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Abstract

One of the sequelae of chronic alcohol abuse is malnutrition. Importantly, a deficiency in thiamine
(vitamin B1) can result in the acute, potentially reversible neurological disorder Wernicke
encephalopathy (WE). When WE is recognized, thiamine treatment can elicit a rapid clinical
recovery. If WE is left untreated, however, patients can develop Korsakoff syndrome (KS), a
severe neurological disorder characterized by anterograde amnesia. Alcohol-related brain damage
(ARBD) describes the effects of chronic alcohol consumption on human brain structure and
function in the absence of more discrete and well-characterized neurological concomitants of
alcoholism such as WE and KS. Through knowledge of both the well-described changes in brain
structure and function that are evident in alcohol-related disorders such as WE and KS and the
clinical outcomes associated with these changes, researchers have begun to gain a better
understanding of ARBD. This Review examines ARBD from the perspective of WE and KS,
exploring the clinical presentations, postmortem brain pathology, /n vivo MRI findings and
potential molecular mechanisms associated with these conditions. An awareness of the
consequences of chronic alcohol consumption on human behavior and brain structure can enable
clinicians to improve detection and treatment of ARBD.

Introduction

Alcoholism is an addictive disorder with multi faceted biological underpinnings (Box 1).
Frequent concomitants of alcoholism are liver disease (steatosis, hepatitis and cirrhosis),
cardiovascular disease? and mal nutrition.3 The neurological consequences associated with
this addictive disorder include hepatic encephalopathy, Wernicke encephalopathy (WE),
Korsakoff syndrome (KS), Marchiafava—Bignami disease (MBD) and central pontine
myelinolysis (CPM). Each of these relatively well-characterized alcohol-related CNS
disorders is associated with a unique clinical presentation and a discrete neuropathological
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and neuroradiological signature (Figure 1).# The structural changes to the brain and
functional consequences that occur with chronic alcohol consumption in the absence of
diagnosable neuro logical concomitants of alcoholism (that is, in cases of uncomplicated
alcoholism) are grouped under the term *alcohol-related brain damage’ (ARBD).

Whether ARBD represents one end of a continuum of neurological deficits, with disorders
such as KS and MBD at the other end,® or one outcome in a range of dis continuous, graded
deficits occurring with chronic alcohol exposure and, for example, aging® remains unclear.
In addition, whether people with certain genotypes (for example, individuals who are
genetically susceptible to mal nutrition or liver compromise) are at a greater risk of
particular neuro logical conditions and, consequently, are more likely to express specific
alcoholism-related neuropsychological compromise than are individuals with a different
genetic make-up remains to be determined. Our objective here is to describe a potential
continuum between ARBD, WE and KS with respect to changes in human behavior and
brain structure. Note that while this Review is extensive, it is not intended to be exhaustive.

The Wernicke—Korsakoff syndrome

WE is an acute, potentially reversible neurological disorder caused by a deficiency in or
severe depletion of thiamine (vitamin B;) that can result from chronic alcoholism, poor
nutrition, long-term parenteral feeding, hyper emesis gravi darum or bariatric surgery.’-8
Incidence rates of WE in the general population—on the basis of autopsy findings in
Western countries—range from 0.1-2.8%, but can be as high as 12.5% in patients with
alcoholism.910 Such individuals are at a high risk of thiamine deficiency because of the poor
diet associated with their lifestyle, and the fact that chronic alcoholism compromises
thiamine absorption from the gastro intestinal tract, impairs thiamine storage, and may
reduce the phosphorylation of thiamine to its biologically active form, thiamine
pyrophosphate (TPP; Figure 2).11-15

Guidelines for the diagnosis, treatment and prevention of WE have been released by the
European Federation of Neurological Societies (EFNS), and are based on three decades of
research into this condition (Box 2).16 If WE is recognized, treatment with thiamine can
result in rapid clinical improvement.19 Indeed, the prevalence of WE has been reduced in a
number of countries (including the US, the UK and Australia) that have instituted
nationwide thiamine supplementation in staple foods such as bread.1”

