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ABSTRACT
Purpose of Review: This review serves as an overview of neurologic conditions
associated with alcohol abuse or withdrawal, including epidemiology, clinical symptoms,
diagnostic approach, and treatment.
Recent Findings: Frequent alcohol abuse and frank alcoholism are very common
among adults in the United States. Although rates decline with each decade, as many as
10%of the elderly drink excessively. Given the ubiquitous nature of alcoholism in society,
its complications have been clinically recognized for generations, with recent advances
focusing on improved understanding of ethanol’s biochemical targets and the
pathophysiology of its complications.
Summary: The chronic effects of alcohol abuse are myriad and include neurologic
complications through both direct and indirect effects on the central and peripheral
nervous systems. These disorders include several encephalopathic states related to alcohol
intoxication, withdrawal, and related nutritional deficiencies; acute and chronic toxic and
nutritional peripheral neuropathies; and myopathy. Although prevention of alcoholism
and its neurologic complications is the optimal strategy, this article reviews the specific
treatment algorithms for alcohol withdrawal and its related nutritional deficiency states.
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INTRODUCTION
Chronic alcohol abuse is a common
disorder, with nearly one-third of the
adult population in the United States
drinking excessively on a routine ba-
sis, including 10% of the elderly.1 The
neurologic complications of alcohol
abuse are numerous, including imme-
diate effects of intoxication and with-
drawal and delayed effects such as
acute and chronic cognitive disorders
and neuropathy, which may be related
to the direct effects of ethanol abuse
or related nutritional deficiencies.
In addition, alcoholism has the poten-
tial to take its toll on the offspring
of alcoholics through the fetal neuro-
toxic effects of alcohol. This re-
view serves as an overview of each
condition associated with alcohol
abuse or withdrawal, including epide-

miology, clinical symptoms, diagnostic
approach, and treatment. Other as-
pects of alcoholism, including second-
ary neurologic effects through its
medical complications such as cirrho-
sis, as well as prevention, are reviewed
elsewhere.

CENTRAL NERVOUS SYSTEM
COMPLICATIONSOFALCOHOLISM

Acute Effects
Intoxication. Alcohol (principally
consumed as ethanol) has multiple
effects on the CNS, although no
endogenous ethanol receptors are
known. Ethanol is thought to pri-
marily act through facilitation of inhib-
itory ,-aminobutyric acid (GABA) re-
ceptors and inhibition at excitatory
glutamate receptors. Ethanol follows
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zero-order kinetics, with 70 mg to
150 mg of ethanol being metabolized
per kilogram of the drinker’s body
weight per hour, equivalent to 10 mg/dL
to 25 mg/dL blood ethanol per hour.2

Acute ethanol intoxication induces CNS
depression, perhaps initially in the
reticular formation, followed by cerebral
cortical involvement. Clinical intoxica-
tion is related to the rate of blood
ethanol increase and the individual’s
ethanol tolerance. Examination during
intoxication may demonstrate saccadic
visual pursuit, dysarthric speech, and
ataxia. Behavioral changes during intox-
ication can be idiosyncratic; individuals
can be unpredictable from one bout of
intoxication to the next, including
exhibiting extremes of irrational, vio-
lent, or psychotic behavior termed
‘‘pathologic intoxication.’’ These epi-
sodes are often associated with amnesia
but are distinct from ‘‘alcoholic black-
outs,’’ which lack extremes of aberrant
behavior and may relate to impaired
memory encoding, perhaps due to
direct hippocampal effects.3 With mod-
erate alcohol intoxication, EEG demon-
strates increased beta (fast) activity,
whereas higher levels induce slowing.
Alcohol intoxication reduces sleep-
onset latency, sleep efficiency, and
duration of REM sleep and is associated
with diminished perceived sleep quality;
these effects may be more evident in
women than in men.4 Central respira-
tory drive may substantially decline to a
potentially deadly degree at blood eth-
anol levels of 400 mg/dL, although
levels as high as 700 mg/dL may be
required in some chronic alcoholics.
Treatment of acute ethanol intoxication
is largely supportive, but appropriately
intensive monitoring, including inten-
sive care unitYlevel care, may be needed;
sedation may progress after presenta-
tion, depending upon amount and
timing of the last drink. The differential
diagnosis for profoundly intoxicated

patients should remain broad, given
that such patients may be prone to
injury including intracerebral trauma,
infection including meningitis, and met-
abolic disarray including hypoglycemia,
ketoacidosis, and hepatorenal toxicity.2

Parenteral thiamine should always pre-
cede IV dextrose to avoid precipitating
thiamine deficiency syndromes de-
scribed below.

Ethanol withdrawal syndromes.
Ethanol withdrawal is thought to oc-
cur only in persons with ethanol
dependence. The likelihood of with-
drawal in an individual alcoholic is
difficult to predict but becomes more
likely after prolonged binges using
escalating amounts of alcohol. Follow-
ing the described effects of ethanol
on GABA and glutamate receptors,
the presumed effect of abstinence
on this system is thought to be
glutamate receptor up-regulation and
GABA-receptor down-regulation, lead-
ing to a host of neurologic complica-
tions as described here. Seizures,
occurring within 48 hours of last
intoxication, are thought to be the
earliest manifestation of alcohol with-
drawal, but seizures may occur while
the person remains inebriated with
decreasing blood ethanol levels.5 Etha-
nol may additionally increase seizure
risk among epileptics, typically follow-
ing either brief use or overt intoxica-
tion. Alcoholic withdrawal tremors
may occur in a similar time frame
following, but seldom during, in-
toxication. Tremors may occur after
shorter bouts of heavy ethanol abuse,
typically requiring less chronic ethanol
exposure to develop this symptom
than needed to develop the more
profound withdrawal syndromes, but
tremors may last for days to weeks if
no further alcohol is used. Alcoholic
hallucinosis includes spontaneous and
complex visual, auditory, and/or tactile
phenomena and can last several days.

