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Tobacco

Michael C.Veronesi and Daniel Thomas Ginat

1.1 Uses

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

1.2  Mechanism

Nicotine, the primary active compound in ciga-
rettes, is considered one of the most addictive of
all substances because of its rapid onset and off-
set effects on the brain’s dopamine reward sys-
tems. Inhaled nicotine can distribute in the brain
within 10 s of inhalation but lasts mere seconds,
causing a powerful urge for more. Of note, the
long-term devastating sequela from smoking as it
relates to neurologic disease are only partially
explained by nicotine. Aside from nicotine,
tobacco contains over 6000 other chemical com-
pounds. In particular, polycyclic aromatic hydro-
carbons and the tobacco-specific nitrosamine
4-(methylnitrosamino)-1-(3-pyridyl)- 1-butanone
have been implicated as the major carcinogens
associated with cigarette smoking. Additional
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details regarding the mechanisms of action for
specific conditions are discussed in subsequent
sections.

1.3  Imaging Findings

Tobacco use is the leading cause of preventable
death in the USA. An estimated 400,000 deaths
or nearly one of every five deaths in the USA is
associated with adverse conditions caused by
smoking each year. Nearly every organ system is
affected by cigarette smoking. The associated
manifestations of cigarette smoking from a neu-
roimaging standpoint include the direct link
between smoking and large vessels and lacunar
infarcts, chronic small vessel ischemic 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 two
to fourfold. Of note, stroke is the third leading
cause of death in the USA 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
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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 (Fig. 1.1). Hyperacute infarcts are
often unapparent on non-contrast CT, but acute
and early subacute infarcts can appear as areas
of hypoattenuation with loss of gray white mat-
ter differentiation and swelling. MRI with
diffusion-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).

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

(arrow). 3D CTA image (b) shows occlusion of the right
MCA (expected location encircled)
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Fig. 1.2 Lacunar infarct and small vessel ischemic dis-
ease. The patient is a smoker who presented with acute
neurological deficits. Axial T2-weighted FLAIR (a) and
DWI (b) images show a recent right basal ganglia lacunar
infarct (arrows). There is also diffuse, confluent periven-

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)

tricular white matter T2 hyperintensity as well as mild
scattered, punctate subcortical white matter T2 hyperin-
tense foci without corresponding restricted diffusion,
which is consistent with chronic small vessel ischemic
disease

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  beyond the proximal common carotid arteries bilaterally
of restricted diffusion in the left external capsule (arrows).  (arrows)
MIP MRA (b) shows lack of flow-related enhancement

Fig. 1.5 Cerebral aneurysm. A former 20-pack-year (arrow). There is also extensive atherosclerotic narrowing
smoker underwent evaluation for a suspected stroke. of the cerebral vasculature noted in both the anterior and
Axial (a) and 3D volume rendered (b) CTA images show  posterior circulation bilaterally

a left paraclinoid internal carotid artery saccular aneurysm
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1.3.2 Cerebral Aneurysm

Besides smoking, additional risk factors that
predispose to aneurysm formation include
fenestrated arteries (Fig. 1.6), fibromuscular
dysplasia, neurofibromatosis, alpha-1-anty-
tripsyn deficiency, and connective tissue dis-
orders, such as Ehlers-Danlos syndrome and

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

Marfan’s syndrome and polycystic kidney dis-
ease. Otherwise, the differential diagnosis of a
cerebral aneurysm on radiologic imaging
includes an infundibulum (usually manifests
as a triangular dilatation with the vessel aris-
ing from the apex that measures less than
2 mm), pseudoaneurysm, and mycotic aneu-
rysm (Fig. 1.7).

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

1.3.3 Cerebral Venous Thrombosis

Secondary polycythemia due to chronic smoking
is a risk factor developing cerebral venous throm-
bosis. Refer to the L-asparaginase and oral con-
traceptives 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 dura-
tion of tobacco use and is synergistic with con-
comitant alcohol consumption. There are more

than 60 recognized compounds in tobacco that
have a specific carcinogenic potential. In particu-
lar, nitrosamines and polycyclic hydrocarbons
can alter the molecular profile of an individual
and causes mutations. Nicotine, originally
thought only to be responsible for tobacco addic-
tion, is also involved in tumor promotion and pro-
gression with antiapoptotic and indirect mitogenic
properties. 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
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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

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 enhanc-
ing masses. Aggressive features of HNSCC
include tissue invasion and necrosis (Fig. 1.8).
The most common sites of head and neck squa-
mous 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 commonly to the
lungs and bones. Metastasis to the brain is infre-
quent, but carries a poor prognostic outcome

