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Andreas Büttner and Serge Weis

Contents

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
5.2 Neuroimaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
5.3 Acute Intoxication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
5.4 Brain Atrophy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
5.5 Glial Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
5.6 Dendritic and Synaptic Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
5.7 Central Pontine Myelinolysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
5.8 Wernicke-Korsakoff Syndrome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
5.9 Hepatic Encephalopathy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5.10 Marchiafava-Bignami Syndrome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
5.11 Pellagra Encephalopathy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
5.12 Stroke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
5.13 Functional Genomic Alterations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

Abstract Alcohol abuse and dependence is a serious medical and economic

problem in the Western countries as its effects on the central nervous system

(CNS) are wide-ranging. The main factors contributing to alcohol-induced brain

damage are associated with nutritional deficiencies and repeated withdrawal

syndrome. CNS lesions associated with alcoholism include brain atrophy and

central pontine myelinolysis. At least four distinct conditions leading to dementia,

i.e. Wernicke-Korsakoff syndrome, hepatocerebral degeneration, Marchiafava-

Bignami disease, and pellagrous encephalopathy, have a close association with

chronic alcoholism, whereby the role of alcohol in their causation is secondary. A

disproportionate loss of cerebral white matter relative to cerebral cortex suggests

that a major neurotoxic effect of chronic alcohol consumption affects the white

matter. Brain atrophy in alcoholics has been demonstrated in various studies.

There is a regional selectivity, with the frontal lobes being particularly affected,
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which might explain the high incidence of cognitive dysfunction observed in

alcoholics. In functional genomic studies reported so far, the identity and the
number of dysregulated genes, the specific pathways involved and the direction of
change show profound interstudy variations and, thus, remain inconclusive.

Keywords Alcohol � Central nervous system � Central pontine myelinolysis �
Wernicke-Korsakoff syndrome � Neuropathology � Forensic pathology

5.1 Introduction

Alcohol abuse and dependence are serious medical and economic problems in
the Western countries as the effects of alcohol on the central nervous system
(CNS) are wide ranging. Direct toxicity of ethanol and its first metabolite
acetaldehyde accounts for some of these effects by altering basic physiological
and neurochemical functions [1], which ultimately result in structural damage.
At the cellular level, alcohol affects brain function primarily by interfering

with the action of glutamate, gamma amino butyric acid (GABA), and other
neurotransmitters [2].

Similar to other drugs of abuse, the mesolimbic dopaminergic reward
pathways are crucial for the reinforcing effects of alcohol and play a central
role in alcohol addiction [3, 4, 5, 6, 7, 8, 9]. Recent knowledge of the neurobio-
logical basis of alcoholism suggests that the pharmacological and behavioral
effects of alcohol are mediated through its action on neuronal signal transduc-
tion pathways and ion channels, G-protein coupled receptors and other recep-

tor systems [10, 11].
Sudden death in alcoholics is nearly equally distributed between trauma,

natural causes, acute intoxication and alcohol-related diseases [12]. Upon
forensic autopsy, brain abnormalities in alcoholics have been described to
occur in up to 70% of the persons [13]. CNS lesions associated with alcoholism
include brain atrophy and central pontine myelinolysis. Other frequent findings
are myelopathy, neuropathy, subdural hematoma and/or cortical contusions
and cerebrovascular lesions [13, 14]. Approximately 10% of alcoholics develop

an organic mental disorder/severe cognitive impairments [15]. At least four
distinct dementing conditions – Wernicke-Korsakoff syndrome, acquired
hepatocerebral degeneration, Marchiafava-Bignami disease, and pellagrous
encephalopathy – have a close association with chronic alcoholism; however,
the role of alcohol in the causation is secondary [16]. Alcoholic dementia is
said to consist of global severe amnesia and intellectual impairment [17, 18, 19].
However, the question whether there is a persistent dementia attributable to the

direct toxic effects of alcohol on the brain is still unclear. This is mainly due to
the fact that a primary alcoholic dementia lacks a distinctive, well-defined
pathology. Therefore, its pathomechanisms must remain ambiguous until its
morphologic bases are established [16].
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Although a variety of neuropathological changes have been described in the
brain of chronic alcoholics, it is difficult to elucidate the exact pathogenetic
mechanisms causing the CNS damage since these persons often have concurrent
damage to other organs, e.g., liver cirrhosis, repeated traumatic head injuries,
malnutrition [20, 21]. The development of brain damage may further be com-
plicated by polysubstance abuse [20]. Moreover, the type and severity of brain
damage are influenced by several other factors, such as type and amount of
alcoholic beverages, age of onset of drinking, lifetime alcohol consumption and
genetic vulnerability [15, 22].