KEY POINT

h Excessive alcohol use is
a common disorder;
clarifying specific use
patterns during the
social history can best
inform risk stratification,
prevention, and
treatment strategies.
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Delirium tremens represents the most
advanced, deadly, and prolonged form
of alcohol withdrawal and includes
features of alcoholic hallucinosis and
agitation, delirium, and autonomic dis-
array (including tachycardia, fever, hy-
pertension, and diaphoresis). The
syndrome typically begins 72 to 96 hours
following intoxication and is far more
likely to occur in persons with alcohol
withdrawal seizures or hallucinosis.
Thus, persons at risk should be moni-
tored closely and treated early and
aggressively according to standardized
protocols such as the revised Clinical
Institute Withdrawal Assessment of
Alcohol Scale (CIWA-Ar) (Figure 7-1).6

At the authors’ institution, patients are
followed closely in a formal protocol
after being triaged within three treat-
ment categories: initial stabilization,
ongoing stabilization/tapering, and dis-
continuation/discharge. In all categories,
CIWA-Ar is assessed every 4 hours, or
with additional frequency as clinically
indicated. Patients are categorized
based on CIWA-Ar scores into one of
five categories: mild (G10), moderate
(11Y15), severe (16Y20), very severe
(921), and delirium tremens and/or
treatment resistant (persistently 925).
Patients in the initial phase of care and
particularly those with high CIWA-Ar
scores are often triaged to areas treating
diseases with intense or high acuity
(ie, intensive care unit or step-down-
level care). All patients are assessed for
concomitant disorders and receive IV
thiamine, folate, and multivitamins
upon admission, and these medications
are transitioned to oral regimens there-
after. Benzodiazepine selection is at the
discretion of the treating physician, but
generally patients are treated with IV
benzodiazepines (eg, diazepam or lor-
azepam) in severe cases. In moderate
cases oral chlordiazepoxide is added to
minimize IV benzodiazepine medica-
tion reliance and toxicity. Patients with

mild CIWA-Ar scores are treated only
with oral chlordiazepoxide. Depending
on the level of alertness while being
monitored in the protocol, oral feeding
may need to be restricted. Once a
patient has achieved CIWA-Ar score of
less than 8 for more than 24 hours,
patients are transitioned into the dis-
continuation/discharge phase of care.
Case 7-1 details a typical presentation.

Chronic Complications
Wernicke syndrome. Wernicke syn-
drome, also known as Wernicke en-
cephalopathy, occurs due to thiamine
deficiency, develops in an acute to
subacute manner over the course of
days to weeks, and is characterized by
a cognitive disorder, gait ataxia, and
ophthalmoparesis. Although often as-
sociated with chronic alcohol abuse
(where, in addition to alcoholism-
related nutritional deficiency, there
may be synergistic effects on the clinical
syndrome related to alcohol-related
toxicity),7,8 Wernicke syndrome can
occur in association with any disorder
leading to deficiency of thiamine (see
the article ‘‘Neurologic Complications
of Bariatric Surgery’’ by Neeraj Kumar,
MD, in this issue of ).
Chronic Korsakoff syndrome is clinically
distinct from the acute Wernicke syn-
drome and is discussed below.

Cognitive manifestations of Wernicke
syndrome include restricted attention,
impaired memory, disorientation, and
diminished spontaneous speech output.
Neurobehavioral symptoms may initially
be erroneously ascribed to a mood
disorder such as alcoholic depression;
patients often experience some degree
of social decline but typically have frank
depression as a relatively minor clinical
component. Depending on the degree
of cognitive impairment influencing ac-
curate history taking, patients may re-
port various neuro-ophthalmic concerns,
including diplopia or more subtle visual

KEY POINTS

h Delirium tremens is
potentially deadly and
may begin after
alcoholic patients are
hospitalized for
conditions unrelated to
alcoholism; all patients
with significant alcohol
histories should be
followed under a
Clinical Institute
Withdrawal Assessment
of Alcohol Scale
protocol during at least
the initial hospitalization
period.

h Alcohol withdrawal
syndromes may follow a
linear order of
presentation, with
seizures and tremor
preceding hallucinosis
and delirium tremens;
however, all syndromes
may co-occur,
particularly seizures
during refractory
delirium tremens.
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FIGURE 7-1 The revised Clinical Institute Withdrawal Assessment of Alcohol Scale (CIWA-Ar).
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symptoms. Examination often reveals
horizontal nystagmus, whichmay accom-
pany rotatory or vertical nystagmus, and
bilateral but typically asymmetric lateral
rectus palsy. Horizontal and lesser verti-
cal gaze palsies are often present. Truncal
and gait ataxia are found in most pa-
tients; symptoms may be profound and
impair gait or even the ability to sit. As
described later in this article, gait ataxia
of Wernicke syndrome may be masked
by thiamine neuropathy. In its most
pronounced form, Wernicke syndrome
can produce coma without significant
neuro-ophthalmic findings.

