Metronidazole toxicity can produce a characteris-
tic encephalopathy that manifests as ataxia, periph-
eral neuropathy, and seizures. Affected patients
may have normal or toxic serum concentrations.
On MRI, high T2 signal in the dentate nuclei is
the earliest and most common finding. This initial

D.T. Ginat, MD, MS

Department of Radiology, University of Chicago,
Pritzker Medical School, Chicago, IL, USA
e-mail: ginatd01 @gmail.com

D.T. Ginat et al. (eds.), Neuroimaging Pharmacopoeia,

25

finding is followed by involvement of the tectum,
red nucleus, periaqueductal gray matter, and dor-
sal pons. The dorsal medulla and the corpus cal-
losum are less commonly involved. Lesions are
often bilateral and symmetric, and the splenium is
affected in all cases in which the corpus callosum is
involved. The lesions are usually characterized by
elevated ADC, consistent with vasogenic edema.
The lesions do not enhance and do not have sig-
nificant mass effect. Involvement of supratentorial
structures appears to correlate with the severity of
toxicity. The abnormal findings on MRI and clini-
cal symptoms typically improve within 8 weeks
following discontinuation of metronidazole.

25.4 Differential Diagnosis

The main differential consideration for

metronidazole-induced encephalopathy is acute

Wernicke’s encephalopathy associated with alco-

hol abuse. Wernicke’s encephalopathy is charac-

terized by bilateral symmetric T2 hyperintense
lesions in the regions of the mammillary bodies,
medial thalami, floor of the third ventricle, periag-
ueductal gray matter, and tectum of the midbrain.

Other imaging differential diagnoses to consider
for metronidazole-induced encephalopathy depend
on the particular anatomic sites of involvement:

* Brainstem: Osmotic demyelination involves
the basis pontis (refer to Chaps. 2 and 36),
while metronidazole-induced encephalopathy
affects the dorsal pons and nuclear structures.
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25.1 Metronidazole-induced

Fig.
FLAIR MR images (a—c) at the time of presentation show
bilateral symmetric high signal within the dentate nuclei,
red nuclei, cerebral peduncles, corpus callosum, and

encephalopathy.

e Corpus callosum splenium: Various demyelin-
ating diseases, such as Marchiafava-Bignami
discase (refer to Chap. 2), multiple sclero-

periventricular and subcortical white matter. An MRI
obtained 2 months later (not shown) demonstrated
decrease in the signal abnormalities

sis, and Susac’s disease (refer to Chap. 27);
antiepileptic drugs (refer to Chap. 27); acute infec-
tious encephalitis, such as influenza, Escherichia
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Fig.25.2 Maple syrup urine disease. Axial T2-weighted MRI (a) and diffusion-weighted images (b—d) show abnormal
signal with restricted diffusion involving the bilateral dentate nuclei, brainstem, and corticospinal tracks

coli, mumps, adenovirus, Epstein-Barr virus, and ¢ Dentate nuclei: Methyl bromide intoxication,

Rotavirus; and acute toxic encephalopathy, such enteroviral encephalomyelitis, and maple
as from methotrexate (refer to Chap. 19) and syrup urine disease can all produce bilateral
5-fluorouracil (refer to Chap. 20), can produce dentate nuclei T2 hyperintense lesions

similar findings (Fig. 25.2). (Fig. 25.3).
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Fig. 25.3 Splenial lesion attributed to influenza infec- FLAIR signal and restricted diffusion in the midline of the
tion. The patient tested positive for influenza A. Axial splenium of the corpus callosum (arrows)
FLAIR (a), DWI (b), and ADC (c) show a focus of high
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26.1 Uses

Highly active antiretroviral therapy (HAART) is
a treatment strategy for HIV (human immunode-
ficiency virus)-infected patients that consists of
administering three or more different drugs,
including nucleoside reverse transcriptase inhibi-
tors, protease inhibitors, and non-nucleoside
reverse transcriptase inhibitors.

26.2 Mechanism

IRIS results from restored immunity to infectious
or noninfectious antigens. Potential mechanisms
for the syndrome include a partial recovery of the
immune system or exuberant host immunological
responses to antigenic stimuli, perhaps related to
elevated levels of interleukin-6 (IL-6) and CD8+
T-cell lymphocytic infiltration.
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26.3 Discussion

IRIS is an inflammatory response to a subclinical or
previously treated infection that occurs after initia-
tion of HAART. CNS IRIS affects approximately
25 % of patients with human immunodeficiency
virus (HIV) infection and typically occurs within
two months after administration of HAART but
may occur up to 2 years later. IRIS can also occur
in other immunocompromised patients, such as
after stem cell transplantation. The most commonly
implicated organisms in the CNS include the JC
virus and Cryptococcus. CNS IRIS can also occur
with varicella zoster virus (VZV), cytomegalovi-
rus (CMV), Candida organisms, Mycobacterium
tuberculosis, and Toxoplasma gondii, or no iden-
tifiable organism at all. Diagnostic criteria for
IRIS include (1) a prior response to antimicrobial
therapy, (2) the return of original symptoms or
new inflammatory syndromes after initiation of
HAART, and (3) negative CSF cultures. Indeed,
IRIS presents with paradoxical clinical deteriora-
tion resulting from restoration of the capacity to
mount an inflammatory immune response after
treatment with antiretroviral drugs.

On imaging, IRIS tends to display parenchymal
and/or leptomeningeal contrast enhancement, tran-
sient increase in parenchymal abnormalities with
high signal on FLAIR and T2-weighted images,
and mass effect (Fig. 26.1). Areas of restricted dif-
fusion can also be observed. Ultimately, the neuro-
imaging features of IRIS vary depending upon the
specific underlying pathogen (Table 26.1).
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Fig.26.1 CNS PML-IRIS. The patient was HIV positive
and presented with subacute onset of right-sided weak-
ness, slurred speech, and left beating nystagmus. The CD4
count at admission was 5 and the viral load was 82,000.
The patient was then started on HAART with three drugs
(efavirenz , tenofovir, and emtricitabine). Axial FLAIR (a,
b) and post-contrast T1-weighted (c, d) MR images at ini-
tial presentation show patchy areas of signal abnormality
without associated enhancement in the brainstem, cere-
bellum, and right basal ganglia. Subsequently, the patient

D.T. Ginat and PW. Schaefer

presented with worsening neurologic symptoms, although
the viral load decreased to 96 and the CD4 count increased
to 11. Axial FLAIR (e-h) and post-contrast T1 (i-1) MR
images obtained 1 month after initial presentation show
marked interval progression of the signal abnormality in
the brainstem, cerebellum, and supratentorial white mat-
ter with patchy enhancement (arrows). Corresponding
DWI (m) and ADC map (n) show elevated diffusion in the
affected white matter
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Fig.26.1 (continued)
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(continued)
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Fig.26.1 (continued)

Table 26.1 Imaging findings for the different types of IRIS

enhancement; cryptococcoma meningitis with meningeal or choroid plexus enhancement

Pathogen Neuroimaging findings

JC virus PML Interstitial edema, mass effect, and on contrast T1WI parenchymal and perivascular
enhancement

Mycobacterium Tuberculoma, basal leptomeningeal enhancement, and hydrocephalus

tuberculosis

Atypical Lymphadenitis; rarely enhancing lesions in the brain

mycobacterium

Cytomegalovirus Cerebral vasculitis and infarcts; ventriculitis; retinitis

Varicella Cerebral vasculitis and infarcts, which may be associated with parenchymal and
leptomeningeal enhancement

Cryptococcus Lymphadenitis; gelatinous pseudocysts with restricted diffusion and parenchymal

Toxoplasma Focal-enhancing parenchymal mass lesions, often with edema

The keys to the diagnosis of IRIS are the
symptomatic and radiologic progression of dis-
ease after the initiation of HAART, despite an
increasing CD4 T-cell count and the suppression
of HIV viremia and the absence of a new oppor-
tunistic infection. Treatment for CNS IRIS
related to HAART mainly consists of steroids.
Patients may succumb to the disease, with mor-
tality rates as high as 30 %.

26.4 Differential Diagnosis

The main alternative diagnostic considerations to
IRIS include treatment failure and opportunistic
infections without the superimposed effects of
HAART. The imaging manifestations of opportu-
nistic infections depend upon the specific pathogen,
such as the JC virus, toxoplasmosis, Mycobacterium
tuberculosis, or Cryptococcus.
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JC virus PML: Untreated PML typically pres-
ents as white matter lesions that are often sub-
cortical with low T1 signal and high T2 signal,
without mass effect and without contrast
enhancement or restricted diffusion centrally
(Fig. 26.2). The parietal and occipital lobes are
most commonly involved, and the cerebellum is
affected in one third of cases.

Toxoplasmosis: Toxoplasma encephalitis in
HIV patients typically presents as focal-
enhancing parenchymal mass lesions, with
edema and ring enhancement with or without
a “target sign” appearance. The lesions com-
monly occur in the thalami and basal ganglia
(Fig. 26.3).

Tuberculosis: Although there may be a pau-
city of enhancement in some patients, basal
meningeal enhancement, vasculitis, infarc-
tions and focal intraparenchymal abscesses

Fig.26.2 JC virus PML. Axial FLAIR (a) and post-contrast T1-weighted (b) MRI show non-enhancing T2 hyperin-
tense cerebral white matter lesions that are predominantly subcortical

(tuberculomas), or small nodular Iesions
(granulomas) are also frequently observed in
HIV-infected patients (Fig. 26.4). The pres-
ence of a lipid peak at 1.3 ppm on MR
spectroscopy can be a useful finding sugges-
tive of tuberculoma versus PML.
Cryptococcal meningitis: Unlike cryptococcal
meningitis associated with IRIS, HAART-
naive HIV-infected patients with cryptococcal
meningitis typically present with leptomenin-
geal FLAIR hyperintensity, but without lepto-
meningeal enhancement due to the inability to
mount a sufficient inflammatory response
(Fig. 26.5). Associated communicating hydro-
cephalus with transependymal edema is com-
mon. In addition, gelatinous pseudocysts
within dilated perivascular spaces are fre-
quently encountered in immunocompromised
patients.
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Fig.26.3 Toxoplasma encephalitis. Axial FLAIR (a) and  and mass effect. The dominant lesion in the left basal gan-
post-contrast T1-weighted (b) MRI show three intrapa-  glia region displays a “target sign” appearance (arrow)
renchymal ring-enhancing lesions with associated edema
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Fig. 26.4 CNS tuberculosis in an immunocompromised lesions with peripheral enhancement (arrows) as well as
patient. Axial FLAIR (a) and axial post-contrast thick basilar leptomeningeal enhancement. MR spectros-
T1-weighted (b, ¢) MR images show intraparenchymal copy (d) shows elevated lipid peaks at 1.3 ppm
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Fig. 26.4 (continued)
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Fig.26.5 Cryptococcal meningitis. Axial FLAIR (a) and  abnormal enhancement. There is also hydrocephalus with
axial post-contrast T1-weighted (b) MRI show diffuse periventricular signal abnormality, which may be related
sulcal FLAIR hyperintensity without corresponding to ventriculitis
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27.1 Uses

Phenytoin is an anticonvulsant used for the treat-
ment and prevention of generalized tonic-clonic
seizures, complex partial seizures, and seizures
related to neurosurgical procedures.

27.2 Mechanism

Although the mechanism of action of phenytoin
has not been completely elucidated, it appears to
act primarily in the motor cortex by intervening
with neuronal sodium channels. Phenytoin has
the capability to limit the hyperexcitability of
tissues by selectively blocking the neurons that
fire at a high frequency. Cerebellar atrophy is
attributed to loss of Purkinje cells, which may be
due to toxic effects of phenytoin and/or seizure
activity. Transient splenial lesions of the corpus
callosum may result from the effects of the anti-
epileptic medication on arginine vasopressin and
its function in fluid balance systems, mediated by
vitamin B12 or folate deficiency. In addition,
phenytoin has recently been shown to stimulate
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osteoblast proliferation and differentiation via
upregulation of transforming growth factor-p1
and bone morphogenetic proteins.

27.3 Discussion

The central nervous system is most commonly
affected by the use of phenytoin. The effects are
usually dose related and are mainly secondary to
cerebellar toxicity. The manifestations include
dizziness, ataxia, slurred speech, incoordination,
somnolence, altered mental status, paresthesias,
nystagmus, and headaches. Other less frequent
reported side effects include abnormal move-
ments such as chorea, tremor, and dystonia.
Imaging findings associated with phenytoin are
usually detected in patients with chronic intake
of the medication, although there are a few
reports of imaging changes occurring after acute
exposure.

Diffuse cerebellar atrophy is a common imag-
ing feature associated with the chronic use of phe-
nytoin (Fig. 27.1). In particular, cerebellar atrophy
caused by chronic phenytoin use manifests as
enlargement of the cisterna magna, cerebellopon-
tine angle, and superior cerebellar cisterns. The
severity correlates with a longer time of exposure
and a higher total dose of the medication. The
atrophic changes are likely due to the combina-
tion of seizure activity and medication-related
effects, including direct cellular toxicity and indi-
rect effects on folic acid metabolism.
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Fig. 27.1 Cerebellar atrophy related to phenytoin use. Coronal T2-weighted (a) and sagittal T1-weighted (b) MR
images demonstrate disproportionate diffuse cerebellar atrophy

Another neurological effect of phenytoin is a
transient focal lesion in the splenium of the corpus
callosum. Splenial lesions are characteristically
oval or round, measure less than 2 cm in size, and
demonstrate hyperintense signal on T2-weighted
sequences, hypointense signal on T1-weighted
sequences, and restricted diffusion (Fig. 27.2).

Patients with chronic use of phenytoin may
also present with acromegalic features with cal-
varial hyperostosis and coarsening of the face,
hands, and feet. The incidence of calvarial thick-
ening in epileptic patients treated with phenytoin
is approximately 33 %. On imaging, progressive
diffuse, smooth intramedullary expansion can be
observed (Fig. 27.3).

Fetal hydantoin syndrome is a known disorder
caused by the in utero exposure of phenytoin.
Patients taking phenytoin during their pregnancy
have two to three times the risk of birth defects
compared to the general population. Although not
all exposed fetuses develop the syndrome, the risk
of expressing the full syndrome is 5-10 %, while
the risk of expressing isolated features is 33 %. The
differences in expression are determined by mater-
nal genetic characteristics and ability to detoxify the
intermediate metabolites of phenytoin. The effect of
phenytoin in the metabolism of folic acid plays a
crucial role in the increased risk of spina bifida. The

classic features of fetal hydantoin syndrome include
a dysmorphic appearance (with craniofacial anom-
alies, such as hypertelorism, deep nasal bridge,
small nose, and cleft lip or palate), mental retarda-
tion, growth deficiencies, and limb defects. Other
features include microcephaly, ocular defects, spina
bifida, and cardiovascular anomalies.

Signs and symptoms related to acute cerebel-
lar dose-related toxicity usually reverse follow-
ing discontinuation of the medication. However,
other effects such as cerebellar atrophy and cal-
varial thickening may be permanent despite a
change in anticonvulsive therapy. Nevertheless,
the clinical implications of calvarial thickening
are mainly cosmetic.

27.4 Differential Diagnosis

The imaging findings associated with the use of
phenytoin are not specific and could be related to
several conditions including other antiepileptic
medications. The clinical history may be the differ-
entiating factor for making the correct diagnosis.
Cerebellar atrophy: The differential diagnosis for
cerebellar atrophy is broad, including aging,
alcohol, paraneoplastic syndromes, radiation,
hypothyroidism, the sequela of cerebellitis,
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Fig. 27.2 Focal transient splenial lesion related to anti- corpus callosum (arrow) in a patient taking phenytoin.
epileptic therapy. Axial T2-weighted MRI (a) demon- DWI (b) and ADC maps (c¢) demonstrate restricted diffu-
strates a focal hyperintense lesion in the splenium of the  sion of the lesion (arrow)
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Fig. 27.3 Calvarial thickening secondary to chronic phe-
nytoin use. Axial CT images obtained at initial presentation
(a) and after over a decade of antiepileptic treatment
(b) show development of substantial diffuse calvarial

hereditary cerebellar atrophy, and multiple

system atrophy.

* Alcoholic encephalopathy typically leads
to disproportionate superior vermian atro-
phy and decrease in whole brain metabo-
lism on F-18 FDG PET. A history of
alcohol abuse is key in making the diagno-
sis (refer to Chap. 2).

thickening. The sagittal T1-weighted MRI (c) also shows
diffuse calvarial thickening with normal hyperintense fatty
marrow signal

Paraneoplastic syndromes, most frequently
from lung cancer, are a known cause of cer-
ebellar atrophy. Concomitant findings of
paraneoplastic encephalomyelitis can also
be seen.

Multiple system atrophy is a progressive
neurodegenerative disease with the charac-
teristic imaging finding of the “hot cross
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Fig. 27.4 Multisystem atrophy, type C. Axial T2WI
through the posterior fossa demonstrates diffuse cerebel-
lar atrophy, pontine hyperintense signal in the shape of a
cross (the “hot cross bun” sign), and hyperintense signal
in the bilateral middle cerebellar peduncles

bun” sign, consisting of T2 hyperintense
signal in the pons in the form of a cross
(Fig. 27.4). Spinocerebellar ataxia is
another neurodegenerative condition that
predominantly features volume loss in the
cerebellum. Genetic testing can be helpful
in confirming the diagnosis.

Diffuse calvarial thickening: Other etiologies for
skull thickening include hyperparathyroidism,
osteopetrosis, acromegaly, Paget’s disease,
fibrous dysplasia, chronically shunted
hydrocephalus, diffuse metastasis, and chronic
anemia. Many of these conditions have spe-
cific other features that can help differentiate
them from calvarial thickening related to phe-
nytoin use. For example, Paget’s disease may
contain areas of focal sclerosis giving the
appearance of “cotton wool” on CT (Fig. 27.5).

Abnormal signal in the splenium of the corpus
callosum: Abnormal T2 hyperintense signal in
the splenium of the corpus callosum has also
been described with multiple other entities
including other antiepileptic drugs, seizures,
hypoglycemia, multiple sclerosis, diffuse axo-
nal injury, viral encephalitis, lymphoma, and
Susac’s disease (Fig. 27.6).

Fig. 27.5 Paget’s disease. Axial CT of the skull in bone
windows shows diffuse thickening of the calvarium and
scattered sclerotic lesions in a “cotton wool” appearance

Fig. 27.6 Susac’s disease. Sagittal FLAIR MRI demon-
strates several hyperintense lesions in the corpus callo-
sum, including the splenium (arrow)

Fetal hydantoin syndrome: Dysmorphic charac-
teristics similar to fetal hydantoin syndrome
can occur with other antiepileptic drugs such
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as phenobarbital and carbamazepine, as well
as with other fetal syndromes like Noonan and
fetal alcohol syndrome (refer to Chap. 2). The
mother’s history of phenytoin use during preg-
nancy supports the diagnosis.
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Valproic Acid (Sodium Valproate,

Depakote)

Daniel Thomas Ginat

28.1 Uses

Valproate products are FDA-approved drugs to
treat seizures and manic or mixed episodes asso-
ciated with bipolar disorder (manic-depressive
disorder) and to prevent migraine headaches.

28.2 Mechanism

Valproate interferes with urea cycle by decreas-
ing citrullinogenesis through inhibition of car-
bamoyl phosphate synthetase-I, which in turn
leads to hyperammonemia. Individuals with
genetic defects of the urea cycle are particularly
prone to valproate-induced hyperammonemia.
Valproate is also a teratogen.

28.3 Discussion

Valproate-induced hyperammonemic encephalop-
athy is an unusual complication characterized by a
decreasing level of consciousness, focal neurologi-
cal deficits, cognitive slowing, vomiting, drowsi-
ness, and lethargy. Although valproate-induced
hyperammonemic encephalopathy can occur with-
out hepatic dysfunction, the imaging findings are
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the same as for other causes of hyperammonemic
encephalopathy (refer to Chap. 49). The salient
findings on MRI include diffuse gyriform cortical
T2 hyperintensity, predominantly in the insula and
temporal lobes, but occasionally the cerebellum
and globi pallidi can be involved. On MRS, there is
typically moderate reduced in NAA and Cho and
elevated glutamate and glutamine. Administration
of carnitine can lead to an early favorable clinical
response. Valproate in epilepsy is also associated
with reduced parietal lobe thickness, total brain
volume, and white matter volume.

Valproate monotherapy during the first trimester
is associated with increased risk of several congen-
ital malformations with an absolute risk of approxi-
mately 0.6 %. The major anomalies associated with
in utero exposure to valproate that may be encoun-
tered on neuroimaging include craniosynostosis,
particularly trigonocephaly, spina bifida, and cleft
palate (Figs. 28.1, 28.2, and 28.3).

28.4 Differential Diagnosis

Hyperammonemic encephalopathy can be caused
by other drugs, such as Tylenol overdose, with
identical imaging findings. The imaging findings
in congenital valproate-induced malformations
are rather characteristic, although there may be
confounders in terms of the etiology. While the
combination of anomalies and appropriate history
may implicate valproate, there are many other
potential causes of the associated anomalies.
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Fig. 28.1 Trigonocephaly. Axial (a) and 3D volume-rendered (b) CT images show prominence of the fused metopic
suture (arrows)

Fig. 28.2 Cleft palate. Axial (a) and coronal (b) CT images show a defect in the left parasagittal hard palate (arrows)
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Fig.28.3 Spina bifida. Sagittal T1-weighted (a) and T2-weighted (b) MR images show lumbosacral dysraphism asso-
ciated with a lipomyelomeningocele (arrows)
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Vigabatrin (Sabril)
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29.1 Uses

Vigabatrin can serve as adjunctive therapy for
adult patients with refractory complex partial sei-
zures who have responded inadequately to sev-
eral alternative treatments and as monotherapy
for pediatric patients aged 1 month to 2 years
with infantile spasms.

29.2 Mechanism

Inhibition of GABA transaminase by vigabatrin
results in a dose-dependent increase in GABA
concentrations in the brain. The increase in GABA
inhibits the excitatory processes that can initiate
seizure activity. Toxicity may result from micro-
vacuolization of glial cells in specific regions of
the brain, including the brainstem, cerebellum,
basal ganglia, and deep white matter tracts.

29.3 Discussion

Vigabatrin can cause reversible, often symmetric,
T2 hyperintensity and restricted diffusion within
the basal ganglia, thalami, brainstem, and/or den-
tate nuclei in approximately 30 % of patients.
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The histopathological correlate consists of intra-
myelinic edema and microvacuolation with reac-
tive astrocytosis. The predilection of vigabatrin
toxicity for these anatomic areas may depend on
the stage of myelin maturation. Indeed, infants
are particularly susceptible to vigabatrin-induced
changes. Patients are typically asymptomatic
from vigabatrin-related effects. The imaging
abnormalities typically resolve within several
weeks, sometimes without cessation of vigaba-
trin. Routine MRI surveillance of this population
is not recommended, since the long-term clinical
consequences of vigabatrin-associated MRI
changes are unknown (Fig. 29.1).

29.4 Differential Diagnosis

The diagnosis of vigabatrin neurotoxicity should be
straightforward in an infant with the described imag-
ing findings and treatment history. Nevertheless,
possible differential considerations by anatomic
location include the following (many of these condi-
tions can affect multiple anatomical sites):

* Bilateral basal ganglia T2 hyperintensity:
Hypoxic-ischemic injury, viral encephalitis,
deep cerebral vein thrombosis, glutaric aciduria
type 1, biotin-responsive encephalopathy, neu-
rofibromatosis type 1 (Fig. 29.2), and mito-
chondrial encephalopathies

* Bilateral thalami: Infiltrating neoplasms, artery
of Percheron infarct, viral encephalitis, deep
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Fig. 29.1 Vigabatrin neurotoxicity. An infant with a his-
tory of tuberous sclerosis treated with vigabatrin pre-
sented with lethargy. Axial T2-weighted MR images
(panel a), DWI (panel b), and ADC maps (panel ¢) show

bilateral symmetric T2 hyperintensity and restricted diffu-
sion within the thalami, basal ganglia, midbrain, and den-
tate nuclei. The abnormalities resolved within 2 months
after cessation of vigabatrin (panel d)
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Fig.29.1 (continued)
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Fig.29.1 (continued)
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Fig. 29.2 Neurofibromatosis type 1. Axial FLAIR MRI
(a) shows patchy hyperintensity in the bilateral basal gan-
glia, right greater than left (arrows). The corresponding

Fig.29.3 Post-ictal thalamic changes. Axial T2-weighted
MRI shows hyperintensity in the bilateral thalami
(arrows)

axial T1-weighted MRI (b) shows corresponding T1
hyperintensity in the basal ganglia (arrows)

cerebral vein thrombosis, and post-ictal
thalamic changes resulting from excessive
activity in thalamic nuclei having reciprocal
connections with the involved cortex (Fig. 29.3)
Dentate nuclei: Viral encephalitis, biotin-
responsive encephalopathy, neurofibromatosis
type 1, maple syrup urine disease, metronida-
zole toxicity (refer to Chap. 25) and metho-
trexate toxicity (refer to Chap. 19)
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and Ronil V. Chandra

30.1 Uses

Embolic agents are administered as part of an over-
all therapeutic approach to tumors and vascular
pathology of the central nervous system. The
choice of embolic agent depends on the clinical
goal of the embolization procedure, i.e., permanent
or temporary occlusion, taking into account the tar-
get vascular anatomy. In general, embolic agents
can be classified as liquid and nonliquid embolic
agents. Commonly used liquid embolic agents
include n-Butyl Cyanoacrylate (nBCA) (Trufill
nBCA Liquid Embolic, Codman Neurovascular,
Raynham, Massachusetts, USA), ethylene vinyl
alcohol copolymer (Onyx liquid embolic system,
ev3 Neurovascular, Irvine, CA), and sclerosants,
such as absolute alcohol and sodium tetradecyl sul-
fate (Sotradecol®). These agents are typically used
for permanent occlusion of vascular malformations
or tumor circulation. Commonly used nonliquid
embolic agents are Gelfoam, polyvinyl alcohol
(PVA) particles, and coils. Gelfoam and PVA are
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typically used temporary occlusion of tumor circu-
lation or cessation of acute hemorrhage, while coils
are typically used for permanent vessel or intracra-
nial aneurysm occlusion.