When WE is left undiagnosed and untreated, ~80% of patients with this condition develop
KS, a severe, typically permanent neurological disorder characterized by anterograde
amnesia.® The term Wernicke—Korsakoff syndrome (WKS) is used to denote the range of
brain and behavioral impairments associated with thiamine deficiency.19:20

Clinical and psychological features

Clinicians are often taught to diagnose WE on the basis of the presence of the classic clinical
triad of ocular motor abnormalities, cerebellar dysfunction, and altered mental state. Ocular
motor abnormalities occur in ~30% of patients with WE and may include nystagmus or
ophthalmo plegia, while cerebellar dysfunction can be found in ~25% of patients with this
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disorder and may manifest as loss of equilibrium, incoordination of gait, trunk ataxia,
dysdiadochokinesia and, occasionally, limb ataxia or dysarthria. Approximately 80% of
patients with WE exhibit an altered mental state, which may comprise mental sluggishness,
apathy, impaired awareness of an immediate situation, an inability to concentrate, confusion
or agitation, hallucinations, behavioral disturbances mimicking an acute psychotic disorder,
or coma.310:21 A retrospective analysis of the clinical signs and symptoms of patients
diagnosed at autopsy as having WE revealed that only 20% of patients with this disorder
presented with the full triad of clinical features and ~30% of such indivi duals exhibited
only cognitive impairment.2! Thus, through the requirement of the full triad for a positive
diagnosis, WE is missed by routine clinical examination in 75-80% of cases, even in
teaching hospitals. By contrast, the presence of just two of four signs (dietary deficiency,
ocular motor abnormality, cerebellar dysfunction, and either altered mental state or mild
memory impairment), which was first suggested by Caine and colleagues?? and is now
recommended by the EFNS,8 can significantly improve the diagnostic accuracy for WE.

The most salient characteristic of KS is global amnesia.1® Neuropsychological assessments
of multi ple functional domains targeting executive functions, declarative and procedural
memory, visuospatial abilities and postural stability have revealed that individuals with KS
have severe deficits in memory for new material and in gait and balance, despite sparing of
general intelligence, short-term memory and visuoperceptual implicit learning.23-26 Patients
with KS may also exhibit prefrontal neurobehavioral dysfunction, expressed as deficits on
tests of problem solving, working memory, cognitive flexibility, perseverative responding,
and self-regulation.27-29

Over 80% of individuals with uncomplicated alcoholism (that is, ARBD) are estimated to
show cogpnitive deficits in executive functions,30-31 although such deficits are mild in
comparison with those observed in patients with KS.32 Individuals with uncomplicated
alcoholism also demonstrate deficits in explicit memory, visuospatial processes and motor
control (for example, speed, gait and balance; Figure 3).33:34

The neuropsychological expression of ARBD is marked by heterogeneity in the extent
(severity) and type (component) of deficit, and not all individuals with uncomplicated
alcoholism exhibit impairments in all the functions described above.33 Similarly, not all
patients with KS have permanent amnesia.3° This heterogeneity suggests that the functions
affected by chronic alcohol consumption are dissociable and supported by different neural
systems.36 One study examined the component processes of episodic memory (memory of
auto biographical events) and working memory (the ability to hold information ‘online’
while doing complex tasks) in individuals with uncomplicated alcoholism and patients with
alcoholism and KS. The former could generally be differentiated from the latter via
performance on tests of episodic memory (that is, the two groups showed graded impairment
in episodic memory), despite significant overlap in performance on working-memory tasks
between the two groups (that is, continuous impairment was seen between the two groups).
37 On the basis of these findings, the study’s researchers suggested that impairment of
episodic memory was the result of the untoward effects of alcohol on the Papez (limbic)
circuit and was exacerbated by thiamine deficiency, while the observed impairment in
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working memory, which was not specific to KS, may have reflected the effects of chronic
alcohol consumption on frontocerebellar circuitry.38