Thus, the neuropathological lesions encountered in chronic alcoholics are
most probably the end result of a variety of etiological factors. Increasing
evidence indicates that the main factors contributing to alcohol-induced brain
damage are associated with nutritional deficiencies and repeated withdrawal
syndrome [15]. These two factors may induce neurotoxicity by increased
glutamatergic transmission and overactivation of NMDA receptor-induced
excitotoxicity [15]. Nevertheless, it is now well established that even uncompli-
cated alcoholics, who have no specific neurological or hepatic problems, show
signs of cognitive dysfunction and brain damage [23].

Some studies suggest that females aremore vulnerable to alcohol-induced brain
damage than males [24]; however, the evidence remains inconclusive [25, 26, 27].

5.2 Neuroimaging

Neuroradiological studies have demonstrated cerebral atrophy which has
occasionally been accompanied by cognitive deficits and was at least partially
reversible.

Computed tomography (CT) studies have shown significantly increased
ventricular size [28] and cortical atrophy in alcoholics, predominantly of the
frontal lobe [29, 30, 31, 32].

Magnetic resonance imaging (MRI) studies confirmed the CT findings in the
manner that the frontal lobes are preferentially vulnerable to chronic alcohol
abuse [33]. In addition, significant volume deficits have been detected in the
anterior hippocampus, the fronto-parietal and temporal gray matter [34, 35]
as well as in the brainstem [36], diencephalon, and the caudate nucleus [34].
In chronic alcoholism, smaller hippocampal volumes have been shown to
be proportional to the reduction of the brain volume [37]. Quantitative
MRI demonstrated that the characteristic memory deficit of Korsakoff ’s
syndrome involves significant bilateral hippocampal volume deficits and
diencephalic pathology [38]. The patterns of circuitry disruption identified
through structural and functional MRI studies suggest a central role for
degradation of fronto-cerebellar neuronal nodes and connecting circuitry
affecting widespread brain regions and contributing to the cognitive and
motor deficits in alcoholics [39].
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Studies with positron emission tomography (PET) have shown a decreased
cerebellar and frontal lobe glucose utilization in alcoholics, confirming the
preferential involvement of these brain regions in alcohol abuse [40, 41, 42,
43, 44, 45, 46, 47].

Single photon emission computed tomography (SPECT) analyses demon-
strated a significant reduction of regional cerebral blood flow (rCBF) in alco-
holics as compared to controls [48, 49, 50, 51]. The rCBF ratio was mainly
reduced in frontal lobes [50, 52] and the greatest flow reduction was seen in
persons with liver cirrhosis [53].

By using protonmagnetic resonance spectroscopy (MRS), a reducedN-acetyl-
aspartate (NAA)/choline and NAA/total creatine ratio as compared to age-
matched controls has been described. As stated by the authors, the reduction in
NAA is consistent with neuronal loss, whereas the reduction in choline suggests
significant changes in the membrane lipids of alcoholics [36, 54].

Using magnetic resonance diffusion tensor imaging (MRDTI) to quantify
the microstructure of brain tissue, alcoholics showed widespread white matter
deficits, which are in contrast to the highly region-specific deficits seen in
nutritional deficiency syndromes that can accompany alcoholism [55, 56].

5.3 Acute Intoxication

In acute alcohol intoxication there are no characteristic CNS alterations. Brain
edema and vascular congestion (Fig. 5.1) are frequently seen, sometimes in
conjunction with focal subarachnoid hemorrhage [57].