30.2 Mechanism

nBCA rapidly polymerizes on contact with blood.
When delivered, this is typically in a form mixed
with ethiodized oil and tantalum powder to aug-
ment radiopacity. This forms a cast of the blood ves-
sel, which causes immediate and permanent
occlusion. On histological examination, vascular
and perivascular inflammation are common, as well
as angionecrosis. This is attributable to the exother-
mic reaction that occurs with polymerization. Over
time, a foreign-body giant-cell reaction is induced
with subsequent fibrosis in the vessel wall.

Onyx also polymerizes as the solvent dimethyl
sulfoxide (DMSO) disperses on contact with
blood. Onyx laminates on the blood vessel wall,
which forms a cast of the blood vessel with con-
tinued delivery. Once the vascular cast fills the
blood vessel, permanent occlusion is achieved.
On histological examination, vascular and peri-
vascular inflammation are common, as well as
angionecrosis. Over time, a foreign-body giant-
cell reaction is induced with subsequent fibrosis
in the vessel wall.

Sclerosants, such as ethanol, cause immediate
endothelial denudation on contact and consequent
permanent vessel occlusion. Slower injections
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that prolong the contact time with endothelium
result in greater cytotoxic injury.

Gelfoam is derived from porcine adipose tissue
and is available in the form of a sponge or a pow-
der. The Gelfoam sponge can be cut into small
cuboids or made into a slurry and then delivered in
an iodinated contrast suspension via an intravascu-
lar catheter. The small cuboids will pass into the
target vasculature and mechanically occlude the
lumen once the size of the Gelfoam piece is larger
than the target vasculature. This also provides a
matrix onto which platelet aggregation can occur.
Gelfoam slurry delivery tends to form a “cast” the
target vessel. Gelfoam is also commonly used dur-
ing neurosurgery in the form of sheets or pledgets
in order to help achieve and maintain hemostasis.

PVA particles are available in a range of sizes
(typically 50-1,000 pm). Thus, the particle size can
be tailored to the target vessel occlusion size
required. PVA is also typically delivered in an
iodinated contrast suspension via a intravascular
catheter. Both Gelfoam and PVA result in tempo-
rary vessel occlusion. PVA also initially incites an
acute inflammatory response, followed by a for-
eign-body giant-cell reaction. Vessel recanalization
occurs due to absorption of the Gelfoam and vascu-
lar remodeling and collateral formation around the
nonabsorbable PVA particles.

Coils induce thrombosis, which in combina-
tion with the coils themselves result in permanent
occlusion. Some coils contain fibers along their
length in order to increase thrombogenicity.

30.3 Discussion

When foreign material is identified within the
cerebral vasculature, the presence of embolic
agents should be considered. Nonliquid embolic
agents and their effects are often discernible on
radiographic, CT, and/or MRI imaging. The clin-
ical history combined with characteristic imaging
features can lead to accurate identification.
nBCA and Onyx are commonly used for embo-
lization of cranial and spinal arteriovenous malfor-
mations and dural arteriovenous fistulae. Both

appear as hyperdense casts that mold to the lumen
of the embolized vascular structure. However,
Onyx produces the greater streak artifact on CT
compared to nBCA (Figs. 30.1 and 30.2).
Gelfoam and PVA particles are commonly
used for preoperative embolization of tumor vas-
culature, in order to minimize blood loss during
surgical excision. In general, the advantage of
using PVA is the greater tumoral devasculariza-
tion from penetration of small tumor vessels.
However, the use of PVA particles <150 pm
raises the risk of embolization into the vasa ner-
vosum of the cranial nerves, and higher rates of
complications have been reported during preop-
erative embolization. In certain situations, par-
ticularly for embolization of tumors at the skull
base, larger PVA particle size and Gelfoam are
preferable. At the time of embolization, Gelfoam
is often mixed with contrast agents in order to
increase conspicuity on X-ray modalities.

Fig.30.1 nBCA. The patient has a history of hereditary
hemorrhagic telangiectasia with a right cerebral hemi-
sphere arteriovenous malformation. Axial non-contrast
CT images shows the hyperattenuating embolic agent
within the vascular malformation and associated aneu-
rysm (arrow)
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Fig. 30.2 Onyx. Frontal radiograph (a), coronal non-
contrast CT (b), and coronal non-contrast T1-weighted
MRI (c) show that the Onyx cast appears radiopaque and

Otherwise, Gelfoam used for hemostasis in surgi-
cal cavity often initially appears as hypoattenuat-
ing sheets on CT but then becomes more
hyperattenuating, and eventually dissolve
(Fig. 30.3). On MRI, Gelfoam can appear as T1
hyperintense, which should not be mistaken for
enhancement. Polyvinyl alcohol (PVA) particles
are also mixed with contrast agents the time of
embolization in order to facilitate visibility dur-
ing angiography (Fig. 30.4). Although the parti-
cles cannot be directly visualized on imaging, the
secondary effects of vascular occlusion and tis-
sue necrosis may be evident (Fig. 30.5). With
regard to meningiomas, postembolization MRI
shows a variable degree of secondary revascular-

hyperattenuating and has molded to the shape of the
arteriovenous malformation. There is associated beam-
hardening artifact on CT

ization and devascularization shortly after embo-
lization. Peripheral secondary enhancement
corresponds to a thin layer of viable tumor tissue,
while the devitalized, necrotic portions do not
enhance. MR spectroscopy may demonstrate a
lactate peak in devascularized areas immediately
after embolization. The tumors may or may not
decrease in size following embolization.
Although coils can be used for permanent ves-
sel occlusion, this is usually not required in the
context of preoperative embolization. Coils are
most commonly used in the treatment of intracra-
nial aneurysms. Coils are radiopaque and can
produce considerable streak artifact on CT,
obscuring the adjacent brain parenchyma
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Fig. 30.3 Gelfoam. Initial postoperative CT image (a)
obtained after left temporal lobe tumor resection shows
linear hypoattenuation material lining the surgical bed,

(Fig. 30.6). On MRI, coils are T1 and T2 hypoin-
tense and can cause local T2* susceptibility
effects on MRA, which can be reduced by using
short echo times.

30.4 Differential Diagnosis

Various conditions can produce cerebrovascular
filling defects. Atheroembolism is a natural path-
ological phenomenon that is a common cause of
stroke and can produce a dense vessel sign on
non-contrast CT and vessel cutoff on angiogra-
phy (Fig. 30.7). These lesions occur in an entirely
different setting than interventional therapeutic
embolization procedures, although inadvertent
migration of the embolic agent and infraction of
nontarget tissues can rarely occur as a complica-
tion. Very rare bullet emboli can mimic a small
coil mass on CT (Fig. 30.8), while on some MRI
sequences the low signal of a coil mass can

which corresponds to Gelfoam (arrows). Follow-up CT
image (b) obtained several days later shows interval
resorption of the Gelfoam

potentially resemble a calcified tumor, pneumo-
cephalus, or hemorrhage. Furthermore, aneurysm
clips are also metallic, but these devices have a
characteristic elongated configuration (Fig. 30.9).
Calcifications that are often naturally present
within vascular malformations (Fig. 30.10) may
resemble the hyperdense liquid embolic agents,
particularly nBCA. Without the relevant history,
the tumor necrosis induced by embolic agents
may be indistinguishable from spontaneous
tumor necrosis and can also resemble spontane-
ous tumor necrosis and cystic (Fig. 30.11). The
T1 hyperintensity associated with the contrast in
Gelfoam can resemble natural emboli containing
subacute blood products, while early Gelfoam on
CT scan resemble pneumocephalus. The
embolization-induced tumor necrosis can develop
rapidly and be apparent on MRI within a matter
of hours to days. There can be areas of restricted
diffusion and the embolized mass can transient
enlarge.
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Fig. 30.4 PVA. Coronal intra-procedural CT (a), early plasmacytoma. Post PVA embolization external carotid
arterial (b), and parenchymal phase (c) external carotid DSA (d) shows multiple feeding branch occlusions and
DSA shows prominent tumor vascularity in a cranial absence of the tumor blush
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Fig. 30.5 Tumor necrosis. Initial frontal digital subtrac-
tion image (a) shows a large tumor blush, which corre-
sponds to a meningioma (*). Completion digital
subtraction image (b) obtained after Onyx embolization
of the tumor shows marked diminution of the tumor blush.

Pre-embolization axial post-contrast T1-weighted MRI
(c) shows a large enhancing mass in the right temporo-
occipital convexity. Post-embolization axial post-contrast
T1-weighted MRI (d) shows interval development of cen-
tral necrosis within the tumor (arrow)
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Fig. 30.6 Coil embolization. Axial CT (a) and axial T1  liquid embolic agents such as nBCA and Onyx, even on
time of flight MRA (b) show that the coil mass (arrows)  bone windows. There is minimal associated susceptibility
as radiopaque and hyperattenuating intravascular material ~ effect on the MRA (arrow)

with marked streak artifact on CT, greater than that of

b\
' !

Fig.30.7 Atheroembolus. Axial CT image (a) shows a dense left middle cerebral artery sign (arrows). Frontal projec-
tion 3D CTA reformatted image (b) show cutoff of the left middle cerebral artery (arrow)
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Fig.30.8 Bullet embolization. Axial CTA of the neck (a)  cerebral artery (arrow) with acute infarction in the corre-
shows bullet fragments in the right neck. Axial CT image sponding vascular territory (asterisk)
of the brain (b) shows a bullet fragment in the left posterior

Fig.30.9 Aneurysm clip. Axial CT image shows a linear ~ Fig. 30.10 Vascular malformation calcifications. Axial
metallic aneurysm clip (arrow) in the anterior cerebral CT image shows punctate and curvilinear calcifications
artery trajectory (arrows) associated with the arteriovenous malformation
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Fig. 30.11 Tumor cysts. Axial post-contrast T1-weighted (a) and T2-weighted (b) MR images show non-enhancing
areas along the periphery of a right middle cranial fossa meningioma (arrows)
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31.1 Uses

Aspirin alone is indicated in the setting of the pri-
mary prevention of coronary heart disease in
individuals who have multiple coronary risk fac-
tors. It is also recommended for the secondary
prevention of ischemic stroke, patients with
symptomatic peripheral arterial disease, and the
long-term secondary prevention of myocardial
infarction. Low-dose aspirin (81 mg) is typically
prescribed in the setting of primary prevention
and in the long-term after a patient suffers a myo-
cardial infarction, while high-dose aspirin
(325 mg) is typically prescribed in the acute set-
ting post-myocardial infarction and for the long-
term secondary prevention of ischemic stroke.
Low-dose aspirin is typically combined with oral
anticoagulants such as Coumadin in the primary
prevention of embolic stroke in patients with
atrial fibrillation.

While clopidogrel, like aspirin, is also recom-
mended as monotherapy for secondary preven-
tion of ischemic stroke and for peripheral arterial
disease, it is typically combined with aspirin in
the treatment of myocardial infarction. Since
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clopidogrel is a prodrug and requires activation
by liver CYP enzymes, patients suffering a myo-
cardial infarction that require urgent coronary
revascularization are typically treated with an ini-
tial bolus of 300600 mg of clopidogrel and
325 mg of aspirin. Thereafter patients are treated
with 75 mg of clopidogrel for at least 1 month
after receiving a percutaneous coronary interven-
tion with a bare-metal coronary stent and at least
12 months if they received a drug-eluting stent.
While low-dose aspirin treatment is continued
indefinitely after myocardial infarction, there is
active debate regarding the need to continue
treatment with both aspirin and clopidogrel more
than 12 months after percutaneous coronary
intervention for a myocardial infarction.

31.2 Mechanism

Aspirin is an irreversible cyclooxygenase inhibi-
tor which leads to thromboxane A2 inhibition.
Clopidogrel is an irreversible inhibitor of the type
2 purinergic receptor (P2Y,,) which is an adenos-
ine diphosphate receptor that lies on the surface
of the platelet. Both drugs inhibit key steps in the
activated platelet clotting cascade. Thromboxane
A2 and adenosine diphosphate recruit and acti-
vate platelets. Adenosine diphosphate then binds
to the type 2 purinergic receptor (P2Y,) and the
high affinity purinergic receptor (P2Y1). These
receptors then increase intracellular calcium and
ultimately activate the glycoprotein IIb/Illa
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complex which binds the platelets to one another
forming linkages via fibrinogen molecules and
thus leading to a meshwork of platelets and clot.

31.3 Discussion

Aspirin and clopidogrel combine to potently
inhibit platelet function and thus lead to both a
significant reduction in thrombotic events as well
as an increase in risk of hemorrhage. Multiple
clinical trials have demonstrated that the addition
of clopidogrel to aspirin in patients presenting
with myocardial infarction leads to a significant
decrease in repeat ischemic events while also
increasing risk of bleeding.

Aspirin and clopidogrel have also been evalu-
ated for the prevention of ischemic stroke for
patients with atrial fibrillation, and while the com-
bination decreased the risk of recurrent stroke as
compared to patients taking aspirin alone, it also
led to a significant increase in the risk of
hemorrhage and in particular intracranial bleeding

and hemorrhagic stroke. In general the benefit of
reducing ischemic stroke and myocardial infarc-
tion realized by the combination of aspirin and
clopidogrel must be offset by the increased risk of
bleeding, especially intracranial hemorrhage, from
adding clopidogrel to aspirin therapy.

Acute intracranial hematomas appear as a
hyperattenuating, round, or elliptical mass on
computed tomography (Fig. 31.1) and are often
associated with a peripheral area of vasogenic
edema. Furthermore, anticoagulation can lead to
multiple intracranial fluid-blood levels in the
intracranial hematomas. Over time, the blood
products in a hematoma evolve through a predict-
able variation in hemoglobin oxygenation states
and hemoglobin by-products. This evolution
manifests as gradually decreasing attenuation on
CT and a specific pattern of changing signal char-
acteristic on conventional MRI. There is gener-
ally minimal or no enhancement associated with
coagulopathic hematomas. In addition to identi-
fying hemorrhage, imaging is important for
delineating associated complications, such as

Fig. 31.1 Intraparenchymal hematoma related to aspirin
and Plavix. Axial (a) and coronal (b) non-contrast CT
images show a large right cerebral hemisphere hematoma

(*) with associated midline shift to the left and obstructive
hydrocephalus
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Fig. 31.2 Nasal polyps in aspirin sensitivity syndrome.
Axial (a) and coronal (b) non-contrast CT images show
extensive, bilateral sinonasal opacification related to

obstructive hydrocephalus, vascular compres-
sion, and herniation of brain tissue.

A rare, but devastating complication of aspirin
use is Reye syndrome, which consists of hepatitis
and encephalopathy in the setting of a viral ill-
ness, particularly in the pediatric population. On
imaging, diffuse cerebral edema and signal alter-
ations in brainstem, bilateral thalami, medial
temporal lobes, parasagittal cortex, and cerebel-
lar and subcortical white matter are evident. In
addition, there can be diffusion restriction in the
thalami, midbrain, cerebellar white matter, sub-
cortical white matter, and watershed territories.
The imaging abnormalities tend to resolve as the
patients recover from this condition.

An additional complication of aspirin use that
may be encountered on neuroimaging is nasal
polyposis in patients with aspirin sensitivity and
asthma (Samter’s triad). Non-contrast CT of the
sinuses often shows widespread mucosal inflam-
mation and bilateral polypoid opacities in the
sinonasal cavities (Fig. 31.2). Patients with
Samter’s triad tend to have a more extensive sino-
nasal disease and a higher rate of nasal polyp
recurrence following endoscopic sinus surgery
than aspirin-tolerant patients. Patients with aspi-
rin sensitivity may also develop aural polyps.

multiple polypoid soft tissue densities in a patient with
prior endoscopic sinus surgery

31.4 Differential Diagnosis

Differential considerations for acute, nontrau-
matic cerebral hemorrhage include hypertensive
hemorrhage, with characteristic locations in the
basal ganglia, thalamus, pons, and cerebellum;
amyloid angiopathy, which classically demon-
strates a lobar distribution and associated foci of
blooming or “black dots”” on SWI in a subcortical
distribution (Fig. 31.3); vascular malformations
(Fig. 31.4); venous sinus thrombosis (refer to
Chaps. 20 and 47); cocaine or alcohol abuse
(refer to Chaps. 2 and 5); primary CNS vasculitis
(refer to Chaps. 5, 6, and 10); hemorrhagic neo-
plasm, for which tumoral enhancement may be
minimal; and hemorrhagic conversion of isch-
emic stroke. The imaging interpreter must com-
bine imaging findings with clinical history,
including age of the patient, medical comorbidi-
ties, and medication use, in order to arrive at the
most probable diagnosis. In patients without a
clear etiology of the intracranial hemorrhage on
initial evaluation, CTA or MRA should be
recommended. Furthermore, underlying lesions
may not be apparent in the acute phase of hemor-
rhage, and follow-up imaging in 2-3 months is
often warranted (Fig. 31.5).
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The differential diagnosis for sinonasal pol-
yposis in the setting of aspirin sensitivity may
include inverted papilloma (Fig. 31.6) and neo-
plasms, such as melanoma (Fig. 31.7). In general,
CT is well suited for depicting hyperostosis that
may be associated with inverted papilloma and
osseous destruction that can be associated with
malignant neoplasms. On the other hand, MRI is
often better suited for depicting orbital and intra-
cranial involvement.

Fig.31.3 Amyloid angiopathy. Axial SWI image demon-
strates numerous subcortical punctate foci of susceptibility
effect consistent with foci of chronic microhemorrhage

Fig. 31.4 Ruptured arteriovenous malformation. Axial shows the vascular nidus of an arteriovenous malforma-
non-contrast CT image (a) shows an acute hematoma tion arising from the vertebrobasilar circulation (arrows)
within the pons and fourth ventricle. 3D CTA image (b)



31 Aspirin and Plavix/Clopidogrel 245

Fig.31.5 Hemorrhagic metastasis. The patient has a his-  images show a mass in the left frontal lobe with layering
tory of melanoma. Axial FLAIR (a), T2* GRE (b), hemorrhage, surrounding vasogenic edema, and a small
T1-weighted (c), and post-contrast T1-weighted (d) MR  focus of enhancement (arrow)
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Fig. 31.6 Inverted papilloma. Coronal CT image (a) post-contrast MRI (b) shows that the right sinonasal
shows opacification in the right osteomeatal unit com- mass displays a cerebriform pattern of enhancement
plex containing a dense calcification (arrow). Coronal (arrowheads)

Fig.31.7 Sinonasal melanoma. Coronal T2-weighted (a)  that invades the right orbit (arrows). In addition, the post-
and fat-suppressed post-contrast T1-weighted MR images  contrast T1-weighted image (b) shows intracranial exten-
show a low T2, enhancing mass in the right nasal cavity  sion (arrowhead)
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32.1 Uses

Anticoagulation therapy for stroke risk preven-
tion, treatment of deep venous thrombosis, and
pulmonary embolism.

32.2 Mechanism

Selective inhibition of vitamin K epoxide reduc-
tase enzyme by warfarin results in diminished
stores of vitamin K available to the tissues. Vitamin
K is essential for activation of the normal coagula-
tion cascade through its interaction with another
enzyme, gamma-glutamyl carboxylase, which is
responsible for activating coagulation factors such
that they will bind endothelial surfaces of blood
vessels initiating blood clot formation.

32.3 Discussion

Warfarin is the most widely used anticoagulant
medication in the world. The gravest of side
effects of anticoagulant therapy is hemorrhage.
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This can occur spontaneously in the setting of a
supratherapeutic INR or in the setting of a thera-
peutic INR where there has been trauma.
Intracranial hemorrhage can be the most devas-
tating (Fig. 32.1). However, the location of hem-
orrhage can also occur elsewhere in the head and
neck soft tissues, resulting in rather large hema-
tomas even with relatively minor trauma
(Fig. 32.2). CT is generally the first-line modality
for evaluating intracranial and maxillofacial
hemorrhage.

Hemorrhage associated with warfarin can
occur in any CNS compartment, including epi-
dural, subdural, and subarachnoid locations. In
addition to the complications at the site of hemor-
rhage, more remote complications related may
later ensue. For instance, a rare complication of
intracranial subarachnoid hemorrhage is the devel-
opment of adhesive arachnoiditis with arachnoid
adhesions, septations, and cysts that mainly
involve the cervical and thoracic spine (Fig. 32.3).

Other less common side effects include warfa-
rin necrosis and fetal warfarin syndrome (Binder
phenotype). Warfarin necrosis occurs early with
the initiation of warfarin therapy and is believed
to occur secondary to decreased levels of protein
C, which is an anticoagulant. This response is
exaggerated in patients who express genetic
mutations resulting in low protein C levels. When
anticoagulation is initiated, vicarious administra-
tion of heparin products is used to offset these
processes. Warfarin is a teratogen during the first
trimester of pregnancy. Several findings are
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Fig. 32.1 Warfarin-associated intracranial hemor-
rhage. The patient underwent anticoagulation for a left
MCA cardioembolic stroke shortly after atrial fibrilla-
tion ablation procedure. Axial non-contrast CT (a),
axial DWI (b), and axial GRE (c) images demonstrate a
left MCA territory infarct with cortical petechial micro-
hemorrhage (arrowheads), but no gross hemorrhagic
conversion apparent on CT. Axial non-contrast CT (d)

obtained one later shows a small area of hemorrhagic
conversion (arrow). Anticoagulation with Coumadin
was reinstituted secondary to concerns of atrial fibrilla-
tion and the concern of new cardioembolic phenomena.
The patient presented acutely 2 weeks later with an INR
of 2.2 when axial non-contrast CT (e, f) demonstrated
extensive hemorrhagic conversion with multiple hemor-
rhagic fluid levels
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32.2 Warfarin-associated  facial

Fig.
Coronal (a) and axial (b) CT images of the face show a
large hematoma overlying the right mandible (arrows).
Note the layering blood-fluid level on the axial image. The

hemorrhage.

associated with fetal warfarin syndrome, includ-
ing epiphyseal stippling, nasal hypoplasia
(Fig. 32.4), nasal cartilage calcification, scoliosis,

presence of a blood-fluid level has been found to be mod-
erately sensitive but highly specific for the identification
of a coagulopathic hemorrhage

and brachydactyly. Warfarin use later in preg-
nancy is considered impart a lower risk of birth
defects.
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Fig. 32.3 Adhesive arachnoiditis as a late complication
of Warfarin-associated subarachnoid hemorrhage. The
patient has a history of prior intracranial and thoracic
spine subarachnoid and subdural hemorrhage, presenting
with several months of low back pain and progressive
lower extremity weakness and paresthesias. Sagittal
T2-weighted (a), sagittal T1-weighted (b), and sagittal

T1-weighted post-contrast (¢) images of the thoracic spine
demonstrate distortion of the thoracic spinal cord in mul-
tiple areas associated extramedullary cystic spaces
(arrows). Axial GRE (d) image depicts the morphologi-
cally abnormal spinal cord secondary to arachnoid adhe-
sions (arrowheads)
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32.4 Differential Diagnosis

The differential considerations for warfarin-
induced complications encountered on imaging
are numerous, and clinical history is critical for
establishing the appropriate diagnosis. However,
it should be cautioned that patients on Coumadin
may nevertheless have a separate etiology of the
abnormality encountered on imaging.

Other causes of intracranial hemorrhage:
There are several causes of intracranial hemor-
rhage other than those secondary to anticoagula-
tion. Some of these include hypertension, AVM,
hemorrhagic neoplasm, and amyloid angiopathy.
Clinical history is important in helping to narrow
the differential diagnosis. Other imaging
modalities including MRI/MRA as well as CTA
can also be helpful to further elucidate the under-
lying cause of intracranial hemorrhage.

e Hemorrhagic neoplasm: Intracranial hemor-
rhage can also be secondary to intracranial
neoplasm. Some of these include primary
brain neoplasms, the most common being
glioblastoma multiforme as well as hemor-
rhagic metastases. Imaging characteristics
will vary depending on the type of neoplasm.
The hallmark of a hemorrhagic neoplasm is
nodular enhancement (Fig. 32.4), a finding
that can obscured in the acute setting due to
the mass effect exerted by the acute hemor-
rhage and edema. In such cases, it is important
to obtain follow-up imaging.

* Hypertension: Hypertensive intracranial hem-
orrhage is the most common cause of sponta-
neous ICH in patients 45-70 years old. The
location of the hemorrhage is helpful in deter-
mining its etiology. Typical sites of hyperten-
sive hemorrhage include the basal ganglia,
thalamus, pons, and cerebellum.

* Vascular malformation: Are several types of
intracranial vascular malformations, including
arteriovenous and cavernous malformations
that can present with intracranial hemorrhage,
usually in a younger population. CTA will bet-
ter depict the enlarged arteries and draining
veins (refer to Chap. 31).

Fig. 32.4 Fetal warfarin syndrome. Axial (a) and non-
contrast bone window CT images of the brain and a 3D
surface-rendered image of the face (b) in an infant demon-
strating dramatic midface and nasal hypoplasia (arrows)
in the setting of warfarin use in the first trimester (Courtesy
of Carolyn Robson)

* Amyloid angiopathy: Cerebral amyloid is
responsible for 15-20 % of primary intracranial
hemorrhage in patients greater than 60 years old.
MR gradient echo or susceptibility-weighted
sequences demonstrate multiple small foci of
blooming artifact consistent with chronic micro-
bleeds distributed throughout the supratentorial
peripheral white matter (refer to Chap. 31).
Congenital skeletal dysplasias: Several con-

genital skeletal dysplasias can resemble fetal

warfarin syndrome, including chondrodysplasia
punctata, achondroplasia, epoxide reductase defi-

ciency, and Crouzon syndrome (Fig. 32.5).
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Fig. 32.5 Tumor hemorrhage. The patient has brain  corresponding SWI (b), T1-weighted (¢), and post-con-
metastases from lung cancer. Axial CT image (a) shows trast T1-weighted (d) MR images show an enhancing nod-
hemorrhage within the right frontal lobe (arrow). The ule (arrow) amidst hemorrhage and vasogenic edema
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Adhesive arachnoiditis: As several important
differential ~ diagnostic  considerations  for
arachnoiditis include leptomeningeal metastases,
infection and post-surgical complications. These
more commonly affect the cauda equina nerve
roots (Fig. 32.6) as opposed to the thoracic spinal
cord in hemorrhagic arachnoiditis. Arachnoid
cysts may also be considered in the differential
diagnosis. These typically appear as well-defined
CSF signal intensity collections that may exert
mass effect upon the spinal cord and nerve roots
(Fig. 32.7).