In an attempt to explain the cognitive heterogeneity commonly seen in patients with
alcoholism, a recent prospective study applied the operational criteria of Caine and
colleagues to a group of individuals with uncomplicated alcoholism, so as to determine
whether the presence of any of the four signs, determined by history or current examination,
could be used to predict performance on a battery of neuropsychological tests. Among the
56 patients with uncomplicated alcoholism who were assessed, 16% displayed two or more
signs, 57% showed only one sign, and 27% met no criteria. In this sample of sober,
community-dwelling individuals, self-reported dietary deficiency (r7= 29) and cerebellar
dysfunction (that is, ataxia; /7= 20) were frequently described, while oculomotor
abnormalities (7= 2) and mental impairment (7= 0) were rarely observed.3° This study
revealed a graded effect in cognitive and motor performance among patient subgroups:
individuals with alcoholism who did not meet any criteria performed at levels equivalent to
healthy controls, whereas patients with one sign showed mild-to-moderate neuro
psychological deficits, and patients with two or more signs showed the most severe deficits
on each neuro psychological domain evaluated. This graded effect suggests that the
heterogeneity in the severity of cognitive and motor deficits seen in patients with
uncomplicated alcoholism can be accounted for, in part, by the number of WE signs present.

Postmortem pathological features

The neuropathological changes observed in WKS, as described by Victor and Adams in the
early 1970s, include lesions in periventricular regions around the third and fourth ventricles,
and atrophy of the mamillary bodies.?? By contrast, traditional clinical pathological methods
have only been able to demonstrate mild cerebral atrophy and lower mean brain weight in
cases of uncomplicated alcoholism.41-43 Thus, quantitative studies are required to
characterize the relatively subtle structural abnormalities in the brain that are caused by the
direct effects of alcohol (Box 3).

In one quantitative study, brain volume with respect to intracranial cavity volume was
determined and the mean pericerebral space was shown to rise from 8.3% of the total
intracranial cavity volume in healthy controls to 11.3% in patients with ARBD and 14.7% in
patients with WKS.44 Stereometric studies have suggested that this reduction in brain
volume is largely accounted for by the shrinkage of white matter.#>-47 Cerebellar white
matter volume (especially in the vermis) is reduced“8 and the corpus callo sum area is
significantly thinned in individuals with alcoholism,*9:50 especially those with nutritional
deficiencies,> compared with healthy controls. This finding may represent a dose effect of
alcohol rather than an effect of thiamine deficiency, as white matter volume was negatively
correlated with maximum daily alcohol consumption.#” The nature of the white matter loss
remains unknown; however, this phenomenon probably involves changes in both
myelination and axonal integrity.>?

In addition to atrophy of the mamillary bodies, WKS reveals neuronal loss in the anterior
principal and medio-dorsal nuclei of the thalamus®3 and in the basal forebrain.>* In patients
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with alcoholism and signs of WE, a reduction in Purkinje cell density and molecular layer
atrophy are noted in the cerebellum, suggesting that this brain region is selectively
vulnerable to thiamine deficiency.®® In patients with uncomplicated alcoholism, microscopic
studies have revealed an ~#25% loss of pyramidal neurons in the superior frontal and frontal
association (dorsolateral portion) cortices.56:57 Little evidence exists for neuronal loss in the
primary motor cortex in ARBD. However, a silver impregnation technique has shown that
pyramidal neurons in both the superior frontal and motor cortices have dendritic arbor
shrinkage,>8 indicating compromise in interneuronal communication. Dendritic shrinkage
has been shown to be reversible in a rodent model of alcoholism following a prolonged
period of abstinence.59 Subcortical regions of brains from patients with uncomplicated
alcoholism exhibit neuronal loss in the supraoptic and para ventricular nuclei of the
hypothalamus that shows a positive correlation with maximum daily alcohol consumption.60
With respect to the cerebellum, pathological studies do not consistently show a decrease in
the number of neurons in cases of ARBD compared with normal controls, suggesting that
chronic alcohol consumption per se does not necessarily cause neuronal death in this region
of the brain. No changes have been documented in the number of neurons in the basal
ganglia,%! hippocampus®”-62 or serotonergic raphe nuclei®3 in ARBD.