5.4 Brain Atrophy

Although the frequency and severity of cerebral atrophy in alcoholics is
controversial, several autopsy studies have shown a reduction in brain weight
and volume [14, 21, 58, 59]. The greatest reduction in brain weight was seen in

Fig. 5.1 Vascular conges-
tion in acute alcohol intoxi-
cation (hematoxylin and
eosin, magnification 100�)
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alcoholics with additional complications, such as nutritional deficiencies or
liver damage [58, 60]. Several studies demonstrated that this brain atrophy,
often referred to as ‘‘brain shrinkage’’, is not due to a loss of gray matter but
rather due to a reduction in the volume of the white matter [61, 62, 63]. The
disproportionate loss of cerebral white matter relative to cerebral cortex sug-
gests that a major neurotoxic effect of chronic alcohol consumption affects the
white matter [61, 62, 63]. It has been suggested that the loss of white matter
could be caused by changes in hydration [64]. However, postmortem studies
could not support this hypothesis [65]. An alcohol-induced degeneration of
myelinated fibres in the white matter could not be demonstrated [66]. Interest-
ingly, these abnormalities may be reversed by abstinence from alcohol [21, 58,
59, 67, 68, 69].

In addition to the white matter changes, chronic alcohol consumption is
associated with selective neuronal vulnerability, with the frontal lobes more
seriously affected than other cortical regions [62, 70, 71].Within the frontal cortex,
this neurodegenerative process was confined to the superior frontal association
cortex [60, 62, 63] affecting the non-GABAergic pyramidal neurons [63].

Recent studies have confirmed that the frontal lobe is especially vulnerable
to alcohol-related brain damage (Fig. 5.2), whereby shrinkage in this area is
largely due to a loss of white matter [71]. Moreover, disruption of fronto-
cerebellar circuitry and function has been shown in alcoholism [72]. Since the
frontal lobes have extensive connections to different cortical and subcortical
areas of the brain, widespread alterations in brain functions result [71]. This
might explain the high incidence of cognitive dysfunction observed in alcoholics
who often develop frontal lobe symptoms with personality and behavioural
changes, disinhibition, social and personal neglect, lack of insight, empathy and
emotional control [73]. Such symptoms often increase the risk of engagement in
and exposure to acts of violence carrying a risk of physical damage including
head trauma and violent death [73].

Neuronal loss has been further shown to occur in the diencephalon, especially
in patients withWernicke-Korsakoff syndrome, and in the cerebellum [57, 59, 60,

Fig. 5.2 Frontal lobe atro-
phy in long-term alcohol
abuse
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74, 75, 76, 77, 78, 79]. It is estimated that almost one half of all severe alcoholics
have atrophy of the superior cerebellar vermis, which is clinically characterized by
ataxia and incoordination of the lower limbs [79]. Besides a significant loss of
Purkinje cells, the cerebellar molecular layer appears to be another vulnerable
region in chronic alcoholics [80]. Microscopically, there is also proliferation of
Bergmann glia in these cases. However, other groups found no consistent changes
in the number of Purkinje cells or the structural volume for any cerebellar region in
chronic alcoholics without Wernicke’s encephalopathy, thus suggesting that
chronic alcohol consumption per se does not necessarily damage the cerebellum
[81, 82]. On the other hand, in alcoholics withWernicke’s encephalopathy, there is
a significant decrease in Purkinje cell density in the flocculus and vermis as well as
decreased volume of the molecular layer of the cerebellar vermis, indicating
impairment of spino-cerebellar pathways [82].

The data on neuronal loss in the hippocampus of chronic alcoholics is contra-
dictory. Some authors demonstrated an early neuronal loss [83], whereas others
could not find a significant neuronal loss in any subregion of the hippocampus,
despite a marked reduction in hippocampal volume which occurred exclusively in
the white matter [84, 85].

No significant change was reported for the temporal [63, 70] or motor cortex
[63], the basal ganglia [58], nucleus basalis ofMeynert, or in the serotonergic raphe
nuclei [21, 86]. Within the brainstem, a reduction in the number of serotonergic
neurons was described in chronic alcoholics [87], while the number of pigmented
cells in the locus coeruleus was unchanged [88].