Fig. 32.6 Crouzon syndrome. 3D CT surface rendering
in bone window shows substantial midface hypoplasia
and a cloverleaf skull appearance

Fig.32.7 Postsurgical arachnoiditis. The patient is status  cauda equina nerve roots (arrows), resulting in an “empty
post L4-L5 laminectomy and discectomy. Axial (a) and sac” appearance of the lower lumbar spinal canal
sagittal (b) T2-weighted MR images show clumping of  (arrowheads)
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33.1 Uses

Heparin therapy is one of the most common forms
of medical intervention. It is the mainstay of
treatment and prevention of thrombosis in several
clinical settings, including acute venous thrombo-
embolism, atrial fibrillation, and acute coronary
syndrome and in patients undergoing invasive
cardiac procedures. Unfractionated heparin had
been the standard of anticoagulation for most of
the twentieth century. However, more recently the
development of low-molecular-weight heparins
(LMWHs) represents a refinement for the use of
heparin. Low-molecular-weight heparins and
fondaparinux, a synthetic analog, have displaced
unfractionated heparin for many indications.

33.2 Mechanism

Heparin has no intrinsic anticoagulant activity,
but produces its effects indirectly by combining
with antithrombin to inhibit thrombin and/or fac-
tor Xa. In addition, LMWH also increases non-
antithrombin-dependent effects, such as TFPI
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release, modulation of adhesion molecules, and
release of profibrinolytic and antithrombotic
mediators from the blood vessels. Fondaparinux
is an analog of a unique pentasaccharide found in
heparin and LMWH. Heparin is cleared by pre-
dominantly extrarenal mechanisms. The binding
of unfractionated heparin to numerous plasma
proteins, some of which are acute phase reac-
tants, causes patient dosing and response to be
quite variable as compared to the newer agents.
LMWH and fondaparinux are cleared exclusively
by the kidneys; therefore, doses are more predict-
able and can be adjusted in patients with renal
insufficiency. The mechanism by which antico-
agulation increases the incidence of ICH is
unclear. One theory suggests that small hemor-
rhages that would be otherwise subclinical
expand and become clinically significant in the
anticoagulated patient. One study suggests that
findings of such small-vessel disease on MRI
may be predictive of an anticoagulation-treated
patient’s risk for spontaneous bleeding.

The main nonhemorrhagic side effects of hep-
arin are heparin-induced thrombocytopenia
(HIT) and osteopenia. HIT is caused by heparin-
dependent IgG antibodies. Binding of these anti-
bodies to receptors on the platelet surface causes
platelet activation. Activated platelets then shed
highly prothrombotic microparticles. These acti-
vated platelets and microparticles provide a sur-
face for the formation of coagulation factor
complexes, which promote thrombin generation.
This phenomenon can then trigger venous or
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arterial thrombosis, with venous thrombosis
being more common. Osteopenia may be caused
by binding of heparin to osteoblasts, which then
release factors that promote osteoclastic
activity.

33.3 Discussion

Cerebral hemorrhage is a major complication of
heparin therapy. Approximately 70 % of intra-
cranial hemorrhage episodes associated with
anticoagulation consists of intraparenchymal
hemorrhage (Fig. 33.1), whereas most of the
remainder are subdural hematomas (Fig. 33.2).
Anticoagulant-related intracranial hemorrhage
differs from that due to other causes in several
ways. Most significantly, intracranial hemor-
rhage related to anticoagulation often develops
gradually and insidiously, over many hours or
even days. Anticoagulant- related intracranial
hemorrhages are also more likely to enlarge after
they are first seen on imaging. The mortality

rate associated with anticoagulant-related intra-
cranial hemorrhage has been reported to be as
high as 60 %. Advanced age, trauma, and prior
history of infarct are risk factors that have been
definitively linked to increased rates of ICH in
anticoagulated patients. The incidence of major
hemorrhage depends upon the form of heparin
therapy. For example, extracorporeal mem-
brane oxygenation (ECMO) is associated with
a 7-15 % incidence of intracranial hemorrhage,
which can be supratentorial or less commonly
infratentorial (Fig. 33.3). Heparin prophylaxis
for DVT has a much lower risk for intracra-
nial hemorrhage but can nevertheless occur in
patients with predisposing factors, such as brain
metastases (Fig. 33.4).

Heparin-induced thrombocytopenia (HIT)
occurs in 1-5 % of patients treated with hepa-
rin and can occur immediately, although usu-
ally occurs after several days of treatment. It
is a life-threatening condition in which at least
half of the patients develop arterial or venous
thrombosis that can lead to amputation or death.

Fig.33.1 Heparin-related intraparenchymal hemorrhage.
The patient received large amounts of heparin during car-
diac catheterization. Coronal CT image shows a large left
frontal lobe hematoma with surrounding vasogenic edema

Fig. 33.2 Heparin-related subdural hematomas. The
patient incurred head trauma. Axial CT image shows
bilateral mixed attenuation subdural hematomas (arrow-
heads) and a right subgaleal hematoma (arrow)
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In neuroimaging, the most common manifes-
tation of HIT is venous sinus thrombosis, in
which hyperattenuating venous structures can
be encountered on non-contrast CT, although it

Fig. 33.3 ECMO-associated hemorrhage. Sagittal CT
image shows large posterior fossa hematomas with asso-
ciated obstructive hydrocephalus

Fig.33.4 Concurrent anticoagulation and metastatic dis-
ease. The patient has a history of metastatic lung cancer
and was on heparin DVT prophylaxis. Axial CT image (a)
shows hemorrhage that developed suddenly within a left

is best demonstrated as filling defect on post-
contrast imaging. This can occur in conjunc-
tion with venous infarct/hemorrhage in 50 % of
cases and should be suspected in cases of infarcts
appearing to evolve in a non-arterial distribution.
Thrombus tends to form initially in a dural sinus
and then propagate into deep cerebral and/or cor-
tical veins. Once venous drainage is obstructed,
venous pressure will rise, resulting in vasogenic
edema and possibly parenchymal infarct and/or
hemorrhage secondary to venous hypertension.
If infarction occurs, cytotoxic edema will ensue.
Venous sinus thrombosis is the presenting event
of HIT in 3 % of cases.

If sinus thrombosis is suspected in a patient
who is currently using or has recently used hepa-
rin, HIT must be excluded, since this condition
represents an absolute contraindication to further
anticoagulant therapy. Diagnosis of HIT is made
primarily by detecting the presence of HIT anti-
bodies, although a decrease in platelet count of
>50 % is also considered diagnostic. Given their
high risk of clot formation, patients receive anti-
thrombotic therapy even in the absence of known

occipital lobe metastasis (arrow) after instituting prophy-
lactic heparin. The lesion (arrowhead) was barely percep-
tible not long previously (b)
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thrombus. Treatment is continued until the plate-
let count has rebounded. Despite thrombocytope-
nia, increased bleeding is not seen in patients
with HIT.

The first published clinical report of heparin-
related osteopenia appeared in 1965. Griffith
et al. described spontaneous vertebral and rib
fractures in adult patients treated with 15,000-
30,000 units daily for 6 months or longer. The
effects were found to be reversible with the ces-
sation of therapy. A more recent study of patients
receiving heparin therapy during pregnancy
showed no clinically significant osteoporosis,
with approximately 1/3 of patients developing
subclinical osteoporosis.

33.4 Differential Diagnosis

Intracranial hemorrhage. A broad differential
diagnosis exists in the setting of acute, nontrau-
matic cerebral hemorrhage, and both clinical his-
tory as well as imaging findings are needed to
arrive at the appropriate diagnosis (refer to Chaps.
2,5,16,21, 30, 31, and 34). In addition to antico-
agulation, hypertensive hemorrhage may also be
considered in patients with the appropriate his-
tory. Hypertensive hemorrhages are typically
parenchymal hemorrhages, commonly striatocap-
sular and thalamic. Amyloid angiopathy is an
important consideration in older patients, espe-
cially those who are normotensive and present
with lobar hemorrhage. On the other hand, paren-
chymal hemorrhage associated with enhancement
may be secondary to bleeding related to a vascular
malformation as well as hemorrhagic metastasis.
Patient age, clinical history, and medical comor-
bidities are all vital tools that assist in determining
the most likely etiology of an intracranial bleed.

Heparin-induced thrombocytopenia. Other
potential etiologies for venous sinus thrombosis
include local trauma or infection, hypovolemic
and hypercoagulable states, pregnancy, vasculi-
tis, and various pharmaceuticals (refer to Chaps.
21 and 47).

Osteopenia. When considering a differential, it
is important to realize that 95 % of osteopenia is
age-related or postmenopausal. Corticosteroids
(refer to Chap. 46) and heparin are the two most

common therapy-related causes. Alcohol, liver
failure, calcium deficiency, and malnutrition can
also lead to osteoporosis. Several relatively rare
metabolic conditions, such as hyperparathyroid-
ism, Cushing’s syndrome, acromegaly, and hypo-
gonadism have also been known to cause
osteopenia. Clinical history is vital to narrowing
the differential, as there are no specific imaging
findings that have been known to suggest heparin-
related osteopenia in relation to other potential
etiologies.
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Tissue Plasminogen Activator (tPA)

34
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34.1 Uses

Tissue plasminogen activator (tPA) is used in the
setting of acute ischemic stroke. tPA is also uti-
lized for several additional thrombolytic indica-
tions, including acute MI, pulmonary embolism,
and central venous catheter occlusion.

34.2 Mechanism

tPA is a fibrinolytic agent which activates the
body’s fibrinolytic system by converting plas-
minogen to plasmin. Plasmin binds to fresh fibrin
clots, dissolving them and generating fibrinogen
degradation products. Tissue plasminogen acti-
vator theoretically has a clinical advantage over
urokinase and streptokinase in that it is relatively
clot specific, activating fibrin-bound plasmino-
gen preferentially over circulating plasminogen.
Contraindications to the use of tPA relate mainly
to probability of developing hemorrhage and
include recent intracranial hemorrhage or surgery,
intracranial neoplasm, aneurysm, AVM, and
severe uncontrolled hypertension. Any active
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hemorrhage, recent hemorrhage (within 3 months),
including gastrointestinal and genitourinary bleed-
ing, is also considered a contraindication.

34.3 Discussion

Fortunately, intracranial hemorrhage as a result of
tPA infusion is a relatively rare complication, seen
in less than 1 % of patients. However, careful assess-
ment of the patient’s risk profile is vital to avoid
this complication. ICH secondary to thrombolytic
therapy presents as lobar hemorrhage in 70-90 % of
cases and causes multiple hemorrhages in about one
third of patients. Hemorrhage usually occurs soon
after treatment has begun, with studies finding that
40 % of TPA-related ICH occur during the infusion,
with another 25 % occurring within 24 h of treat-
ment. Compared with other types of ICH, patients
with hemorrhage from tPA therapy are more likely
to have fluid levels in the hematomas, which sug-
gests active hemorrhage. Hemorrhages also often
occur in several different intracranial compart-
ments (intraventricular, subarachnoid, subdural, and
parenchymal).

Some studies have suggested that patient age
greater than 65, aspirin use, and history of hyper-
tension are found to be independent risk factors
for ICH on tPA therapy. However, the importance
of these potential clinical risk factors has been
debated. Other studies have shown no relation-
ship between the aforementioned factors and
suggest the existence of cerebral amyloid
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Fig. 34.1 Parenchymal hemorrhage after tPA. Middle-
aged female presenting with acute complete occlusion of
the left M1 segment seen on MRA (a). After tPA infusion,
the patient developed a large parenchymal hemorrhage in
the contralateral hemisphere evident on the axial non-
contrast CT image (b)

angiopathy is the underlying process in many of
those patients with ICH. Several pretreatment
findings have also been identified as predictors of
hemorrhage, such as the hyperdense vessel sign
on CT, as well as volume of ischemic tissue and
the presence of lacunes on MRI (Fig. 34.1).

34.4 Differential Diagnosis

Although hemorrhage in the setting of tPA
administration might imply that the etiology is
treatment related, it is important to consider the

differential of nontraumatic intracranial hemor-
rhage, which includes hypertension, amyloid
angiopathy, vascular malformations, and hem-
orrhagic metastases (refer to Chaps. 2, 5, 16,
20, 29, 30, and 32). Hypertensive hemorrhages
are typically parenchymal hemorrhages, com-
monly striatocapsular and thalamic. Amyloid
angiopathy is common in older patients and
often presents with lobar hemorrhage. Patients
with bleeding secondary to a vascular malfor-
mation often present at a younger age, and an
enhancing underlying lesion is eventually evi-
dent. Hemorrhage associated with the presence
of enhancement may also occur secondary to a

hemorrhagic neoplastic process, such as
metastasis.
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Supplemental Oxygen

Daniel Thomas Ginat

35.1 Uses

The administration of supplemental oxygen is
integral to the management of a wide range of
clinical conditions, including acute hypoxemia
(shock, asthma, pneumonia, heart failure), isch-
emia (myocardial infarction but only if associ-
ated with hypoxemia), and abnormality in
quality or type of hemoglobin.

35.2 Mechanism

With two unpaired electrons, supplemental oxy-
gen has a weakly paramagnetic effect that results
in reduction of CSF T1-weighted relaxation time
and high signal intensity on FLAIR sequences.

35.3 Discussion

Oxygen diffuses from the blood to the CSF at the
pia-arachnoid surface of the brain. Consequently,
high concentration supplemental oxygen results
in diffuse hyperintensity within the subarachnoid
and basal cisterns on FLAIR MRI sequences
(Fig. 35.1). This finding develops within the first
5 min of oxygen administration. This effect has
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occasionally been exploited in order to perform
noninvasive cisternography. However, the pres-
ence of high FLAIR signal can be mistaken for
actual pathology. The use of oxygen concentra-
tions less than 50 % and shorter FLAIR inversion
times can avoid this effect.

35.4 Differential Diagnosis

Many conditions can produce the appearance of
subarachnoid FLAIR hyperintensity, including
subarachnoid hemorrhage, meningitis, sluggish
blood flow in acute stroke, moyamoya, leptomen-
ingeal carcinomatosis, leptomeningeal melano-
sis, delayed contrast leakage, CSF and vascular
pulsation artifact, metal susceptibility artifact,
and motion artifact. Some of these conditions are
discussed and illustrated below:

* Subarachnoid hemorrhage: High protein con-
tent and the diamagnetic properties of oxyhe-
moglobin in acute subarachnoid hemorrhage
result in FLAIR hyperintensity. FLAIR is
more sensitive than CT for the detection of
acute subarachnoid hemorrhage (refer to
Chap. 4). Susceptibility effect may also be
present.

* Meningitis: The presence of increased CSF
cellular and protein content in inflammatory
meningitis alters the CSF nulling point on
FLAIR (Fig. 35.2). There may also be promi-
nent leptomeningeal enhancement as well as
associated cerebritis, abscess, and empyema.
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Fig. 35.1 Supplemental oxygen. Axial FLAIR MR
images (a, b) show diffuse sulcal hyperintensity. The cor-
responding axial post-contrast Tl-weighted (c¢) and
susceptibility-weighted (d) MR images show no

associated abnormal enhancement or evidence of blood
products. Sagittal T1-weighted MRI (e) shows the pres-
ence of an airway mask (arrow)
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Fig.35.1 (continued)

Cerebral ischemia: Vascular hyperintensity in
the subarachnoid space on FLAIR results
from severe stenosis or occlusion of major
cerebral vessels, including moyamoya with
slow pial blood flow that results in the “ivy
sign” on FLAIR images (Fig. 35.3).
Leptomeningeal carcinomatosis: Dissemi-
nation of neoplasm in the subarachnoid space
can manifest as FLAIR hyperintensity with lin-
ear and/or nodular enhancement (Fig. 35.4).
Metal susceptibility artifact: Local magnetic
field inhomogeneity at tissue interfaces results
in incomplete nulling of CSF by the slice-
selection inversion pulse. This phenomenon
can extend some distance from the metal
object (Fig. 35.5).

Fig. 35.2 Meningoencephalitis. Axial FLAIR (a) and cal FLAIR hyperintensity and enhancement, as well as
axial post-contrast T1-weighted (b) MR images show sul-  cortical swelling in the left cerebral hemisphere
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Fig. 35.3 Moyamoya. Frontal MIP MRA (a) and axial lenticulostriate collateral vessels (arrows). Axial FLAIR
post-contrast T1-weighted MRI (b) show occlusion images (¢, d) show diffuse sulcal hyperintensity
of the supraclinoid artery with associated prominent
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Fig.35.4 Leptomeningeal carcinomatosis. Axial FLAIR  corresponding leptomeningeal enhancement on the post-
(a) shows scattered areas of sulcal hyperintensity with  contrast T1-weighted image (b)

* CSF pulsation artifact: CSF flow in the sub- most frequently encountered in the basal, pre-
arachnoid space can introduce CSF that may pontine, and cerebellopontine angle cisterns,
not have been exposed to the inversion pulse as well as within the ventricular system

into the imaging plane. This phenomenon is (Fig. 35.6).



268 D.T. Ginat

Fig. 35.5 Metal susceptibility artifact. Sagittal FLAIR MR images (b-d) show areas of artifactual high
T1-weighted MRI (a) shows loss of signal and distortion  signal within the sulci and ventricles
surrounding the oral cavity due to dental braces. Axial
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Fig. 35.6 CSF flow artifact. Axial FLAIR image shows
hyperintense signal within the prepontine cistern (arrows)
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Hypertonic Saline

Daniel Thomas Ginat

36.1 Uses

There are three main indications for the use of
hypertonic saline in critical care, including hypona-
tremia, volume resuscitation, and brain injury.
Although the syndrome of inappropriate antidi-
uretic hormone secretion (SIADH) and cerebral
salt wasting syndrome may require sodium replace-
ment, most cases of hyponatremia can be managed
without administration of hypertonic saline.

36.2 Mechanism

Rapid or excessive rise in serum sodium from a
hyponatremic state is believed to cause intramy-
elinic splitting, vacuolization, and rupture of myelin
sheaths due to the sensitivity of oligodendrocytes to
osmotic changes. Alcoholic and malnourished
patients are particularly vulnerable to osmotic demy-
elination due to deficiency in organic osmolytes.

36.3 Discussion

Patients with osmotic demyelination often pres-
ent acutely with seizures and encephalopathy,
followed by transient improvement with correction
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of the sodium level and then neurological decline
towards coma or delirium several days later.

On MRI, the characteristic finding of osmotic
demyelination is a symmetric trident-shaped area
in the central pons on T2-weighted and FLAIR
MRI sequences, with relative sparing of the ven-
trolateral pons and corticospinal tracks (pontine
myelinolysis). Bilateral symmetric signal abnor-
malities of the deep grey nuclei (thalami and
basal ganglia) as well as subcortical white matter
can also be observed (extra-pontine myelinoly-
sis) (Fig. 36.1). The lesions typically do not have
significant mass effect or enhancement. ADC
values vary depending on the location of the
lesion and the time at which imaging is obtained,
ranging from initially decreased to subsequently
elevated ADC values. CT is less sensitive than
MRI for identifying osmotic demyelination, but
may show hypoattenuation in the affected areas.
The imaging findings tend to lag behind the clini-
cal symptoms. The prognosis for osmotic demy-
elination syndrome varies without correlation to
clinical features or imaging findings.

36.4 Differential Diagnosis

Osmotic demyelination can also occur in the set-
ting of hyperglycemia, hypoglycemia, normona-
tremia, and hypernatremia. Without the pertinent
clinical history, however, the differential consid-
erations for the imaging findings may include
microangiopathy (Fig. 36.2), infarct (Fig. 36.2),
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Fig.36.1 Osmotic demyelination related to rapid correc-
tion of hyponatremia with hypertonic saline. Axial FLAIR
(a, b), axial DWI (¢, d), and axial ADC maps (e, f) show a
trident-shaped area of abnormal signal with peripheral
sparing within the mid-pons, consistent with pontine

myelinolysis. In addition, bilateral symmetric signal
abnormality within the basal ganglia, thalami, and exter-
nal capsules is noted, consistent with extra-pontine
myelinolysis. There is restricted diffusion in the pons, but
not in the affected portions of the supratentorial brain
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Fig.36.1 (continued)

neoplasms, such as glioma (Fig. 36.3), and viral
encephalitis (Fig. 36.4). Microangiopathy is a
chronic process that can produce streaky FLAIR
hyperintensity in the central pons and supratento-
rial white matter without associated restricted
diffusion. Unlike central pontine myelinolysis,
pontine infarcts can involve the corticospinal
tracts and are often unilateral, with a sharp mar-
gin along the midline. Furthermore, concomitant

involvement of the brainstem and bilateral basal
ganglia with stroke is distinctly uncommon.
Pontine gliomas tend to present with a mass-like
appearance and may or may not demonstrate
enhancement. In certain cases, viral encephalitis
can affect the brainstem and basal ganglia in a
bilateral symmetric manner similar to osmotic
demyelination, although involvement of the
external capsules is relatively uncommon.
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Fig. 36.2 Pontine infarct. Axial FLAIR (a) shows faint hyperintensity within the left pons (arrow). Coronal DWI (b)
and ADC map (c) show corresponding restricted diffusion (arrows)
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Fig. 36.3 Pontine glioma. Axial FLAIR (a) and post-contrast T1-weighted (b) MR images show an expansile and
infiltrative mass in the pons with an area of enhancement (arrow)

Fig. 36.4 Viral encephalitis in the setting of Eastern equine encephalitis. Axial T2-weighted MR images (a, b) show
bilateral symmetric hyperintensity in the posterior pons, basal ganglia, and thalami (arrows)
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Mannitol

(1,2,3,4,5,6-Hexanehexol)

Daniel Thomas Ginat

37.1 Uses

Mannitol is a form of hyperosmolar therapy for
the reduction of intracranial pressure, including
vasogenic edema associated with brain tumors
and cerebral edema related to traumatic brain
injury and infarcts. However, the use of mannitol
is not supported by strong evidence and can pro-
duce deleterious effects.

37.2 Mechanism

Mannitol initially produces plasma expansion
followed by volume depletion.

37.3 Discussion

Mannitol is a sugar alcohol osmotic diuretic
available in sterile solutions of 10 and 20 %. It is
believed that mannitol can leak into tissues with
altered blood-brain barrier and contribute to
rebound increases in intracranial pressure by
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37

reversing the initial plasma-to-blood osmotic
gradient. The presence of mannitol in edematous
tissue can be detected on proton MRS. All 6-CH
protons of mannitol resonate in the range of
3.65-3.91 ppm, such that the integral is charac-
terized by a wide-based peak centered at 3.8 ppm
(Fig. 37.1). This finding can remain detectable
for at least several hours after the last dose of
mannitol and supports the theory that mannitol
leakage into the peritumoral region may contrib-
ute to rebound increases in ICP.

Fig.37.1 Mannitol. The patient with a right frontal glio-
blastoma received mannitol. Intratumoral and peritumoral

single-voxel spectroscopy (a) of the right frontal
lobe(square region of interest) performed at short TE of
35 ms (b) and at intermediate TE of 144 ms (c) show a
peak centered at 3.8 ppm (¥)
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Fig.37.1 (continued)

RT SIDE 35 TE
v

R SIDE 144 TE)
4

37.4 Differential Diagnosis attributable to the a-hydrogens of amino acids,
such as Glx, myo-inositol, and other metabolites.
A broad peak on MRS between 3.6 and 3.8 ppm A peak at 3.8 ppm can be observed at low TE
can also be found in the peritumoral edema asso- MRS in meningiomas (Fig. 37.3), which can help
ciated with glioblastoma (Fig. 37.2), which is differentiate these from other brain tumors.



37 Mannitol (1,2,3,4,5,6-Hexanehexol) 279

Fig. 37.2 Peritumoral edema. Single-voxel MRS of the right temporo-occipital glioblastoma shows metabolite peaks
in the 3.6-3.8 range (*)
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Fig.37.3 Meningioma.
MR spectroscopy (a, b)
performed with a single
voxel positioned over the
right parietal meningioma
and associated peritumoral
edema shows a peak at
approximately 3.8 ppm (*).
The patient did not receive
mannitol
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HiDAC (High-Dose Ara-C;
Cytarabine; Cytosine Arabinoside;

38

Cytosar-U; Depocyt)

Daniel Thomas Ginat

38.1 Uses

Ara-C remains one of the most effective drugs
used in the treatment of acute leukemia and other
hematopoietic malignancies. In particular, high-
dose ara-C is used during remission induction or
as consolidation therapy after complete remission
of acute myeloid leukemia in adults. Ara-C has
also been used as an antiviral agent, particularly
against herpes, although this application has been
limited by the relatively high toxicity of the
pharmaceutical.

38.2 Mechanism

Ara-C is an antimetabolite of the nucleoside
analog class of antineoplastic agents. The
activity of ara-C depends on conversion to its
lethal triphosphate derivative, ara-CTP, which
interferes with one or more DNA polymerases,
leading to DNA fragmentation and chain termi-
nation. Ultimately, ara-C-mediated DNA dam-
age induces apoptosis.
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38.3 Discussion

Bone marrow necrosis is an uncommon compli-
cation of HiDAC. This complication tends to
occur either immediately during chemotherapy
or at the time of relapse. High-dose ara-C may be
responsible for increased IL-6 production and
hematopoietic overstimulation, which can lead to
hematopoietic cell necrosis. Bone marrow necro-
sis is separate from avascular necrosis and has a
distinctive MRI appearance, consisting of a dif-
fuse, extensive geographic pattern of signal
abnormality with a central area of variable signal
intensity that corresponds to necrotic bone mar-
row surrounded by a peripheral enhancement,
which represents reactive granulation tissue
(Fig. 38.1). Furthermore, bone marrow necrosis
does not progress to vertebral body collapse.
Ultimately, the necrotic bone marrow can heal
and become repopulated by normal hematopoi-
etic tissue, leaving residual areas of fibrosis that
are hypointense on MRI. Portions of the affected
bone marrow can also be hypermetabolic on
EDG-PET.