In vivo MRI features

MRI has shown that patients with KS have an increase in cerebrospinal fluid volume and
widespread gray matter volume deficits.>64 Moreover, group analysis has revealed
substantial volume changes in the mamillary bodies of individuals with KS,85:66 although
mamillary body shrinkage is not a necessary concomitant of this condition.367” MRI has also
demonstrated volume losses in the orbito-frontal cortices and other hypothalamic nuclei in
KS.5 The volume losses that best differentiate KS from uncomplicated alcoholism, however,
involve the thalamus.58 In acute WE, MRI can be used to detect symmetrical, bi lateral
hyperintense foci (clearly visible on T2-weighted and fluid-attenuated inversion recovery
images) in peri-aqueductal gray matter, the mamillary bodies, and the tissue surrounding the
third ventricle.>:69

In patients with uncomplicated alcoholism, MRI studies have generally confirmed
postmortem studies by demonstrating that such patients have regional cortical volume
deficits,8470 especially in the frontal lobes.”X"2 Among individuals with alcoholism,
cerebral shrinkage is more pronounced in older patients than in younger patients, suggesting
that the aging brain is especially susceptible to ARBD.?%:73 Structural MRI has also
demonstrated that individuals with alcoholism have significant volume deficits in the corpus
callosum’®75 and cerebellar white matter.#8.76 In contrast to postmortem findings, MRI has
provided /n vivo evidence for volume deficits in the an terior hippocampus of patients with
chronic alcoholism.””:78 These deficits are potentially accounted for by a loss of non-
neuronal cells; that is, glia. Altogether, use of MRI to characterize WKS structural brain
changes in the context of the neuropathology of uncomplicated alcoholism has revealed a
graded pattern of volume deficits (from mild deficits in ARBD to moderate or severe deficits
in WKS) in the mamillary bodies, hippocampus, thalamus, cerebellum and pons (Figure 4).5
As brain regions outside those traditionally associated with thiamine depletion (for example,
the frontal cortices, hippocampus and pons) are affected in both uncomplicated alcoholism
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and KS, alcohol ism alone or in combination with nutritional deficiencies may have roles in
the mechanisms under lying these brain abnormalities. Indeed, multiple subclinical episodes
of thiamine deficiency or other nutritional deficiencies may contribute to the graded nature
of brain regional volume deficits and to the heterogeneity in presenting signs and neuro
radiological profiles in patients with alcoholism.”®

In contrast to postmortem studies, /77 vivo magnetic resonance (MR) modalities constitute
safe, noninvasive methods for longitudinal examination of the condition of the brain in
patients with alcoholism during the natural course of chronic alcohol consumption,
detoxification, abstinence or relapse. Such MR studies have demonstrated that some
structural brain changes are reversible with prolonged abstinence from alcohol.?2:80-82
Indeed, ARBD may have two components, one of which is transient and the other being
permanent.83 If brain volume loss is due to neuronal loss, brain volume recovery will be
incomplete with abstinence. For example, some MR spectroscopy studies have shown that in
spite of prolonged abstinence, individuals who have chronically consumed alcohol
demonstrate persistent A-acetylaspartate (a putative marker of neuronal integrity) decreases
in the frontal lobes,84-86 the thalamus®® and the cerebellum.86:87 Other studies, however,
have found improvements in the levels of A-acetylaspartate and choline—another metabolite
that may indicate remyelination—with abstinence.88-90 Structural repair of myelin could
explain the increase in white matter volume that has been shown to occur after periods of
abstinence from alcohol 9193