A significant reduction of the corpus callosum has been detected in older
alcoholics compared to age-matched controls [89, 90, 91]. This callosal thinning
was even present in chronic alcoholics without clinical symptoms of severe liver
disease, amnesia, or alcoholic dementia. The degree of this atrophy seems to
correlate with the severity of alcohol intake [89].

In summary, brain atrophy in alcoholics has been demonstrated in various
studies. There is a regional selectivity with the frontal lobes being particularly
affected. However, the magnitude and topography of the atrophy, and the
contributory factors are still not fully resolved [92]. The pathogenetic mechan-
isms leading to the selected vulnerability of specific brain regions to alcoholism
is unknown. It is suggested that differences in the density of glutamatergic
innervation or in subunit composition of glutamate receptors among different
brain structures may contribute to this selectivity [93].

5.5 Glial Changes

In alcoholics, the morphology of astrocytes is markedly changed by exhibiting
enlargement of their cell bodies and beading of the cellular processes [94]. In
addition, GFAP-positive astrocytes were seen within and surrounding clusters
of magnocellular neurons in the basal forebrain and hypothalamus. A patchy
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loss of GFAP immunostaining was seen in most severe cases which could not be
exclusively related to alcoholics with liver pathology [94].

A statistically significant loss of glial cells was found globally in the hippo-
campus of alcoholics compared with controls. A reduction of astrocytes
and oligodendrocytes and, to a lesser degree, microglial cells accounted for
this loss [85].

In animal models and human cell cultures it has been shown that chronic
ethanol treatment stimulates astrocytes, upregulating the production and the
expression of inflammatory mediators in the brain, and activating signalling
pathways and transcription factors [95, 96, 97]. Furthermore, alcohol treatment
increased cytochrome P4502E1 and induced oxidative stress in astrocytes [98]
which might cause neurotoxicity. In addition, emerging data indicate that
alcohol affects microglial cell development and function [96].

5.6 Dendritic and Synaptic Changes

Dendritic and synaptic alterations have been documented in alcoholics and
these, together with receptor and neurotransmitter changes, may explain
functional changes and cognitive deficits that precede the structural neuronal
changes [21]. In ‘‘heavy drinkers’’, synaptic loss has been found in the superior
layers of frontal Brodmann area 10, which was not related to liver disease [73].

5.7 Central Pontine Myelinolysis

Central pontine myelinolysis (CPM) is a demyelinating disease of the central
portion of the base of the pons (Fig. 5.3A,B) often associated with demyelina-
tion of other brain areas [99, 100, 101, 102, 103]. The first cases were described
in patients with a history of long-standing alcohol abuse andmalnutrition [104],

(A) (B)

Fig. 5.3A,B Central pontine myelinolysis: destructive lesions in the pons
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and chronic alcoholism is still a frequent underlying condition of persons with

CPM [105]. However, in subsequent reports, CPM has been shown to occur

most frequently in association with rapid correction of hyponatremia [100, 101,

102, 103, 106, 107, 108]. Especially alcoholism and liver diseases make patients

more susceptible to the development of CPM.
Other causes include transplant patients, with the development of CPM

being attributed to immunosuppressive agents [101, 105, 107, 109] and HIV-1

infection [110].
Depending on the involvement of other CNS structures, the clinical picture

can vary considerably. CPM is most often an asymptomatic disorder with

small, midline pontine lesions [102]. Destructive lesions in the corticospinal

and the corticobulbar tracts in the pons lead to pseudobulbar paralysis with

dysphagia, dysarthria, weakness of the tongue, and emotional lability. A large

central pontine lesion can cause a locked-in syndrome depriving the patient of

speech and the capacity to respond in any way except by vertical gaze and

blinking [111]. Lesions involving the descending oculosympathetic tracts can

cause bilateral miosis, whereas lesions that involve the lower pons can cause

palsy of the sixth cranial nerve [102, 111]. In addition to lesions in the pons,

other areas in the CNS can be affected. Such lesions are collectively referred to