38.4 Differential Diagnosis

A variety of other chemotherapy agents have
been implicated in the development of bone
marrow necrosis, including imatinib mesylate
and G-CSF. Otherwise, a variety of bone mar-
row alterations can be encountered on MRI in
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Fig. 38.1 Bone marrow necrosis related to HiDAC.
Sagittal T2-weighted (a), T1-weighted (b), and post-con-
trast T1-weighted (c) images show diffuse, extensive geo-

Fig. 38.2 Acute
T2-weighted (a), T1-weighted (b), and post-contrast

myelogenous leukemia.

Sagittal

patients being treated for malignancies. For
example, on MRI leukemia can manifest as het-
erogeneous areas of enhancement (Fig. 38.2),
anemia appears as diffuse low T1 and T2 signal

graphic signal abnormality and peripheral enhancement
within the vertebral bone marrow without vertebral body
height loss or expansion

T1-weighted (c) MR images show diffusely heteroge-
neous bone marrow signal and enhancement

due to red marrow conversion (Fig. 38.3), while
spinal irradiation produces diffuse high T1 and
T2 signal due to fatty marrow conversion
(Fig. 38.4).
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Fig.38.3 Anemia. Sagittal T2-weighted (a), T1-weighted
(b), and post-contrast T1-weighted (¢) MR images show
diffuse low signal intensity on all sequences throughout

the vertebral bone marrow without associated

enhancement

Fig. 38.4 TIrradiated bone marrow. Sagittal T2-weighted
(a), T1-weighted (b), and fat-suppressed post-contrast
T1-weighted (c) MR images show diffuse T1 and T2
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Triple H Therapy

Daniel Thomas Ginat

39.1 Uses

The combination of induced hypertension, hyper-
volemia, and hemodilution constitutes triple H
therapy, which may be carried out by the admin-
istration of albumin, phenylephrine, and/or dopa-
mine. Triple H therapy is an option for preventing
and treating cerebral vasospasm after aneurysmal
subarachnoid hemorrhage. Although strong clini-
cal evidence is lacking, this therapy may be
appropriate for selected cases.

39.2 Mechanism

The rationale for triple H therapy is to increase cere-
bral perfusion. In order to achieve hypertension,
hypervolemia, and hemodilution, 70 % dextran,
4-5 9 albumin, and catecholamines, such as phenyl-
ephrine or dopamine, are commonly administered.

39.3 Discussion

The occurrence of ischemia as a complication of
subarachnoid hemorrhage is associated with high
morbidity and mortality due to vasospasm. Triple
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39

H therapy has been devised in order to overcome
the effects of vasospasm and prevent cerebral
ischemia. However, many reports suggest that
triple H therapy has only modest effects on
regional cerebral blood flow but can have a poten-
tially negative impact on brain tissue oxygen-
ation as well as complications, such as posterior
leukoencephalopathy syndrome. A pattern of
predominantly bilateral posterior cerebral hemi-
sphere vasogenic edema resulting from dysfunc-
tion of cerebral blood vessel autoregulation can
be depicted on imaging (Fig. 39.1). CT perfusion
can detect alterations in cerebral blood flow and
volume caused by these hemodynamic changes.

39.4 Differential Diagnosis

The main differential consideration for new
neurological deficits following subarachnoid
hemorrhage is vasospasm-associated ischemia
(Fig. 39.2). Although infarction secondary to
vasospasm and posterior reversible encepha-
lopathy can both appear as bilateral hypoatten-
uating foci on CT, infarcts typically demonstrate
perfusion deficits, while posterior reversible
encephalopathy tends to show elevated perfu-
sion. Diffusion-weighted imaging can also be
useful for characterizing these lesions, whereby
acute infarcts display restricted diffusion, while
posterior reversible encephalopathy more com-
monly demonstrates elevated diffusivity.
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Fig. 39.1 Triple H-associated posterior reversible (b-d) shows bilateral posterior cerebral hemisphere corti-
encephalopathy syndrome. Axial CT image (a) shows cal and subcortical vasogenic edema
scattered subarachnoid hemorrhage. Follow-up MRI
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Fig.39.2 Infarctrelated to vasospasm after subarachnoid  (b), DWI (¢), and ADC map (d) show that acute infarcts
hemorrhage. Posterior circulation 3-D reformatted CTA  predominantly affect the posterior hemispheres
image (a) shows multiple stenotic lesions. Axial FLAIR bilaterally
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Insulin

40

Lee-Anne Slater, Stephen L. Stuckey,

and Ronil V. Chandra

40.1 Uses

Insulin is the cornerstone of therapy in patients
with type 1 diabetes. Patients with type 2 diabetes
who fail to achieve glycemic control with oral
hypoglycemics are also treated with insulin. The
clinical aim is to achieve glycemic control within,
or close to, the normal physiological levels.
Insulin is typically administered via intermittent
subcutaneous injection or occasionally via sub-
cutaneous infusion pump.

and muscle cells, leading to increased cellular
glucose uptake, reduced gluconeogenesis, and
increased glycogenesis. The aim of exogenous
insulin use in patients with diabetes is to replace
the basal and prandial actions of endogenous
insulin. The availability of human recombinant or
animal (bovine/porcine) insulin has been supple-
mented with genetically modified insulins known
as the insulin analogues. These insulin analogues
have more predictable absorption and action pro-
files reducing the risk of hypoglycemia.

40.2 Mechanism

The physiological secretion of insulin by the
pancreas is regulated via a closed feedback loop
linked to plasma glucose levels. An endogenous
rate of glucose production results in a basal rate
of insulin secretion. Ingestion of meals leads to
elevation of plasma glucose levels and conse-
quent increased in pancreatic insulin secretion.
Insulin binds to insulin receptor sites on hepatic
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40.3 Discussion

Excessive exogenous insulin administration is
the most common reason for hypoglycemia in
diabetic patients. Symptoms of mild hypogly-
cemia vary and include trembling, sweating,
headache, dizziness, and difficulty with concen-
tration. Some patients remain asymptomatic.
Even with the introduction of insulin analogues,
episodes of mild hypoglycemia occur on aver-
age twice a week in type 1 diabetic patients and
are typically self-treated. Neuroimaging is typi-
cally not performed for such cases. However,
3040 % of type 1 diabetics experience an epi-
sode of severe hypoglycemia that requires exter-
nal assistance. Severe hypoglycemia can lead to
seizures, coma, and death. Neuroimaging is com-
monly performed soon after acute presentation.
Acute hypoglycemic lesions are commonly bilat-
eral (and often symmetrical), which is the usual
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harbinger for a toxic or acquired metabolic pro-
cess. The lesions are hypoattenuating on CT
and T2 hyperintense and may have restricted
diffusion. Common imaging patterns include
involvement of the corticospinal tracts, corona
radiata, posterior limb of the internal capsule,
splenium of the corpus callosum, basal ganglia,
and occipital and temporal (hippocampi) cortices.

Importantly, patterns are variable and unilat-
eral cortical or basal ganglia involvement can
mimic acute arterial ischemic stroke. The tempo-
ral evolution of MR imaging findings is also sim-
ilar with diffusion-weighted imaging most likely
to be abnormal early after insult, followed by T2
hyperintensity (Fig. 40.1), and then hypoattenua-
tion on CT. Notably, hypoglycemic injury may
cross vascular territories, and thalamic involve-
ment is rare. Those with good clinical outcome
can have neuroimaging findings reverse as early
as 6 h after clinical recovery.

Emergent management involves cardiorespi-
ratory support in cases of coma and prompt resto-
ration of euglycemia. The prognosis is determined
by the duration and severity of hypoglycemia,
which in turn impacts on the extent of brain
injury. Basal ganglia and cortical involvement is
generally associated with poor prognosis.
Patients with poor neurological outcome who
survive often eventually show generalized
cerebral atrophy.

40.4 Differential diagnosis

All patients presenting with neurological symp-
toms, in particular seizure or coma, have mea-
surement of their plasma glucose levels. Insulin
overdose typically occurs in known diabetic
patients. The history and laboratory investigations

are key in making a diagnosis. Bilateral T2
hyperintensity involving the deep white matter,
basal ganglia, and cerebral cortices can be seen in
a variety of conditions. Symmetrical involvement
favors a toxic, acquired metabolic or hypoxic
process. Differential considerations include car-
bon monoxide, methotrexate, methanol, and cya-
nide toxicity, viral encephalopathy, and hypoxic
ischemic injury.

e Toxic-metabolic conditions and other drug toxici-
ties, including carbon monoxide, methotrexate,
methanol, and cyanide toxicity: Bilateral T2
hyperintensities involving the deep white matter,
basal ganglia, and cerebral cortices can occur with
all three toxins with overlapping neuroimaging
appearances (Fig. 40.2). There are some specific
features that can be helpful. In carbon monoxide
poisoning, there is a predilection for involvement
of the globus pallidus and temporal cortices.
Bilateral T2 hyperintensities with diffusion
restriction involving the deep white matter, in par-
ticular the centrum semiovale, are the most typical
neuroimaging finding of methotrexate encepha-
lopathy (refer to Chap. 19). Methanol toxicity
typically results in bilateral hemorrhagic putam-
inal necrosis (refer to Chap. 3). Cyanide toxicity
typically results in bilateral hemorrhagic caudate,
putaminal, and sensorimotor cortex necrosis.

* Hypoxic brain injury: Neuroimaging findings
depend on brain maturity, severity, and length
of hypoxia. In severe adult hypoxia, bilateral
symmetric T2 hyperintensities with diffusion
restriction involving the basal ganglia and cor-
tices (typically sensorimotor and visual) are
the most common manifestations. Delayed
post-anoxic leukoencephalopathy may also
occur after the initial insult, manifesting as
bilateral symmetric T2 hyperintensities with
diffusion restriction in the cerebral white
matter (refer to Chaps. 3, 19, and 48).
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Fig. 40.1 Insulin-induced hypoglycemic encephalopa- reveal symmetrical corona radiata T2 hyperintensity with
thy. The type 1 diabetic patient presented in coma. Axial diffusion restriction (arrows)
T2-weighted (a), DWI (b), and ADC map (c) imaging
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Fig. 40.2 Carbon monoxide poisoning. Axial FLAIR MR images (a, b) show edema in the bilateral basal ganglia
(arrows) and occipital lobe cortex (arrowheads)
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Manganese in Total Parenteral

Nutrition

Daniel Thomas Ginat

41.1 Uses

Manganese is a trace element included in total
parenteral nutrition therapy preparations in order
to prevent development of deficiency symptoms
such as nausea, vomiting, weight loss, dermatitis,
and changes in growth and color of hair
Manganese intoxication can also result from
intravenous methcathinone (ephedrone) abuse.

41.2 Mechanism

When manganese is administered parenterally,
the normal regulatory mechanisms that prevent
excess absorption are bypassed, leading to its
deposition in specific locations within the brain.
Manganese is a paramagnetic transition metal
with T1 shortening effects on MRIL

41.3 Discussion

Hyperintense signal on TI-weighted MRI
sequences is frequently observed in the basal
ganglia bilaterally and symmetrically in patients
receiving long-term total parenteral nutri-

D.T. Ginat, MD, MS

Department of Radiology, University of Chicago,
Pritzker Medical School, Chicago, IL, USA
e-mail: ginatd01 @gmail.com

D.T. Ginat et al. (eds.), Neuroimaging Pharmacopoeia,

41

tion therapy. This increased signal intensity is
homogeneous and is most pronounced in the
globus pallidus (Fig. 41.1). In addition, intrin-
sic high signal on T1-weighted sequences can
also be found in the cerebral peduncles, dorsal
brainstem, and anterior pituitary. The hyperin-
tense signal normalizes after cessation of TPN
therapy. Transcranial ultrasound can be TCS sen-
sitive in detecting the trace metal accumulation in
the lenticular nuclei, which appears as abnormal
hyperechogenicity.

41.4 Differential Diagnosis

Besides excess total parenteral nutrition, a vari-
ety of conditions can produce T1 shortening in
the basal ganglia, including hepatic encephalopa-
thy (refer to Chap. 2), hypoxic ischemic injury
(refer to Chaps. 3, 29, and 40), hypertensive hem-
orrhage, mineralizing angiopathy (refer to Chap.
19), hypoparathryroidism, pseudohypoparathy-
roidism, Fahr disease (refer to Chap. 19),
Cockayne syndrome (Fig. 41.2), neurofibromato-
sis type 1 (Fig. 41.3), and neurodegenerative
Langerhans cell histiocytosis (Fig. 41.4), among
other conditions. In addition to clinical history,
other imaging findings may help differentiate
these conditions from the effects of manganese
deposition. The differential diagnosis for T1
shortening in the anterior pituitary may include
pituitary apoplexy (Fig. 41.5), although this has
an acute presentation and appears as a mass on
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Fig. 41.1 Manganese toxicity in total parenteral nutrition. Axial (a, b) and sagittal (¢, d) T1-weighted MRI images
show patchy hyperintensity within the bilateral basal ganglia, cerebral peduncles, and anterior pituitary (arrows)
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Fig. 41.2 Cockayne syndrome. Axial T1-weighted MRI (a) shows hyperintensity within the bilateral basal ganglia.
Axial CT image (b) shows extensive cerebral calcifications

Fig. 41.3 Neurofibromatosis type 1. Axial T1-weighted anterior commissure. Axial TI1-weighted MR image
MR image (a) shows irregular areas of high signal in the  (b) shows bilateral optic gliomas (arrowheads)
bilateral basal ganglia (arrows), bridging across the
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Fig.41.4 Neurodegenerative Langerhans cell histiocyto- ~ Axial CT image (b) shows an expansile lytic lesion within
sis. Axial T1-weighted MRI (a) shows bilateral symmet- the left frontal bone (arrow)
ric T1 hyperintensity within the globi pallidi (arrows).

Fig. 41.5 Pituitary apoplexy. Sagittal T1-weighted MRI (a) shows diffuse hyperintensity within an enlarged anterior
pituitary gland. There is hypointensity within the lesion on the corresponding T2-weighted MRI (b)
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imaging. Ultimately, the history of hyperalimen-
tation in manganese toxicity versus the presence
of finding beyond the basal ganglia in the other
conditions is key for elucidating the diagnosis.
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42

42.1 Uses

Zinc is an essential trace element that is available
in over-the-counter supplements. Despite the
lack of convincing evidence for effectiveness,
some individuals use zinc oxide supplements in
order to prevent infections such as the common
cold, recurrent ear infections, and lower respira-
tory infections. Zinc may also be used to treat
certain eye conditions and skin conditions and is
a component of adhesive denture creams.

42.2 Mechanism

Zinc is a necessary cofactor in biological reac-
tions, including those associated with immune
response, wound healing, blood clotting, and
visual and thyroid function. However, excess
zinc ingestion can result in copper deficiency. In
particular, zinc overload results in intestinal
metallothionein induction. Since copper binds
tightly to metallothionein in enterocytes, copper
is excessively eliminated. Copper is a critical
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component of metalloenzymes, which have a role
in bone marrow and neurologic function. The
most common neurologic manifestations of cop-
per deficiency myelopathy are spastic gait and
prominent sensory ataxia.

42.3 Discussion

Copper deficiency myelopathy caused by exces-
sive zinc supplementation is a potentially avoid-
able and reversible cause of subacute combined
degeneration. Patients typically present with
polyneuropathy, gait difficulty due to sensory
ataxia from the dorsal column dysfunction, and
spasticity. In conjunction with a relevant expo-
sure history, low ceruloplasmin levels can help
suggest the diagnosis. The myelopathy most
commonly exhibits abnormal long-segment T2
hyperintensity without enhancement in the dorsal
columns of the cervical spinal cord and to a lesser
extent the thoracic spinal cord (Fig. 42.1).
Cerebral demyelination, peripheral neuropathy,
and optic neuritis have also been described.
Copper supplementation in the acute setting can
prevent further deterioration.

42.4 Differential Diagnosis
The main considerations for the abnormal find-

ings of zinc-induced copper deficiency myelopa-
thy on imaging include other causes of subacute
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combined degeneration, such as from vitamin
B12 deficiency and nitrous oxide toxicity (refer
to Chap. 11). Since the imaging findings of these
various cases of subacute degeneration are essen-
tially indistinguishable, clinical parameters may
point to the precise etiology. Other conditions
that may less closely resemble subacute com-
bined degeneration on imaging include spinal
cord infarction; Wallerian degeneration; HIV
myelopathy; demyelinating conditions, such as
multiple sclerosis (refer to Chap. 11); and com-
pressive myelopathy (Fig. 42.2).

<
<

Fig. 42.1 Zinc-induced copper deficiency myelopathy.
The patient had a history of using large quantities of zinc
supplements and subsequently presented with the sub-
acute onset of progressive numbness and paresthesias
affecting all four limbs in a non-length-dependent pattern
with a prominent Romberg sign and vibratory loss in her
legs without weakness or atrophy on exam. The patient’s
zinc level at the time of presentation was 152 (reference
range 60-120), the vitamin B6 and B12 levels were nor-
mal, and serum copper level was at the lower limit of nor-
mal at the time of imaging. Axial (a) and sagittal (b)
T2-weighted MR images of the cervical spine demon-
strate long-segment T2 hyperintensity, predominantly
involving the cervical dorsal columns (arrows)
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Fig.42.2 Compressive myelopathy. Axial (a) and sagittal
(b) T2-weighted MR images show an area of myelomala-
cia in the cervical spinal cord (arrows) associated with
severe spinal canal stenosis
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Angiotensin Converting Enzyme
(ACE) Inhibitors

43

Daniel Thomas Ginat and Jason M. Johnson

43.1 Uses

ACE inhibitors are commonly used to treat
hypertension and congestive heart failure.

43.2 Mechanism

ACE inhibitors are believed to result in angio-
edema through increased bradykinin activity,
which causes transient vasodilation and extravasa-
tion of fluid into the extracellular space, resulting
in soft tissue edema. ACE inhibitor-induced angio-
edema is a class effect and is not dose dependent.

43.3 Discussion

The use of ACE inhibitors is believed to be the
most common cause of angioedema, comprising
approximately 35 % of all cases of angioedema.
Conversely, angioedema occurs in approximately
0.1-1 % of patients treated with ACE inhibitors.
ACE inhibitor-induced angioedema is primarily
localized in the head and neck, especially in the
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face, mouth, tongue, lips, and larynx. The distribution
of involvement tends to be diffuse and bilateral
(Fig. 43.1), although focal or unilateral lingual and
peritonsillar edema have been reported (Fig. 43.2).
Patients with suspected angioedema are typically
assessed clinically and via laryngoscopy, but may
present for radiological imaging. The edema of the
affected tissues appears as relatively low attenua-
tion on CT and as low T1 and high T2 signal on
MRI, without much abnormal enhancement.
Patients often present shortly after initiating ACE
inhibitors, but can sometimes develop angioedema
many years after starting the medication. The
severity of angioedema can also vary considerably
from benign facial swelling to severe airway
obstruction. Treatment consists of stopping the
medication, instituting steroids and antihista-
mines, and supportive care for airway protection,
which may require intubation or tracheotomy.

43.4 Differential Diagnosis

Several other drugs, such as rituximab, alteplase,
fluoxetine, laronidase, lepirudin, and tacrolimus, can
also cause angioedema. Otherwise, the imaging dif-
ferential diagnosis for angioedema includes infec-
tion, longus coli calcific tendonitis, vascular
malformations (Fig. 43.5), and neoplasms (Fig. 43.6).
e Phlegmon appears as ill-defined areas of

hypoattenuation and swelling on CT, while

abscess is characterized by a rim-enhancing
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Fig. 43.1 Diffuse AACE inhibitor induced angioedema.
Axial contrast-enhanced CT image shows circumferential
mucosal pharyngeal swelling (arrows) and diffuse strand-
ing of the parapharyngeal and subcutaneous
bilaterally

fluid collection (Fig. 43.3). Clinical parameters,
such as fever and elevated white blood cell
count, are typically present.

Longus colli calcific tendonitis can present with
prevertebral space edema. Identifying a calcifi-
cation on CT along the course of the tendon
helps to make the diagnosis (Fig. 43.4). Patients
can present with neck pain and fever.

Vascular malformations, such as lymphatic
malformations (Fig. 43.5), can present as
focal or diffusely infiltrative trans-spatial
lesions. These lesions are often initially diag-
nosed in children or young adults. Patients
may present acutely due to hemorrhage within
such a lesion.

Neoplasms, such as squamous cell carcinoma
(refer to Chaps. 1, 2, and 8), can present as an
infiltrative mass in the oral cavity or pharynx.
Tumors typically demonstrate enhancement,
but may contain areas of necrosis that do not
enhance.

Radiation therapy for head and neck cancers
of the aerodigestive track often produces
diffuse pharyngeal mucosal edema (Fig. 43.6).
This is generally mild and chronic and may be
accompanied by other changes, such as subcu-
taneous fat reticulation.


http://dx.doi.org/10.1007/978-3-319-12715-6_1
http://dx.doi.org/10.1007/978-3-319-12715-6_2
http://dx.doi.org/10.1007/978-3-319-12715-6_8

43 Angiotensin Converting Enzyme (ACE) Inhibitors 305

Fig.43.2 Focal ACE inhibitor angioedema. Sagittal T1-weighted (a), axial (b) and coronal T2-weighted (c), and coronal
post-contrast T1-weighted (d) MR images show diffusely massive tongue edema (arrows)
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Fig. 43.3 Retropharyngeal abscess. Axial contrast-
enhanced CT image shows a discrete rim-enhancing fluid
collection in the left retropharyngeal space (arrow),
consistent with abscess

Fig.43.4 Longus colli calcific tendonitis. Axial contrast-  the prevertebral space (arrowhead) and a rounded
enhanced CT images in the soft tissue (a) and bone (b) calcification in the left longus colli tendon (arrow)
windows obtained at different levels show an effusion in
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Fig.43.5 Microcystic lymphatic malformation of the tongue. Axial (a) and coronal (b) fat-suppressed T2 and axial (c)
and coronal (d) post-contrast fat-suppressed T1 MR images show a lesion mainly in the right oral tongue (arrows)
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Fig.43.6 Radiation-induced pharyngeal mucosal edema.
The patient had a history of head and neck squamous cell
cancer treated with chemoradiotherapy. Axial (a) and

Suggested Reading

Al-Khudari S, Loochtan MJ, Peterson E, Yaremchuk
KL. Management of angiotensin-converting enzyme
inhibitor-induced angioedema. Laryngoscope. 2011;
121(11):2327-34.

Chiu AG, Newkirk KA, Davidson BJ, Burningham AR,
Krowiak EJ, Deeb ZE. Angiotensin-converting
enzyme inhibitor-induced angioedema: a multicenter
review and an algorithm for airway management. Ann
Otol Rhinol Laryngol. 2001;110(9):834—40.

coronal (b) CT images show diffuse edema in the region
of the hypopharynx as well as stranding of the subcutane-
ous fat

Ee YS, Sow AJ, Goh BS. Unilateral tongue angioedema
caused by angiotensin-converting enzyme inhibitor.
J Laryngol Otol. 2010;124(12):1337-9.

Raman SP, Lehnert BE, Pruthi S. Unusual radiographic
appearance of drug-induced pharyngeal angioedema
and differential considerations. AJNR Am J Neuroradiol.
2009;30(1):77-8.

Winters ME, Rosenbaum S, Vilke GM, Almazroua FY.
Emergency department management of patients with
ACE-inhibitor angioedema. J Emerg Med. 2013;
45:775-80.



Acetazolamide (Diamox)
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44.1 Uses

Acetazolamide (ACZ) is used as a medication to
treat glaucoma, altitude sickness, pseudotumor
cerebri, cystinuria, and hypokalemic periodic
paralysis and to diminish edema related to epi-
leptic activity. In addition, acetazolamide is used
as part of the acetazolamide challenge test,
which can be implemented to evaluate cerebro-
vascular reserve in patients with chronic cere-
brovascular disease.

44.2 Mechanism

Acetazolamide is a carbonic anhydrase inhibi-
tor that dilates the vasculature by increasing
carbon dioxide levels within the bloodstream.
ACZ inhibition of carbonic anhydrase causes
carbonic acidosis, which induces a considerable
increase in cerebral blood flow (CBF). ACZ pen-
etrates the blood-brain barrier slowly, and vaso-
dilation occurs over 3—4 min with maximal effect
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at 10 min and changes apparently on imaging
lasting up to 45 min.

44.3 Discussion

Identification of the degree of autoregulatory
vasodilation capacity is a reflection of cerebrovas-
cular reserve (CVR), which is a significant prog-
nostic factor in chronic cerebrovascular disease.
Patients with poor CVR are at risk for stroke and
should be treated more aggressively with medical
therapies and considered for surgical interventions
(carotid endarterectomy or extracranial-intra-
cranial bypass). CVR can be assessed with the
use of paired blood flow measurements, with
the initial measurement obtained at baseline and
the second, after a vasodilatory stimulus, such as
acetazolamide. In normal patients, cerebral blood
flow increases three- to fourfold after ACZ, as
demonstrated on perfusion imaging, which can be
performed using SPECT, MRI, or CT. Regional
cerebral blood flow attains a maximum 10 min
after administration of acetazolamide and then
gradually decreases. On the other hand, areas of
the brain where perfusion reserve is diminished
due to cerebrovascular disease exhibit maximal
vasodilation at baseline through autoregulatory
mechanisms that attempt to maintain perfusion
pressure. These regions demonstrate unchanged
or paradoxical decreased perfusion (potential
steal phenomenon) relative to non-diseased ter-
ritories after vasodilatory stimulus (Fig. 44.1).
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Fig.44.1 Acetazolamide challenge test. Baseline (a) and
post-acetazolamide (b) CT perfusion studies demonstrate
paradoxical decrease in cerebral blood flow (CBF) within
the left cerebral hemisphere (arrowheads) 10 min after

Fig.44.2 Acute thromboembolic stroke. The patient pre-
sented with acute left hemiparesis. CT perfusion imaging
(a) demonstrates regional diminished cerebral blood flow

Contraindications to ACZ administration include
allergy to other sulfonamides, electrolyte distur-
bances, severe kidney and liver disease, adre-
nocortical insufficiency, and long-term use in
treatment of chronic noncongestive angle-closure
glaucoma. Although well tolerated, there has
been a case report of reversible pontine ischemia
related to ACZ challenge testing.