Another advantage of /n vivo MR tools is the facility to conduct behavioral experiments
concurrently with imaging, so as to determine brain structure—function relationships.
Combined neuropsychological and neuroimaging studies suggest that the amnesia observed
in KS may be caused by interruption of a complex diencephalic—hippocampal circuitry that
includes thalamic nuclei and mamillary bodies, rather than through an insult to a single node
in the circuit such as the hippo campus.?* This hypothesis has received support from a study
using a novel ‘resting state’ functional MRI analysis, which demonstrated that improvement
in memory function in patients recovering from WE parallels the level of mammillothalamic
‘functional connectivity’.%® Diffusion tensor imaging (DTI), which is particularly useful in
the characterization of the integrity of white matter microstructure, supports a positive
correlation between disruption of the microstructural integrity of the corpus callosum and
deficits in visuospatial performance, gait and balance.81:96-98 |n addition to confirming the
contribution of cerebellar white matter volume loss (especially in the vermis) to ataxia in
patients with chronic alcoholism, combined brain imaging and neuropsychological methods
have demonstrated the importance of frontocerebellar connections®? to cognitive and
sensory functioning,109-102 jncluding perceptual motor tasks, executive functions, and
learning and memory.99:103.104 |mprovements with abstinence in brain structure and
biochemical status have been demonstrated!9° that correspond with improvement or reversal
of functional deficits in working memory, postural stability and visuospatial ability.106.107

Molecular features

A number of incompletely understood, mutually inclusive mechanisms have been proposed
to explain how ethanol causes brain damage (Box 4). These mechanisms include
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neurotoxicity of the ethanol molecule itself, and the consequences of nutritional deficiencies
or liver dysfunction, each of which can lead to the intriguing possibility of alcohol-induced
neuroinflammation.

Neuroinflammation is considered to be involved in the pathogenesis and progression of
many neurodegenerative disorders,108:109 and a mechanistic role for this process in ARBD
has recently been proposed.119 The brain cells that might mediate neuroinflammation are
microglia, which can exist in multiple states, with the activation of these cells resulting in
either anti-inflammatory or pro inflammatory responses.}11 A recent study investigated
several markers of brain inflammation in “brain bank’ tissue from patients with alcoholism
and individuals who had moderate levels of alcohol consumption. Various patterns of
positive signs of neuroinflammation were identified in the ventral tegmental area, substantia
nigra, hippocampus and amygdala in the individuals with alcoholism,119 providing some
support for a mechanistic role for inflammation in al cohol-related alterations to the brain
reward system.

As described above, individuals with alcoholism have a high risk of thiamine deficiency
because of poor nutrition, impaired absorption of thiamine from the gastrointestinal tract,
and reduced liver stores.112 Moreover, alcohol interferes with the conversion of thiamine to
its metabolically active form, namely TPP.113 A reduction in TPP levels disrupts the
following processes: carbohydrate metabolism, thereby interrupting energy production
through the Krebs cycle and pentose phosphate pathway; lipid metabolism, thereby
interrupting the production and maintenance of myelin; and amino acid metabolism, thereby
interrupting the production of glucose-derived neurotransmitters.1% These metabolic deficits
can contribute to neuronal and white matter damage.

Bouts of thiamine deficiency may occur in upwards of 80% of patients with alcoholism;
114,115 however, only ~13% of such individuals develop WKS,116 raising the possibility that
a genetic predisposition to WKS may exist in some individuals.1® Some studies have shown
that transketolase binds TPP less effectively in patients with WKS than in healthy controls.
117,118 No consistent correlation, however, has been found between transketolase variants
and thiamine deficiency.119 Other genetic loci or variants associated with WKS
susceptibility include the X-linked transketolase-like 1 gene,120 the high-affinity thiamine
transporter protein gene SLC19A2121 the -y-aminobutyric acid A receptor subunit gene
cluster on chromosome 533,122 and the aldehyde dehydrogenase-2 ADH21 allele.123 One
possibility is that several genetic variants and environmental factors must be present to
generate a WKS phenotype, which only becomes clinically relevant when an individual’s
diet is deficient in thiamine.10