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

(Fig. 1.9). Besides smoking, alcohol (refer to
Chap. 2), betel nuts (refer to Chap. 8), and HPV
are the other major risk factors for head and neck
squamous cell carcinoma. Interestingly, HPV-
positive squamous cell carcinomas generally
have a more favorable prognosis and tend to
have tumors that are relatively well-defined and
large cystic nodal metastases (Fig. 1.10).
Otherwise, the differential for other malignant
cancers in the head and neck include thyroid
cancer, lymphoma, salivary gland cancer, and
sarcoma. Furthermore, head and neck abscesses
can sometimes resemble necrotic or ulcerated
head and neck squamous cell carcinomas and
nodal metastases (Fig. 1.11).
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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

paraglottic fat and anterior commissure. Post-contrast
T1-weighted MRI image (b) demonstrates a heteroge-
neous metastatic lesion in the right frontal lobe
(arrowheads)
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Fig. 1.10 HPV-positive squamous cell carcinoma. Axial =~ T1-weighted (d) images show a relative well-demarcated
CT (a) and axial fat-suppressed T2-weighted (b), axial right palatine tonsil tumor (arrows) and a large metastatic
T1-weighted (¢), and axial fat-suppressed post-contrast —lymph node with cystic necrosis (arrowheads)
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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

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 can-
cer, 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 com-
plication of systemic malignancies. If no one
smoked, one of every three cancer deaths in the
USA 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 common cancer that metasta-
sizes to the brain. Nicotine-derived nitrosamine
ketone (NNK) has been identified as a potent
procarcinogen specific to the development of
lung cancer. The two categories of lung cancer
metastases to the brain consist of small cell lung
carcinoma (Fig. 1.12) and non-small cell lung

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

carcinoma (NSCLC), such as adenocarcinoma
(Fig. 1.13). MRI with contrast is the gold stan-
dard for evaluation of brain metastases. Lung
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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 hemi-
sphere and a smaller solidly enhancing lesion in the left
frontal lobe (arrow)

cancer metastases to the brain are typically
iso- to hypointense on Tl and hyperintense
on T2-weighted sequences. The 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 choline peak without
choline elevation in the peritumoral edema
and depletion of NAA. CT may be the initial
exam obtained when metastatic disease is not
yet known. On precontrast imaging, the mass
may be iso- to hypoattenuating, surrounded by
variable amounts of vasogenic edema. Similar
to MRI, following administration 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.

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

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 exclu-
sively in the parotid gland and has a predilection
for male Caucasians. These lesions most com-
monly present as asymptomatic masses, but may
cause facial nerve paralysis or tinnitus. Warthin
tumors consist of oncocytic cells containing
numerous mitochondria frequently showing
structural abnormalities and reduced metabolic
function. Smoking can lead to damage to mito-
chondrial DNA due to the development of
numerous reactive oxygen species. In this con-
text, a high rate of deleted mitochondrial DNA
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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)

has been detected in the oncocytic cells of
Warthin tumor. Typical imaging features consist
of well-defined solid and/or cystic masses usu-
ally 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 associated
with HIV and classically appear as multiple bilat-
eral cystic parotid masses that may contain solid
components (Fig. 1.16). Warthin tumors can also
resemble pleomorphic adenomas on imaging.
However, pleomorphic adenomas are less likely
to occur in the parotid tail and display a bosse-
lated appearance and high T2 signal on MRI
(Fig. 1.17). While clinical history may be helpful
in differentiating some of these possibilities, pre-
dictive features of malignancy on imaging include
T2 hypointensity of the parotid, ill-defined mar-

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

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)

gins, diffuse growth, infiltration of subcutaneous
tissue, lymphadenopathy, and perineural spread
(Fig. 1.18). However, Warthin tumors often dem-
onstrate T2 hypointense foci and low ADC values
and thus cannot be reliably differentiated from
many malignant tumors on diffusion-weighted
imaging. In addition, Warthin tumors typically
display marked hypermetabolism on "SFDG-PET.
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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)

1.3.7 Smoking-Induced
Nasopharyngeal Lymphoid
Hyperplasia

Heavy tobacco smoking has been linked to the
development of nasopharyngeal lymphoid hyper-
plasia, which is characterized by the presence of
cytotoxic lymphocytes in the nasopharyngeal
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, it is important
to exclude other conditions, such as nasopharyn-
geal carcinoma. In contrast to benign lesions, the
configuration of nasopharyngeal carcinoma is
often asymmetric, in which the mass is centered

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 images show diffuse marked enlargement of the adenoids (arrows)
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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

in the fossa of Rosenmuller, and associated with
aggressive features, such as skull base invasion
(Fig. 1.20). Other differential considerations for
smoking-induced nasopharyngeal lymphoid
hyperplasia include reactions to other chemical
exposures, Epstein-Barr virus infection, and lym-
phoproliferative conditions.