Po

vasodilatory stimulus consistent with poor cerebrovascular
reserve in this patient with chronic left ICA vascular dis-
ease. There is a normal increase in CBF in the unaffected
right cerebral hemisphere following vasodilatory stimulus

N

within the right MCA territory (arrows). Coronal CTA
MIP image (b) demonstrates a focal filling defect within
the right MCA superior division (arrow)

44.4 Differential Diagnosis

Acute thromboembolic infarction and delayed reac-
tive cerebrovascular vasoconstriction in the setting
of subarachnoid hemorrhage (vasospasm) can also
demonstrate regional decreases in cerebral blood
flow (Figs. 44.2 and 44.3), although the presenting
clinical scenarios are distinct.
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Fig.44.3 Vasospasm. The patient presented with new neuro-
logic deficits 12 days post-clipping of ruptured right PCOM

aneurysm. CT perfusion study (a) demonstrates decreased
cerebral blood flow within the right MCA and ACA territories

(arrows), consistent with failing perfusion and cerebral isch-
emia. Cerebral digital subtraction angiography before (b) and
after (c) intra-arterial therapy with vasodilatory agent demon-
strates partially resolved vasospasm (arrows)
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Facial Fillers
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45.1 Uses

Injectable filler materials are used for cosmetic
purposes, including smoothing wrinkles, effacing
acne scars, restoring youthful tissue volume, and
treating HIV lipoatrophy.

45.2 Mechanism

Fillers can either add volume without associated
foreign body reaction (volumizers) or they can
stimulate tissue and elicit a foreign body reaction
(stimulators). Volumizers include Bio-Alcamid, cer-
tain polyacrylamides, collagen, and hyaluronic acid
(HA); stimulators include polylactic acid (PLA),
dextrans, calcium hydroxyapatite (CaHA), hydroxy-
ethyl methacrylate (HEMA), and polymethylmeth-
acrylate (PMMA). PLA and dextrans cause a foreign
body reaction for a limited time period before they
are absorbed, whereas PMMA microspheres stimu-
late collagen deposition indefinitely and are never
absorbed. Collagen, hyaluronic acid gels, PLA

D.T. Ginat, MD, MS (P<)

Department of Radiology, University of Chicago,
Pritzker Medical School, Chicago, IL, USA
e-mail: ginatd01 @gmail.com

C.J. Schatz, MD, FACR

Department of Radiology, Beverly Tower Wilshire
Advanced Imaging, University of Southern California
Keck School of Medicine,

Los Angeles, CA, USA

D.T. Ginat et al. (eds.), Neuroimaging Pharmacopoeia,

microspheres, calcium hydroxyapatite, and HEMA
particles are biodegradable, while certain polyacryl-
amide (PAAG) gels and PMMA microspheres are
not. Non-medical grade liquid injectable silicone
has a particular propensity to elicit inflammatory
reactions, perhaps due to the presence of impurities.

45.3 Discussion

Facial fillers are often injected into the nasolabial
folds and perioral region and can be discerned on
imaging due to their distinctive imaging features.
Calcium hydroxyapatite-based fillers are semi-
solid pastes created by suspending calcium
hydroxyapatite microspheres of 25-45 pm diam-
eter in a gel carrier. The gel carrier consists pri-
marily of sterile water and glycerin; the gel
structure is formed by the addition of a small
amount of carboxymethylcellulose. The calcium
hydroxyapatite component imparts high attenua-
tion on CT (Fig. 45.1). Over time, breakdown of
the particles occurs via phagocytosis and the gel
eventually dissipates in vivo and is replaced with
soft tissue. This process is likely responsible for
the hypermetabolism observed on '*FDG-PET at
the site of the filler (Fig. 45.1). Bio-Alcamid
tends to appear as well-defined globular clusters
due to the formation of a thin collagenous cap-
sule that separates the fillers from surrounding
tissues. Bio-Alcamid gels are comprised of 96 %
water and 4 % synthetic polymeric polyalkyl-
imide and therefore have CT attenuation and
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Fig.45.1 Bio-Alcamid. Axial T1-weighted (a) and T2-weighted (b) MR images show T1 hypointense and T2 hyper-
intense lobulated material within the subcutaneous tissues of the bilateral cheeks (arrows)

Fig. 45.2 Calcium hydroxyapatite (Radiesse). Axial CT
image (a) shows patchy hyperattenuation fillers within the
bilateral malar subcutaneous tissues (arrows). Axial

MRI signal characteristics very similar to that of
water (Figs. 45.2 and 45.3). Likewise, collagen
and hyaluronic acid-based fillers are mainly
composed of water, and the deposits of these fill-
ers also have imaging characteristics similar to
those of water with minimal peripheral enhance-
ment (Fig. 45.4). Familiarity with the imaging
features of various types of facial fillers is impor-
tant to avoid misdiagnosing these as pathology,
particularly if the relevant history has not been
disclosed. Conversely, facial fillers may be asso-
ciated with complications such as granuloma for-
mation, which more commonly occurs with
silicone oil. Such lesions can appear as partially
calcified subcentimeter nodules (Fig. 45.5).

EDG-PET image (b) shows corresponding hypermetab-
olism at the site of the fillers (arrows)

45.4 Differential Diagnosis

A variety of conditions can potentially resemble

facial fillers on imaging:

e Skin and vascular calcifications: Punctate
dystrophic skin calcifications in the cheeks are
commonly encountered on CT (Fig. 45.6).
These can be rather numerous, but are of little
clinical significance. Occasionally vascular
calcifications form along the facial artery, par-
ticularly in diabetic patients. These can be dis-
tinguished from calcium hydroxyapatite facial
fillers by their distribution and at times
branching tubular configuration.
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Fig. 45.3 Hyaluronic acid (Restylane). Axial fat-
suppressed T2-weighted (a), T1-weighted (b), and fat-
suppressed post-contrast T1-weighted (¢) MR images

e Lymphatic malformations: These are congeni-
tal vascular malformations that appear as trans-
spatial masses that can involve the subcutaneous
tissues of the face. Venous predominant lesions
are typically T2 hyperintense, may have fluid
levels, demonstrate enhancement (Fig. 45.7),
and may contain phleboliths.

* Epidermal inclusion cysts: These are common
subcutaneous lesions that often demonstrate
fluid attenuation on CT (Fig. 45.8), but may be
hyperattenuating. A portion of these lesions
typically contacts the epidermis. They are well-
defined, unless they are ruptured or infected.

* Pilomatrixomas: These are benign tumors
derived from the matrix of hair follicles and

show the filler within the bilateral nasolabial folds
(arrows). The fillers demonstrate signal characteristics
similar to fluid and minimal peripheral enhancement

often occur in the preauricular region and
cheeks. Coarse calcifications within these
lesions are typical and evident on CT
(Fig. 45.9).

* Hematomas: Subcutaneous hematomas often
occur in the cheeks over the zygomatic arch
and malar eminence in the setting of facial
trauma. The imaging appearances of facial
hematomas range from diffuse soft tissue
stranding of the fat to more discrete mass-like
collections (Fig. 45.10). On MRI, signal
characteristics vary depending on hematoma
age. Facial fractures may be present in the
vicinity the hematomas as another indicator
of trauma.
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Fig.45.6 Dystrophic skin calcifications. Axial CT image
shows multiple punctuate calcifications in the skin of the
bilateral cheeks

Fig. 45.4 Hyaluronic acid (Juvederm). Axial CT with a
region of interest marker shows that the perioral filler is of
fluid attenuation

Fig.45.7 Lymphatic malformation. Axial fat-suppressed
T2-weighted MRI shows an infiltrative hyperintense
lesion in the left face

Fig.45.5 Silicone oil. Axial CT image shows a rim calci-
fied nodule in the subcutaneous tissues in a patient who
received silicone injections many years before (arrow)
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Fig. 45.8 Epidermal inclusion cyst. Axial CT image
shows a well-defined fluid attenuation lesion within the
right cheek subcutaneous tissues (arrow)

Fig. 45.10 Hematoma. The patient incurred trauma to
the face. Axial CT image shows stranding and swelling of
the right cheek subcutaneous tissues (arrow)

Fig.45.9 Pilomatrixoma. Axial CT image shows a nodu-
lar lesion in the left cheek subcutaneous tissues with mul-
tiple coarse calcifications (arrow)
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46.1 Uses

Synthetic corticosteroids are exogenous ana-
logues of naturally occurring glucocorticoids
and mineral corticoids produced by the adrenal
glands. In particular, synthetic glucocorticoids
serve an important role in anti-inflammatory and
immunosuppressive therapies. Indeed, they are
widely used to treat inflammatory conditions
such as rheumatoid arthritis, lupus, inflamma-
tory bowel disease, multiple sclerosis, psoriasis,
asthma, and eczema. Glucocorticoids are also
used in neuro-oncology in the treatment of CNS
lymphoma and leukemia, as well as treatment
of tumor and radiation-associated edema. In
addition, they are included as part of immuno-
suppressive regimes following organ transplant.
Furthermore, oral and topical corticosteroids are
used in the treatment of allergic rhinitis and nasal
polyposis.
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46.2 Mechanism

The anti-inflammatory effects of synthetic gluco-
corticoids are mediated by activation of several
genes. These include the NF-kB inhibitor 1kB
and dual-specificity phosphatase 1 (mitogen-
activated protein kinase (MAPK) phosphatase 1),
a crucial anti-inflammatory gene, as well as inter-
leukin (IL)-10, a potent immunomodulatory and
anti-inflammatory cytokine; GC-induced leucine
zipper, a protein for which the mechanism of
action is unclear but which interacts with, and
inhibits the function of, NF-kB and AP-1; and
annexin Al, a calcium-dependent phospholipid-
binding protein. In particular, glucocorticoids
interfere with the ability of NF-xB and AP-1 to
induce transcription by increasing the compac-
tion of unwound chromosomal DNA in a process
that involves deacetylation of histone proteins.
Glucocorticoids also inhibit the vasodilation
and increased vascular permeability that occurs
following inflammatory insult and decrease leu-
kocyte emigration into inflamed sites, which
are processes that require protein synthesis.
Corticosteroids produce their anti-edema effects
by reducing the permeability of tumor capil-
laries through upregulation of the tight junc-
tion component occluding endothelial cells.
Furthermore, corticosteroid-induced repression
of NF-xB causes reduction of edema via inhibi-
tion of cytokine-induced barrier breakdown and
expression of cell adhesion molecules, which
mediate leukocyte recruitment across the blood-
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brain barrier. Similarly, glucocorticosteroids
reduce nasal mucosa inflammation by inhibition
of antigen presentation associated with decreased
Langerhans cell and eosinophil infiltration and
suppression the expression of interleukins.

46.3 Discussion

Treatment of Tumor-Related Edema. Gluco-
corticoids have been used for decades in the treat-
ment of tumor-associated edema and minimizing
the risk of encephalopathy in patients undergoing
radiation therapy. In particular, glucocorticoid
therapy (prednisone, prednisolone, dexametha-
sone, and methylprednisolone) is one of the main
first-line treatments for primary CNS lymphoma.
Activation of cytoplasmic steroid receptors in
proliferative lymphoid cells triggers apoptosis.
Thus, glucocorticoids provide rapid reduction of
cerebral masses related to lymphoma, as depicted
by the marked decline in edema and enhance-
ment of these masses on imaging (Fig. 46.1).
Consequently, when primary CNS lymphoma is
suspected based on imaging, steroids should not
be administered prior to biopsy, as steroids may
obscure histologic diagnosis. However, long-
term glucocorticoids use may lead to inevitable
relapse and side effects. Thus, follow-up imaging
is important for detecting recurrence.

Epidural Lipomatosis. Epidural lipomatosis is
characterized by pathologic overgrowth of
normal fat in the epidural space and is problem-
atic when it causes spinal stenosis and/or cord
compression. Glucocorticoids increase hydroly-
sis of circulating triglycerides, thereby increasing
the amount of fatty acids in circulation and avail-
able for ectopic fat distribution. Glucocorticoids
also increase de novo lipid production in the liver
and in adipocytes and promote adipocyte matura-
tion. No minimum glucocorticoid dose or mini-
mum period of usage has been determined for
disease onset, and time to symptom onset ranges
from several months to many years after initia-
tion of steroid therapy. Patients typically present
with gradually worsening low back pain, radicu-
lopathy, and even cauda equina symptoms.
Epidural lipomatosis displays fat signal charac-

teristics on all MRI sequences and can be con-
firmed by fat suppression techniques (Fig. 46.2).
Dorsocervical Fat. Dorsocervical fat (buffalo
hump) is a lipodystrophy that represents a mani-
festation of the cushingoid features associated
with chronic glucocorticoid use. The fat has a
propensity to accumulate in the posterior lower
neck and upper back and is continuous with the
adjacent subcutaneous fat. On CT, this process is
readily recognized by fat attenuation and on MRI
by the fat signal characteristics on all sequences
(Fig. 46.3). The appearance of iatrogenic dorso-
cervical fat is identical to a buffalo hump that
results from endogenous Cushing’s syndrome.
Osteoporosis and Insufficiency Fractures.
Glucocorticoids directly inhibit bone formation
and promote bone resorption. Glucocorticoids
also decrease calcium absorption from the intes-
tine and increase renal excretion. Osteoporosis
occurs in at least 50 % of persons who require
long-term glucocorticoid therapy. Glucocorticoids
inhibit osteoblast function, preventing the forma-
tion of new bone in normal bone turnover.
Osteoporosis can be diagnosed by DEXA scan or
by relative subjective visual assessment of radio-
graphs or CT. Insufficiency fracture should be
suspected in an osteoporotic individual who pres-
ents with severe focal pain. MRI provides more
sensitive and early diagnosis, in which the edema
associated with acute fractures appears as hyper-
intensity on T2 and STIR sequences (Fig. 46.4).
Steroid-Associated  Infections. Patients
receiving chronic steroids have an increased sus-
ceptibility to many different types of infections.
The risk of infection is related to the dose of ste-
roid and the duration of therapy. Although pyo-
genic bacteria are the most common pathogens,
chronic steroid use increases the risk of infection
with intracellular pathogens such as Listeria, var-
ious fungi, herpes viruses, and certain parasites.
On MRI, CNS pyogenic abscesses typically
appear as ring enhancing lesions with restricted
diffusion centrally. On the other hand, atypical
infections can form abscesses without associated
central diffusion restriction (Fig. 46.5).
Corticosteroid-Associated Apparent Cerebral
Atrophy. The mechanism by which corticoste-
roids affect brain volume is not well-elucidated.
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Fig. 46.1 Corticosteroid therapy for lymphoma. Initial T1-weighted (d) MR images obtained after corticosteroid
FLAIR (a) and post-contrast T1-weighted (b) MR images  administration show considerable interval decrease in the
show patchy edema and enhancement within the left mid- edema and abnormal enhancement (arrows)

brain (arrows). Follow-up FLAIR (c) and post-contrast
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Fig. 46.2 Steroid-induced epidural lipomatosis. Sagittal
T1 MRI (a) shows prominent T1 hyperintensity in the
lumbosacral epidural space (arrow). The corresponding

Fig.46.3 Dorsocervical fat. Sagittal T1 MRI shows dis-
proportionate increased thickness of subcutaneous fat in
the posterior lower neck and upper back (arrow)

sagittal STIR MRI (b) shows suppression of signal in the
epidural space, consistent with fat (arrow)

Several possibilities include reduction of vaso-
genic edema due to decreased vascular permea-
bility, steroid-induced protein catabolism,
increased neuronal apoptosis by inhibition of the
calcium-dependent mitogen-activated protein
kinase mechanism, and inhibition of adult neuro-
genesis. On cross-sectional imaging, the apparent
volume loss can be shown to affect the cerebral
hemispheres diffusely (Fig. 46.6). These findings
can be reversible and other factors may be
contributory.

Sinonasal Mucosa Effects. The anti-inflam-
matory action of corticosteroids can produce a
significant decrease in the thickness of the sino-
nasal mucosa and associated secretions, which
can be detected on post-treatment CT
(Fig. 46.7).

46.4 Differential Diagnosis

e Epidural Lipomatosis: Differential consid-
erations for epidural lipomatosis include
other epidural lesions, including subacute
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Fig. 46.4 Steroid-induced osteopenia and compression
fractures. Sagittal CT (a) shows diffuse osteopenia and
multiple compression fractures. The corresponding

epidural hematoma, spinal angiolipoma, epi-
dural metastasis, and epidural abscess.
While subacute hematomas are T1 hyperin-
tense on MRI (Fig. 46.8), there will not be
loss of signal with fat suppression. Unlike
epidural lipomatosis, angiolipomas, metas-
tases, and abscess are generally associated
with some form of enhancement and tend to
be more focal. Although most patients with
epidural lipomatosis will have a history of
glucocorticoid use, this condition can also
be idiopathic or associated with excess
endogenous corticosteroid production and
obesity.

* Dorsocervical Fat: Although cosmetically
problematic, dorsocervical fat is benign and
should not be misinterpreted as neoplasms,

sagittal STIR MRI (b) shows edema in the L4 vertebral
body (arrow), indicating an acute fracture, while the other
compression fractures are chronic

such as lipoma or liposarcoma. Alternatively,
the relatively focal distribution of the fat in the
buffalo hump is distinguished from the more
diffuse presence of fat related to obesity and
Madelung disease (refer to Chap. 2).
Osteoporosis and Insufficiency Fractures. An
important differential consideration for insuf-
ficiency fracture is pathologic fracture due to
neoplasm, for example. On MRI, the presence
of diffuse or focal abnormal bone marrow
with well-defined or ill-defined enhancement
that does not follow fracture lines is sugges-
tive of a pathologic fracture (Fig. 46.9).
Steroid-Associated Infections. Several other
immunosuppressive agents and the use of
illicit drugs are associated with infections of
the CNS. Otherwise, conditions that can
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Fig. 46.5 Steroid-associated infection. This transplant map (d) show a ring enhancing lesion with surrounding
recipient was on steroid therapy for immunosuppression edema, but no restricted diffusion of the contents, in the
and developed a Nocardia brain abscess. Axial FLAIR (a), right frontal lobe (arrows)

T1-weighted (b), post-contrast T1-weighted (c¢), and ADC
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Fig. 46.6 Corticosteroid-associated cerebral atrophy. including steroids. Axial T2 MR images (a, b) show dif-
The patient is a 17-year-old male who underwent trans-  fuse prominence of the ventricles and sulci consistent
plantation and received immunosuppressive therapy, with generalized volume loss

Fig. 46.7 Sinonasal mucosa effects of corticosteroids.  Follow up coronal CT image (b) obtained after corticoste-
Initial coronal CT image (a) shows diffuse sinonasal roid therapy shows interval marked decrease in the degree
mucosal thickening related to allergic rhinitis. There are  of mucosal thickening

also findings related to prior endoscopic sinus surgery.
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Fig. 46.8 Epidural hematoma. Sagittal TI1-weighted
MRI of the cervical spine shows a partially T1 hyperin-
tense posterior epidural collection (arrows)

Fig. 46.9 The patient has a history of metastatic bladder
cancer. Sagittal fat-suppressed post-contrast T1-weighted
MRI shows a compression fracture and diffuse enhance-
ment of L4 vertebral body (arrow)

Fig.46.10 Age-related cerebral volume loss in an elderly
patient. Axial T2-weighted MRI shows diffuse promi-
nence of the sulci and ventricles

resemble brain abscesses include other
ring-enhancing lesions, such as neoplasms,
demyelinating diseases, and subacute
infarcts. In addition, conditions that can
mimic subdural, epidural, and scalp or para-
spinal abscesses mainly include tumors and
hematomas.

Corticosteroid-Associated Apparent Cerebral
Atrophy. Chemotherapy agents used in con-
junction with steroid therapy for certain neo-
plasms may also result in reduced brain
volume. In addition, certain disease processes
that are treated with steroids, such as lupus
and multiple sclerosis, may contribute to
cerebral volume loss. Otherwise, apparent
cerebral atrophy caused by steroids can
resemble age-related cerebral volume loss
(Fig. 46.10).

Sinonasal Mucosa Effects. Other nasal decon-
gestants can lead to decreased mucosal thick-
ness, overuse of these medications can lead to
rebound inflammation, known as rhinitis med-
icamentosa (refer to Chap. 55). Otherwise, the
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effects of corticosteroids should not be con-
fused with alterations resulting from endo-
scopic sinus surgery, which entails the removal
of obstructive sinonasal osseous structures.
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47.1 Uses

Oral contraceptive agents are used for the
prevention of pregnancy in addition to non-
contraceptive indications, such as for the treat-
ment of menorrhagia or hyperandrogenism.

47.2 Mechanism

Oral contraceptives act primarily via the inhibi-
tion of ovulation through suppression of the
cyclic release of luteinizing hormone. Other
mechanisms of action include direct effects on
follicular maturation, endometrium, cervical
mucus, and tubal transport. Venous thromboem-
bolic disease (VTE) is a major side effect associ-
ated with the administration of estrogen- and
progestin-containing contraceptives, contributed
to by the thrombotic effects of estrogen. Lower
estrogen dose has been shown to decrease the
risk of thromboembolism; however, there is
increased risk of VTE in patients receiving both
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high- and low-dose oral contraceptives. In addi-
tion, an association has been shown between the
class of progestin and risk of VTE.

47.3 Discussion

Venous thromboembolic disease in patients
treated with oral contraceptives may mani-
fest as thrombosis of the dural venous sinuses.
Thrombus formation within the cerebral veins
and dural sinuses leads to obstruction of venous
drainage and can result in cerebral edema, hem-
orrhage, or venous infarction. Patients with dural
sinus thrombosis present with a variety of non-
specific symptoms, including nausea, vomit-
ing, headache, and focal neurological deficits.
Anticoagulation is a major component of the
treatment for dural sinus thrombosis.

The CT findings of dural sinus thrombosis
may be subtle. The hyperattenuating appearance
of a venous sinus or cerebral vein on noncontrast
CT (Fig. 47.1), known as the “cord sign,” is rela-
tively insensitive. On contrast-enhanced CT,
enhancing dura surrounding a non-enhancing
thrombus, known as the “empty delta sign,” has
been shown to be more sensitive and can be seen
in 30-70 % of cases. CT venography can directly
demonstrate a filling defect in the vessel lumen;
however, noncontrast images are useful for com-
parison to avoid misinterpretation of hyperatten-
uating clot. Secondary findings that are
demonstrated on noncontrast CT include signs of
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venous infarction including parenchymal hypoat-
tenuation with or without hemorrhage.

On MRI, acute thrombus appears as isoin-
tense to the brain parenchyma on T1-weighted
sequences, while subacute thrombus will appear
hyperintense. On T2-weighted sequences, acute
thrombus appears as hypointense, while sub-
acute to chronic thrombus appears as hyperin-
tense. T2* or gradient echo (GRE) sequences
demonstrate blooming and can increase the
conspicuity of thrombus; however, susceptibil-
ity weighting (SWI) is not useful for the evalua-
tion of sinus thrombosis (Fig. 47.1). FLAIR and
diffusion-weighted (DWI) sequences are useful
for the evaluation of associated brain parenchy-
mal abnormalities, such as venous infarction or
edema (Fig. 47.1).

Absence of flow-related signal on a time-
of-flight MR venogram (MRYV) is suggestive of
thrombosis. Gadolinium-enhanced MRV can
be performed for confirmation, demonstrating
the “empty delta sign” with dural enhancement
surrounding a non-enhancing thrombus. One
must be cautious not to misinterpret subacute
hyperintense thrombus on T1-weighted contrast-
enhanced MRYV. Other potential pitfalls on gado-
linium-enhanced MRYV include the enhancement
or recanalization of chronic thrombus. Cerebral
angiography can be performed for confirmation
in equivocal cases.

47.4 Differential Diagnosis

There are numerous other causes of venous sinus
thrombosis, including other pharmaceuticals,
such as L-asparaginase (refer to Chap. 20); malig-
nancy; pregnancy; infections; disorders of
coagulation, such as factor V deficiency; granu-
lomatous diseases; connective tissue disorders;
dehydration; trauma; and surgery. In addition,
several conditions can also mimic the appearance
of venous sinus thrombosis on imaging.

e Dehydration and polycythemia: In addition to
predisposing to venous sinus thrombosis, these
conditions can also mimic the appearance of
thrombosis on imaging. For example, there is

hyperattenuation of the venous sinuses on CT
in a patient with elevated hematocrit (Fig. 47.2).
This effect is particularly pronounced in pediat-
ric patients, who have a high relative attenua-
tion of the dural sinuses compared to the brain
parenchyma secondary to stage of myelination.
Certainly, infants are not expected to be on oral
contraceptives!

Dural sinus hypoplasialaplasia: Congenitally
absent or hypoplastic dural venous sinuses can
occur, with hypoplasia/aplasia of the trans-
verse sinuses seen in up to 20 % of patients on
time-of-flight venography (Fig. 47.3). In addi-
tion, the combined effect of slow flow within a
diminutive venous sinus may be mistaken for
acute thrombosis. Evaluation of collateral
venous pathways or the size of the ipsilateral
jugular foramen may be useful when consid-
ering a case with hypoplastic or aplastic dural
sinuses. Apparent discontinuity of flow on
maximum intensity projection (MIP) images
should be evaluated on the source images in
order to exclude the presence of hypoplastic
or aplastic sinus anatomic variants.
Arachnoid granulations: Arachnoid granula-
tions appear as rounded filling defects within
the venous sinuses, which when elongated
may be mistaken for sinus thrombosis. These
are typically rounded or lobulated foci that
display low T1 and high T2 signal (Fig. 47.4)
Idiopathic intracranial hypertension:
Constrictions of the lateral portions of the
transverse sinuses are often present, along
with flattening or even bulging of the optic
nerve discs and a partially empty sella, par-
ticularly in obese individuals (Fig. 47.5).
Hemorrhage: Acute subdual hematomas lay-
ering along the cerebellar tentorium may
mimic thrombosis of the transverse sinus, but
the hemorrhage can be distinguished from the
venous sinuses and often extend well beyond
the region o the venous sinuses. Venous epi-
dural hematomas can compress the venous
sinuses, mimicking thrombus, but have a con-
vex margin and are typically associated with
calvarial fractures (Fig. 47.6).