The diagnosis ofWernicke syndrome
is often suspected based on clinical
grounds, and laboratory testing may
not be additionally useful. Treatment

with thiamine repletion, currently
recommended at 1 gram of IV thiamine
per 24 hours for alcoholics with
suspected Wernicke encephalopathy,9

should not be delayed while awaiting
diagnostic laboratory results such as
blood transketolase levels, which may
be normal unless assessed prior to
treatment. Death occurs in nearly 20%
of patients with delayed treatment.9

EEG and CSF analysis may exclude
other explanatory or concomitant con-
ditions, but these tests are generally
unrevealing in central thiamine defi-
ciency states. MRI may reveal restricted
diffusion or fluid-attenuated inversion
recovery (FLAIR) signal abnormalities
in areas implicated in the syndrome,
including the thalamus, hypothalamus

KEY POINT

h Even when in doubt of
the diagnosis of
thiamine deficiency,
begin parenteral
thiamine repletion, as it
may importantly address
or prevent early
Wernicke syndrome
or concomitant
neuropathy associated
with thiamine deficiency.

Case 7-1
A 48-year-old man presented to the local emergency department with a
seizure 1 day after his last drink. This generalized tonic-clonic seizure was
the third of his lifetime, and each one had occurred in the context of abrupt
attempts at sobriety following 30 years of alcoholism. Although he was no
longer seizing upon arrival of emergency medical services, he was given a
short-acting benzodiazepine in the field. Several hours later, upon
assessment in the emergency department, his neurologic examination was
normal aside from mild fatigue. He was given parenteral thiamine,
diagnosed with a symptomatic urinary tract infection, and triaged to a
general hospital bed. His first 3 hospital days were rather uneventful aside
from mild tremor in the hands. On the morning of his fourth hospital day,
he was found to appear internally preoccupied and minimally conversant
with hospital staff. Swings in blood pressure and pulse then developed. A
treatment protocol for alcohol withdrawal, including a titrating schedule of
benzodiazepines, was implemented, and over the next 4 days he had close
cardiac and neurologic ICU monitoring. Subsequently, benzodiazepines
were slowly tapered, counseling and outpatient preventive care were
arranged, and long-term alcohol abstinence encouraged.

Comment. Alcohol withdrawal syndromes can be insidious and often
ascribed to alternative diagnoses if alcohol histories are not fully divulged
upon initial hospital presentation. In particular, delirium tremens can
begin several days into hospitalization, at a time when the initial, perhaps
incorrect, diagnoses warranting hospitalization are either partially or
completely treated. Careful attention to early autonomic signs may
assist in establishing a timely diagnosis of delirium tremens. A careful,
open-ended alcohol history is very important, particularly among
patients who may be unable to provide complete histories upon initial
presentation.
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(mammillary bodies), midbrain
(periaqueductal gray and oculomotor
regions), and pons (abducens and
medial vestibular nuclei). Imaging ab-
normalities outside of these areas are
more typical of Wernicke encephalopathy
cases in nonalcoholic patients.10 Despite
appropriate treatment, measureable
memory deficiency may persist for up
to 2 years in patients with Wernicke
encephalopathy.9 Case 7-2 describes MRI
findings detailing specific changes in a
patient with Wernicke encephalopathy.

Korsakoff confabulatory amnestic
syndrome. Korsakoff syndrome is an-
other CNS syndrome resulting from
thiamine deficiency in alcoholics. As
with Wernicke encephalopathy, its epi-
demiology, including the proportion
with antecedent Wernicke encephalop-
athy, is not well known; cases of
undiagnosed Wernicke syndrome can
progress to Korsakoff syndrome.
Korsakoff syndrome is distinguished
from acute Wernicke syndrome by
prominent anterograde and retrograde

amnesia without substantially impaired
alertness and attention or extraocular
movement disturbance. Manifestations
include anterograde amnesia, the im-
paired ability to acquire or retain new
information; prominent confabulation
is produced because of the inability to
recall even a brief, simple story or
recent information. Retrograde amne-
sia is identified by the inability to recall
elements of both recent and distant
biographical information, often in an
unpredictable manner. Patients may
have a significant degree of vacuous
spontaneous speech and abulia that
may be mistaken for depressive symp-
toms when inadequately explored.
Current evidence suggests the syn-
drome may result when both the
thalamus (particularly the anterior tha-
lamic nucleus) and hypothalamus (me-
dial mammillary nucleus) are injured,
but other cortical and subcortical areas
modulate this process.11 With appro-
priate therapy, which includes paren-
teral thiamine, confabulatory elements

KEY POINT

h Early thiamine therapy
likely decreases the
chances of a patient
developing Korsakoff
syndrome, which can be
devastating and leads to
institutionalization in
one-quarter of all such
patients.

Case 7-2
A 51-year-old man with a history of chronic alcoholism and colon adenocarcinoma with local
intraabdominal metastases presented to the emergency department following several days of blurred
vision followed by confusion and somnolence. Review of additional medical history revealed that he
had had three prolonged hospitalizations over the past 6 months for ileus and failure to thrive. In
retrospect, a nationwide shortage of parenteral multivitamins limited his micronutrient intake to the
rare days when he either briefly tolerated a liquid diet or received total parenteral nutrition, and he did
not receive IV thiamine. Examination demonstrated disorientation to time and place, shortened
attention span including impaired registration of unrelated words intended for subsequent recall, and
amnesia without confabulation. Additionally, he had horizontal and vertical gazeYevoked nystagmus
and weakness of right eye abduction and weakness of left eye elevation, as well as distal symmetric
sensory loss and diminished patellar and Achilles reflexes. MRI revealed T2 and fluid-attenuated
inversion recovery (FLAIR) hyperintensities in the periaqueductal gray (Figure 7-2A and B), midbrain
tectum (Figure 7-2C), and mammillary bodies (Figure 7-2D). Brain MRI performed 6 weeks before (for an
episode of transient confusion in the context of urosepsis) revealed no abnormalities. No signal changes
were evident on contrast-enhanced brain MRI; EEG revealed mild slowing, and CSF analyses were normal.
High-dose IV thiamine repletion was begun. Follow-up brain MRI performed 10 days after presentation
(and 10 days of IV thiamine repletion) supported imaging resolution of the syndrome. His cognition
gradually improved and was unremarkable 1 month after thiamine repletion; however, fixed
neuro-ophthalmic deficits, including right abducens paresis, remained at that time.