In recent years, high-throughput genomic and proteomic approaches have been used
extensively to provide clues about the molecular mechanisms underlying ARBD.
Oligonucleotide and complementary DNA microarray studies of samples of human frontal
cortex from individuals with alcoholism have identified alcohol-responsive genes relating to
several broad categories, namely myelination, synaptic structure, mitochondria, signal
transduction, intracellular metabolism, protein trafficking, apoptosis and transcriptional
regulation.124-127 Moreover, samples of human temporal cortex from patients with
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alcoholism have exhibited changes in the expression of genes encoding proteins related to
mitochondria, the ubiquitin system or signal transduction.128 Alcohol-responsive genes
expressed in the nucleus accumbens and the ventral tegmental area are primarily associated
with changes in neurotransmission and signal transduction, suggesting neuroplastic changes
that may contribute to changes in reward response. The results of such genomic approaches
suggest that multiple pathways may be involved in causing altered neuronal function and
structural changes in ARBD, although changes in myelin-related genes seem particularly
important. Indeed, altered expression levels of proteolipid protein and myelin basic protein,
both of which are involved in stabilization and compaction of the myelin sheath,12%.130 could
explain the structural and functional changes in white matter in patients with alcoholism.131

Protein expression studies have been conducted in various brain regions including the
occipital cortex,127 hippo campus32 and cerebellum.133 Again, while such studies suggest
that several pathways may be associated with ARBD, relevant protein expression studies in
patients with uncomplicated alcoholism show dysregulation of key energy-regulating and
metabolic proteins, notably those involved in thiamine-dependent cascades in prefrontal gray
and white matter,134.135 cerebellar vermisi33 and corpus callosum.136:137 These findings
lend weight to the continuum hypothesis of ARBD, WE and KS.

Conclusions

We have described a potential continuum between ARBD, WE and KS with respect to
changes in human behavior and brain structure. The clinical diagnosis of ARBD and WE
remains difficult; however, an awareness of current research findings and a high index of
suspicion can aid in the detection of these conditions. An intimate relationship seems to exist
between alcohol use and thiamine deficiency, and we hypothesize that both ARBD and WE
may develop as a result of repeated episodes of subclinical thiamine deficiency.138
Neuroradiological examination (with MRI) is a valuable tool in the diagnosis of acute WE
and enables /in vivo tracking of the progression of brain pathology from ARBD to KS. An
awareness of the facts presented herein by clinicians and other health workers could help
minimize the overall burden of ARBD. Moreover, public education programs should be
promoted so that individuals using alcohol become aware of the associated risks and gain an
understanding that components of the structural and functional changes linked to alcohol use
are potentially reversible with abstinence.
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Key points

Alcohol can cause a spectrum of untoward structural and functional changes
in the brain

The spectrum of disruption includes alcohol-related brain damage at one end
and complications such as hepatic encephalopathy, Wernicke encephalopathy,
Korsakoff syndrome, Marchiafava—Bignami disease and central pontine
myelinolysis at the other

The clinical diagnoses of alcohol-related brain damage and even Wernicke
encephalopathy can be difficult to make, and many cases of these conditions
are missed

Changes to the brain associated with alcohol intake are regionally specific and
can affect both gray and white matter; some of these changes are reversible
with abstinence

Pathogenic mechanisms associated with alcoholism are under investigation,
with neuroinflammation currently receiving particular attention

Nat Rev Neurol. Author manuscript; available in PMC 2021 May 14.




1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zahr et al.