associated left skull base invasion (arrowhead) and
obstructed secretions within the left mastoid air cells
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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 provide an increased sense of self-
confidence, disinhibition, mild euphoria, and
decreased anxiety but also impaired judgment
and attention span, even with low blood levels.
There are a few reported health benefits associ-
ated with low to moderate alcohol consumption,
such as reduction of cardiovascular disease risk
factors. Nevertheless, alcohol is one of the most
commonly abused substances, and alcohol
dependence is a major cause of disease burden.
Alcohol in the form of ethanol can be used for
sclerotherapy, but this is beyond the scope of the
chapter.

tors. Direct absorption of alcohol into the blood-
stream occurs in the stomach and small intestine.
The liver metabolizes nearly 90% of alcohol.
Alcohol dehydrogenase oxidizes ethanol into
acetaldehyde, which is then further oxidized into
acetic acid by acetaldehyde dehydrogenase, and
finally into carbon dioxide 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 vol-
ume loss due to neurotoxicity, often mediated by
a compromise of neurotransmitters and/or recep-
tors and electrolytes. Conversely, indirect effects
are related to liver cirrhosis, such as hepatic
encephalopathy and  coagulopathies, and
impaired vitamin absorption. In some conditions,
it is unclear whether direct or indirect effects or a
combination thereof is responsible, such as
Wernicke encephalopathy, osmotic myelinolysis,
and Marchiafava-Bignami disease.

2.2  Mechanism

The alcohol found in beverages is ethanol or
ethyl alcohol (C,H¢O). Alcohol metabolism is a
complex process with large variations between
individuals that are mainly related to genetic fac-
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2.3  Imaging Findings

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

disease depicted on

CT, diffuse periventricular hypoattenuation asso-
ciated 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 hyperintensity and vari-
able degrees of restricted diffusion and enhance-
ment depending on the severity and acuity of the
disease (Fig. 2.2). In fact, apparent diffusion
coefficient restriction of the corpus callosum 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 appear-
ance to Marchiafava-Bignami disease include
other demyelinating processes, infarction, viral
encephalitis, metronidazole (refer to Chap. 28),
antiseizure medications (refer to Chap. 33), 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
USA. 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 2657
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. Conversely,
even patients with absence of clinical findings
and high-risk circumstances can have intracere-
bral hemorrhage on imaging. Neuroimaging also
plays an important role in the diagnostic workup
of TBI. MRI is superior to CT in detecting axonal
injury and cerebral contusions. However, conven-
tional 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 colli-
sions while driving intoxicated or falls related to
drunkenness, resulting in skull fractures, intra-
cranial hemorrhage, cerebral contusions, 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 dys-
function (Fig. 2.5). Alcohol abusers also have a
tendency to engage in violent behavior when
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Fig. 2.2 Marchiafava-Bignami disease depicted on MRI. Axial T2-weighted 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)

drunk and may present with maxillofacial frac-
tures, for which CT may be obtained (Fig. 2.6).
Incidentally, these individuals often have a high
burden of dental disease that may also be encoun-
tered on imaging.

Hepatic encephalopathy (also refer to Chaps.
34, 55, and 58). 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-
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Fig. 2.3 Shear injury. The patient has a recent history of
severe trauma to the head. Axial T2-weighted FLAIR
MRI (a), T2* GRE (b), DWI (¢), and ADC map (d) show

ease. Depending on the duration and extent of
hepatic dysfunction, HE may be classified into
fulminant hepatic failure (acute) or portosys-
temic encephalopathy (chronic). Clinical mani-
festations 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

edema and hemorrhage within the corpus callosum with
associated restricted diffusion in the splenium of the cor-
pus callosum (arrows)

degree of cerebral edema has been shown in
patients with all grades of hepatic encephalopa-
thy. Patients with the portosystemic encephalopa-
thy 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
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Fig. 2.4 Alcohol-related traumatic brain injury. Axial CT ~ right cerebral convexity subdural hematoma, subarach-
images in the bone (a) and brain (b) windows show anon-  noid hemorrhage, and hemorrhagic contusions in a patient
depressed right occipital bone fracture (arrow) and scat- ~ who fell while drunk

tered acute intraparenchymal hemorrhage, including a

Fig. 2.5 Acute upon chronic intracranial hemorrhage in a  cerebral convexity subdural hematoma and a left frontal lobe
patient with alcohol-induced hepatic coagulopathy. Axial (a) hemorrhagic contusion and areas of subarachnoid hemorrhage
and coronal (b) show a heterogeneous acute upon chronic right  in a patient with alcohol-induced liver failure and trauma