Continued on page 630
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of the syndrome may resolve, al-
though the amnestic syndrome per-
sists. The syndrome has devastating
effects, and up to 25% of patients
require institutionalization.9

Alcoholic-related dementia. With ad-
vancing age, patients who are chronic
alcoholics may develop cognitive impair-
ment or dementia without demonstrable
micronutrient deficiency.Neuropathologic

Comment. This case underscores the often complex factors, including medical comorbidities and
prolonged, obfuscated, or underappreciated histories, that may cloud or delay the diagnosis of
Wernicke encephalopathy, which is easily treated once recognized. Given minimal risk associated
with empiric thiamine treatment, IV thiamine should be given immediately upon first clinical suspicion
of Wernicke encephalopathy and should not await imaging or laboratory confirmation.

FIGURE 7-2 Brain MRI of a patient with Wernicke syndrome, as detailed in Case 7-2. MRI
reveals T2 fluid-attenuated inversion recovery (FLAIR) hyperintensities in the
periaqueductal gray (A, B), midbrain tectum (C), and mammillary bodies (D).

Continued from page 629
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hallmarks are few and thus contribute to
an underappreciation of chronic alcohol
effects in autopsy series of patients with
dementia and likely to controversy about
whether this disorder exists at all or is
instead simply synergistic in the expres-
sion of other cognitive disorders of
aging. Nonetheless, at least one study of
middle-aged adult men suggested exces-
sive alcohol intake (Q36 g/d ethanol) was
associated with 2 to 6 years of additional
cognitive decline beyond changes of aging
alone.12 Cognitive changes are thought to
relate to recurrent alcohol binges
impacting GABA-mediated (GABAergic)
inhibition, resulting in neurotoxic
glutamatergic excitation that leads to
hippocampal and neocortical neuronal
loss.13 Some studies suggest reduced
cortical and subcortical brain volumes
in chronic alcoholics, which may be
more likely to occur among aged
alcoholics but may recover partially
during periods of sobriety.14 Additional
challenges in establishing the diagnosis
include the effects of micronutrient
deficiencies, hepatic insufficiency, and
trauma, which often coexist in patients
with dementia associated with alcohol-
ism. Patients with alcoholic dementia
may have symptoms that overlap with
other common neurodegenerative
cognitive disorders such as Alzheimer
disease, frontotemporal dementia, de-
mentia with Lewy bodies, or vascular
dementias. Clinically, patients with
alcohol-related dementia typically present
at an earlier age than other acquired or
late-onset forms of dementia. Moreover,
current neuropathologic criteria may bias
patients with primarily alcohol-related
dementia to be diagnosed with neurode-
generative disease when some changes
of the latter are evident at autopsy.

While no specific neuropsychologi-
cal profile associated with alcohol-
related dementia exists, in contrast to
the more common neurodegenerative
dementias that have focal impairment

in one ormore of the cognitive domains
(ie, attention, processing speed, mem-
ory, language, and/or visuospatial func-
tion), patients with alcohol-related
dementia more typically have a rather
globally impaired neuropsychological
profile, with similar impairment in most
or all domains even in early disease
stages. Further clouding the clinical
syndrome may be depression or apathy
blamed on the alcoholism itself but
which does not appreciably resolve
once abstinence is achieved. As is often
the case with neuropsychological testing
in neurodegenerative disorders, once
dementia is clinically moderate to severe,
the reliability of neuropsychological test-
ing to distinguish one form of dementia
from another declines. The evaluation of
patients should be the same as an
evaluation of any patient with dementia,
including excluding reversible causes and
attempting to provide specific diagnoses
whenever possible.

Marchiafava-Bignami disease.
Marchiafava-Bignami disease is a rare
acute to subacute disorder thatmost often
occurs in chronic alcoholics. The syn-
drome consists of altered mental status,
impaired gait, loss of consciousness, dys-
arthria, amnesia, and cortical disconnec-
tion syndrome that all relate to specific
corpus callosum involvement, with partic-
ular involvement of the splenium. Its
earliest descriptions were pathologic and
thus likely represented disease extremes.
The disease is strongly associated with
thiamine deficiency (and recovery may
therefore occurwith early recognition and
repletion) and can be misidentified as
other syndromes. Involvement of the
splenium may be related to myriad
toxic-metabolic etiologies of splenium
injury independent of alcohol.15

MRI hallmarks more suggestive of
Marchiafava-Bignami disease include
diffusion-weighted imaging changes in
multifocal regions or the entirety of the
corpus callosum (Figure 7-316).17

KEY POINT

h The evaluation of
patients with
alcohol-related dementia
should be the same as an
evaluation of any patient
with dementia, including
excluding reversible
causes and attempting to
provide specific
diagnoses whenever
possible.
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Cerebellar degeneration. Cerebellar
degeneration may occur in alcoholics
with or without micronutrient deficiency
states, such as thiamine deficiency. The
process is thought to be the most
common CNS complication of alcohol-
ism, affecting 10% to 25% of alco-
holics.18,19 The distinction between
acute thiamine deficiency and this syn-
drome is made on clinical grounds;
both Wernicke syndrome and cerebellar
degeneration may produce acute to
subacute manifestations, but recovery
is less likely in cerebellar degeneration
despite treatment. Some studies have
suggested that a relative thiamine defi-
ciency may be necessary to cause clinical
cerebellar dysfunction in alcoholics.20

Most typically, the superior cerebellar

vermis is principally involved, with mul-
tilayer neuronal loss (particularly affect-
ing Purkinje cells) and cerebellar white
matter loss.20 The number of years of
heavy alcohol abuse may be the stron-
gest single determinant of alcoholic
ataxia development.21 Treatment of this
disorder, aside from thiamine and other
micronutrient repletion, is largely sup-
portive once developed.