as extrapontine myelinolysis (EPM) and occur, in order of frequency, in the

cerebellum, lateral geniculate body, thalamus, putamen, and cerebral cortex

[100, 103, 105, 107]. CPM and EPM are summarized by the term osmotic

demyelination disorders [105].
The outcome varies widely, from almost complete recovery to little or no

improvement and subsequent death [105, 111, 112]. Since unexplained deaths

may occur [113], therefore, a thorough examination of the pons must be

performed at autopsy. On neuropathological examination, CPM usually presents

as a single large symmetric focus of demyelination in the central part of the base of

the pons, with sparing of axis cylinders (Fig. 5.4). No inflammatory changes are

seen within the lesion and the blood vessels are unaffected [99, 100, 102, 103, 113,

114]. The etiology and pathogenesis of the myelin loss is still unclear [115].

Fig. 5.4 Central pontine
myelinolysis: marked
demyelination (Luxol Fast
Blue, magnification 100�)
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5.8 Wernicke-Korsakoff Syndrome

The Wernicke-Korsakoff syndrome (WKS) is one of the most frequently seen
neurological disorders associated with long-term and heavy alcohol abuse
[15, 116, 117, 118]. Wernicke’s encephalopathy is the acute phase of this syn-
drome and includes mental confusion, ophthalmoplegia (or nystagmus), ataxia,
and loss of recent memory [117, 118, 119]. Despite abstinence and the adminis-
tration of high dose of thiamine, about 25% of the affected persons develop
severe memory disorders, the Korsakoff ’s syndrome which is mainly character-
ized by memory loss, learning deficits and confabulation [117, 118, 119, 120].
Korsakoff ’s psychosis is most likely the end-stage resulting from repeated epi-
sodes of Wernicke’s encephalopathy.

The etiology is a deficiency of vitamin B1 (thiamine), a cofactor of several
enzymes implicated in the glucose metabolism, rather than a direct toxic effect of
alcohol [120, 121, 122]. The symptoms may be seen in either the acute or the long-
term course of alcohol abuse [120]. The WKS can also occur in other conditions
associated with vitamin B1 deficiency, e.g., gastrointestinal tract diseases, cerebro-
vascular disorders, or head trauma [116, 121]. Although the exact pathogenesis of
the lesions is not completely understood, the association of vitamin B1 deficiency
with intracellular and extracellular edema by glutamate(N-methyl-D-aspartate)
receptor-mediated excitotoxicity seems to be an important mechanism [122].

Both conditions appear to have an identical neuropathology characterized
by hemorrhages and other lesions around the ventricular system (Figs. 5.5 and
5.6) [117, 122, 123]. The principal structures affected are the mamillary bodies
(Fig. 5.6), the walls of the third ventricle, the thalamus, the periaqueductal
region of the midbrain and the floor of the fourth ventricle (Fig. 5.7) [116, 117,
122, 124]. The distribution and severity of the CNS lesions varies with the stages
of the disease, which are generally considered to be acute, subacute or chronic
[124].

Fig. 5.5 Wernicke
encephalopathy: widespread
symmetrical hemorrhages
around the ventricular
system
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Subjects with acute and subacute disease seem tohavemore extensive and severe

lesions than the chronic ones [122]. Microscopic changes can be related to the

duration of the disease [123, 124]. The earliest alterations consist of rarefication of

the neuropil by edema formation and petechial hemorrhages. In some instances

these extend into the parenchyma to form ‘‘ball-like’’ microhemorrhages. Within

1–2days there is endothelial hypertrophy and proliferation, which are maximal

at about day 7–10. Tissue necrosis is occasionally seen but is more common in

the thalamic nuclei. Neurons are relatively spared with the exception of the

Fig. 5.6 Wernicke
encephalopathy:
symmetrical hemorrhages
in the mammillary bodies