Page 19

Box 1 |
Prelude to alcoholism

Alcoholism is the product of multiple interacting factors including complex genetics, the
environment, predisposing personality characteristics, and psychiatric comorbidities.139
Variation in genes that modify the metabolism of ethanol, such as those encoding alcohol
dehydrogenasel40 or aldehyde dehydrogenase,140 has been shown to influence the risk of
this condition. Environmental factors that increase vulnerability to alcoholism include
severe childhood trauma (for example, emotional, physical or sexual abuse), maternal
depression, and lack of peer or family support.141 An example of a gene—environment
interaction that may contribute to the development of alcoholism is the influence of the
environment on monoamine oxidase A (MAO-A), an enzyme that is important for the
normal functioning of the serotonergic system. Studies have shown that young boys who
experience a traumatic event can develop low levels of MAO-A expression, and that this
decrease in MAO-A levels correlates with an increase in antisocial behavior, an
antecedent of alcohol addiction.142.143

The offspring of individuals with alcoholism can display mild dysfunction of the frontal
cortex,144 expressed as personality traits such as impulsivity, aggressiveness and
perseveration, that increase their risk for alcoholism.145:146 Similarly, the mesolimbic
dopaminergic system, which subserves reward-dependent behaviors, may be
dysfunctional (that is, it confers an attenuated response to natural reward in certain
individuals), thereby increasing the risk of severe alcoholism.14” Common psychiatric
ilinesses associated with alcoholism include schizophrenia, 248149 pipolar disorder, 150

major depression,1®1 antisocial personality disorder,1°2:153 and general anxiety disorder.
154
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Box 2 |
EFNS guidelines for diagnosis, therapy and prevention of WE

. The clinical diagnosis of WE should take into account the different
presentations of clinical signs between individuals with and without
alcoholism; although the prevalence of WE is higher in the former than the
latter group, WE should be suspected in all clinical conditions that could lead
to thiamine deficiency

. The clinical diagnosis of WE in patients with alcoholism requires the
presence of two of the following four signs: dietary deficiencies, eye signs,
cerebellar dysfunction, and either an altered mental state or mild memory
impairment

. Total thiamine levels in a blood sample should be measured immediately
before thiamine administration

. MRI should be used to support the diagnosis of acute WE in patients both
with and without alcoholism

. Thiamine is indicated for the treatment of suspected or manifest WE, and
should be administered before any carbohydrate at a dose of 200 mg three
times daily, preferably intravenously

. The overall safety of thiamine is very good

. After bariatric surgery, thiamine status should be monitored for at least 6
months and be accompanied by parenteral thiamine supplementation

. Parenteral thiamine should be given to all at-risk individuals admitted to an
emergency room

. Patients who die from symptoms suggesting WE should have an autopsy

Derived from Galvin, R. et a/. (2010).16 Abbreviations: EFNS, European Federation of
Neurological Societies; WE, Wernicke encephalopathy.
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Box 3 |
The New South Wales Tissue Resource Centre

For the past 25 years, the New South Wales Tissue Resource Centre ‘brain bank’1% has
provided much of the postmortem tissue (fresh-frozen and formalin-fixed) used by
research groups throughout the world to explore the effects of alcohol on the brain.
156-158 The validity of research using brain bank material largely depends on careful
clinical and pathological characterization of each case, precise matching to control cases,
and appropriate storage. Brain bank tissue has been used for structural and molecular
studies and to test hypotheses developed from animal models and /n vivo studies. To
ensure the long-term success of the brain bank, their premortem, ‘in-life” donor program
carefully details the lifestyle and medical histories of individuals who have committed to
donating their tissue on their death.15%:160 An important advantage of this tissue is that it
is not restricted to the small sample of patients with alcoholism who are in treatment
(estimated to be 25% of the total population of individuals with alcoholism in the USA),
a limitation of /7 vivo studies, which typically rely on treatment-seeking patients.161
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Box 4 |

Select pathophysiological mechanisms underlying ARBD

Ethanol-specific effects

Toxic metabolites of ethanol such as acetaldehyde or fatty acid ethyl esters
can accumulate and lead to adduct formation, which can disorder lipids,
interrupt mitochondrial function, and induce neuronal damage62.163