PERIPHERAL NERVOUS SYSTEM
COMPLICATIONSOFALCOHOLISM

Chronic Complications
Chronic alcoholic neuropathy. The
association of peripheral nerve disease
and ethanol use has been recognized for
centuries, andpainful sensory neuropathy

FIGURE 7-3 CT and MRI features of Marchiafava-Bignami disease. A, Axial CT showing symmetric hypodense white matter
lesions. B, Fluid-attenuated inversion recovery (FLAIR)Yweighted MRI depicting hyperintense white matter lesions
predominantly involving the splenium of the corpus callosum. C, Diffusion-weighted images revealing marked
restriction with corresponding low apparent diffusion coefficient values. The mammillary bodies and the
periaqueductal region appear normal.

Reprintedwith permission fromTozakidouM, et al, Neurology.16 B 2011, American Academy of Neurology.www.neurology.org/content/77/11/e67.long.
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in association with alcoholism was rec-
ognized in the late 1700s.22 However,
the question of the causeVdue to
ethanol as a putative direct nerve toxin
or due to nutritional deficiency or
both explanationsVwas debated until
recently. Malnutrition and vitamin defi-
ciency are common in chronic alco-
holics, and thiamine has been the
primary focus of investigation. Unlike
Wernicke syndrome, a clear association
between reduction of thiamine levels
or thiamine-mediated enzyme activity
(transketolase) and alcoholic peripheral
neuropathy has not been conclusively
established. Ethanol does appear to
directly interfere with retrograde axonal
transport in some animal models,23

although demonstration of such changes
in primate models has been limited.
Differences in thiamine levels or enzyme
activity between alcoholics with and
without neuropathy have not been con-
sistently identified, even though alcohol-
ic neuropathy patients often do have
reduced levels of various vitamins. How-
ever, the vitamin-deficient syndromes are
now recognized to be distinct, on the
basis of clinical and laboratory features,
from alcoholic neuropathy patients with
normal thiamine levels. In short, chronic,
well-fed alcoholics without vitamin
deficiency primarily develop slowly pro-
gressive sensory loss affecting small-
fiber-mediated functions, especially
nociception;24 pain and burning pares-
thesia are common in this group, but
not ataxia or weakness from neuro-
pathy. Primary nonalcoholic thiamine
deficiencyYassociated neuropathy,
in contrast, more typically produces
prominent subacute weakness and sen-
sory ataxia from large-diameter more
than small-diameter fiber sensory neu-
ropathy. Patients with both alcohol
exposure and thiamine deficiency dem-
onstrate a mixture of findings that lead
to similar treatment paradigms address-
ing both states.25

Clinical and diagnostic features.
Peripheral distal sensorimotor neuropa-
thy is a distal axonopathy that is a
common finding in alcoholic patients
(in upward of 90% of alcoholics if both
electrodiagnostic criteria and clinical
symptoms are combined).26 Because
of additional medical and neurologic
complications related to alcoholism,
clinical signs and symptoms of neurop-
athy may be overlooked by the patient
and clinician; likewise, patients may
disregard minor paresthesia or anes-
thetic areas until significant pain or gait
difficulties evolve. When identified, al-
coholic neuropathy is indistinguishable
from other distal sensorimotor axonal
processes. As with many other etiolo-
gies, symptoms typically begin with
distal paresthesia in the feet and slowly
progress proximally. In most cases, the
onset is typically slow and insidious and
may begin to affect the hands once leg
symptoms ascend well above ankle
level, thus yielding the classic symmet-
ric stocking-glove sensory pattern. An-
kle deep tendon reflexes are typically
lost at a relatively early stage. Distal
weakness and atrophy are usually late
findings following sensory disturbance
and are less profound, with weakness
that may be limited to toe extensors.
Gait may become unstable from sensory
ataxia once proprioception is significantly
affected. Gait disturbance due to sensory
ataxiamay be difficult to distinguish from,
or be concomitant with, alcoholic cere-
bellar degeneration. Paresthesia is usually
mild to moderate in severity but can
become quite unpleasant or even frankly
painful. Although patients may initially
present with hand dysesthesia, more
commonly hand symptoms follow anes-
thesia in the legs, which may be other-
wise unrecognized or overlooked until
more bothersome symptoms evolve.
Autonomic symptoms, including ortho-
static hypotension, impotence, inconti-
nence, hyper- or hypohidrosis, and

KEY POINT

h Alcohol and thiamine
deficiency neuropathies
are distinct
neuropathologic entities
but bear similar
treatment approaches,
including alcohol
abstinence and thiamine
repletion.
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peripheral vasomotor dysfunction, are
not uncommon among alcoholics.27 Tro-
phic skin changes, such as thinning,
glossiness, hair loss, hyperpigmentation,
and impaired sweating are common in
affected distributions. Neuropathic
‘‘Charcot’’ joints, a traumatic arthropathy
typically of the ankle, may develop in
advanced cases with severe loss of
nociception as the patient forcefully
strikes the ground to perceive place-
ment of footing leading to joint destruc-
tion. Autonomic signs are difficult to
demonstrate at the bedside unless
frank orthostatic hypotension is present.
Case 7-3 details a typical presentation.