Fig. 5.7 Schematic drawing
of the principal structures
affected in Wernicke-
Korsakoff syndrome
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thalamic and olivary neurons. By the third or fourth day, there is an astrocytic

reaction with increased numbers of nuclei and eosinophilic cytoplasm.Myelin and

axons are often destroyed. There is usually no inflammatory reaction. In contrast

to the lesion seen in the mamillary bodies, there is a massive loss of neurons

with sparing of the neuropil, and only mild endothelial swelling within the

thalamus [122, 123, 124].
The most consistent macroscopic finding in chronic WKS is shrinkage and

brown discoloration of the mamillary bodies which varies from barely visible to

subtotal destruction of the tissue [122, 123, 124]. Microscopically, there is a loss of

myelin and axons, an astrogliosis and an apparent increase in vascularity in the

shrunken mamillary bodies, but a relative preservation of neurons. Hemosiderin-

laden macrophages are frequently seen and represent the residues of microhemor-

rhages (Fig. 5.8). Changes in other hypothalamic nuclei display a similar pattern but

the changes are usually much less severe [122, 123, 124].
In the majority of chronic cases, the lesions are restricted to the mamillary

bodies and the thalamus. Similar to the alterations within the mamillary bodies,

the lesions in the thalamus vary from slight astrogliosis in the dorsomedial

nucleus to extensive nerve cell loss in several of its nuclei [122, 123, 124]. While

patients with Wernicke’s encephalopathy often show neuronal loss in the

dorsomedial nucleus of the thalamus, only patients with Korsakoff ’s psychosis

seem to have cell loss in the medial [117] as well as in the anterior thalamic nuclei

[125]. Furthermore, in both patient groups, a profound loss of serotonin- and

acetylcholine-containing neurons has been found [117]. These observations

suggest that cumulative lesions contribute to the amnesia seen in alcoholics

with WKS, including deficits in serotonergic, cholinergic, and thalamic

pathways.
Despite these apparent lesions, the exactmorphological basis of this disorder is

still controversial. Autopsy and MRI studies of alcoholic patients with WKS

demonstrated gliotic lesions of the mamillary bodies; however, lesions of the

mamillary bodies were often present in the absence of the amnestic syndrome

[122, 126, 127]. It seems that the thalamus appears to be particularly susceptible to

Fig. 5.8 Wernicke
encephalopathy:
hemosiderin-laden macro-
phages in the mammillary
bodies representing residues
of microhemorrhages (Iron
stain, magnification 200�)
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damage in WKS [122, 128]. Subsequent studies demonstrated that lesions of
the mediodorsal nucleus of the thalamus correlated with the amnestic syndrome
[118, 119, 122, 127] and the role of the mamillary bodies in this memory disorder
was largely, although not entirely, dispelled [128].

Autopsy studies have shown that up to 80% of patients with the WKS were
not diagnosed as such during life [129, 130, 131, 132, 133, 134]. Therefore, in
cases with coma of unidentified cause or patients found dead who might have
been alcoholics, a thorough neuropathologic examination is of utmost
importance.

5.9 Hepatic Encephalopathy

Hepatic encephalopathymay arise as a complication of liver disease in alcoholics,
particularly in the course of liver cirrhosis, which results in cognitive, psychiatric,
and motor impairments [135, 136, 137]. The damaged liver can no longer clear
neurotoxic substances from the blood which subsequently enter the brain and
damage neurons and astrocytes. The clinical picture consists of a deterioration in
the level of consciousness accompanied by decreased (or occasionally increased)
psychomotor activity that, if left untreated, progresses to increasing drowsiness,
stupor and eventual coma [135, 136, 137]. As the encephalopathy progresses,
signs of pyramidal tract dysfunction such as hypertonia, hyperreflexia are com-
mon, eventually being replaced by hypotonia as coma develops. Treatment is
largely supportive. The prognosis of patients who develop hepatic encephalo-
pathy is poor. Following the first episode of overt hepatic encephalopathy, the 1-
year survival is about 40%, falling to about 15% after 3 years [136]. The major
causes of death in hepatic encephalopathy are brain edema and intracranial
hypertension [138].

Although the pathogenesis of hepatic encephalopathy is not fully understood,
there is considerable evidence that an ammonia-induced dysfunction of astro-
cytes is the major contributory factor [136, 139, 140]. Deficits in the uptake of
glutamate by astrocytes from the extracellular space may lead to abnormal
glutamatergic and GABAergic-mediated neurotransmission and subsequent
neuronal excitotoxicity [139, 141]. In addition, an altered blood-brain barrier
permeability [141, 142] and a combined derangement of cellular osmolarity
coupled with cerebral hyperemia [138] appear to be involved in the generation
of the edema.