MRI artifact: Flow-related artifacts can mimic
thrombosis of the dural sinuses. Specifically in
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time-of-flight venography, flow parallel to the
plane of image acquisition may experience sig-
nal loss leading to the appearance of thrombus.
Other MRI artifacts that can mimic thrombus

include slow flow on flow-sensitive sequences or
the normal flow void on contrast-enhanced
MRV. The lack of restricted diffusion within the
venous sinus favors flow artifact over thrombus.

Fig. 47.1 Venous sinus thrombosis associated with oral
contraceptive use. Axial noncontrast CT image (a) shows
hyperattenuation of the internal cerebral veins and straight
sinus (arrows). The corresponding T2*GRE MRI (b)
shows susceptibility effect within these venous structures

(arrows). The FLAIR image (c¢) shows edema in the bilat-
eral deep gray matter and periventricular white matter.
Time-of-flight MRA (d) shows absent flow-related
enhancement of the internal cerebral veins and straight
sinus (arrows)
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Fig. 47.2 Polycythemia. Axial noncontrast CT (a) shows markedly hyperattenuating superior sagittal sinus contents
(arrows). The corresponding CTV (b) shows normal opacification of the venous sinuses (arrows)

Fig.47.3 Hypoplastic venous sinus. Top view MIP MRA
shows diffusely narrow right transverse sinus (arrow) and
prominent left transverse and sigmoid sinuses



47 Oral Contraceptives (Estrogen and Progestin) 333

Fig. 47.4 Arachnoid granulation. Axial post-contrast T1-weighted (a) and T2-weighted (b) MR images show a
rounded filling defect within the left transverse sinus with CSF signal characteristics (arrows)

Fig. 47.5 Idiopathic intracranial hypertension. Axial (arrowheads). MIP MRA image (b) shows constriction of
T2-weighted MRI (a) shows a partially empty sella the bilateral transverse sinuses (black arrows)
(arrow) and bulging of the bilateral optic nerves
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Fig. 47.6 Venous epidural hematoma. Sagittal noncon-
trast CT image shows a small convex hematoma (arrow)
adjacent to the transverse sinus (arrowhead) and a
depressed calvarial fracture
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Vaccines

Daniel Thomas Ginat

48.1 Uses

Many types of vaccines are available and rou-
tinely used for the prevention of many microbial
diseases. The development of immunization has
been a major boon to public health.

48.2 Mechanism

The main types of vaccines include live attenu-
ated vaccines (such as smallpox, yellow fever,
measles, mumps, rubella, and chicken pox vac-
cines), subunit vaccines (such as the vaccine
against recombinant hepatitis B), toxoid vac-
cines that consist of inactivated toxins (such as
vaccines against diphtheria and tetanus), car-
bohydrate vaccines (such as vaccines against
pneumococcus), and conjugate vaccines (such
as vaccines against Haemophilus influenzae type
B and meningococcus). Ultimately, most vac-
cines are believed to confer protection through
neutralizing antibodies. On the other hand, while
it was initially believed that postvaccination
ADEM is caused by the viral component in vac-
cines, evidence suggests that the complications
may be related to contamination with the central
nervous system tissue in which the vaccine was
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propagated. Indeed, there is a lower incidence of
ADEM with vaccines based on recombinant pro-
teins than with in vivo infected tissue.

48.3 Discussion

Although generally safe and effective, vaccines
can rarely lead to neurological complications,
most notably acute disseminated encephalomy-
elitis (ADEM). ADEM is a monophasic inflam-
matory demyelinating condition that has been
associated with several vaccines, including the
rabies, diphtheria-tetanus-polio, smallpox, mea-
sles, mumps, rubella, Japanese B encephalitis,
pertussis, influenza, hepatitis B, and the hog vac-
cine. Patients may present several weeks to
months following exposure to the precipitant
with decreased level of consciousness that varies
from lethargy to coma, convulsions, and multifo-
cal neurologic symptoms such as paralysis, and
movement disorders. Pathologic findings of
ADEM include inflammatory reactions around
the vessels, edema, and perivenous demyelin-
ation. CT is rather insensitive to the white matter
changes in ADEM, although corresponding
hypoattenuation may be observed. On MRI, typi-
cal findings include bilateral asymmetric T2
hyperintense subcortical white matter lesions
(Fig. 48.1) that may or may not exhibit enhance-
ment and peripheral diffusion restriction. The
cortex, thalami, and brainstem can be involved on
occasion. Associated hemorrhage is rare and may
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Fig. 48.1 ADEM related to vaccination. Axial FLAIR
images (a—f) obtained approximately 2 weeks after the
administration of the vaccine demonstrate numerous
hyperintense foci (arrows) involving the infratentorial and

supratentorial white matter and thalami. Selected FLAIR
images (g-i) obtained approximately 1 month later show
interval resolution of the lesions
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Fig. 48.2 Guillain-Barre disease related to vaccination. Axial T2-weighted (a) and post-contrast T1 (b) MR images
show preferential thickening and enhancement of the anterior cauda equina nerve roots (arrows)

be a manifestation of a fulminant form of ADEM,
known as acute hemorrhagic leukoencephalopa-
thy or Hurst disease. Patients with postimmuni-
zation ADEM typically recover spontaneously or
improve after administration of corticosteroids.

Certain vaccines can also result in Guillain-
Barre syndrome. Patients present with acute flac-
cid paralysis, as well as sensory abnormalities
and autonomic dysfunction. Salient features of
Guillain-Barre syndrome on MRI include dif-
fuse, smooth mild thickening and enhancement
of the cauda equina nerve roots, preferentially the
anterior nerve roots (Fig. 48.2). The spinal cord
can also be affected, demonstrating patchy areas
of high T2 signal and variable degrees of enhance-
ment. There may be concomitant brain involve-
ment; therefore, the brain should be imaged as
well in these cases. Ultimately, the diagnosis is
based on the temporal relation to vaccination and
exclusion of other potential etiologies.

48.4 Differential Diagnosis

e The main differential diagnoses for vaccine-
induced ADEM include ADEM caused by
other etiologies, other demyelinating conditions

such as multiple sclerosis, and viral encephali-
tis. Postinfectious ADEM is essentially indis-
tinguishable from postimmunization ADEM
on imaging, and clinical history may suggest
the precipitating factor. Although multiple
sclerosis may resemble ADEM on MRI, mul-
tiple sclerosis is a progressive disease rather
than a monophasic one. Nevertheless, findings
on conventional MRI that favor multiple scle-
rosis over ADEM include the absence of a dif-
fuse bilateral lesion pattern, presence of black
holes, and presence of two or more periven-
tricular lesions (Fig. 48.3). In addition, mag-
netization transfer sequences can help
distinguish ADEM from MS, in that normal-
appearing brain on T2-weighted images has
normal magnetization transfer ratio, whereas
in multiple sclerosis measurements are
decreased in both areas. It is important, but not
always straightforward to differentiate viral
encephalitis from ADEM. On MRI, viral
encephalitis typically demonstrates bilateral
diffuse areas of T2 hyperintensity involving
the cerebral cortex and the underlying white
matter and, to a lesser extent, the basal ganglia,
brainstem, and cerebellum (refer to Chap. 3).
However, the particular distribution of the
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lesions may depend upon the particular viral
agent. Associated enhancement may or may
not be present, but tends to be leptomeningeal
when present.

Guillain-Barre syndrome can be caused by
other entities besides vaccination, most com-
monly viral infections. Otherwise, the finding of
thickened and enhancing nerve roots on MRI
can be caused by chronic inflammatory demye-
linating polyneuropathy (CIDP), which may be
considered to be a chronic form of Guillain-Barre

syndrome; hereditary polyneuropathies, such as
Charcot-Marie-Tooth disease; and carcinoma-
tous and lymphomatous meningitis. CIDP can
appear essentially identical to Guillain-Barre
syndrome on MRI (Fig. 48.4), and these condi-
tions are mainly differentiated by the time
course of the symptoms. The other lesions in the
differential diagnosis tend to produce a greater
degree of nerve root enlargement (hereditary
polyneuropathies) and more irregular or nodular
lesions (neoplasms).

Fig.48.3 Multiple sclerosis. Axial (a) and sagittal (b) FLAIR images show bilateral periventricular and callosal hyper-
intense flame-shaped lesions
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Fig. 48.4 CIDP. The patient has a history of protracted
motor and sensory deficits in the lower extremities. Axial
(a) and sagittal (b) post-contrast T1 MR images show
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Acetominophen
(Tylenol, Paracetamol)

Daniel Thomas Ginat

49.1 Uses

Tylenol is a mild nonnarcotic analgesic and anti-
pyretic agent that is widely used for pain relief
and fever reduction. The maximum safe daily
dosage is less than 4 g in a 24-h period.

49.2 Mechanism

The precise mechanism of analgesic action has
not been clearly defined. Nevertheless, Tylenol
appears to produce analgesia by elevation of the
pain threshold. The potential mechanism may
involve the inhibition of the nitric oxide pathway.
In relation to its antipyretic action, acetamino-
phen has been shown to inhibit endogenous pyro-
gens and block the formation of central nervous
system prostaglandins. Tylenol is also a COX-2
inhibitor, which exerts its therapeutic effects
by decreasing the production of thromboxanes.
However, centrilobular necrosis can result from
abundance of the reactive metabolite of acetamin-
ophen, N-acetyl-p-benzoquinone imine, which is
formed by cytochrome P-450 by a direct two-
electron oxidation of acetaminophen. Ammonia
is produced in the gastrointestinal tract from
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49

digestion of protein and bacterial metabolism.
Normally, ammonia is metabolized primarily
in the liver as urea via the urea cycle. However,
when the metabolic capacity of the liver is over-
whelmed, elimination becomes dependent on the
kidneys, brain, and skeletal muscle. Astrocytes
metabolize ammonia and glutamate to glutamine
via the glutamine synthetase pathways, which
leads to an increase in cellular osmolarity and
astrocyte swelling. Inflammatory cascades, apop-
tosis, and various metabolic pathways ensue,
resulting in elevation in lactate, loss of cerebral
autoregulation, and cerebral edema.

49.3 Discussion

The acute symptoms can be nonspecific, ranging
from mild altered mental status to varying degrees
of unresponsiveness, with coma and death occur-
ring in severe cases. The toxic levels of glutamine
caused by Tylenol overdose predominantly lead to
cerebral cortical injury. CT can demonstrate diffuse
cerebral edema, which manifests as loss of gray-
white mater differentiation, hypoattenuation, and
sulcal effacement (Fig. 49.1). MRI, particularly
FLAIR, and DWI sequences are useful for depict-
ing acute hyperammonemic encephalopathy. The
most common findings on MRI are bilateral sym-
metric high FLAIR and DWI signal in the cerebral
cortex, especially the insular and cingulate corti-
ces, with relative sparring of the perirolandic and
occipital regions. In addition, the basal ganglia,
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Fig. 49.1 Cerebral edema secondary to fulminant acute
liver failure associated with acetaminophen overdose.
Axial CT image obtained at the time of presentation soon
after ingestion (a) demonstrates an unremarkable appear-
ance of the brain. Axial CT images obtained 4 days (b)
and 7 days (c) after ingestion demonstrate progressive loss

of gray-white differentiation and severe diffuse cerebral
cytotoxic edema secondary to acute liver failure with
markedly elevated ammonia levels. There is also progres-
sive effacement of the lateral ventricles secondary to dif-
fuse brain edema
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thalamus, and brainstem may also be affected.
The high DWTI signal can correspond to restricted
diffusion. Treatment consists of administration
of acetylcysteine, ideally within 8 h of Tylenol
ingestion. Thus, prompt diagnosis is crucial. The
signal abnormalities in hyperammonemic encepha-
lopathy are potentially reversible with prompt and
aggressive treatment, but may also evolve to vari-
able degrees of atrophy in the cingulate and insular
cortex after treatment.

49.4 Differential Diagnosis

Other causes of hyperammonemia include
acute hepatic encephalopathy from other cases,
such as alcohol and valproate toxicity (refer to

Chaps. 2 and 28), as well as citrullinemia and
proximal urea cycle disorders. Otherwise, the
differential considerations for cerebral edema
secondary to acetaminophen overdose on
imaging include diffuse hypoxic-ischemic
injury (Fig. 49.2), posterior reversible enceph-
alopathy syndrome (refer to Chap. 23), seizure
activity (Fig. 49.3), and Creutzfeldt-Jakob dis-
ease (Fig. 49.4). Seizure activity can result in
reversible cortical FLAIR and DWI hyperin-
tensity, which can be localized or generalized,
and with or without associated contrast
enhancement. Although Creutzfeldt-Jakob dis-
ease can produce T2 cortical and/or deep gray
matter hyperintensity and restricted diffusion,
it classically presents with rapidly progressive
dementia.

Fig.49.2 Hypoxic-ischemic encephalopathy. The patient
has a history of insulin-dependent diabetes mellitus status
post cardiac arrest secondary to DKA status post resusci-
tation. Axial CT images (a, b) show diffuse cerebral

edema with sulcal, ventricular, and basal cistern efface-
ment, as well as more pronounced areas of hypoattenua-
tion within the bilateral basal ganglia
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Fig.49.3 Status epilepticus. Axial FLAIR images (a, b) show hyperintensity within the bilateral medial temporal lobes
and thalami. The DWI (c¢) and ADC map (d) show corresponding restricted diffusion
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Fig.49.4 Creutzfeldt-Jakob disease. Axial FLAIR (a) and DWI (b) sequences show diffuse peripheral and central gray
matter hyperintensity involving the cerebral cortex and left caudate head
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50.1 Uses

Propofol (2,6-diisopropylphenol) is used for
induction of anesthesia, maintenance of anesthe-
sia, and treatment of refractory status epilepticus.
Propofol has very rapid time to onset of uncon-
sciousness (15-30 s) and is rapidly metabolized.
Patients rapidly recover from sedation with few
side effects, thus making it an anesthetic of
choice for ambulatory surgery.

50.2 Mechanism

Propofol modulates the inhibitory function of
neurotransmitter ~ gamma-aminobutyric  acid
(GABA) through GABA-A receptors.
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50.3 Discussion

In clinical imaging, propofol has commonly been
used to decrease motion. One of the described
artifacts associated with propofol sedation is
increased hyperintensity of CSF within the sub-
arachnoid cisterns and sulci on FLAIR (Fig. 50.1).
This phenomenon is sometimes observed in chil-
dren under propofol sedation, which could be due
to propofol solution having a smaller T1 value
than CSEF, transient increase in protein content
within CSF, or hyperdynamic CSF pulsations due
to propofol-induced changes in vascular tone.
One of the main functions of propofol is inhibi-
tion of connectivity in the brain, in particular on
intralaminar thalamic nuclei. There is decreased
connectivity of the thalamus with increase in
eigenvector centrality in the brainstem, which is
likely a consequence of its increased influence
over highly central cortical regions during seda-
tion with propofol. The effect of propofol on
memory has also been widely studied using func-
tional magnetic resonance imaging. Propofol has
an effect on explicit memory at any dose, but
implicit memory is affected only in deep propofol
sedation. This has been shown by inhibition of
activation of middle temporal gyrus and parietal
lobule as opposed to only superior temporal
gyrus, which is inhibited by mild propofol seda-
tion. On evaluation of auditory verbal memory
with functional MRI in subjects under deep seda-
tion with propofol, primary auditory cortex activ-
ity was present on auditory stimuli, but activation
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Fig. 50.1 Propofol effects on MRI. Axial FLAIR images (a—d) show diffuse high signal within the subarachnoid
spaces of the sulci and basal cisterns
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of inferior frontal gyrus and premotor areas were
not detected. These results showed that integra-
tion of auditory sensory stimuli with high-order
processing networks is inhibited under deep seda-
tion with propofol, thus suggesting that propofol
acts by disrupting connections between the sen-
sory areas of the brain with the executive areas.

50.4 Differential Diagnosis

Subarachnoid FLAIR hyperintensity has been
observed in a variety of other conditions, includ-
ing meningitis, leptomeningeal carcinomatosis,
hemorrhage, leptomeningeal melanosis, stroke,
and supplemental oxygen administration (refer to
Chap. 35).

Suggested Reading

Fillipi CG, Ulug AM, Lin D, Heir LA, Zimmerman RD.
Hyperintense signal abnormality in subarachnoid
spaces and basal cisterns on MR images of children
anesthetized with propofol: new fluid-attenuated
inversion recovery finding. AJNR Am J Neuroradiol.
2001;22:394-9.

Fugii J, Miyachi S, Matsubara N, Kinkori T, Takebayashi
S, Izumi T, Ohshima T, Tsurumi A, Hososhima O,
Wakabayashi T, Yoshida J. Selective propofol injec-
tion into the M1 segment of the middle cerebral artery

(MCA Wada test) reduces adverse effects and
enhances the reliability of the Wada test for determin-
ing speech dominance. World Neurosurg. 2011;75(3—4):
503-8.

Gili T, Saxena N, Diukova A, Murphy K, Hall JE, Wise
RG. The thalamus and brainstem act as key hubs in
alterations of human brain network connectivity
induced by mild propofol sedation. J Neurosci. 2013;
33(9):4024-31.

Li W, Walt SD, Ogg RJ, Scoggins MA, Zou P, Wheless J,
Boop FA. Functional magnetic resonance imaging of
the visual cortex performed in children under sedation
to assist in presurgical planning. J Neurosurg Pediatr.
2013;11(5):543-6.

Liu X, Lauer KK, Ward BD, Rao SM, Li SJ, Hudetz
AG. Propofol disrupts functional interactions between
sensory and high-order processing of auditory verbal
memory. Hum Brain Mapp. 2012;33(10):2487-98.

Maeda M, Yagishita A, Yamamoto T, Sakuma H, Takeda
K. Abnormal hyperintensity within the subarachnoid
space evaluated by fluid-attenuated inversion-recovery
MR imaging: a spectrum of central nervous system
diseases. Eur Radiol. 2003;13:1.192-201.

Quan X, YiJ, Ye T, Tian SY, Zou L, Yu XR, Huang YG.
Propofol and memory: a study using a process disso-
ciation procedure and functional magnetic resonance
imaging. Anaesthesia. 2013;68(4):391-9.

Stoner T, Braff S, Khoshyomn S. High signal in subarach-
noid spaces on FLAIR MR images in an adult with
propofol sedation. Neurology. 2002;59:292.

Stuckey SL, Goh TD, Heffernan T, Rowan D.
Hyperintensity in the subarachnoid space on FLAIR
MRI. Am J Radiol. 2007;189:913-21.

Zijlmans M, Hulskamp GM, Cremer OL, Ferrier CH, van
Huffelen AC, Leijten FS. Epileptic high frequency
oscillations in intraoperative electrocorticography: the
effect of propofol. Epilepsia. 2012;53(10):1799-809.


http://dx.doi.org/10.1007/978-3-319-12715-6_34

Bisphosphonates

Ana M. Franceschi, Daniel Thomas Ginat,
and Jason M. Johnson

51

51.1 Uses

Oral bisphosphonates are primarily used for
treatment of osteoporosis and osteopenia, as well
as some less common metabolic bone disorders
including Paget’s disease of the bone, osteogen-
esisimperfecta, and fibrous dysplasia. Intravenous
bisphosphonates are used for the management of
cancer-related conditions, such as hypercalcemia
of malignancy and skeletal complications associ-
ated with bone metastases in patients with solid
tumors including breast, prostate, and lung can-
cer, and treatment of lytic lesions in patients with
multiple myeloma.

51.2 Mechanism

Bisphosphonates are inorganic pyrophosphate
analogs that inhibit osteoclast activity, thereby
suppressing bone remodeling and resorption.
Simple bisphosphonates, such as clodronate and
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etidronate, act at the cellular level via induction of
osteoclast apoptosis. Specifically, clodronate gen-
erates a toxic analog of adenosine triphosphate
(ATP), AppCCl2p, which inhibits adenine nucleo-
tide translocase, a component of the permeability
transition pore complex in the inner mitochondrial
membrane. This leads to the disruption of the
mitochondrial membrane potential, which causes
release of cytochrome C, caspase activation, and
initiates other steps in the process of apoptosis.
The direct intracellular target of nitrogen-contain-
ing aminobisphosphonates, such as alendronate
and risedronate and the intravenously adminis-
tered pamidronate and zoledronate, is the isopren-
oid biosynthetic enzyme farnesyl diphosphate
(FPP) synthase in the cholesterol biosynthesis
pathway. Inhibition of FPP synthase suppresses
protein geranylgeranylation, which then causes
GTPase inactivation resulting in deregulation of
vesicular trafficking (e.g., formation of ruffled
border) and cytoskeletal structures necessary for
bone-resorbing osteoclast activity.

51.3 Discussion

Bisphosphonate-related osteonecrosis of the jaw
(BRONJ) presents as painful or painless bone
exposure in the mandible (2/3 cases), maxilla (1/4
cases), or both, which is usually preceded by vari-
ous dental manipulations, such as tooth extraction
or infection. According to the American
Association of Oral and Maxillofacial Surgeons
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(AAOMY), patients are considered to have BRONJ
if the following conditions are met: (1) current or
previous treatment with a bisphosphonate; (2)
exposed, necrotic bone in the maxillofacial region
that has persisted for more than 8 weeks; and (3)
no history of radiation therapy to the jaws. The
estimated incidence of osteonecrosis ranges from
1 to 10 % among patients on IV bisphosphonate
treatment, while it is much less common
(<1/100,000 patient-treatment years with a
reported prevalence of 0.0004-0.04 %) in patients
receiving oral bisphosphonate therapy. The onset
of BRONIJ has been reported at 6-60 months fol-
lowing initiation of bisphosphonate therapy, and
the risk of osteonecrosis increases with the dura-
tion of bisphosphonate exposure.

It is hypothesized that BRONJ has a predilec-
tion for the jaw since the hypodynamic and hypo-
vascular bone is unable to meet increased demand
for remodeling secondary to physiologic stress,
iatrogenic trauma, or tooth infection. The
exposed, nonhealing bone is generally unrespon-
sive to conventional medical and surgical treat-
ment. Attempts at debridement and removal of
painful teeth or tissue flaps have all been reported
to cause additional bone exposure and exacerba-
tion of the process. Management strategies
emphasize prevention of BRONJ, including
preventive dental treatment, patient education,
and optimal periodontal health prior to initiation
of IV bisphosphonates in cancer patients as well
as periodic drug “holidays” in patients on chronic
oral bisphosphonate therapy. Once patients
develop BRONYJ, treatment is focused on the con-
trol of chronic pain and infection with antibiotics
(oral antimicrobial rinses and systemic antibiotic
therapy) as well as attempts at hyperbaric oxygen
therapy, while surgical resection/debridement is
reserved for advanced stages with a goal of long-
term palliation and resolution of acute infection
and pain.

While BRONI is a clinical diagnosis made pri-
marily on the basis of history and physical exam,
imaging studies can be helpful in delineating the
extent of the necrotic process, therefore guid-
ing therapeutic and clinical management plans,
excluding other diseases of the jaw, monitoring
disease progression, and diagnosing complica-
tions such as pathologic fractures. However, in

the early stages of osteonecrosis, plain film stud-
ies frequently demonstrate no significant abnor-
malities, especially when the lesions are smaller
than 1 cm, with little or no ossification at a previ-
ous tooth extraction site often being the first sign
of disease. As the osteonecrosis progresses, areas
of ill-defined lucency, thickening of the lamina
dura, osseous fragmentation, osteosclerosis, peri-
osteal reaction, and regions of bony sequestrum
may form. In advanced cases of BRONJ, osteo-
lytic changes can spread to affect the inferior
border of the mandible and lead to pathologic
fracture. Additionally, there may be associated
narrowing of the inferior alveolar canal. The
abnormalities associated with BRONJ may be
predominantly lytic, predominantly sclerotic, or
mixed.

CT is often obtained to delineate the area of
necrosis, which can appear as osteosclerotic and
osteolytic lesions. Focal medullary sclerosis with
disorganized microtrabeculae and poor corticome-
dullary differentiation corresponds to areas of
delayed socket healing and is typically the earliest
finding of disease. As the pathologic process pro-
gresses, proliferative periosteal reactions and bony
sequestrum become predominant lesions, resulting
in a bone-within-a-bone appearance on CT
(Fig. 51.1). Additional findings on CT images
include narrowing of the marrow space, cortical
bone resorption and disruption, osseous fragmenta-
tion, involvement of the inferior alveolar canal, as
well as complications such as pathologic fractures
(Fig. 51.2). If the maxilla is involved, it is often
accompanied by abnormalities of the adjacent
maxillary sinus, including mucoperiosteal thicken-
ing, air-fluid levels, and oroantral fistula formation
(Fig. 51.3). Additionally, there is often evidence of
reactive cervical lymphadenopathy secondary to
infection of the exposed bone, and there can be
thickening of the masticator muscles, which can be
a diagnostic dilemma and raises concern for tumor.
Similar to radiography, CT has not been proven
useful in detecting early changes in asymptomatic
patients with osteonecrosis.