Evaluation includes identifying lab-
oratory abnormalities supporting alco-
hol abuse when the history is not
otherwise clear; these findings may
include abnormal liver function tests

and red cell macrocytosis. Thiamine
levels are not consistently reduced,
but the thiamine-mediated enzyme
transketolase is measured in some
laboratories. CSF is typically normal
or shows a mildly raised total protein.
Electrodiagnostic testing shows typical
evidence of an axonal sensorimotor
neuropathy. Sensory distal amplitudes are
reduced, or potentials are unrecordable.
Motor evoked amplitude may be re-
duced, but to a lesser degree. Distal
latency, conduction velocity, and mini-
mum F-wave latency (when present) are
normal or consistent with the degree of
axonal loss and show no signs of demy-
elination. H reflexes are absent at an
early stage and correlate with absent
ankle reflexes. Patients with alcoholism
may have behaviors, such as prolonged
immobility or adverse body positions,

KEY POINT

h Chronic alcoholic
neuropathy can have
prominent paresthesia
or even frank pain; in
advanced cases,
autonomic dysfunction
may develop.

Case 7-3
A 40-year-old womanwith a history of hypothyroidism reported paresthesia
in her feet for the past few months and described more noticeably painful
sensations in her hands over the past few weeks. These hand symptoms
were debilitating and affected typing and collating files at work. She
admitted to moderate but consistent alcohol use for many years. She also
noted trouble feeling the cold on bathroom tiles and nearly fell several
times in the middle of the night when ambient lighting was low. She had
occasional muscle cramps but no significant muscle pain. She denied bouts
of muscle pain or swelling or a change in urine color. On examination her
strengthwas normal except forMedical Research Council (MRC) grade 4/5 in
her extensor hallucis longus muscles bilaterally. Sensory examination was
notable for profound loss of vibration and temperature sensation in the
feet and to a slight degree in her hands. She had no ataxia or dysmetria.
Reflexeswere 1+ throughout except for absent ankle jerks. Gait was normal,
and she could tandem for several steps, although an examiner needed to
catch her during the Romberg test. Laboratory tests revealed normal
electrolytes and mildly increased transaminase levels. Creatine kinase was
145 IU/L (normal up to 195 IU/L). Screening laboratory testing for
identifiable causes of neuropathy was negative. Electrodiagnostic studies
supported axonal sensorimotor neuropathy.

Comment. The case highlights the often delayed nature of symptom
reporting in alcoholic patients with profound neuropathy. Symptoms may
only be reported when bothersome in the course of hobbies or employment.
Although this patient does not have frank cerebellar involvement, the
etiology of ataxia can be difficult to discern once both large fiber sensory
neuropathic changes and cerebellar dysfunction are evident.
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that put them at an increased risk of
compression neuropathy, and electro-
diagnostic findings can be complicated
if superimposed traumatic or compres-
sive mononeuropathies are present.
Autonomic testing of parasympathetic
and sympathetic reflexes is often abnor-
mal, including analysis of heart rate
variability, Valsalva maneuver, handgrip,
tilt table, and standing maneuvers.

Methods of demonstrating small-
diameter fiber neuropathy, such as skin
biopsy for epidermal nerve fiber density,
can support the sensory involvement and
infer autonomic small fiber involvement
in alcoholic neuropathy.26,28 Sural nerve
biopsy shows evidence of generalized
distal axonal loss affecting both large and
small fibers but without distinctive path-
ologic features and is not typically
indicated.22 Open nerve biopsy is not
recommended in this setting unless
reasonable suspicion of a separate pro-
cess with distinctive pathologic features,
such as vasculitis, inflammatory neurop-
athy, or amyloidosis, exists.

Treatment and prognosis. Cessation
from ethanol is paramount to improve-
ment, as it is for disorders of CNS in-
volvement. Despite apparently adequate
nutrition, multivitamin supplements and
thiamine are indicated for all alcoholic
neuropathy patients; however, vitamin
supplementation alone in the setting of
ongoing ethanol use has not been
convincingly shown to be sufficient for
improvement in most patients. Long-
term follow-up of reformed alcoholics
demonstrates that significant im-
provement of alcoholic neuropathy is
possible, although often incomplete.
Patients with mild to moderate neurop-
athy can significantly improve,27 but the
improvement is usually incomplete in
those with severe findings.

Disulfiram (Antabuse) neuropathy.
Disulfiram blocks the oxidation of alco-
hol at the acetaldehyde stage, leading to
accumulation of acetaldehyde and the

characteristic disulfiram-alcohol reac-
tion after ethanol ingestion. Although
disulfiram has been largely replaced by
the non-neurotoxic agents naltrexone
and acamprosate for treating alcohol
dependence,29 it is still used as a
drinking deterrent in many countries
outside the United States. A minority
of patients receiving chronic disulfiram
develop an axonal neuropathy,30 which
appears to be dose-related; higher
doses cause both a shorter-onset latency
and more severe findings. The patho-
physiology of disulfiram neurotoxicity
remains uncertain. Onset is usually
within weeks to several months, and
the majority occur within 3 months.
Acute or fulminant cases are described
following an overdose, especially if
combined with ethanol. Neuropathy
may progress quickly, especially at
higher doses, and progression is typ-
ically more rapid than alcoholic
polyneuropathy. A stocking-glove pat-
tern of distal paresthesia and numbness
predominantly affects large fiber modal-
ities. Weakness ensues and is much
more prominent than that for alcoholic
neuropathy; reflexes are diminished or
lost distally depending on severity.
Improvement after cessation of disulfi-
ram is typically seen, but prognosis is
related to the severity and the degree
of axonal loss.