Ethanol increases the generation of reactive oxygen species (such as nitric
oxide and lipid peroxidation products), which can accumulate and cause DNA
damage, inhibition of gene expression, and neuronal death164-167

Ethanol lowers brain-derived neurotrophic factor levels and, hence, may
impair intracellular signaling pathways involved in cell survival, growth and
differentiation, thereby enhancing natural cell death168

Removal of ethanol causes brain disinhibition, dysregulation of glutamate
release and uptake, and stimulation of NMDA receptors that mediate
excitotoxicity169

Thiamine deficiency

Thiamine deficiency leads to low levels of thiamine pyrophosphate and,
hence, impairment of several biochemical pathways in the brain, including
carbohydrate metabolism (for energy production), lipid metabolism (for
production and maintenance of myelin), and amino acid metabolism (for
production of glucose-derived neurotransmitters; for example, glutamic acid
and y-aminobutyric acid)10

Liver dysfunction

A liver directly damaged by the toxic effects of ethanol is unable to remove
neurotoxic substances such as ammonia and manganese from blood;170
accumulation of ammonia affects cerebral blood flow, metabolism and
astrocytic function,171172 while manganese at high levels can affect the
dopaminergic system, enhance oxidative stress, and induce
neurotoxicityl173.174

Synergistic effects

Acetaldehyde protein adduct formationl”> or oxidative stress'’6 may induce
inflammatory liver damage,1’ potentially resulting in a generalized immune
responsel’® and, consequently, central inflammation110:179.180 and neuronal
degeneration181

Liver dysfunction82 or thiamine deficiency!3 can contribute to astrocytic
pathology, which may compromise glutamate homeostasis and enhance
NMDA-receptor-mediated excitoxicity

Abbreviations: ARBD, alcohol-related brain damage; NMDA, A-methyl-p-aspartate.
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Review criteria

Acrticles were selected on the basis of their contribution to the field of alcohol-related
brain damage research, with a particular focus on neuropathological and neuroimaging
studies in humans. Referenced articles were mostly identified from MEDLINE using
access search engines PubMed and NLM Gateway. Articles were retrieved using

keywords such as “alcohol”, “ethanol”, “alcoholism”, “brain damage”, “white matter

loss™, “atrophy”, “neuropathology”, “Wernicke encephalopathy”, “Korsakoff psychosis”,
“Wernicke—Korsakoff sydrome”, “thiamine deficiency”, “pathogenesis”, “neuroimaging”,
“genomics” and “proteomics”. All articles cited were published in English and most
represent peer-reviewed original research articles. This Review aimed to include the most
recent pathological and radiological data; however, many articles date back to the 1970s
and 1980s when much of the original neuropathology research was performed. Some
review articles were also cited and their reference lists scrutinized. Related citation lists

generated by PubMed searches were also a useful source of references.
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Figure 1|.

Brain regions targeted by alcohol-related disease. Figure courtesy of A. Pfefferbaum, SRI
International, CA, USA and E. V. Sullivan, Stanford University, CA, USA.
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Figure 2 |.
Interactions between alcohol consumption and thiamine deficiency.
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Executive functioning Memory

Mamillary bodies

Visuospatial abilities
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Figure 3|.

Functions and associated brain regions targeted by alcohol abuse and alcoholism. Figure
courtesy of A. Pfefferbaum, SRI International, CA, USA and E. V. Sullivan, Stanford
University, CA, USA.
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Figure 4.

Graded brain-volume deficits in alcoholism and its sequelae. T1-weighted MRI scans from a
| a 63-year-old healthy control male, b | a 59-year-old man with alcoholism, and ¢ | a 63-
year-old man with WKS. Graded enlargement of the ventricles (indicating shrinkage of the
surrounding tissue) can be observed from the healthy control to the individual with WKS.
Sagittal (left column), axial (middle column) and coronal (right column) brain images are
shown. Abbreviation: WKS, Wernicke—Korsakoff syndrome. Figure courtesy of A.
Pfefferbaum, SRI International, CA, USA.
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