MRI can be used to further delineate involve-
ment of the surrounding soft tissues and neurovas-
cular bundle, lymphadenopathy, as well as bone
marrow edema, which may be an early indicator
of bone ischemia and necrosis. Therefore, in the
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Fig. 51.1 Bisphosphonate-induced osteonecrosis of the
mandible. Axial (a) and coronal (b) CT images show a
mixed sclerotic and lucent lesion within the left

mandibular body that has a bone-within-a-bone

appearance (arrows)

Fig. 51.2 Bisphosphonate-induced osteonecrosis of the
mandible with pathological fracture. Axial (a) and 3D
surface rendered (b) CT images show a displaced fracture

early stages of BRONIJ, findings classically
include decreased bone marrow signal intensity
on non-contrast T1-weighted images, accompa-
nied by increased signal intensity of the surround-

of the right mandibular body (arrows), adjacent to a lucent
focus of osteonecrosis. There is also torus mandibularis
internis (Courtesy of Christine Glastonbury)

ing soft tissues on contrast-enhanced T1-weighted
images. Findings on T2-weighted and short inver-
sion time inversion-recovery (STIR) images are
variable and can appear normal in early stages of
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Fig. 51.3 Bisphosphonate-induced osteonecrosis of the
maxilla. Coronal CT image shows a defect in the left max-
illary sinus wall and alveolus with associated oroantral
fistula (arrow) (Courtesy of Christine Glastonbury)

disease. Areas with low signal intensity on
T2-weighted and STIR images correspond to
osteonecrosis. Additionally, there is increased
T2-weighted signal intensity and enhancement on
contrast-enhanced T1-weighted images at the
periphery of the necrotic bone, corresponding to
formation of a reactive fibrotic margin and sur-
rounding soft tissue inflammation. In clinically
advanced cases, development of a sequestrum is
recognized by identifying areas with centrally
decreased signal intensity on T2-weighted
images, which are surrounded by a high
T2-weighted signal intensity peripheral rim.
Enhancement of the bone marrow corresponds to
low signal intensity on T1-weighted images and
indicates the degree of fatty marrow replacement,
which often spares the central bony sequestrum. It
is important to remember that the signal intensity
changes on MRI in patients with BRONJ are not
isolated to the affected bony cortex, but encom-
pass adjacent areas including the surrounding soft
tissues, bone marrow, inferior alveolar canal, and
maxillary sinuses. Enhancement of the adjacent
soft tissues often involves the mylohyoid ridge,
buccinator muscle, orbicularis oris muscle, and
masticator space, with focal areas of mass-like
muscle thickening. Additionally, reactive cervical
lymphadenopathy is frequently present, most

commonly in the submental and jugulodigastric
areas secondary to infection of the affected bone.

Nuclear medicine studies, such as 99mTc-
methylene diphosphonate (99mTc-MDP) planar
and single-photon emission computerized tomog-
raphy (SPECT) bone scintigraphy, hybrid SPECT/
CT systems, as well as [18F] sodium fluoride
(NaF) or [18F] fluorodeoxyglucose (FDG) posi-
tron emission tomography (PET/CT), are highly
sensitive for the detection of BRONIJ, especially in
the early stages of disease. Typically, these modali-
ties demonstrate increased radiotracer uptake in the
majority of cases, which is thought to be secondary
to surrounding areas of soft tissue inflammation as
well as infection at the site of necrosis. Furthermore,
3-phase bone scintigraphy characteristically reveals
increased perfusion and increased blood pool,
which is caused by areas of hypervascularity in the
affected region. The limiting factor of these func-
tional imaging modalities is their poor spatial reso-
lution and low specificity. However, hybrid systems
such as SPECT/CT are able to demonstrate the
metabolic difference between the necrotic seques-
trum (decreased radiotracer uptake) and surround-
ing areas of reactive osteoblastic hyperactivity,
therefore allowing for precise localization of the
osteonecrotic core and enabling differentiation
from the adjacent viable bone.

51.4 Differential Diagnosis

The differential diagnosis for bisphosphonate-

induced osteonecrosis of the jaw includes osteo-

radionecrosis, neuralgia-inducing cavitational
osteonecrosis, osteomyelitis, bone metastases,
and primary bone tumors (osteosarcoma).

* Osteoradionecrosis: There is always an accom-
panying clinical history of radiation therapy to
the oral cavity. Osteoradionecrosis causes an
increase in the marrow space which is filled
with necrotic tissue, followed by bony seques-
tration demonstrating a typical moth-eaten
appearance. Furthermore, osteoradionecrosis
may present with ill-defined regions of cortical
thickening and sclerosis, loss of trabeculation,
soft tissue edema, and pathologic fractures
(Fig. 51.4).



51 Bisphosphonates 355

Fig. 51.4 Osteoradionecrosis. Axial (a) and coronal (b) irregular lucency and sclerosis in a patient who received
CT images show fragmentation of the lingual cortex of the  radiation therapy for a right tonsillar squamous cell cancer
right mandible body (arrows) associated with surrounding  several years before

Fig.51.5 Squamous cell carcinoma. Axial CT images in  tissue mass (arrow) in the anterior right oral cavity that
soft tissue (a) and bone (b) windows show a bulky soft erodes into the adjacent mandible (arrowheads)

* Squamous cell carcinoma: On head and neck agement. An associated soft tissue mass is
cancer patients, new or recurrent tumor may often apparent on imaging (Fig. 51.5), which
be a consideration when a mandibular lesion is otherwise unusual for BRONJ.

is identified on imaging. The presence of man- ¢ Neuralgia-inducing cavitational osteonecrosis:
dibular involvement affects staging and man- There is dissolution of the alveolar medullary
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bone with subsequent loosening and loss of
teeth. Patients typically present with severe
atypical facial pain or trigeminal neuralgia.
CT can demonstrate lucency of the affected
bone with irregular borders (Fig. 51.6).

* Osteomyelitis: An acute presentation with
constitutional symptoms suggests suppura-
tive osteomyelitis. However, it can be dif-
ficult to differentiate chronic osteomyelitis
of the jaw from BRONIJ on imaging, since
there is often considerable overlap between
these entities. Abnormal enhancement on
contrast-enhanced T1-weighted images
secondary to soft tissue inflammation and
edema is common in both BRONJ and
osteomyelitis. The bone marrow in osteo-
myelitis frequently demonstrates low signal
intensity on T1-weighted images and high
signal intensity on T2-weighted images,
with the bony sequestrum identified by low
signal intensity on both T1-weighted and
T2-weighted images. In addition, there is
often an accompanying periosteal reac-
tion with reactive bone formation as well
as regions of diffuse osteolytic destruction.
Nuclear medicine studies, including In-111
can be useful for differentiating infection
from BRONJ, in which osteomyelitis will
demonstrate increased uptake of radiola-
belled white blood cells, while BRONIJ typi-
cally will not (Fig. 51.7).

* Metastases: Primary tumors most likely to
cause bony metastases include the breast, kid-
ney, prostate, lung, and stomach, with metas-
tases most frequently found at the mandible.
Imaging findings include focal or diffuse areas
of bone destruction and elevated radiotracer
uptake on bone scan (Fig. 51.8). There may be
multiple lesions and accompanying lymph-
adenopathy. However, the development of 2 Fig. 51.6 Cavitation necrosis. Coronal (a) and axial (b)

bony sequestrum or the presence of exposed ¢t images show air within a defect that extends from the
areas of bone is uncommon. overlying skin to the marrow of the left mandibular bone

* Osteosarcoma: Osteosarcoma can develop —graft (arrows)
many years after radiation therapy has been
administered to the head and neck and typi- sclerosis, and soft tissue components on CT
cally appears as an aggressive lesion with (Fig. 51.9). The tumors are often accompa-
moth-eaten or permeative borders, irregular nied by prominent periosteal reaction.
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Fig.51.7 Osteomyelitis. Axial CT image (a) shows lytic  oblique view (b) shows uptake in the corresponding
foci with erosion of the overlying left mandibular cortex  region of the left mandible (arrow)
(arrows). In-111 tagged white blood cell exam, left lateral

Fig. 51.8 Metastasis. Axial CT image (a) show a lytic elevated radiotracer uptake in the lesion (arrow) and
lesion within the left mandible body with associated another metastasis involving the C7 vertebra
defects in the cortex (arrow). The bone scan (b) shows (arrowhead)
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Fig. 51.9 Radiation-induced osteosarcoma. Axial CT
images in bone (a) and soft tissue (b) windows show an
irregular osteoblastic mass (arrow) with an ill-defined soft

Suggested Reading

Arce K, Assael LA, Weissman JL, Markiewicz MR.
Imaging findings in bisphosphonate-related osteone-
crosis of jaws. J Oral Maxillofac Surg. 2009;67:
75-84.

Ariji Y, Ariji E. Role of magnetic resonance imaging in
diagnosis of bisphosphonate-related osteonecrosis of
the jaw. Oral Radiol. 2013;29:111-20.

Durie BG, Katz M, Crowley J. Osteonecrosis of the jaw
and bisphosphonates. N Engl J Med. 2005;353:
99-102.

Garcia-Ferrer L, Bagan JV, Martinez-Sanjuan V,
Hernandez-Bazan S, Garcia R, Jimenez-Soriano Y,
et al. MRI of mandibular osteonecrosis secondary to
bisphosphonates. AJR Am J Roentgenol. 2008;190:
949-55.

Gill SB, Valencia MP, Sabino ML, Heideman GM, Michel
MA. Bisphosphonate-related osteonecrosis of the
mandible and maxilla: clinical and imaging features. J
Comput Assist Tomogr. 2009;33:449-54.

tissue component (arrowheads) arising from the left man-
dibular ramus

Krishnan A, Arslanoglu A, Yildirm N, Silbergleit R,
Aygun N. Imaging findings of bisphosphonate-related
osteonecrosis of the jaw with emphasis on early mag-
netic resonance imaging findings. J Comput Assist
Tomogr. 2009;33:298-304.

Morag Y, Morag-Hezroni M, Jamadar DA, Ward BB,
Jacobson JA, Zwetchkenbaum SR, et al.
Bisphosphonate-related osteonecrosis of the jaw: a
pictorial review. Radiographics. 2009;29:1971-84.

Phal PM, Myall RWT, Assael LA, Weissman JL. Imaging
findings of bisphosphonate-associated osteonecrosis
of the jaws. AJNR Am J Neuroradiol. 2007;28:
1139-45.

Reszka AA, Rodan GA. Mechanism of action of
bisphosphonates. Curr Osteoporos Rep. 2003;1:45-52.

Reszka  AA, Rodan GA. Nitrogen-containing
bisphosphonate mechanism of action. Mini Rev Med
Chem. 2004;4:711-9.

Van den Wyngaert T, Huizing MT, Fossion E, Vermorken
JB. Prognostic value of bone scintigraphy in cancer
patients with osteonecrosis of the jaw. Clin Nucl Med.
2011;36(1):17-20.



Recombinant Human Bone
Morphogenetic Protein

52

Marianne S. Reed, Jason M. Johnson,
and Daniel Thomas Ginat

52.1 Uses

Bone morphogenetic proteins (BMPs) are a group
of growth factors that induce the differentiation of
osteoprogenitor cells into osteoblasts and stimu-
late the formation of new bone in areas requiring
repair. Recombinant human BMP (thBMP) is
sometimes used in spinal fusion surgery and in the
treatment of nonunion in long bone fractures
where the formation of new bone is desired.

52.2 Mechanism

BMPs are members of the transforming growth
factor-B superfamily, which exist within bone
matrix and act locally as growth and differentia-
tion factors by binding to receptors on the surface
of mesenchymal stem cells and causing a cascade
of events that leads to their differentiation into
bone- and cartilage-forming cells. In this important
role, they regulate bone volume and initiate heal-
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ing after a fracture through pleiotropic effects on
chemotaxis, mitosis, differentiation, extracellular
matrix production, and apoptosis. BMPs can now
be manufactured in large quantities through the
use of recombinant genetic methods.

52.3 Discussion

There are two commercially available thBMP
products available, one of which has been
approved by the FDA for anterior fusion of the
lumbar spine and the other for the treatment of
long bone fractures. thBMP is applied to the
operative site via a collagen sponge in combina-
tion with bone graft and/or interbody fusion
devices. The addition of thBMP promotes osse-
ous fusion at a faster rate than with bone grafts
alone. However, rhBMP influences all phases of
the bone healing process, including both osteoly-
sis and bone formation (Fig. 52.1). Initially, there
can be an intense early inflammatory phases
resulting in edema, swelling, and abnormal
enhancement. Osteolysis at the vertebral end-
plate is a common finding on postoperative imag-
ing following spinal surgery with rhBMP,
occurring in up to 100 % of cases in the cervical
spine and over 80 % of cases in the lumbar spine.
On radiographs and CT, this can manifest as cor-
tical irregularities and well-defined lucencies at
the vertebral endplates. Endplate resorption can
be radiographically evident as early as 1.5 months
following surgery and typically resolves by
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Fig. 52.1 rhBMP-induced osteolysis and heterotopic
bone formation. Initial postoperative sagittal CT image
(a) shows unremarkable vertebral bodies adjacent to the
intervertebral disc spacers. Follow-up sagittal CT image

9 months. On MRI, this process can demonstrate
extensive vertebral bone marrow and disc space
signal abnormality and paravertebral soft tissue
swelling. The occurrence of heterotopic bone for-
mation is most common in the lumbar spine,
particularly in association with polyetheretherk-
etone cage inserted using a transforaminal
approach. The clinical significance of the ectopic
bone growth has not been fully elucidated, as
patients were often asymptomatic. CT findings
include bony osteophytes extending into the spi-
nal canal or neural foramina, while MRI can fur-
ther delineate neural or thecal sac compression.

52.4 Differential Diagnosis

Imaging findings following spinal fusion surgery in
which thBMP is used include heterotopic bone for-
mation, bone resorption/osteolysis, cage migration,

(b) shows interval heterotopic bone formation posterior to
the upper intervertebral disc spacer (arrow) and vertebral
body cortical irregularity and endplate lucencies adjacent
to the lower spacer (arrowheads)

and soft tissue inflammation. A history of spinal
surgery in which thBMP has been utilized and
comparison with preoperative imaging studies are
most helpful in assessing the presence of these
findings and determining if findings warrant fur-
ther investigation or are part of the expected post-
operative course. The differential diagnosis for
rhBMP-induced osteolysis includes Schmorl’s
node, interbody spacer subsidence, fracture, post-
operative discitis/osteomyelitis, and lytic tumor
(Fig. 52.2). On the other hand, the differential
diagnosis for heterotopic bone formation with
rhBMP includes graft migration or extrusion, adja-
cent level degenerative changes, calcified disc her-
niation, myositis ossificans, and osteoblastic tumor
(Fig. 52.3).
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Fig.52.2 Postoperative subsidence and fracture. Sagittal
CT image shows a vertebral body fracture at one operated
level (arrow) and subsidence of the interbody spacer
device into the adjacent vertebral body at another level
(arrowheads) in an osteopenic patient

Fig. 52.3 Postoperative
Sagittal CT image shows endplate sclerosis (arrow) and
uncovertebral osteophytosis (arrowhead)

degenerative  spondylosis.
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53.1 Uses

Isotretinoin is a synthetic form of vitamin A that
has been used in the United States since 1983
mainly for the treatment of severe cystic acne.
Long-term therapy with low-dose isotretinoin
has also been used for prevention of basal cell
carcinoma and treatment of cutaneous T-cell
lymphomas, and all-trans-retinoic acid (ATRA)
has been used in patients with acute promyelo-
cytic leukemia (APL).

53.2 Mechanism

Retinoids promote skin cell turnover prompt-
ing new cell growth and hamper the breakdown
of collagen. In addition, they normalize abnor-
mal keratinocyte growth and differentiation.
Furthermore, they inhibit various immune factors
including leukocyte activity, proinflammatory
cytokines, and immunomodulatory transcrip-
tion factors. These effects are exerted by nuclear
receptor interaction and gene activation. Retinoic
acid also appears to promote the proliferation
of chondrocytes and endochondral ossification
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in the anterior longitudinal ligaments and the
epiphyseal region of the vertebral bodies leading
to radiologic manifestations.

53.3 Discussion

Hyperostosis associated with retinoic acid con-
sists of focal calcification or ossification of the
anterior longitudinal ligament, which initially
appears as elongation of the corner of a vertebral
body, resulting in a “pointed” rather than a normal
“squared” appearance, mainly occurring at the
anterosuperior and anteroinferior margins of the
cervical vertebrae. There can also be milder
“pointing” of the anterior and posterior margins
of vertebral bodies and facets. Over time, the
hyperostosis can enlarge and fuse across adjacent
vertebrae (Fig. 53.1). The thoracic and lumbar
spines tend to be less extensively affected.
Occasionally, there can also be sacroiliac involve-
ment, which manifests as bilateral ossification of
the inferior margins of the ventral sacroiliac liga-
ments. Patients with retinoic acid-induced hyper-
ostosis are usually asymptomatic, but can
experience dysphagia from extensive anterior lon-
gitudinal ligament involvement or spinal canal
stenosis from extensive posterior longitudinal
ligament involvement.

ATRA has been implicated as a cause of dif-
ferentiation syndrome (previously known as reti-
noic acid syndrome) in patients with acute
promyelocytic leukemia, which consists of
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Fig. 53.1 Hyperostosis in a patient with long-term reti-
noid therapy. Lateral radiograph of the cervical spine
shows multilevel flowing ossification in the distribution of
the anterior longitudinal ligament (arrows)

differentiation of leukemic blasts and promyelo-
cytes that leads to cellular migration, endothelial
activation, and release of interleukins and vascu-
lar factors responsible for tissue damage. This
syndrome may consist of unexplained fever,
weight gain, dyspnea with pulmonary infiltrates,
pleuropericardial effusion, hypotension, and
renal failure, and may present shortly after start-
ing ATRA. There can also be pseudotumor cere-
bri and intracranial, subhyoid, or retinal
hemorrhage. Administration of steroids can alle-
viate the differential syndrome.

Retinoic acid is also a teratogen that results in
a constellation of congenital anomalies, most
commonly the central nervous system and car-
diovascular system. The central nervous system
anomalies include microcephaly and hydroceph-
alus. Microtia or anotia is another frequent
complication.

Fig. 53.2 Diffuse idiopathic skeletal hypertrophy and
ossification of the posterior longitudinal ligament. Sagittal
CT shows flowing ossification along the anterior aspect of
the entire cervical spine (arrows), as well as ossification
of the posterior longitudinal ligament (arrowheads)

53.4 Differential Diagnosis

Early cervical hyperostotic changes consist of
pointing of the anteroinferior margins of the ver-
tebral bodies (unlike the hyperostoses found in
diffuse idiopathic skeletal hyperostosis (DISH)),
while later changes resemble the typical hyperos-
toses of DISH, and both conditions can be associ-
ated with ossification of the posterior longitudinal
ligament (Fig. 53.2). Furthermore, patients with
DISH often have relatively high levels of vitamin
A. Other differential considerations for multilevel
hyperostosis of the spine may include degenera-
tive spondylosis and ankylosing spondylitis.
Degenerative spondylosis is associated with
increased age and includes the constellation of
disc space narrowing, vacuum phenomenon, disc
desiccation, vertebral osteophyte formation, disc
herniation, and facet arthrosis (Fig. 53.3).
Ankylosing spondylitis is an inflammatory pro-
cess related to HLA-B27 positivity. The hallmark
features include erosions and fusion of the sacro-
iliac joints and enthesitis at the edges of the
discovertebral joints resulting in syndesmophyte
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Fig. 53.3 Degenerative spondylosis. Sagittal CT shows
multiple disc-osteophyte complexes (arrowheads), a calci-
fied disc (arrow), and facet joint arthropathy (curved arrow)

Figure 53.4 Ankylosing spondylitis. Sagittal CT myelo-
gram shows syndesmophytes with multilevel fusion of the
cervical vertebrae (arrowheads) and a vertebral fracture
(arrows) with associated spinal canal stenosis, presum-
ably related to hemorrhage

development. Syndesmophytes start as thin verti-
cally oriented projections of the bone that develop
due to ossification within the outer fibers of the
annulus fibrosus of the intervertebral disc. The
cervical spine is less commonly involved than the
lumbosacral spine, but can also have the charac-
teristic bamboo spine appearance when multiple
vertebral bodies are fused (Fig. 53.4). Patients
with ankylosing spondylitis are also particularly
susceptible to vertebral fractures.
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54.3 Discussion

Topical prostaglandin analogue drops such as
latanoprost and bimatoprost are considered
potent agents for reducing intraocular pressure
associated with glaucoma.

54.2 Mechanism

Prostaglandin receptors and associated mRNAs
are present in the trabecular meshwork, ciliary
muscle, and sclera. Prostaglandin analogues
(latanoprost acid, travoprost acid, tafluprost acid,
bimatoprost, bimatoprost acid, and unoprostone)
result in a considerable increase in uveoscleral
outflow and may also improve trabecular outflow
and stimulate aqueous flow. Prostaglandin ana-
logues also have the potential to inhibit adipo-
genesis through prostaglandin F (FP) receptor
stimulation.
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Chronic topical prostaglandin use for the treatment
of glaucoma has been associated with the develop-
ment of periorbitopathy. Prostaglandin-associated
periorbitopathy consists of enophthalmos associ-
ated with the atrophy of orbital and periorbital fat.
The incidence of prostaglandin-associated perior-
bitopathy is in the range of 70 to over 90 %,
depending upon the particular agent. The loss of
the periorbital fat pad is the first sign of prostaglan-
din-associated periorbitopathy, especially in older
patients. CT or MRI can be used to demonstrate the
diffusely decreased orbital and periorbital fat vol-
ume in the absence of inflammatory changes. This
finding is particularly conspicuous if the process is
unilateral (Fig. 54.1). Imaging is also of utility in
order to exclude other conditions that may result in
enophthalmos. Prostaglandin-associated periorbi-
topathy has cosmetic implications and can render
the task of measuring intraocular pressure difficult.
Some cases improve with discontinuation of the
prostaglandin.

54.4 Differential Diagnosis

The differential diagnosis for an adult patient
who presents with enophthalmos includes
orbital blow-out fracture, silent sinus syndrome,
scirrhous breast carcinoma metastases, local-
ized scleroderma, and postirradiation atrophy.
For example, orbital blow-out fractures can
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Fig. 54.1 Prostaglandin-associated periorbitopathy. The
patient has a history of the left eye only Lumigan use for
a number of years and had left enophthalmos along with
superior sulcus deformity due to the loss of orbital fat.
Axial T2-weighted (a) and sagittal T1-weighted (b) MR

lead to enophthalmos when there is persistent
orbital fat herniation through orbital wall
defects or persistently displaced fracture frag-
ments that lead to orbital cavity expansion
(Fig. 54.2). While a history of trauma may be
given, patients may not always recall this. Silent
sinus syndrome consists of enophthalmos sec-
ondary to orbital vault expansion associated
with atelectasis of the ipsilateral maxillary

images show left-sided enophthalmos with a deep supe-
rior sulcus (arrow) due to diffusely diminished orbital and
periorbital fat. The patient’s unaffected right eye is shown
on the sagittal T1-weighted image for comparison (c)

sinus. It can also develop after orbital trauma
that damages the ostiomeatal complex. The
maxillary sinus is often completely opacified,
and the infundibulum is collapsed (Fig. 54.3).
Scirrhous breast carcinoma metastases to the
orbit can lead to retraction of the globes rather
than proptosis due to desmoplastic fibrosis.
These metastases can appear as infiltrative
enhancing lesions (Fig. 54.4).
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Fig.54.2 Orbital blow-out fracture. Axial CT image (a) outward displacement of the inferior and medial orbital
shows mild right enophthalmos and medial bowing of the = walls (arrows) and a relatively voluminous right orbital
right lamina papyracea. The coronal CT image (b) shows cavity

<
<

Fig.54.3 Silent sinus syndrome. Axial post-contrast fat-
suppressed T1-weighted MRI (a) shows left enophthal-
mos. The coronal fat-suppressed T2-weighted MRI (b)
shows that the left maxillary sinus is relatively small in
size and filled with secretions (arrow)
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Fig.54.4 Scirrhous breast metastases. Axial T1-weighted
(a) and fat-suppressed post-contrast T1-weighted (b) MR
images show retraction of the bilateral globes and
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55.1 Uses

Systemic and topical nasal decongestants are
widely used for the management of acute and, in
certain cases, chronic rhinosinusitis. Specific
decongestant agents include ephedrine, phenyl-
ephrine, and phenylpropanolamine, among
others.

55.2 Mechanism

Nasal decongestant agents contain substances
that have sympathomimetic effects by acting
upon epinephrine, norepinephrine, or alpha-
adrenergic receptors, which results in vasocon-
striction. However, overuse of these nasal
decongestant agents can result in rebound
congestion, nasal hyperreactivity, tolerance,
and histologic changes of the nasal mucosa,
which is a phenomenon known as rhinitis
medicamentosa.
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55.3 Discussion

Rhinitis medicamentosa is characterized by
nasociliary loss, squamous cell metaplasia, epi-
thelial edema, epithelial cell denudation, goblet
cell hyperplasia, increased expression of the
epidermal growth factor receptor, and inflam-
matory cell infiltration. Thus, on imaging, these
changes are frequently characterized by diffuse
swelling of the nasal mucosa, particularly in the
inferior turbinates (Fig. 55.1). The findings may
subside with cessation of the vasoconstrictive
nasal decongestants and administration of ste-
roids. Besides nasal decongestants, other phar-
maceuticals may be associated with rhinitis
medicamentosa, including oral beta-adrenocep-
tor antagonists, antipsychotics, oral contracep-
tives, and antihypertensive medications.