Chronic alcoholic myopathy. The
detrimental effects of alcohol on skele-
tal muscle have been known for centu-
ries but only formally described
relatively recently.31 Alcoholic muscle
disease is estimated to chronically
affect roughly 2% of all adults in
Western countries,32 which would
make this entity arguably the most
common disorder of skeletal muscle.
In contrast to the unusual bouts of
acute myoglobinuria and rhabdomyol-
ysis in the alcoholic, development of
chronic, painless, proximal weakness
with atrophy is common. Biopsy-based

KEY POINT

h Sensory ataxia, when
evident, significantly
clouds clinical
examination; cerebellar
dysfunction may be
challenging to
distinguish from
proprioceptive loss.
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studies of hospitalized patients suggest
a prevalence upward of 60% in alco-
holics with at least a 3-year history of
heavy alcohol abuse.32 Female alco-
holics may be more prone to chronic
cardiac and skeletal muscle complica-
tions despite lower lifetime exposure.33

Histopathologically, muscle necrosis
is not typically seen. The pathologic
changes of chronic alcoholic myopathy
can be clinically helpful, but they are not
specific. The most prominent finding is
atrophy of type II fibers, which contain a
higher content of glycolytic enzymes.
Type IIb fibers, which have the highest
dependence on glycolysis, show the
most prominent atrophy. Other non-
specific myopathic changes include
‘‘moth-eaten’’ fibers (ie, fibers with
multiple patches of decreased or ab-
sent oxidative enzyme activity). Type II
atrophy is not specific for the effects of
ethanol and is also a feature of gluco-
corticoid excess, disuse atrophy, hypo-
thyroidism, hypophosphatemia with or
without osteomalacia, and some cases
of critical illness myopathy. Loss of the
contractile elements with preservation
of other organelles is seen. Signs of
neuropathic change, such as fiber type
grouping, are not generally seen in
proximal muscles unless another pro-
cess is superimposed. Although the
pathogenesis of alcoholic myopathy is

still unknown, evidence points to sep-
arate and direct toxic effects of ethanol
and possibly the metabolite acetalde-
hyde. While other important confound-
ing factors, such as poor nutrition and
hepatic impairment, play a role in
individual patients, neither is necessary
for myopathy development in clinical
and animal studies. Several models of
the effects of ethanol on muscle have
been proposed (Table 7-1).32,34,35

Clinical and diagnostic features.
Myopathy in the presence of a chronic,
high ethanol intake is needed for
diagnosis. Because of similar challenges
and factors relevant to chronic alco-
holics with regard to peripheral neu-
ropathy, symptoms and signs of
myopathy may be overlooked. Proximal
weakness develops in an indolent man-
ner over many months. Muscle pain is
typicallyminimal; occasional cramps are
noted. Proximal weakness is seen,
sometimes accompanied by severe
muscle wasting and generalized loss of
muscle mass (up to 30%). In chronic
myopathy, myoglobinuria is absent, and
creatine kinase (CK) is normal, re-
duced, or mildly elevated, unless an
acute myopathy is superimposed. Car-
diomyopathy is also commonly present
when skeletal muscle is affected. Other
associations with alcoholism, such as
malnutrition, liver dysfunction, vitamin

KEY POINT

h Chronic alcoholic
myopathy is common
among alcoholics, with
hallmarks of painless
proximal weakness and
normal serum creatine
kinase.

TABLE 7-1 Mechanisms of Alcoholic Muscle Injury

b Decreased protein synthesis without reduced protein degradation

b Possible free radicalYmediated muscle injury, given predominant type II
fiber atrophy, which has relatively lower antioxidant activity and free
radical scavengers

b Stable protein adducts formed with acetaldehyde and muscle proteins

b Probable alteration of cell membrane function and ion permeability from
perturbations of membrane proteins associated with intracellular signaling
and contractility

b Possible alcohol-mediated apoptosis in cardiac and skeletal muscle

b Decreased levels of glycolytic enzymes and reduced lactate production
during ischemic exercise
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deficiencies, hormonal alterations, and
phosphate deficiency, are independent
factors for alcohol myopathy develop-
ment. Recurrent bouts of acute
myoglobinuria are not the cause of
chronic myopathy.

Electrodiagnostic studies commonly,
but not exclusively, show evidence of
coexisting peripheral neuropathy. Prox-
imal muscle needle EMG typically
shows short-duration polyphasic motor
unit potentials and ‘‘early’’ myopathic
recruitment (full interference pattern in
a weak muscle). Signs of proximal
denervation have been reported, but
abundant spontaneous activity typical
of acute alcoholic myopathy is not
prominent.

Treatment and prognosis. Prolonged
abstinence can improve clinical weak-
ness and is associated with significant
improvement in pathologic hallmarks31;
however, some evidence suggests
that heaviest drinkers are unlikely to
demonstrate significant improvement in
strength. Some alcoholics are able to
successfully limit but not eliminate
alcohol despite their best efforts; such
‘‘controlled’’ drinking can still permit
recovery of strength.36

Acute Complications
Acute alcoholic neuropathy. The entity
of an acute alcoholic neuropathy has
been debated for years. Rare cases
have been reported of alcoholics with
severe acute or subacute neuropathy
that mimics Guillain-Barré syndrome.37

Biopsy and electrodiagnostic data
show an axonal pattern (not demye-
linating) with normal CSF protein. A
causal but unproven association with
ethanol exists, and most cases have no
report of thiamine levels.