In fulminant hepatic failure where hepatic encephalopathy develops within
8weeks of the onset of liver disease, autopsy reveals brain edema and astrocyte
swelling [139, 142]. In patients with liver cirrhosis and portal-systemic shunts,
the typical finding is the Alzheimer type II astrocyte, which is the pathological
hallmark of hepatic encephalopathy [140]. These cells show a characteristic
swollen shape with a large, pale nucleus, prominent nucleolus and margination
of chromatin, and are found in widespread regions of the brain including the
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cortex and the lenticular, lateral thalamic, dentate and red nuclei [140, 141]. The
majority of these cells show prominent immunoreactivity for S100P but not for
GFAP, especially in the grey matter [143, 144]. Thus, this glial reaction with a
rather selective deficit of GFAP metabolism has been termed ‘‘gliofibrillary
dystrophy’’ [143].

5.10 Marchiafava-Bignami Syndrome

Marchiafava-Bignami disease is an extremely rare, severe and usually
fatal neurological disorder associated with chronic alcoholism [145]. It is
characterized by primary demyelination/necrosis and subsequent atrophy of
the corpus callosum [124, 145, 146]. However, this lesion is not only limited to
the corpus callosum but also affects the cortico-cortical and cortico-subcortical
projections due to disconnection, and causes frontal lobe syndromes and
dementia [145, 146].

Macroscopically, necrotizing, often cystic lesions of the corpus callosum are
seen.Microscopically, there is prominent demyelination with relative sparing of
the axons. Oligodendrocytes are reduced in number and there are numerous
lipid-laden macrophages. Astrocytes show only mild reactive changes, but are
more prominent in and around necrotizing lesions. Blood vessels often show
proliferation and hyalinization of their walls [124, 146].

5.11 Pellagra Encephalopathy

Nicotinamide deficiency may result in a rare condition, alcoholic pellagra
encephalopathy, which often has a similar clinical presentation to Wernicke-
Korsakoff syndrome which includes confusion and/or clouding of consciousness,
markedoppositional hypertonus andmyoclonus [147, 148]. Onneuropathological
examination, no gross macroscopic changes are usually visible. Microscopically,
the major finding is a central chromatolysis of neurons, predominantly in
the brainstem and in the cerebellar dentate nuclei. The affected neurons are
ballooned with a loss of Nissl substance and eccentrically located nuclei. Nuclei
of cranial nerves, the reticular nuclei, arcuate nuclei and posterior horn cells, may
also be involved. Glial cells, myelin or blood vessels are not affected [149, 150].

5.12 Stroke

Recent heavy alcohol intake seems to be an independent risk factor for all
major subtypes of stroke [151] and to be associated with cerebral infarcts
localized in the putamen and superior anterior cerebral artery area [152].
The ultimate mechanisms leading to this increased risk are unclear [151].
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Concerning the relation between moderate alcohol consumption and the risk of
stroke, there is insufficient epidemiologic evidence to conclude whether recent
alcohol use affects the risk of either ischemic or hemorrhagic stroke [153]. Both
occasional ethanol intoxication and regular heavy drinking seem to carry an
increased risk of subarachnoid hemorrhage [154].

5.13 Functional Genomic Alterations

Although functional genomic studies have failed to identify a single alcoholism
gene, they have demonstrated important pathways and gene products that may
contribute to the risk of alcohol abuse and alcoholism [155, 156, 157, 158].
Several research groups have searched for alcohol-responsive genes using
microarrays. It could be shown that the alteration in expression of genes
involved in DNA repair, myelination, signal transduction, ubiquitination as
well as proteasome-related genes represent common changes seen in the various
studies performed in alcohol abusers. However, the identity and number of
dysregulated genes reported so far, the specific pathways involved, and the
direction of change differs profoundly between the reports and thus remains
inconclusive [11, 158].
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