55.4 Differential Diagnosis

Allergic and infectious rhinitis can also lead to
swelling of the nasal mucosa and secretions
within the nasal cavity and can have similar
appearances on CT (Fig. 55.2). The distinction
between allergic or infectious rhinitis and rhinitis
medicamentosa depends on the clinical scenario.
Unilateral enlargement of the nasal turbinate
mucosa can occur naturally during the process of
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Fig.55.1 Rhinitis medicamentosa. Axial (a) and coronal (b) CT images show marked mucosal thickening of the bilat-
eral inferior turbinates (arrows), with resultant nasal airway obstruction

Fig. 55.2 Allergic hypertrophic rhinitis. Coronal CT
image shows swelling of the bilateral inferior turbinate
mucosa. There are also bilateral concha bullosa, which are
partially opacified

the nasal cycle (Fig. 55.3), in which there is alter-
nating turgescence of the mucosa on one side
versus the other. Although the middle turbinate
can appear enlarged with concha bullosa, it is a
developmental variant that affects the bony anat-
omy rather than the mucosa. The pneumatized
middle turbinates are readily identified on CT
(Fig. 55.4). Other potential mimics of turbinate
hypertrophy are various nasal cavity neoplasms,
including recurrent tumors that occupy the space
of resected turbinates (Fig. 55.5).
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Fig. 55.3 Coronal CT image (a) shows relative enlarge-  (b) obtained 2 weeks later in the same patient now shows
ment of the left inferior and middle turbinate mucosa relative enlargement of the right inferior and middle turbi-
(arrows) with respect to the right side. Coronal CT image  nate mucosa (arrows) with respect to the left side

Fig. 55.4 Concha bullosa. Coronal CT image shows a

large left and smaller right pneumatized middle turbinates

with associated nasal septal deviation. The nasal cavity  Fjg, 55,5 Recurrent nasal melanoma. Coronal post-

mucosa is not thickened contrast CT image shows an enhancing mass (arrow) in
the left nasal cavity, which occupies the site of the previ-
ously resected left inferior and middle turbinates
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Acetominophen
COX-2 inhibitor, 341
Creutzfeldt-Jakob disease, 343, 345
cytochrome P-450, 341
diffuse cerebral edema, 341, 342
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seizure activity, 343, 344
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acute upon chronic intracranial hemorrhage, 19
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alcohol-related cancers, 24
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brain atrophy, 28
cerebral atrophy, 22
chronic hepatic encephalopathy, 23
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fetal alcohol syndrome, 28, 33
hepatic encephalopathy, 17
hepatocellular carcinoma metastases, 33
lipoma, 30
Marchiafava-Bignami disease, 1517
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oral cavity squamous cell carcinoma, 31
oropharynx squamous cell carcinoma, 32
osmotic demyelination, 20, 24
shear injury, 18
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sialosis, 24
Sjogren disease, 30
traumatic brain injury and hemorrhage, 16
uses, 15
violent behavior, 16
Wernicke encephalopathy, 20-21
American Association of Oral and Maxillofacial
Surgeons (AAOMS)
Amphetamines
complications, 59
differential diagnosis
acute hypertensive encephalopathy, 67
PRES, 63, 66
primary CNS angiitis, 63, 65
RCVS, 60, 63, 64
secondary CNS vasculitis, 63
hemorrhage, 61
leukoencephalopathy, 61
mechanism, 59
uses, 59
vasospasm and infarction, 62
Amyloid angiopathy, 243, 244, 253, 261-262
Aneurysmal intracranial hemorrhage, 44, 45
Aneurysmal rupture, 89
Angiotensin converting enzyme (ACE) inhibitors
differential diagnosis
longus colli calcific tendonitis, 304, 306
microcystic venolymphatic malformation,
304, 307
radiation-induced pharyngeal mucosal edema,
304, 308
retropharyngeal abscess, 56, 304, 306
diffuse inhibitor angioedema, 303, 304
mechanism, 303
peritonsillar edema, 303, 305
uses, 303
Arachnoiditis, 153, 255
Areca nut (Areca catechu), 79
Aspirin
differential diagnosis
amyloid angiopathy, 243, 244
hemorrhagic metastasis, 243, 245
inverted papilloma, 244, 246
ruptured arteriovenous malformation, 243, 244
sinonasal melanoma, 244, 246
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Aspirin (cont.)
intraparenchymal hematoma, 242
mechanism, 241-242
nasal polyps, 243
uses, 241

B
Barotrauma, 44
Betel leaf (Piper betle), 79
Betel nuts
differential diagnosis, 80-81
inflammatory lymph nodes, 80, 81
mechanism, 79-80
oral squamous cell carcinoma, 80
uses, 79
Bevacizumab
differential diagnosis, 125, 129
mechanism, 123
posterior reversible encephalopathy syndrome, 128
pseudoresponse, 123—125
stroke-like lesions, 123, 126—-127
uses, 123
Bisphosphonate-related osteonecrosis of the jaw
(BRONJ)
AppCCl2p, 351
bone-within-a-bone appearance, 352, 353
clinical diagnosis, 352
differential diagnosis
metastases, 356, 357
neuralgia-inducing cavitational osteonecrosis,
355-356
osteomyelitis, 356, 357
osteoradionecrosis, 354, 355
osteosarcoma, 356, 358
squamous cell carcinoma, 355
FPP synthase, 351
incidence, 352
left maxillary sinus wall and alveolus, 352, 354
management strategy, 352
nuclear medicine studies, 354
pathological fracture, 352, 353
prevalence, 352
surgical resection/debridement, 352
T2-weighted and STIR images, 353-354
uses, 351
Bone morphogenetic proteins (BMPs)
long bone fractures, 359
lumbar spine, 359-360
mechanism, 359
osteolysis and bone formation, 359, 360
postoperative degenerative spondylosis, 360, 361
postoperative subsidence and fracture, 360, 361
uses, 359
Bromocriptine
chiasmal herniation, 189, 191
cystic change, 189, 192
differential diagnosis
apoplexy, 194, 195
Rathke cleft cyst, 194, 196

hyperprolactinemia, 189

intratumoral hemorrhage, 189, 193-194
mechanism, 189

tumor shrinkage, 189, 190

uses, 189

C
Cabergoline
chiasmal herniation, 189, 191
cystic change, 189, 192
differential diagnosis
apoplexy, 194, 195
Rathke cleft cyst, 194, 196
hyperprolactinemia, 189
intratumoral hemorrhage, 189, 193-194
mechanism, 189
tumor shrinkage, 189, 190
uses, 189
Calcineurin inhibitors (CNI)
differential diagnosis, 181-186
mechanism, 177
neurotoxicity, 177
PRES (see Posterior reversible encephalopathy
syndrome (PRES))
PTLD (see Posttransplantation lymphoproliferative
disorder (PTLD))
uses, 177
Cannabis
differential diagnosis
aneurysmal rupture and secondary
vasospasm, 43—44
cervical emphysema, 45-46
CNS vasculitis, 44-45
lupus vasculitis, 45, 46
migrainous angiitis, 44
pneumorachis, 45
mechanism, 41
reversible cerebral vasoconstriction
syndrome, 41-42
uses, 41
Carmustine
carmustine Gliadel wafers, 137-139
differential diagnosis
dystrophic mineralization, 142
gliasite device, 143
Ommaya reservoir, 143
postoperative hemorrhage, 141
mechanism, 137
recurrent tumor, 140
uses, 137
Catheter-related venous thrombosis, 165, 167
Centella asiatica
differential diagnosis
aneurysmal rupture and secondary
vasospasm, 89
CNS vasculitis, 89
lupus vasculitis, 90
migrainous angiitis, 89
postpartum cerebral angiopathy, 89
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mechanism, 87
RVCS, 87, 88
uses, 87
Cerebral atrophy, alcohol, 22
Cerebral venous sinus thrombosis (CVT), 163, 164
Cerebrovascular reserve (CVR), 309
Chiasmal herniation, 189, 191
Chronic hepatic encephalopathy, 23
Chronic inflammatory demyelinating polyneuropathy
(CIDP), 338, 339
Clopidogrel. See Aspirin
CNI. See Calcineurin inhibitors (CNI)
Cockayne syndrome, 293, 295
Concha bullosa, 372-373
Cord sign, 329
Coumadin. See Warfarin
Crack and cocaine
angiography, 50
cerebral infarcts, 49
cocaine-induced vasculitis, 53
crack cocaine, 50
differential diagnosis
dacryocystitis, 54, 56
fetal cocaine exposure, 55
hypopharyngeal burn injury, 56
hypopharyngeal squamous cell
carcinoma, 56
iatrogenic septal perforation, 55
intracranial hemorrhage, 53-54
perforated nasal septum, 54
retropharyngeal abscess, 56
sinonasal Wegener’s granulomatosis, 55
vasculitis, 54
hypertensive hemorrhage, 50
hypothalamic hemorrhage, 51
ischemia, 52
ischemic leukoencephalopathy, 50, 53
ischemic strokes, 49
maternal cocaine, 50-51
mechanism, 49
nasal septal perforation, 50
neurological complications, 49
uses, 49
Creutzfeldt-Jakob disease, 343, 345
Crouzon syndrome, 253, 255
CVT. See Cerebral venous sinus thrombosis (CVT)
Cytarabine/Cytosar-U/Cytosine arabinoside.
See High-dose Ara-C (HiDAC)

D
Dacryocystitis, 54, 56
Decongestants. See Nasal decongestants
Depakote. See Valproic Acid
Depocyt. See High-dose Ara-C (HiDAC)
Diamox. See Acetazolamide
Diffusion-weighted (DWI) sequences, 330, 341, 343
Dilantin
alcoholic encephalopathy, 216
calvarial thickening

incidence of, 214, 216

Paget’s disease, 217
central nervous system, 213
cerebellar atrophy, 213-214, 216
fetal hydantoin syndrome, 214, 217-218
mechanism, 213
multiple system atrophy, 216-217
neurological effect of, 214
paraneoplastic syndromes, 216
signs and symptoms, 214
splenial lesions, 213-215
Susac’s disease, 217
uses, 213

Dostinex. See Cabergoline

E
Elspar/Erwinase. See L-Asparaginase (L-Asp)
Embolic agents
coil embolization, 234, 237
differential diagnosis
aneurysm clip, 234, 238
atheroembolus, 234, 237
bullet embolization, 234, 238
tumor cysts, 234, 239
vascular malformation calcifications, 234, 238
Gelfoam, 233, 234
mechanism, 231-232
nBCA, 231, 232
Onyx, 231-233
PVA, 233,235
tumor necrosis, 234, 236
uses, 231
Embolic infarct, 2
Empty delta sign, 329, 330
Encephalopathy, 150, 153
Endoscopic ultrasound, alcohol, 25
Esophageal squamous cell carcinoma, 32, 33
Extracorporeal membrane oxygenation (ECMO), 258

F
Facial fillers
Bio-Alcamid gels, 313, 314
calcium hydroxyapatite component, 313, 314
collagen and hyaluronic acid, 314, 315, 316
CT attenuation and MRI signal characteristics,
313-315
differential diagnosis
epidermal inclusion cysts, 315, 317
hematomas, 315, 317
lymphatic malformations, 315, 316
pilomatrixomas, 315, 317
skin and vascular calcifications, 314, 316
hypermetabolism, 313, 314
mechanism, 313
silicone oil, 314, 316
uses, 313
Fahr disease, 153, 157
Fetal alcohol syndrome, 28, 33
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Fetal cocaine exposure, 55
Fetal hydantoin syndrome, 214, 217-218
Fetal warfarin syndrome, 251, 253
Flagyl. See Metronidazole
FLAIR sequences, 330, 341
5-Fluorouracil (5-FU)
differential diagnosis, 159
leukoencephalopathy, 159-161
mechanism, 159
uses, 159

G
Gadolinium-based contrast agents (GBCA)
biodistribution, 106
chronic accumulation, 108
complication, 108
CT examinations, 108
differential diagnosis
blood products, 109
lipid, 110
mechanism, 105
meningioma, 107
metastatic disease, 106
MRI, 107
nephrogenic systemic fibrosis, 108
uses, 105
Gelfoam, 231-234
Gradient echo (GRE) sequences, 330
Guillain-Barre disease, 337, 338

H
HAART. See Highly active antiretroviral therapy
(HAART)
Hemorrhage, 16
Heparin-induced thrombocytopenia (HIT)
concurrent anticoagulation and metastatic
disease, 258, 259
diagnosis of, 259
differential diagnosis, 260
ECMO-associated hemorrhage, 258, 259
intraparenchymal hemorrhage, 258
mechanism, 257-258
nonhemorrhagic side effects, 257
sinus thrombosis, 259
subdural hematomas, 258
uses, 257
Hepatic encephalopathy, 17
Hepatocellular carcinoma metastases, 33
1,2,3,4,5,6-Hexanehexol. See Mannitol
High-dose Ara-C (HiDAC)
acute myelogenous leukemia, 282
anemia, 282, 283
bone marrow necrosis, 281-282
irradiated bone marrow, 282, 283
mechanism, 281
uses, 281
Highly active antiretroviral therapy (HAART)
differential diagnosis, 207-211
IRIS (see IRIS)

HIT. See Heparin-induced thrombocytopenia (HIT)

mechanism, 203
uses, 203

Hyperprolactinemia, 189
Hypertonic saline

differential diagnosis
glioma, 273, 275
infarct, 271, 274
microangiopathy, 273
viral encephalitis, 273, 275
mechanism, 271

osmotic demyelination syndrome, 271-273

uses, 271

Hypopharyngeal burn injury, 56

Hypopharyngeal squamous cell carcinoma, 56

Hypoxic injury, 37

I

Iatrogenic septal perforation, 55
Inflammatory lymph nodes, 80, 81
Insulin

acute hypoglycemic lesions, 289
differential diagnosis
carbon monoxide poisoning, 290, 292
hypoxic brain injury, 290
diffusion-weighted imaging, 290
hypoglycemic encephalopathy, 290, 291
mechanism, 289
uses, 289

Intracranial hemorrhage, 53-54
Iodinated contrast agents

acute ischemia, 98
arteriovenous malformation, 97
carboxyl group, 95

cerebral abscess, 96

contrast agent-related nephropathy, 100, 102

CT
cisternogram, 100
myelogram, 100
ventriculogram, 101
differential diagnosis, 101, 103
lesions, 96
mechanism, 95
meningioma, 97
monionic low osmolar agents, 99
uses, 95
venous sinus thrombosis, 99

Ipilimumab

concomitant hypopituitarism, 169

differential diagnosis
germinoma, 171-173
IgG4-induced hypophysitis, 170, 172
lymphoma, 173, 174
melanoma metastases, 170, 172
meningioma, 172, 174
metastatic melanoma, 169-171
pituitary adenoma, 171, 173

hypophysitis, 169-171

mechanism, 169

uses, 169
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IRIS

CNS, 203

diagnosis of, 203

differential diagnosis
cryptococcal meningitis, 208, 211
JC virus PML, 207, 208
Mycobacterium tuberculosis, 207
toxoplasmosis, 207-209
tuberculosis, 208, 210-211

neuroimaging features, 203, 207

parenchymal abnormalities, 203-207

stem cell transplantation, 203

L
L-Asparaginase (L-Asp)
acute lymphoblastic leukemia, 163—-165
CVT, 163
diagnostic test, 164
differential diagnosis
androgens, 165
cisplatin, 165
drug-induced etiology, 165
OCP, 165
tamoxifen, 165
Erwinia chrysanthemi, 163
mechanism, 163
treatment of, 164—165
uses, 163
Leigh’s disease, 38-39
Leptomeningeal carcinomatosis, 265, 267
Leptomeningeal lymphoma, 153, 156
Leukoencephalopathy, 159-161
Licorice
complications, 83
differential diagnosis, 85
mechanism, 83
PRES, 83-85
uses, 83
Limbic encephalitis, 77
Lipoma, 30
Low-molecular-weight heparins (LMWHs), 257
Lung cancer, 6
Lupus vasculitis, 46, 90

M
Manganese, total parenteral nutrition
Cockayne syndrome, 293, 295
mechanism, 293
neurodegenerative Langerhans cell histiocytosis,
293,296
neurofibromatosis type 1, 293, 295
pituitary apoplexy, 293, 296
toxicity, 293, 294
uses, 293
Mannitol
differential diagnosis
meningiomas, 278, 280
peritumoral edema, 278, 279
dose of, 277-278

mechanism, 277

sugar alcohol osmotic diuretic, 277

uses, 277
Maple syrup urine disease, 199
Marchiafava-Bignami disease, 15-17
MDX-010. See Lpilimumab
Meningoencephalitis, 263, 265
Metastatic lymph nodes, 81
Methadone, 71
Methanol

bilateral hemorrhagic putaminal necrosis, 35

differential diagnosis, 37-39

emergent management, 35

mechanism, 35

methanol intoxication, 36

uses, 35

Methotrexate

acute/chronic encephalopathy, 145

adhesive arachnoiditis, 147, 149

complication, 147

differential diagnosis
arachnoiditis, 153
Charcot-Marie-Tooth disease, 150, 154
encephalopathy, 147, 153
Fahr disease, 153, 157
leptomeningeal lymphoma, 153, 156

mineralizing microangiopathy, 147, 151, 153

myelopathy, 151, 153
focal brain necrosis, 147, 148, 150, 153
mechanism, 145

methotrexate leukoencephalopathy, 145-147

methotrexate myelopathy, 147, 150
transient acute encephalopathy, 145
uses, 145
Metronidazole
differential diagnosis
brain stem, 197
corpus callosum splenium, 198-200
dentate nuclei, 199, 200
maple syrup urine disease, 199
Wernicke’s encephalopathy, 197
encephalopathy, 197
mechanism, 197, 198
uses, 197
Migrainous angiitis, 44, 89
99mTc-methylene diphosphonate
(99mTc-MDP), 354
Mycobacterium tuberculosis, 207
Myelopathy, 153

N
Nasal decongestants
differential diagnosis
allergic hypertrophic rhinitis, 371-372
concha bullosa, 372-373
middle turbinate mucosa, 372-373
recurrent nasal melanomas, 372-373
mechanism of, 371
rhinitis medicamentosa, 371-372
uses, 371
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Nasopharyngeal carcinoma, 13, 186
n-Butyl Cyanoacrylate (nBCA), 231, 232
Nephrogenic systemic fibrosis (NSF), 108
Nicotine-derived nitrosamine ketone, 6
Nitrous oxide (N,O)
conventional MRI, 91
differential diagnosis
intrathecal chemotherapy-related
myelopathy, 93-94
nitrous oxide myelopathy, 91, 92
spinal cord infarction, 92-93
subacute combined degeneration, 92
vacuolar myelopathy, 93
mechanism, 91
methionine and vitamin B12, 91
myelopathy, 91
RCVS, 91
uses, 91
Nonalcoholic Wernicke encephalopathy, 27

(0]
Onyx, 231-233
Opioids
acute oxycodone intoxication, 73
antimicrobial therapy, 76
central nervous system infections, 75
“chasing the dragon” syndrome, 69
contrast-enhancing MRI, 76
delayed posthypoxic leukoencephalopathy, 71, 74
differential diagnosis, 77-78
heroin-induced hippocampal infarct, 72-73
heroin-induced leukoencephalopathy, 70-71
mechanism, 69
methadone, 71
septic arthritis, 76
Staphylococcus aureus, 73
uses, 69
Oral cavity squamous cell carcinoma, 31
Oral contraceptive agents
anticoagulation, 329
arachnoid granulations, 330, 333
cerebral angiography, 330, 331
cord sign, 329
dehydration and polycythemia, 330, 331
dural sinus hypoplasia/aplasia, 330, 332
empty delta sign, 329, 330
hemorrhage, 330, 334
idiopathic intracranial hypertension, 330, 333
mechanism, 329
MRI artifact, 330-331
T2*/GRE sequences, 330
uses, 329
Oral contraceptive pills (OCP), 165
Oral squamous cell carcinoma, betel nuts, 80
Oropharynx squamous cell carcinoma, 32
Osmotic demyelination syndrome,
20, 24, 271-273
Osteosarcoma metastases, 119, 121

P
Pantopaque
differential diagnosis
bullet and bone fragments, 113, 118
fibrolipoma, 111, 115
leptomeningeal melanoma metastases, 113, 117
ruptured dermoid, 113, 116
intraspinal pantopaque, 112-114
mechanism, 111
MRI, 111
uses, 111
Papillary thyroid carcinoma, 121
Paracetamol. See Acetominophen
Paraneoplastic syndromes, 216
Parlodel. See Bromocriptine
Peritonsillar edema, 303, 305
Phenytoin sodium. See Dilantin
Pneumorachis, 45
Polyvinyl alcohol (PVA) particles, 233, 235
Posterior reversible encephalopathy syndrome
(PRES), 63, 66, 83,91
cyclosporine-induced, 177, 178
differential diagnosis, 181, 183
etiology, 177
incidence of, 177
secondary to high-dose combination, 179, 182, 183
Postpartum cerebral angiopathy, 89
Posttransplantation lymphoproliferative
disorder (PTLD)
CNS, 179-181
differential diagnosis, 184
Epstein-Barr virus infection, 178
hyperplasia and lymphoid neoplasia, 178
incidence of, 178-179
lymphadenopathy, 179
primary CNS lymphoma, 184-186
Waldeyer ring lesions, 179, 181
PRES. See Posterior reversible encephalopathy
syndrome (PRES)
Propofol
differential diagnosis, 349
functions, 347
mechanism, 347
memory effect, 347
subarachnoid cisterns and sulci, 347, 348
uses, 347
PTLD. See Posttransplantation lymphoproliferative
disorder (PTLD)

R
Retinoids
ankylosing spondylitis, 364-365
degenerative spondylosis, 364, 365
diffuse idiopathic skeletal hypertrophy and
ossification, 364
hyperostosis, 363, 364
squared appearance, 363
uses, 363
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Retropharyngeal abscess, 56

Reversible cerebral vasoconstriction syndrome
(RCVS), 61, 63, 87, 88

Reye syndrome, 243

Rhinitis medicamentosa, 371-372

S

Sabril. See Vigabatrin

Septic arthritis, 76

Shear injury, 18

Sheehan syndrome, 194

Short inversion time inversion-recovery (STIR)
images, 353-354

Sialosis, 24

Silent sinus syndrome, 367, 369

Single-photon emission computerized tomog-raphy

(SPECT), 354
Sinonasal Wegener’s granulomatosis, 55
Sjogren disease, 30
Sodium valproate. See Valproic acid
Staphylococcus aureus, 73
Supplemental oxygen
differential diagnosis
CSF pulsation artifact, 267, 269
leptomeningeal carcinomatosis, 265, 267
meningoencephalitis, 263, 265
metal susceptibility artifact, 265, 268
moyamoya, 265, 266
subarachnoid hemorrhage, 263
FLAIR MRI sequences, 263-265
mechanism, 263
uses, 263
Susac’s disease, 217
Susceptibility weighting (SWI), 330
Syndrome of inappropriate antidiuretic hormone
secretion (SIADH)
Synthetic corticosteroids
corticosteroid-associated cerebral atrophy,
320, 322, 325, 326
dorsocervical fat, 320, 322
epidural lipomatosis, 320, 322-323, 326
glucocorticoid therapy, 320, 321
insufficiency fractures, 320, 323, 326
mechanism, 319-320
osteoporosis, 320, 323, 326
steroid-associated infections, 323, 326
uses, 319

T
Temozolamide
differential diagnosis
radiation necrosis, 131, 135
true tumor progression, 131, 134, 136
mechanism, 131
pseudoprogression, 131-133
uses, 131
Thorium dioxide (Thorotrast)

differential diagnosis
osteosarcoma metastases, 119, 121
papillary thyroid carcinoma, 121
surgical clip, 122

extravasated thorotrast, 119

mechanism, 119

uses, 119

Tissue plasminogen activator (tPA)

differential diagnosis, 262
ICH, 261

intracranial hemorrhage, 261
mechanism, 261

parenchymal hemorrhage, 262
uses, 261

Tobacco

brain metastases
nicotine-derived nitrosamine ketone, 6
non-small cell lung cancer brain metastases, 8, 9
small cell lung carcinoma metastasis, 8, 9
cerebral aneurysm
arterial fenestration, 2, 5
differential diagnosis, 4
mycotic aneurysm, 4, 6
cerebral venous thrombosis, 5
HNSCC
dual-energy CT, 5
HPV infection, 5
HPV-positive squamous cell carcinoma, 8
laryngeal squamous cell carcinoma, 7
mouth abscess, 9
nicotine, 5
oral squamous cell carcinoma, 7
manifestation, 1
mechanism, 1
stroke
carotid dissection, 2, 3
cerebral aneurysm, 3, 4
embolic infarct, 2
takayasu arteritis, 3, 4
uses, 1

Topical prostaglandin analogues

latanoprost and bimatoprost, 367

mechanism, 367

orbital blow-out fracture, 367-368, 369
prostaglandin-associated periorbitopathy, 367, 368
scirrhous breast metastases, 368, 370

silent sinus syndrome, 367, 369

Total parenteral nutrition (TPN), manganese

Cockayne syndrome, 293, 295
mechanism, 293
neurodegenerative Langerhans cell
histiocytosis, 293, 296
neurofibromatosis type 1, 293, 295
pituitary apoplexy, 293, 296
toxicity, 293, 294
uses, 293

Toxoplasmosis, 207-209
tPA. See Tissue plasminogen activator (tPA)
Transient global amnesia, 78
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Traumatic brain injury, 16
Triple H therapy
cerebral blood vessel autoregulation, 285, 286
cerebral ischemia, 285
mechanism, 285
uses, 285
vasospasm-associated ischemia, 285, 287
Tumor hemorrhage, 253, 254
Tumor necrosis, 234, 236
Tylenol. See Acetominophen
Type 2 purinergic receptor (P2Y12), 241

\%
Vaccines
ADEM, 335-337
carbohydrate vaccines, 335
CIDP, 338, 339
conjugate vaccines, 335
Guillain-Barre disease, 337, 338
live attenuated vaccines, 335
multiple sclerosis, 337, 338
subunit vaccines, 335
toxoid vaccines, 335
uses, 335
Valproic acid
cleft palate, 219, 220
mechanism, 219
spina bifida, 219, 221
trigonocephaly., 219, 220
uses, 219
Vasculitis, 54
Venous thrombosis, 5, 165, 167
Vigabatrin
differential diagnosis
dentate nuclei, 228
neurofibromatosis type 1, 223, 228
post-ictal thalamic changes, 223, 228

FLAIR/T2 hyperintensity, 223
mechanism, 223
neurotoxicity, 223-227
uses, 223

Viral encephalitis, 37

W
Warfarin
adhesive arachnoiditis, 249, 252
differential diagnosis
adhesive arachnoiditis, 255
amyloid angiopathy, 253
congenital skeletal dysplasias, 253, 254
hemorrhagic neoplasm, 253
hypertension, 253
vascular malformation, 253
facial hemorrhage, 249, 251
fetal warfarin syndrome, 251, 253
intracranial hemorrhage, 249-251
mechanism, 249
side effects, 249
uses, 249
Wernicke’s encephalopathy, 20-21, 197
Wilson’s disease, 37-38

Y
Yervoy. See Lpilimumab

/
Zinc oxide (ZnO)
compressive myelopathy, 300, 301
induced copper deficiency myelopathy, 299, 300
mechanism, 299
thoracic spinal cord, 299, 300
uses, 299
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