Alcohol-associated compressive neu-
ropathies. Susceptibility to compression
is a feature of most axonal neuropathies,
and acute radial neuropathy, or Saturday
night palsy, in alcoholics is well popu-

larized. In this scenario, the radial
nerve at the spiral groove is com-
pressed when the arm is draped
over the back of a chair or otherwise
compressed during a long, deep,
drunken sleep. However, alcoholics
with a generalized peripheral neurop-
athy are prone to compression neurop-
athy at many different sites, including
ulnar neuropathy at the elbow, radial or
axillary nerve injury in the axilla (crutch-
type compression), and fibular (pero-
neal) neuropathy at the fibular head.
Other examples include the superficial
radial nerve of handcuffed alcoholics,
yielding a patch of superficial radial
numbness.

In an acute compressive lesion,
electrodiagnostic studies are helpful
for both diagnosis and prognosis.
Demonstration of a conduction block
across the site of compression after 5
to 10 days is a favorable prognostic sign
and implies a degree of neurapraxia
and short-term improvement over days
to weeks. If significant axonal injury
occurs (axonotmesis), Wallerian de-
generation follows, and the nerve must
regenerate by collateral sprouting or
axonal regrowth from the distal stump
over many months. Older patients with
coexisting peripheral neuropathy have
a less favorable outcome in this setting.

Acute alcoholic myopathy. In addi-
tion to chronic myopathic changes,
alcohol is associated with an acute
myopathic syndrome with distinguish-
ing clinical hallmarks, particularly for
improvement. Alcohol is thought to
have two acute effects on skeletal
muscle including (1) inhibition of
sarcolemmal calcium channels thus
limiting influx of calcium and (2)
compromise of sarcolemmal integrity.
Increases in plasma CK follow alcohol
ingestion and exercise. Muscle fiber
necrosis and phagocytosis are seen,
and the muscle fiber subsequently
regenerates. This pattern is the same

KEY POINTS

h In alcoholism, chronic
myopathic and
neuropathic syndromes
have shared risk factors
and often coexist.

h Acute alcoholic myopathy
usually follows recent
binge drinking but in
contrast to chronic
alcoholic myopathy can
be painful, with elevated
creatine kinase.
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as with other causes of rhabdomyol-
ysis; however, type I fibers appear to be
particularly vulnerable38; in more se-
vere cases, necrosis is widespread and
affects all fiber types. The distribution
of muscle breakdown should be dif-
fuse and at the same stage of devel-
opment. However, despite promising
in vitro evidence, in vivo models have
failed to elucidate these mecha-
nisms,39 and the etiology of this form
of muscle breakdown is not definitively
known. Several mechanisms have been
proposed (Table 7-2).

Clinical and diagnostic features
and treatment. The spectrum of acute
myopathy ranges from asymptomatic
ultrastructural or electrodiagnostic
changes and a raised serumCK to severe
rhabdomyolysis andmyoglobinuria lead-
ing to renal failure. A rise in serum
myoglobin typically precedes the CK
rise, and myoglobinuria usually occurs
with a serum level over 250 Hg/mL
(normal G5 ng/mL). Estimates of the
incidence vary widely depending on the
criteria used and patient groups ana-
lyzed.32,34When consideringmyoglobinuria,
the incidence is roughly 1%,40 but
when considering a transient rise in
CK alone, incidence is upward of 78%.
Ethanol is a common and important
cause of rhabdomyolysis; estimates are
that alcohol is the underlying cause of
20% or more of recognized cases of
rhabdomyolysis in some series.

Acute alcoholic myopathy typically
develops over hours to days following
a recent binge. Most cases of the
syndrome are asymptomatic, but
when apparent, the syndrome consists
of painful, swollen muscles, variable
weakness, usually with myoglobinuria
(as evidenced sometimes by tea- or
cola-colored urine), and markedly ele-
vated CK that normalizes within 1 to 2
weeks. The distribution of pain and
weakness is typically proximal; however,
regional or even focal involvement can
occur, as detailed in Case 7-4. Local calf
pain and swelling can be confused with
thrombophlebitis. Bulbar muscle in-
volvement can produce dysphagia. Mus-
cle destruction may be enhanced by
fasting, which commonly occurs in binge
drinking. Attacks can be recurrent, cor-
relating with additional episodes of
heavy drinking. Recovery following ces-
sation of drinking and repletion of
electrolytes is usually rapid and dramat-
ic. Despite repeated episodes, strength
typically returns to normal unless a
chronic myopathy or other complica-
tions are superimposed.

An elevated serumCKmay be the only
sign in subclinical cases. In more severely
affected patients, myoglobinuria can lead
to acute tubular necrosis and renal failure.
Electrodiagnostic studies can corroborate
an acute myopathic process but are not
specific for alcohol-associated myopathy.
These corroborating features include

TABLE 7-2 Mechanisms of Alcohol-Induced Muscle Necrosis

b Direct effects of ethanol on muscle independent of levels of potassium,
phosphate, or malnutrition

b Potassium depletion, which is common among alcoholics and can cause
rhabdomyolysis

b Phosphate depletion, also common following a binge and recognized as
part of the refeeding syndrome among malnourished patients

b Glycolytic pathway inhibition evidenced by ischemic forearm test and
other metabolic and nuclear magnetic resonance data
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fibrillations and positive sharp waves due
to segmental muscle necrosis, which
isolates portions of muscle from the
endplate zone after 10 to 21 days;
myopathic motor unit changes; and early
recruitment.

CONCLUSIONS
Alcoholism is a common health prob-
lem with myriad central and peripheral
neurologic complications, including
neuropathic and myopathic disorders.
Given the high prevalence of alcohol-
ism and its complications and a signif-
icant morbidity and mortality often
masked by other medical complications
associated with aging or alcoholism
itself, thorough knowledge of this dis-
ease and prompt recognition of its
scope of complications is important in
providing effective neurologic care.
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